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RECORD OF PUBLICATION

This publication is the basic Apollo Operations Ilandbook-LM 3.

After this issue, changes will be issued to maintain inJormation current with LM 3

configuration through completion of its mission. If such changes are issued, their
publication dates will be added to this record.
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SECTiON 1

SPACECRAFT

INTRODUCTION

This section contains inJormation relating to Lunar Module 3 (LM 3). The infor-
mation includes descriptions of the ascent and descent stages, LM - SLA - S - IVB
connections, LM-CSM interfaces, andLMstowage provisions. The Apollo-Saturn
spacevehicle configuration is shown in figure 1-1.

LM 3 CONFIG (See figure 1-2. )

LM 3 is designed for an earth-orbital mission. It consists of an ascent stage and
a descent stage; the ,stages are joined together at four hterstage fitti.ngs by explosive
nuts and bolts. Subsystem continuity between the stages is accomplished by separable
interstage umbilicals and hardline connections.

Both stages function as a single unit during earth orbit, until separation is required
during the mission . Stage separation is accomplished be explosively severing the
four interstage nuts and bolts, interstage umbilicals, and water 1ines. A11 other hard-
lines are disconnected automatically at stage separation. The ascent stage can func-
tion as a single unit to accomplish rendezvous and docking with the CSM.

The overall dimensions of LM 3 are shown in figure 1-3.

Station reference measurements (figure 1-4) are established as follows:

r The Z- and. Y-axis station reference measurements (inches) start at a
point where both axes intersect the X-axis at the centerline: the Z-

-axis extends forward and aft of the intersection; Y-axis, Ieft and right.
The point of intersection is established as zero.

o The,+Y-axis measurements increase to the right from'zero; the -Y-
axis measurements increase to the left. Similarly, the +Z- arrd -Z-
axis measurements increase forward (+Z) and aft (-Z) from zero.

a The X-axis station reference measurements (inches) start at a design
reference poi.nt identified as station+X200.000. This referencepoint is
approximately 70 inches below the bottom surface of the footpads (with
the landing gear extended); therefore, all X-axis station reference
measurements are +X- measurements.

LM 3 CONFIGURATION
Mission LM 3 Basic Date 1 January 1968 Change Date Page 1-1
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Figure 1-1. Apollo-Saturn Space Vehicle
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ASCENT STAGE.

GENERAL DESCRIPTION

The ascent stage, the manned portion and control center of the LM, accommodates
two astronauts. It comprises three main sections: the crew compartment, midsection,
and aft equipment bay.

The crew compartment and midsection make up the cabin, whic! has an approxi-
mate overall volume of 235 cubic feet. The cabin is climatic controlled, and pres-
surized to 4.8*0.2 psig. Areas other than the cabln are unpressurized.

STRUCTIIRE. (See figure 1*5. )

The ascent stage has six structural areas: crew compartment, midsection, aft
equipment bay, thrust chamber assembty (TCA) cluster supports, antenna supports,
and thermal and micrometeoroid shield.

Qrew Compartment. (See figures 1-5 and 1-6. )

The crew compartment is the frontal area o{ tlie ascent stage; it is 92 inches in
diameter ard 42 inches deep. This is the flight .ctD-ticri area; it has control and dispJ.ay
panels, armrests, body restraints. Ianding aids, txo lront windows, a dockingwindow,
and an alignment optical telescope. Flight statioir centerline s are 44 i.nches apart: each
astronaut has a set of controllers and arrrirests, A design reference point (design eye)
orients flight station geometry for the required balance between external vlsibiiity and
visual and physical access to controls and dispiays. The main control and display
panels are canted and centered between the astronauts to permit sharing and easy
scanning.

The optical alignment station, between the flight stations, is used in conjunction
with the alignment optical telescope (AOT).

The portable life support system (PLSS) doruring station is also in the center ais1e,
slightly aft of the optical alignment station. A removable, height-adjusting PLSS sup-
porting harness pert'nits donning and do{fing the PLSS. The PLSS is completely
accessible from the crew compartment for recharging with water and oxygen.

The crew compartment shell is cylindrical and of semimonocoque construction.
It is a fusion-welded and mechanically fastened assembly of aluminum-atloy sheet and
machlned longerons. The shell has an opening for the docking window.

The front face assembly of the crew compartment has openings for two triangular
windows and the forward hatch. Two large structural beams extend up the forward side
of the front face assembly; they support the structural loads apptied to the cabin
structure. The lower ends of the beams support the two forward interstage mounts; the
upper ends are secured to additional beam strucfure that extends across the top of the
crew compartment shell and aft to the midsection structure.

The crew compartment deck measures approximately 36 by 55 inches. It is con-
structed of aluminum honeycomb bonded to two sheets of aluminum alloy. Handgrips,
recessed in the deck, aid the astronauts during egress aad i.ngress through the forward
hatch.

Control aad Display Panels. 
l

_ Thq crerfi/ compartment has 12 control and display panels: two main display panels
(1 and 2) that are canted forward 10", two center pan-ets (3 and 4) that stope down and
aft 45" towards the horizontal, two bottom side panels (5 an4 6), two 1ower panels (8
and L2), two center side panels (10 and 14), and two upper side'panels (11 and 16).

{

L.2.2

1.2.2. I

1.2.2. L. I
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Figure 1-5. Ascent Stage Configuration (Sheet 1 of 3)
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Panels 1 and 2 are constructed of two 0. 015 aluminum-alloy face sheets, spaced

2 inches apartl they are reinforced and spaced by formed 0.015 charurels. This forms

a rigid noi-tit<e construction with a favorable strength-to-weight ratio and a relatively
higtineutral frequency. Four shock mounts support each panel on the structure. Panel

inltruments are bezei mounted to the back surface of the bottom sheet of the panel. The

instruments are cushioned where they protrude through the top sheet of the panel, to

damp vibrations. AI1 dial faces are ilustr with the forward face of the panel. Panels 1,

2, 3, and 4 are within easy reach and scan of both astronauts.

Panels 5 and 6 are in front of the astronauts, at waist height. Panel 5 contains

lighting and mission timer controls, engine start and stop pushbuttons, and x-translation
pushbutton. Panel 6 contains abort guidance controls.

Panet 8 is at the left of the commander. The panel is canted up 15o from the hor-
izontal; it contains controls and displays for explosive devices, audio controls, and the

TV camera connection.

Panel 11, directly above panel 8, has five angled surfaces that contain circuit
breakers. Each row of circuit breakers is canted 15' to the line of sight so that the

white band on the eircuit breakers can be seen when they open.

PaneL 12 is at the right of the LM Pilot. The panel is canted up 15' from the hor-
izontal; it contains audio, communications, and communications antennas controls and

displays.

Panel 14, directly above panel 12, is canted up 36.5o from the horizontal. It con-

tains controls and disptays for electrical powen distribution and monitoring.

Panel 16, directly above panel 14, has four angled surfaces that contain circuit
breakers. Each row of circuit breakers is canted 15' to the line of sight so that the

white band on the circuit breakers can be seen when they open.

Forward Hatch. (See figure 1-7. )

The forward hatch is in the front face assembly, just below the lower display
panels. Handgrips are on the exterior of the hatch. The hatch is approximately 32

inches square; it is hinged to swing inboard when opened. A cam latch assembly holds

the hatch in the closed position; the assembly forces a Iip, around the outer circum-
ference of the hatch, into a preloaded elastomeric silicone compound seal that is
secured to the LM structure. Cabin pressurization forces the hatch lip further into the

seal, ensuring a pressure-tight contact. A handte is provided on both sides of the hatch,

f<ir latch operation. To open the hatch, the cabin must be completely depressurized by

opening the cabin relief and dump valve on the hatch. When the cabin is completely

depressurized, the hatch can be opened by rotating the latch handle. The cabin relief
and dump valve can also be operated from outside the LM.

Windows. (See figures 1-B and 1-9. )

Two triangular windows in the front face assembty provide visibility during descent,

ascent, and rendezvous and docking phases of the mission. Both windows have approx-
imately 2 square feet of viewing area; they are carted down to the side to permit adequ-

ate peripheral and downward visibility. A third (docking) windo',v (figure 1-9) is in the

eurved overhead portion of the crew compartment she1l, directly above the Commanderrs
fiight station. This window provides visibility for docking maneuvers. All three win-
dolys consist of two separated panes, vented to space emrironment. The outer pane is
made of Vycor glass, with antireflective and thermal (multilayer blue-red) coatings.
The inner pane is made of structural glass. It is sealed with a dual Raco seal and bolt-
ed to the window frame through an edge member bonded to the pane. The inner pane has

antireflective, thermal (multitayer blue-red), and defogging coatings.

L.2.2. L.2

1.2.2. 1.3
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Figure 1-7. Forward Hatch

Midsection. (See figure 1-5. )

The midsection structure is a ring-stiffened semimonocoque shell. The bulkheads
consist of aluminum-alloy, chemically milled skin with fusion-welded longerons and
machined stiffeners. The midsection shell is mechanically fastened to flanges on the
major strucfural bulkheads at stations +227.0A and -227.00. The crew compartment
shell is mechanically secured to an outboard flange of the +227.00 bulkhead.

The upper and lorver decks, at stations +X294.643 and +X233.500, respectively,
are made of aluminum-alloy, integrally stiffened and machined. The lower deck pro-
vides strucfural support for the ascent stage engine. The upper deck provides strue-
tural support for the docking tunnel and the upper hatch

Two main beams rururing forward and aft, integraL with those above the crew com-
partment, are secured to the upper deck of the midsection; they support the outboard end
of the shell. The aJt ends of the beams are fastened to the a-ft bulkhead (-227.000); they
have provisions for bolting the tubular truss members to both aft interstage fittings.

Ascent stage stress loads applied to the front beam are transmitted through the two
beams on the upper deck to the aft bulkhead and through the aft interstage support

\
\e
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Figure 1-8. Front Window

members to the fittings" The combination of beams, bulkhead, and truss members
forms a cradle around the cabin assembly; it takes up all the stress loads applied to
the ascent stage.

Two canted beam assemblies, secured to the bottom of the lower deck and to the
forward and aft bulkheads, form the ascent stage engine compartment. The engine
support ring truss members are bolted to the lower deck.

The right side of the midsection contains most of the ECS controls and most of the
heat transport section water-glycol plumbing. Valves for operation of the ECS equip-
ment are readily accessible from the crew compartment. The left side of the mid-
section contains the waste management section. Approximately 9 cubic feet in the lower
side consoles is used for stowage of crew provisions.

To minimize cable runs, several electronic units that do not require access by the
astronauts are located in, the midsection. These units include the LM guidance com-
puter, and the power and servo assernbly.

RCS propellant tanks are installed between the midsection bulkheads, on each side,
external to the docking tunnel. The ascent engine propellant tanks are mounted in the
midsection; beneath the RCS tanks.

A ring at the top of the ascent stage is eompatible with the clamping mechanisms in
the CSM; it ensures structural continuity for transmitting midcourse correction and
orbit-injection loads. This ring is concentric with the X-axis, which is also the
nominal centerline of thrust of the ascent and descent engines. The drogu.e portion of

ASCENT STAGE
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Figure 1-9. Docking Window

the docking mechanism is secured below this ring during the docking operation to mate
with the CSM-mounted probe. It is also stored in this area when storage is required
out of the crew compartment.

1.2.2.2.L Docking Tunnel.

The docking tunnel, at the top centerline of the ascent stage, is 32 inches in dia-
meter, and 16 inches tong. The lower end of the tunnel is welded to the upper deck
structure; the upper end is secured to the shell. The funnel is used for dockirrg after
rendezvous in earth orbit, for transfer of two astronauts to the LM from the CSM after
injection into earth orbit, and for transfer to the LM astronauts and equipment to the
CSM. This tunnel is compatible with its counterpart in the CSM when in the docked con-
figuration; it allows for transfer of an astronaut, without exposure to space, in a pres-
surized or unpressurized extravehicular mobility unit (EMU). Environmental Control
Subsystem (ECS) equipment is installed on the right side of the tunnel; crew provisions,
on its left side.
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L.2.2.2.2 Upper Hatch. (See figure 1-10. )

The upper hatch is directly above the ascent engine cover, on the +X-axis. Pro-
visions for crew transfer through upper hatch are based upon a head-first passage.
Handgrips in the aft section of the docking tunnel and three steps in the hatch cover are
used for crew and equipment transfer in the docked configuration. The hatch has an
off-center latch that can be operated from either side of the hatch. The latch has a
common shaft on the +Z-axis, adjacent to the forward edge of the hatch" The hatch is
opened from within the cabin by rotating the handle approximately 90" counterclockwise;
by turning the handle 90' clockwise, to open the hatch from outside the LM. A maxi-
mum torque of 35 inch-pounds is required to disengage the latching mechanism to open
the hatch. The hatch is closed by rotating the handle in the opposite direction. The
hatch has a preloaded elastomeric silicone compound seal mounted in the ascent stage
structure. When the latch is closed, a 1ip near the outer circumference of the hatch
enters the seal, ensuring a pressure-tight contact. Normal cabin pressurization forces
the hatch into its sea1. To open the hatch, the cabin must be depressurized through the
cabin relief and dump valve; the latch is then unfastened.

L.2.2.3 Aft Equipment Bay. (See figure 1-5. )

The aft equipment bay, aft of. the -221 ,000 bulkhead, is unpressurized. The main
supporting structure of the bay consists of tubular truss members bolted to the aft side
of. lhe -227.000 bulkhead. The truss members, used in a cantilever type of construc-
tion, extend aft to the equipment rack. The equipment rack assembly is eonstructed of
a series of vertical box beams, supported by an upper and lolver z-frame. The beams
have integral cold plates that transfer heat from the electronic equipment mounted on
the equipment racks. The cold plates are mounted vertically in the structural frame,
which is supported at its upper and lower edges by the truss members. A water-g1yco1
solution (coolant) flows through the cold plates.

Two gaseous oxygen tanks and two helium tanks are secured to the truss members
and brackets between, and to, the -227.000 bulkhead and the equipment rack. Support
mountings and brackets are secured to the aft side of. lhe -227.000 bulkhead, for valves,
plumbing, wiring, ECS components, and propellant tanks that do not require a pres-
surized environment.

L.2.2. 4 TCA Cluster Supports.

Aluminum-alloy tubular truss members for external mounting of two forward TCA
clusters are bolted to both sides of the front face assembly and to the crew compart-
ment sheII. Aluminum-alloy tubular truss members for external mounting of two aft
TCA clusters are bolted to the upper and lower corners of the equipment rack assembly
and to the -227.000 bulkhead.

L.2.2.5 Antenna Supports.

The ascent stage provides mounting accommodations for an S-band steerable
antenna, two VHF antennas, two S-band in-flight antennas, two C-band antennas, a
rendezvous radar antenna, and two scimitar (DFI) antennas.

The S-band steerable antenna has tubular truss members; it is mounted on top of
the right side of the midsection. One VHF antenna is mounted on the top right side of
the front of. +227.00 bulkhead; the other one on the left side of the top left side of the
-227.00 bulkhead. One S-band in-flight antenna is mounted on the front face assembly;
the other one, on the aft equipment bay rack. One C-band antenna is mounted on each
side of the midsection. The rendezvous radar anterura is mounted on the upper beams
of the crew compartment. One scimitar antenna is mounted on the front face assembly;
the other one, on the right side of the aft equipment bay rack.

ASCENT STAGE
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Figure 1-10. Upper Hatch

Thermal And Micrometeoroid Shield.

The entire ascent stage structure is enveloped with a thermal and micrometeoroid
shield, which is a composite of multiple layers of aluminized 0.0005*inch-thick mylar
and an outer 0. 004-inch-thick sheet (skin) of aluminum. The shield is mounted on low-
thermal-conductive supports, which keep it at least 2 inches from the main structure.
The aluminum skin acts as a micrometeoroid bumper. The aluminized mylar acts as
thermal shielding; it is formed into 25-layer blankets of various sizes and shapes.
Where the blankets meet, the mating edges are sealed with mylar tape. Vent holes are
provided in the blankets. Tubular frames are installed around the ascent propellant
tanks so that mylar blankets can be firmly secured, away from the tanks.

The aluminized mylar blankets insulate the structure against temperatures up to
+350'F. On the TCA support truss members, which are subjected to temperatures in
excess of +350'F due to engine radiation, an additional 25 layers of H-fitm are installed.
H-film is aluminized polyimide with an insulating capability up to +1,000'F. Addi.tional
H-film blankets are also used in other areas of the ascent stage that will be subjected
to temperatures in excess of +350oF.

During earth prelaunch activities, various components and areas of the ascent stage
must be readily accessible. Access panels in the outer skin and insulation provide this
accessibility.

/

1.2.2.6
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1.3

1.3.1

DESCENT STAGE.

GENERAL DESCRIPTION

The descent stage is the unmanned portion of the LM. It has equipment for a
lunar-landing misslon. The descent stage structure provides attachment and support
points for securing the LM within the spacecraJt launch-vehicle adapter (SLA).

STRUCTIJRE. (See figure 1-11. )

The descent stage is constructed of aluminum-alloy, chemically milled webs. It
consists of two pairs of parallel beams arranged in a cruci.form, with a deck on the
upper and lower surfaces. The beam webs are at stations +Y27.000, -Y2?.000,
+227.000, and-227.000. Thelowerdeckisatstation+X131. 140;theupperdeck, at
station +X196.000. The ends of the beams are closed off by end closure bulkheads at
stations +281.000, -281.000, +Y81.000, and -Y81.000. A four-legged truss (outrigger)
at the ends of each pair of beams seryes as a support for the LM in the SLA and as the
attachment point for the main strut of the landing gear. The outriggers are constructed
of tubular aluminum alloy. Aluminum-alloy fittings on the +Y27. 000 and -Y27. 000
beams, at station +265.906, serve as the forward attachment points for the ascent
stage. Joints are fastened with standard mechanical fasteners.

Compartments formed by the descent stage structural arrangement house equipment
required by LM subsystems. The center compartment houses the descent stage engine,
which is supported by eight tubular truss members secured to the four corners of the
compartment and by the engine gimbal ring. The descent oxidizer tanks are housed
between the +Y27.000 and -Y2?.000 beams; the descent fuel tanks, between the +227.000
and -227.000 beams.

The areas, between the main beams, that give the descent stage its octagon shape
are referred to as quadrants. Quadrant I is formed by the intersection of the +227.000
and -Y27. 000 beams, quadrant II by the -227.000 and -Y27.000 beams, quadrant
IIIbythe-227.000and+Y27.000beams, andquadranttVbylhe+227.000and+Y27.000
beams.

Quadrant I houses the S-band antenna and the PLSS batteries.

Quadrant II houses the Environmental Control Subsystem (ECS) water tank. The
landing radar antenna is supported externally on additional structure below the lower
deck. Components for the landing radar are mounted on the -227.000 beam.

Quadrant III houses the supercritical helium and ambient helium tanks, the descent
engine control assembly of the Guidance, Navigation, and Control Subsystem, and the
ECS gaseous oxygen tank.

Quadrant IV houses the Electrical Power Subsystern and Explosive Devices Sub-
system components (batteries, interstage hardline disconnects, and the umbitical cable
cutter).

Fill and drain piorts and vents for the fuel, oxidizer, helium, water, and gaseous
oxygen tanks are external to the descent stage outer skin. The descent stage includes
a thermal and micrometeoroid shield, the landing gear, and an external platform.

Thermal And Micrometeoroid ShieId.

The entire descent stage structure is enveloped with a thermal and micrometeoroid
shield, which is a composite of multiple layers of aluminized 0. 0005*inch-thick mylar
and an outer 0. 004-inch-thick sheet (skin) of aluminum. The shield is mounted on low-
thermal-conductive supports, which keep it at least 2 inches from the main structure.
The skin acts as a micrometeoroid bumper. The aluminized mylar acts as thermal

1. 3.2
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shielding; it is formed into 2S-layer blankets of various sizes and shapes. Where the

blanketg meet, the mating edges are sealed with mylar tape. Vent holes are provided

in the blankets. In areas subjected to temperatures in excess of +350'F, an additional
25 layers of II-fiIm is used.

On the upper deck and side (outer) panels of the quadrants, a combination of Inconel

sheet and mesh plus nickel-steel foil is used. This is in addition to the thermal and

micrometeoroidshield, because the upper deck and side panels of the quadrants are in
direct line of RCS thruster firing.

A titanium blast shield is secured to the upper edge of the descent engine compart-
ment; it deflects the ascent engine exhaust blast out, and away from, the descent engine

compartment.

The bottom of the descent stage, and the engine compartment, are subjected to very
high temperature riue to radiation from the descent engine. A base heat shield protects

the area. It is a composite of alternate layers of nickel-steel foil, Fibrocel, and

Refrasil, supported by standoffs. A support ring of columbium, titanium, and Refrasil
around the engine skirt, supports the heat shield at an adequate distance. Within the

engine compartment, a protective layer of titanium is added over the heat shield.

Landi4g19941 (See figure 1-12. )

The landing gear provides the impact attenuation required to land the LM on the

lunar surface, prevents tipover on a -5o to +5' pitch and roll angle, and supports the

LM during lunar stay and lunar launch. (The ianding gear is not used for landing during
this mission. ) Impact attenuation is accomplished at load levels that preserve the

structural integrity of the LM. At launch, the landing gear is stowed in a retracted
position; it remains retracted until shortly after the astronauts enter the LM during
earth orbit. The landing gear uplocks are then explosively released and springs in the

drive-out mechanism extend the tanding gear. Once extended, each landing gear is
Locked in place by two downlock mechanisms.

The landing gear is of the cantilever type; it consists of four leg assemblies con-
nected to outriggers that extend from the ends of the descent stage structural beams.

The tegs extend from the front +2, rear and both sides of the LM. Each leg assembly

consists of a primary strut, a footpad, two secondary struts, an uplock assembly, two

drive-out mechanisms (spring bungees), two downlock mechanisms, a cross truss
assembly, and the lunar-surface sensing probe. A ladder is affixed to the forward leg

assembly.

Primary Strut.

The primary strut upper end attaches to the descent stage outrigger fitting; the low-
er end has a ball joint support for the footpad. Crushable aluminum honeycomb inside
the primary strut is used as the shock-absorbing medium. The primary strut absorbs
eompression loads only.

Footpad.

The footpad provides for vehicle flotation on a surface with a 12-psi bearing
strength under the maximum tanding gear reaction force. Each footpad has a diameter
of 37 inches; i.t can pivot at the end of the primary strut. The footpad contains crush-
able honeycomb for additional shock absorption. A lunar-surface sensing probe is
attached to each footpad.
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Figure 1-12. Landing Gear

The outboard end of each secondary strut attaches to the primary strut; the inboard
end, to the deployment truss. The secondary struts contain crushable aluminum honey-
comb for shock attenuation, These struts absorb compression and tension loads.

The uplock assembly, attached between the descent stage and the primary strut,
is an adjustable tie rod that restrains the landing gear in its retracted position (stowed)
A manually operated switch (LDG GEAR DEPLoy) on panel 8 activates the uplock
assemblies, permitting the landing gear to be deployed. Two explosive cartridge
assemblies are installed in each uplock assembly. Either cartridge supplies sufficient
energy to sever the uplock assembly to permit the landing gear to deploy.

DESCENT STAGE
Basic Date 1 January 1968Page 1-20 Mission LM 3 Change Date

L

L

I

I
t
I

I

I

I

I

I

I

I

I

I



LMA?90-3-LM 3

APOLLO OPERAfiONS HANDBOOK
SPACECRAFT

1.3.2.2.5 Drive-out and Downlock Mechanisms.

The drive-out rnechanism consists of two spring-loaded devices and corurecting
Iinkages, which deploy the landing gear after the uplock assembly is severed. Downlock
springs retain the landing gear downlocks in the secured position under aII vibration and

shock loads. Each downlock mechanism contains two independent switches that are
actuated when the downlock is in the gear-Iocked-down position. The LDG GEAR
DEPLOY flag on panel I presents a gray indication when all the landing gear leg
assemblies have been downlocked and at least one switch on each of the eight downlocks
has been actuated.

L. 3.2.2.6 Lunar-Surface Sensing Probe

1.3.2.2.7

1.3.2.3

t.4

The lunar-surface sensing probe, attached to each landing gear footpad, is an
electromechanical device. The probes (not used during LM 3 mission) are retained in
the stowed position until landing gear deploument. During deployment, mechanical
interlocks are released, permitting spring energy to extend the probes below the foot-
pad. At lunar contact (just before landing gear impact), tuo mechanically actuated
switches (in each probe) energize the LIJNAR CONTACT lights to advise the crew to
shut off the descent engine. Deployment time for the probe, from uplock severance to
down-and-locked position, is less than 2 seconds. Immediately after sensing the lunar
surface, the probe collapses or disengages, to prevent damage to, or malfunction of,
any other portion of the LM. Each probe has a luminescent patch, which, when visible,
indicates that the landing gear is deployed and locked. The patch can be seen, day or
night, for at least 100 feet. Each probe has sufficient contact area to provide a signal
on contact with a surface that has a bearing strength of 12 psi.

Ladder.

The ladder aJfixed to the forward leg assembly has steps and railings. It extends
from a platform below the forward hatch to the footpad. The ladder is used to climb to
and from the hatch during extravehicular activity on the lunar surface.

Flatfqrm.

The external platform, on the LM centerline immediately below the forward hatch,
provides. the astronauts with work space for handling equipment, and aids ingress to
and egress from the LM. The platform is approximately 3 feet square; it is attached
to the descent stage structure.

LM - SLA - S-IVB CONNECTIONS.

At earth launch, the LM is within the SLA, which is connected to the S-IVB booster.
The SLA has an upper section and a lower section. The outriggers, to which the land-
ing gear is attached, provide attachment points for securing the LM to the SLA lower
section. The LM is mounted to the SLA support structure on adjustable spherical seats
at the apex of each of the four landing gear trusses; it is held in place by a tension hold-
down strap at each mounting point.

Before the LM is removeci, the upper section of the SLA is explosively separated
into four segments. These segments, which are hinged to the lower section, fold back.
The LM is then explosively released from the lower section.

LM - SLA - S-IVB CONNECTIONS
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1.5

1.5.1

1.5.1.1

1.5.1.2

1.5.1.3

1.5.1.4

1.5.1.5

1.5.1.6

LM-CSM INTERFACES.

A ring at the top of the ascent stage provi.des a structural interface for joiaing the

LM to the CSM. The ring is compatible with the clamping mechanisms in the CSM, and

ensures structural continuity. The drogue portion of the docking mechanism is secured
below this ring. The drogue is required during docking operations to mate with the

CSM-mounted probe. See figu.re 1-13 for orientation of the LM to the CSM.

CREW TRANSFER TUNNEL.

The crew transfer tunnel (LM-CSM interlock area) is the passageway created
between the LM upper hatch and the CSM forward pressure hatch when the LM and the

CSM are docked. The tunnel permits intervehicular transfer of crew and equipment

without'exposure to space environment. The tunnel, LM, and CSM, are pressurized
from the CSM.

Final Docking Latches.

Twelve latches are spaced equally about the periphery of the CSM docking ring.
They are placed around and within the CSM tunnel so that they do not interfere with
probe operation. When secured, the latches provide structural continuity and pres-
surization between the LM and the CSM, and effect sealing of the tunnel interface.

UmbilicaI.

An electrical umbilicat, in the LM portion of the tunnel, is connected by an

astronaut to the CSM. This connection can be made without drogue removal.

Docking Hatches.

Docking Probe.

The docking probe provides initial CSM-LM coupling and attenuates impact energy
imposed by vehiele contact. The docking probe assembly consists of a central body,
probe-head capture latches, pitch arms, tension linkages, shock attenuators, a support
structure, probe stowage mechanism, probe extension mechanism, probe retraetion
system, an extensi.on latch, a preload torque shaft, probe electrical urnbilicals, and

electrical cireuitry. The assembly may be folded for removal and stowage from either
end of the CSM transfer tunnel.

Docking Aids.

Visual alignment aids are used for final alignment of the LM and CSM, before the
probe head of the CSM makes contact with the drogue. The LM +Z-axis wiII align 50'
to 70o from the CSM -Z-axis and 30o from the CSM +Y-axis. The CSM position repre-
sents a 180' pitchover and a countercloclsflise roll of 60o from the launch vehicle align-
ment configuration.

I

The LM has a single docking (upper) hatch; the CSM has a single, integral, forward
hatch. The LM upper hatch is not removable. It is hinged to open 75o into the cabin.

Docking Drogue.

The drogrre assembly is a conical structure with provisions for mounting in the LM
portion of the erew transfer tunnel. The drogue may be removed from either end of the

crew transfer tunnel and may be temporarily stowed in the CSM or the LM, during SPS

burns.
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An alignment target is recessed into the LM so as not to protrude into the launch
configuration clearance envelope or the postexcursion contact maximum envelope. It
indicates centering of the crossmembers within the target circle when viewed at the
intercept parallel to the -X-axis and perpendicular to the Y-axis and Z-axis. The tar-
get has contrasting colors, one of which is radioluminescent green. The target, a

three-dimensional standoff cross at approximately stations -Y46.300 and -20.203, is
1?.68 inches in diameter at the base.

STOWAGE PROVISIONS.

The LM has provisions for stowing crew personal equipment. The equipment in-
cludes umbilicals, an emergency wrdnch, star charts, checklists, a medical kit, and
other items. For a detaited list of crew personal equipment, refer to paragraph 2.11

I

STOWAGE PROVISIONS
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SUBSYSTEMS DATA

2.1

2.1. L

2.L,L.L

SECTION 2

SUBSYSTEI/IS DATA

INTRODUCTION

Subsystems data include description of functions and components, and design data,
operational limitations, and telemetry measurements. Subsectiqn 2. 1 describes the
interfacing of LM-3 subsystems. Subsections 2.2 through 2.9 present data grouped by
subsystems as follows: guidance, navigation, and controll main propulsion; reaction
control; electrical power; environmental control; communications; explosive devices
and instrumentation. Subsection 2. 10 deals with miscellaneous subsystems data,
Subsection 2.11 presents the details of crew personal equipment.

Telemetry code numbers for measurements that are not displayed are given in the
individual subsystem telemetry measurements tables.

SUBSYSTEM INTERFACE. (See figure 2-1. )

Most LM-3 functions are fulfilled by a subsystem, or a section of a subsystem,
functioning with other subsystems to provide a highly reliable system capable of aceom-
plishing the mission. The interfacing of the LM subsystems is described in paragraphs
2.1.1 through 2.1.9.

GIJIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM. (See figure 2-1, sheets 1

and 2. )

The Guidance, Navigation, and Control Subsystem (GN&CS) is used with other sub-
systems to provide automatic, semiautomatic, and manual control of LM 3. This con-
trol is accomplished through one of two GN&CS guidance sections, the primary guid-
ance and navigation section (PGNS) or the abort guidance section (AGS), used in con-
junction with the GN&CS radar sections and control electronics section (CES). The
PGNS generates commands, basdd on data supplied from other GN&CS sections, and
computes guidance and navigation data for control of the LM. If the PGNS malfunctions,
the AGS provides semiautomatic, preprogrammed control; the astronauts perform
functions usually performed by the PGNS. GN&CS interface with other subsystems is
covered in paragraphs 2.1.1.1 through 2.1.1.5.

Main Propulsion Subsystem.

The GN&CS supplies on and off commands to the descent and ascent engines. These
commands are generated in the LM guidance computer (LGC) or the abort electronics
assembly, depending on the guidance section selected. The CES routes the commands
to the engines. The descent engine receives the following commands: automatic or
manual on and off commands, automatic or manual throttle commands, arm commands
(engine fire enabling signals selected with the ENG ARM or ABORT switches and routed
through the descent engine control assembly), and trim commands via the gimbal drive
assembly.

SUBSYSTEM INTERFACE
Mission LM 3 Basic Date 1 January 1968 Change Date_ 
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z. L" L.2

2.1.L.3

2.L.t.4

2.1.1.5

2.1.2

2.L.2.L

Reaction Control SubsYstem.

The GN&CS selectively fires the 16 thrust chamber assemblies (TCA's) o{ the

Reaction Control Subsystem (RCS) to control LM attitude and translation during ren-
dezvous and docking, and during simulated lunar-landing maneuvers. In the PGNS

mode, the attifude and translation control assembly (ATCA) implements LGC-generated

automatic on and off commands. In the AGS mode, the on and off commands are issued

via the ATCA from attitude error, rate, and hand controller signals. In either mode,

on and off commands can be issued manually through the two attitude controller assem-
blies (one for each astronaut). The attitude controller assemblies (ACArs) and the

thrust,/translation controller assemblies (TTCA's) provide attitude and translation com-
mands through the LGC or through the ATCA. The ACA's can also control the TCA's
directty when the ROLL, YAW, or PITCII ATTITUDE CONTROL switches are set to
DIR.

{ lectrical Power,subsystem.

The Electrical Power Subsystem (EPS) supplies primary d-c power for the PGNS,

AGS, CES, and the radar sections of the GN&CS. The EPS also supplies primary a-c
power for alignment optical telescope lighting, the rendezvous radar servo assembly,
the data entry and display assembly, and the descent engine control assembly.

Pressing the ABORT STAGE pushbutton routes a power switchover command to the
EPS, causing the ascent batteries to be turned on, after which the descent batteries
are turned off.

E xplosive D evices Fubsystem.

The CES supplies automatic descent and ascent engine on and off commands, and
stage commands to the Explosive Devices Subsystem (UOS) tring circuits. When sel-
ected, the AGS also automatically supplies abort and abort-stage commands. In
response to GN&CS commands routed through the CES, the EDS firing circuits route
descent engine pressurization commands to the Main Propulsion Subsystem (MPS). The
abort-stage and stage commands also effect separation of the ascent stage from the
descent stage by firing explosive devices through the EDS firing circuits.

Instrumentation Subsystem.

The GN&CS supplies the Instrumentation Subsystem (IS) with subsystem data that
'are proeessed for telemetering to the Marured Space Flight Network (MSFN) and,/or for
display i.n the LM cabin. The LGC supplies a 1.024-me primary timing signal to the
pulse-code-modulation and timing electronics assembly in the IS for use in generating
timing and sync signals required by other subsystems. The IS supplies telemetry data
start and stop commands to the LGC along with sync pulses for clocking out telemetry
data.

MAIN PROPULSION SIIBSYSTEM. (See figure 2-1, sheet 5.)

The Main Propulsion Subsystem (Mm), under controL of the GN&CS, provides the
main thrust capability, through two propulsion sections: ascent propulsion section (APS)

and descent propulsion section (DPS). MPS interface with other subsystems is covered
in paragraphs 2.1.2.1 through 2.L.2.5. i

\-
Guidance, Navigation, and Control Subsystem.

Refer to paragraph 2.t.1.1 for MPS interface with the GN&CS.

SUBSYSTEM INTERFACE
Page Z.L-Z Mission LM 3 Basic Date 1 January 1968 Change Date
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2.L.2.2

2. L.2.3

2. L.2.4

2.1.2.5

2. 1.3

2.1.3.1

2. L.3.2

2.1.3.3

2. L.3. 4

2.1.3.5

2.L-4

Reaction Control Subsystem.

The APS can supply fueI and oxidizer to the TCA's through ascent interconnect

valves in the RCS, during thrusting or when'a positive.r?gt?force is exerted. This pro-

vides baclmp for the RCS propellant supply.

E lectrical Ponrer Subsystem.

The EPS supplies primary d-c power to the ascent and descent helium solenoid

valves, and'to tiie liquid-Ievel sensors in the fuel and oxidizer tanks of the DPS. The

EPS also supplies a-c power to the helium, oxidizer, and fuel digital displays.

Explosive Devices Subsystem.

The EDS prwides pressurization commands to the APS and DPS presBurization

sections. These commands open normally ctosed explosive v.alves before engine start,
to pressurize the propellarit tanks. 

:

Instrumentation Subsystem.

The MPS supplies the IS with subsystem data that are processed for telemetering
to MSFN atd/or for display in the LM cabin.

REACTION CONTROL SUBSYSTEM. (See figure 2.1, sheet 5. )

The RCS provides attitude and translation control about or along all LM axes, under

control of the GN&CS. RCS interface with other subsystems is covered in paragraphs

2. L. 3. 1 through 2. l. 3. 5.

Guidance, Navigation, and Control Subsystem.

Refer to paragraph 2. 1.1.2 for RCS interface with the GN&CS.

Main Propulsion Subsystem.

Refer to paragraph 2.L.2.2 for RCS interface with the MPS.

E lectrical Power Subsystem.

-

The EPS suppties primary d-c power to the oxidizer and fuel valves in the TCArsl
to the isolation valves and main shutoff valves, and ascent fuel and oxidizer intercon-
nectrvalves ih RCS systems A and B; to the crossfeed valves, to the pressure-volume-

temperature systeml to the RCS displays; and to the quad heaters;

Explosive Devices Subsystem.

The EDS provides pressurization commands to the RCS pressurization section.

These commands open normally closed explosive valves in RCS systems A and B, pres-
surizing the propellant tanks.

Instrumentation Subsystem.

The RCS supplies the IS with subsystem data that are processed for telemetering
to MSFN andTor for display in the LM cabin.

ELECTRICAL PO\ilER SUBSYSTEM. (See figure 2-1, sheet 4. )

The EPS provides electrical power to all LM subsystems. Primary d-c power
(28 to 32 volts) is supplied by two batteries in the ascent stage and four batteries in the

descent stage. Primary a-c power (112 to 118 vo1ts, 400 cps) is supplied by two

SUBSYSTEM INTERFACE
Mission LM 3 tsasic Date 1 Januarv 1968 Change Date Page 2_L-B
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2.1.4. I

2.t.4.2

2. l. 4.3

2.1.4.4

redundant solid-state inverters. EPS interface lvith other subsystems is covered in
paragraphs 2. t. 4. 1 through 2. l. 4. 7.

Guidance, Navigation, and Control Subsystem.

Refer to paragraph 2.L,L.3 for EPS interface with the GN&CS.

Main Propulsion Subsystem.

Refer to paragraph 2.L.2;3 for EPS interface with the MPS.

Reaction Control Subsystem.

Refer to paragraph 2. 1.3.3 for EPS interface with the RCS.

E nvironmental Control Subsystem.

The EPS supplies primary d-c power to the Environmental Control Subsystem (ECS)

for operation of the suit and cabin fans, the. glycoI pumpsr'valvesr,regulators, sensors,
and ECS displays.

2. L. 4.5 Communications Subsystem.

The EPS supplies primary d-c power to the Communications Subsystem (CS) for
operation of all voiee, television, and telemetry transmitting and receiving devices,
which include the VHF section, the S-band section, and the sigrial-processing assembly.
Primary a-c power from the EPS is used as a 400-cps reference signal in the S-band
steerable antenna driver logic circuits.

2. l. 4.6 Explosive Devices Subsystem.

The EPS supplies primary d-c power to the EDS for activation of the redundant
firing circuits, which control operation of the explosive devices used to stage the LM,
deploy the landing gear, and pressurize the MPS and RCS. A pair of redundant bat-
teries in the EDS provides power for operation of the explosive devices.

2. L.4.7

2.1.5

The EPS supplies primary d-c power to the IS for operation oi ttre signat-conditioning
electronics assembly, pulse-code-modulation and timingelectronics assembly, and
cautionandwarningelectronics assembly, and totheDevelopmental Flight Instrumenta-
tion(DFI)usedinqualifyingtheLMduring earth-orbitalmissions. Itsuppliesprimarya-c
powerto the data storage electronics assembly (tape recorder) for its tape drive motors.
The IS supplies a6.4-kpps sync signal to control the400-cpsoutputoftheEPSinverters.

The EPS suppliesthels withsubsystem datathat are processed for telemetering to
MSFN and/or for display in the LM cabin.

ENVIRONMENTAL CONTROL SUBSYSTEM. (See figrre 2-1, sheet 5. )

The ECS provides life support for the astronauts and thermal control of certain
electronic sections and assemblies during the mission. ECS interface with other sub-
systems is covered in paragraphs 2.1.5.I and 2.t.5.2.

Electrical Power Subsystem.

2.1.5.2

Refer to paragraph 2.1.4.4 for ECS interface with the EPS.

Instrumentation Subsystem.

The ECS supplies the IS with subsystem data that are processed for telemetering to
MSFN and/or for disptay in the LM cabin.

SUBSYSTEM INTERFACE
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2.1.6

2.1.6. 1

2. t.6.2

2. L.7

2. t.7.1

COMMUNICATIONS SUBSYSTEM. (See figure 2-1, sheet 4. )

The CS operates in conjunction with the microphones, headsets, and biomedical
sensors in the pressure garmentassembly (PGA) and with the IS, CSM, and MSFN. The
PGA microphones and headsets permit the astronauts to transmit and receive voice.
The voice signals are processed in the signal-processing assembly of the CS, where
they are routed, via hardline, between the astronaut and the selected RF equipment.

Voice and data (other than biomedical) are transmitted between the LM and the CSM
via the VHF transmitter-receiver assemblies. Simplex voice operation is prwided by
a 296. 8-mc carrier. Normally, a 259. 7-mc carrier is used for PCM data transmission
at the low bit rate or it may be used as a voice backup chaanel. Communication between
the LM and MSFN is provided by the S-band transmitter-receiver assemblies. Duplex
voice, television, tracking and ranging, emergency keying, subsystems data from the
IS, and biomedieal data from PGA sensors are provided (2282.5 mc tralsmit, 2101. 8

mc receive).

CS interface with other subsystems is discussed in paragraphs 2.1.6.1 and
2.L.6.2.

Electrical Porver Subsystem.

Refer paragraph 2. 1.4.5 for CS interface with EPS.

Instrumentation Subsvstem.+-

The subsystem data processed in the IS for telemetering are supplied to the CS in
nonreturn-to-zero (NRZ) (at 51,200 or 1,600 bits per second rate) or sptit-phase
(1,600 bits per second rate) form for transmissionviaS-band or VHF, respectively.
The IS also supplies a sync signal and a reference signal, used by,the CS to generate
two subcarriers. A 1.024-mc subcarrier is generated from the 512-kc square-wave
reference signal supplied by the pulse-code-modulation section of the pulse-code-
modulation and timing electronics assembly of the IS. This subcarrier, which is phase
referenced to the NRZ data supplied by the IS, is modulated by the NRZ input for
transmission to MSFN. The second subcarrier (1.25 mc) is generated from the 512-kc
square-wave sync signal supplied by the timing electronics section of the pulse-code-
rnodulation and timing electronics assembly, mixed with a 113-kc voltage-controlled
oscillator in the signal-processing assembly. Normally, this subcarrier is modulated
by voice and biomedical data for S-band transmission. The split-phase data supplied to
the VHF transmitter directly modulates the VHF B carrier (259.7 mc) when the VHF B
XMTR switch is.set to DATA.

The data storage electronics assembly (a voice tape recorder), in the IS interfaces
with the CS. A voice-operated relay (VOX) keying signal is supplied from the signal-
processing assembly to turn on the tape recorder. . Voice is routed to the tape recorder
through the intercommunication bus.

The CS also supplies the IS with subsystem data that are process'ed for telemetering
to IWSFN and,/or for dir(play in the LM cabin.

EXPLOSIVE DEVICES SIIBSYSTEM. (See figure 2=1, sheet 4. )

The EDS provides landing gear deployment, MPS and RCS pressurization, and
separation of the ascent and descent stages by means of e><plosive devices. EDS inter-
face with other subsystesls is discussed in paragraphs 2.L.7.1 through 2.t.7.i

Guidance, Navigation, and Control Subsystem.

Refer to paragraph 2.1.L.4 for EDS interface with the GN&CS

SUBSYSTEM INTERFACE
Mission T.rvr Basic Date 1 Jaauaryjg68 Page_4_1-5 _



LMA79O-3-LM 3

APOLLO OPERATIONS HANDBOOK

SUBSYSTENIS DAT.A.

2.r.7.2

2.L.7.5

2.1.8

2.1.8.1

2.L.8.2

2.1.8.3

2.L.8.4

2.1.8.5

2.1.8.6

Main Propulsion Subsystem.

Refer to paragraph 2. 1.2..4 for EDS interface with the MPS.

Reaction Control Subsystem.

Refer to paragraph 2. 1.3.4 for EDS interface with the RCS.

Electrical Power Subsystem.

Refer to paragraph 2. 1.4.6 for EDS interface with the EPS.

Instrumentation Subsystern.

The EDS supplies the IS with subsystem data that are processed for telemetering to

MSFN and/or for display in the LM cabin.

INSTRUMENTATION SUBSYSTEM. (See figure 2-1,, sheet 4.')

Sensors in the LM subsystems continuously check subsystem status by sensing

temperature, Valve action, pressure, Switch position, voltage, cur'rent, and quantity.

Theie sensed data, converted to electrical signals, are routed to the IS, where they are

processed for telemetering to MSFN and/or display in the LM cabin.

TheDFI, consideredpart of the IS, has additional subsystem sensors, which are

sampled periodically; their output is conditioned, and transmitteO by four VHF FM/FM
tranimitters to IVLSFN. The DFI has a fifth VHF FM/FM transmitter, which transmits
the NRZ data also transmitted by the CS S-band transmitters. Uplink commands from
MSFN, received via the DFI communications section, are routed to the LM mission
programmer (paragraph 2. 1. 9) for ground control of the LM in certain modes.

IS interface with other subsystems is discussed in paragraphs 2.1.8.1 through

2. L.8.7 .

Guidance, Navigation, and Control Subsystem.

Refer to paragraph 2.1.L.5 for IS interface with the GN&CS.

Main Propulsion Subsystem.

Refer to paragraph 2.t.2.5 for IS interface with the MPS.

Rgaction ContToI Subsystem.

Refer to paragraph 2. 1. 3.5 for IS interface with the RCS.

E lectrical Power Subsystem.

Refer to paragraph 2.1.4.7 for IS interface with the EPS.

E nvironmental Control Subsystem.

Refer to paragraph 2.t.5.2 for IS interface with the ECS.

Communications Subsystem.

Refer to paragraph 2. 1.6.2 for IS interface with the CS.

L
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2.1.8.7

2. L.9

Explosive D evices Subsystem

Refer to paragraph 2.1.7.5 for IS interface with the EDS

LM MISSION PROGRAMMER. (See figure 2-1, sheet 3. )

The extent to which the LM mission programmer will be used during this mission
has not been defined. When these data are available, they will be included as part of
the subsystem interface description.
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(To be supplied)

Figure 2-1. Subsystems Functional Interface Diagram (Five Sheets)
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2.2.L

GUIDANCE, NAVIGATION AND CONTROL SUBSYSTEM.

INTRODUCTION.

The Guidance, Navigation, and Control Subsystem (GN&CS) proriries vehicle guid-
ance, nalr'igation, and control required for sr"rccessful completion of a ruanned LM
mission. The subsystem is ari ai.ded inertial system whose principal sensors are an

alignment optical teleseope (AOT), an i"nertial measurement unit (IMLr), ianding radar
(LR), and rendezvous radars (RR). The GN&CS consists of the foilawing serctions:
primary guidance and navigation section (pGNS), abort guidance section (AGSi, radar
section, control electronics section (CflS). the LM mi.ssion programme:' (i,MP) anC the

orbital rated display - earth anc lunar (ORDE,AL). Figure 2-2 shoti,s tne localion of the
LM-3 GN&CS equipment. (Re{er to paiagraph 2" 2. 3 for a rleta.iled desiription of tire
equipment" )

The PGNS establishes the inertiai rei*rence used for m€iasul:errjents and computa-
tions, pi"ovides inertial reference aii;5nmtni i.;y enlering optical sighting; data into the
LM guidance computer (LGC), provities positicn::rd velocity cairulp"ilons by inertial
;schniques, enables a LM anci CSM rendez.,'.Jr.rs b) rader*aidr:r:1 inertirri techniques,
generates attitude controi ani ihi'ust cor:r: li.js to engune sa.ti:,iactrlry ti'ajectorv, con-
trols descent engine throttiing and gri::brrl.ng. ,rn.l cri.splays I::i:tiriet1. guiCanle-status
dr"ta.

The AGS provides independent back'.rp for the PGNS. It has its own inertial sensor
and computer assemblies.

The radar section consists of two separate radars. The RIt provides the LGC rvith
CSM range, range rate, and line-of-sight angies for cornputation of guidance and naviga-
tion data during rendezvous maneuvers. The LR provides the LGC with velocity aad
aLtitude data during lunar landing" The LR for LM3 will not furnish these data, because
the LM-3 mission is earth orbital and only monitoring of LR performance wilt be per-
forrned,

The CES controls LM attitude and transLation a"Lrout, and along, the three LM axes.
The CES also controls descent engine, ascent engine, and RCS operation with commands
generated by the FGNS during automatic operations, or with cornmands generated by the
attitude controlier assernbli.es (ACA's) and thrust/transi.aticn csntroller assemblies
(TTCA's) during i:r anual operations.

The LM-3 mission has the option of using the LIIIP. When used, the LMP pror.ides
a ground capability to command ascent engine operation during the manned or unmanned
phase of the mission.

The ORDEAL provides an aLternative:o tei: ineriial attitude <lispla.'v" in pitch oniy.
The ORDEALproducesanFDAI display oi thc ,ror-rri:r"lir:d local vertical attitude durlng
circular orbits aroturd the earlh r,,'her.r selecteii 

"

The GN&CS interlaces ith the Electriu:al Fc-u,er Subsystem {EPS), Environ-
mental Control $rihsysr"em , Instr",-in,*nt;-tion Sr:}-rs';steu-, (IS). It inteifaces
indirectly with the Comrnurri.r. ,,,: . ,jubs';iirc,:r (CS) anti issues commands to the Main
Propuision Subsyster* (MPS) a-nd Reacric,r: t--(trrtrol Subsystern {RCS).

The EPS providrs primarir jlllwer (28 lclts) tr t.r ': !]GNE. The ECli circulates an
elhylene glycol-an<i-ivater sol:.rtion (coota.nti aboui te::rpe:'ature-sensi"live electr:onics
equipment in the GN&C$, to provide thernrai si:Lbili.tv. Coolant circuiaies through the
case of the IMU. The lther niajor compr:i:.ents of the FGNS are moun'red r>n cr.rlci nlates
through whi.ch cooianl" i:i.i:culates to proriiCe ten.iilerature cont::o1. T!-re IS n:onitors the
various sections oi t5c {-.iN&Cii, perforns iu*I-light checkout, preilares status data for
transrni.ssion ta *arth, provides tini;ng llt,queucies" and stores voicr: data when required.

GUIDANC E. : l{;1 VIGATION, ANil CO}IT F"{J L SLIB SY S f E }'ii
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INERTIAT
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The CS provides the link between the astronauts, the orbiting CSM, and MSFN sta-
tions. The CS has two RF portions, one operating in the VHF range and one operating
i.n the UHF (S-band) range. The RF sections provide two-way voice transmission be-
tween the LM and CSM, between the LM and MSFN, and between the LM and the EVA.
In addition, the UHF portion receives and transmits tracking and ranging signals from
MSFN and transmits data pertinent to the LM to MSFN.

The GN&CS interfaces with the MPS to issue on and off commands to the ascent and

descent engine and to control descent engine throttling and gimbaling (thrustvector). The

GN&CS also supplies on and off commands, through the CES, to valves of the RCS thrust
chamber assemblies (TCA's) during various modes of operation. The CES also routes
staging and pressurization commands to the Explosive Devices Subsystem (EDS).

2,2.2 F LTNCTIONAL DE SCRIPTION.

The GN&CS comprises two functional loops, each of which is a completely indepen-

dent guidance and control path. The primary guidance path performs all the functions
necessary to complete the LM mission. If a failure in the primary guidance path

occurs, the abort guidance path can perform all the functions necessary to effect a safe
rendezvous with the orbiting CSM.

2.2.2.L Primary Guidance Path. (See figure 2-3. )

The primary guidance path comprises the PGNS, CES, and the radar section. The

PGNS is an aided inertial guidance device whose principal aids are the LR, RR, and

AOT. The CES routes the guidance and navigation data from the PGNS and applies them
to the descent or ascent engine, and selected TCA's.

The IMU, which continuously measures attitude and acceleration, is the primary
inertial sensing device of the LM. The LR senses LM slant rzurge and velocity. The

RR coherently tracks the CSM to derive line-of-sight (LOS) range, range rate, and

angle rate. The LGC is the centraL data-processing device of the LM. The LGC uses
AOT sighting datato align the IMU. Using inputs from the LR, IMU, RR, TTCA's and

ACA's, the LGC solves guidance, navigation, steering, and stabilization equations
necessary to initiate on ard off commands for the descent and ascent engines, throttle
commands and trim commands for the descent engine, and on and off commands for the
TCA's.

Control of the LM, when using the primary guidance path, ranges from fully auto-
matic to manual. The primary guidance path operates in the automatic mode or the

attitude-hold mode. In the automatic mode, all navigation, guidance, stabilization and

control functions are controlled by the LGC. When the attitude-hold mode is selected,
the astronaut uses his ACA to bring the LM to a desired attitude. When the ACA is
moved out of the detent position, proportional attitude rate or minimum impulse
commands are routed to the LGC. The LGC then calculates steering information and
generates TCA commands that correspond to the mode of operation selected via the

disptay and keyboard assembly (DSKY). These commands are applied to the primary
preamplifiers in the attitude and translation control assembly (ATCA), which routes
the commands to the proper TCA. When the astronaut releases the ACA, the LGC
generates commands to hold this attitude. If astronaut commands four-jet direct opera-
tion of the ACA by going to the hardover position, the ACA applies the command directly
to the secondary solenoids of the corresponding TCA.

br automatic mode, the LGC generates descent engine throttling commands, which
are routed to the descent engine via the descent engine control assembly (DECA). The

astronaut can manually control descent engine throttling with his TTCA. The DECA
sums the TTCA throttle commands with the LGC throttle and applies the resultant signal
to the descent engine. The DECA also applies trim commands, generated by the LGC,
to the gimbal drive actuators to provide trim control of the descent engine. The LGC
supplies on and off commands for the ascent and descent engine,s to the S&C control

G NAVIGATION,
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assemblies. The S&C control assemblies route the ascent engine cin and off commands
directly to the ascent engine, and the descent engine on and off commands to the descent
engine via the DECA.

In the automatic mode, the LGC generateS +X-axis translation commands to provide
ullage. In the manual mode, manual translation commands are geneiated by the astro-
naut, using his TTCA. These commands are routed, through the LGC, to the ATCA and

on to the proper TCA.

Abort Guidance Path. (See figure 2-4.)

The abort guidalce path comprises the AGS, CES, and selected propulsion sectic.,n.

The AGS is a backup system for the PGNS. The term "a-bott guidance path" is some-
what misleading in that any abort situation is normally under the control of the PGNS:
the AGS is used only if the PGNS mallunctions, The AGS performs aII inerti.al naviga-
tion and guidance functions necessary to effect a saJe orbit or rendezvous with the CSLI.
The stabilization and control functions are perforn:ed by analog computation techniqir;s.
in the CES.

The AGS uses a strap-down inertial sensor, ratirer than the stabiliaerl, gimbaied
sensor usedinthePGNS's IMU. The abort senso:'assembly (ASA) is a strap-Cown
inertial sensor package that measures attitude and accelelation with respect to the LM
body axes. The ASA attitude is supplied to the abort eiectronics assembly (AEA) " The
AEA is a high-speed, general-purpose digita.l computer ti.rat perform-s the ilasic slrajl-
down system computations and the abort guicialce and navigation steering control cal-
culations. The data entry and displa"y assembii' (OnOal is a genera)"-purpose input-
output device through which the astronaut n.ranuaill- en!ers data into the AEA and
ccmmanCs various data readouts,

The CES functions as an z,"utor:ilot when the aboit guidanee path is selected. It uses
inputs from the AGS and from the as:::onauts to nror-ide the following: on, oif , ancl

TTCA throttling commands for ti.re descent engirre; eimbal commands fon the GDA's tr
control descent engine trim; on anci off comnands for the ascent engine; engine sequeni-
er logic to ensure protrer arrning and staging beiore engine startup and shutclown: or:

and off commands for the TCA's for transiatiorr ani srabiiization, and fo:: various
maneuvers; jet-select logic to select the proper 'lC-{'s for the various maneuvers; ancl

modes of LM control" ranging lrom fuliy autonatic to manual,

The astronaut uses the TICA to controL throlrJ.ing oi the descent engine and t;:anr;.a-
tion maneuvers. The throttle commands, engine on anci olf commands from the S&C
control assemblies, and trim commands from tne ATCA are applied to the DECA. The
DECA appiies the throttle commands to the descent engine, the engine on and off
commands to the descent engine iatching devices, and the irim commands to the GDA's.
The S&C control assemblies receive engine on and off ccnrrnands for the descent;and
ascent engines from the AEA". As in the pi'imarv guidance path, the S&C controi
assemblies route descent engine on and ofi corrmands to the DEC}, and appi5r ascent
engine on and off commalds directly to the ascent engine"

The abort guidance path operates in the autornatic mode or the a titude-hold mode.
In the autornatic mode, navigation and guidance i,.rnctions are controll.ed b,v tfus 465i
stabilization and control ftmctions, by the CES. In the attituCe-hoId mode, the astro-
naut uses his ACA to controi LM attitude. The ACA generates attitude rate, putrse,

direct, and hardover commands, The attitude rate and pulse cornmaacis, AEA erro::
signals, rate-gyro assembly (RGA) rate-damping signals, and TTCA translation
commands are applied to the ATCA. The ATCA processes these inputs to generate
TCA on and off commands.
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2.2.2.3

2.2.2.3.L

2.2.2.3.2

In the attitude-hotd mode, pulse and direct subrnodes are available for each axis.

The pulse submode is an open-loop attitude control mode in which the ACA is used to

make small attitude changes in the selected axis. The direct submode is an open-loop

attitude control mode in which pairs of TCA's are directly controlled by the ACA. The

astronaut can also control vehicle attitude in any axis by moving the ACA to the hard-

over position. In addition, the astronaut can override translation control in the +X-axis

with fhe +X TRANSL pushbutton (panel 5). Pressing the +X TRA.NSL pushbutton fires
aII four +X-axis TCA's.

LM Vehicle and Primary Guidance and Navigation Section Axes. (See figure 2-5.)

Several sets of axes are associated with the LM and the PGNS. Each set is a three-
axis, right-hand, orthogonal coordinate system. Figuie 2-5 shows the relationships of

various sets of axes when the IMU gimbal angles are zera.

plane and parallel to the vehicle Z-axis.

LM Vehicle Axes.

The X-axis positive direction is through the overhead hatch; the Z-axis positive

direction is through the forward hatch. The Y-a:<is is perpendicular to the X-Z plane.

Navigation Base Axes.

The navigation base is mounted to the LM structure so that a coordinate system is
formed by itsmounting points. The Y1.1g axis is para11e1 tothevehicleY-axis. TheXlqg-

axis is parallel to the vehicle X-axis. The 21q6 axis is perpendicular to the XNg-YNB

AOI

oGA SHAFT AXIS

Xr. tos
450

LM

+ x-Axrs

+ YAW

+ PITCH

+ ROtt
tM

+ z-Axts

+
LM

IGA

Y*,

Lan

+ Y-AX|S

Figure 2-5. LM Vehicle and Primary Guidance and Navigation Section Axes
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2.2.2.3.3 IMU Axes.

2.2.2.3.4

2.2.2.3.5

2,2.3

2.2.3.t

The IMU axes are defined by the three gimbal axes. These axes are designated as

the outer gimbal axis (OGA), middle gimbal axis (MGA), and the inner gimbal axis (IGA).
The gimbal axes are defined when the gimbal angles are zero degrees; they are as fol-
lows: The OGA is parallel to the X-axis, the MGA is parallel to the Z-axis, and the

IGA is parallel to the Y-axis. The axes of the IMU stable member are parallel to the
vehicle axes and the gimbal axes when the gimbal angles are zero degrees.

Alignment Optical Telescope Axes.

The AOT is mounted to the navigation base so that the AOT shaft axis is parallel to
the X-axis. The telescope LOS is approximately 45' above the vehicle Y-Z plane. The
LOS can be positioned to six azimuth detents loeated at 60o increments from the vehicle
+Z-axis.

Radar Antbnna Axes.

The LR and RR antenna axes are described in paragraph 2.2.3.3,

MAJ.9R COMPONE NT/FUNCTIONAL DE SCRIPTION.

prirnary 
9r1i4?n:e 

anj Nlvlgation s:ciion. (See fieure 2-6. )

The PGNS provides data-measuring and data-processing capabilities and control
functions necessarj, to aceomplish'descent, ascent, and rendezvouS and docking with
the CSM. The PGNS performs inertial guidance, navigation, and flight control.

Inertial guidance is aceomplished with accelerometers mounted on a gyroscopically
stabilized, girnbal-mounted platform, and a central data-processing deviee (the LGC).
The inertial guidance system senses acceleration and attitude changes instantaneously
and provides incremental velocity and attitude information to the LGC for generation of
attitude-change -and thrust commands.

Navigation is accomplished with data derived from star sightings. These data,
obtained with the AOT, are used to establish an inertial reference. The crew optical
alignment sight (COAS) is used as abackup navigational device for the AOT. (Refer to
subseetion 2.11.) The navigation performed by the PGNS is dependent upon the software
capabifity of the LGC and data obtained from other portions of the PGNS and other LM
subsystem:s. As an aid to navigation, the FIR traeks a transponder on the CSM. The
rada.r'interfaces,with the LGC and the PGNS inertiaL subsection, for automatic position-
ing and data'transfer. 

:

The PGNS has sensing and monitoring devices for determining LM position, velocity,
and attitude; it piovides output signals necessary for control or correction of LM motion.
During rendezvous and docking the PGNS uses inertial, radar tracking, and manual
inputs to provide rotation and translation commands.

The PGNS consists of a navigaiion base, the IMU, AOT, a power and servo assem-
bly (PSA), rpulse torque assem-bly (PTA), a signal conditioner (SC), the LGC, coupling
data units (CDU), a display and keyboard (DSKY), and various other displays and
controls. (See figure 2-2. ) The navigation base, mounted to the structure above the
astronaut heads, is used as a hotding fixture for the IMU and AOT. The IMU and AOT
are attached, and precisely aligned to, the navigation base. The LGC and CDU's are
mounted on eold plates located on the upper portion of the aft equipment bay. The PSA
and SC, aLso mounted on cotd plates, are located below the LGC and CDU's. The PTA
is mounted, on a cold plate, to the rear wall of the IMU compartment. The DSKY is
on panei 4 in the cabin.
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Functiona1ly, the PGNS is divided into three major subsections: inertial, optical,
and computer. The subsections individuafly, or in combination, perform the following
functions:

o Establish an inertial reference whieh is used for measurements and
computations

r Enable IMU alignment through the LGC by entering optical sighting data
through the DSKY

o Enable calculation of LM position and velocity by inertial techniques

o Enable LM and CSM rendezvous by radar tracking and inertial techniques

o Generate attitude-control and thrust commands to maintain the vehicle on

a satisfactory trajectory

o Control throttling and gimbal trim of the descent engine

o Display pertinent flight data related to guidance status.

The inertial subsection (ISS) performs the following major functions:

r Measures LM attitude

o Senses LM acceleration due to thrust

o Assists in data conversion for display or telemetry transmission.

The optical subsection (OSS) performs the following major iunctions:

o Provides a mears of aligning the inertial reference on the lunar surface

o Provides measurements for establishing the inertial reference in fiight.

The computer subsection (CSS) performs the follorving major functions:

o Aligns the IMU

o Solves the guidance and navigation problen.rs for all mission phases

o Provides control intormation to the PGNS and to other subsystems

o Displays pertinent information to the astronauts and MSFN when requested

r Provides a means by which the astronauts can directly communicate with
the LGC

o Provides on-off control of the RCS thrusters and the ascent and descent
engines

r Provides gimbaling and throttling control of the descent engine

o Prcvides the timing for the PGNS and other LM subsystems

o Monitors its own operation and certain other subsystem operations

o Positions the RR antenna.
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2.2.3.L.L

ISS operation can be initiated automatically by the LGC or by the astronaut, using
computer keyboard entries to command the LGC to select the various operating modes.

The status or mode of operation can be displayed on the DSKY as determined by

computer program. The IMU furnishes the inertial referencel it consists of a stable

member with three degrees of freedom, stabilized by three integrating gyros. The

stable member must be aligned with respect to the reference coordinate system each

time the ISS is powered-up. During flight this alignment is accomplished by optical
sighting of celestial objeets.

Once the ISS is energized and aligned to an inertial reference, LM rotation is about

the gimbaled stable member, which remains fixed in space. Resolvers, mounted on the
gimbal axes, act as angle-sensing devices and measure LM attitude with respect to the

stable member. These angular measurements are displayed to the astronaut by the

ftight director attitude indicator (FDAI) and angular changes of the inertial reference
are sent to the LGC.

Desired LM attitude is ca-Iculated in the LGC and compared with the actual gimbal
angles. A differenpe between the actual and calculated angles results in generation of
attitude error signals, by the ISS channels of the CDU, which are sent to the FDAI for
display. These error signals are used by the digital autopilot program in the LGC to
activate RCS thrusters for LM attitude correction. Attitude error is displayed by the
FDAI error needles. LM acceleration due to thrusting is sensed by three pendulous

integrating accelerometers, which are mounted on the stable member with their input
axes orthogonal. The resultant signals (velocitychanges) fromthe accelerometer loops

are supplied to the LGC, which calculates the total LM velocity.

The OSS is used to determine the position of the LM, using a catalog of stars
stored in the LGC and celestial measurements made by an astronaut. The identity of
celestial objects is determined before earth launch.

The OSS consists of the AOT, rvhlch is a unit5'-porver instrument rvi.th a 60" field r!
view and the computer control reticle dimmer assen.rbly. The AOT can be set to slx
positions; it has a manually rotated reticle *,ith a visual angular clispIay. (Refer to
paragraph 2.2,3.L.2.)

The CSS consists of the LGC and the DSKY. This subsection is used to perform
powered flight, tracking, and rendezvous computations and data handling. The LGC
is a general-purpose digital computer that uses a core memory and parallel operation.
Programs and routines are stored in the LGC to provide control and solve flight equa-
tions. Mission programs must be selected manually.

Using information from navigation fixes, the LGC computes deviations from the
required course and calculates the necessary corrective attitude and thrust commands.
The velocity corrections are measured by the ISS and controlled by the computer sub-
section. Velocity corrections are not made continuously; they are initiated at pre-
determined checkpoints. This reduces fuel consumption, because the engines are used
only when a significant velocity correction is required.

The PGNS has two pr:imary modes of operation: automatic and manual. In the auto-
matic mode, the PGNS generates the commands required to effect thrust vector control
atd/or stabilization control. In the manual mode, the PGNS implements the commands
in response to astronaut inputs from the ACA's and TTCA's.

Inertial Subsection. (See figure 2;7. )

The ISS comprises the navigation base, IMU, CDU's, PTA, PSA, and the SC.

The ISS maintains a platform (stable member) fixed with respect to a preselected
inertial reference frame, senses aeceleration along the coordinate system defined by
the stable member orientation, and provides the LGC with incremental velocity data and
the attitude of the stable member with respect to the LM.
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Figure 2-7. Inertial Subsection - Functional Diagram

OPR

@

CDR'S

28 - VDC

BUS

MATFUNCIION
DETECT!ON

POWER TO

ALL INERTIAT

SUBSECIION

AREAS

3ooLM3-272

MALFUNCTION

DETECTION

(LGC CONTROTLED)

VELOCiTY

CHANGE

CALCULATION

PULSES

STATUS

LGC

CONTROL

PULSES

ACCELEROMETER

LOOPS (PTA)

TORAUING

IMU

ACCETEROMETER

OUTPUTS

LATERAL

VELOCITY

GIMBAI.

ANGLES

o
TEMPERAIURE

CONTROL

(rMU/PsA)
ATTITUDE

ERRORS

COUPTING

DATA UNII
GYRO

OUTPUTS
GIMBAT

DRIVE

SIGNAtS
STABITIZATION

LOOPS

(rMU/PsA) MALFUNCTION

DETECTION

GYRO IORQUE

SIGNAtS

COARSE ATIGNMENT

ERROR

DIGITAL

COMMANDS
AND DATA

Ftow

GYRO TORQUE

ELECTRONICS

(PTA)

tATERAt
VETOCITY

FORWARD

VELOCIIY

(

.1J

20

RT

E

L

rss PowER

SUPPTIES

(PsA)

GUIDANCE NAVIGATION,
Mission LM 3 Basic Date 1 Jairuarv 1968

SUBSYSTEM
Page Z.Z-1L



LMA79O-3-LM 3

APOLLO OPERAIIONS HANDBOOK

SUBSYSTEMS DATA

The stabie member must be realigneo durln.g llight beca,:se the stable tnemilel mai'
cler.iate from its alignment, dur. to g5,ro dri.ft. Also, a neil stahle member r:rientaiicr
rnay be desired by the crew. The alignment ori"entation rriay be that oI the CSNI cr iha'

defineri by the thrusting orcgrams withln the LGC. Slghting of ttr,o stars is iequii'ed i-.:
in-flight fine alignment, 'Ihe stab1e meml-rer is aligneriaftertheLGCprocesses sigirtin-

data that has been combined witi.r the knor,,,n IMU angies and supplies gyro-torquir.rq siStrai -

to the IMU. The ISS modes oi operaLiorr are initiateltautomatically by the LGC.

The ISS measures acceleration along the axes oi the stable member coord:nate
system a:rd supplies incrernental velocity data;.: the L,GC. The LGC caiculates the

LM present position and velocit5r by integrating tho ccmponenls of velocitl'due to
gravitational field accelerations and velocii;r due lc thr'u$i.'rv;.th ti.r: r:tsi lcrovn positioll
and velocity.

The ISS also generates signals that are used to control LM attitude. Gir::bai-
mounted resolvers measure the orientation of the stable men:ber with respect tc the

LM axes. This atrgular displacement is fed to the LGC and displayed to the astlctiaut.
The astronaut or the LGC can command changes in anguiar cii.splacement by controiiinq
the firing of the RCS thrusters,

Navigation Base. (See figure 2-8.) The navigation base is a lightweight mount that
suppoils;-il-Eriiical alignment, the IMU, ASA and AOT. The navigation base is con-
structed of 1-inch-diameter, aluminum-atloy tubing; it u'eighs approximately 3 pounds.

It consi.sts of a center ring with four legs that exiend from ei.ther side. The IMU is
mounted to the ends of one side of the four legs. The AOT and the abort sensor assem-
bly are mounted to the opposite ends of the iegs. The navigation base is bolted to the

LM structure above the astronauts' head, wj.th thlee mounting pads on the center ring,
An electrical grounding strap is attached to the center ring and to the LM structure,

3001M3,3 34

Figure 2-8. Navigation Base - Pictorial Diagri,.r
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Inertial .fuleas:r:en:ent Unit. (See figure ?-il.) The IMLI is ti're 1r.r"imar1'' inertial sensing

dei'l,te' of Thi*t tvl. lt is "i tUree-Cegree-of -freedon-1, gyrcsccpitatly stabilized devlce

whose primary functions are:

* h{a.iataining an orthogonal, inertiatl.y referenced coordinate system for
LM attituCe control and measurement

o lflai.ntaining three accelerometers in the reference coordinate system for
accurate measurement of velocity changes"

The IMU uses three Apotlo 25-inertial r:eference integrating gyros (IRtrG's) to sense

changes in stable mercber orientation, and three 16-pulse integrating pen<iulums (plp's)
to sense velocitv chalges. The 25-IRIG's are fluid- and magneticall-v-suspended,
single-degree-oi-freedoni gyros with 2. 5-inch-ciiair.reter case. The 16-PIP's are fluid-
and magnetically-suspended, penduium-type devices with a 1.6-inch-diameter case"

Wher: fixed in its associated electronics loop, the 16-PiP beeomes an integrating
accelerometer 

"

The IMU gimbals consist of an outer gimbal mounted to the case, a middle gimbal
mounted to the outer gimbal, and an inner gimbal (stable member) mounted to the
middle gimbal. AIt three gimbals are spherical, have 360 degrees of freedom, and are
positioned by torque motors. The complete IMU weighs approximately 42 pounds.

Inner Gimbal Assembly. (See figure 2-9. ) The lnner gimbal (stable member) is free
to rotate 360" about the inner axis. The stable member is machined from a solid block
of cold-pressed and sintered beryllium; holes for mounting the IRIG's, PIP's, and the
associated electronics are bored in the block. The stable member inputs and outputs
are routed through a 40-contact slipring on each end of the inner gimbal axis (IGA).
Angular data are transmitted by multispeed transmitter resolvers (1X and 16X), which
supply 800-cps signals to the CDU's. A gyro error resolver, mounted on the negative
end of the IGA, is used in the stabilization loop to transform gyro error into gimbal
axis error. A d-c torque motor, mounted on the positive end of the axis, is used in
the stabilization loop to position the stable member.

Middle Gi.mbal Assemb1y. (See figure 2-9. ) The middle gimbal is suspended by two
intergimbal assemblies inside the outer gimbal. It supports the inner gimbal. Each
intergimbal assembly provldes 360 degrees of freedom. Each intergimbal assembly
contains a duplex pair balt bearing (one fixed; one floated) and a 40-contact slipring
for routing electrical inputs and outputs. A multispeed transmitter resolver, mounted
on the negative end of the middle gimbal axis (MGA), transmits angular data. A d-c
torque motor is mounted on the opposite end of the axis.

Outer Gimbal Assembly. The outer gimbal configuration is similar to the middle
gimbal (figure 2-9); it is suspended inside the supporting case by two intergimbal
assemblies. Each intergimba.l assembly provides 360 degrees of freedom for the
outer gimbal axis (OGA). Each intergimbal assembly contains a duplex pair ball
bearing (one fixed, one floated) and a 50-contact slipring for routing electrical inputs
and outputs. A multispeed transmitter resolver (1X and 16X) is mounted on the negative
end of the OGA; a d-c torque motor, on the opposite end of the axis. Two thermostati-
cally controlled axial-flow blovuers mounted in the outer gimbal walls move air from
the vicinity of the r.niddle gimbal to the walls of the case, where heat is carried away

' by the water-glycol solution circulating through the passages in the case.

IMU Case. The IMU case is a.spherical enclosure, whichsupports the inner, middle,
and outer gimbals. The outside diameter of the case is approximately 12. 5 inches.
The walls of the case contain coolant passages through which a water-glycol solution
is eirculated to dissipate heat generated by inertial components and electronic modules.
Two quick-disconnect fittings connect the coolant passages to the LM primary heat
transport coolant loop. (The case is surrounded by insulating material to prevent con-
densation of moisture on the coolant passages before launch. )

, AND CONTROL SUBSYSTEM
Mission 1114 3
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Figure 2-9. IMU Gimbal AssembLy - Pictoriai Diagram
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IMU Temperature Control Assembly. (See figure 2-10.) The IMU temperature control

assembly maintains the temperature of the three IRIG's and three 16-PIP's within
required limits during IMU standby and operating modes. The assembly supplies and

removes heat, as required, to maintain IMU heat balance with minimum power con-

sumption. Heat is removed by convection, conduction, and radiation. The natural

convtction, used during the IMu standby mode, is changed to blower-controlled forced

convection during IMU operating modes. Forced convection between the middle gimbal

and the water-glycol-cooled gimbal case is shown in figure 2-11. By sealing the IMU,

interna.I air pressure is maintained at 1 atmosphere to provide the required natural

and forced convestion. The temperature control assembly consists of a temperature

control circuit, a blower control circuit, and a temperature alarm circuit.

The temperature control cireuit applies the required nominal heat (+130't4"F) to the

inertia-I iomponents. This circuit includes six IRIG end-mount heaters, three PIP

end-mount heaters, a temperature control thermostat assembty mounted on the stable

member, two stable member heaters, an anticipator heater, and a temperature control

module that turns the heaters on and off, as necessary. There are three additional
pIP end-mount heatersl these are not controlled by the control module, but operate

continuously when 28-volt, 800-cps IRIG power is applied. Power for the other heaters

is 28 volts dc.

The blower control circuit removes heat, as required, to maintain heat ba"Iance. This
circuit includes a blower control thermostat assembly mounted on the stable member,

two axial blowers mounted on the outer gimbal, and a blower control module that turns
the blower on and off, ,as necessary. The blowers are turned off when the temperature
exceeds +139"*0.2" F; they do not operate during the IMU standby mode.

The temperature a.l.arm circuit monitors the temperature control assembly. The alarm
cireuit contains a$ alarm thermostat for high-temperature sensing (>+134'*0.2"F), an

alarrn thermostat for low-temperature sensing (<+126't0.2" F), and a temperature
alarm module that provides a discrete to the LGC during normal-temperature operation
(+126. to +tr34. F +6.2'F). When an out-of-1imit temperature occurs (+126'F>temp>

+134' F), the TEi\4P light on the DSI(Y and the PGNS eaution light (panel 2) go on.

nMU Failure-Detection Assembly. (See figure 2-12.) The IMU failure-detection cir-
cuits rnonitor trMU temperature, PIPA counts, 800-cps 570 power supplies, 3r 200-cps
power supply, inner gimbal servo error, middle gimbal servo error, and outer gimbal

servo error. When a malfunction occurs, the failure-detection circuits provide a

fallure signal to the LGC. The LGC processes the failure signal and routes it through

the DSI(Y to the appropriate caution and warning indicators on panels 1 and 2 or the

condition indieators on the DSKY. The signals monitored for IMU failure detection and

the indicator lighted by specific fallures are showr in figure 2-12.

Coupling Data Units. The CDU's convert and transfer angular information between

mal-or assemTffiI the GN&CS. The five CDU's used are considered part of the PGNS,

even though two of them process RR data. The five CDU's are, as follows:

o One for the RR shaft axis

o One for the RR tr$nnion axis

o One for each of the three gimbals.

The two CDU's used with the RR anterura provide interfaces between the antenna and the

LGC. The LGC calculates digital antenna position commands before acquisition of the

CSM. These signals are converted into analog form by the CDU's and applied to the

antenna drive mechanism to aim the antenna toward the CSM. Tracking-angle informa-
tion is converted to digital form by the CDII's and applied to the LGC.

GUIDANCE, NAVIGATIOI.i,
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Figure 2-11. IMU - Forced Convection Cooling

The three CDU's used with the IMU provide interfaces between the IMU and the LGC,

and between the LGC and the AGS. Each IMU gimbal angle transmitter resolver
provides its CDU with analog gimbal-angle signals that represent LM attitude. The
CDU conveds these signals to digital form and applies them to the LGC. The LGC
uses these signals to calculate necessary attitude or translation commands and routes
the commands through the CES to the proper TCA. The CDU converts the steering-
error signa-ls to 800-cps analog signals and applies them to the FDAI. IMU coarse-
and fine-alignment commands generated by the LGC are coupled to the IMU through the
CDU's.

The CDU's are electronic devices that periorm four functions, as follows:

o Analog-to-digitalconversion

o Digital-to-analog conversion

o Moding

o Failure detection.

Each CDU is a sealed container, which encloses 34 modules of 10 types. The 10 types
of modules make up five almost identical loops: one each for the inner, middle, and

outer gimbals and one each for the RR gimbals. Several CDU modules are shared by
the five loops.

Analog-to-Digital Conversion. (See figure 2-13. ) Analog signals are received by the
CDU from the IMU or the RR lX or 16X resolvers. The magnitude of these signals is
indicative of the degree of angular displacement of the resolver; the phase is indicative
of the direction of angular displacement
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The inputs are phase shifteci and attenuated by the switching iogi.* and coarse-fine nr:,ling
bloek. The signals are used as an input to an error detector circuit, The error
detector monitors the phase and arnplitude of the 800-cps error output of the mking and
attenuation circuit. The phase of the signal determines whether the digital signal to oc-

generated is positive or negative. The amplitude of the signal determines wheiher tiie
digital pulses, equivalent to 20 arc seconds of gimbal displacernent are generated at
800 pps or 12.8 kpps. The digital pulse train is the input to a 16-bit binarv reaC
counter,

The read counter, with binarv stages designated ,, 20 tu 215. co^onts the putse tlair:
generated by the rate select and up-down logic circuitrv, The 2U or Ieast signifi:arr'.
bit output is i::ansmitted to the LGC as a gimbai angle change (.1 r,..1 eq,;ir-alent tu.10
arc second.s, This is the onlv information pertaining to gimbai angie s or angle cliar6:s
transmitted from the CDU to the LGC. During the ISS coarse-alignment mode of ope:'a-
tion, a ra * of 160 arc seconds per pulse is transmitted from the 22 output stage rc r-rr
error counter of the CDU. The two stages (2u and 2z) and the remainder of the reaC
counter permit accumulation of the gimbal angle, rvith the ieast signif_icant bit equir'; -

lent to 20 arc seconds of gimbal angle and the most signi.iicant bit (Zrc; equivale::t to
180" of gimbal displacement. The read counter can accumuiate a total gimbal angle oi
359"59'40". The contents of the read counter are not accessible for readout or dispiay'
at any time.

The primary function of the read counter is to provide the incremental * angles to be
used in the coarse-fine mixing and switching logic for the mechanization of the trigon-
ometric identity sin ( 0 - r|). When the read counter has accumulated value * equal to the
angle d , the input to the error detector is nulled and the read counter does not receive
additional input pulses until a change in gimbal angle occurs. During certain ISS modes
of operation, the read counter receives a reset pulse that sets the counter to zero,
This command is generally given when the system is energized to permit the gimbals
and the read counter to come into agreement with each other before using the gimbal
angle information stored in the computer.

Di^gital-to-Analog Conversion. (See figure 2-13. ) The error counter, a nine-bit
120 to 26) counter, is used primaril.y in the conversion of digital data io its analog
equivalent. With only one exception, coarse alignment, the error counter is operated
solely from LGC input data. Each pulse into the error counter, whether from the LGC
or from the read counter is equivalent to 160 arc seconds of gimbal angle displacement
or attitude error. The counter must be enabled by an error counter enable discrete
from the LGC. When attitude error is to be displayed, the counter accumulates the
pulse train from the LGC and maintains that value until the LGC either counts the value
down or removes the error counter enable discrete. In the coarse-alignment mode of
operation, the read counter, as it accumulates increasing gimbal angles due to a coarse
repositioning of the gimbal, can cause the contents of the error counter to decrease
toward zero.

When the binary stages of the error counter are switched, switches in the 800-cps
Iadder network of the digital-to-analog converter are opened or closed. As the ladder
switches are closed, and 800-cps analog signal, whose amplitude is proportional to the
contents of the error counter and whose phase is determined by a positive or negative
value stored in the error counter, is generated in the digital-to-analog converter. If
the LGC moding control has selected a coarse-alignment or attitude eror display mode,
the 800-cps signal is used without conversion to dc. If the error counter contents are
indicative of an LGC-caleulated forward and Iateral velocity signal, the 800-cps, 0 or
z'phase signal is converted from ac to dc for use as a display drive signal,

Moding. The moding section of the CDU receives the following discretes from the LGC:

o ISS CDU zero

o ISS error counter enable

.

L
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1.

1,

x"

c RR CDU zero

ti

1

,..

': {
..

,,, ., " a,. ISS coarse alignment r i-

'.' l:. 
. 

j .'. Display inertial data (DID).
,l

', The DID iommand is routed to tire LGC and the CDU moding seetion by setting the MODEI SEL switch (panel 1) to PGNS. The LGC discretes are buffered and processed by the .:

..,:'.moding section to the prcper logic levels and timing for use in other sections of the'CDU.
The CDU zero discrete, besides being used in the CpU, is sent to the AGS to initialize

, ttre PGNS anglg input registers and start accumulation of PGNS alignment signals.

Failure Detection. (See figure 2-14.) Failure-detection circuits monitor CDU circuitry
' for maUrinctions. The failure-detection circuits monitor ISS CDU performance and RR

CDU perform:urce; they operate identically for both. Upon detection of an out-of-
tolerance condition, an lSS CDU failure of RR CDU failure discrete is issued to the LGC.
The LGC then issues a failure discrete to the caution and warning electronics for display.

Pulse Torqug,4,FFellrblilt. The PTA qonsist$ of a group",gf mqdular elestronic assemblies
ffiitsoithegyrosandacee1erom6ters.ThePTAismounted
close to the II$U to avoid line loss in low-level signals. (See figure 2-2 and paragraph.
2.2.1. )

Power and Se{vo Assembly. The PSA provides a central mounting point for the PGNS,

@nie componints, and power supplies. ttre psA is on the
cabin bulkhead behind the astronauts. (See figure 2-2 and paragraph 2.2.) It consists .

of 15 subassemblies mountbd to a header assembly. Connectors and harnesses are
integral to the.header assembly. A thin cover plate, mounted on the PSA, hermetically
seals the assembly. Qging flight, this permits pressurization of the PSA to remain
at 15 psi. Cohnectors at the PSA permit measuring signals at various test points.

The PSA consists'of the following subassemblies: three gimbal servo-amplifiers, one:.
amplifier modirle and one filter module for the 3,200-cpJpower supply, tliree ampli- ,

fiers and one ftlter module for the 800-cps l1o and 59o power supplili,- 6ne -28-voit
d-c power supply, one power supply filter for prime 28-volt d-c power, one,power
suqply f.or the-si.gnal esnditioner, and.three subassemblies for load-compensating retays
and auxiliary functj"ons.

Signal Conditibner. The SC provides an interface between the PGNS and the IS. The
SC converts PGNS signats to levels acceptable for telemetry transmission and provides
isolation betweentthel$nal source and tie IS. The SC receives various pCNSlignats
and conditionslthqm to a common voltage range (0 to 5 volts dc) and to an impedance
range that is suitable for telemetry.

trertial Power Subp1ids. :'(See figure 2-15. ) Input power for the ISS is taken from the

@ied,fromthe.EPS.ThenominaIinputvoItageis28.3t2.5voIts
d-c with transient liYnits betlryeen 24.0 and 31.8 volts de. In addition to the 28-volt d-c
input from the EPS, the power supplies require clock pulses from the LGC. These
clock pulses are of various frequencies, as shown in figure 2-15. The ISS pow6r
suppJ.ies are as follows:

- .. Pulse torque power supply

. 28-vo1t, 800-cps 170 power supply

o -28-volt d-c power supply

o 28-volt, 3,200-cps power supply.
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Pulse Torque Power Supply. The pulse torque power supply provides +28-volt d-c to
the three bi.nary current switches and three d-c differential amplifiers in the PIPA
loops and to the binary current switch and d-c differential amplifier in the fine-alignment
electronics associated with the stabilization loops. This supply also provides three
individual +28-vo1t d-c inputs to the PIPA loop, a +20-volt d-c input to the three a-c
differential amplifier and interrogator modules and their associated binary current
switches in the PIPA loop, and a -2O-volt d-c input to the a-c differentiat amplifier
and interrogator module in the PIPA Ioop.

800-CPS Power Supplies. The 800-cps power supplies provide the ISS with 170 OQ, |Vo

-90o0, and 5?o -180"d power. tfre 28-vott, 800-cps, 170 power supply provides the IMU
resolver excitation, stabilization amplifier demodulator ieference, a ieference signal
to the FDAI, lnd a reference to the CDU. The LVo amplifier output is also used as an
input to the 5To amplifier. The 28-volt, 800-cps, 570 power supply amplifiers provide
the -90" and -180' excitation power for the gyro wheels, the IMU blowers, PIPA fixed
heater power and bias heater power.

-28-VoIt D-C Power Supply. The -28-volt d-c power supply provides negative d-c
inputs to the d-c amplifiers used in the ISS loops. The -28-volt d-c supply provides
input power to the three gimbal servoamplifiers in the stabilization loops and to the
pulse torque power supply to generate -20 volts dc for use in the accelerometer loops.

3, 200-cPS Power supply. The 3, 200-cps power supply provides the IMU with 28-volt
power; which is then reduced through a transformer to 2- and 4-volt levels. The
transformer is on the stable member. The 3, 200-cps 170 power supply provides
excitation voltages (2 and 4 volts) for signal aucosyn signai-generaf& eicitation and

{91 magnetic suspension winding excitation for the torque and signal dricosyns of the
IRIG's and PIPA's. The 3,200-cps output is also used as a reference,'for the demodu-
lator of the gimbal servoamplifier in all modes of operation, except the coarse- i ,

alignment mode.

Inertial Subsection Functional Loops. The ISS functional loops consist of three stabiliza-
three accelerometer loops.

Stabilization Loops. (See figure 2-16. ) The three stabilization loops maintain the stable
member rotationally fixed with respect to inertia-l space. The stable member is used
as the reference to maintain the orientation of the accelerometers with respect to the
inertial frame of reference and as an attitude reference for the LM.

When the stabilization loops hold the stable member inertially referenced, any move-
ment of the stable member is sensed by one or more of the three IRIG's. (For the loca-
tion of the IRIG's, see figure 2-7. ) This results in an IRlG-signar-generator, 3,200-
cps, error signal output, which is proportional to the rotation of the gyro a.bout its
input axis. This error signal is then amplified by a preamplifier, which is an integral
part of the IRIG assembly. The Y-gyro errot signal passes directly to the associated
gimbal servoamplifier through the normally closed contacts of the coarse-alignment
relay. The X-gyro error signal and the Z-gyro error signal are resolved about the IGA
by the gyro error resolver before being introduced to the associated gimbal servo-
amplifiers. The servoamplifier current output is fed to the appropriate gimbal torque
motor to' restore the stable member to its oiiginal reference pbsition. As the stabll
member is returned t6 its original reference posilion, the movement sensed by the
IRIG is opposite in direction but equal in magnitude to the disturbance input, and results
in precession of the float. Due to precession, the float returns to its null position.
Because no output is then present from the signal generator, the lqop is nulled and no
further drive signals are applied until another disturbance is introduc6d.

Resoluti.on of the X- and Z-gyro error signals is required because motion about the MGA
or the OGA, with the stable member at some angle other than zero, is sensed by the
X-gyro and Z-gyro. The resolver then sums the components of gyro error that lie along
the MGA or OGA and directs the gyro eruolS:lo the applicable glmUal servoamplifler.
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When the stabilization loops are initially energized, the stable member is referenced
to the LM anes (zero) by driving the gimbals with an error signal inserted at the coarse-
alignment input to the gimbal servoamplifiers (coarse-alignment relay energized). If
a specific inertial reference is desired, the stable member is aligned to the desired
orientation, using the stabilization loops. The alignment is accomplished in two steps:
coarse-alignment moding and fine-alignment moding. During coarse alignment, the
gyro error signals are disconnected from the gimbal servoamplifiers. Instead, 800-
cps error signals are injected through the coarse-alignment relay to torque the gimbals
to approxlmately the desired position. For fine alignment of the stable member, the
coarse-alignment relay is deenergized and gyro error signals are injected in the loops
for additional gimbal torquing. The gyro error signals are generated by torquing the
IRIG's with pulses originating at the LGC and processed through the pulse torque or
fine-alignment electronics loop. The stable member is then aligned and the stabiliza-
tion loops hold it in this final position.

Gyro-Torquing Loop. (See figure 2-t7.) The gyro-torquing loop permits introduction
sf external loop control driving signals into the stabilization loops during closed-loop
conditions. Using a torque generator to torque the IRIG floats, it is possible to drive
the IMU gimbals to new positions. This permits fine alignment of the stable member
to a desired reference with considerable accuracy. When gyro torquing is required
during the fine-alignment mode of operation, the LGC issues pulses which are controlled
by program 52 that:

r Enable the torquing electronics

o Select the gyro to be torqued

o Select the di.rection of torquing

o Control the amount of torque applied.

The three IRIG's are torqued sequentially by the LGC during fine alignment; it is
possible for all three gyros to be controlled through one set of torquing electronics.
The torquing electronics consists of a gyro calibration module, a binary current switch,
a d-c differential amplifier and precision voltage reference module, and a ptrlse torque
power supply module,

Basically, the gyro-torquing loop operates by applying a constant current to the torque
windings in the IRIG. When torque pulses and gyro select pulses are initiated by the
LGC, a constant direct current is applied to an IRIG and the float is torqued a specific
amountl a specific amount of IMU gimbal rotation is provided. The number of torque
(SET) pulses applied to the current switch determines how long the torquing current
is applied. The gyro select pulses enable a switching network (in the gyro calibration
module), which closes a current path through a specific winding in a specific gyro for
positive or negative torquing of the float. Before and aJter actual torquing, the LGC
issues no-torque (RESET) pulses to the current switch, which enables constant current
to flow along a dummy path external to the IRIG's. This reduces transients when actual
torquing is initiated. The torquing loop is enabled by an LGC command, which
energizes a relay to apply power to the loop. The constant-current supply consists of
the d-c differential amplifier, the pulse torque power supply, and a current regulator
in the binary current switch.

Accelerometer Loops. (See figure 2-18. ) The three accelerometer loops measure the
acceleration of the stable member along three orthogonal axes and integrate these data
to determine velocity. The LGC uses the velocity data to compute LM trajectory. The
loops also generate torquing signals for torquing the PIP pendulums back to a nuII
position after sensing an acceleration. The three accelerometer loops are identical.
The pulse torque power supply provides +20 volts dc, -20 volts dc, +120 volts dc, and
+28 volts dc regulated to all the loops.
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The PIP signal generator outputs are two 3,200-cps error signals, which are of opposite
phase and proportional to the rotation of the pendulum about its output axis. These
error signals are amplified by the preamplifier and, then, routed to the a-c differential
amplifier. There the two signals are summed; the resultant is amplified and, then,
phase split. The two resulting signals are of opposite phasel they are fed to the inter-
rogator ci.rcuitry, which determines the direction of pendulum movement and generates

positive or negative commands indicative of the direction of movement. The interrogate
and switching pulses from the LGC are used to generate the positive or negative torque
pulses to the binary current switch.

The binary current switch uses the interrogator outputs to generate torquing current (to
torque the pendulums back to null) and pulses that represent velocity changes. The
velocity pulses are generated by providing data pulses from the LGC such that the
velocity outputs are positive or negative increments of velocity. The torquing current
is generated in a manner similar to that used in the gyro-torquing loop. The constant-
current supply consists of a d-c differential amplifier and precision voltage reference
and a current regulator. Constant current is supplied to the binary current switch. A
positive or negative input command turns on the positive or negative current switch,
routing a positive or negative torque signal to the torque windings in the PIP. The
torquing current to the PIP torque generator is fed through a load-balarcing network
in the calibration module. This ensures that for a given amount of torquing current an
equal amount of torque is developed in the positive or negative direction.

When the accelerometer loops operate, a certain amount of PIP torquing occurs at aII
times, even during periods of no acceleration. This torquing continuously moves the
pendulums an equal amount in the positive and negative directions; as a result, an equal
amount of positive or negative velocity pulses are sent to the LGC. When an accelera-
tion is sensed, more of one type of pulse is generdted. This unbalance produces either
positive or negative aV pulses, which are routed to the LGC PIPA counter to be
accumulated as LM velocity changes.

Modes of Operation. The ISS modes of operation are listed and defined in table 2-1.
ExceptTCIrme IM-fcage and inertial reference modes, the modes are controlled by the
CDU as commanded by the LGC. The IMU cage mode is initiated when the IMU CAGE
switch (panet 1) is set to ON. The inertial reference mode is entered automatically
rvhenever the ISS is not in another mode. The CDU logic receives the following discrete
commands:

ISS CDU zero

ISS error counter enable

Coarse-align enable

RR CDU zero

RR error counter enable

Display inertial data (DID) (program controlled).

The ISS CDU zero, ISS eror counter enable, and ISS coarse-align enable discretes
control three identical channels in the ISS portion of the CDU. The RR CDU zero, RR
error counter enable, and DID discretes control the RR azimuth and elevation channels
in the RR portion of the CDU. AIl discretes, except RR CDU zero, are used for moding
operations. In addition to the LGC-CDU discretes, the LGC issues atorque enable
command to the gyro torque loop for initiation of the fine-alignment mode.
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Table 2-1. Inertial Subsection - Modes of Operation
U
F)

o(I
o

t9

D9
I
f/,
N?

(A

a
o

td
c)
a
ts.o
U
!)+
o
H

er
!l
tr
!0

ts
Co
OJ
@

I
B
0c

3
!,+

U
o
F
r{

90
HoErrEFF4trt>
gBg
LJ rJ I
? il c,r

pHE

FE*

I
o
x

e
U

z
o
.r{

z

o
Fl

o
?

z
U
o
o
z
Fl

o
tr
a2
e
W
a
a
H
H'
z

LGC Discretes Issued
Switch Action

Discretes to LGC

ISS Mode Purpose

ISS

CDU

Zeto

ISS

Error
Counter
Enable
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sw
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(MODE SEL
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ISS turn-on Initializes ISS x x x

Coarse alignment Rapidly drives IMU
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position, with
limited accuracy

x x
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stable member at pre-
determined attitude

x

Attitude eror
display

Permits LGC-calcu-
lated attitude errors
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Display inertial
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x x x
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coordinate system
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IMU Turn-On Mode. (See figure 2-19. ) The IMU turn-on mode initializes ISS opera-
tion by driving the IMU gimbals to zero and clearing and inhibiting the CDU read
counters and error counters. The IMU turn-on mode (program controlled; see program
05, table 2-8) is initiated by applying IMU operate power to the ISS. The LGC issues
the two discretes required for this mode: CDU zero and coarse align. The LGC also
issues the turn-on delay complete discrete to the ISS aJter 90 seconds.

When IMU power is applied to the ISS, the LGC receives an ISS power-on discrete and

a turn-on delay request. The LGC responds to the turn-on delay request by issuing the
CDU zero and coarse-align enable discretes to the CDU. To prevent PIPA torquing for
90 seconds during the IMU turn-on mode, an inhibit signal is applied to the pulse torque
power supply. The CDU zero discrete clears and inhibits the read counters. The error
counters are cleared and inhibited. The ISS power (28 volts dc) is applied directly to
the coarse-alignment relay and, through the deenergized contacts of the turn-on control
relay, to energize the cage relay. A ground is provided through the energized contacts
of the cage relay to the coil of the coarse-alignment relay, energizing the coarse-
alignment relay. The energized contacts of the coarse-alignment relay switch the
gimbalservo*amplifier referencefrom31200 cps to 800 cps and close the IMU cage

, loop through the energized contacts of the cage relay.

The coarse-alignment relay is held energized by the CDU coarse-align discrete and the
energized contacts of the cage relay. The IMU gimbals drive to the zero reference
position, using the sine output of the lX gimbal resolvers (sin 0).

' After 90 seconds, the LGC issues the ISS turn-on delay complete discrete, which ener-
gizes the turn-on control relay. The turn-on control relay locks up through its own

. energized contacts. Energizing the turn-on control relay rernoves the turn-on delay
request and deenergizes the cage relay, removing the sin 0 signal. Energizing.the turn-
on control relay also removes the pulse torque power supply inhibit signal. The 90-

. second delay permits the gyro wheels to reach their operating speed before the stabil-
, ization loops close. The pulse torque power suppl.y inhibit signal prevents accelerom-

eter torquing during the 9O-second delay.

,,Li:er the 9O-second delay, the LGC program remo\res the CDU zero and coarse-align
eirai:Ie discretes, ailowing the ISS to go to the inerti.ai reference mode (coarse-
alignrneni relay deenelgized), or it can remove the CDU zero discrete and provide an
e:'ror courrter enable discrete while maintaining the coarse-aligt enable discrete. The
latter combination of discretes defines the eoarse -alignrnent mode of operation.

Coarse-Alignment Mode. (See figure 2-20.) The coarse-alignment mode enables the
LCf; to align the IMU rapidly to a desired position, with limited accuraey. In this mode,
the LGC issues two discretes to the CDU: coarse-align enable and ISS error counter
enable.

The coarse-align enable dlscrete is routed through the CDU, where it provides a ground
path to the coarse-alignment relay, energizing the relay. The energized relay opens
the gyro preamptifier output, replaces the normal 3,200-cps reference with an 800-cps
ret'erence, and routes the 800-cps coarse-alignment output from the CDU digital-to-
an4log converter to the gimbal servoamplifier. This drives the gimbal until the coarse-
alignment signal is zero volts rrrs, The coarse-align enable discrete and error counter
enable discrete are also accepted Lry the CDU logic as moding commands, enabling the
error counter and permitting transfer of arg angles from the read counter to the error
counter.

After the logic circuitry in the CDU has been set up to accept eommands from the LGC,
the LGC begins transmitting positive or negative ad s pulse trains at 3,200 pps. These
pulses, each equivalent to a gimbal angle change of 160 arc seconds, are accumulated in
the error counter. The first a 0 c pulse determines the direction in which the error
csunter is to count and provides a digital-to-analog converter polarity control to the
digital-to-analog converter. The polarity control provides an in-phase or an out-of-
phase analog reference. An 800-cps analog signal, whose amplitude is dependent on

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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the error counter content and the polarity of the input command ( A , c ), is then generated.
This signal is the 800-cps coarse-alignment output from the digital-to-analog section;
it is routed to the gimbal servoamplifier, causing the gimbal to drive in the direetion
commanded by the LGC.

The changing gimbal angles are detected by the error-detection circuits in the CDU.
These detected errors permit a pulse train, at 6,400 pps, to increase the read coulter
The increasing read counter nulls the sine and cosine voltage inputs from the IMU lX
and 16X resolvers into the error detector circuits.

As the read counter is being incremented, one output of the counter, representing an
increase in gimbal angle of 40 arc seconds per pulse, is routed to the LGC. Another
output of ttte counter, representing 160 arc seconds per pulse, is recognized in the CDU
logic as an incremental value to be entered into the error counter in a direction opposite
to that of the LGC-commanded ad. If ap is positive, the error counter counts up and
the ao * from the read counter decreases the counter. For each counter pulse into the
error Counter the total content decreases, thereby decreasing the digital-to-analog
converter output and, therefore, the rate of drive. Whbn the numbei of digital feJdback
pulses equals the LGC-commanded number of pulses,-the'error counter is empty and
the digital-to-analog converter output should be zero.

The rate of drive of the gimbals during coarse alignment is limited to a maximum of
35o per second. This is due to degenerative feedback provided within the CDU mechan-
ization.

Fine-Alignment Mode. (See figure 2-21.) The fine-alignment mode allows the LGC to
accurately position the IMU to a predetermined gimbal angle, within 40 arc seconds.
The LGC does not issue any discretes to the CDU during this mode of operation; there-

. fore, the read counter circuitry repeats the changing gimbal angles exactly as was done
in the coarse-alignment mode. The LGC keeps track of the gimbal angte to within 40
arc seconds.

The commanding signals for the fine-alignment mode are issued to the time-shared fine-
alignment or pulse torque electronics. The LGC first issues a torque enable discrete,
which applies 28 and 120 volts dc to the binar5z current switch and a differential ampli-
fier, and precision voltage reference circuit, allowing the circuit to become operative.
The current switch is reset by the no-torque pulses, allowing a dummy current, which
is equal to the torquing current, toflow. This allows the current to settle to a constant
value before it is used for gyro torquing. A gyro is then selected (gyro select pulses)
for either (positive or negative) torquing current. After the discretes have been issued,
the LGC sends torque (SET) pulses or fine-alignment commands to the set side of the
current switch. The putrse allows the selected torquing current (positive or negative)
to flow through the gyro windings, causing the float to move. The resulting signal
generator output causes the stable member to be driven through an angle equal to the
commanded angle. The LGC receives inputs from the CDU read counter indicating a
change in gimbal angle of 40 arc seconds per pulse.

The number of torquing pulses sent from the LGC to the torquing electronics is com-
puted on the basis of gimbal angle at an instant of time and a desired alignment angle.
The difference is converted into the number of pulses necessary to drive the gimbal
through the difference angle. Each pulse sent is equivalent to 0.615 arc second of
gimbal displacement. The required number of fine-alignment pulses is computed only
once; it is not recomputed on the basis of gimbal angle after the desired number of
pulses have been sent. Fine-alignment loop operation is open-loop as far as the LGC
is concerned; the aaU pulses are not used for feedback.

The fine-alignment pulses generated by the LGC are issued in bursts at a bit rate of
3,200 pps. The fine-alignment electronics permits the torquing current to be on in the
direction chosen by LGC logic, for the duration of the pulse burst. When the LGC is
not issuing fine-alignment pulses or the gyro floats are not being torqued, the stable
member can be considered inertially referenced.
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Attitude Error Disptay Mode. (See figure 2-22.) The attitude error display mode
permits the LGC to display attitude emors, in analog form, to the astronaut. In this
mode, a CDU error counter enable discrete is generated by the LGC; the LGC is
informed of the gimbal angle and any changes to it by the read counter and the analog-
to-digital converter associated with it. The read counter output is routpd through logic
to the LGC. The LGC is then aware of the current LM attitude.

The digital autopilot program has a computed desired attitude associated with current
time and LM po;itio;. ite difference between the desired and aciual values is attitude
error. The attitude error is converted to a d 

" 
pulses (each equivalent to 160 arc

seconds of error), which are fed to the error counter at a rate of 3,200 pps. The
error counter is incremented to contain the number oi pulses commanded. The contents
of the error counter are converted to an 800-cps error signal by the digital-to-analog
converter. The phase of the digital-to-analog converter output depends on whether the
input command is a positive or negative a d .

The 800-cps attitude errors, with a maximum amplitude of 5 volts rms, 0 or zphase,

are displayed by the FDAI attitude error needles. Digital feedback from the read
counter to the error counter is disabled during this mode of operation; only the LGC-
generated a 0 commands increase or decrease the error counter. Total LM attitude
can also be displayed on the FDAJ. This information is taken from the gimbal angle
lX resolver sine and cosine windings. Pitch, yaw, and roll can be displayed from the
inner, outer, and middle gimbals, respectively.

Display Inertial Data Mode. (See figure 2-23.) The DID mode is program controlled.
This mode is initiated by setting the MODE SEL switch to PGNS. This arms the DID
relay in the CDU and provides an input discrete to the LGC, requesting the DID program,

The LGC, upon r-ecognition of the input discrete, issues a DID discrete to the CDU,
This energizes the same DID relay, compieting the interface between the CDU digital-
to-analog converter and the X-pointer indicator. The LGC also issues a RR error
counter enable discrete and an ISS error counter enable discrete to the CDU. This
enables all five CDU error counters of which three ISS error counters are used for
attitude error display; and two RR error counters, for forward and lateral velocity
display.

Attitude error is displayed in the same manner as in the attitude error display mode.
The ISS read counters repeat the gimbal angle changes and provide a d g commands to
the LGC, which then determines the attitude error. The attitude error is converted
to a pulse train, which increases the CDU ISS error counters. The contents of the
counters are conr/erted to analog signals, which are fed to the FDAI for display. The
read counter input to the error counter is inhibited, allowing the error counters to be

increased or decreased only by the LGC.

For forward and lateral velocity display, the LGC receives positive and negative
pulses from the ISS accelerometer loops and velocity data from the LR. On the basis
of calculations derived from this information, the LGC increments the CDU RR error
counters with a d c commands, which are proportional to LM forward and lateral
velocity. The contents of the error counters are converted to analog signals in the
digital-to-analog conversion section. The resulting positive or negative d-c voltages
are routed through the energized DID relay, the MODE SEL switch, and to the cabin
displays. The CDU RR error counters operate independently of the read counter
circuitry; therefore, the condition of the RR is immaterial for this operation. The CDU
RR analog-to-digital sections are not a.ffected by this mode, but may be used for RR
antenna position readout, if required. Altitude or altitude rate is also displayed during
this mode. The LGC calculates the altitude/altitude rate and sends this data directly
to the ALT and RATE indicators via the MODE SEL switch and the RNG/ALT MON
switch (panel 1). Altitude data from the LR are supplied to the LGC to aid in this
calculation.

L
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IMU Cap^:c l',{rde. {See fig,*re ?-19, ) ?}re II!,XU cage rnode is an r:n:ergency mode that
enables t"ire :lslronaut$ tc l:ecover a rumbling IMU b1, setti.r'r.g ti:e ginitiais tn zero, and

to establish an inertiai. reference, This rrode can also be useci to estatriish an inertial
refer:eric.e wlr.en t]:* l,GC re not activated. The IMU eage mode is initi.ated by holding
the IIvILi CAGI. i;r,vitcir to ON fnr sufficient time (5 seconds maximum) t,o allcrv the ItvIU
gir:rbals to ser.tl.e at tlr: zero position. The IMU gimbal zeroing can be observed on the
FDAI. If ti're rn*de is commanded to recover a tumbling IMU after the IMU turn-on
mode is cor.:pl*ted or ti"i establisir an inertial reference with the CSS in standbv or off,
holding the I&iLi CAGFI switch to ON drives the IMU gimbais to zero. When the srvitch
is released, the trLlS enters the inertial reference mode.

Hoiriing the IMI"I CIIGE switch to ON energrzes the cage and coarse-aiignnre;it relays,
rvhirh appiy ttre sin d signals to the gimbal servoamplifiers, and sends an IMU cage

discrete to the tr,GC. Releasing the switch deenergizes the cage and coarse*alignment
reia"ys. When the cr:arse-alignment relay is deenergized, the stabilization loops are
c1,-.sed. The LGC, upon receiving the IMU cage discrete, discontinues issuing
drs cretii s.

The IIr(tI ca.ge rnode should not be used indiscriminately. 1'he mode is i.ntended only as

an eniergellc:r ,'{,*ou** function for a tumbling IMU. During the IMU cage mode, the
La"{U girrbaJ. rir,i:rs are sufficient to drive the gyros i.nto their rr:tatio:rai and radial stops
d';e to the iaci, .;j. CDU rate limiting.

GimbaL Lor'i:: Ivtocle. (Ser, figure 2-24.) The gimbai lock mode provides the astronauts
rpil.i: ;in irdi{":atioil of a large middle gimbal angie and disabies rhe stabi}izaiion loop
whi.:ri gimb:i.r lr:ck oceurs, An indication is a.lsc prcvi.ded to notify the astronailts that
the ineriiai ret'erence has been lost. When the i:agnitude of the n:idiile gimbal angle
exr:eedri +7C' i:r -70', the LGC turns on the GII'/BAL LOCK condition iigirt on the DSKY
Thr ligtri;:: .'es ofi as soon as the middie gimbal angle is less than +70" "::: -70'. II the
m;Lgnitude *r il:,,':nitldle gimbal angle increases to +85'o:,^ -85o, the LGC turns on the
liff *\TT .rondltion iight or: the DSKY, indicating that the inertial reference is lost, and
iss:res tire coarse-alignurent discrete to tire CDU, u,irich opens the stabilization loop
and;l.|iq:v;s the stabie rnei:rber: to be re{ereircecl to the Livi. The astronauts can leave
thts incle by r'eulesting the coarse-alignmer.rt mcde via a DSKY ent::y.

trnertial Reference Mode. (See figure 2-25.) Inertial reference is considered a mode
of ISS operation during any period a.fter IMU turn-on is completed and the stabilization
loops are closed (coarse-alignment relay deenergized) without any gyro-torquing
occurring. The IRIG's hold the stable member inertially referenced, and the reference
can he displayerl on the FDAI from the gimbal angle lX resolver sine and cosine outputs.
The ISS is eonsidered to be in the inertial reference mode of operation during any
period after IMU turn-on is completed during which the ISS is not in any other of its
modes. The CDU read eounters continuously monitor gimbal angle changes due to LM
motion and indicate to the LGC the changing angles. The error counters and the digital-
to*analog converter are not used in this mode.

Optical Subsection.

The OSS comprises the AOT a:rci the eomputer control and reticle dimmer assembly.
The OSS provides an aceurate method of esta.blishing an inertial reference with respect
to celestiatr bodies, for in-flight operations.

Alignment Optical Telescope.

@
(See figure 2-26,) The AOT, mounted on the navigation

alignment and a common reference between the AOT and
IMU, is a unity-power periscope-type device with a 60' conical field of view. It is
operated manually by the astronauts. The AOT has a movable sha.ft axis (para1lel to
the LM X-axis in the X-Z plane) and a line-of -sight axis (approximately 45o from the
X-axis in the X-Z piane).
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The AOT line of sight (LOS) is fixed in elevation and movable in azimuth to six detent
positions. These detent positions are selected manually by turning a detent selector
knob on the AOT; they are located at 60' intervals. (See figure 2-27,) Three positions
(forward, Ieft, and right), canbeused for star sightings. Theforward (F), or-zero
detent position, places the Los in the X-Z plane, looking forward and up as one would
Iook from inside the LM. The right (R) position places the LOS 60'to the right of the
X-Z plane; the left (L) position, 60o to the left of the X-Z plane. Each of these
positions maintains the LOS at 45' from the LM +X-axis. The remaining three detent
positions reverse the prism on lop of the AOT so that the frontal plane is protected by
a shield. These positions are right-rear, closed (CL), and left-iear. The CL position
(180'from the F position) is the stowage position. The other two positions have mini-
maL use.

The AOT is essentially an L-shaped device approximately 36 inches long. It consists
of the perpendicular intersection of two cylinders each of which is a major assembly,
the upper section and the eyepiece. Structural components, such as housing and
mounts, are machined from beryllium; spacers and similar parts are made of alumi-
num. A pressure strain seal is used to seal the LM cabin from space environment.
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Figure 2-26. Alignment Optical Telescope

The reticle control enables manual rotation of the reticle for use in future luuar surface
alignments. A counter, on the left side of the AOT, provides angular readout of reticle
rotation. The counter reads in degrees to within t0.02' ot t72 seconds. The maximurn
reading is 359.98'; then the counter returns to 0o. Interpolation is possible to within
*0. 01o.

The AOT reticle pattern consists of crosshairs and a superimposed Archimedes spiral.
(See figure 2-28,) The vertical crosshair, an orientation line designated the Y-Iine,
is parallel to the LM X-axis when the reticle is at the 0o reference position. The hori-
zonta"l crosshair, an auxiliary line designated the X-Iine, is perpendicular to the orien*
tation line. The one-turn spiral is superimposed from the center of the field of view ta
the top of the vertical crosshair. During use, the reticle is edge illuminated by red
reticle lamps to provide color discrimination between stars and a faulty reticle pattern.
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Figure 2-28. Alignment Optical Telescope - Reticle Pattern

Computer Control and Reticle Dimmer Assembly. The computer control and reticle
dimmer assembly is mounted on the AOT guard. A thumbwheel on this control box
enables the astronauts to adjust the brightness of the AOT reticle light when taking
a star sighting. The MARK X and MARK Y pushbuttons, also on this assembly, are
used by the astronauts to send discrete signals to the LGC when ma.hing star sightings
for an IMU in-flight alignment. A REJECT pushbutton is used il an invalid mark
discrete has been sent to the LGC. The assemblv routes heater pou/er to the AOT and
supplies reticle lamp power.

Optical Subsection Operation. The OSS is used for manual star si.ghtings, whieh are
necessary for accurate determination ofthe inertial orientation of the IMU stable
member. These star sightings are required during certain periods while the LM is
in flight. There are two methods for using the OSS.

In-Flight Sightings. (See figure 2-28.) For in-flight sightings, the AOI may be placed
in any of the three usable detent positions. However, when the LM is attached to the
CSM, only the F position is used. For in-flight operation, the CSS and the ISS are
turned on, the AOT counter is zeroed, a detent position is selected, and the LM is
maneuvered to obtain a selected star in the AOT field of view, near the center. The
specific detent position code and selected star code are entered into the LGC via the
DSKY. The LM is then maneuvered so that the star image crosses the reticle cross-
hairs. When the star image is coincident with the Y-Iine, the astronaut presses the
MARK-Y pushbutton; when it is coincident with the X-Iine, he presses the MARK-X
pushbutton. The astronaut may do this in either order and, if desired, he may erase
the latest mark by pressing the REJECT pushbutton. When a MARK pushbutton is
pressed, a discrete is sent to the LGC. The LGC then records the time of mark and
the IMU gimbal angles at the instant of the mark.

{

]
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Crossingof a reticlelinebythe star imagedefines a plane containingthe star. Crossing
of the other reticle line defines another plane containing the sErme star. The intersec-
tion of these planes forms a line that defines the direction of the star. To define the
inertial orientation of the stable member, sightings on at least two stars are required.
Each star sighting requires the same procedure. Multiple reticle crossings and their
corresponding marks can be made on either or both stars to improve the accuraey of
the sightings. Upon completion of the second star sighting, the LGC calculates the
orientation of the stable member with respect to a predefined reference coordinate
system.

Lunar Surface Sighting. Because the LM-3 mission is an earth-orbital flight, OSS oper-
ation on the lunar surface is not discussed.

Computer Subsection.

The CSS is the eontrol and processing center of the PGNS. It comprises the LGC
and the DSKY.

LII Guiriancg-fory!u!gr-., (See figure 2-29.\ The LGC is a core memoly, digi"tal com-
puter with twc types of memorv: fixed and erp,sable. The fixed memory permanently
stores navigaticn tables, i.rajectory parameters, programs, and constants. The
erasabie menlory stores intermediate information.

The LGC pro{:?iises data. :urci issues discrete control sigtals for the PGNS and the other
subsysterns, It is a con1.r'ol computer rvith raany of the features of a general"-purpose
comprrter. As a controi. computer, the LGC aligns the IMU stable raember andprovides
RR. antenna eiri"ve cornrnands to the RR channels of the CDU's. The LGC provicies
{.c,i,!-r'ul cri*rrnan<1s to the RR, LR, ascent engine, descent engine, RCS thrusters, and
LM dispia;*. As a general-purpose computer, the LGC solves guidance problems
reqliired tor iire mission. In addition, the LGC monitors the operation of the PGNS
and other subsystems.

Tht main lunrrt.i.ons of the LGC ale impiemented through the execution r:f prog::ams
st*r*d in men:ory" Programs are written in a n:achine language called basic instruc-
tiopr. .,i, basic instructio:r cal be an instruction *,ord or a data word. A11 words for
tht 1 fiC a.re 16 bits long.

In ineme;r'y, data words contain a parity bit, fourteen magnitude bits, and a sign bit.
A hinar5' tr in the sign bit indicates a negati.ve numbe::; a binary 0, a positive number.
Ing,lruction words contarn a 12-bit address code a$d a 3-bit order code. Normally, the
adcit'irss cnde represents the location of a word in memory or the central processor.
Tll+ r;rder coele represe:rts an operation to be perforrned on the data whose location is
rrr:resented lr,r the address code. Parity bits are included only in words that are
stored in mernory. Th*,y are useci as a means of ensuring that information is trans-
ferreri cor:'ectly frorn memory. Odd parity is useci; all words correctly transferred
from inemory contain an odd number of 1's. II words to be transferred into memory
,.ro;:iai.o an even number of 1's, a.nother 1 is aoded as a parity bit.

Tiirr LGCI stcl"es elata pe;:tinen, ; : .,:: ilsc€ot au<i deseent flight profiles that the LM must
*.$ttume tr: cr::irplete its :ri.ssilu:, '-i.,,,:5s 6s1, (position, velocity, and trajectory inforrna-
tiar'i] are *sel kry the i"Gil to solve ilight equations. The results of various equations
ciii: i:e useci t,'.r determine the required rnagnitude and direction of thrust required. The
LGC *stabii$iles corrections to be made. The LM engines are turned on at the correct
ti::-';:e, arid flt{:e}:ing signrls are controlled by the LGC to orient the LM to a new trajec-
ior,''. iI rertui:"t:,d" Tlte ISS senses acceLeration and supplies velocity changes to the LGC
foy i;,:.i*;:i"aiirii:; tr:tal vek:r..i.ty. Drive signals are supplied from the LGC to the CDU's
ane: stabilizaiicn gyrcs :.r, the ISS to align the gimbal" angles in the IMU" IMU position
si!',ilr-ls a-re supptried to r::e LGC to indicate changes in IMU gimbal angles. The LGC
prr,l.-;ir.:s dr'iv* ;;ignals to the RR, for arrtenna positioning and receives, from tire RR
eh;.:r,relst;l tl:, fDU's3 ,rlennaangleinformation. Thisinformation.i.suseciintheLGC
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in the antenna-positioning calculations. Star-sighting information is loaded panually
into the LGC via the DSKY. This information is used in the LGC to determine IMU
alignment commands.

The LGC contains a timer, sequence generator, central processor, memory, priority
control, input-ouput interfaces, and an alarm-detection network.

Timer. The timer provides synchronization or timing pulses to ensure a logical flow of
data within the LGC and provides synchronization pulses to the other PGNS subsections
for power-supply frequency stabilization and other control functions. Other LM sub-
systems receive timing signals for control and synchronization purposes. The LM
central timing equipment is synchronized to the LGC timer.

Sequence Generator. The sequence gerierator directs execution of machine instructions,
by generating control pulses that logically sequence data throughout the T.GC. The
control pulses are formed by combining the order code of an instruction word with
synchronization pulses from the timer.

Central Processor. The central processor performs all arithmetic operations required
of the LGC, buffers all information coming irom and going to memory, checks for
correct parity on all words coming from memory, md generates a parity bit for all
words written into memory.

Memory. Memory provides the storage capability for the LGC; it is divided into two
sections: erasable memory and fixed memory, Erasable memory can be written into
or read from; its readout is destructive. Fixed memory cannot be written into; its
readout is nondestructive.

Priority Control. The priority control establishes a processing priority for operations
that must be performed by the LGC. Priority control consists of counter priority con-
trol and interrupt priority control. Counter priority control initiates updating of
counters in erasable memory. Interrupt priority control transfers control of the LGC
to one of several interrupt subroutines stored in fixed memory.

Input-Output hrterfaces. The input interface receives signals from the PGNS and the
other subsystems. These signals are conditioned and isolated by the input interface
before they are routed into the LGC logic circuitry. The output interface conditions
and isolates the LGC output signals before routing them to the appropriate CSS block,
PGNS, or subsystem. The input and output circuits of the LGC also include storage
and gating devices, which are referred to as input-output channels.

Alarm-Detection Network. The alarm-detection network monitors LGC operation
an LGC failure is discovered, a failure signal is routed to the DSKY for display.
LGC power failure is also displayed by the LGC warning light (panel 1).

.If
An

Display and Keyboard.
ffic.

The DSKY provides a two-way communications link between the
Through this communications link, the following functions

can be performed:

o Loading of data into the LGC

o Display of data from the LGC and data loaded into the LGC

r Monitoring of data in the LGC

o Display of the LGC modes of operation

. Requests, by the LGC, for the astronauts to perform actions.
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The DSKY consists of a keyboard, display panel, condition indicators, a power supply,

and a relay package. The keyboard enables the astronauts to insert data into the LGC

and to initiate LGC operations. Through the keyboard, the astronauts can a.lso control
ISS moding. The DSKY display panel provides visual indications of data being loaded

into the LGC, LGC condition, and LGC program. The display panel also provides the

LGC with a means of displaying or requesting data. The condition indicators display
PGNS status and malfunctions. The controls and displays associated with the DSKY

are discussed in section 3.

Keyboard. The DSKY keyboard is used to manually insert or read out LGC data. The

keyboard consists of 10 numerical pushbuttons (0 to 9), two sign pushbuttons (+ md -),
and seven instruction pushbuttons (ENTR, CLR, VERB, NOUN, RSET, STBY, and KEY
REL). Ali the pushbuttons, except the STBY pushbutton, have five-bit codes associated
with them; they convey information to the LGC. The STBY pushbutton is hard wired
into the LGC power supplies.

Di.splays and Indicators. There are two types of displays on the DSI(Y: control displays
and data displays. Each display can display any decimal character or remain b1ank.

The indicators on the DSKY are referred to as condition lights; they represent various
PGNS operating conditlons. Each control display (VURS, NOUN, and PROG) can

dispiay two decimal characters or remain bla*. The VERB and NOIIN displays can

also flash. The data displays are three separate registers, referred to as R1, R2, and

R3. Each register can display as many as five decimal characters, with or without a
plus or minus sign, or remain btank. Each of the 11 condition lights on.the DSKY is
IabeLed with the PGNS condition it represents; it goes on if that condition occurs. The

condition lights and the conditions they represent are described in Section 3.

Power Supply. The DSI(Y power supply receives +28 and +14 volts dc and an 800-pps
sync signal from the LGC. The power supply develops 275-vo1t, 800-cps power. The

output provides power for the DSKY electroluminescent displays.

Ma"nual Operation of DSKY. The operator of the DSKY can communicate with the LGC

by pressing a sequence of pushbuttons on the DSKY keyboard. Except for the STBY
pushbutton, each pushbutton pressed inserts a five-bit eode into the LGC. The LGC
reSponds by returning a code, which controls the display on the display panel, to the

DSKY or by initiating an operation by the central processor. The LGC can also
initiate a display of information or request the operator for some action, through the
processing of its program.

The basic language of communication between the operator and the DSKY consists of the

verb and noun codes. The verb code (table 2-2) indicates what action is to be taken
(operation). The noun code (tabte 2-3) indicates to what this action is applied (operand).

Verb and noun codes may be originated by manual operation or by internal LGC

sequence. Each verb or noun code contains two numerals. The standard procedure
for manual operation involves pressing a sequence or seven pushbuttons:

VERB Vt Y z NOIIN Nt Nz ENTR

Pressing the VERB pushbutton blanks the VERB lights on the display panel and clears
the verb code register within the LGC. The next two pushbuttons (0 to 9) pressed
provide the verb code (V1 and V2). Each numeral of the code is displayed by the VERB
lights as the pushbutton is pressed. NOIIN pushbutton operates the same as the verb
pushbutton, for the NOUN lights and noun code register. Pressing the ENTR pushbutton

causes the performance of the operation called for by the verb-noun combination dis-
played by the iights. It is not necessary to follow any order in punching in the verb or
noun code. It can be done in reverse order, and a previously entered verb or noun may

be used without repunching it.

The operation called for by the verb-noun combination is not started until the ENTR
pushbutton is pressed. If an error in the verb code or the noun code is noticed before
the ENTR pushbutton is pressed, correction is made by pressing the VERB or NOUN

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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pushbutton and repunching the erroneous code, without changing the other one. Only
when the operator has verified that the desired verb and noun codes are displayed by
the lights, should he press the ENTR pushbutton. An example of the sequence in which
the pushbuttons are pressed is as follows: VERB, 1, 6, NOUN, 2, l, ENTR. Pressing
the ENTR pushbutton advises the LGC that it should perform the operation called for by

the verb and noun codes. An atternative sequence would be: NOUN, 2, 1, VERB, 1, 6,

ENTR. When the VERB pushbutton is pressed, the two VERB displays are blanked.
As the digits of the VERB code are punched in, they are displayed in the VERB displays.
The NOIIN display operates in the same manner.

A noun code can refer to a group of LGC erasable registers, a group of counter regis-
ters, or it may serve merely as a label. A label noun does not refer to a particular
LGC register; it conveys information by its noun code number only. The group of

registers to which a noun code refers may be a group of one, two, or three members.
These members are generally referred to as 1-, 2-, or 3-component nouns. The

component is understood to be a component member of the register group to which the

noun refers. The machine addresses for the registers to which a noun refers are stored
in the LGC in notut tables.

A single noun code refers to a group of l-, 2-, or 3-component members. The verb
code determines which component member of the noun group is processed. For
instance, there are five different load verbs. Verb 21 is required for loading the first
component of whatever noun is used therewith; verb 22 toads the second component of

the noun; verb 23, the third componentl verb 24, the first and second component; and

verb 25, all three components. A similar component format is used for the display and

monitor verbs.

When the decimal display verb is used, all the component members of the noun being
used are scaled as appropriate, converted to decimal, and displayed in thq data display
registers.

Decimal data are identified by a plus or minus sign preceding the five digits. If a
decimal format is used for loading data of any component members of a multicomponent
load verb, it must be used for all components of the verb. Mixing of decimal and octal
data for different components of the same load verb is not permissible. If data are
mixed, the operator error alarm is initiated.

Monitor verbs display data approximately every second. Once a monitor verb is
executed, the data on the display panel continues to be updated until the monitor is
turned off by V33E (proceed,/proceed without data), V34E (terminate), and internal
program initiation of the keyboard and display system program, or by a fresh start of

the LGC. V33E is the abbreviation for the sequence of depressions (VERB, 3, 3,

ENTR) that instructs the LGC to stop updating the monitor (display registers).

Monitor action is suspended (but not ended) by pressing any key, except reset (RSET).

This turns on the KEY REL light immediately. Monitor action continues after the key-
board and display system is released. Thus it is possible to suspend a monitor while
the operator loads some data, or requests another display, and to return to the original
monitor when his intervention is concluded.

After any use of the DSKY, the numerals (verb, noun and data words) remain visible
until the next use of the DSKY. If a particular use of the DSKY involves fewer than
three data words, the data display registers (R1, R2, RB) not used remain unchanged,
unless blanked by deliberate program action.
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Table 2-2, DSKY Verb List

Verb
Code Function Remarks

00

n1

a2

03

04

05

0ff

0?

08

09

10

11

L2

1a

14

Not in use

Display in Rl (in octal form)
first component of:

Display in R1 (in octal form)
second component of:

Display in R1 (in octal form)
third component of:

Display in R1 and R2 (in octal form)
first and second eomponents of:

Display in R1, R2, and RB (in octal
form) first, secood, and third
components of:

Disptay (in decimal form) all
eomponeats of:

Display double precision deeimal in
Rl and R2.

Not in use

I.{ot in use

Not in use

Monitor on R1 (in octal form) first
component of:

Moniton: on Rl (in octal form) second

eomponent.of:

Ivlonitor on 81 (in octal form) third
eonoponent of:

Monitol on Rl and R2 (in octal form)
first alid second component of:

I Mozritor on R!., R2 and R3 (in octal
i form) first, second, and third com-

i ponent of:

This verb performs decimal display of data. The scale factors,

types of scale factor routines, and component information are

stored in the LGC for each noun.

This verb performs a double precision decimal display of data

without scale factoring. It performs a 10-character fractional
decimal conversion of two consecutive erasable registers, using

R1 and R2. (The sign is plaeed in the R1 sign position; the R2

sign position is blank. ) It cannot be used with mixed nouns. Its

intended use is primarily with machine address to be specified
nouns. IJ this verb is used with nouns that inherently are not

double precision, the display is meaningless,

The monitor verbs (11 through 17) allow other keyboard activity
It is ended by VERB 34 (terminate). Monitor action is turned

off, but not ended, by any keyboard action except error reset;
it begins again when key release is initiated.
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Verb
Code Function Remarks

16

t7

18

L9

20

21,

22

23

24

26

26

27

28

29

30

31

Monitor (in decimal form) all com-
ponents of:

Monitor double precision decimal on

RI and R2.

Not in use

Not in use

Not in use

Load first component into R1.

Load second component into R2.

Load third component into R3.

Load first and second component
into R1 and R2.

Load.first, second, and third com-
ponent into Rl, R2, and R3.

Not in use

Display fixed rnemory.

Not in use

Not in use

Request executive.

Request waitlist.

Recycle program.

Proceed without DSKY inputs.

Verbs 2L through 25 perform data loading. Decimal quantities
are preceded by a plus or minus sign. Octal quantities do
not have a sign.

This verb is included to permit displaying the contents of fixed
memory in any bank. Its use is intended for checking program
ropes and the bank position.of program ropes.

This verb enters request to executive routine for any machine
address with priority. This verb is used with the ttspecify

machine,address't noun. The verb assumes that noun 26 has

been preloaded. The end-of-job subroutine is performed after
the request is entered. The displays are also released.

This verb enterS request to waitlist routine for any machine
address with any delay. The verb is used with the ,tspecify

machine addressrtnoun. The verb assumes that noun 26 has
been preloaded., The end-of-job subroutine is performed after
the request is entered. The displays are also released.

:, ; ,,,.
This verb informs the routine in progress, requesting data to
be loaded, that the astronaut will not load new.data, and that the
LGC should continue the routine, usirg. previousl5r entered data.
The choice of whether to continue is left to the specific routine,

Table 2-2. DSKY Verb List (cont) \-

I

\-

I
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Table 2-2, DSKY Verb List (cont)

Remarks
Verb
Code Function

Change program (major mode) to:

EXTENDED VERBS (40 through 99)

Zero CDUrs.

Coarse-align CDUrs.

Fine-align IMU.

Load IMU attitude error.

Pulse torque grros.

Not in use

Establish primary guidance control.

Initialize AGS.

Load digital autopilot data (routine 03).

Start automatic attitude firaneuver.

Please perform.

Terminate function.

Test lights

Request fresh start.

34

JD

36

40

47

42

43

44

45

4$

47

48

49

50

38

39

Not in use

Not in use

This verb informs the routine in progress, to load data, that
astronaut will not load new data and that the routine should be

terminated. Flnal decision regarding what action should be

taken is left to the requesting routine. If monitoring action is
chosen, the routine is terminated.

The tttest lightstr routine cheeks all ttre OSfy lamps. After
5 seconds, the lamps are returned to their initial condition.

This verb initializes the program control software and keyboard

and display system program.

This verb changes the LGC program. This is accomplished by

keying VERB, 37, ENTR, the new program number, and ENTR.

The nerv program number is in the NOUN display until the ENTR

pushbutton is pressed. At that time, the program number

appears in the PROG display.

This verb is used only by internal routines that wish'the operator
to perform a certain task. It should never be keyed in by the

operator. It is usually used with nouri 25 (checklist). The

coded number for the checklist item to be performed is displayed

in register R1 by the requesting routine.

Once the operator has performed the requested action, he should

press the ENTR pushbutton to indicate that the cheeklist-item
his been performed. If he does not wish to perform the re-
quested action, the operator should key in verb 33 (proceed/
proceed without data. )

GUIDAN
Basic DateMission LM 3

CE, NAVIGATION,
1 January 1968

SUBSYSTEM
2.2-55
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Must be used with noun 20, 40, or ?O only

Call programs that perform indicated PGNS procedure

Call prograrrs that perform indicated PGNS procedure
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Table 2-2, DSKY Verb List (cont)

, AND CONTROL SUBSYSTEM

I

L

Verb
Code Function Remarks

58

59

60

61

62

63

64

65

66

67

68

69

70

7t

72

51

52

53

54

55

56

57

75

76

77

Not in use

Mark X-reticle.

Mark Y-reticle.

Mark X-reticle or Y-reticle.

Increment LGC time (decimal).

Terminate tracking (P20 or P25).

Not in use

Not in use

Not in use

Set LM digital autopilot (DAP).

Command LR to position No. 2.

Sample radar once per second.

Not in use

Start LM flight control test.

Not in use

Not in use

Not in use

Not in use

Not in use

Update lift-off time.

Universal update-block address

Universal update-single address

Update LGC time (oetal).

Initialize erasable dump via down-
link.

Not in use

Minimum impulse comrnand mde

Rate command and attitude hold
mode

Verbs 52, 53, and 54 are used only by the internal routiaes of
the LGC. These verbs are not entered by the astronaut. They
are displayed to the astronaut along with noun ?0 (star
numbers).

Page 2.2-56
GIIIDANCE, NAVTGATION
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L

Table 2-2, DSKY Verb List (cont)

GUIDANCE , NAVIGATION,

Verb
Code Function Remarks

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

Not in use

Not in use

Update LM state vector.

Updale CSM state vector.

Request orbit parameter display
(routine 30).

Request rendezvous parameter display
(routine 31).

Start targetAV (routine 32).

Not in use

Not in use

Not in use

Not in use

Not in use

Not in use

Compute Banksum

Start IMU performance tests

Not in use

Not in use

Not in use

Not in use

Not in use

Not in use

Not in use

Check the sum of the fixed memory bank as a cursory check

on the validity of the memory.

Basic Date 1 Januarv 1968
SUBSYSTEM

2.2-57Mission LM 3
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Table 2-3. DSKY Noun List
i

L

L

Noun

Code Description

Register Scale and

Format* Unit

*Scale and format indicates the manner in which data will
be displayed.

X - integer (0 to 9)

O - Zero

B - Blank window

. - Implied position of decimal point (not displayed)

o0

01

02

03

04

05

06

07

08

09

10

11

L2

1,3

t4

15

16

17

18

Not in use

Specify machine address (fractional).

Specify machine address (whole).

Specify machine address (degree).

Spare

Ansular error/difference

Option code

Change of program (used with verb 50)

Alarm data

Alarm codes

Channel to be specified

Not in use

Not in use

Not in use

Inbit message

Increment address

Not in use

Not in use

Not in use

1, 2, and 3

1, 2, and 3

1, 2, and 3

. xxxxx
xxxxx.

xxx.xx

fractions

integers

degrees

1

1

2

1

1, 2, and/
or3

xx. xxx

Octal only

Octal only

xxxxx.

Octal only

degree

N/A

I, L,

or3
and/ Octal only

1 Octal only

1, 2, and 3 Octal only

Octal only1

GUIDANCE. NAVIGATION, AND CONTROL SUBS-]:STEM^ .

Page 2.2-58 Mission j.n43_' _ Basic Date 1 January 1968 
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Table 2-3. DSKY Noun List (cont)

Noun

Code Description
Register Scale and

Formatt Unit

19

20

21

22

24

ZD

ao

Enable trim (used with verb 50 only)
(retains noun 94 displays)

Yaw

Pitch

Ro11

Inertial CDU angles

Yaw

Pitch

RoII

PIPAIS

x

Y

Z

Nerv inertial CDU angles

Yarv

Pitch

Ro11

A inertial CDU angles

Yaw

Pitch

Ro11

Atime for LGC clock

Checklist (used with verb 50)

(Refer to table 2-4.)

Priority/delay, addres s

*See note at beginning of table

1

2

o

1

2

1

2

3

1

2

1

2

3

1

2

1, 2, and 3

1, 2, and 3

xxx. xx

xxx. xx

xxx. xx

xxx. xx

xxx. xx

xxx. xx

x xxxx.
xxxxx.
xxxxx.

xxx. xx

xxx. xx

xxx. xx

xxx. xx

xxx. xx

xxx. xx

00xxx.

000xx.

0xx. xx

xxxxx.

Octal only

degrees

degrees

degrees

degrees

degr:ees

degrees

pulses

pulses

pulses

degrees

degrees

degrees

degrees

degrees

degrees

hours

minutes

seconds

N/A

N/A

G
Mission LM 3 Basic

SUBSYSTEM
Page 2.2-59
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Noun

Code Description
"legister

No,

Scal.e and

ii'r:rmat+ Unit

28

,a

30

31

JJ

,Jt)

Self-test switch (on-off)

Rotational hand controller angle rates

Forward velocity

Lateral velocity

T.* of CSI (GETD

T.* of CDH (GETD

Time to perigee

Time of ignition (T.*)

Time of event

Time-to-go to event

Time of LGC clock

*See note at beginning of table

1

1, 2, and 3

1

2

1

Z

1

2

3

1

2

3

1

2

D

1

2

3

1

2

3

1

2

aXXrdX.

xxxxx.

xxxxx.
xxxxx.

00xxx.

ii00xx.

0xx. xx

00xxx.

000xx.

0xx. xx

00xxx.

000xx.

0xx. xx

00xxx.

000xx.

0xx. xx

00xxx.

000xx.

uxx. xx

00xxx.

000xx.

0xx. xx

00xxx.

000xx.

0xx.xx

N/A

o 
/sec

fps

fps

hours

minute s

seconds

hours

minutes

seconds

hours

minutes

seconds

hours

minutes

seconds

hours

minutes

seconds

hours

minutes

seconds

hours

minutes

seconds

GIIIDANCE, N
Page 2.2-60 Mission LM 3
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Table 2-3.. DSKY Noun List (cont)

SUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM

Noun

Code Description
Register

No.

Scale and

Format* Unit

38

39

,1{:.

41

42

At

44

4b

GETtr of TPI

GETI of MID

atitx.: to transfer

Time lrom ignition or cutoff

VQ

d VIE (accumulated)

Target azimuth

'Iarget rrLevation

Target identifrer

Apogec (Iia)

Per'igee (llp)

aV (r:equir:ed)

Laritude (+North)

Loi:..r,itude (+East)

Altiiur-ie

Ap*g*e

!]e:'iree

TF;'

I{a:,:-ks

'IF.i :I nexl hurn

'r5ee rilte at beginning cf table

1

2

3

1

2

3

1

2

1

2

1

2

3

1

2

3

1

2

3

1

2

3

1

2

00xxx.

000xx.

0xx. xx

00xxx.

000xx.

0xx. xx

00xxx.

000xx.

0xx. xx

xxBxx

xxxx.x

xxxx.x

x xx. xx

xx. xxx

0000x

xxxx.x

xxxx. x

xxxx. x

xxx.. xx

xxx. xx

xxxx. x

xxxx. x

xxxx. x

xxBxx

xxxxx.

xxBxx

hours

minutes

seconds

hours

minutes

seconds

hours

minutes

seconds

min, sec

fps

fps

degrees

degrees

N/A

nm

nm

fps

degrees

degrees

nm

nm

nm

min, sec

N/A

min, sec

Mission X,X.X 3 Basic Date 1 Januarv 1968 Change Date Page 2.2-6L
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Noun

Code Description
Register

No.

Scale and

Format* Unit

45

(cont)

4t)

50

54

55

48

49

51

CZ

Autopilot c onf lgur ation

LM weight

CSM rveight

Pitch trim (gimbal)

RoIl trim (gimbal)

AR

VI

TF GETI

1\/-'M

Pitch angle

Yarv angle

LPD angle

H

H

Range

Range rate

Phi

Range

Range rate

Theta

CDH apsis

Elevation

Post-CDH altitude

*See note at beginning of table

MGA

'1, and 2

L

2

1

2

1

2

1

2

3

1

2

1

2

3

1

2

1

2

1

2

xxx. xx

Octal only

xxxxx.

xxxxx.

xxx.xx
xxx.xx
i^Ar\. 

^,

xxxx. x

xxxxx.
xxBxx

xxxx. x

xx. xxx

xx. xxx

xxxx. x

xxxx. x

xxxxx.
xxxx. x

xxxx. x

xxx. xx

xxxx.x
xxxx. x

xxx. xx

xxxxx.
xxx.xx
xxxx. x

fps

fps

min, sec

fps

degrees

degrees

degrees

fps

feet

deg:rees

nm

nm

nm

lun

fps

pounds

pounds

degrees

degrees

fps

degrees

fps

degrees

degrees

Table 2-3. DSKY Noun List (cont)

GUIDANCE, N
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Table 2-3. DSKY Noun List (cont)

, AND CONTROL SUBSYSTEM

Scale and

Format* Unit
Register

No.
Noun

Code Description

xxxx, x

xxxx. x

xxxx. x

xxxx.x

xxxx. x

xxxx. x

xxxx. x

xxxx.x
xxBxx

xxxx. x

xxxxx.
xxxx.x
xxxxx.

00xxx.

0 0 0 xx.

0xx. xx

Octal only

Octal only

Octal only

fps

fps

IUn

nm

fps

nm

fps

fps

min, sec

fps

fps

fps

feet

hours

minutes

seconds

1

1

2

1

2

3

1

2

2

1

2

1

2

J

1

2

J

59

56

57

63

64

65

60

61

62

66

ol

68

69

70

AV CSI

AV CDH

Altltude (CDH)

Aaltitude (CDH)

AV (TPD

Perigee (TPI)

AV (TPF)

AV (MID)

TFI (MID)

AV (TPF)

Not in use

Not in use

VI

n

H

Not in use

Not in use

Sampled LGC time (fetched in interrupt)

Mission LM 3

GUIDANCE, NAVIGATION
Basic Date 1 JanuarY 1968 Change Date Page 2.2-63

58

Not in use

Not in use

Not in use

Not in use

Star code A, B blank

Landmark data C AOT detent code

Horizon data D, E star code

*See note at beginning of table
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Noun

Code Description
Register

No.
Scale and
Format* Unit

77

72

74

/t

77

78

79

80

81

82

AOT rotation angles

RR trunnion angle

RR shaft argle

New RR trunnion angle

New RR shaft angle

LR altitude

LR time

I,R VX

LR time

LR Vy

LR time

LR Vz

LR time

RR raage

RR trunnion angle

RR shaft angle

RR range rate

RR trunnion angle

RR shaft angle

Data indicator

Omega

Not in use

avx (LV)

avy (Lv)

Avz (LV)

*See note at begiruring of table

1, 2, and 3

1

2

1

2

1

2

L

2

1

2

1

2

1

2

1

2

1

2

1

2

3

xx x. xx

xxx. xx

xxx. xx

xxx.xx

xxx. xx

x xx xx.

xxx. xx

xxxxx.
xxx. xx

x xxx x.

xxx.xx
xxxxx.
x xx. xx

xxxxB.

xxx. xx

xxx.xx
xxxxx.

xx x. xx

xxx.xx
xxxxx.

xxx. xx

xxxx. x

xxxx. x

xxxx. x

degrees

degrees

degrees

degrees

degrees

feet

seconds

fps

seconds

fps

seconds

fps

seconds

feet

degrees

degrees

fps

degrees

degrees

N/A

degrees

fps

fps

fps

Table 2-3. DSKY Noun List (coht)

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM

I

i

t-

Mission LM 3 Basic Date 1 Januar.v 1968 Change Date
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Table 2-3. DSKY Noun List (cont)

GUIDANCE, NAVIGATION
Basic Date 1 January 1968

, AND COITTROL SUBSYSTEM

Noun

Code Description
Register

No.

Scale and

Format* Unit

OJ

84

85

86

87

88

89

90

91

92

93

94

aVx (IIIU)

aVy (D'IU)

AVZ (IMU)

a Vx (CSM)

A Vy (CSM)

a Vz (CSM)

trrcx &ody)

v", (bodv)

v", tbodv)

vcx (LV)

vcy (LV)

vcz (LV)

Not in use

Not in use

Not in use

Not in use

Not in use

Not in use

A g'yro angles

x

Y

FDAI angles

x

Y

*See note at beginning of lable

I

2

1

2

3

I

4

3

1

2

3

1

2

3

1

2

xxxx.x
xxxx. x

xxxx. x

xxxx.x
xxxx. x

xxxx.x

xxxx. x

xxxx. x
xxxx.x

xxxx. x

xxxx. x
xxxx. x

xx. xxx

xx. x xx

xx. xxx

xxx.xx
xxx. xx

xxx. xx

fps

fps

fps

fps

fps

fps

fps

fps

fps

fps

fps

fps

degrees

degrees

degrees

degrees

degrees

degrees

Mission LM 3 Change Date Page 2-65

L



LMA79O-3-LM 3

APOLLO OPERATIONS HANDBOOK
SI'BSYSTEMS DATA

Noun

Code Description
Register

No.

Scale and

Format* Unit

96

97

98

99

Irtitial altitude

Final altitude

Altitude rate

Not in use

System test inputs

System test results

Engine enable (used with verb 50 only)
(retains noun 40 displays)

TF

VG

ovvt

1

2

J

1

2

3

1

2

3

l-

2

3

xxxxx.

xxxxx.
xxxxx.

xxxxx.

. xxxxx
xxxxx.

xxxxx.

. xxxxx
xxxxx.

xxBxx

xxxx.x

xxxx.x

feet

feet

fps

N/A

N/A

N/A

N/A

N/A

N/A

min, sec

fps

fps

Table 2-3. DSKY Noun List (cont)

*See note at beginning of table

"Machine address to be specified" nouns allow arry machine address to be used. When
the ENTR pushbutton is pressed the verb-noun combination senses a noun of this type,
and the flash is immediately turned on. The verb code is left unchanged. The operator
Ioads the desired five-octal-character complete machine address. It is displayed in R3
as it is punched in. If an error is made in loading the address, the clear (CLR) push-
button may be used to remove it. Pressing the ENTR pushbutton causes continuation
in executing the verb.

Data Loading. Some verb-noun codes require additional data to be keyed in. If addition-
al data are required a-fter the ENTR pushbutton is pressed, following the keying of the
verb-noun codes, the VERB and NOUN displays flash on and off at a 1.5-cps rate.
These displays continue to flash until a1l of the information associated with the verb-
noun code is keyed in.

Numerical data are considered decimal if the five-numeral data word is preceded by a
plus sign or a minus sign; if no sign is supplied, it is considered octal. The + and -
pushbuttons are accepted by the LGC only when they precede the first numeral of the
data wordl they are ignored at any other time. Decimal data must be loaded in full
five-numeral words (no zeros may be suppressed); octal data may be loaded with high-
order zeros suppressed. Ifdecimal formatis used for anycomponent of a multicomponent

GUIDANC E, NAVIGATION, AND CONTROL SUBSYSTEM
Page 2.2-66 Mission 114 3 Basic Date 1 ,Ianuarv 1968 Change Date
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load verb, it must be used for all components of that verb. Mixing of octal and decimal

data for different components of the same loa.d verb is not permissible. (If such data

are mixed, the operator error alarm is initiated. ) The ENTR pushbutton must be

pressed atter 
"a"tr 

data word. This tells the program in progress that the numerical

word entered is complete.

After the ENTR pushbutton is pressed, the VERB and NOUN displays stop flashing and

remain on, dispiaying'the entered verb-noun combination. As the various pushbuttons

are presseO (wtrite entering the data), the digits are displayed in positions of one of

the'display registers corresponding to the order in which they were entered. As the

data is-en[e"ed, it is tempor]rily slored in interriediate buffers. It is not placed into
,its final destination as a specified address noun code until the final ENTR pushbutton

is pressed.

If an attempt.is made to enter more than five numeraLs in sequence, the sixth and 
-

subsequent-numerals are rejected. If the 8 or 9 pushbutton is pressed during octal load

(as iae*ified by Iack of a sign entry), it is rejectid and the'operator error (OPR ERR)

condition light goes on.

In multicomponent load situations, the appropriate singte component load verbs are

flashed one at a time. The LGC always instructs the operator through a loading se-
quence. The operator (or the internal program) initiates the sequence by selecting

Vnne, 25 (load 3 components of), (any noun will do), ENTR. The verb code is changed

to 21 (load first cornpbnent of) and the flash is turned on. Verb 21 continues to be

flashed as the first data word is being loaded. When the ENTR pushbutton is pressed,

the verb code is changed to 22 (Ioad second comfonent). Flashing continues while the

second data word is loaded. When the ENTR pushbutton is pressed, the verb code is
changed to 23 (Ioad third component); the flash continues white the third data word is
toaded. When the ENTR pushbutton is pressed, the flash is turned off and all three
data words are placed in the locations specified by the noun.

Coirecting Erroneous Data. The CLR pushbutton is used during data loading to remove

' eriors in Rl, R2, or R3. This allows the astronaut to begin loading again. Use of the

CLR pushbutton does not affect the PROG, NOUN, or VERB displays.

To correct errors foi Single-component loa.d verbs, the CLR pushbutton clears the

registdr being loaded, provided that the CLR pushbutton is pressed before the ENTR
pushbutton. Once the ENTR pushbutton is pressed, the CLR pushbutton has no effect.
After the ENTR pushbutton has been pressed, the only way to correct an error for a
single component is to begin to load again.

To correct errors for second and third component load verbs, the CLR pushbutton is
used. The first pressing of the CLR pushbutton elears the register being loaded.

Consecutive pressing ilears the register above the register being loaded, until Rl is
cleared.

Program Selection. Verb 37 is used to change the program. KeyingVERB, 37, and

ENTR blanks the NOUN display; the verb code flashes. The two-digit program code is
then loaded. For verification purposes, the program c,ode is displayed as it is loaded,

in the NOUN display register. When the ENTR pushbutton is pressed, the flashing
stops, the new program to be entered is requested, and a new program code is displayed
in the PROG display.

Release of Keyboard and Display System. The keyboard and display system program can

be used by internal tGC programs. However, any operator keyboard action (except

reset) makes the keyboard and display systemprogram unavailable (busy) to internal
routines. The operator has control of the keyboard and display system until he wishes
to release it. Thus, he is assured that data he wishes to observe will not be replaced
by internally initiated data displays. In general, it is recommended that the operator
rLlease the keyboard and display system for internal use when he has temporarily
finished with it. This is done by pressing the KEY REL pushbutton.

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
Mission ay 3 Basic Date 1 Januarv 1968 Change Date Page-Z&f,I-
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If an internal program attempts to use the keyboard and display system, but finds that
the operator has used it and not yet released it, the KEY REL light goes on. When the
operator finds it convenient, he should press the KEY REL pushbutton to allow the
internal program to use the keyboard and display panel.

Operator Error. The OPR ERR condition light goes on when the operator presses
pushbuttons improperly. The tight goes on when an undefined verb or noun is entered
or when a verb that is defined and a noun that is defined is enteredr.but the combination
of verb and noun is illegal. Both of these errors do not require any further operator
action. The following operator errors also do not require further action:

a The component number of theverbexceeds the number of the components
in the noun.

The octal display and monitor verbs are used with a "decimal only" noun.

The decimal display and monitor verbs are used with mixed nouns.

The decimal display and monitor verbs are used with an "octal only,,noun.

A no-Ioad verb is used with a noun that is not a no-load noun. (Nouns that
have a split minute,/second scale for any component are no-Ioad nouns. )

An input code other than those that are defined is received from the key-
board.

o The contents of the register exceed its limit.

When improper data are entered for a defined verb-noun combination that requires
loading of additional data, the OPR ERR condition light goes on. The error is detected
when the final entry of the loading sequence is accomplished. When the light goes on,
recycling back to the beginning of the loading sequence is required. OnIy the data must
be entered again, not the verb-noun combination. Other errors that cause the OPR ERR
condition light to go on, and require recycling, are as follows:

a

a

The address entered for a "machine address to be specified'r noun is not
octal.

Octal and decimal data are mixed in multicomponent load verbs. (All data
words loaded for a given noun must be all octal or a1l decimal. )

Octal data are loaded a "decimal only" noun.

Decimal data are loaded an "octal only" noun.

Decimal data that have been loaded numerically exceed the maximum
permitted by the scale factor associated with the appropriate component
of the noun.

o Negative decimal data are loaded, using the Y-optics scale.

. For displays of time, the three data words are not loaded for hours,
minutes, and seconds sca1e.

When loading with the hours, minutes, seconds scale, the minutes exceed
59, the seconds exceed 59.99, and the total exceeds 74b hours 39 minutes
14.55 seconds

o Two numerals are not supplied for the program code under verb 37.

a

o

O

o

a

a

o

o

a
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DSKY Operation Under LGC Control. The principles of DSKY operation by tle i{u""4
LGC sequences are the same as those described for manual operation of the DSKY. The

DSKY operations, as instructed by the internal LGC sequences are of the following

categories: display, loading, please perform, and please mark.

The display operation is used to display data to the operator. Data computed by the

mission program can be displayed by using various display verbs. The loading opera-

tion requLsti ttat ttre operatbr load data. The please-perform operation requests an

action by the operator *ho then notifies the LGC that he has complied. The please-mark

operation requLsts that the operator press the MARK pushbutton on the AOT for an

optics sighting.

LGC-initiated verb-noun combinations are displayed as static or flashing displays. A

static display identifies data displayed only for operator informationl no operator
responseis required. If the displayed verb-noun combination flashes, appropriate

opeiator response is required, as dictated by the verb-noun combination. In this case,

tie internal iequence is interrupted until the operator responds appropriately; then the

flashing stops ind the internal sequence is resumed. A flashing verb-noun display must

receivJonlf one of the proper responses; otherwise the internal sequence that instructed

the dispiay may not be resumed.

Display. The appropriate operator response to a flashing dispiay (verb-noun combina-

tion) is as follows:

o Correct the data and perform the appropriate load-verb sequence. Upon

pressing the ENTR pushbutton, the internal sequence proceeds normally.

o Recycle by keying VERB, 32, ENTR. This returns the program to a
previous location.

. Proceed or proceed without data by keying VERB, 33, ENTR. This indi-
cates acceptance of the displayed data and a desire for the internal se-
quence to continue normallY.

r Terminate bY keYing VERB, 34, ENIR.

Data Loading. When data are to be loaded, the VERB and I{OUN displays flash. The

flashing occurs whether data loading is initiated by LGC or by the operator. The

appropiiate register (R1, R2, or R3) is blanked in anticipation of data loading. Data are

toiaea as five-numeral words; they are displayed numeral-by-numeral in one of the

registers as loaded.

The appropriate response to an internally initiated verb-noun combination for loa-ding is
as follows:

o Load the desired data. After the final entry, the internal sequence pro-
ceeds normallY.

c Proceed or proceed witLout data by keylng VERB, 33, ENTR.

r Terminate bY keYing VERB, 34, ENTR.

please Perform. The operator must respond to a "please perform" request. With this
request, the verb-noun eombination flashes and the internal sequence is interrupted.
Th6 "please perform" verb (50)is usuallyused with the "checklist" noun (25) and an

appropriate cheeklist eode number (table 2-4) in Rl. The appropriate response is as

follows:

e Fress the ENTR pushbutton to indicate that the requested action has been

performed. (The internal sequence continues normally. ) Proceed without

data by keying VERB, 33, ENTR. The operator chooses not to perform

Mission LM 3
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the requested action, but desires the internal sequence to continue with
the previous data.

o Terminate by keying VERB, 34, ENTR.

The "please perform" verb is also used with the "change of program" noun and "engine-
on enablerr noun. Its use in these cases is subject to the LGC program in process.

Please Mark. The "please mark" verbs are flashed when the LGC is prepared to accept
optical-sighting data from the AOT.

Table 2-4. Checklist Reference Codes Used With Verb 50, Noun 25

Code Action To Be Taken

00011

0.0012

0001"3

00014

00015

00016

000u

00025

00026

00031

00035

00036

00037

00060

00061

00062

00200

00201

00202

00203

00204

Key in auto optics positioning option.

Key in target data.

Switch OSS to LGC control.

Key in fine-alignment option.

Perform star acquisition.

Key in terminate mark option.

Perform additional star sightings.

Perform backup star sightings (program 53 or 54).

Terminate backup star sightings (program 53 or 54).

Key in engine on option.

Perform LGC thrusting preparation.

Perf orm thrust termination.

Trim finished; terminate routine R63.

Switch ISS to on.

Swi.tch IMU power down.

Switch LGC power down.

Key in zero AEA clock option.

Switch RR mode to automatic.

Kqy in sighting check option.

Set GUID CONT switch (panel 1)toPGNS, MODE CONTTTOL switch (panel 3)

. 
to AUTO, and THR CONT switch (panel 1) to AUTO.

Key in enable gimbal trim option (enable, off),

GIIIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
Mission LM 3 Basic Date 1 Januarv 1968 Change DatePage 2.2-70
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Table 2-4. Checklist Reference Codes Used With Verb 50, Noun 25 (cont)

Table 2-5. DSKY Option Codes (V50 N06)

Table 2-6. DSKY Alarm Codes

N CONTROL SUBSYSTEM

I

Code Action To Be Taken

00205

00400

00401

Perform manual acquisition of RR.

Switch Service module propulsion subsystem ready to oB.

Switch LM control to guidance and navigation.

Option Code

@isplayed in R1) Data To Be Loaded in R2

00001

00002

00003

00004

00005

Specify state vector to be updated.

1=LM,2 =CSM

Specify acquisition mode.

1=automatic, 2=manual

Specify GETI or elevation angle input.

1 = GETI, 2 = elevation angle

Specify translation axis.

1- +X, 2- -X, 3 - +Y, 4 --y, 5 -+2,
6= -Z

Specify IMU orientation.
I = preferred, 2 -nomina1, 3 -REFSMMAT

Code Description

00107

00110

001"11

00112

00113

00114

00115

00116

00117

00120

00205

00206

More than seven mark pairs

No mark since last mark reiect

Mark missing

Mark not being accepted

No inbits

Mark made, but not desired

OSS torque request rvith switch not at LGC

OSS switch altered before 15-second zero time elapsed

OSS torque request with OSS not available

OSS torque request with OSS not zeroed

Preferred orientation selected, but not specified

Zero encode not allowed with coarse align or gimbal lock

Mission LM 3 Basic 1 Januarv 1968 Change Date
GUIDANCE,
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Code Description

00207

00210

00211

002L2

00213

00214

0021-5

00216

002L7

00401

00404

00405

00406

00407

00420

0042L

00501

00503

00510

00514

00515

00525

00526

00600

00601

00602

00603

00604

ISS turn-on request not prresent for 90 seconds

IMU not operating

Coaxse aliga error

PIPA fail, but PIPA not in use

IMU not operating with turn-on request

Program using IMU whenturned off

Orientation not specified

Bad PIPA reading

Bad return from sta1l routines

Desired gimbal angles yield gimbal lock

Target ort of view

T\vo stars not available

Rendezvous navigation not operating

Target out of view

Third call to orbital integration

W-matrix overflow

Radar antenna out of limits

Radar antenna designate fail

Radar auto descrete nd present

Radar goes out of automatic mode while being used

RR CDU fail discrete present

ao>3 "

Range ) 400 nm

Imaginary roots on first iteration

Perigee altitude (CSD

Perigee altitude (CDH)

CSI to CDH time

CDfl to TPI time

Table 2-6. DSKY Alarm Codes (cont)

NAVIGATION, AND CONTROL SUBSYSTEM

\--

L

I

i
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Code Description

00605

00606

00607

00610

00611

00700

01102

01103

01104

01105

01106

01107

01110

01111

01201

01202

01203

01206

01207

01210

01211

01301

01302

0140r-

07402

01403

01404

0l-405

Number of iterations exceeds loop maximum.

AV exceeds maximum.

Hyperbolic velocity

Courprted CDH time ) input TPI time

No GETI for given elevation angle

AR or AV exceeds threshold.

LGC self-test error

Unused CCS branch executed

Delay routine busy

Downlink too fast

Uplink too fast

Phase table failure. Assume erasable memory destroyed.

Restart with no active phase

Restart with active phase

Executive over:flow; no vacant areas

Executive overflow; no core sets

Waitlist overflow; too many tasks

Second job attem$s to go to sleep via DSKY program

No vacant areas for mark

Two programs using device at same time

trlegal interrupt of extended verb

ARCSIN - ARCCOS input angle too large. Abort.

SQRT called with negative argument. Abort.

TESTIDX too large in integrated test. End test.

Illegal quantity loaded in jet or engine task erasable

Illegal quantity loaded in Service module propulsion sub-system or
Saturn steering task

Integrated test; please perform task 401, 4O2, or 403 failed. End test

Inertial CDUts busy during Saturn steering test. End test.

Table 2-6, DSKY Alarm Codes (cont)

GIIIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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Table 2-6. DSKY Alarm Codes (cont)

"lable 2-7, Star Codes

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTE M
Page

Code Description

01406

07407

0t41L

07412

01413

OL4L4

0t426

07427

01501

01502

01520

01550

01600

01601

01602

0L703

0r7 04

01705

01706

01707

Thrust misalign )90o

VG increasing

Radar out of limits or IRIG scale factor test alarm

Bad pulse torque of glT os X-CDU out of limits

Bad pulse torque of glT os Y-CDU out of limits

Bad pulse torque of g1'ros Z-CDU out of limits

IMU unsatisfactory

IMU reversed

DSKY alarm during internal use. Abort.

I11ega1 flashing display

V37 request not permitted at this time

V46 inoperative when TVC DAP is on

Overflou. and drift test

Bad IMU torque: abort

Bad optics during verification

(45 seconds to ignition

PGNS automatic mode not selected

DAP flag hold not set to -1

Stage verify descrete does not agree u-ith \16

Checklist reference code 00203 not performed (Refer to tabie 2-4.)

Code Star

Visual
Ma-gnification

Right
Ascension Declination

Hr Min Deg Min

1

2

3

4

Alpha Andromedae (Alpheratz)

Beta CETI (Diphda)

Gamma Cassiopeiae (NAVD

Alpha Eridanl (Achernar)

2.1

2 2

0.6

0

0

1

06

t

54

36

+28

-18

+60

-57

iJ

11

);
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Table 2-7. Star Codes (cont)

, NAVIGA,TION, AND CONTROL SUBSYSTEM

\

Ascension
Right

Declination
Code Star

Visual
Magnification

Hr Min Min

5

C

t

10

11

12

t4

L7

20

,1

22

,._1

24

2ii

26

27

3[)

3r

36

Alpha Ursae l\{inor:is (Polarisi

Theta Eridani (Acamar')

Alpha CET'l (l,Ienkar)

Alpha Persel (Nlirfak)

A 1ph.: Tauri (.Alcie,l:ara n1

Be'ta Orionis iRigel)

Alpin A,-iriga-e iCapellai

Ari:li; Ce|inl,- {eirnrilrusi

Alpha Canis l,{ajoris (Sirius}

Alph:l Canis Nlincris (P.::ocydni

Ganima \',.loi um (Regoi ;

Iot:r Lirsi',e' Majoris (nr:.,;cesi

Alph;L ilgcirae (A1phar"d)

Air:hs- Leorl.is (Regulus)

Ile';a Leonis (Deneboie.)

tian-ilrla Corvi (Gienah)

Alpha Cru.eris {Acrux)

:\-iph,a Vir:ginis (Spica)

Eta Ulsee l{ajoris (Atkaid)

lliieta Cer*auf i (Menkent)

Alpha Rootis (A::cturusi

Alpha. Coronae Borealis (Alphecca)

Aipha Scorpii {Antares)

Alpha Triangr,rli Austr. {Atria)

Alnira Ol)trirrchi (Rasa.z/h';.gue)

AlPha LYrre it;ega)

Sigm :i S:rg_i.ttar ii (Nunki)

2.7

to

1"9

1. 1-

0.3

0.2

-0.9

-1. 6

0.5

1.9

2.2

1.3

,,

z,t)

1.6

1)

1.9

^)

1')

1.9

0. 1

,1

1

2

3

4

5

5

6

6

7

8

8

9

10

11

i2

I2

L3

74

t4

15

fb

16

17

18

18

58

57

00

22

l2

44

JI

08

50

26

06

4i

24

46

04

l4

53

+89

-40

+03

+49

+ltl

-08

+45

_D:

-16

+05

-4',i

+48

-08

+\2

+i1

-77

-62

-10

+49

-36

+19

+26

-ao

-b6

ala

+38

06

26

56

44

26

1tr

57

40

4A

10

t4

30

30

09

46

20

l()

58

30

1L

22

50

2t

56

JD

/E

20
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Table 2-7" SLar Codes (cont)

Primary Guidance and Navigation Section Operation Mcdes.

The PGNS is considered to be in an operat'Lonal mode upon initiation of a progralr
by the astronauts or MSFN. When operating under one of the various programs
(table 2-B), the LGC automatically computes ::equireci n.rj.ssion parameters, commands

the PGNS and the other sections and subs.r.stems. ar:d ciisplays pertinent data to the

astronaut and MSFN (via downlink). For cperatior.ial cor:rpatibility, the astronauts and "

or MSFN can initiate, modify, or interrupt tl.ie autornatic program sequences. The

programs are initiated manually by the astronaui 61'1-.y ftXSFN and, in certain cases,

by a previous program.

The LGC i.s preprogrammed to dispiay a moCe number or program number on the

DSKY in response to initi.ation of a prograrri. This display remains on until the se-
quence of events for the specific mission phase. as dictated by the program, is
completed.

Primary Guidance and Navigation Section Routines,

The PGNS routines (table 2-9) are used by most LGC programs, to perform the

required input and output functions. Through these routines, the LGC can command

various guidance modes, display and accept information from the DSKY and radar,
provide for telemetry inputs and oufuuts, control the positions of the RR antenna and

the IMU stable member, and remain cognizant of the PGNS and LM subsystem opera-
tions.

General Operation of the Primary Guidance and Navigation Section. (See figure 2-30. )

This discussion of PGNS operation is limited to astronaut interface with the PGNS,

because PGNS operation is dependent on the LGC program in progress and on the

mission phase. The astronaut can perform optical sightings, monitor subsystem per-
formance, Ioad data, select mode of operation, and, with the aid of the PGNS, manually
control the LM. The program to be performed by the LGC is selected by the astronaut
or initiated internally by the LGC.

The primary displays and controls of the PGNS comprise the DSKY, the attitude
and translation controllers, and portions of the astronauts' panels. The DSKY enables
the astronaut to communicate with the LGC and perform a variety of tasks such as

testing the LGC, entering voice link data, and commanding IMU mode switching. The

controllers permit manual changes or computer-aided manual changes in attitude or
translation.

2.2.3. t.4

2.2.3. t.5

2.2.3.1.6

Code Star

Visual
Magnifieation

Right

-Ascens ion Declination
Ilr Min Deg

40

4t

42

44

45

Alpha Aquilae (Altair)

Beta Capricorni (Dabih)

Aipha Pavonis (Peacock)

Alpha Cygni (Deneb)

Episilon Pegasi (Enif)

Alpha Piscis Austr. (Formalhaut)

0.9

L,I

1.3

19

20

20

20

2t

22

49

19

40

42

56

+08

-t4

-56

+45

+09

-29

4b

54

51

09

no

GIIIDANCE, N
Page 2.2-16 Mission LM 3

AVIGATION, AND CONTROL SUBSYSTEM
Basic Date 1 Januarv 1968 Change Date

\-

L



LMA79O-3-LM 3

APOLLO OPERATIONS IIANDBOOK
SUBSYSIEMS DATA

L

L

Tai:1e 2-8, LGC Programs

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM

L

L

Program
No. Title

I{iss ion
Phase Primary Purpose

00

05

06

20

21,

a)

27

30

LGC idle

PGNS startup

PGNS power-down

Rendezvous
navigation

Ground track
determination

Preferred tracking
attitude

LGC update

External AV

Coelliptic sequence

initiation (CS!

Constant delta
altitude (CDH)

Transfer phase

initiation (TPI)

Service

Service

Service

Coast

Coast

Coast

Coast

Prethrusting

Prethrusting

Prethrusting

Prethrusting

Maintains LGC in conditicn of readinerss (aiter I'GNS

startup) in ciicumstances u'here no Pi)l'li'l ,:lontrol or
najo:r computationai operations are J:ll.luiteci

Tlansfers {SS and CSS from standby condition to

operate condition

Permits raanual ioading of LNI/CSN{ state vector
components (position, ve1ocit1,, time) into l-IlC

'Iransfers LSS and CSS from operate condition to
standby condition

Controls IiR and LM fr-ir acquisition of CSX{

Performs navigational computation (st,--rte vector up-
date), using RR-provided data

Calculates ground track information ald dispiays
latitu<ie, longltude, a:rrialtitude to astrcnaut al spuci-
fied time

Calcuiates attitude for LNI, to permit CSM to track
LM beacon

Automatically maneuvers LNI to preferred tracking
attitude

Inserts inJormation into LGC via digltal uplink from
MSFN, or manuallv vla DSKY

To calculate ancl displa5', to astronaut, initial
conditions required for execution of PGNS-controlled
thrusting maneuver

Enables astronaut to insert largeting llaramelers used

in computation of initlal condltions

To calculate and display required parameters
associated with all coelliptic rendezvous flight plan
maneuvers, but primarily those paxameters associ-
ated with CSI maneuver

Enables astronaut to insert maneuver data into LGC,

for these calculations

To calculate and display required parameters
primarily for CDH rnaneuver but, a1so, for all other
coelliptic rendezvous flight plan maneuvers, except
CSI

Enables astronaut to insert maneuver clata into l,(lC,
for these calculations

To caiculate and display initial conclitions require<l
lor Lll ( x( cutiort ol T Pl mrncur cr

Enables astronaut to insert maneuver data into LGC.
for these calculations

Mission LM B Basic Date 1 January 1968 Change Date Page 2.2-77
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Prograam

No" Title
NIis sion
Phase Primary Purpose

4A

47

42

47

51

74

73

Transfer phase

midcourse (TPI\{)

Ilescent propulsion

slrction lDPS) thrust
control

Reaction Contloi
Subsvstem thrust
contr:ol

Ascent propulsion

section (-\PS)

thrust control

Thrust monitor

lnlllT orientation
determir-ration

IATIU realign

CShl-CSI targeting

CSNI-CDH targetirg

CSM-TPI targeting

CSM-TPM targeting

Prethrusting

Thrusting

Thrusting

Thrusting

Thrusting

Alignment

Alignment

Prethrusting

Prethrusting

Prethrusting

Prethrusting

To caiculate ancl Cisp1a1,' required parameters for Lli
execution of possible midcourse correction durins

transfer phase of L\,1 active tendezvous

To calculale and ciispiay in-formation to enable astlo-
nauts to irrepare for entr5'into final rendezvous pha:.

To caicuiate preierred IMII orientation and plefel-reL

T,\{ attitude for LX{ DFS thlust maneuver

To automatically maneuver LM to prefer:red attitucle

and control LM through termination of thrustin:
maneuver

Same as for: prograrl No. 40, but for RCS thrust
maneuver

T'o pror,ide rapici tlimming of residual steering errors
lefi .1t DPS or APS clltoff

Sarrre as lcl plogran No. 40, but fcr thrust m.aneur.ers

',rsing ascent engine

'Io mo;ritor L]I acceleration during thrust maneuvei

thai is not controllecl by PGNS ancl display lcsultinq
cl'rurlr :n r:'rcr'l:Jl reloiiiy

To cletermine ir.Lr:rtial orientation oi INIU stabie

membel rrith rcspect to ce-lestial coordinates, for
guidan: e a-nC nar-i3ation computatiors

To ali.r: Illf stable member to specific inertial
oriclltetion, as selected by astronaut, from previousl5.

estabiished iner'tial 0rientation

Tc calcuiate arrd ciisplay requlred parameters

assocrated \rlth all coeliiptic rendezvous fliglrt pian

maneurers! ror CS11 execution of the rtaneuvers

To caiculatc and clispla)r required parameters associ-
ated ri'ith ali ccelliptic renrjezvous flight plan maneli-

vers, except CSI, for CSNI execution of the maneuvers

T'o calcuiate anci displa5. required initial conditions
for active CSli transfer phase initiation maneuver

To calculate and displal'required initial conditions
for a-ctive L-S1[ midcourse correction during transler
phase of rendez.,'ous

L-

L

i

Table 2-8. LGC Programs (cont)
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Table 2-9. Primary Guidance and Navigation Section Routines

(__

L

L

Routine

tjo. Title

00

02

03

04

1.2

2t

22

30

36

47

50

51

34

55

60

6L

62

63

Final automatic request terminated

IMU status check

Ilr\P data loading (verb 48)

RR/LR self-test

LII data read

RR designate

RR data read

RR manual acquisition

RR search

RR monitor

Orbi,t parameter displaS' (t'erb 82)

Rendezr.ous parameter display (verb 83)

?arget 6\r (r,,erb E4)

LGC - Comrrrand module computer clock synchron-

ization

Out-of-p1ar-re r endezvous dispiay

AGS initlalization

Coarse aligrment

In-flight flne eligrment

Auto optics positionrug

Sighting mark

Sigl::iu; ile.la test

Gj-j,.l li)]](".r"rrlg

Attitude maneuver

Preferred tracking attitude

Crew-defined maneuver

Rendezvous finai attitude

(*

lrtis:iol. L&t 3

CE
1
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The PGNS flight data that are displayed to assist the astronaut during various
phases of the LM-3 mission are: total LM attitude, attitude errors, altitude and
altitude rate, forward and lateral velocities, and percentage of descent engine thrust
commanded by the LGC.

Total attitude is generated from the IMU gimbal angles. With the ATTITUDE MON
switch (panet 1) set to PGNS, the IMU gimbal angles are routed to the GASTA. The
GASTA transforms the gimbal angles into signals of the proper configuration of total
attitude. (Refer to paragraph 2.2.3.4. ) The total attitude signals are applied to the
FDAI sphere for direct astronaut readout. The FDAI aiso displays roII, pitch, and
yaw rates and errors. The FDAI rate indicators monitor the'rate of change of angular
position. When the RATE/ERR MON switch (pane1 1) is set to LDG RDR/CMPTR, the
FDAI error indicators indicate the deviation between the programmed and actual atti-
tude. The FDAI rate indicators are fed from the CES rate gyros; the pitch, yaw, and
roll attitude errors are supplied from the LGC via the CDU's.

The astronauts can select the LGC, PGNS, or AGS as the source for the altitude
and altitude-rate parameters. When the MODE SEL switch is set to PGNS, the LGC
calculates altitude and altitude rate, but issues signals for display of either altitude
or altitude rate. Altitude and altitude rate are not displayed simultaneously. These
signals are routed through the RNG/ALT MON switch (panel 1) to the ALT and ALT
RATE indicators (panei 1).

Forward and lateral velocities are displayed on the X-pointer indicator (panels 1

and 2). The indicator receives velocity signals from the LGC viathe CDU when the
MODE SEL switch is set to PGNS. T.he LGC calculates the velocities from its stored
information and.from information received from the LR. The LGC feeds the calculated
data to the CDU for digital-to-analog conversion before display. The X-POINTER
SCALE switch (panel 3) selects the scale of the indicator. The type of velocity and the
scale selected are indicated by illuminated placarding on the borders of the X-pointer
indicator.

The amount of descent engine throttling, as commanded by the LGC, is routed to
the CES. The CES sends this command to the THRUSI indieator and to the descent
engine. The THRUST indicator also displays the amount of thrust sensed at the engine
thrust chamber, so that a comparison can be made.

PGNS vehicle control includes interfacing for reaction control (attitude and transla-
tion) and for propulsion control (descent and ascent engine thrust). The PGNS inter-
faces directly with the CES for reaction control and propulsion control. Commands
from the LGC are routed through the CES to the RCS thrusters and to the ascent and
descent engine for proper flight control.

Abort Guidance Section (See figure 2-31. )

The AGS provides backup guidance and navigation for LM 3, from any point during
the mission. The AGS serves as backup for the PGNS; normally the AGS will be used to
control the LM only in the event of a PGNS malfunction. A portion of the LM-3 mission
will be under AGS control, to contribute to the verification of the AGS before the lunar
flight. During a mission abort or AGS control, the AGS performs the guidance computa-
tions and steering required to place the LM in a coelliptic flight plan (direct intercept
trajectory with the CSM or a parking orbit). Rendezvous from the abort point can be
accomplished automatically under AGS control or manually by the astronaut, based on
data displayed from the AGS.

The AGS uses a strapped-down inertial guidanee technique, unlike the conventional
gimbaled-platform technique used in the PGNS. The basic differences between these
two techniques is the method used to determine.the direction of sensed acceleration.

2.2.3.2
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In the conventional configuration, sensors are mounted on a platform that is positioned

by gyroscopic control. In the strapped-down configuration, the sensors are fixed and

referenced to the LM body axes; the orientation of the sensors is computed from outputs

of gyroscopes also directly mounted and fixed to the LM body axes. A digital computer,

in the strapped-down configuration, replaces the gimbaling structure of the conventional

configuration in determining inertially referenced aeceleration.

The AGS maintains an inertial attitude reference that relates the LM orthogonal

axes to an inertial reference frame through either IMU alignment, lunar alignment,

or body-axis alignment. During IMU alignment, the AGS accepts the attitude reference

of the PGNS. During lunar alignment, the AGS accepts the attitude reference from the

lunar gravity vertical and azimuth angle stored in the AEA memory. When body-axis
alignment is used, the AGS sets the inertial reference frame equal to the LM orthogonal
axes.

The AGS interfaces with the CES, PGNS, IS, and the associated controls and

displays. The AGS input and output signal characteristics are listed in tables 2-10 and

2-11, respectively. If a mission abort occurs, the CES functions as an autopilot. The

CES uses the AGS input signals and manual control signals. During prelaunch activities
the AGS interfaces with ground support equipment, which stores the AEA input data

during this time and provides a functional checkout of all subsystems. PGNS interfacing
includes the Euler angles for alignment and downlink data initializatio\.

The AGS comprises the AEA, and DEDA. The ASA is a strapped-down inertial
sensor package; it senses incremental attitude changes and incremental velocity changes

along the LM axes and routes these data to the AEA. The AEA is a general-purpose
digitai computer that performs the basic strapped-down calculations for control of abort
guidance, navigation, and steering. The DEDA, an abbreviated version of the DSI(Y,
permits manual entry of data into the AEA and displays data that are stored in the AEA.

Table 2-10. Abort Guidance Section - Input Signai Characteristics

Nomenclature Routing
Sigrral

Description Remarks

1,024-pps clock

AGS telemetry
stop pulse

AGS telemetry
shift pulses

800-eps reference

Automatic

Abort

ISS to
AEA

ISS to
AEA

ISS to
AEA

CES to
AEA

CES to
AEA

CES to
AEA

Digital pulse train for AGS internal
timing

50-pps signal: indicates completion
of telemetry shift for one digital
word

51.2 kpps (burst of 2-1 pulses, 50

times per second); shifts telemetrv
data out of AEA

Sinusoidal excitation for dieital-to-
analog converters in AGS

Discrete used to put AEA in auto-
matic submode

Discrete, indicating an abort but
that staging has not occurred

*2-pps accuracy

+0.5 vrms and
+170 frequency

accrrlacy

Definitions:
L - Ground
0 - Open circuit

Definitions:
l- - Ground

0 - Open circuit
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Table 2-10. Abort Guidance Section - Input Signal Characteristics (cont)L

L

L

Nomenclature Routing

Signal

Description Remarks

Followup

Abort stage

PGNS alignment
signals:

- Jr,,

+d9, -ad,,
+a+

CDU zero

PGIiS telr:inetrl.,
dor'vnlink stop

PGNS teic.m.tr:y
bit- synch r'*r,izrng
pr-l1se

PGNS teic;rielrr,
dorvnlinli i,iaia.

pulses

Descent engine on

Asaent engine on

CES to
AEA

CES to
AEA

PGNS

to AEA

PGNS

to AEA

PGNS

to AEA

PGNS

to AEA

PGNS

to AEA

CES

to AEA

CES

to AEA

Discrete used to put AEA in followup

submode

Discrete, indicating abort and that

staging is initiated

Digital pulse train (6.4 kpps maximum),

denoting negative and positive angular
increments of the three PGNS gimbal
angles (0, $, /)

51.2-kpps pulse train, used to reset
PGNS angle input registers

50-pps signal, indicating termination
of PGNS telemetry downlink shift
operation

51.2-kpps pulse train, used to shift
in PGNS telemetry do"vnlink data

51. 2-kpps sigrlal, comprising 40-bit
rvordsi used to initialize AGS naviga-

tion

Discrete, indicating state of descent

engine

L)iscrete, indicating state of ascent

engine

Definitions:
1 - Ground
0 - Open circuit

Definitions:
1 - Ground

0 - Open circuit

The gimbal angles

are used during
IMU alignment,

to define the in-
ertial reference
frame.

Definition
On - Application
for 300 milli-
seconds (mini-
mum)

Burst of 40

pulses with
period of 20

milliseconds
each

Burst of 40

pulses with
period of 20

milliseconds
each

Definitions:
1 - Ground,

engine on

0 - Open circuit,
engine off

Definitions:
1 - Ground,

engine on

0 - Open circuit,
engine off

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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Tab1e 2-11. Abort Guidance Section - Output Signal Characteristics

2. 2.3.2. t Abort Sensor Assembly. (See figure 2-32.)

The ASA contains three floated, pulse-rebalanced, single-degree-of-freedom, rate-
integrating gyroscopes and three pendulous reference accelerometers in a strapped-down
configuration. These six sensors are housed in a beryllium block, which is mounted on

the navigation base. The sensors are aligned with the three LM reference axes. The
assembly also includes pulse torque servoamplifiers (one associated with each sensor),
temperature control amplifiers, and a power supply.

The ASA senses LM angular displacements and velocity increments and generates
output pulses to update the AEA. Electromagnetic torquers balance the gyroscopic input
torquel the average current in the torquers corresponds to angular rate. The pulses
(time-modulated increments of current) are equivalent to angular increments and are
used to indicate vehicle attitude changes sensed by the gyroscope. These signals are
used by the AEA in the same manner that torque commands would balance gimbaled
gyros.

Current generated in the accelerometer produces torque that opposes the torque
caused by the force of acceleration on a pendulous mass. The average current is

Nomenclature Routing
Sigrlal

Description Remarks

Totai attitude

signals: sine o,

cosine a, sinc p ,

cosine B, sine 7,
cosine 7

Altitucle signal (li)

A-1titude. r ate
signtrl (h)

Lateral r,elocity
(\r:')

Shilt pulses for h,

h, and \ry

Attitude error
signals: E1, Ey,
E,7

l-ngine cornmands
on ancl ofl

AGS telemetry
d:rta pulses

AEA to
FDAI

AEA to
displays

AEA to
displays

AEA to
dispIa5,s

AEA to
clisplays

AEA to
CES ancl

display

AEA to
CES

AEA to
IS

0- to 1S-vrms, 400-cps, sinusoidal

slgnals for total attitude display

64-kpps signal rvith ri'ord flequency of

five times per seconcl, usecl for altitucle

dispiay

64-kpps signal rvith riorcl frecluenc5, of

five times per second, r"rsecl lol altitude

rate dispiay

-5 to +5 vdc, dynarlic range -200 to
+200 feet pel seconcl

64 kpps

0- to 3-\.rms, 800-cps, sir.tusoidal,

bodl'-reIerencecl, altilude ellol signals

for stcerlng ancl clisplal

Commancls issuerl riire r.i -\GS requires
engine on (28-11 r-olts) or engine off
(0-2 r.olts)

51. 2-kpps (maximun) telemctr5r u,ord;

burst of 24 pulses 50 times pe:: second

Scale factor:: 30

millivoits per
step

Computatior.i late:
25 times per

second

Resolution: 2.3

feet per bit (15-

bit lvord)

Resolution: least

significant bit
0.5 foot per

second (1,1 bits
plus sign)

Resolution
25 mv fps

Resolution:300
millivolts per

degTec +b'( \\rt11

-70' to +78' range
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Figure 2-32. Abort Sensor Assembly - Block Diagram
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2.2.3.2.2

proportionat to the aeceleration, and pulses are generated in the accelerometers for
use by the computer in measuring velocity increments.

The output of each gyro and accelerometer is applied to a pulse torque servoampli-
fier. The pulse torque servoamplifiers use quantized time-modulated feedback to
torque-balance their associated gyro or accelerometer. The servoamplifiers consist of
an amplifier, a quantizer bridge and driver, and a current regulator.

The strapped-down inertial guidance system has the advantage of substantial size
and weight reduction over the more conventional gimbaled inertial guidance system, but
has the disadvantage of error buildup over sustained periods of operation. The calibra-
tion method uses the PGNS as a reference to determine the drift-compensation param-
eters for the ASA gyros. These parameters are stored in the AEA and used to correct
calculations based on the gyro inputs.

The accuracy of the ASA inertial data outputs is temperature-dependent. The ASA

temperature control subassembly maintains the internal ASA temperature at +120" F,
with external temperatures between -65" and +185' F. Two temperature control circuits
are used, one each for fast warmup and fine temperature control. During fast warmup,
ASA temperature can be raised from 0o F to approximately +116" F in 40 minutes. The
ASA must warm up for at least 30 minutes (standby mode - AGS STATUS switch on
panel 6 set to STANDBY) before operation. The fast warmup circuitry consists of a
thermal sensor, which detects the internal ASA temperature and provides a proportional
d-c analog to heater driver electronics that maintain the required heater po.wer constant.
The constant heater power requirement permits a uniform temperature rise within the
ASA. The fine temperature control circuit controls the temperature aJter ASA temper-
ature reaches +116o F. The fine temperature control circuit can raise the temperature
4" F and maintain this operating temperature within 0. 2o F.

Abort Electronics Assembly. (See figure 2-33. )

The AEA is a general-purpose, high-speed, 4,096-word digital computer that per-
forms the basic strapped-down guidance system calculations and the abort guidance and
navigation steering calculations. The computer uses a fractional two's complement,
parallel arithmetic Section and parallel data transfer. Instructions consist of 18 bits:
a 5-bit order code, an index bit, and a 12-blt operand address. Data words for the
computer consist of a sign and 17 magnitude bits. The AEA has three software
computational sections: stabilization and alignment, navigation, and guidance.

The stabilization and alignment computational section performs stabilization and
alignment computations, on generation oi mode signals by the DEDA. These mode
signals (attitude hold, rendezvous, acquisition, IMU alignment, lunar align, and body-
axis align) determine the operation of the stabilization and alignment computational
section in conjunction with the navigation and guidance computational sections. Body-
referenced steering error signals and total attitude si.ne and cosine signals are used to
control the FDAI. Direction cosine data are routed to the navigation computational
section, where they are used in computing lateral velocity and inertial acceLeration
data.

The navigation computational section uses accelerometer inputs received trom the
ASA, via AEA input logic circuits, to caleulate the position and velocity of the LM in
the inertial reference frarne. The navigation computational section supplies total
velocity, altitude, and altitude rate data in earth-centered coordinates, and lateral
velocity data in the LM reference frame, to the output logic circuits. Velocity data are
routed to the DEDA, altitude and altitude rate data are routed to the RANGE, RANGE
RATE, ALT, and ALT RATE indicators (panel 1), and lateral velocity data are routed
to the X-Pointer indicators (panels 1 and 2). Velocity and position data are routed
to the guidance computational section, for computing LM orbital parameters.

The guidance computational section provides trajectory computation and selection,
steering computation, and midcourse-correction computation. This computational

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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section receives data relating to the CSM state vector and the LM state vector from the
LGC via the AGS input selector logic. Body-referenced steering errors are received
from the stabilization and alignment computational section, for trajectory computation.
The LM abort guidance problem (coelliptic flight plan) consists of determining a
trajectory that either intercepts the CSM directly in its orbit or places lhe LM in a
parking orbit until rendezvous maneuvers can be executed. On determining the abort
trajectory, the AEA performs steering computations to provide engine on and off com-
mands and attitude commands, which place the LM in the desired trajectory and effect
LM-CSM rendezvous. Midcourse-correction computations are initiated during the
coast phase of the abort trajectory. These computations weigh the most recent LM and
CSM position and velocity data heavier than previous data, aird discount random disturb-
ances; the computations are not dependent on data spacing. Outputs of the guidance
computational section, via the output select logic circuits, include the engine on and off
signals to the CES, and velocity to be gained (selectable by DEDA readout).

The AEA consists of a memory subassembly, arithmetic and control logic sub-
assemblies (central computer), an input-output subassembly, and a power supply.

Memory. The AEA memory is a coincident-current, parallel, random-access, ferrite-
core memory with a capacity of 4, 096 words (18 bits each). The cores are arranged
in square planes; each core is subjected to X- and Y-coordinate selection. There is
one plane for each bit in the word; the arrangement consists of 64 rows and 64 columns.
The number of words in the memory is equal to the number of cores in a bit plane. An
address to the computer is specified by anX-coordinate and aY-coordinatel it refers
to the core at that location in all 18-bit planes.

The memory core stack is divided into two sections: scratchpad memory (2,048 words)
and permanent memory (2, 048 words). The scratchpad memory stores replaceable
instructions and data. Temporary results may be stored in the scratchpad memory and
may be updated as necessary. Checkout routines may be loaded during checkout and
subsequently discarded. Each core in the scratchpad memory is threaded by an X-
selection winding, a Y-selection winding, a sense winding, and an inhibit winding. The
permanent memory stores instructions and constants that are not modified during opera-
tion of the permanent-memory section. Using a permanent memory prevents inadvert-
ent loss of information. In the permanent memory, the inhibit winding is omitted and
the X-selection winding passes only through cores that represent zeros.

The cycle time of the memory is 5 microseconds. The addresses of the scratchpad
storage locations are 0 through37779; the addresses of the permanent storage locations,
40009 through7777g.

Memory Register. The memory register (M-register) is an 18-bit register, which is
Ioaded from the memory cores. The register holds data that are to be transferred
between the central computer and the memory, by the data bus. The data bus is a
collection of gates through which data (up to 18 bits in parallel) may transfer from one
register to another. Data transferred trom the memory are held by the M-register as
they are placed on the data bus. During this time, data transfer is a read-and-restore
operation. Data transferred to the memory from the central computer are held by the
M-register as they are written into the memory. The M-register holds the multiplicand
during multiplication, the divisor during division, the addend during addition, and the
subtrahend during subtraction. The accumulator is loaded by clearing it and then adding
the contents of the M-register to the accumulator.

Arithmetic and Control c Subassemblies. The arithmetic and control Iogic sub-
5 compr an address register, index register, order

counter, order register, adder, accumulator, and a multiplier - quotient register (Q-
register). The registers are interconnected by a parallel data bus. Central-computer
operations are executed by appropriately timed transfer of information between these
registers, between the memory and the M-register, and between the accumulator and
input-output registers. The adder, M-register, Q-register, and accumulator form the
basis for execution of arithmetic operations.

Mission 114 3
SUBSYSTEM

Page 2.2-89

L

L

L
NAVIGATION,



LMA?90-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

AAEMORY CONTROT

MEMORY
ADDRESS

REGISTER
INDEX

ORDER
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Figure 2-33. Abort Electronics Assembly - Block Diagram
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Address Register. The address register is a 12-bit register that is loaded under LGC

control, from the Ieast significarft 12 bits of the data bus. The address register holds

the address of the memory location to which access is requested.

Index Register. The index register is a three-bit counter that is used for operand-

address modification. When an indexed instruction is executed, the effective operand

address is computed.by a logical OR operation between the index register and the three
least significant bits of the operand address. When a transfer and text index instruction
is executed, the index register is decreased by one if the counter is greater than zero,

and the next instruction is taken from the location specified by the address field of the

transfer and test index instruction. If the index register is zero, the counter is not

decreased, and the next instruction is taken in sequence. The index register is loaded

under program control, from the least significant three bits of the data bus.

Order Counter. The order counter consists of a program counter and a cycle counter.

The program counter is a 12-bit counter, which is loaded from the least significant 12

bits of the data bus by execution of a transfer instruction. The program counter holds

and generates instruction addresses in sequence. The cycle counter is a five-bit
counter that controls shift instructions and certain long orders.

Order Register. The order register is a five-bit register that is Ioaded under central-
computer control, from the five most significant bits of the data bus. The order
register holds the five-bit order code during its execution.

Adder. The arittimetic section is designed around an 18-bit, 3-microsecond parallel
adder. Two 18-bit registers (the accumulator and the M-register) furnish the inputs
to the adder. The sum generated by the adder is loaded into the accumulator. Shifting
is implemented by displacing the sum generated by the adder one bit right or left when
loading it into the accumulator.

Accumulator. The accumulator (A-register) is an 18-bit register; it communicates, in
parallel, with the adder and the data bus. The accumulator also communicates serially
with the Q-register for shifting operations, such as multiplication, division, and

doubte-length shifts. The accumulator holds the results of most arithmetic operatidns;
it is used to communicate with the input or output registers.

MuLtiplier-Quotient.Register. The multiplier-quotient register (Q-register) is an 1B-bit
register that communicates, in parallel, wi.th the data bus and, serially, with the

accumulator. The Q-register holds the least significant half of the double-length
product after multiplication, and initially holds the least significant half of the double-
length dividend for division. After division, it holds the unrounded quotient. For
double-length shifting operations, the Q-register is logically attached to the Iow-order
end of the accumulator. After execution of a transfer and set Q-instruction, the Q-
register holds a transfer instruction with an address field set to one greater than the

location of the transfer and set Q-register instruction.

Input-Output Subassembly. There are four basic types of registers in the input-output

@ipp1ecounter,shift,andstatic.TheseregisterSoperate
independently of tlie central computer, except when they are accessed during execution
of an input or output instruction. All transfers of data between the central computer and

the input-output registers are in paral1el. The PGNS Euler angles are accumulated in
three 15-bit integrator registers. The integrator registers shift 15 bit positions at
512 kc upon receipt of each input pulse, serially adding or subtracting one from the
previous count. The integrator registers are set lo zero by an external signal. ASA
gyro and accelerometer pulses are accumulated in six 11-bit counters (in the AEA),
which are set to zero by the central computer. A 4-bit DEDA register, an 18-bit input
telemetry register, a24-bit output telemetry register, and a 15-bit output register
time-shared for altitude and altitude rate are all used as shift registers. The remain-
ing registers (digital-to-analog converter registers and discrete input and output
registers) are static registers. The discrete output register is modified by setting or
resetting specific bits within the register with specific output instructions.

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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2,2.3,2.3 Data Entry and Display Assembly.

The DEDA is used to control the AGS modes of operation manually, to insert data
manually into the AEA, and to command the contents of the accessible AEA memory to
be displayed on numeric readouts. OnIy 512 of the 4,096 words stored in the AEA
memory are DEDA accessible. The DEDA consists of a keyboard, logic circuits,
electroluminescent displays, and driving circuits. The controls and indicators
associated with the DEDA are listed in section 3.

Data input to the AEA, via the DEDA, consists of nine-character code. The first
three characters form the address entry, in octal form; the fourth is the sign (+ or -);
and the remaining five characters represent the data, in decimal or octal form. DEDA
inputs to the AEA are listed in table 2-12. Before entering data, all nine characters
must have been entered into the AEA. When requesting a readout, three numerical
pushbuttons (0 through 9) are used. This three-digit code represents the address and

is displayed on the upper portion of the readout. The seleeted information from the AEA
memory is displayed on the lower portion of the readout. Tab1e 2-13 contains the
DEDA-accessible outputs.

TabTe 2-12. Data Entry and Display Assembly - Inputs

Address Code Definition Range Quantization Remarks

047

053

231

240

241

242

244

245

24

254

Sine of landing
azimuth angle

Cosine of landing
azimuth angle

Launch site radial
distance from
center of earth

Orbit insertion tar-
geted injection altitude

Vertical pitch steering
altitude threshold

LM initial position,

X-component

LM initial position,

Y-componerA

LM initial position,
Z-component

CSM initial position,
X-component

CSM initial position,
Y-component

CSM initial position,
Z-component

LM epoch time (AGS

referenced)

N/A

N/A

33, 554, 000

feet

33, 554, 000

feet

33, 554, 000

feet

+33,554,000
feet

+33,554, 000
feet

*33,554, 000

feet

+33,554,000

feet

+33,554,000

feet

+33,554, 000
feet

4,369
minutes

10

10

10

10

10

3

J

10

10

10

3

10"

0. 1

page 2.2-ez Mission 
oH#fl"'' *^JJS}TS.I 

r1"I3""""?X83" 
t"3Iiil15""



LMA79O-3-LM 3

APOLLO OPERATTONS HANDBOOK

SUBSYSTEMS DATA

Address Code Definition Range Quantization Remarks

26A

26'j.

262

264

265

266

2'.t-*

277

301.

302

306

310

3i,1

ot l

316

311

LM initial velocity,
X-component

LM initial velocity,
Y-component

LM initial velocity,
Z-component

CSM initial velocity,
X-component

CSM initial velocity,
Y-eomponent

CSM initial velocity,
Z-component

CSM epoch time (AGS

referenced)

Desired absolute time
of CSI maneuver

Desi::ed fixed absolute

tim.e of TPI, or mid-
course rnan€uvers

Desired TPI time for
CSI computation

Desired LOS angle be-
tween LM and CSM at

TPI time, for CSI com-
putation

Desired yaw angle
(about +X-axis) to main-
tain S-band communica-
tions

Rendezvous offset time

Desired LM transfer
time for direct inter-
cept transfer routine

At time increment from
present time to TPI or
to CDH

Radar range

Absolute time

+32,767 fps

+32,767 fps

*32,767 fps

+32, ?67 fps

+32,767 fps

+32,767 fps

4,369
minutes

4,369

minutes

4,369
minutes

4,369
minutes

20" to 75'

+30

136 minutes

1iJ6 minutes

136 minutes

4,369
minutes

1

1

1

1

1

0.1

0. 1

0. 1

0. 1

0. 01

0.01

0.01

0.01

0.01

0.0L nm

0. 1

Table 2-^12. Data Entry and Display Assembly - Inputs (cont)
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Address Code Definition Range Remarks

400

400

400

400

400

400

400

407

,110

4L0

410

410

410

+10000

+20000

+30 000

+40000

+50000

]{0000

+70000

+10000

+00 000

+1 0000

+20000

+30000

+40000

Attitude hold function

Guidance steering func-
tion

Acquisition function

IMU alignment function

Lunar allgrrment func-
tion

Body-axis alignment
function

h-flight calibration
funetion

Accelerometer calibra-

Freezes external aV
reference into inertial
reference frame

Orbit insertion

Coelliptic sequence

initiate

Constant Ah

Direct transfer titne
increment TA constant
(TPI search)

Direct transfer fixed
time of ignition
(TPI execute)

Nondecimal
input

Nondecimai
input

Nondecimal
input

Nondecimal
input

Nondecimal
input

Nondecimal
input

Nondecimal
input

Nondecimal
input

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Program auto-
matically sets

attitude hold
function upon -\GS

engine cutoff,
completlon of

fX[U alignment,
or completion oi
calibration,

Program auto-
matically sets

guidance steer-
ing function upon

receipt of abort

stage signal.

Program auto-
matically sets
this function upon
detection of
ullage.

Table 2-L2. Data Entry and Display Assembly - Irrputs (cont)

I

L

I
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400

+00000

N/A

N/A

N,/A

I

I

I

t

I

i

I

I

I

t

I

I

i

I

I

t
I

I

j

I

I

i

I

I
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Table 2-72. Data Entry and Display Assembly - Inputs (cont)

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM

Address Code Definition Range Quantization Remarlis

410

411

4tl

412

472

472

412

4t2

413

473

4t4

414

4t4

4t4

475

4L6

476

+50000

+00000

+10 000

+00 000

+1 0 000

+30000

+40000

+70 000

+00 000

+1 0000

+00000

+10000

+20 000

+30000

+00000

+00000

+10000

External aV

DPS or RCS burn

APS burn

Reset error indicator
or reinitiate testing.

Test successfully
completed

Logic test failure

Memory test failure

Logic and memory test
failures

Normal position

Store lunar azimuth and

reset lunar surface flag.

Navigation initialization
complete

Initialize LM and CSM

via downlink.

Iritialize LM via DEDA

Initialize CSM via DEDA.

Program reset. Normal
value of store Z-axis
direction cosines command

CDH at first crossing of
LM orbit line of apsides

CDH at second crossing
of LM orbit line of

apsides

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Program auto-
matically sets

code +00000 upon

AGS engine cut-
olf.

DEDA entrv
causes data to
be stored.

Content of acl-

dress '113 is on1;''

reset bY con-
puter porver
tum-on sequence .

Ilcset to zero
u,ithin 2 seconds

by radar Iilter
equations 

"

Mission 114 3 Basic Date 1 Januarv 1968 Change Date

L



LMA?90-3-LM 3

APOL LO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

Address Code Definition Range Quantization Remarks

417

417

450

45L

452

455

455

503

504

505

506

540

54t

542

544

545

+00000 Select CDH at apsidal

crossing.

+10000 Select CDH at CSI 180"

or 360"per address 416

Component of external
aV in horizontal direc-
tion pa.rallel to CSM

orbit plane

Component of external
AV in horizontal direc-
tion perpendicular to
CSM orbit plane

Component of external
aV in radial direction

+00000 Altitude-rate scaling
for lunar orbits

+10000 Change altitude rate
scaling for earth orbits.

Radar range rate

Vertical pitch steering
altitude-rate threshold

Targeted radial rate
at orbit insertion

Orbit insertion targeted
injection horizontal
velocity

X-axis aceelerometer
bias

Y-axis accelerometer
bias

Z-axis accelerometer
bias

X-gJro drift compensa-
tion constart

Y-gyro drift compensa-

tion constant

N/A

N/A

+32,767 fps

+32,767 fps

+32,767 fps

N/A

N/A

+32, 767 fps

+32,767 fps

+32, ?67 fps

*32,767 fps

N/A

N/A

N/A

N/A

N/A

1 fps

1 fps

1- fps

N/A

N/A

1 fps

1 fps

1 fps

1 fps

N/A

N/A

N/A

0.01" /hr

0.01" /hr

Plus display in-
dicates VG in
posigrade direc-
tion.

Plus display in-
dicates VG

opposite to LM
angular momen-
tum vector.

PIus display in-
dicates VG

toward earth.

TabLe 2-12. Data Entry and Display Assembly - trputs (cont)
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Address Code Definition Range Quantization Remarks

546

547

Z-Wro drift compensa-
tion constant

Lunar align azimuth cor-
rection

N/A

o. o1'lhr

N/A

Table 2-12. Data Entry and Display Assembly - Inputs (cont)

DEDA Operation. DEDA operation is initiated by pressing the CLR pushtutton. .This
ena5ies daiA^entr-y with the numerical pushbuttons (0 through 9). As each numerical
pushbutton is pressed, its code is placed in a register for display in the order in which
the pushbuttons are pressed. When the appropriate number of characters is entered,
the ENTR or READOUT pushbutton can be pressed without generating an operator
error.

The following paragraphs contain the operating procedures for the DEDA, using the

front panel pushbuttons and electroluminescent readouts. Before performing these

procedures, the appropriate cabin switches must be set to the on position; the AC BUS

B: AGS (panel 11); STAB/COITII: AEA, and ASA circuit breakers (panel 16) must be

closed; and the AGS STATUS switch (panel 6) must be set from STANDBY to OPERATE

Data Insertion. The sequence of operations for inserting data into the AEA via the

DEDA is as follows:

o Press and release CLR pushbutton

This operation clears the DEDA and blanks all lighted characters. The
CLR pushbutton must always be pressed before any DEDA entry.

o Press and release three consecutive numerical pushbuttons

This operation identifies the address of the AEA memory word location
into which the data are to be inserted.

Press and release pushbutton that eorresponds to sign (+ or -) of data to
be inserted.

Press and release desired five consecutive numerical pushbuttons that
correspond to the numerical value of data to be inserted (decimal or octal,
as appropriate for entry). Refer to table 2-L2 for DEDA inputs (addresses).

Verify entry by comparing electroluminescent display with desired address
and desired numerical value.

o Press and release ENTR pushbutton.

At this time, the word is entered into the AEA and the address and data
displays are blanked.

o

a

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
Mission LM 3 Basic Date 1 Januarv 1968 Change Date PaBe.@-
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Address Quantization Range (Nominal) Description Symbol

2lt

)1n

230

,n a

)l)

276

301

303

305

307

311

31,1

oaD

377

arl

340

10"

-3
1o

a
10"

,-3
t{)

0. 1

0.1

0.1

0.1

0. 01

0.01

0.01

0.01

0.01

0.01

0.01

0.1

1

3
10

1

3
t0

10
3

10

10

+1380 to
-1380 nm

33,554,000 ft

(5x10

(4x10

4
ft)

6
fps )

1s x ros tt;

(4,369 min)

TBS

(4,369 min)

(4,369 min)

360 "

360'

+90' to -90"

TBS

TBS

TBS

TBS

1380 nm

+32,767

to -32,767 lps

32,554, 000 ft

+32,767 to
-32,767 fps

+33,554,000 to
-33,554,000 lt

+33,554,000 to
-33,55.1, 000 It

+33,;54,000 to

-33, s54,000 lt

Perigee altitude of predicted L\{ transfer tra-
j ectory

Out-ol-CSNl-orbit plane displacement in orbit
ins ertion

Initial p perturbation

Constant in linear expression for i. as a

Iunction oI r^ 
|

I

(eP) limiter

Best predicted time from CDH to TPI

Desired AGS time oI CSI maneuver

Predicted absolute time of CDH maneuver

Nominal AGS time oI TPI maneuver

Predicted LOS angle at TPI time

CSI iteration .rror in LU/CSNI relative
central angle

Angle betu,een local horrzon a-nd LM Z-axis

Time from TPI to rendezvous

Time-to-go until CSI maneuYer

Time to rendezvous

Time-to-go untii CDH naneuver in CSI mode

Range from LII to CSf,I

Range rate

LM altitude

LM altitude rate

LX[ altitude

X-component oI LX{ position

Y-com.ponent of LM position

Z-component of LNI position

q1

T
CO

t
igA

" LOS

C
0

t

Tt

Tr

R

R

h

I

h

Y
x

Y
v

Y
Z

Table 2-13. Data Entry and Display Assembly - Acsessible Data
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Table 2-13. Data Entry and Display Assembly - Accessible Data (cont)

GUIDANCE, NAVIGATION, AND CONTROL

SymbolRange (Nominai) DescriptionAddress Quantization

0.1

3

3

3

1

1

1

1

1

1

1

1

10

10

10

10

1

L

0. 01

0. 1

3
10

3
10

1

1

Perigee altitude of present LM trajectory

X-component of CSM position

Y-component of CSM position

Z-component of CSM position

Predicted orbit insertion burnout altitude

X-component of LI'I velocity

Y-component of LX,I velocity

Z-component of LNI veiocity

X-component of CSXI velocity

Y-component of CSM r.eloclty

Z-component of CSXI velocity

l{agnitude of Lll velocity to be gained

a\,' for CDH maneu\rer

Coast time from CSI to CDH

Absolute time

Di{ferential altitucle ln coelliptic orbit

Predicted value of out-of-CSXI-orbit position

Desired final r,a.1ue of altitude rate

Nlagnitude of LX,I velocity

Range rate bet$,een LNI atrd CSM (negative

display -, Lli,I closing on CSI'I)

LI\,I altitude rate

r

q

Y
cx

Y
CZ

V
x

V
v

V
Z

V
cx

V
cy

V

t

f

V

vf

,f

CZ

d\.-o

Y
cy

vc

V
po

t.*o

345

346

360

361

ooa

364

.Jb ll

366

367

440

J lt)

405

406

+33,554,000 to
-33,554,000 ft

+33,554,000 to

-33,554,000 ft

+33,554,000 to

-33,554, 000 ft

+33,554, 000 to

-33,554,000 ft

)32,767 to
-32,767 fps

+32,767 to
-32,767 fps

+32,767 to
-32,767 fps

+32,767 to

-32,767 fps

-32,767 to
-32,767 fps

+32,767 to
-32,767 fps

+32,767 to
-32,767 fps

(32,767 fps)

(32,767 fps)

(136 min)

33,554,0oo ft

33, 55.1, 000 ft

33,554,000 fps

+32,767 to

-32,767 fps

+32,767 to

-32,767 fps

4,369 rriin

+1380 to
-1380 nm

Mission LM 3 Basic Date 1 January 1968 Change Date , ,-oo
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Address Quantization Range (Nominal) Description Symbol

441

454

456

468

464

4'13

477

500

501

502

507

626

527

534

535

536

537

540

541

542

544

1

1

1

I

1

1

1

1

1

1

1

1

1

1

L

1

1

1

1

L

0.01

+32,767 to
-32,767 fps

(+25 fps)

(+1,000 fps)

(+32,767 fps)

+32,767 to
-32,767 fps

(-1,833 fps)

(+32,767 fps)

+32,767 to

-32,767 fps

+32,767 to
-32,767 fps

+32,767 to
-32,767 fps

+32,767 to

-32, ?67 fps

+L0 to -10'/hr
(0'lhr)

LM velocity normal to CSM orbit plane

VO threshold on engine cutoff computations

Set value of VO

Radial velocity at CSI

Minus descent stage capa.bility plus AV

expended

Descent stage aV bias

Total direct transfer velocity to rendezvous

X-axis component of velocity to be gained to
engine shutdown

Y-axis component of velocity to be gained to
engine shutdown

Z-axis component of velocity to be gained to
engine shutdown

aV for CSI maneuver

Set value of V,

Upper limit on r,

Compensation and scale factor constant for
X-axis accelerometer

Compensation and scale factor constant for
Y-axis accelerometer

Compensation and scale factor constant for
Z-axis accelerometer

Compensation constant ior X-gyro spin axis
mass unbalance drift

Compensation eonstant for X-axis accelerom-
eter bias

Compensation constad for Y-axis accelerom-
eter bias

Compensation constant for Z-axis accelerom-
eter bias

X-gyro drift compensation constant

v
v

t
r_

5

v
dx

vt

AV
gx

AV
sv

AV
gz

v
o

Table 2-13. Data Entry and Display Assembly - Accessible Data (cont)

i
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l
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Table 2-13. Data Entry and Display Assembly - Accessible Data (cont)

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM

Address Quantization Range (Nominal) Description Symbol

545

5&

550

551

ts?

555

556

564

565

566

514

602

604

61L

612

616

6!7

624

62L

622

624

625

6%

627

0.01

0.01

octal

octal

octal

@t,,l

octal

octal

octal

octal

N/A

@t,l

N/A

1

N/A

octal

octal

octal

octal

oetal

oetal

oetal

octal

octai

TBS

TBS

+10 to _10../hr

(0'lhr)

+10 to -10"/hr
(0"/hr)

(-16 radians)

(0.002 ftlsecg)

(-0.005 ftlsec3)

(0.125 fps)

(10 fps)

(0 radians)

N/A

TBS

N/A

N/A

(3)

(150)

(5)

(15 sec/cycle)

l25l

(0.1)

TBS

Y-gyro drift compensation constant

Z -gyr o drift compensation constant

C ompens ation constant f or attitude -rate sca le
factor error of X-gyro

Compensation eonstant for attitude-rate seale
factor error of Y-gyro

Compensation constant for attitude-rate scale
,*t" *::: of z-gyro

Limit on Yd

Lower limit onT'.
d

1,9y61. limif or A 6

Initial value and limit of 46

Caat angle of engine in pitch plane

Descent section staging flag

Cant angle of engine in yaw plane

Lunar surface flag (positive if in fLight)

Predicted value of altitude rate

StaSinC sequence counter

Number of 2-second cycles for voltage test
delay

Gyro calibration time duration

Controls iterations of p-iterator

Accelerometer calibratiOn time

Sta-ging times (1 eount per 40 milliseconds)
to maintaiu attitude hold momentarily after
staglng

Consta-ut in altitude and altitude-rate 200-
millisecond readout

FDAI computation singularity

X-axis alignment gain constant

Iarnar alignment constant

Mission LM B Basic Date 1 Januarv 1968 Change Date 2.2-l0L
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Address Quantization Range (Nominal) Description Sytnbol

bJ1

632

633

6 3,1

bJl)

636

641

612

643

641

645

b4b

651

652

tl SJ

654

655

657

660

661

666

octal

octal

octal

octal

octal

octal

octal

octal

octal

octal

octal

octal

octal

octal

octal

octal

octal

octal

octal

octal

octal

octal

octal

octal

octal

Lunar alignment constant

Lunar alignment stop, error criterion

Calibration gain constant

Calibration gain constant

Navigation sensed velocity threshold

Accelerometer calibration gain constant

Gravitational constant

Reciproc aI of grar.itati onal c onstant

Filter velocity uncertaintl' term

Coelficient in linerr cxlr'ession [or r.
as a lunction o-L r- 

I

1

Coefficient in er,aluation of cost

Factor to decrease J 
D̂

Factor to incr-ease -\ -tl

Constanr error ierm in radxr. liller

Veloc ity-to-be-gaincd t h le s hold

Initial position errol' \'af idnce

lnitial velocity error variance

Radar error model constant

Factor in T^ compulstion
b

Factor in T- computation
b

Ascent engine cutoff impulse compensation

Lower limit on a-
1

Ul1age threshold

Limit on body attitude errors

Product of lunar rotation rate and 20-mil1i-
second compute cycle period

Table 2-13. Data Entry arrd Display Assembly - Aceessible Data (cont)

I

\-

pase' 2.2-LOZ *r"",o,ou"'#T""' 
*oJJSrtT?il'rH?" t1-,il#o""

T

I

I

I

i

\-



tMA?90-3-LM 3

APOLLO OPERATIONS HANDBOOK,

SUBSYSTEMS DATA

Data Readout. The sequence of operations for reading the contents of an AEA memory

ceII is as follows:

a Press and release CLR pushbutton.

This operation initializes the DEDA and blanks all lighted characters. The

CI,R pushbutton must always be pressed before any readout.

Press and release three consecutive numerical pushbuttons.

This operation identifies the address of the AEA memory core location
from which data is to be extracted. The address is in octal form; it must

not exceed'thb number 704. If a number largef than 704 is entered into
the address, the DEDA readout willrbe extinguished when the READOUT

pushbutton is pressed. Refer to table 2-13 for data that are DEDA

accessible from the AEA:

Verify entry by comparing electroluminescent address with desired

Press and release READOUT pushbutton

After the READOUT pushbutton has been pressed, the displayed quantity

and its address are updated twice per second. The astronaut can hold a

value'on the display.bg pressing the HOLD push'button. This value is held
on the display until the READOUT pushbutton is pressed (at which time the

displayed quantity'is updated twice per second) br until the CLR pushbutton

is pressed (at which time the DEDA is initialized for the next command

and the displays are blanked).

Data Verification. Verification that data are being properJ.y transferred between the

DEDA and AEA is obtained as follows:

Fress and release CLR pushbutton.

Enter readout address 412 by pressing and releasing 3 pushbutton three
times in succession and then pressing and releasing READOUT pushbutton.

Read and interrogate output display.

Clear address 412 by pressing and reieasing CLR pushbutton.

Enter +0 into address 412 b5 pressing and releasing pushbuttons in follow-
ing order:

4, t, 2, +, 0, 0, 0, 0, 0, and ENTR.

o Read out address 412 by pressing and releasing 3 pushbutton three times
in succession and then pressing and releasing READOUT pushbutton.

o Examine readout of address 412.

Readout of +10000 indicates that AGS has passed self-test and is ready for
further flight operation. Readout of +30000 indicates that AGS has failed
Iogic portion of self-test; readodt of +40000, that AGS has failed memory
portion of seU-test; and readout of +?0000, that AGS has failed logic and

memory portions of seH-teSt. Readout of +00000 indicates that seU-test
procedure has not been performed properly and that the first five steps
should be repeateel. '

a
:'.

a

GUIDANCE, NAVIGATION, AND CONTROL
Basic Date 1 Januarv 1968 Change DateMission LM 3 Page 2.2-L03

L a



LMA79O-3-LM 3

APOLIJO OPERAfiONS HANDBOOK
SUBSYSTEMS DATA

Decimal Point Location. There is no decimal point indication on the DEDA. To use
the AGS correctly, the astronauts must have knowledge of the quantization of the decima-l
quantity being entered or read out. This information is given in table 2-13.

Operator Error. The OPR ERR light on the DEDA display panel goes on if the operator
makes any of the following errors.

Nine pushbuttons are not pressed and the ENTR pushbutton is pressed.o

o

a

o

a

a

e

a

The 8 or 9 pushbutton is pressed while loading the address portion of the
word.

The + or - pushbutton is not pressed in the fourth position of the nine-di.git
word.

Three pushbuttons are not pressed and the READOUT pushbutton is
pressed.

The READOTIT pushbutton is pressed alter more than three digits have
been entered.

More than nine pushbuttons have been pressed since the last pressing of
the CLR pushbutton.

The + or - pushbutton ls pressed in other than the fourth position.

A quantity is being read out and the ENTR pushbutton is pressed.

The following operator errors do not cause the OPR ERR light to go on.

o II a number greater than 704 is entered into the address portion of the
display along with other numbers to be entered, the DEDA exhibits an odd
display when the ENTR pushbutton is pressed. The numbers shift and
several entry slots are blanked.

lf a number greater than ?04 is entered into the address portion of the
DEDA and the READOUT pushbutton pressed, the DEDA is btanked.

If an octal quantity is entered with a digital greater than 7 or of a number
greater than its allowable range is entered via the DEDA, a computer-
processing error results. If the address is read out, the display is
different than what was entered.

Address values greater than 704, used for progr;rm instructions, cannot be entered into
the DEDA. If such entries are attempted, the symptoms described in the preceding
paragraph occur. Normal operation is restored by pressing the CLR pushbutton.

General Operation of Abort Guidance Section.

Control of the LM by the AGS depends on the settings of various cabin switches
(figure 2-34) and on DEDA entries. tn addition, attitude control, using the RCS, must
be under guidanee steering direction (ROLL, PITCH, and YAW switches on panel 3
set to MODE CONT).

For the AGS to effect guidance steering (not merely attitude hold) and engine control,
the GUID CONT switch (panel 1) must be set to AGS and the MODE CONTROL selector
switch (panel 3) mubt be set to AUTO. For nominal DPS operation, the ENG ARM
switch (panel 1) is set to DES and the engine srART pushbutton (panel 5) is pressed.
For abort DPS operation, the ABORT pushbutton (panel 1) is pressed to arm the
descent engine. Ascent engine operation is similar to descent engine operation, except
that the ENG ARM switch is set to ASC. For APS operation in abort situations, with

o

2.2.3.2.4

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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thg descent stage attached, the ABORT STAG.E pushbutton (panel 1) is pressed to arm
the ascent engine. If the ABORT or ABORT STAGE pushbutton is not pressed, AGS

control is limited to attitude hold.

The MODE SEL, ATTITUDE MON, ana nAtf /fRR MON switches (panets 1 and 2)

afe used to monitor AGS maneuvers. When these switches are set as indicated in
figure 2-34, tlne FDAI's, X-pointer indicat6rs,- and the ALT and ALT RATE indicators
diqplay the information required to monitor AGS operations.

The AGS STATUS switch provides power to the AGS when the AC BUS B: AGS cir-
euit breaker (panel 11) and the S'IAB/CONT: ASA and AEA circuit breakers (panel 16)

are closed. " With the AGS STATUS switch set to OFF, closing the ASA circqit breaker
causes the ASA to be in a temperature-controlled condition. Closingthe AEA.circuit
breaker causes povr'er to be applied to the AEA. Closing the AGS ciicuit breaker
applies 115-volt (rms). 400-cps power to th6,AGS power supply.

Initial conditions for AGS operation re'quire that the AGS STATUS svritch be set to
STANDBY, then to OPERATE. The time between closing the circuit breakers and set-
ting the AGS STATUS switch to OPERATE. should be 40 minutes; for at least the last
25 minutes, the switch should be set to S{XANDBY. Degraded performance is availa.ble
after 10 minutes inthe standby mode. ,Wtrbnthe AGS StetUSlwitchis setto OFF, the
AEA has no functional capability. After 20 Seconds in the standby mode, the AEA can
accept the CDU zero signal and integrate the PGNS Euler anfle changes. Complete
AEA capability is a-fforded when the switch is set to OPERATE. In the operate mode,
the AEA enters a core-priming routine that ensures that the memory is magnetized
properly.

AGS operations are performed mainly through two DEDA addresses: 400 and 410.
(Refer to table 2-t2.) Address 400 is the AGS submode selector; address 410, the
guidance routine selector. The selected routine is computed every 2 seconds, regard-
less of'the submode selected. The AGS does not respond to orient the LM in accordance
with the routine selected, unless the guidance steering submode (DEDA entry 400 +

10000) has been selected.

When the LM is under fuII AGS control, ttie engine-on signal cannot be generated
unless the guidance steering submode is selected. The engine-on signal is gener:ated

automatically aJter ullage has been seirsed for three (EEDA accessible constant) con-
secutive computer cycles (2 seconds per cycte). The'AGS recegnizes ullage to have
occurred when the average acceleration in the +X-direction exceeds 0.1 fps2. (ttre
average acceleration is .DEDA accessible. ) The ASA (containing the accelerometers) is
located ahead of the center of gravity (in the +X-direction). Therefore, LM rotations
cause sensed accelerations in the -X-direction. .For this reason, LM rotations calnot
cause the AGS to sense that ullage has occurred.

When the LM is not under full AGS control (neither the ABORT nor ABORT STAGE
pushbutton has been pressed, or the MODE CONiI,ROL selector switch is not set to
AUTO, or the GUID CONT switch is not set to AGS), the AGS issues engine commands
(on or off) that duplicate actual engine operation.

Under full AGS control, the ascent or desceilt engine is commanded off automatically
when the velocity to be gained in the +X-direction is less than the nominal ascent engine
thrust decay velocity and if the total velocity to be gained is less than a prescribed
threshold (a DEDA accessible constant currently set at 100 fps). This dual check main-
tains the engine on if an abort occurs during powered flight with the LM incorrectly
oriented for the abort maneuver and the velocity to be gained large (greater than the
100-fps threshold).

When the velocity to be gained (LM under full AGS control) is less than 15 fps and
the sensed thrust acceleration level"in the +X-direction is greater than 0.1 fps2, the
desired thrust direction is fixed in inertial space (a form o1 attitude hold). If this were
not done, the LM desired attitude might go through an undesirably wide excursion in an
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2.2.3.2.5

attempt to achieve perfect vqlocity cutoff conditions. Large attitude variations near the

end of a maneuver are undesirable. The velocity cutoff errors incurred by fixing the

desired attitude before engine cutoff are small. After the maneuver is completed,

small cutoff errors can be removed (if desired) by the axis-by-axis velocity trim
capability of the AGS.

The LM descent stage is staged (when the AGS is in control) by pressing th-e ABORT

STACE pushbutton. ThJstaging sequence begins only when engine-on commands are

issued. During a thrusting maneuver' the staging sequence begins immediately upon

[ressing ttre AEOnt STAGE pushbutton (assuming that all panel controls that transfer

Lontrol-ot ttre LM to the AGS have been set properly). The AGS senses sufficient

average thrust acceleration throughout the staging maneuver to maintain ullage. When

ttre AGS receives verification from the CES that the ascent engine is on, the AGS enters

the attitude hold submode automatically. After a prescribed interval, between zero 
-and

10 *g;# (DEDA-controlled, presently set at 1 second), the AGS enters the normal

guidance steering submode automatically-

when the PGNS controls the LM (GUID CONT switch set to PGNS), the AGS is in

the fotlowup mode. ManuaL control of the LM by the astronauts (MODE CONTROL

switch set [o ATT HOLD, attitude controller out of detent) also causes the followup

signal to be routed to the AGS. In the followup mode, the AGS follows the PGNS by

"ootirrg 
engine commands (on or off) in accordance with ascent or descent engine opera-

tion anld piovides zero attitude control error signals. The AGS provides attitudejllor
signats (iorresponding to the AEA guidance solutions) for FDAI display when the PGNS

isLn control, the MODE CoNTROL selector switch is set to AUTo, tne et!tJ-u!r.-
MON switch is set to AGS, and the RATE/ERR MON switch is set to LDG RDR/CMPTR.

The selected modes (with their submodes) and the selected routines are discussed

in detail in paragraphs 2.2.3.2.5 and 2.2.3.2.6, respectively.

Abort Guidance Section - Modes of Operation.

The AGS modes of operation are inertial reference, alignment, attitude reference,

and initialization. These modes are selected by DEDA operation a-fter the ASA has

warmed up for 30 minutes, the AGS STATUS switch is set to OPERATE, and the STAB/

CONT: AEA circuit breaker is closed.

Inertial Reference Mode. When the AGS is in the inertial reference mode, it provides

ffiandenginecommands(onandoff),whichareusedfor
vehicle stabilization atd,/or for directing vehicle abort. The inertial reference mode is

always in one of the following submodes:

o Followup

o Guidance steering

o Attitude hold

o CSM acquisition.

Followup Submode. In the inertial reference mode, with the followup signal present,

the AGS is in the followup submode. In the followup submode, the AGS can perform

the following functions:

o Maintain an inertial reference frame and provide total attitude signals for
display

o Maintain the attitude error signals to the CES at zero (If automatic and

followup discretes are present, error signals are computed. )

GUIDANCE, NAVIGATION
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Use accelerometer inputs from the ASA to calculate LM current position
and velocity in the inertial reference frame

Solve the LM abort guidance problem, using a specific guidance scheme

Accept initializing information from the PGNS downlink or the DEDA

Command the engine on if the ascent engine-on signal or the descent
engine-on signal is present, and command the engine off otherwise.

Guidance Steering Submode. The guidarce steering submode is entered by keying
address 400 and the value +10000 on the DEDA. Guidance steering orients the LM so

that its thrust vector points in the desired direction for achieving the objective of the
selected guidance routine. The LM X-axis orientation also depends upon which engine
is used. The RCS engines are assumed to thrust along the LM body axes. If the
descent engine is used, the thrust vector is assumed to be along the +X-axis. If the
ascent engine is used, the thrust vector is displaced from the +X-axis by an amount
equal to the nominal cant of the ascent engine.

Because of thrust alignment errors, the actual thrust does not lie exactly along the
nominal direction. Small velocity errors at engine cutoff may result. The cutoff
errors are sensed by the AGS. If desired, velocity errors sensed at cutoff can be
removed through axis-by-axis thrusting (AV residual removal).

When the ascent engine is used, the equations that compensate for the canted engine
are used. This is accomplished via the DEDA. The address 411 and the value +10000
are entered. This is done before active AGS guidance steering, to achieve desired
orientation of the thrust axis. When the ascent engine is ignited, the canted thrust
direction is selected by the AEA, regardless of the value of the address 411 entry.

The AEA correction for the canted engine is adjusted by two octal constants, one for
pitch and one for roll. The constants are preprogrammed into the AEA, but are DEDA
accessible so that they cal be changed during the mission. The pitch constant is
entered with the address 566. The value of the constant is entered in octal radians; it
should be positive if the canted engine causes a thrust acceleration cOmponent along
the +Z-axis. Similarly, the roll component is entered in octal radians via DEDA
address 602. The sign of the value entered should be pooitive if the cant of the engine
causes a thrust acceleration component along the +Y-axis.

The AGS aligns the LM thrust vector along the desired thrust vector. The LM Z-axis
is normally driven parallel to the CSM orbit plane. If the +X-axis points ahead of the
Iocal vertical, the Z-axis lies below the local horizontal. If the +X-axis is behind the
local vertical, the Z-axis lies above the 1ocal horlzontal" If the X-axis is vertically
upward, the Z-axis is pointed horizontaily Iorward. If theX-axis is pointed vertically
downward, the Z-axis is directed horizontally opposite to the direction of motion.

The desired +Z-axis orientation is a continuous function of X-axis orientation. The gain
in E* decreases toward zero as the +X-axis approaches a perpendicular orientation with
respect to the CSM orbit plane. When the +X-axis is perpendicular to the CSM orbit
plane, Ex = 0 for any orientation of the +Z-axis.

A DEDA-accessible constant (306) has been made available to cause the LM to. assume
a desired yaw orientation about the X-axis to maintain S-band communications. The
effect of this is to cause the Z-axis no longer to be oriented parallel to the CSM orbit
plane (except when the X-axis is perpendicular to the CSM orbit plane). DEDA input
306 is quantized at 0.01 in decimal degrees; it should not exceed +30o to -30o. Vatues
of this constant other than zero should be avoided when the velocity-to-be-gained vector
is primarily in the cross-plane direction. In general, this situation should arise only
in the direct transfer routine. It could occur, however, during the orbit insertion rou-
tine if the abort occurred on a laterally perturbed trajectory late in powered ascent,
with the velocity-to-be-gained vector primarily in the cross-plane direction. The

a

o

o

a
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effect of this situation, coupled with a constant whose value is not zero, could be a
continuous rotation about the X-axis at a rate of 5o per second.

AGS steering orientation, before engine ignition, falls into two categories:

o CSI, CDH, External AV

Before initiation of these maneuvers, the desired attitude of the LM is
established in the local horizontal coordinate system.

o Direct Transfer (TPI and Midcourse)

If the .A.GS is in a direct transfer guidance routine and guidance steering
was selected, the LM wiil orient itself to the desired attitude in inertial
space and stay fixed in inertial spaee.

The AGS can maintain the LM at any attitude in a local vertical coordinate frame during
free flight; this is called orbital rate pitch steering. In particular, the LM can be
pitched at the orbital rate to maintain the X-axis along the local horizontal. To accom-
plish this, the externa-l AY guidance routine and the guidance steering submode of opera-
tion are used.

The X-axis coui.d also be maintained horizontal by using the CSI guidance routine and
guidance steering, because the CSI maneuver is horizontal. This procedure is suitable
for use betweenthe orbit insertion phase and the CSI maneuver phase because the
desired calculations (CSI) will be performed at the same time. However, if the calcu-
lated CSI maneuver is a retrograde maneuver, the +X-axis would point backwards aad
the Z-axis would be pointed outward along the local vertical and not toward the lunar
surface.

The guidanee steering submode consists of automatic and semiautomatic steering opera-
tions. Semiautomatic steering is accomplished before a maneuver with the AGS operat-
ing in one of the guidance steering submodes. The steering commands are computed to
orient the LM for the chosen maneuver. When the descent or ascent engine ignites, the
AGS is said to be in automatic steering operation. One difference between semiauto-
matie alld automatic steering is that the engine is on during automatic steering.
Another difference between semiautomatic and automatic steering is that the ullage
condition must be satisfied before automatic steering can be used. The ullage condition
is satisfied when the accumulated velocity increments along the LM X-axis exceeds 0. 2
fps for ea.ch 2-second computer cycle, for three consecutive cycles (total of 6 seconds).

During automatic steering, the AGS provides attitude error output signals and engine
commands, wh.ich are necessary to guide the LM to a rendezvous with the CSM. During
this steering operation, the AGS performs the following functions:

Maintains an inertial reference frame and provides total attitude signals
for display

Uses accelerometer inputs from the ASA to calculate LM current position
and velocity in the inertial reference frame

e Solves the LM abort guidance problem, using a specific guidance scheme.

During semi.automatic steering, the AGS generates attitude error commands (computed
and issued every 40 miliseconds) to orient the LM to the desired thrust direction. An
engine-on command is generated when this maneuver is completed, provided the engine-
on si.gnal is present and the ullage condition is satisfied. In addition, the AGS performs
the following functions:

e Maintains an inertial reference frame and provides total attitude signals for
display

o
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Uses accelerometer inputs from the ASA to calculate LM current position
and velocity in the inertial reference frame

Solves the LM abort guidance problem, using a specific guidance scheme

Commands the engine on if the ascent engine-on signal or the descent
engine-on signal is present, and commands the engine-off otherwise.

Attitude HoId Submode. The attitude hold submode maintains any selected attitude. The
AGS issues steering (attitude error) commands (computed and issued every 40 milli-
seconds), which cause the LM to maintain (within the deadband selected by the DEAD
BAND switch on panel 3) the same inertial attitude that existed when the submode was
entered. The attitude hold submode can be entered by setting the MODE CONTROL
selector switch to ATT HOLD or by keying address 400 and the value +00000 on the
DEDA. If the DEDA is used, the AGS issues the engine-off command when in active
control. The descent and ascent engines carurot be used in this submode.

The attitude hold submode is entered in the absence of the other inertial reference sub-
modes and at the following times during a mission a.bort:

a

a

a

a

During staging as signaled by the ABORT STAGE pushbutton and a-fter
receipt of the ascent engine-on signal for 1 second

At iiftoff from the lunar surface (subsequent missions) and thereafter for
1 second after receipt of the ascent engine-on signal

At termination of guidance during an abort or midcourse correction.

During the attitude hold submode, the AGS performs the following functions:

Maintains an inertial reference frame and provides total attitude signals
for display

Uses accelerometer inputs from the ASA to calculate LM current position
and velocity in the inertial reference frame

Solves the LM abort guidance problem, using a specific guidance scheme

Accepts initializing information from the PGNS downlink or the DEDA

Commands the engine on if the ascent engine-on signal or the descent
engine-on signal is present, and commands the engine off otherwise.

CSM Acquisition Submode. The CSM acquisition submode is entered by keying the
address 400 and the value +20000 on the DEDA. In this submode, the AGS orients the
LM Z-axis toward the AGS-computed LOS to the CSM. Normally, this submode is used
before taking radar data; descent or ascent engine thrusting cannot be accomplished in
this mode. With the Z-axis pointed in the direction of the CSM, the X-axis is oriented
parallel to the CSM orbit plane. I{ the CSM is ahead of the LM, the +X-axis will be

above the local LM horizontal plane. If the CSM is behind the LM, the +X-axis will be
below the local horizontal plane.

During this submode, the AGS performs the following functions

Maintains an inertial reference frame and provides total attitude signals
for display

Uses accelerometer inputs from the ASA to calculate LM current position
and velocity in the inertial reference frame

a

a

a

o

a

o
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o Solves the LM abort guidance problem, using a specific guidance

scheme.

The CSM acquisition submode accommodates updating of AGS navigation computations

with rendezvous radar inputs. The radar data consist of range and range rate and a

code entered when radar pointing error with respect to the Z-axis is nulled. At least

six data points, spaced no more than 4 minutes apart, are used. The radar data are

keyed into the AEA via the DEDA.

Alignment Yodq. Alignment consists of initializing the AEA to obtain an attitude

reierence to a desrred inertial reference. In response to an alignment submode instruc-
tion (a DEDA entry), the inertial reference frame is aligned to a reference frame of

the three alignment submodes: IMU alignment, lunar alignment, ald body-axis

alignment.

The IMU alignment submode aligns the AGS direction cosines to the attitude reference

determinedbyPGNSEulerangles0' e, andd. (Seefigure2-35.) Thelunaralignment
submode uses the local vertica-l sensed by the Y arrd Z accelerometers and a previously

stored azimuth angle (a1), which is updatedfor lunar stay (subsequent missions) by

the correction factorA6, for an attitude reference frame. The body-axis alignment sub-

mode uses current LM attitude as the attitude reference.

The AGS causes the attitude error signals to the CES to be reduced to zeto during the

alignment mode.

IMU Alignment Submode. The IMU alignment submode is used when AGS alignment is
to be accomplished, using PGNS Euler angles. This submode is entered by keying

the DEDA (400, +30000, and-ENTR); it can only be entered when the PGNS is operative.
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Lunar Alignment Submode. The AEA is aligned so that the computational inertial
reference axes (Xi, Yi, Zi) coincide with the axes of a selenocentric coordi.nate frame
with the X-axis along the lunar local vertical (positive outward from the lunar center)
and the Z-axis direction conceptually obtained by crossing the unit angular momentum
vector of the CSM orbit with a unit vector along the X-axis. Compensated velocity
increments from the ASA Y and Z accelerometers are used todeterminethelocalvertical
with respect to the instantaneous LM coordinates.

The LM azimuth angle with respect to the CSM orbit plane at lunar touchdown is deter-
mined by storing, upon command of the DEDA, the AGS azimuth reference as defined by
appropriate elements of the transformation matrix. An azimuth correction angle is
subtracted from the stored reference to compensate for the effects of lunar rotation
during lunar stay and for any CSM plane.changes. The azimuth correction angle (a a),
which updates the inertial Z-axLs direction, is inserted via the DEDA (address 547)
before lunar alignment. This factor is provided to the astronauts via voice li"nk.

The lunar alignment submode is entered by keying 400, +40000, and ENTR on the DEDA.
The astronauts can store the landing azimuth of the touchdown point by keying 413 and
+10000 on the DEDA.

Body-Axis Alignment Submode. For the body-axis alignment (orbital alignment) sub-
mode, the AGS inertial reference frame is made coincident with the LM axes. Body-
axis alignment is achieved by keying 400, +5000, and ENTR on the DEDA. To terminate
this submode, the LM Pilot keys 400 and +00000 on the DEDA.

Attitude.Reference Mode. The inertial attitude reference is maintained in a 3-by-3
matrix (orthonormal transformation), which relates LM coordinates (X, y, and Z) to
the inertial coordinates (Xi, Yi, and Zi). The matrix is not constant; it varies with
time as the LM axes rotate about the inertia-L axes. The incremental changes in the
angles between the LM axes and the inertial axes are measured by gyros at ZO-
millisecond intervals. After compensation for drift and scale factor error, the gyro
outputs, incrementaL changes in angles (ar1, a y Y., a y z)t are used to update the
dire ction cosine s at 2 0-m illisecond inte rvals.

Initialization Mode. The initialization mode consists of two submodes: navigation
EiTEiUmn, affiTim e ini.tiali.zation.

Navigation Initialization Submode. The AGS accepts initialization inputs from the PGNS
downlink (automatic) or from the DEDA (manual). Data are accepted when an initiaLized
instruction has been entered through the DEDA during an unpowered flight phase of the
mission. Data shall not be inserted during LM powered flight. Initialization is
referenced to the AGS absoLute time base and the AGS inertial reference frame at the
time of initialization. Upon completion of initialization, an initialization-complete
indication is generated and may be displayed via the DEDA upon request.

Epherneris data from the LM and CSM are inputs for initialization. These inputs are
initialized automatically via the PGNS downlink by entering 414, +10000, and ENTR
on the DEDA. Completion of automatic initialization is indicated by the DEDA address
and data indicators being set back automatically to 414 +00000. LM ephemeris data are
initialized manually, using the DEDA.

The PGNS downlink data provide LM and CSM position, velocity, and epoch time, which
are used to initialize LM navigation and CSM orbit parameters (state vectors). The
data are provided in the AGS inertial coordinate frame. The LM aad CSM epoch times
are in the same time base as the AGS absolute time. The sequence in which the PGNS
downlink data are used to initialize the AEA is given in table Z-14.

l
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Ilitialization
Sequence Description

DEDA
Address

1

2

3

4

5

6

7

8

9

10

11

12

13

t4

15

It)

17

Identification rvord

LM X-position, AGS coordinates

LM Y-position, AGS coordinates

LM Z-position, AGS coordinates

LM epoch time (most sigrificant)

LM X-velocity, AGS coordinates

LM Y-velocity, AGS coordinates

LM Z-velocity, AGS coordinates

LM epoch time (least significant)

CSM X-position, AGS coordinates

CSM Y-position, AGS coordinates

CSM Z-position, AGS coordinates

CSM epoch time (most significant)

CSM X-velocity, AGS coordinates

CSM Y-velocity, AGS coordinates

CSM Z-velocity, AGS coordinates

CSM epoch time (Ieast significant)

414

240

24L

242

254

260

261

262

254

244

245

246

272

264

265

266

Table 2-14. PGNS Downlink Data Update Sequence

The sequence of the 17 words occurs at a basic rate of 50 words per second. The se-
quence is not interrupted. The word formats of the 17 downlink words are as follows:

Bit No. 0 1 2 3 4 5 6 4
I o I 10 11 t2 13 L4 16 71

ID Word 0 0 0 0 0 0 x x x x x x x x x x Y Y

Data Word 1 S x x x x x x x x x x x x, x x Y Y

X = 0 or 1, Y = Not applicable, S = Sign bit (0 or 1).

A stop pulse discrete, which is set after a new downlink word has been inserted into the
downlink input register, will be available to the program. The stop pulse discrete i.s

reset upon reading the downlink input register. The time interval between stop pulses is
20 milliseconds. The program interrogates the stop pulse discrete twice per 20-
millisecond cycle, with at least a l-millisecond separation. The input register is read
only if the stop pulse discrete is set to ensure that the input register is not read while
data are being shifted into the input register.
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2.2.3.2.6

The three components of LM position are entered by keying address codes 240, 241, and

242, and the value and sign of the data, on the DEDA. The three components of LM
velocity are entered by keying address codes 260, 261, and 262, and the value and sign
of the data, on the DEDA. The LM epoch time (a multiple of 6 seconds) is entered by

keying address code 254 on the DEDA. Keying 414 and +20000 on the DEDA completes
initialization. When initialization is completed, the AEA is set back automatically to the
attitude hold submode, as indicated by the DEDA display (414 + 00000).

Manual initialization of CSM ephemeris data is identical with that for the LM, except for
the address codes. Refer to table 2-13 for the correct code.

Time Initialization Submode. Initialization of AGS absolute time consists of entering an

absolute time of zero into memory. This is accomplished by keying 37? on the DEDA.
AGS absolute time is not Iimited to zero, except by procedures.

A time tag, referred to as epoch time, is associated with each state vector. Primary
system time, referred to as ground elapsed time (GET) is referenced to the time of
lift-off. Therefore, the epoch times are the values of GET at which the state vectors
were determined. The LGC clock has a capacity of approximateLy 2.7 million secondsl
the AEA clock, approximately 0. 26 million seconds. This disparity requires a pro-
cedure for modifying the epoch time transmitted from the LGC to the AEA at initializa-
tion. Because the AEA does not require launch time, it is possible to modify epoch
time with a subtractive time bias. This bias is the GET at which the AEA clock is
started.

The procedure requires entering a verb in the DSKY and establishing an absolute time of
zero on the DEDA. At the desired initialization time, the two ENTR pushbuttons are
pressed simultaneously. The absolute time in the PGNS at the initialization time be-
comes the AGS time bias and may be read out in hours, minutes, and seconds via the
DSKY. This time bias must then be subtracted from all subsequent times entered into
the AGS (if the times are referenced to GET).

Abort Guidance Section - Guidance Routines

The AGS program contains the following guidance routines

o Orbit insention

Coelliptic sequence initiation (CSI)

Constant delta altitude maneuver (CDH)

Terminal phase initiation (TPI)

External a V.

The routines are selected, using the DEDA. Refer to table 2-15 for the address and
function of each guidance routine. Guidance calculations associated with the selected
routine are completed every 2 seconds of the submode selected. The LM, however, will
not maneuver in accordance with the selected routine unless the AGS has control of the
LM and the guidance steering submode is selected.

Before beginning guidance operations, the AGS must be aligned and initialized with
LM and CSM ephemeris data. Entry of LM and CSM ephemeris data is required because
every guidance routine uses these data in the guidance and steering computation. Nav-
igation data must be updated throughout the mission, using PGNS downlink data, the
DEDA, or RR data. Navigation data must also be updated before CSI and TPI maneuvers.
Propellant expenditure is highly dependent on the accuracy of these maneuvers.

a

a

o

a

I

\
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Address Routine Function

410 + 00000

410 + 10000

410 + 3000rr

4:.0 + 40000

1+10 + 5i)000

Orbit insertion

CSI maneuver

CDH maneuver

TPI search

TPL r:xecute

Externe.l A V

Engine and steering commands are generated to drive LII to specified
orbit injecLion conditions.

Iingine and steering conmands are generaled to establish approp::iate

LNI-CSI!'I phasing at TPI time.

Engine and steerino-. comn'rands are generated to drive I-X'I into orbit that
js cocllipl"ic uith CSll .

AGS er.aiuates vafious direct transfer renclezvous solut:ons. Astronauts
seiect desired solutiori. Thlustins is not perfor:med riith',:his routine,

Engine and steerrng conm,ar.rds aie generated to cause Lf,l lo be on CSII

intercept traj ector'1,',

Engine and steering commaniis are generatcd to perform extelnall]r
specified thrust rraneuver.

Table 2-15. Abort Guidance Section - Guidance Routines

Crbit Inserticn ll.outine. The orbi.t insertion 1'.,)utine provicies artitude commands and
engine-off cornmands to obtain predetermined cutoff conditions, 'illiese conditions are
ciefined by the iollowing ta.rgeting parameters entered into the.,\Ea via the DEDA:

Ii:sertion alti.tucie; DEDA address 34?

Magnitude of the horizontai component oI inertiai velocitll ai trurnout; DEDA
address 50?

e H.adial veloci.tv at burnout; DEDA adoiess 423,

l'he a.ttitude commands provide yaw steering ci the LNi ir:ic thi; CSNI or-oii piane by the
ti;re the cutof{ conditions:lre attaineci. Tl.re capabi}it-: oi sieering out a r,,,edge angle
+f up tc 2" is provideC" (ass',:ming sufficient r V). \'viren the '',e1ci:ity t.: go to cutoff
I rlr., reaches a preseiected threshoid, ugrciatiirg of tiie commanded attitude is tern-rinated.
i he-erigine is con-rmandc'd off when r Vq rea-ches tire ilomirlal. ascent engine tailcif velocity
tirresirold and the total vr:locitv-to-go ir i""= tnarr 100 ips.

-tgqiltlti.l_?_S!gtse1lfii?tiqlEorlliry' Coeiliptic i:endezvous is initi:rted by the CSI bulrr,
foi.iorved by CDH marlelly{.r1'. The magnitude oI the CSi bu;'n ts compured so that, alter
the CSI and CDH maneu\iers. the LX,I arri\:es ar, the desired'1'FI time rvitir the desired
I-,OS angle to the CSM. The CSI and CDH mane'(1iers are comiruted il the AGS X-Z
inertia.l plane. The CSI routine col.:rputes the nagnilude of ihe horizcn'LaL r.elocity incre-
rneni (parallei to the CSM orbit'. 1: ri:) requireci to satisfv tai:geting conditions.

One of the targeting conditiorir -rr .:o CSI maLreuver is the AGS lime of the CSI routine.
I'his cntry is::rade, using DEDA adciress 2?5. Time to go until the CSI rnaneuver can
ire obtained b;,: reading ont acidress 312 on the DEDA,

.A-fter the C;a{ inaneuver has con\rerged to a soiution, the time fuom the CSI to CIIH can
l.:e ohtained b'; utilizing address 3?3 on the DEDA. Time until CDH (',vhen Iess than 136
rrinutes) can also be obtained by using address 315. Other times available in the CSI
routine are listed in ta.bie 2-13 (addresses 2?4, 301, and 377).

Another targetlng condition is the angle that the orojection of the LM-CSL{ LOS on the
)i-Z i.*ertial piane nrakes with the LM local horizontal at the desireC TPI time (positive,
:neasured clockwise frnnr the locaI horizontal forrvard of the LM rvhen looking in the
lirection of the + Y 1ne rtial" axis)

tt
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The CDH burn is performed at the time determined by the CSI routine. This time is the

predicted time of LM arrival at the first or secorid crossing oI the LM orbit line of
apsides, following the CSI burn. A DEDA input (416 + 10000) specifies whether CDH

maneuver will be performed at the second crossing. Otherwise, it is assumed that the

CDH maneuver will be performed at the first crossing. If the predicted radial rate
(i5) is nearly zero at CSI coast, it is posdibte that the subsequent coast orbit wouid be

circular. Selection of first or second apsidal crossing becomes meaningless for a

circular orbit.

The CSI routine is repeated three times every 2 seconds. The routine computes, and

makes available for readout via the DEDA, the follorving parameters:

o CSI iteration error

o Time from CDH tb TPI

o Predicted differential altitude in the coelliptic orbit

o Predicted coelliptic burn a V magnitude

o Sign and magnitude of predicted horizontal (CSI) aV

o Predicted time from CSI to CDH.

The CSI routine provides a real-time commanded attitude. The CS horizontal eV solu-
tion is valid at CSI time tisg. When real time (t) becomes greater than tin6, the CSI

routine is computed in rea'I. time.

Coelliptic Maneuver Routine. The CDH routine computes, in real time, attitude com-
mands and velocity increment required to make the LM and CSM orbits coelliptic. The
CDH routine provides commanded attitude such that the horizontal component of
vehicle X-axis thrusting is parallel to the CSM orbit plane.

The CDH routine is selected after completion of the CSI burn, by keying 410 and +20000
into the DEDA. When this occurs, targeting is accomplished automatically for the CSI
routine, by the CSI computations. The CDH soiution is computed for future time,
predicted during the CSI routine, until real time exceeds the predicted burn time. The
solution is therea-tter computed in real time.

If the CDH maneuver does not follow the CSI maneuver, the time to go until the CDH
maneuver must be entered as a targeting constant. This is accomplished by keying
address 315 on the DEDA. Addresses 274, 301, and 377 are timing quantities available
in this mode. (Refer to table 2-13. )

Terminal Phase Initiation Routine. The TPI maneuver begins the direct transfer to
rendezvous. There are two direct transfer routines: one, primarily for mission plan-
ning (tnl search);the other, for performing the maneuver (TPI execute). The Iatter
routine can also be used for mission planning if desired. In general, the routines are
used together, in sequence, to perform the TPI maneuver.

During mission planning, the object is to determine when direct transfer should occur.
This determination is based upon achieving the desired LOS angle between the LM and
CSM. Once ignition time is determined, the AGS is switched to the alternate direct
transfer routine and the maneuver is performed.

This routine is used in the coelliptic rendezvous scherrre, following the CDH maneuver
The CSI and CDH maneuvers are performed so that, at the nominal TPI time, the
phasing between the LM and CSM is such that the desired LOS angle is achieved.

Because of errors in the AGS (due to sensors, navigation, maneuver execution, etc),
the desired LOS is not achieved at exactly the targeted TPI time. To determine when
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the desired LOS will be achieved and, thus, when to perform the maneuver, a direct
tra:rsfer search guidance routine is availa-nle in the AGS (DEDA entry 410 + 3000) .

During this rotitj.ne, the astronauts deterr:rine total veiocity required to renciezvous, and

perlorrn the TPI maneuver based upon achieving a desirable value (TBD) oI i.ot;rl velocit;:;
The alternate direct transfer guida:rce routine iDEDA entry 410 + 40000) is used t<:

actually per{orm the maneuver.

External a V Routine.. The exlernal aV routine accepts components of a velocity-to-be-
gained vector in local vertical coordinates entered via the DEDA. A commanded attitude
maintains the LM X-axis toward the resultant of the velocity-to-be-gained vectors in
real time, independent of the required burn time. When ullage is sensed, and therea.fter
until the AEA is switched from the external a V, the external aV components remain
fixedininertial space. If the external aV routine (DEDA entry 410 + 50000) is initiated
early or late, the desired orbit at cutoff is not achieved. Large timing errors result in
large differences between the actual orbit obtained and the orbit desired.

The AGS can maintain the LM in any attitude in a local vertical coordinate frame during
free flight. The LM can be pitched at the orbital rate to maintain the X-axis along the
local horizontal, using the external a V routine. A fictitious velocity-to-be-gained vec-
tor is entered via the DEDA to obtain the desired attitude,

2.2.3.2.7 Abort Guidance Section - Selj-Test Routine

The self-test routine continuously checks that the computer logic and memory are
functioning properly. DEDA address 4L2 is used, in conjunction with the test, to indi-
cate test results to the astronauts and to allow resetting of error indicators. If a
readout of address 4L2 on the DEDA is performed, the following outputs are possible:

+10000 - Test successfully completed

2.2.3.3

+30000 - Logic test failure

+40000 - Memory test failure

+70000 - Logic and memory test failure.

An additional output (+00000) permits the astronaut to reinitiate testing and reset
the AGS warning light after failure is detected. When a failure is encountered during
the test, the output in memory location 412 is displayed and the AGS warning light goes
on; future tests are inhibited until testing is reinitiated. The error indicator is reset
or testing reinitiated bf entering +00000 in address 412. The astronauts need not moni-
tor DEDA address 412 periodically, because the AGS warning light (panel 1) provides
a visual indication of an error. However, as part of the AGS furn-on procedure, the
DEDA check should be performed as a partial check of AGS warning light and computer
operation.

Radar Section.

The radar section comprises the RR and LR.

The RR provides LOS range, range rate, and antenna angular rate data to the LGC
and range and range rate data to the AEA, via DEDA entry, for a computer-controlled
(LGC or AEA) rendezvous of the LM and CSM.

The RR also provides LOS angle, angle rate, range, and range rate data for display
in the LM cabin. These data enable the astronauts to effect a safe, manually controlled
rendezvous and docking with the CSM. During the descent engine burn phase of the
mission, the RR is used to track the orbiting CSM should an abort maneuver be required.
RR performance will be evaluated during rendezvous maneuvers of this mission by
comparing RR range and range rate tracking data with predetermined tracking values.
The derived error signals indicate the degree of accuracy of RR ranging and
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2.2.3.3.1

velocity-change sensing. RR sha-ft- and trunnion-axis angles and the IMU gimbal
angles and telemetered RR tracking error information transmitted to MSFN will also
be compared.

The RR is used in conjunction with a transponder in the CSM to acquire ald track
that vehicle. The transponder operates at X-band frequenciesl its horn artenna has

105'by 160' coverage. The RR has three modes of operation: auto track, slew, and
LGC. These modes are used to enable automatic tracking, to enable the astronaut to
slew the antenna manually, and to enable the LGC to control antenna positioning. The
RR antenna is positioned by torquing the antenna-mounted rate gyros through servo-
amplifiers.

The LR provides the LGC and the astronauts with LM slant range and velocity data
wlth respect to the lunar surface, The LGC uses these data to calculate controi signais
ior LM rate of descent, hovering at low altitudes, and soft ianding on the lunar suriace.
The LR is activated at approximately 40, 000 leet above the lunar surface and lelt on
until touchdown. The PGNS starts to use LR slant range at approximately 25,000 ieetl
velocity data, at 10,000 feet. (Because the LM-3 missi.on i.s an earth-orbital mi.ssi.on,
LR perforn.rance will onl.y be monitored. )

Rendezvous Radar. (See figure 2-36. )

The RR, when tracki.ng or locked on to a transponcler, is a continuous-wavecoheien:
systern, which uses phase-lock technioues in the radar and in the transponder. The
radar operates with the LGC and contains a1i the interlace equipment for routing range.
rangc rate, and two anienna angles lshalr and trumiont into the LGC. RE range and
range rate data are also used to update the AEA state vector manually, Range is
determined by measuring the time delay betrveen the transmitted signal a:rd the receir,ed
signal, Range rate is determined by'rneasu-ring the t*'o-u,ay Doppler shift of the carrier
signal received from the transponder, Ra:.ige and range rate ale accepted by the LGC
oniy upon demand. The shaft and trunnion angles are ccntinuously transmittecl into
registers in the LGC. In addition to the RR ouiputs to the LGC, sha"ft and trunnion
angles, LOS azimuth and elevation angular rates, and ra:rge ani range ratearedispia.,,el
in the cabin. The RR has a range capabilitl' from 80 feet to 400 nautical miles and a
range rate capability frorn -4,900 to +4,900 fps,

Tlie RR. consists of an antenna asser-rrblv and an eLectlonics assembly. The anter^rna

assembly converts VHF sig-naJ.s into phase-niodulated microlvave signals and propagates
tliem through space. The return signai frcn'r the CSI!1 t::ansponcier is converted into a:.i

IF signal and sent to the electronics assei-nb11'. The arLtenna assembly locks on, and
continuously tracks. the sourceol the retuln signal. The eiectronics assembly furnishes
crystal-controlled signals, rvhich dr:irre the RR rl'ansllitler aud provide a reference for
prccessing the return signal. The eiectronics assen.rblv nlsr-, suppli.es servo drive sig-
nals Ioi' antenna positioning.

The frequency synthesizer deveicps the llequencr' (i02.,i25 ilc) requirecl fr:r trans-
mission. This frequency is then muitiplied to 9832.8 rnc (X-band) in a rnuitiplier chain
in the antenna assembly and phase modulated br- thlee tones (20C cps, 6,4 kc, alci 204, B

kc) gener:ated 'oy a relerence genera.tor in the rar.rge tracker,

The phase-modulated signal is appiied to the a:rtenna. The radiated energy inci<ient
upon the CSM transponder is processed so that the tones are removed, the frequency is
side stepped, the tones are repiaced, and the energv is returned to the RR antenna.

The return energy from the transponder is received by a four-port feedhorn
arranged in a monopulse configuration. If the transponder is directly in line with the
RR antenna LOS, the return energy is received equally by each of the four-ports of the
feedhorn. If the transponder is not directly in line, the four ports receive signals of
unequal amplitudes. The RF signa-I passes through a circulator to a monopulse compar-
ator, which processes the signal to develop required sum and difference signals.
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The three comparator RF outputs are fed to mixers in the receiver subassembly, where
they are combi.ned with the transmitted f requency to develop three 40. B-mc IF signals.

The preamplifiers of the receiver subassembly contain three channels: trunnion
channel, shaft channel, and sum channel (reference). The X-channel input is the

difference betrveen the energy received by the vertically adjacent parts of the feedhorn.
The Y-channel input is the difference between the energy received by the horizontally
adjacent parts of the feedhorn. The sum channel input is the sum of the received energy

of all four parts of the feedhorn. The outputs of the preampliliers are processed by the

receiver subassembly, in three separate channels. The sum signals, now 6.8-mc IF
signals, are fed to the range tracker subassembly.

The range tracker sequentially compares the phase of the 200-cps, 6.4-kc, and

204. B-kc return modulations with the phase of the reference signal from a reference
counter, to provide range information to the signal data converter. Comparison of the
phase of the return and reference signals provides unambiguous ranging from 80 feet to
400 nautical miles. The range output is fed to the LGC and to the cabin displays.

The sum signal output of the receiver subassembly is also fed to the frequency
tracker subassembly. The received frequency is not constant; it varies with the range
rate between the LM and the CSM. The difference in frequency (Doppler frequency) is
a function of the rate of change of range. By measuring the Doppler frequency, the
range rate may be determined. A frequency tracker subassembly detects the Doppler
frequency by continually comparing the received frequency, after it has been converted
to 6.8 mc in the receiver subassembly, with a reference frequency. A voltage-
controlled oscillator (VCO) in the frequency tracker subassembly is maintained at the
reference frequency plus the Doppler frequency by means of an autornatic phase-lock
loop. Any change in Doppler frequency results in a corresponding change in VCO fre-
quency. The instantaneous.frequency of the VCO is a function of range rate. Range
rate data are fed to the LGC and to the cabin displays.

The Doppler frequency component must be eliminated from the ranging and antenna-
positioning circuits (the X and Y channels) because it would cause inaccuracies. There-
fore, the loop that controls the VCO frequency encompasses part of the receiving cir-
cuits. The loop removes the Doppler frequency from the ranging and antenna-
positioning circuits, but maintains the VCO at the Doppler frequency plus the reference
frequency.

After triple conversion in the receiver, to 1.7 mc, the sum channel signal is com-
pared to the X- and Y-channel signals to obtain drive signals for the antenna. The drive
signals eliminate the antenna-pointing error. This automatic antenna-positioning loop
keeps the RR antenna LOS directed at the transponder. The antenna-positioning loop,
in conjunction with a gyro stabilization loop, compensates for vehicle motion.

The orientation of the antenna, as a result of antenna positioning by the LGC and
gyro stabilization, indicates the direction of the transponder with respect to the LM.
Resolver outputs, indicating antenna position, are fed to the LGC and to the cabin
displays.

Antenna Assembly. (See figure 2-37.) The RR antenna is an amplitude-comparison,
monopulse, directional device that provides accurate and unambiguous range and
range rate tracking information. The 24-inch-diameter parabolic primary reflector
of the radar antenna has a conventional four-port Cassegrainian feedhorn. The radiation
from the feedhorn illuminates a 4.65-inch-diameter hyperbolic secondary refiector
located to reflect the feedhorn-radiated RF energy back to the primary reflector. Use
of the hyperbolic reflector uniformly illuminates the parabolic reflector with RF energy
and results in the formation of a narrow direction beam. The antenna operates in the
X-band region of the microwave spectrum and possesses an overall power gain of 32 db.
The signal radiated from the antenna is circularly polarized to minimize signal losses
due to variations in attitude that occur between the LM and CSM. The antenna beam-
width is 3.25' to 4.00".
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Figure 2-37. Rendezvous Radar Antenna Assembly

The antenna pedestal and the base of the antenna assembly are mounted on the externaL
structural members of the LM. The antenna pedestal incLudes rotating assemblies that
contain radar components. The rotating assemblies are balanced about a sha.ft axis and
a trunnion aris. The trunnion axis is perpendicular to, and intersects, the shaft axis.
The antenna reflectors and the microwave and RF eleetronics components are assembled
at the top of the trunnion axis. This assembly is counterbalanced by the trwmion-axis
rotating components (gyroscopes, resolvers, and drive motors) mounted below the shaJt
axis. Both groups of components, mounted opposite each other on the trunnion axis,
resolve about the shaft axis. This baLanced arrangement requires Iess driving torque
and reduces the overall antenna weight. The microwave, radiating, and gimbaling
components, and other lnternally mounted components, have low-frequency flexible
cables that connect the outboard antenna components to the inboard electronics assem-
bly. A flexible wrap-up system is used at each rotary bearing joint.

The mechanisms of the RR shaft and trururion axes contain resolvers, which transmit
angular changes to the LGC via a CDU. The LGC uses these data in conjunction with
range and rarge rate to update the state vector. The RR also provides analog informa-
tion for use by the astronauts in evaluating the rendezvous phase of the mission.
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Electronics Assembly. The electronics assembly consists of the following subassem-
blies: receiver, frequency synthesizer, frequency tracker, seU-test, antenna control
amplifier, range tracker, signal data converter, and an instrumentation converter.

Receiver Subassembly. The receiver subassembly is an amplitude-comparison, triple-
conversion, three-IF-channel unit that provides azimuth and elevation error signals to
an antenna servo loop when angle-tracking the target with the radar antenna. The
receiver subassembly also functions as an intermediate signal path for received signals,
which are then processed before being picked off by the frequency tracker and range
tracker. An AGC loop in the receiver subassembly provides a constant signal output to
the other subassemblies despite variation in signal input. This ensures that the angle
error is a function of the angle error signals, not a function of signal amplitude. The
receiver subassembly consists of three channels: sum channel (reference), trunnion-
axis difference channel, and sha-ft-axis difference channel,

The receiver subassembly also contains phase-sensitive detectors for generating angle
error signals, an IF distribution amplifier unit for supplying reference channel signals
to the range and frequency trackers, and a local oscillator-mixer for generating the
second local oscillator signal. The second local oscillator frequency is obtained by
heterodyning the frequency tracker YCO output and a reference frequency. This pro-
duces a sum frequency that is 6. 8 mc lower than the incoming 40. 8-mc Doppler-shifted
frequency. At the second mixer, the Doppler frequency shift is removed; all subsequent
signal processing is accomplished at fixed carrier frequencies.

Frequency Synthesizer Subassembly. The frequency synthesizer subassembly supplies
the other RR subassembLies and the antenna assembly with coherent reference fre-
quencies; which provide extreme accuracy and a high degree of stability. Multipiying
and dividing eircuits, local oscillators, amplifiers, and mixers are used in the
frequency synthesizer to provide five output frequencies whose function and destination
are listed in table 2-16.

The frequency synthesizer subassembly contains two oscillators. One oscillator oper-
ates at 142.425 mc; it provides an input to a chain multiplier in the antenna assembly.
The chain multiplier multiplies the input by a factor of 96 to produce the radar trans-
rnitter frequency (9832.8 mc). The other oscillator produces a fundamental frequency
(L.7 mc). After suitabte multiplication and division of this fundamental frequency, the
other frequencies required for RR operation are obtained. (ttre t.7-mc oscillator is
locked in frequency to the 102. 425-mc oscillator. )

Frequency Tracker Subassembly. The frequency tracker subassembly is a phase-lock
loop that detects, acquires, and phase-tracks the received signal from the receiver
subassembly sum channel. In addition, the frequency tracker provides stripped,
Doppler, and Doppler serrse outputs, and frequency lock-on indication.

The frequency tracker phase-locks a VCO with the return sigoal. A streep circuit
varies the VCO frequency across the e><pected Doppler frequency range (-100 to +100 kc).
The presence of a carrier signal within the locking range is sensed by a threshold cir-
cuit, which stops the sweep and permits the VCO to phase-lock. The phase detector has

a 6.8-mc reference signal, supnlieri by the frequency synthesizer subassembly. An
error signal from the receiver. subassembly drives the VCO to a frequency, which,
when mixed with a 27 .?-mc signal at the receiver second IF oscillator, removes the

Doppler frequeney shi-ft from all signals in the succeeding IF stages and assures passage
of the signal through the 1.7-mc filters. The filters have a 1-kc bandwidth.

Self-Test Subassembly. The self-test subassembly is used to perform a quantitative
test to verify proper operation of the RR electronics. Information provided as a result
of the self-test is range, range rate, and angle error data for a 20O-nautical-mile
signal. Basically, the self -test subassembly provides a means for inserting, into the
antenna assembly, signals that simulate RF inputs to the RR. Range rate information
is contained in fixed IF offset of 10 kmc, corresponding to a velocity of 500 fps. Range
information is placed on the crystal oscillator frequency by a varactor phase modulator

GUIDANCE
Basic Date 1 ,

Mission 5111 3

, NAVIGATION, AND CONTROL SUBSYSTEM
Januarv 1968 Change Date

L

L
Page__|-.Z-,LZZ._



LMA790-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

Frequency (mc) Function Destination

5"1

6.8

7 .0125

702.425

Third mixel excitation

Reference siglal

Doppler bias mixer excitation

Second mixer reference

Transmitter excitation

Receiver

Frequency tracker, and range tracker
analog processor

Irequency tracker

Receiver

Antenna assembly, multiplier chain

Table 2-l-6. Frequency Synthesizer - Output Frequencies

driven by three-tone phase shifters. Angle error information is simulated by square-
wave phase modulation of the difference channel signals, which switches the phase of

the difference channels 0o or 180'with respect to the sum channel signal.

The self -test circuits are enabled when the RADAR TEST switch (panel 3) is set to
RNDZ. The RANGE and RANGE RATE indicators drive to 200 nm in range and -500
fps in range rate, and the antenna oscillates in both the shaft and trunnion axes.

Antenna Control Amplifier Subassembly. The antenna control amplifier subassembly
contains amplifi.ers for driving the anterura shaJt- and trunnion-axis servomotors,
amplifiers for driving the gyro torquer coils, and voting logic for selecting redundant
gyros in the event of a primary gyro maUunction. The amplifiers, in conjunction with
the antenna components and receiver subassembly, form an inner and outer closed loop
for each axis. The inner (stabilization) Ioop maintains the antenna boresight axis fixed
in inertial space in the presence of vehicle motion, as sensed by the gyros. The outer
(tracking) Ioop further maintains the antenna boresight on the target, based upon the
summation of tracking error signals from the monopulse receiver. In the designate
mode, the tracking loop is open ahd LGC-designated antenna position data, or manual
slew data, are accepted by the subassembly. The LGC designates the antenna bore-
sight to the target, and supplies an automatic track enable signal for the FLR when
within 0.5o of the computed target LOS. The possibility of side-lobe lock-on is made
negligible by limiting the antenna boresight displacement from the computed target
LOS to within 0.5' before closing the tracking loop. The antenna then continuously
tracks the target by maintaining the monopulse receiver angle error signals at nul1.

The antenna may also be slewed manually, at either of two fixed inertial rates. In this
case, the enable signal required to close the automatic tracking loop is supplied by
setting the RENDEZVOUS RADAR selector switch (panel 3) to SLEW.

The antenna sha-ft and trunnion are positioned by 32-pole, brushless, permanent-magnet-
rotor-type motors. The motors are driven by pulse-width-modulated drive signals
applied to their sine a:rd cosine windings. The direction of motor rotation is reversed
by reversing the motor winding across the pulse-width-modulated drive voltage.

A gyro voting circuit consisting of performance comparison and logic-switching cir-
cuits, automatically detects a malfunctioning gyro and removes it from the control loop.
There are two pairs of gyros; one pair at a time is used to stabilize the antenna. Either
pair can be used. The voting system determines whether the active pair contains a
failed gyro by comparing the output of each of the gyros, three at a time. If a failure
or degradation occurs, the redundant pair is switched automatically into the antenna-
stabilizing network.

Range Tracker Subassembly. The range tracker subassembly determines the range to
the transponder by measuring the relative phase delay between the transmitted signals
and the received signals. The transponder reply signal, alter undergoing dual

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
Page 2.2-L24 Mission LM 3 Basic Date 1 January 1968 Change Date

\-

L



frequency conversion in the R( antenna assembly and receiver subassembly, is applied

as a 6.8-mc signal to the cohelent detector of the range tracker subassembly. This
signal is demodulated in the coherent detector, which uses a 6.8-mc quadrature

reierence. The individual sine-wave signals are extracted from the receiver noise by

use of bandpass filters. The range phase delay, proportional to range, is measured

independently on each of the three signals in a closed tracking loop, using three locally
generated reference square waves each of which has variable phase with respect to the

transmitted signals. The phase of the reference square waves is adjusted until the

reference square waves have matching phase with respect to each of the received
signals. The reference square waves are produced digitally by comparison between a

running high-speed counter and a low-Speed range counter. The low-speed range

counter is driven upward or downward until phase null is achieved in each of three phase

detectors by incremental range pulses obtained from a voltage-to-PRF converter. The

converter is controlled by weighted integration of the three phase-detector error signals.

Signal Data Converter Subassembly. (See figure 2-38. ) The signal data converter
subassembly consists of a computer interface board and an input-output amplifier
board; it provides the electrical i.nterface between the RR and the LGC for range and

range rate data. It also suppties an 18-bit range word for the displays and routes the

RR control signals from the control panel. The computer interface board contains a

15-bit binary counter, a 15-bit shift register,'two strobe gate generators and associated

data transfer logic, and six discrete interface circuits. The input-output amplifier
board contains relay drivers, pulse shapers, a signal shaper, and antenna servo co4trol
logic. Depending on tte cont"ot signals-from the LGC, the computer and input-output
interface board provides either range or range rate data to the LGC.

The LGC requests range data by sending strobe pulses on three Iines at a rate of 3,200
pps. One strobe line supplies a continuous train of reset pulses for timing. A burst
of 256 pulses is sent on a second strobe line to read the range. After a strobe interval
of 80 milliseconds (read tim-e),the LGC sends a burst of readout pulses on a third line
to obtain the data. In this operation, the range data are transferred automatically from
the range counter to the 15-bit shift register. The range data are transmitted to the

LGC in true and complement forms on two separate lines.

The LGC requests range rate data by sending pulses on the reset strobe line and a

burst of pulses on the range rate gate strobe line at a rate of 3,200 pps. Both sets of

pulses are routed through a gate generator to provide three outputs, as follows:

o Reset pulses to clear the 15-bit binary counter

o Range rate gates to control the duration of the counting period

o Transfer pulses to activate the 15-bit transfer logic.

The range data routed to the LGC have two different scalings. Range low scale factor
switching is implemented automatically by the RR at a range of approximately 50.8

nautical miles. For transferring range data to the 15-bit shift register, the RR has an

18-bit accumulator (counter). Only 15 of 18 bits are gated to the shift register, to be

sent to the LGC. Range scaling is a factor in determining whether the 15 least signifi-
carrt bits or 15 most significant bits from the counter are gated to the shift register.
At ranges greater than 50.8 nautical miles, the most significant bits are transferred.
At ran[es less than 50.8 nautical miles, the least significant bits are transferred. The

RR sends a discrete signal (RR range low scale factor) to inform the LGC that low-
scale-factor radar operation is in effect. The low scale factor of the transferred range

data is approximately 9.38 teet/bit; the high sca^le factor, approximately 75. 04 f.eet/bit.
RR scale factor switching does not occur during range data transfer.
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Rendezvous Radar Modes of Operation. The three modes of RR

Instrumentation Converter Subassembly. The instrumentation converter subassembly
provides the following signals, which are obtained as outputs from a power monitor
conve rter and data-no - good/no -track converte r :

Transmitter power output to cabin display (SIGNAL STRENGTH indicator
on panel 3)

o Data-no-good signal to telemetry

o No-track signal to cabin display (NO TRACK Iight on panel 3)

operation are: auto-
matictracking,@andLGCcontroI;therearetwomodes (No. I
and tr) of antenna orientation. Antenna orientation modes No. I and II are initiated by
the astronaut via a I)SKY entry. The relationship between RR anterura radiation cover-
age and each of the three axes of the LM, for modes No. I and If, is shown in figures
2-39 and 2-40. The limits given inthe figures are LGC-programmed limits (limits
permitted by the LGC for automatic operation), not the mechanical limits of the antenna.
For modes No. I and II, there is a tota,l angular shaJt coverage of.225' and trunnion
coverage of 110o. In both antenna orientation rnodes, shaJt tracking limits permit the
radar beam to cover a band from +40'to +60' above the +Z-axis. The trunnion-axis
mechanism permits 70'antenna rotationto either side of the Z-axis at aII sha-tt-axis
positions in modes No. I and tr, but antenna LOS is limited (-55'to +55") about the
Z-axis. The desired RR mode is selected with the RENDEZVOUS RADAR selector
switch.

Automatic Tracking Mode. The automatic tracking mode is selected by setting the
RENDEZVOUS RADAR selector switch to AUTO TRACK. This mode enables the RR
to track the CSM automatically after it has been acquired; tracking is independent of
LGC control. When this mode is selected, tracking is maintained by comparing the
received signals from the sha-tt and trunnion channels wi.th the sum channel signal. The
resultant error signals drive the antenna, thus maintaining track.

Slew Mode. The slew (manual tracking) mode is selected by setting the RENDEZVOUS
RADAR selector switch to SLEW, This mode enables the astronaut to slew the antenna
manually to a position for acquisition of the CSM.

LGC Control Mode. The LGC control mode is selected by setting the RENDEZVOUS
RADAR selector switch to LGC . In this mode, the LGC automatically controls position-
ing of the antenna, initiates automatic tracking once the CSM is acquired, and controls
antenna mode changes. When this mode is selected, the RR sends a RR power-on/
auto discrete to the LGC. Automatic control of RR search and acquisition operation
is provided by the PGNS, which transmits slewing commands to orient the RR antenna.

Antenna Orientation Mode No. I. (See figure 2-39. ) This is the downlook mode. lt is
used during beacon-transponder tracking and rendezvous operations. This mode pro-
vides unrestricted arterma radiation coverage from -70" to +60o with reference to the
Z-axis.

AnteruraOrientation Mode No. II. (See figure 2-40.) This is the overhead mode; it is
used during lunar stay. This mode provides unrestricted antenna radiation coverage
from +40'to +155" with reference to the Z-axis. In this mode, the antenna is rotated
180' about the trunnion axis to obtain the required shaft coverage.

General Operation of Rendezvous Radar. (See figure 2-41.) The first operation of the
RR is angle tracking. The radar antenna is designated at an angle so that its trans-
mitted continuous-wave radiation can be received at the transponder. The shaft and
trunnion resolver outputs are routed through the SHFT/TRUN + switch (panel 1) and the
RATE/ERR MON switch to the FDAI error needles. With the RATE/ERR MON switch
set to RNDZ RADAR, the sha-ft angle signals are applied to the pitch error needle;
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the trunnion angle signals, to the yaw error needle. The SHFT/TRUN 4- switch provides
the scaling (+5"; t50') for the resolver outputs. The shaft and trunnion rates, which
correspond to RR LOS elevation and azimuth angular rates, are routed through the
SHFT/TRIIN+ , X-POINTER SCALE, and RATE/rnn UON switches for display on the
X-pointer indicator. When the RATE/ERR MON switch is set to RNDZ RADAR, the
ELEV RT and AZ RT placarding on the X-pointer indicaJor is illuminated. The X. 1 or
X10 placarding on the X-pointer indicator also is illuminated, depending on the setting
of the X-POINTER SCALE switch.

The transponder, which was previously sweeping in frequency, senses this radiation,
stops its sweep, and phase-locks to the received radar signal. It then transmits a reply
signal whose frequency equals the received signal frequency multiptied by 240/241.
(This frequency is sidestepped from the received signal freqirency by 40. I mc. )

When the boresight of the antenna is within 0.5o of the path of the transponder reply
signal, the LGC provides an auto track enable signal that initiates the tracking function"
This ensures that acquisition cannot occur on a sidelobe. The antenna assembly elec-
tronics provides intermediate frequencies that are converted to lower va-Lues in the
receiver subassembly IF stages. If the RR has been in operation (but has not been under
LGC control) and the RENDEZVOUS RADAR selector switch is set to LGC, the PGNS
redesignates the antenna and issues the RR auto track enable signal.

The position of the transponder with respect to the RR LOS determines the type of
antenna pointing error signal generated. With the RR LOS directly below the trans-
ponder, a Y-coordinate (shaft) pointing error signal is generated in the angle error
detector. (See figure 2-42.) With the RR LOS on either side of the transponder, an
X-coordinate (trunnion) pointing error signal is generated. When fed to the antenna
control amplifier subassembly, the d-c error signal causes the antenna servo system
to provide tracking compensation.qnd thereby reduces the error. An AGS loop in the
receiver subassembly makes the output of the angle error detector dependent on the
antenna angle error, rather than on the amplitude of the signal. The output of the
angle error detector causes the motors of the antenna trunnion and shaJt to position the
antenna so that the boresight is always toward the CSM.

When the strength of the received radar signal is at a certain level, the radar issues
a data-good discrete to the LGC, The LGC, in turn, issues an auto track enable
discrete to the radar electronics. The enable discrete causes the radar to track the
target automatically, independent of LGC control; the NO TRACK light goes off. On
receipt of the data-good discrete, the LGC eommands transfer of range and range rate
data from the RR. During automatic tracking, the RR supplies sha-ft and trunnion angles
to the LGC via the CDU analog-to-digital converters. If the target is lost during track-
ing, the PGNS takes control and positions the antenna in a manner to regain acquisition
and automatic tracking.

If the RR loses the target, the NO TRACK iight (panel 3) goes on, indicating that the RR
is not locked on the CSM. A no-track signal is supplied to the caution and warning
electronics assembly, which turns the RNDZ RDR caution light (panel 2) on.

When the RR achieves lock-on, range and range rate data from the electronics assembly
are routed through the RNG/ALT MON switch (set to RNG/RNG RT) to the RANGE and
RANGE RATE indicators.

If the 6.8-mc IF loop opens, angle tracking stops. The acquisition sweep generator in
the frequency tracker begins to sweep and continues sweeping until acquisition is
achieved and angle tracking is restored.

When operating in the manual tracking mode (RENDEZyOUS RADAR selector switch set
to SLEW), the antenna is positioned manually by the astronaut, using the SLEW and
SLEW RATE switches (panel 3). With the SLEW RATE switch set to HI, the astronaut
can slew the antenna in the direction designated by the setting of the SLEW switch
(UP, DOWN, RIGHT, or LEFT) at a rate of ?'/second until the CSM is acquired.
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2.2.3.3.2

The LO position of the SLEW RATE switch permits slewing at a rate of 1.33"/second.
Once the CSM is acquired, the RR functions in the same manner as in the automatic
tracking and LGC control modes.

The manual tracking mode is used for seU-testing the RR. With the RADAR TEST
switch (panel 3) setto RNDZ, the LGC issues a self-test enable discrete, which enables
the astronaut to monitor the RR. Using the TEST/MONITOR switch (panel 3) and the
SIGNAL STRENGTH indicator (panel 3), the astronaut can monitor the performance of
the AGC loop, transmitter power, and sha-ft ard trunnion error signals.

The astronaut can also monitor the antenna temperature, using the TEMP MONITOR
switch and the TEMP indicator on panel 3. If the antenna temperature exceeds the
temperature limits (-50" to +150' F), the caution and warning electronics assembly
turns the HEATER caution light (panel 2) on.

Antenna Positioning. (See figure 2-43.) When a mode change is required, slewing is
commanded by an LGC program to change orientation. Mode change involves a specific
combination of alternate sha-ft and trunnion slewing (singte-axis control) to move the
antenna to within the tracking limitations of the new mode. Dual-axis control com-
mences a-fter the antenna is at a specific position within the new tracking area, to
position the radar beam for acquisition of the target.

The PGNS gains control of the RR antenna when the LGC receives the RR power on,/auto
discrete. This signal is initiated by setting the RENDEZVOUS RADAR selector srvitch
to LGC. The LGC initializes the control loops by sending the RR-CDU zero discrete
to the CDU (RR channels). This discrete clears the read counters in the trunnion and
sha-ft CDU section and inhibits transmission of incrementing pulses from the read
counters. The error counters are also cleared and inhibited by a logic circuit within
the CDU. The LGC removes the zero discrete to enable the read counters and issues a
RR-CDU error counter enable discrete to enable the two counters. The LGC then
begins sending pulses representative of positioning angles to the digital-to-analog con-
verters. The resulting analog signal is routed to the radar electronics to position the
antenna. The signals are applied to the antenna-mounted gyros, which are torqued,
and the resulting error signals are applied to the servomotors via servoamplifiers.
Position data are obtained from the 1X and 16X resolver signals. These data are
applied to the analog-to-digital converter in the CDU, which converts the data to digitaJ
pulses (a 0 pulses) and routes them to the LGC.

In positioning the antenna to the desired LOS, and LGC commands a maximum slew rate
of.6.75'/second until the LOS is within 7" of the desired direction. Then the slew rate
decreases exponentially to 1.5o,/second. The slew rate decreases proportionally until
acquisition is obtained.

Landing Radar (See figure 2-44.)

The primary purpose of the LR is to control the LM to effect a safe landing on the
Iunar surface. During the LM-3 mission, the transmitted signals are not returned to
the LR antenna because the mission does not contain a landing phase. The primary
mission objective lor the LM-3 LR will be to check for stray returns. The reason for
the check is that the stray returns may have been generated by reflections from the LM
body.

The LM-3 LR contains aII the hardware necessary for a functional lunar landing
radar. The only differences between the two is that certain internal signal flow has
been severed. These changes are shown in figure 2-44 and are denoted by cut lines.

The lunar LR senses the velocity and attitude of the LM relative to the lunar sur-
face by means of a three-beam Doppler velocity senser and a radar altimeter. Veloci-
ties are obtained by measuring the Doppler shift along three beams of microwave
energy. Slant range (altitude) is obtained from a single continuous wave of microwave
energy. Velocity and range data are processed, and made available to the LGC in
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serial binary form and to the LM displays in the form of pulse trains and d-c analog
voltages. For the LM-3 mission the stray returns from any of the beams arg processed
in a similar marlner. Pick-off points in the antenna assembly are provided for IS to
monitor for the stray returns. The stray returns are then amplified and sent to the IS
for telemetry.

The LR, in the descent stage, consists of an antenna assembly and an electronics
assembly. The anterura assembly forms, directs, transmits, and receives the four
microwave beams. Transmission frequency for the three velocity beams is 10. 51 gc;

for the altimeter beam, 9. 58 gc. The electronics assembly contains the circuitry
required for tracking, processing, convertinB, md scaliqg the Doppler returns or stray
returns.

Antenna Assembly. The antenna assembly consists of two interlaced phase arrays for
transmission and four space-duplexed planar arrays for reception. The receiving-
arraybeamwidthsarewider than those of the transmitting arrays. Antenna boresighting
is not critical. The transmitting arrays form a platform on which four microwave
mixers, four dual audio-frequency preamplifiers, two solid-state microwave trans-
mitters, a frequency modulator, and arr antenna pedestal tilt mechanism are mounted.

The LR antenna is mounted to the descent stage by means of the antenna pedestal tilt
mechanism. The mechanism permits.the anterma to be placed in one of two fixed posi-
tions. (See figure 2-45,) With the antenna in position No. 1 (powered descent), the
range accuracy is optimized at 15,000 feet; the velocity accuracy, between 111 000 and
1, 000 feet. With the antenna in position No. 2 (hover), the range accuracy is optimized
at 200 feet. For the lunar mission, the LM will be able to hover at 200 feet for 120

seconds. This will permit the astronauts to select, visually, the most desirable land-
ing site. Antenna position No. 1 is the initial position for the antenna in the descent
profile. When the LM reaches an altitude of 8,600 feet (high gate), the LGC commands
the antenna to position No. 2. The antenna remains in position No. 2 until lunar
touchdown.

Balanced Mixers, In the balalced mixers, the received energy is combined with energy
from the transmitters to perform an RF-to-AF conversion. To retain the Doppler
signal serlse, the received signals are routed through signal-splitting devices and
through the mixers, which are double-balanced (quadrature pair) mixers. The signal
in one channel of the balanced mixers leads or lags the signal in the other channel by
90o, depending on the Doppler sense. The Doppler sense is dependent on whether the
velocity is opening or closing. A closing velocity results in a positive Doppler and has
a +90' Iead signal in the other channel. The balanced mixers produce an AF output.

DuaI Audio-Frequency Preamplifiers. The dual AF preampliflers amplify and process
the AF output of the balanced mixers. The preamplifier outputs are routed to the
frequency trackers in the electronics assembly. Two stages of amplification (55 and 33

db) are used in the preamplifiers. The output of each preamplifier is sarnpled by a
threshold detector. When the output signal level reaches approximately 6.2 vdc, a

solid-state switch is enabled and 4 low-gain indication signal is routed to the respective
frequency tracker. With the switch'enabled, the 33-db amplifier is bypassed and the
Doppler signal is amplified only by the 55-db amplifierr

Velocity Sensor Transmitter. The velocity sensor transmitter is a continuous-wave-
radar velocity transmitter. It operates at 10. 51 gc (X-band) in conjunction with an
electronically tilted, transmitting, broadside-arr-ay antenna. The reflected X-band
energy in each beam is frequency shifted in proportion to the relative velocities and
beam angles of the LM and the reflecting surfaces. The velocity sensor transmitter
has a self-contained, crystal-controlled oscillator.

Altimeter Transmitter. The altimeter transmitter is an FM/CW transmitter, which
does not contain an oscillator. The transmitter receives its input, which is a sawtooth
signal that is frequency modulated at a repetition rate of 130 cps, from the frequency
modulator. The altimeter X-band (9.58 gc) microwave energy is applied to the antenna.
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The transmitted energy is continuously sampled, and mixed with any returned energy.
The resultant difference of the mixing process (range frequency) is proportional to the
sawtooth frequency deviation rate, and is two times the distance to the reflecting
surface. In addition to range frequency, there is a frequency component (Doppler) due
to relative velocity along the altimeter beam. This Doppler component (D4) is propor-
tional to velocity along the altimeter beam and adds to, or subtracts from, the range
frequency, depending on the velocity. A closing velocity results in a positive Doppler
signal.

Frequency Modulator. The frequency modulator output is a sawtooth FM signal that is
modulated at a repetition rate of 130 cps. The average center frequency of the modu-
lator is 99.8 mc; average output is 14 millivolts. Use of the two FM deviation rates
provided depends on the altitude at which the LR is used.

Antenna Pedestal TiIt Mechanism. The antenna pedestal tilt mechanism serves as the
electrical and mechanical interface between the antenna assembly and the LM. The
mechanism places the antenna in either of two operating positions. The antenna is
positioned by a tilt actuator, which is controlled manually by setting the LDG ANT
switch (panel 3) to the desired position, or automatically by an LGC command if the
LDG ANT switch is set to AUTO.

The tilt actuator is a reversible d-c motor with internal limit switches that remove
drive power once the extreme of either position is reached. Travel time of the actuator
is approximately 10 seconds. Antenna position is indicated to the LGC by a discrete,
which is generated by the closing of a set of switch contacts on the antenna pedestal.
The contact closures provide antenna position 1 and position 2 discretes to the LGC,
and to the IS for telemetrv.

Electronics Assembly. The electronics assembly contains frequency trackers (one for
each velocity beam), a range frequency tracker, a velocity converter and computer, a
range computer, a signal data converter, and a data-good/no-good Iogic circuit. The
electronics assembly for fully operational LR provides the LGC with digital outputs that
correspond to the range along the altitude beam and velocity in relation to LM coordin-
ates. The LR will supply accurate data from 18,000 feet to near lunar touchdown. It
has provision for hovering and negative speeds. SeU-check devices within the LR
enable operational checks of the entire LR without radar returns from the lunar surface
The astronauts can evaluate the LR operational status at any time during the mission.

Velocity Frequency Trackers. The velocity frequency tracker circuits convert the out-
puts from the antenna assembly AF preamplifiers to discrete frequency components,
which are processed by the velocity and range data computers. Doppler sense repre-
sentative of opening or closing velocity is interpreted and preserved through the
frequency trackers, and a tracker lock-on indication is given to the LGC when a signal
of proper characteristics and amplitude is acquired (for LM-3 this signal is present for
ary stray return).

The velocity frequency trackers are divided into three subassemblies, one for each main
velocity beam. The three subassemblies, used to track the three Doppler velocity
sensor beams, are identical.

Range Frequency Tracker. The range frequency tracker operates in a manner similar
to that of the velocity frequency trackers. Preamplifier output, which is the sum of the
range signal and the Doppler signal associated with this signal, is applied to the range
frequency tracker, where it is processed. The main difference between operation of
the velocity frequency tracker and the range frequency tracker is that the range fre-
quency tracker contains a gate that is used to disable the tracking loop. The range
frequency tracker produces two outputs: a tracker lock signal, and a range signal,
which is routed to the range computer.

Velocity Converter and Computer. The velocity converter contains three identical
Doppler-processing circuits (D1, D2, and D3 converters). These circuits synchronize
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the signals and multiply the Doppler frequency by four; indicate Doppler sense; and,
based on Doppler sense, provide an output to the velocity computer. In addition to
the D1, D2, and D3 converters, the velocity converter contains a velocity sensor band-
width control circuit. This circuit is basically a frequency comparator, used to switch
each velocity frequency tracker to its narrow band-pass mode when its output frequency
is less than 1.47 kc and to switch aII the velocity frequency trackers to the narrow band-
pass mode when the altitude is less than 2, 500 feet.

The velocity computer normally converts the beam Doppler products into antenna vel-
ocity coordinate outputs (V;a, Vya, and V2a) and applies them to coordinate computers.
There are three coordinate computers, one associated with each coordinate. The out-
puts of these computers are d-c voltages that are directly proportional to the measured
velocity; they drive the velocity displays (X-pointer and RANGE RATE indicators).
During the LM-3 mission, the velocity computer converts the stray returns into analog
voltages proportional to the stray returns.

Range Computer. The range computer is to calculate the range of the LR and remove
the Doppler effect of the altimeter beam. The Doppler effect is removed by an adder-
subtractor circuit in the computer. The velocity-compensated range signal is then
routed to a frequency comparator and to a pulse shaper and gating circuit. The output
of the range computer is routed to the signal data converter and to the RANGE indicator

Signal Data Converter. The basic function of the signal data converter is to convert the
LR outputs to the 15-bit format required by the LGC. To accomplish this, the signal
data converter uses a 15-bit counter, transfer gates, and a 15-bit shift register. (See

figure 2-46.) The LGC provides the timing signals that sequentialty select the PRF
input to be counted, determine the counting time, and provide the data readout command
required to shift out the contents of the shift register. Before the LGC issues transfer
commands, range (altitude) data-good and velocity data-good discretes must be received
from the radar. During the LM-3 mission these two discretes are present as soon as
the LR is turned on. Upon receipt of these discretes, the LGC issues strobe pulses,
alternately, to the 15-bit accumulator or counter in the signal data converter. This
permits stray return data to accumulate in the counter, depending upon which strobe
Iine is used. The data are then transferred to the 15-bit shift register by an internal
timing pulse. The LGC initiates a readout command, consisting of a train of 15 pulses,
to the shift register. Each bit in the shift register is then transferred to the LGC input
registers over the 0 data line or the 1 data line.

The 15-bit data word is shifted out, most significant digit (MSD) first. The two data
lines permit a parity check of the transfer (serial) functions to be made by the LGC,
because both tines (1 or 0) are not simultaneously high or Iow.

Landing Radar Modes of Operation. The LR modes of operation concern orienting the
LR antenna to either of its two positions. The positions are shown in figure 2-47.
Antenna orientation is determined by the setting of the LDG ANT switch. (See figure
2-48.)

With the LDG ANT switch set to LGC, a motor drive signal is routed to an actuator
motor upon command from the LGC. This position eommand is initiated by an LGC
program when the pitch of the LM is such that the LM is in a vertical descent or
hovering configuration. The position command only changes the anterura from position
No. 1 to position No. 2. The antenna must initially be in position No. 1 for the LGC
to have an active part in antenna positioning. Either position, however, can be com-
manded manually via the LDG ANT switch. The motor drive signal is applied to a
reversible motor, which moves a piston-type actuator to move the antenna. When the
antenna reaches the commanded position, a limit switch opens and cuts off the motor
drive signal. Any movement of the antenna, out of position, closes the limit switch,
driving the antenna back. There are three Iimit switches on the antenna assembly:
two are used in the motor drive linesl the other one, for position indication. Position
indications (position No. I or position No. 2) are sent to the LGC. These discretes
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Figure 2-46. Landing Radar Digital Data Transfer - Functional Diagram

are used- in the LGC for transfolr:raticn of radar data into inertial coordinates, which
are used in guidance computatiir..s,

GeneralOperation of Landing Radar. (See figure 2-48,) Because the LIVI-3 mission is
ameterswiIlon1ybemonitored.operatingpower

will be applied to the LR, and aII critical voltages and temperatures will be monitored.
The LR contains self-test circuits that permit operational checks of the LR without
::ad:ir returns from external objects or the lunar surface. This seU-checking capability
wili be initiated during this mission

The HEATERS: LDG RDR circuit breaker (panel 11) is closed at the launch pad and
ieft closed for the duration of the mission. Activation of the LR heater provides the
necessary heating for survival of the LR antenna comporlents.
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2.2.3. 4

The LR is first turned on and a self-check performed for 5 minutes during LM checkout
before LM separation from the CSM. The self-check is accomplished by first activating
the LR kry ctosing the PGNS: LDG RDR circuit breaker (panel 11); then, after a 1- to
2-minute warmup period, setting the RADAR TEST switch to LDG. This provides a
contact closure, to the radar, which is used as a bit-activate command that permits
generation of internal self-test signals. These self-test signals represent simulated
known Doppler returns, which, after processing through the radar, are made available
to the LGC, and to the cabin displays for monitoring. An additional self-check is per-
formed by setting the TEST MONITOR switch to YEL XMTR and monitoring the SIGNAL
STRENGTH indicator (panel 3) foranoutputreadingfromthetransmitter. The procedures
for checking the LR after separation are covered in volume II of Apollo Operations Hand-
book, LMA790-3-LM 3.

The X-pointer and ALT and ALT RATE indicators indicate the LR operational velocity
and slant range (altitude). The X-pointer indicators display the LM forward and lateral
velccities. These data, generated in the veiocity computers of the LR electronics
assembly, are displayed when the MODE SEL switch is set to LDG RADAR and the
RATE/ERR MON switch is set to LDG RDR/CMPTR. The altitude and altitude rate
generated in the velocity and range computers, respectively, are displayed when the
MODE SEL switch is set to PGNS, andtheRNG/ALTMoNswitchissettoALT/ai,f nt.

The LDG ANT switch enables the astronaut to command the LR antenna to one of its two
positions. A detailed discussion of the use of this switch ls presented in the discussion
of the LR modes of operation. The LR antenna temperature can be monitoredn using
the TEMP MONITOR switch and the TEMP indicator (panel 3). If the antenna tempera-
ture exceeds the temperature limits (-20'to +110" F), the caution and warning electron-
ics assembly turns the HEATER caution light on.

Control Electronics Section. (See ligure 2-49.)

The CES processes attitude and translation signals when operating in the primary
guidance mode or the abort guidance mode.

When operating in the primary guidance mode, the CES performs the following
functions:

Converts RCS commands to the required eiectrical power to operate the
RCS solenoid valves

Accepts discrete (on and off) descent engine gimbal commands and, upon
receipt of an on command, causes the descent engine to move about its
gimbal axes

Accepts LGC and manual engine on and off commands and routes them to
the MPS to fire or stop the descent or ascent engine

Aejepts LGC and manual thrust commands to throttle the deseent engine
LOTo to 92.57o of its range

o Provides manual attitude and translation commands to the LGC

When operating in the abort guidance mode, the CES performs the following
functions:

a Accepts attitude error signals from the AGS, or manual attitude rate
commands from the ACA's and rate-damping signals from the RGA, and
fires the RCS TCA's to achieve attitude control

Accepts manual translation commands and fires the TCA's to acceierate
the LM in the desired direction

a

a

o

a

a
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Automatically gimbals descent engine for trim control

Accepts AGS and manual engine on and off commands and routes them to
the descent or ascent engine

o Accepts manual throttle commands to control descent engine thrust.

The CES comprises two ACA's, two TTCA's, five electronic assemblies and an

800-cps synchronization loop. An ACA and a TTCA are provided in the LM cabin, for
each astronaut; they are right- and left-hand controls, respectively. Thefourelectronic
assemblies include the ATCA, RGA, DECA, and two GDA's. Although they are not
major assemblies, the S&C control assemblies and the gimbal angle sequencing trans-
formation assembly (GASTA) of the CES are discussed in paragraphs 2. 2.3.4. B and

2.2.3.4.9, to provide comprehensive coverage of the CES.

2.2.3.4.L Attitude Controller Assemblies. (See figure 2-50.)

The ACA's are three-axis, pistol-grip controllers, Either astronaut can command
attitude changes, using his ACA. The ACA is installed with its longitudinal axis
approximately parallel to the LM X-axis so that vehicle rotations correspond to astro-
naut hand movement when operating the ACA. Clockwise or counterclockwise rotation
of the ACA about its Iongitudinal axis commands yaw left or yaw right, respectively.
Forward or a.ft movement of the controller commands vehicle pitch down or up, re-
spectively. Left or right movement of the controller commands ro11 left or right,
respectively. The ACA is used tor closed-loop proportional rate commands in the
attitude hold mode and open-loop acceleration commands in the pulse, direct, and hard-
over modes. The ACA performs the foliowing functions:

a Supplies attitude rate commands proportional to ACA displacement, to the
LGC

Supplies an out-of-detent discrete to the LGC and a followup discrete for
the AEA, when the PGNS is in control, each time the ACA is out of the
neutral position

Supplies a followup discrete to the AEA, when the AGS is in control and
operating in the attitude hold mode, each time the ACA is out of the neutral
position. The followup discrete is present at all times.

o Provides a switch for the push-to-talk function, required for communica-
tions.

On subsequent missions, the ACA's will also be used in an incremental landing
point designator (LPD) mode, which is available to the astronauts during the final
approach phase. In this mode, the angular error between the designated landing site
and the desired landing site is nulled by repetitive manipulation of an ACA. LPD signals
from the ACA are directed to the LGC, which issues commands to incrementally move
the designated landing site along the Y-axis and Z-axis.

For ACA proportional control, a 28-volt, 800-cps signal is applied to the primary
coil of each of three proportional transducers. The secondary voltage of each trans-
ducer (one each for ro11, pitch, and yaw axes) is proportionai to ACA displacement
about its input axis. (See figure 2-5L,) When ACA displacement exceeds 0.5o, two sets
of switch contacts close. One set of contacts sends an out-of-detent discrete to the
LGC and a followup discrete to the AEA. The other set of contacts sends a proportional
secondary voltage to the LGC or the ATCA. The output voltages are 0.28 volt degree
of displacement (1'to 11"). Positive rotation commands generate in-phase voltage;
negative commands, 180' out-of-phase voltage.

o

a

a
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Figure 2-50. Attitude Controller Assembly

During attitude control (ROLL, PITCH, or YAW switch on panel 3 set to MODE
CONT) when the minimum pulse mode is selected via the DSKY and the PGNS is in
control, the LGC common applied to the plus and minus switches of the ACA is returned
to the LGC when the ACA is displaced more than 2. 5o. When the AGS is in control and
the pulse mode is selected for a given axis(ROLL, PITCH, or YAWswitchsettoPULSE),
positive or negative d-c voltages are applied to the plus and minus switches of the ACA.
When the ACA is displaced 2. 5o or more from neutral, a positive or negative d-c volt-
age is applied to the ATCA. A positive voltage commands a positive acceleration
(pulsed) about the selected axis; a negative voltage commands negative acceleration.
With the ROLL, PITCH, or YAW switch set to DIRECT, 28 volts dc is applied to two
RCS secondary solenoids when the ACA is dispiaced more than 2.5'.

In any attitude control operation, if the ACA is moved 12o or more in any axis
(hardover mode), the ACA activates four TCA's via the secondary coils. With the MODE
CONTROL selector switch set to ATT HOLD and the ROLL, PITCH, and YAW switches
(one or more) set to MODE CONT, the ACA can commanci LM attitude about the selected
axis or about as many as three axes simultaneously.

Thrust,/Translation Controller Assemblies. (See figure 2-52.)

Either astronaut's TTCA can be used for manual control of LM translation or
descent engine thrust, depending on the setting of the THROITLE-JETS select lever.
The THROTTLE position is selected for translation control, using the descent engine
and the TCA's; JETS, for translation control, using only the TCA's.

'<=>
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Due to the TTCA's mounting position, LM translations correspond approximately
to astronaut hand movement when operating the TTCA. Operating the TTCA to the left
or right commands translation along the Y-axis. Operating the TTCA forward or a-ft

commands translation along the Z-axis. Operating the TTCA up or down commands

translation along the X-axis when the THROTTLE-JETS select Iever is set to JETS.
When the select lever is set to THROTTLE, up or down operation of the TTCA increases
or decreases, respectively, the magnitude of descent engine thrust. Regardless of the

select lever position selected, the TTCA can command translation along the Y-axis and

Z-axis.

A pair of detent switches and a pair of Iimit switches are located about each TTCA
axis; a nonlinear potentiometer is located along the longitudinal axis. (See figure 2-53. )

The detent switches provide a discrete to the LGC when the astronaut operates the TTCA
0. 25 inch out of its neutral (detent) position. The discrete commands the LGC to issue
translation change commands in accordance with the TTCA motion. The limit switches
are used when the AGS is controlling the vehiclel they issue on and off translation
commands directly to the RCS jet logic and driver circuitry. The nonlinear potentiom-
eter provides an electrical output, which is proportional to TTCA displacement, when
the THROTTLE-JETS select lever is set to THROTTLE. These signals are routed to
the DECA to command proportional control of thrust (magnitude). The nonlinear
characteristic provides increased servo characteristics.

2.2.3.4.3 Attitude and Translation Control Assembly. (See figure 2-54.)

The ATCA processes signals from the ACA, TTCA, and RGA in the CES and from
the PGNS and AGS. The ATCA provides control of LM translation and rotation in all
three axes, using the TCA's. Automatic ard manual control are available in the primary
guidance and abort guidanee modes.

The ATCA performs the following functions in the primary guidance mode:

o Under automatic attitude hold control, conditions the TCA commands from
the LGC to the TCA's

Supplies regulated 800-cps power to the RGA, FDAI, and AGS

Supplies regulated d-c power to the DECA, ACA, TTCA, and S&C control
assemblies

o Supplies externally generated pulses to the jet solenoid drivers during the
digital autopilot (DAP) mode.

The ATCA performs the following functions in the abort guidance mode:

o Accepts as inputs 800-cps attitude error signals, command rate signals,
and rate gyro signals

o Sums, amplifies, limits, demodulates, and deadbands engine command
signals to produce vehicle rotation

Combines vehicle rotation and translation commands in logic networks

Determines, by combination of rotation and translation commands, the
appropriate pulse ratio modulator and jet solenoid to be energized. Proper
TCA selection provides the desired rotation and translation.

Supplies external open-loop rotation commands directly to the togic net-
works (direct mode)

Provides trim signals to the DECA

a
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Provides d-c vgltages to the DECA, ACA, TTCA, and the control panel

Provides synchronized three-phase, 800-cps power to the RGA and single-
phase, 800-cps power to the ACA, TTCA, and RGA.

In the primary guidance mode, only the primary preamplifiers are enabled by the
GUID CONT switch. The circuits in the ATCA remain fully active when used with the
PGNS, but automatic and manual steering and translation commaads from the jet selec-
tion logic are inhibited. Regulated d-c power and the synchronized 800-cps power are
still supplied from the ATCA. In this mode, the ATCA amplifies the TCA command
signals from the LGC, provides vehicle rotation rates to the FDAI, and provides
driving-power amplification for RCS jet solenoid actuation. In the abort guidance mode,
only the abort preamplifiers are enabled and TCA signals from the pulse ratio modula-
tors are amplified; the signals drive the RCS primary solenoids. The BAL CPL switch
(panel 1) must be set to ON to enable all 16 abort preamplifiers. If the BAL CPL srvitch
is set to OFF, the four abort preamplifiers that control the upward-firing TCA's (A1U,
B2U, A3U, and B4U) are disabled.

In the abort guidance mode, pitch, ro1l, and yaw signals are processed in three
similar channels. Attitude error signals from the AGS are applied to the ATCA in the
automatic mode and the attitude hold mode with the ACA's in detent. When the DEAD
BAND switch (panel 3) is set to MIN (narrow deadband), the error signals are first
passed through limiters to prevent excessive vehicle rates" The limiters maintain the
vehicle rates at a maximum of 10"/sec in pitch and +5o/sec in ro11 and yaw during
descent or ascent phases. When the DEAD BAND switch is set to MAX (wide deadband),
the limiter is eLiminated. The error signals are next summed with rate-damping sig-
nals from the RGA. In the attitude hold mode, with an ACA out of neutral, proportional
attitude rate commands are summed with the RGA rate-damping signals. The gains of
the summing amplifiers are changed when the LM is staged, to account for the change
in vehicle moment of inertia. The summed a-c signals are changed to dc by keyed
demodulators and filters. In the ro11 and pitch channels, the demodulator output is
routed to the DECA to control descent engine trim. The deadband circuitry provides
for a wide deadband (-5" to +5') or a narrow deadband -0.3' to +0.3o roII and pitch;
-0.4o to +0.4' yaw). If the ascent or descent engine is turned on, the narrow
deadband is selected automatically. When the engines are turned off , the deadband
depends on the setting of the DEAD BAND switch.

In the automatic and attitude hold modes, the attitude error signals from the dead-
band circuits are routed to the summing amplifiers, which dri.ve the proper pulse ratio
modulator (PRM) and reaction jet driver. In the pulse mode, d-c voltages from the
ACA's are routed directly to the summing amplifiers. Using one summing amplifier
to drive one TCA or the other in the eight opposing pairs, depending on the polarity
of the ACA output, eliminates the possibility of wasting fuel by simultaneously firing
opposing TCA's. RolI, pitch, and X-a-xis translation are controlled by the vertical
TCA's; yaw, Y-axis translation, and Z-axis translation, by the horizontal TCA's. The
eight summing amplifiers combine the attitude signals and translation commands from
the TTCA and apply the resultant signals to eight PRM's. Logic circuitry determines
whether two or four TCA's (jets) fire for X-axis translation, pitch, and roll.

The eight PRM's generate pulses, whose width and frequency vary according to the
input voltage, to control the duty cycle of the TCA's. The pulse output of each PRM is
fed to a pair of solenoid driver preamplifiers and jet drivers. Each pulse from the

, PRM fires one of a pair of opposing TCA's, depending on the polarity of the input volt-
ages to the PRM. When the pulse is applied to the jet drivers, it energizes a relay,
which then supplies a ground path to the solenoid coil of the TCA, This action completes
an electrical path for the solenoid coil, and the TCA fires for the duration of the PRM
pulse.

The ATCA consists of an attitude error signal conditioner-limiter, rate signal
summation amplifier, demodulator-filter network, deadband circuits, jet setect togic,
pulse ratio modulators, and solenoid driver preamplifiers and jet solenoid drivers.
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Attitude Error Signal Conditioner-Limiter. To provide the proper scale factor,
impedance match, and limiting, the 800-cps attitude error signal is passed through a

signal conclitioner-limiter before summation with the rate gyro signal. Limiting the
attitude error prevents command of excessive vehicle rates during narrow deadband

operation only. The limiting action of the limiter is eliminated during wide deadband

operation.

Rate Signal Summation Amplifier. The attitude error, rate, and ACA signals are a-c
oduIation,becausetheyareaI1synchronizedtothe

800-cps power source. Amplification and summing at this point helps to minimize
error caused by drift.

Demodulator-Filter NglurqE A keyed demodulator is used to convert summed and
amplified error signals to dc. The synchronized 800-cps power source of the ATCA
is used for the demodulator reference. An active filter is used to obtain l?-db/oclave
attenuation for frequencies above 18 cps. The filtered roll and pitch signals are routed
to the DECA for descent engine trim.

Deadbard Circuits. Either of two deadband circuits can be selected manually with the
DEA-D eII\tD-wiIAh. The wide deadband (DEAD BAND switch set to MAX) is used for
coasting-period limit cycling to conserve fuel. The narrow deadband (DEAD BAND
switch set to MIN) is used during periods when the ascent or descent engine is thrusting.
In addition to the manual capability, an automatic deadband override is provided for use
during ascent or descent engine thrusting.

Jet Select Logic. (See figure 2-55. ) For any combination of analog rotation and trans-
lation signal inputs to the ATCA, this logic provides signals to the proper TCA. The
logic prevents simultaneous ignition of opposing TCA's and ensures maximum moment
control for combinational -commands 

when possible, When the ascent or descent engine
is thrusting, the ascent engine latching device of an S&C control assembly automatically
puts the logic in four TCA roll and pitch operation. In four-TCA operation, the logic
corrects roll or pitch errors with four TCA's. This provides additional attitude gain to
compensate for possible engine thrust-vector misalignment. The X-TRANSL switch
(panel L) enables the astronauts to command four-TCA X-axis translation to provide
additional thrust capability along the vehicle X-axis.

Pulse Ratio Modulators. (See figure 2-54.) The eight PRM's consist of a zeto cross-
over detector, an absolute va-Lue circuit, output gating, and the PRM circuit. The
PRM's accept d-c analog signals from the jet select logic, detect the polarity, and
steer its pulsed output to the proper jet driver. The zero crossover detector detects
the polarity of its d-c input, and provides enabling signals to the appropriate gates when
the input signals exceed the threshold level (0.5 volt). Because the PRM circuit
operates on positive inputs only, the absolute value circuit is required, to invert nega-
tive inputs and pass positive inputs to the PRM. The output of the zero crossover
detector and the PRM circuit, applied to AND gates, produce a train of pulses at the
output of the PRM when the two inputs are coincident.

Solenoid Driver Preamplifiers and Jet Solenoid Drivers. Thirty-two solenoid driver
preamplifiers are provided to accGp- pulsed inputs from the 16 PRM outputs when the
AGS is used or from the 16 PGNS outputs when the primary guidance mode is used.
When the AGS is used, its 16 preamplifiers are enabled with 28-vott d-c power and
the PGNS preamplifiers are disabled, and vice versa. The jet solenoid drivers, driven
by either one set of preamplifiers or the other, control the firing of their respective
TCA's by providing a ground to the fuel and oxidizer solenoids through output transistors.
When the AGS is selected and the main engine (ascent or descent) is firing, X-axis ro-
tation logic inputs cause one or two of the vertical TCA's to fire and oppose the engine
thrust. To prevent thi.s from occurring, the BAL CPL switch can be used to disable
four of the preamplifiers. Setting the X-TRANSL switch to 4 JETS and the BAL CPL
switch to ON provides two-TCA roll and pitch error corrections without opposing the
engine thrust.

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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Rate Gyro Assembly. (See figure 2-56. )

The RGA consists of three single-degree-of-freedom rate gyros mounted so that
they sense vehicle roltr, pitch, and yaw rates. Each gyro can measure input rates from
-25o to +25o per second; each has seU-test features. Each rate gyro senses a rate of
turn about its input axis, which is perpendicular to the spin and output axes. This rate
of turn is dependent on the gimbal position of the gyro. An electrical analog output (rate
of turn) is obtained from the stator-rotor pickoff, which is positioned by the precession
of the gimbat. The pickoff voltages (analog outputs) are continuously fed to the FDAI
rate indicators. In abort guidance control, the pickoff voltages are routed to the ATCA
for rate damping.

Three-phase, 26-volt, 800-cps power generated in the ATCA is applied to the motor
of each gyrir, Pickoff excitation (28-volt, 800-cps power generated in the ATCA) is
applied to the primary coil of a microsyn pickoff. The secondary coil picks off an 800-
cps voltage proportional to the precession of the gyro and, hence, proportional to the
LM rate about the gyro input axis (0. 140 vrms/deg/sec) . An in-phase pickoff voltage
indicates a positive tate; a 180" phase pickoff voltage, a negative rate.

The self-test capabllity consists of a spin motor rotation and a seU-test torquer
(girnbal torquer). The self-test torquer applies torque to the movable gimbat. When
28 volts dc is applied to winding L1 and L2, the secondary of transformer T1 should
pick off a voltage equivalent to a 5o,/sec rotation. The direction of torquing is reversed
by changing the polarity of the d-c voltage.

Descent Engine Control Assembly. (See figure 2-57.)

The DECA provides three descent-engine-controlling outputs, as follows:

Engine-throttling commands from the astronauts (manual) and the PGNS
(automatic) (See figure 2-58. )

PGNS or ATCA signals to position the GDA's to control engine trim
(See figure 2-59.)

On and off commands to control descent engine ignition and shutdown
(See figure 2-60.)

To initiate manual throttle commands only, the THR CONT switch (panel 1) must be
set to MAN. In manual throttle control, LGC throttle commands are interrupted and
only manual commands are displayed on the THRUST indicator. Manual throttle com-
mands consist of a-c voltages, proportional to the active TTCA X-axis displacement,
which are applied to the DECA. The active TTCA always provides at Least a 70Vo

command. These commands drive a nonlinear circuit that provides the desired thrust
level. With nonlinear thrust levels, more resolution is obtained at the lower leveIs.
(Seefigure2-61.) Oncethenonlinearregionof theTTCAisreached, theTTCAshould
be displaced to its hard stop to prevent erratic r:peration of descent engine.

To apply automatic throttle commands to the deseent engine, the THR CONT switch
rnust be set to AUTO. The automatic comma:rds appear on two separate tines (throttle
increase and throttle deerease) as 31 200-cps pulse inputs to an integrating d-c counter
(up-down counter). Each pulse corresponds to a Z.7-pound thrust increment. Throttle
increases can drive the counter up to 12 volts, which, when combined with the TTCA
fixed lAVo output in the descent engine throttle servoamplifier, corresponds to 92.57o
thrust.

G
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Figure 2-56. Rate Gyro Assembly - Schematic and Vector Diagrams
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Figure 2-61. Throttle Control vs TTCA Displacement

During automatic throttle operation, the LGC-commanded thrust is summed with
the output of the TTCA. When the TTCA is in its minimum position, the LGC-
commanded thrust is summed with the fixed 1070 output of the TTCA. When an active
TTCA is displaeed trom its minimum position, the amount of manual thrust commanded
is summed with the LGC-commanded thrust to produce the desired resultant. In this
case, the TTCA overrides LGC control of descent engine thrust. The total thrust
commanded (automatic and/or manual) cannot exceed 92.5V0. Automatic thrust
eommands desired by the LGC are always lOVo af. thrust lower than required to compen-
sate for the fixed output of the TTCA.

In the primary guidance mode, the LGC provides automatic trim control. When
the LGC determines the requiz'ed descent engine trim, it provides a trim command to
the DECA, on a positive trim line or a negative trim line for the roll or pitch axis.
The trim signal is routed to a malfunction logic circuit and to apower-switching circuit,
which applies 115-vo1t, 400-cps power to the proper GDA. The power-switching circuit
i.s controlled by the malfunction logic. The GDA tilts the descent engine and provides
a 400-cps feedback signal (proportional to engine position) to the DECA. The DECA
demodulates and differentiates the feedback signal; the resultant signal is fed back to
the mal-function logi.c circuit.

70
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The mallunctiorr logic generates a triin faiLure sigi"ral il any of the foLlowing concii-
tions exist:

o The GDA is not moving in the commanded direction

o The malfunction circuitry fails

o The transducer fails

o The 400-cps motor rotates without a command

o The 400-cps motor fails.

The trim failure signal removes the 400-cps power from the power-switching
circuit, and is routed to the LGC and the IS.

In the abort guidance mode, roll and pitch trim signals are received from the ro11

and pitch error channels in the ATCA. A comparator and threshold circuit in the DECA
generates negative or positive trim commands and routes them to the malfunetion logic,
which controls the power-switching circuits as in the primary guidance mode.

2.2.3.4.6 Gimbat Drive Actuators. (See figure 2-62,)

The GDA's, under control of the DECA, tilt the descent engine along the pitch and
roll axes so that the thrust vector goes through the LM center of gravity. One GDA
controls the pitch gimbal; the other, controls the roll gimbal.

Each GDA consists, primarily, of a single-phase motor, a feedback potentiometer,
and associated mechanical devices. Each GDA can extend or retract 2 inches from the
midposition to tilt the descent engine a maximum of +6o or -6" along the Y-axis and
Z -axis.

2.2.3.4.7

GEAR TRAIN

On and off signals are supplied to the GDA's from the power gate circuits in the
DECA. The DECA provides 115-volt, 400-cps power to the GDA motor, which controls
the stroke of the GDA at a rate of 0.0662 inch per second (?.5 volts per inch) *|OVo, in
a positive or negative direction along the Y-axis and Z-axis. Gimbal position signals
are supplied by the feedback potentiometer to a failure-detection circuit in the DECA.

800-cps Synchronization Loop. (See figure 2-63. )

Because the CES uses 800-cps analog signals as a reference, the various assem-
blies must be synchronized. In the primary guidance mode, the ACA's and TTCA's
receive 28-volt, 800-cps signals from the power and servo assembly of the PGNS. The
proportional attitude commands to the LGC are either in phase or 180'out of phase with
this 800-cps signal. In the abort guidance mode, the ACA's and TTCA's receive 28-
volt, 800-cps signals from the ATCA. The proportional attitude commands fed back to

400-cP5
MOTOR

SCREWJACK

POSITION IRANSDUCER

Figure 2-62. Gimbal Drive Actuator - Pictorial Diagram
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Figure 2-63. Control Electronics Section - 800-cps Synchronization Loop

the ATCA are now synchronized with the ATCA power supply. The AGS and RGA
receive 28-volt, 800-cps signals from the ATCA; their outputs returned to the ATCA
are synchronized. The FDAI's also receive the 800-cps synchronization voltage to
properly display the RGA signals.

S&C Control Assemblies.

The S&C control assemblies contain three similar assemblies. The S&C control
assemblies process, switch, and/or distribute the various signals associated with
the GN&CS. One of the assemblies also processes automatic and manual ascent or

2.2.3.4.8

r_Gc

PSA

POWER

SUPPLY

ATCA

RGA

AGS
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2.2.3.4.9

2.2.3.4.10

descent engine on and ofJ commands. The circuits used for the ascent engine commands
are called the ascent engine latching device (AELD). The ascent engine commands are
processed, and engine ignition and shutdown commands are sent to the ascent engine
and staging sequence commands are sent to explosive devices. The first time that the
ascent engine is ignited, the engine-on command starts the staging sequence, using
the Explosive Devices Subsystem. The S&C control assemblies contain a memory cir-
cuit that maintains the ascent engine on if the automatic on signal is lost, until an
automatic off signal or a manual stop command is received.

Descent engine commands are processed and sent to the DECA. These commands
(descent engine arm, and automatic and manual engine on and engine off) are processed
again by the DECA for descent engine ignition and shutdown.

Gimbal Angle Sequencing Transformation Assembly. (See figure 2-64.)

The GASTA operates in conjunction with the FDAI; The GASTA modifies the analog
gimbal arrgle signals from the IMU before they are applied to the FDAI. Modifieation
conditions the signals to drive the FDAI sphere. The GASTA converts 26-volt, 800-
cps signals from the IMU to 15-volt, 800-cps signals. The signaLs from the IMU must
be routed through the GASTA for conditioningl because the AGS has its own GASTA (or
conditioning) function, the gimbal angle signals are routed directly to the FDAI.

Control Electronics Section Modes of Operation. (See figure 2-65. )

The PGNS, in conjunction with the CES, provides automatic control for LM attitude,
translation, and descent or ascent propulsion maneuvers. Automatic control can be
overridden by the astronauts, with manual inputs. As backup for PGNS control, the
AGS, supplemented by manual inputs, can be used if the PGNS maUunetions. Table
2-17 contains a summary of the CES modes of attitude control"

$.ttitude Control. LM attitude is controlled about the X, Y, and Z axes. There are
iivffi;a;s oT?iitude control: automatic, attitude hold, puise, direct, and manual
override (hardover). The automatic and attitude hold modes are selected with the
MODE CONTROL selector switch; the pulse and direct modes, with the ROLL, PITCH,
and YAW switches.

Automatic Mode. The automatic mode provides fully automatic attitude control. In
PGNS control, the LGC generates the required TCA commands and routes them to the
ATCA. The jet drivers in the ATCA provide TCA on and off commands to selected RCS
primary solenoids for attitude changes. In the abort guidance mode, roll, pitch, and
yaw attitude error signals are generated in the AGS and sent to the ATCA. These
error signals are passed through limiters and then are combined with damping signals
from the RGA, demodulated, passed through selectable deadband circuits, jet select
logic circuits, PRM's, and jet driver amplifiers, which fire the RCS jets. The jet
select logic determines which jets will fire to correct attitude errors. In the abort
guidance mode, the astronaut can override attitude control about atl three LM axes by
initiating hardover commands with the ACA.

Attitude Hold Mode. This is a semiautomatic mode, in which either astronaut commands
an angular rate proportional to ACA displacement. LM attitude is held when the ACA is
in the neutral position. In the primary guidance mode, rate commands proportional to
ACA displacement are sent to the LGC. The LGC operates on these commands and
provides signals to the jet drivers in the ATCA to command rotation rates by means of
the TCA's. When the ACA is returned to the neutral position, LM rotation stops and
the LM is maintained in its new attitude by the LGC. In the abort guidance mode, with
the ACA in the neutral position, LM attitude is held by means of AGS error signals.
When an ACA is moved out of the detent position, the attitude error signals from the
AGS are set to zero. Rate commands from the ACA are processed in the ATCA, and the
TCA's are fired until the vehicle rate is proportional to ACA displacement, When the
ACA is returned to the neutral position, the vehicle rate is reduced to zero and the AGS
holds the LM in the new attitude.

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSIEM
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Figure 2-64. Gimbal Angle Sequencing Transformation Assembly - Schematic Diagram

L

(_

Mission LM 3 Basic Date 1 January 1968 Change Date_ Page 2-2-W _



LMA79O-3-LM 3

APOLLO OPERATTONS HANDBOOK

SUBSYSTEMS DATA

Pulse Mode. The pulse mode (minimum impulse control) is selected when the PGNS is
in control and operating in the attitude hold mode, by a DSKY entry (verb 76). For min-
imum impulse control, the LGC commands a minimum impulse burn for each movement
of the ACA beyond 2.5' of the detent position. The ACA must be returned momentarily
to the detent position between each impulse command. The maximum rate at which
minimum impulses can be commanded is approximately 5 per second. In this mode, the

astronaut performs rate damping and attitude steering. When the AGS is in control, the
pulse mode is an open-loop mode. It is selected on an individuat-axis (rotl, pitch, and

yaw) basis by setting the appropriate switch (ROLL, PITCH or YAW) to PULSE. When

the pulse mode is selected, the automatic attitude control mode is disabled about the

selected axis and a fixed train of pulses is generated when the ACA is displaced. To
change attitude in this mode, the ACA must be moved out of detent; this commands
acceleration about the selected axis. To terminate LM rotation, an opposite accelera-
tion about the same axis must be commanded,

Direct Mode. The direct mode is also an open-Ioop acceleration mode. It is selected
on an individual-axis basis by setting the appropriate switch (ROLL, PITCH or YAW)
to DIR. Automatic AGS attitude control is disabled about the selected axis and direct
commands to two TCA's are routed to the RCS secondary solenoids when the ACA is
displaced 2. 5'. The TCA's fire continuously until the ACA is returned to the ne.utral
position.

Hardover Mode. In an emergency, the ACA can be displaced to the maximum limit
(hardover position) to command an immediate attitude change about any axis" This
displacement applies signals directly to the RCS seeondary solenoids to fire four TCA's
This maneuver can be implemented in any attitude control mode.

Translation Control. Automatic and manual translation control are available in all
itrree axElfffiETFe nCS. Automatic control consists of TCA commands from the
LGC to the jet dri.vers in the ATCA. These commands are used for translations of
small velocity increments and for ullage settling before ascent or descent engine ignition
a-fter coasting phases. Manua1 control in the primary guidance mode consists of on and
off commands from a TTCA, through the LGC, to the primary preamplifiers. In the
abort guidance mode, only manual control is available. Control consists of on and off
commands from a TTCA to the jet select logic in the ATCA. The voltage is sufficient
to saturate the PRM's and provide control of the TCA's. RCS thrust (+X-axis) is
available when the +X TRANSL pushbutton i.s pressed. The secondary solenoids of the
four downward-firing TCArs (81D, AzD, BBD, A4D) are energized as long as the +x
TRANSL pushbutton is pressed.

Deseent Engine Control. Descent engine control accomplishes major changes in LM
velocity.

Ignition and Shutdown. Descent engine ignition is controlled by the PGNS and the astro-
naut through the CES. Before ignition, the engine must be armed by setting the ENG

^dRM switch (panel 1) to DES. This action sends an engine arm discrete to the LGC and
to the S&C control assemblies. Engine-on commands from the LGC or AGS are routed
to the DECA through the S&C control assemblies. When it receives the engine arm and
start discretes from the S&C control assemblies, the DECA commands the descent
engine on. The engine remains on until an engine-off discrete is initiated with either
STOP pushbutton (panels 5 and 6). An engine-off discrete is generated when the AV
reaches a predetermined value. The astronauts can command the engine on or off
manually, using the START and STOP pushbuttons.

Throttle Control. The descent enginethrottle (thrust) can be controlled by the PGNS and/
or the astronauts. Automatic throttle increase/decrease signalsfrom the LGC are sent
to the DECA. The analog output of the DECA controls descent engine thrust from 1070 to
maximum thrust (92.5V0). In the automatic mode (THR CONT switch set to AUTO), the
astronauts can use the TTCA's to inerease descent engine thrust. When the THR CONT
switch is set to MAN, the astronaut has complete controlover descent engine thrust. If a
TTCA is used for throttle control, its manualX-axistranslation capability is disabled.

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
Page 2.2-L68 Mission LIvI 3 Basic Date 1 January 1968 Change D"t" _



LMA790-3-LM 3 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

i 

I 

cm ‘ MANUAL EXCITATTON mm Q ~ 5E :54: .. m .m I am 
I THROTTLE COMMANDS a 
I > 

, l "CA/m ' 
IJETS MAN III-or guns 

I 4 JETS Q Q ' I 00" z JETS x-TRANSLATION Two—THRUSTER SELECT O — — — — - .  I I ENABLE W“ O ATT HOLD 
CH 

CDR‘S AND lMP'S 5? ENABLE i , “WNW“: WNW” CW” ' “"0 w ”3R THRUST TRANSLATION . : I I l GIMBAL ROLL DESCENT CONTROLLER ASSEMBLY _ o { OCATTITUDE HOLD MODE “EM "(Egg-3;“ DRIVE - _ _ .  ENGINE mu” - DISABLE ’ AUTOMATIC MODE LGc ‘ w Q ACTUATOR 
: O i @ DISABLE , Agni-TEE, , 

‘ I _ TO "" MAX DEAD BAND \-v—J ® INSTRUMENTATION: I‘fi ATTITUDE F To LGC ’ —  ‘"'""‘ ‘° °‘ — ' — ’  SUBSYSTEM . a UM." TRANSLATION ' PISA-u .323... .5194." .032... To ' FROM YAW RATE COMMAND C°NT'°'- ‘ m ,srulcom\ ENABLE I @ w  @ m  @m ATTITUDE . . sumo ATTITUDE ROLL RATE COMMAND ASSEMBLY “5° ""— ' TRANSLATION "- " CONTROLLER CH R ,E COMMAND ENG CDR'S m "' °' “' 
PIT A DESCENT ENGINE ARMED o DIRECT ROLL-, PITCH., CONTROL mm ASSEMBLY — >  ’ sm’cw‘ ”3'25? 6 DISABLE OR YAW-AXIS EXCITATION ASSEMBLY WARNING CAUTIONI @" ARMED 

m 

LMP'S ' m lNSTRUMENTATl;I°4<——1 ‘5 AMP MODE como s ‘ c 36?; 
. 

I ' \ as E 23-voc Bus Q Asc SUBSYSTEM A PUL55° ,9 Agggfiés 1 ‘ “m“ w ON ENABLE THRUSTER PREAMPLIFIERS I o — — - — — -  ); mf ° ATTITUDE ”REC“ 
OFF OFF ammonia THROTTLE COMMANDS CAUTION I 12 THRUSTER PREAMPLIr-IERS “RUST" SELECT I DES DESCENT ENGINE ARMED FROM m AND WE ASSEMBLY ‘ACN YAW RATE COMMAND _________ TTCA LM _ , WARNING log ROLL RATE COMMAND 1—— . ”w RATE COMMAND v GU'DANCE ELECTRONICS OVERRIDE — _ . _ .  — L———-.L - ROLL RATE COMMAND COMPUTER $0 to X-AXIS PITCH RATE COMMAND _____ 1. “ ‘  PITCH RATE COMMAND ASCENT - m com d-THRUSTER REACTION OblER‘I‘IfD? PULSE” YAW COMMAND - _ _ —  7 ' THRUSTER SELECT ENG'NE “is?” A o EXC'TMION “mm”- ("uneven PULS__.E° R0“- C°MMAND ' I YAW, ROLL, OR PITCH PULSE COMMANDS on Q 0— SUBSYSTEM ”5,1,0“, PULSED PITCH COMMAND “5.22“" RATE ASCENT _ — — — -  : - START ABORT PROGRM ‘ * GYRo $32“; ”‘5 “i“ Aum START ABORT STAGE PROGRAM I m Tums“! 5.5",“ 1 . . . .  

ENGINE ARMED l FAILURE P05 RT ASCENT OMAN 
LM ——01’° o ._ _ 232:: I ' ‘ M153: ‘——-*—“Jl§mli‘ 5331223; 522: 3: 3:23 GUIDANCE I °‘ on m“ 5.5m “em" I .é—C__;.____ —°_l.° COMMAND m" f “"53“" I CDR'S ”‘L‘fifit’m‘ STA" ABORT PROGRAM C°NTR°L INCREASE THROTTLE COMMANDS comm“ —°J’: > | NEG RT ROLL RATE zs-VDc Bus — " "  °_ " "' 23”“ m' I CD" AND ”"5 sw'Tc” DECREASE THROTTLE COMMANDS GIMBA : GYRO 

I Q BUS I 
“M'- I c PITCH ASSEMBLY c £ 9 !  c A 919 I I FAILED f l : cYAw - 2 AMP rSTAllcoNI\ —OI_o—p CL 0 l - 3 T :  

. I NEG RT | THRUSTER SELECT cows :32" . 0 - TO EXPLOSIVE - I o I 
(TRANSLATION FROM 28-VDC BUS O "—0 DEVICES MODE E'ONTIIOL 0.T.D TO 0 DESCENT ENGINE ARMED ‘ O | - °  : AND ATTITUDE +X-TRANSL A 1— 91° W m ' AGs "' 919' MANUAL DESCENT ENGINE START ; K / CONTROL, SWITCH c v 0 ¢ Q I 9 1—0 2 AMP rmmomfl I o- MANUAL DESCENT ENGINE STOP \ m "mo '31—“ / fi le  . AUTOMATIC DESCENT ENGINE ON \ / “Hwy“ I O , m 4" ASCENT ENGINE ARM COMMANDS AUI°MA"C 955““ ENG'NE 0”: , Q“ @ EXCITATION ,1 OFFO A" INCREASE THROTTLE COMMANDS mu m ° ' DECREASE THROTTLE COMMANDS DESCENT ,sm/com\ HOLD TO ABORT “A" 

REACTION 
2 AMP m 0 ; ;  GumANCE AUTOMATIC THROTTLE FSTABICONTfi nlfirgl. _© SECTION IV .——— DIGITAL AUTOPILOT IN CONTROL - ”5355305 ”:5: Assgmmy 
1; ' : : Manon“ DEVICES JR 6 , 7.5 AMPrSTA:{f°NT\ 

I | YAW, ROLL OR PITCH MODE Com m ‘ ROLL AND PITCH TRIM COMMANDS 23.5%: sBus : I PULSE COMMANDS cPULSE , 2:: DESCENT ENGINE ON COMMANDS I © 
J; : mm“ “mm? DIRECT Twang: ,1; 6 THROTTLE COMMANDS THRUSTER 0 

r —  — fi  . FAILURE 
7‘5 AMPrSTABICONY\ sngom __ _| ”1315,... "21.2%., ”2:“ COMMANDS "5 52: sws F ON-OFF COMMANDS m @ 

._.l @M @ m  @m 
To CAUTION sfigngA/I 

J; A95 PGNS -1 I A. E. D. 
AND WARNING | I , AUTO THRUST DISABLE 

ELECTRONICS OVERRIDE 
0 — —  3 AMP ,mmw‘ : A55 L _ _ _ _ _  TRIM CONTROL 

I (ALL AXESI CD“ :3; i EENGINE ARMED (ASCENT OR DESCENTI 
063%; (HARDOVER za'VDC “”5 '6 I TRANSLATION COMMANDS ; POSITION) Jib OJ} 

2 AMP ° 
FROM PITCH OR ROLL Two.THRUSTER SELECT 

ATTITUDE E—ON COMMAND 
CONTROLLER 

\ IASCENT ENGIN 
ASSEMBLY 

JOOWJ-JIO 

Figure 2—65. Control Electronics Section - Functional Flow Diagram 

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM 
Mission LM 3 Basic Date 1 January 1968 Change Date Page 2. 2—169/2. 2-170 



‘LMA79o—3-LM 3 
APOLLO OPERATIONS HANDBOOK 

SU BSYSTEMS DATA 

Table 2—17. Control Electronics Section - Summary of Modes of Attitude Clontrol 

Switches and Guidance Manual Attitude Manual Translation Attitude Engine Gimbal . 

Mode Positions Signals Control Control Damping Control Remarks 

Automatic MODE CONTROL sel-  AUTO Automatic steering N/A Linear translation of Pitch and roll gimbal All TCA commands from LGC go 

(PGNS control) 

Attitude 

hold (PGNS 

Icontrol) 

Automatic 

(AGS control) 

Attitude 

hold (AGS 

control) 

GUID CONT sw — PGNS 

ATTITUDE CONTROL sw - 

MODE CONT (normally) 

MODE CONTROL sel — ATT 

HOLD 

GUID CONT sw - PGNS 

ATTITUDE CONTROL sw - 
MODE CONT (normally) 

MODE CONTROL sel - AUTO 

GUID CONT sw - AGS 

ATTITUDE CONTROL sw - 
MODE CONT 

MODE CONTROL sel - ATT 

HOLD 

GUID CONT sw - AGS 
ATTITUDE CONTROL sw - 

and translation are 

performed by LGC 

commands to jet 

drivers. 

Stabilization is  
accomplished by 

LGC commands to 

jet drivers. 

Automatic steering 
signals from AGS 

are sent to CES to 
command changes 

in LM attitude. 

Automatic stab— 

ilization signals, 

which maintain 

LM attitude 

Attitude rate 

commands are 

proportional to 

ACA displacement. 

LM attitude is 

held when ACA is 

in detent. 

N/A 

LM attitude rate 

commands propor- 

tional to ACA dis— 

placement. LM 

LM by on-and-off 

firing of TCA’s when 

TTCA is move out 

of detent. 

Linear translation of 

LM by on—and-off 
firing of TCA's when 

TTCA is moved out 

of detent. 

Linear translation of 

LM by on—and-off 

firing of TCA's when 
TTCA is moved out 

of detent. 

Translation commands 

along LM axes by on— 

and—off firing of TCA's 

when TTCA is moved 

Accomplished in 

LGC ’ commands from LGC 

applied to DECA 

i 
l 

I 

5 
Accomplished iii 
LGC 

Pitch and roll gimbal 
commands from LGC 

applied to DECA. 
i 
, 

i 
Rate gyro signals 

summed with ‘ 

steering signals; 

i 

! 

Pitch and roll gimbal 
comm ands derived 

from ATCA attitude 

errors 

i 
Pitch and roll gimbal 

commands derived 

from ATCA attitude 

error channels 

Rate gyro signalls 

summed with 

stabilization 

signals 

directly to primary preamplifiers. 

Attitude control function is over— 

ridden by operating ACA to hardover 

position, thereby commanding on—and- 

off four—jet operation through second- 

ary coils of  TCA solenoid valves. 

+X—axis translation is overriden by 

commanding four-jet operation 

direct to RCS secondary coils, by 

pressing +X TRANSL pushbutton on 

panel 5 .  

Same as for automatic mode (PGNS 

control). Minimum impulse mode is 

made available by entering command 

into DSKY. In this mode, LGC 
commands one RCS pulse each time 

the ACA i s  moved out of detent. 

All TCA commands go through ATCA 

jet select logic and PRM. Attitude 

control function is  overridden by 

operating ACA to hardover position, 

thereby commanding on—and—off four- 

jet operation through secondary coils 
of TCA solenoid valves and bypassing 

jet select logic, P R M ' s ,  and jet 

drivers. +X-axis translation is over—‘ 

ridden by commanding four-jet opera- 

tion direct to RCS secondary coils ,  

by pressing +X TRAN SL pushbutton. 

Same as for automatic mode 

(AGS control) 

MODE CONT attitude is held out of detent 

when ACA is in S 
detent. 3_ 

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM 
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Table 2—17. Control Electronics Section - Summary of Modes of Attitude Control (cont) 

Switches and Guidance Manual Attitude Manual Translation Attitude Engine Gimbal 

Mode Positions Signals Control Control Damping \ Control Remarks 

Pulse MODE CONTROL sel - AUTO Abort guidance Astronaut commands Translation commands No rate damping Pitch and roll gimbal Same as for automatic mode (AGS 

or ATT HOLD signals interrupted angular accelera- along LM axes by on- in axis selected commands derived control) 

GUID CONT sw — AGS on individual-axis tion through lcw- and—off firing of ,3 from ATCA attitude 

ATTITUDE CONTROL sw — basis frequency pulsing of TCA's when TTCA ‘ error channels 

PULSE (selected on TCA's (two jets) is moved out of detent 

individual—axis basis) ' 

Direct MODE CONTROL sel — AUTO Abort guidance Astronaut commands Translation commands No rate damping Pitch and roll gimbal Same as for automatic mode (AGS 

or ATT HOLD 

GUID CONT sw .— AGS 

ROLL, PITCH, and YAW SW — 

DIR (selected on individual- 

axis basis) 

signals interrupted 
on individual—axis 

basis . 

angular accelera— 

tion through on—and— 

off firing of TCA's 

(two—jet operation 

direct to secondary 

coils). 

along LM axes by on- 

and—off firing of 

TCA's when TTCA 

is moved out of detent 

in axis selected 

j.
._

 
. 

._
~

. 
n.

 

commands derived 

from ATCA attitude 

error channels 

control), except that attitude 

commands for selected axis are 

applied directly to RCS secondary 

coils 

Mission LM 3 
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Trim Control. The descent engine trim is controlled automatically during the primary
guidance and abort guidance modes, to compensate for center:of-gravity offsets during
descent engine operation. In the primary guidance mode, the LGC routes trim on and

off signals in two directions, for each gimbal axis, to the DECA. These signals operate
power control circuitry, which drives the GDA's. In the abort guidance mode, Y- and

Z-axis error signals that drive the GDA's are routed from the ATCA to the DECA. The

GDA's tilt the descent engine along the Y-axis and Z-axis a maximum of +6o or -6o

degrees.

Ascent E Control. Ascent

,of
engine ignition and shutdown can be initiated by the
Automatic and manual commands are routed to the S&C

2.2.3.5

2.2.3.5.1

control assemblies. These assemblies provide logically ordered control of LM staging
and engine on and off commands. The command to the ascent engine comes from the

S&C control assemblies, which provide a positive command for fail-saJe purposes if the
engine-on command is,interrupted. In the event of an abort stage command while the
descent engine is firing, the S&C control assemblies provide a time delay before com-
manding LM staging and ascent engine ignition. The time delay ensures that descent
engine thrusting has completely stopped belore the LM is staged.

LM Mission Programmer. (See figure 2-66. )

An abbreviated version of the mission programmer is used for the LM-3 mission.
The LM-3 mission programmer consists of only two assemblies: the digital command
assembly (DCA) and the ascent engine arming assembly (AEAA). It provides a means
of arming the ascent engine when the LM is unmanned. The ascent engine will be
armed via uplink (real-time) commands from MSFN.

The DCA decodes the VHF (450 mc) uplink commands and routes update data and
program control commands to the LGC, arming commands to the AEAA, and verifica-
tion signals to the PCMTEA in the IS. The LGC processes the update data and program
control commands to generate the ascent engine-on discrete and routes the command to
the ascent engine. A verification signal from the LGC to the PCMTEA is transmitted
via the CS to MSFN to indicate that the uplink command or update data have been
processed properly by the LGC. The DCA also issues a verification signal to the
PCMTEA for transmission to MSFN to indicate that the uplink command or update data
are coded properly and have been routed to the proper equipment.

The AEAA arms the ascent engine when the DCA decoder issues the appropriate
combination of commands. These commands energize AEAA relays, which perform the
function of the ENG ARM switch (panel 1).

Digital Command Assembly.

The DCA consists ol a UHF receiver, demodulator, decoder, and power supply. It
receives uplink commands from MSFN at a maximum rate of three 30-bit words per
second. The DCA processes these commands, then routes them to the LGC. On re-
ceiving an uplink command, the DCA also routes a verification signal to the PCMTEA,
for telemetry.

The receiver receives a serially coded digital command modulatedon a 450-mc UHF
carrier (FM/PSK), from MSFN and routes it to the demodulator. The uplink commands
consist of 3 vehicle address bits (always 011), 3 system address bits (message identifi-
cation), and a maximum of 22 data bits. The UI{F receiver output is a two-tone
composite modulating signal, consisting of a 2-kc subcarrier and a 1-kc coherent synch-
ronization tone; it frequency-modulates the 450-mc carrier. The 2-kc subcarrier con-
tains the digital uplink commandsl it is phase-shift-keyed (PSK) at a binary rate of 1 kc.
A subcarrier phase shift of 180o denotes a change in logic level. The synchronization
tone is the same frequency as the binary bit command rate; zeto crossings are coinci-
dent within +6 microseconds.

, AND CONTROL SUBSYSTEM
Mission LM 3
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UPLINK FROM

MSFN
(450 MC)

FROM

VERIFICATION

VERIFICATION

3001M3- r 33

Figure 2-66. LM Mission Programmer - Block Diagram

The demodulator separates the two-tone composite signal. It detects the phase of
the 2-kc subcarrier and provides data pulses, corresponding to received 'r1r' and "0rr
data bits, to the decoder. The two tones are used to time sequential clock pulses, which
are used to strobe information into the decoder.

The decoder processes the uplink data and, at the direction of the uplink data, routes
information to the LGC. The decoder generates an 8-bit verification word and routes it

EPS

DIGITAL COMMAND ASSE'VTBIY

UHF

RECEIVER

PHASE-5HIFT

KEYED (PSK}

DEMODULATOR

DECODER
(REDUNDANT}

POWER SUPPLY

PROGRAM
CONTROL

LGC UPDATE

INFORMATION

tM
GUIDANCE

COMPUTER

ASCENT ENGINE

ASCENT ENGINE

ARMING
ASSEMBLY

PUTSE-CODE-

MODULATION AND TIMING
ELECTRONICS

ASSEMBLY

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
Page 2.2-176 Mission LM 3

\-

L

Basic Date 1 January 1968 Change D"t" _



LMA79O-3-LM 3

APOII,O OPERATTONTI HANDBOOK
SLTBSYSTEMS DATA

2.2.3.5.2

2.2.3.6

2.2.4

to the PCMTEA, for telernetry, when cornmand or data words are processed in the DCA
and routed to the LGC. LGC update words consist of 16 bits plus the three-bit vehicle
address and the three-bit system address. If the vehicle address is not 011 or the sys-
tem address is not recognizable, the DCA neither processes the uplink data nor gen-
erates the verification word.

The DCA power supply converts the 28 volts from the commander's 28-volt d-c bus
from the COMM: UP DATA LINK circuit breaker (panel 11) to the regulated voltages
required by the DCA. The power supply contains a dc-to-dc converter with a regulator
that provides +4.5 volts de and a regulator that provides +24 volts dc.

Ascent Engine Arming Assembly. (See figure 2-67.)

The AEAA performs the same function as the ENG ARM switch, using relay logic.
The relay logic consists of a bridging circuit that uses four relays (K1, K2, K3, and K4).

Relays K1 and K2 are prearming relaysl K3 and K4, armi.ng relays. Energizing a
prearming and arming relay routes 28 volts dc from the ENG ARM circuit breaker to
energize the engine arm relay (K14) in the CES. When K14 is energized, the engine
arm signal is routed to the LGC. Relay K14 is also energized when the LGC or the AEA
issues an engine-on command. This command sets a relay in the di-fferential amplifier.
When contacts of the di.fferential-amplifier relay close, a circuit through both STOP
pushbuttons and the AEAA is completed, energizing K14. The differential-amplifier
relay is deenergized by setting the ENG ARM switch to ASC, or by a reset signal,
which can be either an automatic engine off from the LGC or AEA or a pulse from the
abort staging circuitry.

Relays Kl, K2, K3, and K4 are energized by inputs from the DCA. These inputs
(select 1, select 2, set 1, set 2, reset 1, and reset 2) are derived from the UHF uplink
commands. A combination of a select input and a set input energizes the coils of a
specific relay. The combinations of inputs are listed in the truth table in figure 2-67.
The reset inputs are used to deenergize the relays.

Orbital Rate Display - Earlh qqq !!!4r. (See figure 2-68. )

The ORDEAL is an electromechanical device that contains a pair of resolvers, one
for each FDAI. The resolvers are driven by a stepper motor, at the orbital rate
selected rvith the ALT SET control on the ORDEAL panel. They may be switched
directly into the pitch total attitude channels of the FDAI's.

The resolvers provide a display of spacecra"ft attitude with respect to a local hori-
zontal reference frame. They transform the pitch angle in accordance with their shaft
position, which is driven by a digital rate servo. The desired shaft rate is obtained by
controlling the pulse rate which is applied to the stepper motor. This pulse rate is
derived from the LM 400-cps frequency supply, as required by digital logic. Because
the transformation is made in the pitch ehannel only, it is imperative that the inertial
reference be aligned with the +Y-axis of the reference along the cross product of the
velocity vector (V) and the position vector from the center of the earthlR).

The ORDEAL is used a.fter obtaining the LM attitude with respect to the local hor-
izontal, from the LGC. The selected FDAI (commander's or LM Pilotrs) is slewed
to this angle. The ORDEAL then torques its resolvers at the orbital rate, specified by
the ALT SET control, of a circular orbit.

FAILURE MODES.

The GN&CS failure modes and the effect on mission capability are given in table
2-18.

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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(To be supplied)

Figure 2-68. Orbital Rate Display - Earth and Lunar - Schematic Diagram
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Failure Indication Vehicle Capabilty

PGNS: LGCIDSKY circuit breaker
ganel f1) failed open.

STAB,/CONT: ASA circuit breaker
(panel 16) failed open.

STAB/CONT: AEA circuit breaker
(panel 16) failed open.

PGNS: IMU OPR circuit breaker
(panel 11) failed open.

PGNS: IMU STBY circuit breaker
(panel 11) failed open.

PGNS: RNDZ RDR circuit breaker
(panel 11) failed open.

GDAts are lost.

DECA auxiliary 22 vdc power supply

l. Amplitude is out-of-tolerance

2. Signal is lost

ATCA -15-,+15-, and +4.3-vdc
supplies failed off at output.

Relay K12 (S&C control assembly No. 2)

did not set.

LGC cannot be

initialized.

AGS warning light
goes on.

AGS warning light
goes on.

ISS warning light
goes on.

ISS warning light
goes on.

RNDZ RDR caution
light goes on and

RR is inoperative.

GDA/RCCA caution
light goes on.

1. CES DC warning
Iight goes on.

2. CES DC warning
light goes on.

CES DC warning light
goes on.

RCS TCA's do not
fire correctly

Primary mission objectives ar.e lost.

ASA heaters and AGS are lost. PGNS per-
forms all mission objectives.

AEA ard AGS are lost. PGNS performs
al1 mission objectives.

PGNS control is lost

PGNS control is lost.

RR is 1ost.

The descent engine cannot be gimbaled.
Therefore, DPS burn capability is
seriously degraded.

1. DPS manuaf throttle capability is de-
graded. It may be impossible to restart
descent engine if throttle is set at maxi-
mum (92. S7o).

2. DPS manual throttle capabiiity is
seriously degraded.

Entire DECA, except descent engine eontrol
logie, is disabled. Descent engine can be
started with DES ENG CMD O\{RD switch
(panel 3).

It may be impossible to stabilize vehicle
while in PGNS mode and.during main pro-
pulsion firings. Relay is overridden by
using AGS.

Tabie 2-18. Guidance, Navigation, and Control Subsystem - Failure Modes

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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Table 2-18. Guidance, Navigation, and control subsystem - Failure Modes (cont)

Failure Indication Vehicle Capabiiity

Automatic thmst control logic of DECA

failed.

ATCA -4-volt d-c supply bias for jet
drivers failed.

Contacts of relay K20 or K10 in S&C

control assembly No. 1 are shorted.

DAP in control; status relay K7 of
S&C control assembly No. 2 failed
in set position.

Relay K13 of S&C control assembly
No. 1 failed open or is shorted.

Automatic ascent engine on loop,
relay K207, relay K14, logic cir-
cuits, and,/or driver failed open.

Internal ASA heaters and associated
circuitry failed.

RR power supply voltages failed off

RR signal data converter failed or
data-good signal from RR to LGC
is lost.

RR frequency slmthesizer failed.

THRUST indicator
(panel 1) has erron-
eous reading.

CES DC warning light
goes on.

BATTERY caution
light goes on

NO ATT lighton DSKY

and PGNS caution

light (panel 1) go on.

Staging does not take
place and aseent
engine carmot be fired
automatically.

Staging does not take

plaee and ascent engine

cannot be fired auto-
rn atically.

AGS warning light a:rd

HEATER caution light
go on,

RR is inoperative arrd

RNDZ RDR caution

light goes on.

RR does not function
properly and RNDZ
RDR caution light
goes on.

RR is inoperative and

RNDZ RDR caution
light goes on.

DPS automatic throttle capability is lost.
FuIl thrust would result in shorter burns

for DPS.

Attitude control may be degraded because

stray signals may fire TCArs iaadvertently

Switchover from descent to ascent batteries
is required due to loss of descent bat-
teries.

Under PGNS control, attitude control is
lost. Attitude control is regained by

switching to AGS control.

Staging is accomplished manually with
STAGE switch (panel 8). Ascent engine
must be fired manually with engine START

pushbutton (panel 5).

Staging is accomplished manually with
STAGE switch. Ascent engine is fired
ma.nually with START pushbutton.

AGS is seriously degraded or inoperable

Primary mission objectives are not affected,

but functional check of RR cannot be per-
formed.

Primary mission objectives are not affected,
but functional check of RR cannot be per-
formed.

Primary mission objectives are not affected,
but functional check of RR carxrot be per-
formed.

L
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Failure Indication Vehicle Capability

LR signal data converter failed or
data-good signal from LR to LGC

is lost.

RR heater power supply failed.

LR heater power supply failed

ENG ARM switch (parrel 1) inadvert-
ently switched to ASC or individual
contacts failed.

IN,IU CAGE srvitch (pane1 1) failed on

or is shorted.

ABORT STAGE pushbutton (pa:rel 1)

has been inadvertently pressed.

ABORT STAGE switch jammed be-
hveen open a-nd closed positions.

ABORT srvitch (pane1 1) has shorted
contact.

BAL CPL switch (panel 1) contacts
are shorted to ground,

LR does not function
properly and LDG

RDR caution light
goes on.

RR is inoperative
arrd HEATER and

RNDZ RDR caution
lights go on.

LR is inoperative
and HEATER and

LDG RDR caution
lights go on.

Descent engine cal-
not be started. II
engine is firing,
it rvill shut dowr.

Stable member
gimbals lock up,
causing ISS warn-
ing light (panel 1)

to go on.

Descent engine, if
firing, shuts down

artd staging takes
p1ace. There is
no indication during
aseent engine burn.

Start abort discrete
is sent to LGC.

AII TCAts arc dis-
abled rvhen operat-
ing in AGS mode.

RCS TCA caution
Iight goes on.

Failure has no effect on LR performance

check.

Primary mission objectives are not affected
but I'rmctional check of LR cannot be per-
formed.

Primary mission objectives are not aJfected,

but fr,u-rctional check of LR cannot be per-
fo rm ecl.

DPS burns cannot be performed

During any main propulsion burn, vehicle
n.rav not stabilize due to loss of attitude
clata ro LGC.

Failure precludes DPS testing.

Staging capabiliff exists, using STAGE

and ENG ARI,I srvitches.

Future DPS burns may be lost (ciependent

on LGC programming).

If PGNS is furctioning, DAP must be used
to enable TCAts. (GLTID CONT srvitch
is set to PGNS. )

Table 2-18. Guidance, Navigation, alld control subsystem - Failure Modes (cont)

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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Table 2-18. Guidance, Navigation, and Control Subsystem - Failure Modes (cont)

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
L

Failure Vehicle Capability

THR CONT switch (panel 1) contacts
that route auto disable discrete to

DECA shorted when slvitch was

set to AUTO.

GUID CONT switch (panel 1) failed
in PGNS position.

MODE CONTROL selector switch
(panel 3) failed in OFF position or
between contacts.

RADAR TEST switch (panel 3) failed
in OFF or RNDZ position.

Engine STOP pushbutton (panels 5

or 6) jammed when pressed,

AGS SIIATUS switch (ranel 6) failed
in OFF or STANDBY position.

STAB/CONT: ABORT STAGE CiT-
cuit breaker (panel 11 or 16) faiied
open.

STAB/CONT: DES ENG CONT ciT-
cuit breaker (panel 11) failed
open.

Automatic control
of descent engine
thrust is impossible.

AGS cannot be used

as backup.

Vehicle cannot be

stabiiized with
TCArs.

LR self-test carmot

be performed.

Engine (ascent or
descent), if firing,
shuts down. Ascent
engine cannot be

started if staging
has occurred.

When setting AGS

STATUS switch
from STANDBY

to OPERATE,
AGS warning
light goes on.

Descent engine

does not fire or
cannot perform
FITH using
ABORT STAGE
pushbutton.

AGS is lost and

AGS warning
light goes on.

Manual DPS

burns are lost.

Manual control must be used, to test

descent engine (THR CONT set to MAN)

Failure has no effect on PGNS operation,
but AGS cannot be used as backup.

A11 mission objectives are lost.

Radar section cannot be checked

Main propulsion burns are lost.

Backup capability of AGS is lost because

AEA power supply is inhibited.

DES ENG CMD OVRD switch (panel 3) and

redundant descent engine shutoff valve
feed are lost. Staging is accomplished with
STAGE switch.

There is no backup capability if PGNS

malfunctions.

ABORT pushbutton (panel 1) arrd descent
engine are disabled.

Mission 114 3 Basic Date 1 Januarv 1968 Change Date 2.2-L83
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Table 2-18. Guidance, Navigation, and Control Subsystem - Failure Modes (cont)

GIIIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM

Failure Indication Vehicle Capability

STAB,iCONT: DECA PWR CirCUit

breaker (panel 11) failed open.

STAB/CONT: ATCA PGNS CirCUit

breaker (parel 1L) failed open.

STAB,/CONT: ATCA circuit breaker
(panel l-6) failed open.

AC BUS A: DECA GMBL circuit
breaker (panel 11) failed open.

STAB/CONT: ENG ARM circuit
breaker (panel 16) failed open.

HEATERS: RNDZ RDR OPR cir-
cuit breaker (panel 11) failed open.

HEATERS: LDG RDR circuit
breaker (panel i"1) failed open

PGNS: LDG RDR eircuit breaker
(parel 11) failed open.

AC BUS A andAC BUS B: AOT
LAMP circuit breaker (panel 11)

failed open.

CES DC warning
light goes on or
DPS burn is lost.

PGNS stability
control (DAP)

is lost.

AGS stability
control (AAP)

is lost.

Descent engine

carmot be

gimbaled.

Nominal APS or
DPS automatic
engine arm
camot be

performed.

RNDZ RDR and

HEATER caution
lights go on.

LDG RDR and

HEATER caution
lights go on.

LDG RDR caution
Iight goes on.

Reticle carurot be

seen through AOT
eyepiece.

DPS burn is available, using DES ENG

CMD O\BD switch (panel 3).

AGS stability control (AAP) is available

with ATCA (AGS) circuit breaker @anel 16)

If DAP is not available, stability control
is completely lost; otherwise, DAP must
be used to control vehicle.

TTCA cannot commaJrd descent engine to

92.570 (maximum) thrust, but DPS burn
is available.

Descent or ascent engine must be fired
with engine START pushbutton (panel 5)

and MASTER ARM switch (panel 8).

RR is lost.

LR is 1ost.

LR test objectives are lost.

AOT objective is lost. COAS is used as

backup for AOT.

Page 2.2-L84 Mission 114 3 Basic Date 1 January 1g68 Change Date
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2.2.5 PERFORMANCE AND DESIGN DATA.

The performance and design data for the GN&CS sections are given in tables 2-19
through 2-26.

Table 2-19. Primary Guidance and Navigation Section - Performance and Design Data

Table 2-20. Abort Guidance Section - Performance arrd Design Data

Computer type

Internal transfer

Memory

Erasable

Fixed

Word length

Number system

Circuitry type

Macirine instructiclns

Regular

trvoluntary .

Peripheral

Program interrupt options

Counter interrupt options

Memory cycle time

Add time

Telemetry

UpIink

Dormlfuk

Basic cloek osciilzrtor

LGC power supplies

Logie

Parity

Automatic, electronic, digital, general-purpose
and control

Parallel (ail bits simultaneously)

Random access

Coincident-current core ; 2, 048-word capacity

Core rope; 36,864-word capacity

Sixteen bits

Binary ones complement - for manipulation

Flat pack, NOR micrologic

56 total

42 tatal

9 total - associated with counter interrupts
and program intemupts

5 total (for grotmd testing only)

10 total

29 lotal

12 microseconds

24 microseconds

SSmced from PCM

Up to 1,000 bits/second

Telemetry start and end pulses at 50 or 10 pps

2.048 mc

One +4-volt switching regulator '1 Operated from
I 28-volt d-c

One +14-volt switching regulator J input power

Positive (Positive dc = Binary 1;0 volts =Binary 0)

odd

28*4 volts dc, 90 watts
115+2.3 volts ac, 400 cps, -596,
3.5 v,,atts

Basic Date 1 J 1968 Change Date
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ASA clock

DEDA clock

AEA clock

AEA and DEDA logic levels

AEA memory

Number of bits

Cycle time

Temperature range

128 kpps

128 kpps

1,024+2 pps

Zerot 0 to 0.5 volt dc
One: +3 to +5 volts dc

4,096 words

18 bits per memory word

5 microseconds

+60" to +80' F

Table 2-20. Abort Guidance Section - Performance and Design Data (cont)

Talie 2-27. Rendezvous Radar - Performance and Design Data

Radar radiation frequency

Radar received frequency

Radiated power

Antenna design

Angle-tracking method

Antenna diameter

Antenna gain

Anteryra beamwidth (3-db points)

Antenna sidelobe level

G1'roscopes

Modulation

Receiver channels

Receiver noise figu.re

Receiver intermediate frequencies

Maximum range (unambiguous)

Minimum range

Range accuracy

9832.8 mc

9792.0 mc + doppler

300 mw (nominal)

Cassegrainian

Amplitude monopulse

24 iaches

32 db (nominal), 31.5 db at beam center
28.0 db at 2" oIl boresight

4.0"

-13 tlb adjacent to main lobe

Four (hvo redundart)

Phase modulation by three tones: 200 cps,
6.4kc, and 204.8 kc

Reference, shaft, and trunnion

10 db (maximum)

40. 8, 6. 8, and 1. 7 mc

405 nm

80 feet

Bias: +800 feet for raages > 50.8 n1n .

+80 feet for ranges < 50. 8 nm
Random (3 c ): I7o or B0 feet for rarges

betvreen 80 feet and 5 nm;
L/470 or 300 feet for ranges
between 5 nm and 400 nm

Range rate +4,900 to -4,900 fos

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
Page 2.2-L86 Mission LM3 Basic Date 1 January 1968 Change Date
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Range data output

Range scale factor

400 to 50.8 nm

50. E nm to 80 feet

Range rate scale factor

Ralge rate accuracy

Acquisition tlme

Aagular accuracy

Range

400 nm

300 nm

200 nm

5nm

2nm

1nm

80 feet

Angle rate accuracy

Range

400 nm

200 nm to 1,000 feet

15-bit serial format

75. 04 feet/bit

9. 38 feet,/bit

19. 91 cyeles,/fps

+1 fps, 3oraadom
+1 fps, bias

4.5 seconds

Maximum error (mr)
Random

1

3

2

2

5

10

10

Bias

8

8

8

8

E

8

8

X'Iaximum error

0. 4 mr/sec

0. 2 mr/sec

Table 2-21. Rendezvous Radar - Performaace and Design Data (cont)

Table 2-22. Landing Radar - Performance and Design Data

AND

Velocity sensor

Radar altimeter

Altitude capability

Velocity capability

Weight (approx)

Power consumption

Continuous-wave, three-beam

FM/CW

N/A

N/A

39 pounds

125 rvatts dc (nominal)
147 waLts dc (maximum)

44 watts dc (maximum)

Planar array, space-duplexed

Heater power consumption

Altimeter antenna

Tlpe

Mission LM 3

GIIIDANCE, NAYIGATION,
Basic Date 1 January 1968 Change Date
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Altimeter antenna (cont)

Gain (two-way)

RF power

Beamwidth (two-way)

50. 4 db

100 mli,(minimum)

3.9" E-p1ane

6. 5" H-plane

Velocity sensor antenna

TYPe

Gain (two-way)

RF porver

Beamwidth (two-way)

Doppler input

Transmitter

Velocity sensor frequency

Radar altimeter frequency

Warmup time

Operating time

FM sw€ep duration

Transmitter frequency

Velocity sensor

Altimeter

Acquisition time

Velocity sensor

Altimeter

Range input

Primary power

Planar array, spaced-duplexed

49.2 dl)

200 mw (minimum)

3.67 E-plane
7 .34 H-plare

26 to 64kc

10.51 gc

9.58 gc

1 minute

Up to 999.99

0.007 second

10. 510 kmc +5 mc

9. 580 kmc =5 mc

Temperature range

12 seconds (maximum)

12 seconds (maximum)

116 cps to 133 kc

25 to 31. 5 volts dc (nominal)
3. 5 to 6.5 amperes

-20" to +110'F

Table 2-22. Landing Radar - Performance and Design Data (cont)

Table 2-23. Control Electronics Section - Performance arrd Desigl Data

AND CONTROL SUBSYSTEM
Page

Attitude arrd translation controller
assembly

Lrput signals Attifude error, command rate, and rate
gyro output

Operating frequency 800 cps

2.2-L88
GUIDANCE, NAYIGATION,
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Table 2-23. Control Electronics Section - Performanee and Design Data (cont)

G

Attitude and translation controller
assembly (cont)

Cooling

Temperature range

Rate gyro assembly

Input power

Starting power

Steady-state power

Transient power

Sensitivity

tnput range

[rput rate frequency

Descent engine control assembly

A-C input power nominal voltage

Steady-state voltage limits

Operating temperature range

D-C input power nominal voltage

A-C power consumption

Transient peak

Steady-state average

D-C power consumption

Transient peak

Steady-stage average

Total power consumption

Traasient

Steady-state

Gimbal drive actuator

A-C power

A-C power consumption (steady-
state average)

Stroke

Conduction through mounting fl anges

0" to +160" F

Single- and three-phase, 800 cps

1.8 watts (maximum; three-phase)

8. 5 watts
1.5 watts

1.0 v/att
40 watts

(maximum ; three -phase)
(dc)

(single-phase)
(dc)

0.05" per second

-25' Lo +25' per second

20+4 cps

115 vrms

+2.5 ta -2. 5 vrms

+57" to +9?' F

+4, +15, +28, and -15 volts dc

6 watts (maximum)

3 watts (maximum)

5 watts (maximum)

5 watts (maximum)

27.6 watts (maximum)

7.9 watts (maxirrum)

115*2. 5 wms,. single phase, 400 cps

35 watts

+2 to -2 inches +570

Mission LM 3 Basic Date 1 J 1968 Change Date
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Attitude controller assembly

Operating power

Tlpe of sensor

Displacement

Thrust/tr anslation controller
assembly

Operating power

Type of sensor

28 volts, 800 cps

Propo rtional transdueer

0.28 volt/degree

28 volts, 800 cps

Proportional tr ansducer

2.2.6

2.2.6.1

Table 2-23. Control Electronics Section - Performance and Design Data (cont)

Table 2-24. LM Mission Programmer - Performance and Design Data

Table 2-25. Orbital Rate Display - Earth and Lunar - Performance and Design Data

OPERATIONAL LIMITATIONS AND RESTRICTIONS.

General.

The following operational limitations and restrictions pertain to the GN&CS as a
whole. Limitations and restrictions that pertain to specific portions of the GN&CS are
covered in paragraphs 2. 2.6.2 through 2.2.6.6.

Primary power

Temperature rarge

Digital command assembly

Steady-state voltage limits

hput power

Frequency range

28 volts dc

0'to +160" F

25 to 31.5 volts dc

1. 5 watts

406 to 450 mc

Operating power

AC

DC

Porver consumption

AC

DC

Range of orbital altitude

Operating temperature range

Weiglrt

115+2. 5 r'.rms, single phase, 400 cps

28+3 volts

4 watts at 0. 9 power factor (minimum)

4 watts

10 to 310 nm
(calibrated in 5-nm steps)

0' to +160' F

5. 5 pounds

Page 2.2-190
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The IMU, ASA, and LGC must not be placed in their operate modes until
after 15 minutes of water sublimator operation. If this requirement is not
observed, erroneous and changing IMU, ASA, and LGC outputs occur during
temperature cycling.

Before and during all AV maneuvers, narrow deadband operation must be

used to achieve proper control of the thrust vector, for trajectory accu-
racy. Failure to comply with this procedure produces an unacceptable
Ievel of uncertainity in the trajectory.

The AGS must be updated to the PGNS 5 minutes before any burn, to mini-
mize error due to dri.ft. In addition, the time from first star fix to com-
pletion of AGS alignment must not exceed 16 minutes for powered descent
and ascent. If updating is not performed, erroneous data may be stored in
the AEA, resulting in trajectory anomalies if the PGNS fails and the AGS is
required for abort.

Continuous heating must be provided for the ASA, IMU, RR, and LR to
maintain minimum survival temperature levels. If survival heating fails,
permanent degradation or damage of the assemblies may result.

The separation distance between the LM and the CSM must not exceed
100 nm. Accurate updating of AGS state vectors, using the RR, is impos-
sible at distance greater than 100 nm.

Primary Guidance and Navigation Section.

The operational limitations and restrictions for the PGNS are as follows:

IMU fine alignment must have been completed before any main engine burn
and within 15 minutes before any AV maneuver. In addition, the time from
first star fix to completion of IMU fine alignment must not exceed 10 min-
utes. These times are established to compensate for stable member drift,
which would result in an unacceptable level of error in thrust vector align-
ment.

a The IMU requires an operating time of 30 minutes after switching from
standby to operate, for temperature stabilization. The first 90 seconds
are required by the IMU gyros, to acquire synchronous rotor speed; the
remaining time is for temperature stabilization. If the IMU is used during
this time, scale factor changes resulting from varying temperature and
rotor speed cause degraded attitude data.

A gimbal lock condition exists if the outer and irurer gimbals come within
20o of each other. When these two gimbals become coplanar, attitude data
is lost and torquing requirements become infinite.

To maintain the LGC reference time, the LGC off mode is not used except
before, during and followi.ng sublimator dryout. If the reference time is
lost, it is reestablished by the astronauts with DSKY inputs.

The LGC must be in the operate mode when the IMU is switched to operate,
because IMU moding is performed by LGC commands. If this requirement
is not observed, the IMU places itself in the cage mode instead of the
operate mode.

The AOT field of view must cover a suitable starfield, because LGC pro-
gramming for IMU alignment is based on specific star requirements. IMU
alignment will be inadequate if this requirement is not observed.

a

a

a

2.2.6.2

a

a

a

a
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The periphery of the AOT field of view must not be within 15" of the sun,
because sunlight interferes with the optical assembly.

The AOT heaters must be on continuously from 30 minutes before first use
of the AOT until after last use, to prevent fogging of the lens.

The AOT must be in the stowed position (azimuth control set to CL) when
not in use, to protect the viewing face from RCS plume impingement and
space particles. Failure to observe this requirement may result in dam-
age to the lens and will result in inaccurate IMU alignment.

The RR antenna must be positioned for minimum interference with the AOT
when performing IMU alignment; otherwise, the RR occults a large portion
of the AOT field of view. The minimum position for the RR antenna is
mode No. I (shaft angle of -70", trunnion angle of 0o).

Abort Guidance Section.

The operational limitations and restrictions for the AGS are as follows:

At least 25 minutes must be allowed for ASA warmup, to stabilize the
gyros; otherwise, operation is degraded.

AEA operation is shut down automatically if its power subassembly d-c
input voltage drops below 20 volts dc.

o The ASA gyro rate must not exceed 25'/secord; otherwise, output is de-
graded.

Radar Section

The operational limitations and restrictions for the RR and LR are as follows:

The RR antenna should be stowed during launch, boost, and docked con-
figuration. If this cannot be done (because the antenna cannot be stowed
from inside the LM once the lanyard is pulled), the antenna must be in-
spected for discoloration and structural damage before use. This inspec-
tion should be performed before separating from the CSM after the first
rendezvous and docking sequence, with the antenna not stowed.

The HEATERS: RNDZ RDR - OPR circuit breaker (panel 11) must be
closed t hour before the RR is used. If the RR temperature is not in-
creased from survival heating level to operating heating level, the RR may
be inoperative or its performance may be degraded.

Trunnion axis coverage (LOS) in mode No. I is +55o to -55' about the
Z-axis; in mode No. II, -125'to -235' about the Z-axis.

Shaft axis coverage (LOS) in mode No. I is -70'to +60o about the X-axis;
in mode No. II, +40o to +155" about the X-axis.

Mechanical movement of the RR shaft cannot exceed +68o to -148" about the
X-axis, due to mechanical stops. Trunnion u<is movement is restricted
from +70" to -235" about the Z-axis.

When switching the RR antenna from mode No. I to mode No. II, 30 to 40

seconds must be allowed. The time delay is required, because the RR
loses lock-on and it must be reestablished.

o

a

a

2.2- 6"3

2.2.6"4

a

a

a
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Except for open-loop antenna slewing, manual operation of the RR antenna
is only available in mode No. I. If this restriction is not observed, read-
out of antenna angles is impossible, because display of RR antenna angles
is restricted to mode No. I.

The RR must be operated within joint specification restrictions on timeline
and thermal inputs into the antenna assembly. Components will overheat
resulting in degraded operation or possible complete loss of RR.

Before any maneuver based on RR angular data, 15 minutes of continuous
tracking must be completed by the RR. The LGC must compensate for
RR-IMU angular misalignment (bias) error. If this requirement is not
observed, inaccurate data is fed to the LGC, resulting in excessive fuel
consumption.

DuringRR-IMU bias determination, theLM-CSM LOS must be within 30" of
the LM +Z-axis. If this requirement is not observed, computation of re-
quired AY corrections is degraded, resulting in excessive use of the RCS.

The LR must be allowed to warm up for 1. 5 minutes for temperature sta-
bilization; otherwise, degradedand changing output will result.

The antenna tilt angle for position No. 1 is 24; for position No. 2, zero
degrees.

The LR must be operated within a speciJic mission timeline; otherwise, the
components will overheat and degraded operation or possible loss of LR
will result.

Control Electronics Section.

The operational limitations and restrictions of the CES are as follows

o The static operating load limit for the GDA is 2,900 pounds.

The TTCA provides control over the throttle magnitude, from 1070 to
92.5?o of maximum thrust.

a When the ascent engine is on, RCS +X TCA's are used only for pitch and
roII control (and therefore add to AV), except as needed when Iarge com-
mands occur or when moments due to center-of -gravity offset exceed the
unbalanced couples control boundary. For AGS operation, manual switching
to balanced couples may be required during powered ascent at a predeter-
mined time based on prelaunch center-of-gravity predictions. If -X TCA's
are used, excessive fuel consumption results because a portion of the AV
provided by the ascent engine is cancelled while overcoming the unbalance
created by the center-of-gravity offset.

LM Mission Programmer

The operational limitations and restrictions for the LMP are as follows

Operation of the LMP is restricted to operation of the ascent engine when
the LM is unmanned.because the engine will be operated until propellant
depletion. If this restriction is not observed, the LM will have no main
propulsion AV capability.

o

a

a

o

a

o

a

2.2.6.5

2.2.6.6

a
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2.2.6.7

2.2.7

Orbital Rate Display - Earth and Lunar.

The operational limitations and restrictions for the ORDEAL are as follows:

The ORDEAL shall be used only when the LM is in a ci::cular orbit. ff
this restriction is not observed, FDAI pitch displays are degraded.

The ORDEAL is Iimited to altitudes between 10 and 310nm. If these limits
are exceeded, outputs are degraded.

TELEMETRY MEASUREMENTS.

The GN&CS telemetry data are given in table 2-26. "(R)" in the "Telemetry Range"
column signifies a real-time telemetry measurement.

'lable 2-26. Guidance, Navigation, and Control Subsystem - Telemetry Measurements

GIIIDANCE, NAVIGATION, AND CONTROL SI]BSYSTEM

a

a

Code Description
Telemetry Range

(Nominal) Display Range
Crew

Disptay

GGo001x

GGO117H

GC,O118L

GGO119L

GGO12OL

GG1 O2OV

GG1 O3OV

GGl04OV

GGlOTOV

GG1 I OOV

GG111OV

GG1111V

GG1201V

GG12O2V

GG12O3V

GG1331V

PGNS downlink data (to
telemetry)

Altitude (LGC)

Altitude rate (LGC)

Forward velocity
(LGC)

Lateral velocity
(LGC)

LGC +14-vdc supply

LGC +rl-vdc supply

120-r,dc pulse torque
reference

CDU +4-vdc supply

-27.5-vdc supply

PCM 2.S-vdc TM
bias

DFI 2.S-vdc TM
bias

IMU 28-volt, 800-
cps, IP-0D supply

IMU 28-volt, 800-
cps, 5P-90D supply

IMU 28-vo1t, 800-
cps, 5P-0D supply

3.2-kc,28-volt
supply

Digital code (R)

0 to 60.5K feet

-700 to +700 fus

-200 to +200 fos

-200 to +200 fps

0 to 20 vdc (14 vdc)

0 to 5 vdc (4 vdc)

85 to 135 vdc (120

vdc) (R)

0 to 5 vdc (4 vdc)

0 to -35 vdc
(-27.5 vdc)

0 to 5 vdc (2.5 vdc)
(R)

0 to 5 vdc (2.5 vdc)

0 to 31. 1 lTms
(28 vrms) (R)

0 to 33.6 vrms
(28 vrms)

0 to 33.6 vrms
(28 r,'rms)

0 to 31. 1 vrms
(28 vrms) (R)

0 to 400 nm

-700 to +700 fos

-20 to +20 fps or
-200 to +200 fps

-20 to +20 fps or
-200 to +200 fps

None

ALT indicator

ALT RT indicator

X-pointer indicator

X-pointer indicator

None

None

None

None

None

None

None

None

None

None

None
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Code Description
Telemetry Range

(Nominal) Display Range
Crerv

Display

GGlSOOV

GG151OV

GG1513X

GG152OV

GG1523X

GG2 OO1 V

GG2011V

GG2021V

GG2O3TV

GG2041V

GG2O51V

GG21 O6V

GG2107V

GG211OC

GG?ttzy

GG2113V

GG2121V

GG2I22Y

GG2123y

GG2136V

GG2137V

GG2I4OC

IMU operate +28-

II'IU stardby +28-
vdc leve1

INIU standby,/off

LGC operate +28-
vdc 1eve1

X PIPA SG output,
in-phase

X PIPA mode check

Y PIPA SG output,
in-phase

Y PIPA mode check

Z PIPA SG output,
in-phase

Z PIPA mode check

IG servo error,
total

IG servo error, in-
phase

IG torque motor
input

IG 1X resolver

IG 1X resolver
output, cosine

IG lX resolver
(exparlded)

IG 1X resolver
output, sine

IG 1X resolver
output, cosine

MG servo error,
total

MG servo error,
in-phase

MG torque motor
input

vdc ievel

LGC operate

output, sine

0 to 35 vdc
(2S vclc)'

0 to 35 vdc
(28 vdc)

Off or on (R)

0 to 35 vdc
(28 vdc)

Off or on (R)

-2.5 to +2.5
vrms (R)

(7 voits p-p)

-2.5 to +2.5 vrms
(R)

(7 voits p-p)

-4, ) to i4. )

vrms (R)

(7 r,olts p-p)

0to3wms

-0. 5 to +0. 5 amp
(11)

-20.25 to +20.25
vrms (R)

-20.25 to +20.2o

-3 to +3 vrms

0 to 28 vrms

0 to 28 vrms

0 to 3 vrms

-0.5 to +0,5
ampere (R)

(zero) (R)

vrms (R)

-5 to +5 vrms

-3 to +3 vrms
(zero) (R)

0" to 360'

0' to 360"

None

None

None

None

None

None

None

None

None

None

FDAI

FDAI

None

None

None

None

None

None

None

None

None

None

t

TabLe 2-26. Guidance, Navigation, and Control Subsystem - Telemetry Measurements (cont)
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Code Description
Telemetry Range

(Nominal) Display Range
Crew

Display

GG2T42V

GG2143V

GG2151V

GG2152Y

GG2153V

GG2166V

GG2167V

GG217OC

GG2772Y

GG2r73V

GG2181V

GGz182V

GG2183V

GG2277V

GG2219V

GG2220v

@2247y

GG2249Y

GG2250V

GG2251y

MG 1X resolver
output, sine

MG 1X resolver
output, cosine

MG 1X resolver
(expanded)

MG 1X resolver
output, sine

MG 1X resolver
output, cosine

OG servo error,
total

OG servo error,
in-phase

OG torque motor
input

OG 1X resolver
output, sine

OG 1X resolver
output, cosine

OG 1X resolver
sine (expanded)

OG 1X resolver
output, sine

OG 1X resolver
output, cosine

Pitch attitude
error (PGNS)

Pitch CDU digital-
to-analog output

IG CDU fine error

IG CDU coarse
error

Roll attitude error
(PGNS)

Yaw CDU digital-
to-analog output

MG CDU fine error

MG CDU coarse
CTIOI

-20 .25 to +20. 25

vrms (R)

-20 .25 to +20.25

vrms (R)

-5 to +5 vrms

0 to 28 vrms

0 to 28 vrms

0 to 3 vrms

-3 to +3 vrms
(zero) (R)

-0.9 to +0.9
ampere (R)

-20 . 25 to +20. 25

vrms (R)

-20.25 to +20.25
vrms (R)

-5 to +5 vrms

0 to 28 vrms

0 to 28 vrms

0 to 10 vrms

-5 to +5 vrms
(zero) (R)

0 to 1. 5 vrms
( zero)

0 to 5 vrms
(zero)

0 to 10 vrms

-5 to +5 vrms
(zero) (R)

0 to 1. 5 vrms
(zero)

0 to 5 vrms
(zero)

0" to 360'

0" to 360"

0" to 360'

0' to 360"

-30' to +30'

-30' to +30"

None

None

None

FDAI

FDAI

None

None

None

None

None

None

FDAI

FDAI

None

None

None

FDAI

None

None

None

Table 2-26. Guidance, Navigation, and Control Subsystem - Telemetry Measurements (cont)
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L Table 2-26. Guidance, Navigation, arrd Control Subsystem - Telemetry Measurements (cont)

, NAVIGATION, AND CONTROL

I

L

Code Description
Telemetry Range

(Nominal) Display Range
Crew

Display

GG2277y

GG2279Y

GGz280V

GG2281V

GG230OT

GG2301T

GG2302X

GG2303X

C.G33O4V

GG3305V

GG3311V

GG3312V

GG3321V

GG3322V

GG3324V

GG3325V

GG4SOOT

GG6OOlD

GG6OO2D

GG6OOSD

GG6O20T

Yaw attitude error
(PGNS)

RoIl CDU D/A
converter output

OG CDU fine error

OG CDU coarse
EIIOI

PIPA temperature

IRIG temperature

IMU heater off

IMU blower off

RR sha-ft 1X
resolver output,
sine

RR shaft 1X
resolver output,
cosine

RR shaft CDU fine
error

RR trunnion CDU
fine error

RR trunnion CDU

coarse error

RR tr"unnion 1X
resolver output,
sine

RR trunnion 1X
resolver output,
cosine

LGC temperature

Navigation base
(ro11)

Navigation base
(pitch)

Navigation base (yaw)

PIPA temperature

RR shaft CDU
coarse error

0 to 5 vrms
(zero)

+120" to r 140" F
(+130'F) (R)

123" to +143" F
(+133' F) (R)

On or off

On or off

-27 . 5 to +21.. 5

vrms (R)

-21. 5 to +27. 5

vrms (R)

-1.2 to -1.2 vrms
(zero)

-1. 2 to +1. 2 vrms
(zero)

-2L.5 to +27.5

vrms (R)

-27. 5 to +21 . 5

vrms (R)

+47' to +722"F

0g to 29

0g to 29

0g to 29

O' to +150"F (R)

0 to 10 vrms

0 to 5 vrms
(zero)

-5 to +5 vrms
(zero) (R)

0 to 1. 5 vrms
(zero)

0 to 5 vrms
(zero)

-30' to +30'

None

None

None

None

None

None

None

None

None

None

None

None

FDAI

None

None

None

None

None

None

None

Mission LM 3 Basic Date 1 J 19!.8 Change Date Paee.2.2.]9l-
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Code Description
Telemetry Range

(Nominal) Display Range
C rerv

Disp1a5.

GG6O21T

GG9001X

CrG9002X

GG9003X

GGgOO6V

GH1204X

GII1211V

GH72I2V

GH1214X

GH1217X

GH1230X

GH124OV

GHl241V

GHl242V

GI]T247Y

GH1248V

GIll249V

GH1260X

GH1283X

GH1286X

GH1301X

PSA temperature

LGC (warning)

IMU tbmperature
out of limits

ACA out of detent

Automatic throttle
increase, 3.2 kpps

Automatic throttle
decrease, 3.2 kpps

Automatic engine-on
command

Automatic engine-off
command

Ascent engine-arm
commaaded

Pitch logic input

Ascent engine on-
off to propulsion

Abort stage com-
maxrd

Engine fire over-
ride

Descent engine-on
to propulsion

ISS (warning)

PGNS (caution)

Roll logic input

error

error

X-translation
command

Y-translation
command

Z -translation
command

Yau, logic input
CITOI

+47" to +722'F

Contact closure
(R)

C ontact closure
(R)

Contact closure
(R)

C ontact closure
(R)

C ontact closure
(R)

Contact closure
(R)

0 or 28 vdc (R)

-10, 0, or +10 vdc
(R)

-10, 0, or +10 vdc
(R)

-10, 0, or +10 vdc
(R)

-13 to +13 vdc
(+0.5 vdc) (R)

-13 to +l-3 vdc
(+0.5 vdc) (R)

-13 to +13 vdc
(+0. 5 vdc) (R)

Contact closure
(R)

Contact closure
(R)

Contact closure
(R)

(2.6 to 15 vdc)
(R)

0 to 2-5 vdc

0 to 2-b vdc

LGC warning
Iight

PGNS caution
light

Nclne

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

ISS warning
light

Table 2-26. Guidance, Navigation, and Control Subsystem - Telemetry Measurements (cont)

G{IIDANCE, NAYIGA
LM 3 Basic

TION, AND CONTROL SUBSYSTEM

i

L

i
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LMA?gO-3-LM 3
APOLLO OPERAfiONS HANDBOOK

SUBSYSTEMS DATA

Code Description
Telemetry Range

(Nominal) Display Ralge
Crew

Display

GH1311V

GH1313V

GH1314V

GH1318X

GH1319X

GH1320X

GH1323X

GH1330X

GH1331V

GH1343X

GH1344X

GHL345X

GH1348X

GH1349V

GHL397V

GH1398V

GH1399V

GH1401V

GH1402V

GH1403V

GH14O6V

Maaual thmst com-
mand

Pitch GDA position
(retractlextent)

Ro11 GDA position
(extent/retract)

Pitch trim extend com-
mand from LGC

Pitch trim extend com-
mand from LGC

Pitch GDA extend/
retract commands

Pitch trim failure

Roll trim failure

Automatic thrust
command

Roll trim extend
from LGC

Ro11 trim retract
from LGC

Roll GDA retuact/
extend

Descent engine arm
(DECA out)

Descent engine arm
(DECA out)

Yaw rate gyro null
(0 to 8 kc)

Pitch rate gyro null
(0. 8 kc)

Roll rate gyro null
(0. 8 kc)

RGA spin motor line
A-B (0. 8 kc)

RGA spin motor line
B-C (0. 8 kc)

RGA spin motor line
C-A (0. 8 kc)

+15-vdc supply

Contact closure
(R)

-15 to +15 vrms
(+0.5 vrms) (R)

-15 to +15 vrms
(+0.5 vrms) (R)

4 vdc (on) or 28
vdc (off)

4 vdc (on) or 28
vdc (off)

115 vrms (extend)
135 vrms (retract)

Contact closure (R)

Contact closure (R)

0 to 12 vdc
(0.015 vdc) (R)

115 vrms (retract)
135 vrms (extend)

0 or 28 vdc (R)

23 to 29 vrms
(26 vrms)

23 to 29 vrms

23 to 29 vrms
(26 vrms)

(0 to 15 vdc)

30 millivolts

30 millivolts

30 millivolts

(26 vrms)

4 vdc (on) or
28 vdc (off)

4 vdc (on) or
28 vdc (off)

14 to 16 vdc
(15 vdc)

\Vo to lO\Vo

\Vo to 1007o

CES AC
warning light

CES AC
warning light

CES AC
warning light

CES DC
warning light

None

None

None

None

None

None

None

None

None

None

None

None

THRUST
indicator

GDA,/RCCA
caution light

GDA/RCCA
caution light

THRUST
indicator

Tahle 2-26. Guidance, Navigation, and Control Subsystem - Telemetry Measurements (cont)

YIGATION , AND CONTROL SUBSYSTEM
Change DateMssion LM 3 Basic Date January 1968 Page_fi-L99
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LMA?gO-3-LM 3
APOLLO OPERATTONS HANDBOOK

SUBSYSTEMS DATA

Table 2-26. Guidance, Navigation, and Control Subsystem - Telemetry Measurements (cont)

GUIDANCE , NA\TIGATION, AND CONTROL SUBSYSTEM

Code Description
Telemetry Range

(Nominal) Display Range
Crew

Display

GH14O7V

GH14O8V

GH1418V

GH1419V

GH1420V

GH1421V

GHt422y

GH1423V

GH7424V

GH1425V

GHl426y

GHl427y

GH1428V

GH7429y

GH1430V

GH1431V

GH1432V

GH1433V

GH1434V

GH1435V

GH1436V

-15-vdc supply

4.3-vdc supply

Jet No. B4U LcC
command

Jet No. A4D LGC
command

Jet No. B4F LGC
command

Jet No. B4U
driver output

Jet No. B4F
driver output

Jet No. A4R
driver output

Jet No. ABU
driver output

Jet No. BSD
driver output

Jet No. B3A
driver output

Jet No. ABR
driver output

Jet No. B2U
driver output

Jet No. A2D
driver output

Jet No. A2A
driver output

Jet No. B2L
driver output

Jet No. A1U
driver output

Jet No. B1D
driver output

Jet No. A1F
driver output

Jet No. B1L
driver output

On or off (R)

On or off (R)

On or off (R)

On or off (R)

On or off (R)

On or off (R)

On or off (R)

On or off (R)

On or off (R)

On or off (R)

On or off (R)

On or off (R)

On or off (R)

On or off (R)

On or off (R)

0 or 28 vdc

0 or 28 vdc

0 or 28 vdc

On or off (R)

-16 to -14 vdc
(-15 vdc)

3.8to4.8vdc
(4. 3 vdc)

None

None

None

CES DC

warning light

RCS TCA
warning light

RCS TCA
warning light

RCS TCA
warning light

RCS TCA
warning light

CES DC

warning light

RCS TCA
warning light

RCS TCA
warning light

RCS TCA
warning light

RCS TCA
warning light

RCS TCA
warning light

RCS TCA
warning light

RCS TCA
warning light

RCS TCA
warning light

RCS TCA
warning light

RCS TCA
warning light

RCS TCA
warning light

RCS TCA
warning light

Page 2.2-200 Mission LM3 Basic Date 1 January 1968 Change Date

Jet No. A4D
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LMA79O-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

Code Description
Telemetry Range

(Nominal) Display Range
Crew

Display

GH1437V

GH1438V

GH1439V

GH1440V

GH1441V

GHl442V

GH1443V

G}l7444I.r

GH1445V

GH1446V

GH|447y

GH1448V

GH1449V

GH1450V

GHt452V

GH1453V

GH1455V

GH1456V

GH1,457Y

GH1461V

GH1462V

Jet No. A4R LGC
command

Jet No. ABU LC,C

command

Jet No. BSD LGC
commaad

Jet No. B3A LGC
commarrd

Jet No. A3R LC,C

command

Jet No. BzL LCrC

command

Jet No. A2D LGC
command

Jet No. A2A LCIC

commarld

Jet No. B?LLGC
command

Jet No. A1U LGC
command

Jet No. B1D LGC
command

Jet No. A1F LGC
command

Jet No. B1L LGC
command

Pitch trim error

RolI trim error

Yaw demodulator
output

Yaw attitude
error (0.8 kc)

Pitch attitude
error (0.8 kc)

Roll attitude
error (0.8 kc)

Yaw RGA signal
(0. 8 kc)

Pitch RGA signal
(0. 8 kc)

0 or 28 vdc

0 or 28 vdc

0 or 28 vdc

0 or 28 vdc

0 or 28 vdc

0 or 28 vdc

0 or 28 vdc

0 or 28 vdc

0 or 28 vdc

0 or 28 vdc

0 or 28 vdc

0 or 28 vdc

0 or 28 vdc

-14 to r14 vdc

-14 to -14 vdc

-14 to -14 vdc

-5 to +5 vrms
(R)

-5 to -5 vrms
(R)

-5 to +5 vrms
(R)

-O. J LU TJ. D

vrms (R)

-3.5 to +3.5
vrms (R)

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

"table 2-26. Guidance, Navigation, and Control Subsystem - Telemetry Measurements (cont)

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
Mission LM 3 Basic Date 1 January 1968 Change Date 2.2-201
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LMA7gO-3-LM 3

APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

Code Description
Telemetry Range

(Nominal) Display Range
C rerv

DispIal,

GH1463V

GH1488V

GH1489V

GH1493V

GH1494V

GH1497V

GH1498V

GH1499V

GH1501X

GH1502X

GH1503X

GH1603X

GH1608X

GH1609X

GH1621X

GH1628X

GH1629X

GH1630X

RoIl RGA signal
(0. 8 kc)

Primary -4.7 vdc

Backup -4.7 vdc

+6-vdc supply

-6-vdc supply

Yaw RGA signal
(0. 8 kc)

Roll RGA signal
(0. 8 kc)

RolI RGA SMRD
on torquer line

Pitch RGA SMRD
on torquer line

YAw RGA SMRD
on torquer line

Deadband select
(wide)

CES mode select
(AUTO)

CES mode select
(ATT HOLD)

Guidance select
switch (AGS)

Roll attitude
control select
(PULSED/
DIRECT)

Pitch attitude
control select
(PULSED/
DIRECT)

Yaw attitude
control select
(PULSED/
DIRECT)

-3.5 to +3. 5
vrms (R)

-5. 2 to -4. 2 vdc
(-4.7 vdc)

-5.2 to -4.2 vdc
(-4.7 vdc).

5.4 to 6. 6 vdc
(6 vdc)

-6. 6 to -5.4 vdc
(-6 vdc)

-'J. D LO f'J. D

vrms

-3. 5 to +3,5
vrms

.J. C LO fJ. D

vrms

0 to 1.6 kpps

0 to 1.6 kpps

0 to 1.6 kpps

0 or 28 vdc (R)

Contact closure
(R)

Contact closure
(R)

Contact closure
(R1)

Contact closure
(R)

Contact closure
(R)

Contact closure
(R)

-2 to -2" / sec ot
-20 to -20'/sec

-2 to +2' /sec or
-20 to -20'/sec

-2 to -2'/sec or
-20 to -20'lsec

None

PRE AMPS
caution light

PRE AMPS
caution light

CES DC

warning light

CES DC

warning light

FDAI

FDAI

FDAI

None

None

None

None

None

None

None

None

None

None

Table 2-26. Guidance, Navigation, and Control Subsystem - Telemetry Measurements (cont)
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Table 2-26. Guidance, Navigation, and Control Subsystem - Telemetry Measurements (cont)

Telemetry Range
(Nominal) Display Range

Crew
DisplayCode Description

GH1852V

GH1893X

GH1896X

GI0001X

GIS137X

GI3138X

G13151V

GI3152V

GI3153V

GI3154V

GI3155V

GI3156V

GI3166V

GI3167V

GI3168V

GI3171X

GIS172X

GI3173X

GI3175X

Manual throtU.e
command (0.8 kc)

Unbalanced couples

AGS downlink data
(to telemetry)

AVy (Y incre-
mental velocity)

tYz (Z incre-
mental velocity)

Sin c (to total
attitude display-
0,4 kc)

Cos a (to total
attitude display-
0.4 kc)

Sin F (to total
attitude display-
0.4 kc)

Cos P (to total
attitude display-
0. 4 kc)

Sin 7 (to total
attitude display-
0. 4 kc)

Cos 7 (to total
attitude display-
0. 4 kc)

E* (yaw attitude

error to display)

E" (nitch attitude

error to display)

E, (roll attitude

error to display)

a(P (yaw in-
crease angle)

a(R (roll in-
crease angle)

a(Q bitch in-
crease angle)

ASA clock

X-translation
override

0 or 28 vdc (R)

Contact closure
(R)

0.54 to 3.0

0 to 64 kpps

0 to 64 kpps

-15 to +15

-15 to +15

-15 to +15

0 to 64 kpps

0 to 64 kpps

(128 kpps)

vrms

vTms

vrms

vrms

(R)

0 to 64 kpps

-15 to +15

vrms

-15 to +15

vrms

-15 to +15

vrms

-4.5 to +4.5
vrms (zero)

-4.5 to +4.5

vrms (zero)

-4.5 to +4.5
vrms (zero)

-30' to +30'

-30' to +30'

-30" to +30"

0" to 360'

0" to 360'

0' to 360"

0' to 360"

0" to 360'

None

None

None

None

None

None

None

None

FDAI

FDAI

FDAI

FDAI

FDAI

FDAI

FDAI

FDAI

FDAI

None

NAVIG L SUBSYSTEM
Mission LM 3

GIIIDANCE,
Basic Date 1 January 1968 Change Date Prg" 2.2-N3

L

0' to 360"
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LMA7gO-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

Code Description
Telemetry Range

(Nominal) Display Range
C rerv

Display

GI3176T

GI3177X

GI31 7 8X

GI31?9X

GI3180X

GIS1 81X

GI3182X

GIS1 83X

GI3185F

GI3196X

GI3198X

GI32O 3H

GI32O4L

GI32O 5L

GI3274y

GI3215V

G13232

GI3233F

GI330 1T

GI3305X

Block tempera-
ture reference

CDU zero

+ A AIG (from
PGNS)

- r AIG (from
PGNS)

+ A AMG (from
PGNS)

- -TALIG (from
PGNS)

+ I AOG (from
PGNS)

- a AOG (from
PGNS)

AGS initialization
(downlink data)

1,024-kpps clock

PGNS downlink
shift pulses

PGNS downlink
stop pulses

Altitude to
display

Altitude rate to
display

V (lateral

v&ocity to
display)

ASA +29 y6g

ASA +12 y6g

AEA test mode
failure

ASA 28vl400 cps

ASA temperature

AGS condition
(warmup)

0' to 250'F
(120'F)

TBD

0 to 6.4 kpps

0 to 6.4 kpps

0 to 6.4 kpps

0 to 6.4 kpps

0 to 6.4 kpps

0 to 6.4 kpps

Digital code

TBD

(51. 2 kpps)

(50 kpps)

0 to 70K feet

-8,200 to
+8,200 fps

-200 to +200

fps

25.2 to 30.8
vdc (28 vdc)

10. 8 to 13.2
vdc (12 vdc)

Off or on

385 to 415
cps (400 cps)

0" to +250'F
(+120" F) (R)

Contact closure
(R)

0 to 'tr00 nm

-700 to +700

fps

-20 to +20 fps
or -200 to +200

fps

None

None

None

None

None

None

None

None

None

None

None

None

ALT
indicator

AI,T RT
indicator

X-pointer
indicator

AGS warning
Iight

AGS warning
light

AGS warning
light

AGS warning
light

None

None

\
Table 2-26. Guidance, Navigation, and Control Subsystem - Telemetry Measurements (cont)

GTIIDANCE, NAYIGATION, AND CONTROL SUBSYSTEM
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APOLITO OPERATTONI HANDBOOK
SI]BSYSTEMS DATA

Code Description
Telemetry Range

(NominaI) Display Range
Crew

Display

GI3306X

GI3311X

GI334OV

GI3341V

GI3342V

GI3343X

GI3344X

GI3345X

GI3351V

GI3352V

GIS353X

GI3354X

GI3355X

GI3356X

GI3357X

GI3358F

GI34O1V

GI34O2V

GI34O3V

GI34O4V

GI3405V

AGS condition
(standby)

V, (X incre-

mental velocity)

E* (yaw attitude

error null)

E, (nitch atti-
tude error null)

E, (roll attitude
error null)

X gy'ro SMRD

Y gyro SMRD

Z gyto SMRD

-3.0 to -4. 5 vdc
(to DEDA)

+4 to +5 vdc
(to DEDA)

DEDA data (to
DEDA)

DEDA address,/
data (from DEDA)

DEDA shift pulses
(from DEDA)

Shift four bits
in (to DEDA)

Shift four bits
out (to DEDA)

DEDA clock (to
DEDA)

Sin a (to total
attitude display)

Cos c (to total
attitude display)

Sin P (to total
attitude display)

Cos p (to total
attitude display)

Sin r (to total
attitude display)

Contact closure
(R)

0 to 64 kpps

-4. 5 to +4.5
vrms

-4.5 to +4.5

vlms

-4.5 to +4.5
vrms

0 to 200 pps

0 to 200 pps

0 to 200 pps

-3.0 to -4. 5 vdc
(-3.7 vdc)

+4.0 to +5.0 vdc
(4. 5 vdc)

Digital code

Digital code

(64 kpps)

(12.5 kpps)

(12. 5 kpps)

(128 kpps)

-15 to +15

vrms

-15 to +15

vrms

-15 to +15

vTms

-15 to +15

vrms

-15 to +15

VIMS

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

Table 2-26. Guldance, Navigation, and Control Subsystem - Telemetry Measurements (cont)

GIIIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
Mssion LM 3 Basic llate 1 January 1968 Change Date 2.2-205
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Table 2-26. Guidaace, Navigation, and Control Subsystem - Telemetry Measurements (cont)

Code Description
Telemetry Range

(NominaI) Display Range
Crew

Displav

GI34O6V

GI7031X

GN7523L

GN?524L

GN7525L

GN7527H

GN?529V

GN?530V

GN7531V

GN7532V

GN7533V

GN7534V

GN?535V

GN7536V

GN7537V

GN7545E

GN7546E

GN7559D

Cos r (to total
attitude display)

GSE (input reg-
ister unloaded)

LR (altitude
rate) (KnD4)

LR lateral rate
(KzDzl

LR forward rate

(K,D, + 
n rror)

LR Dn data

LR range gate
strobe

LR VrO Bate

strobe

LR V"O Bate

strobe

LR VZA gate

strobe

LR LGC antenna
position command

LR reset strobe

LR counter read-
out command

LR counter
output (0)

LR counter
output (1)

LR velocity
transmitter RF
power out

LR altimeter
transmitter RF
power out

LR aatenna

-15 to +15

VIMS

Off or on

N/A

N/A

N/A

N/A

4 to 10 vdc
(7 vdc)

4 to 10 vdc
(7 vdc)

4 to 10 vdc
(7 vdc)

4 to 10 vdc
(7 vdc)

0 or 28 vdc

4 to 10 vdc
('/ voc)

4 to 10 vdc
(7 vdc)

4 to 10 vdc
(7 vdc)

4 to 10 vdc
(7 vdc)

0to5mw

0to5mw

-20 to +20

g/sec

-700 to +700 fps

-20 to +20 fps or
-200 to +200 fps

-20 to +20 fps or
-200 to +200 fps

0 to 400 nm

0 to 5 units

0 to 5 units

None

None

ALT RT
i.ndicator

X-Pointer
indicator

X-Pointer
indicator

ALT,/ALT RT
indicator

None

None

None

None

None

None

None

None

None

SIGNAL
STRENGTH
indicator
(panel 3)

SIGNAL
STRENGTH
indicator
(panel 3)

None

AND CONTROL SUBSYSTEMGIIIDANCE, NAVIGATION,
Page 2.?-299 Mission LM 3 Basic Date 1 1968 Change Date
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Table 2-26. Guidance, Navigation, and Control Subsystem - Telemetry Measurements (cont)

GTIIDANCE, CONTROL SUBSYSTEM

Telemetry Range
(Nominal) Display RangeCode Description

GN7560X

GN7561X

GN?563T

GN?5&T

GN7565T

GN7567V

GN7568V

GN7569V

GN7570V

GN7571V

GN7572V

GN?573V

GN7574V

GN7575V

GN7576V

GN7577V

GN7582E

GN7583E

GN?584V

GN7585F

Sensor No. 2, LR
antenna tempera-
ture

LR velocity
transmitter RF
power output

LR altimeter
transmitter RF
power output

LR mode control

Sensor No. 3,
LR antenna

LR -25 vdc

LR +25 vdc

LR +25 vdc

LR +4 vdc

LR -2 vdc

LR self-test

LR antenna
position No. 1

(descent)

LR antenna
position No. 2

(hover)

LR antenna
temperature

LR gain state
D1

LR gain state
D2

LR gain state
D3

LR gain state
D4

LR antenna
position No. 1

indication

LR antenna
position No. 2

indication

Contact closure

Contact closure

-200" to +200'F (R)

-100" to +500'F

-100' to -500" F

-0.85 to -6.6 vdc

-0.85 to +6.6 vdc

-0.85 to +6.6 vdc

-0. 85 to =6.6 vdc

-27 to 0 vdc (25 vdc)

0 to 27 vdc (25 vdc)

0 to 27 vdc (25 vdc)

0 to 6 vdc (,1 vdc)

-4 to 0 vdc (-2 vdc)

0 or 28 vdc

0 or 28 vdc

TBD

TBD

0 or 25 vdc

TBD

-100" to +200" F

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

TEMP
indicator
(panel 3) and
HEATER
caution light

\
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Code Description
Telemetry Raage

(Nominal) Display Range
Crew

Display

GN7586F

GN7589V

GN7590V

GN7591V

GN?592V

GN7593V

GN7594V

GN?595V

GN7596V

GN7599F

GN7609H

GN761OR

GNz611H

GN7612R

GN7613H

GN7614L

GN7615V

GN7618V

GN7619V

GN762OV

GN7621X

LR range trans-
mitter blanking
signal

D1 at angle 0'

D2 at angle 0"

D3 at angle 0"

F* at angle 0'

D1 at angle g0'

D2 at angle 90"

D3 at angle 90'

F^ at angle 90'

LR self-test
altimeters

RR shaft angle
(1x)

RR shaft angle
rate

RR trunnion
angle (1X)

RR tr-unnion
angle rate

RR range
(transponder
mode)

RR range rate
(PRF)

RR auto track
enable

RR +4-vdc
supply

RR +6-vdc
supply

RR -12-vdc
supply

RR no-track
indication

TBD

0.0025 to 1.26 vdc

0 . 0025 to 1. 26 vdc

0.0025 to 1. 26 vdc

0.0025 to 1. 26 vdc

0.0025 to 1. 26 vdc

0.0025 to 1, 26 vdc

0.0025 to 1. 26 vdc

0.0025 to 1.26 vdc

_76" 1s +155"

-10' to +10'/sec

-70" to +70"

TBD

-700 to +700 fps

0or4vdc

0 to 6 vdc (4 vdc)

0 to 8 vdc (6 vdc)

-14 to 0 vdc
(-12 vdc)

Contact closure (R)

-5" to +5' or
-50" to +50'

-2 to +2 mrad/
sec or -20 to
+20 rnrad/sec

-5' to +5' or
-50' to +50'

0 to 400 nm

-700 to +700 fps

None

None

None

None

None

None

None

None

None

None

FDAI

X-pointer
indicator

FDAI

X-pointer
indicator

ALT,/ALT RT
indicator

ALTIALT RT
indicator

None

None

None

NO TRACK
light and
RNDZ RDR
caution light

Table 2-26. Guidance, Navigation, and Control Subsystem - Telemetry Measurements (cont)

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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Table 2-26. Guidaace, Navigation, and Control Subsystem - Telemetry Measurements (cont)

I
\-

Crew
Display

Telemetry Range
(Nominal) Display RangeCode Description

GN7623V

GN7624V

GN?625V

GN7626X

GN7627V

GN7628V

GN7629V

GN7630V

GN7631V

GN7636V

GN?637V

GN7638V

GN?639V

GN?642E

GN7644V

GN7645V

GN7646V

GN?647V

RR reset strobe

RR counter readout
command

RR power on
and select switch
set to LGC

RR trrrnnion 16X
resolver sine

RR ATM output
(trunnion)

RR ATM output
(trunnion)

RR ATM output
(sha"ft)

RR r'1r'data

RR +12 vdc

RR +25 vdc

RR "0" data

RR range
strobe

RR range rate
strobe

RR 25 vdc
(multiplier
chain)

RR raage low
scale factor

RR sha-ft 16X
resolver sine

RR RF power
output

0 or 28 vdc

0 or 28 vdc

0 to 5 vrms

0 to 5 vrms

0to5mw

4 to 10 vdc
(7 vdc)

4 to 10 vdc
(7 vdc)

0to5vdc
(2. 5 vdc)

0tobvdc
(2.5 vdc)

4 to 10 vdc
(7 vdc)

4 to 10 vdc
(7 vdc)

4 to 10 vdc
(7 vdc)

4 to 10 vdc
(7 vdc)

0 to 14 vdc
(12 vdc)

0 to 27 vdc
(25 vdc)

0 to 27 vdc
(25 vdc)

0tobvdc
(2. 5 vdc)

0toSvdc
(2. 5 vdc)

0 to 5 units

0 to 5 units

0 to 5 units

None

None

None

None

None

None

None

None

None

None

None

None

SIGNAI,
STRENGTH
indicator
(panel 3)

SIGNAL
STRENGTH
indicator
(panel 3)

SIGNAL
STRENGTH
indicator
(panel 3)

Mission LM 3 Basic Date 1 January 1968 Change Date Page 2.2-209
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Code Description
Telemetry Range

(Nominal) Display Range
C rerv

Display

GN7648V

GN7649V

GN765OV

GN7652V

GN7653V

GN7655V

GN7656V

GN7681F

GN7682F

GN7683F

GN7686V

GN7689V

GN76gOV

GN?691D

GN?696F

GN7698V

GN7699V

GN7721T

GNT722T

GN7723T

RR ATM output
(AGC)

RR shaft motor
sine

RR trunnion
motor sine

RR sha-ft motor
cosine

RR trunnion
motor cosine

RR 15-vrms a-c
power, single-
phase

RR l5-vrms a-c
power, two-phase'

RR tone No, 3

RR tone No. 2

RR tone No. 1

RR 800,/400-cps
reference

RR servoampli-
fier input (shaft)

RR servoampli-
fier input
(trunnion)

RR antenna dish

RR reference
(synthesizer)

RR trunnion 16X
resolver cosine

RR shaft 16X
resolver cosine

RR antenna
sensor No. 1

RR antenna
sensor No. 2

RR antenna
temperature

0to5vdc

0 to 28 vrms

0 to 28 vrms

0 to 28 vrms

0 to 28 vrms

14 to 16 vrms
(15 vrms)

15 to 25 vrms
(20 vrms)

TBD

TBD

TBD

0 to 30 vrms
(28 vrms)

-15 to +15

millivolts dc

-15 to +15

millivolts dc

-10 to +10

$/sec (zero)

TBD

0 to 5 vrms

0 to 5 vrms

-100' to +2,000"F

-100" to +2,000'F

-200' to +200'F (R)

0 to 5 units

-100' to +200" F

SIGNAL
STRENGTH
indicator
(partel 3)

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

TEMP. indicator
(panel 3) and
HEATER caution
Iight

Table 2-26. Guidance, Navigation, and Control Subsystern - Telemetry Measurements (cont)
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Table 2-26, Guidance, Navigation, and Control Subsystem - Telemetry Measurements (cont)

GIIIDANCE NAVIGATION, AND CONTROL SUBSYSTEM
1

Code Description
Telemetry Range

(Nominal) Display Range
Crew

Display

GN7724

GN7725

GN7726

GN7727

GN7728

GN7729

GN7730

GTo441X

GYo050x

JGo021X

JCrO022V

JGOO2SV

JG2505X

JG2506X

JG2507X

JG9101

JH9001

JH9002

JH9003

RR shaft com-
pensated gyro
CIIOT

RR trunnion
compensated
glrro error

RR shaft manual
sler, input

RR trunnion man-
ua1 slerv input

RR 1. 7-mc IF
signal (trunnion)

RR 1.7-mc IF
signal (reference)

RR 1,7-mc IF
signal (shaft)

DCA uplink
verify word

Abort commanded

LGC margin test
enable

LGC +14-vdc
power supply
control

LGC +4-vdc
power supply
control

IG servo step
input

MG servo step
input

OG servo step
input

ACE upiink

Gimbai trim mal-
function reset

Simulate staging
command

X-translation
command to
ATCA

(R)

0 or 28 vdc

Contact closure

-30 to +30 vdc

-30 to +30 vdc

C ontact closure

C ontact closure

Contact closule

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

Mission LM 3 Basic Date January 1968 Change Date
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Tahtle 2-26. Guidaace, Navigation, and Control Subsystem - Telemetry Measurements (cont)

Code Description
Telemetry Range

(Nominal) Display Range
Crerr'

Displa5'

JH9004

JH9005

Jr7027x

Jr?028X

JI7033X

JI7035X

JI7043X

JI?101V

JN9001

JN9002

JN9003

JN9004

JN9012

JN9013

JW8021

JW8033V

Y-translation
command to
ATCA

Z-translation
command to
ATCA

GSE (input reg-
ister loaded)

GSE (datal
eommand)

GSE data in

GSE shift pulses

GSE in use

Auxiliary heater
power

Gyros No. 1 and
2 activated

Receiver (shaft
error) input
signal

Receiver (sum)
input signal

Receiver (trunnion
error) input signal

LR deviation
inhibit

Gyros No. 3 and
4 activated

Relay reset
K2060R

Relay
(PDA)

reset
K13

C ontact closure

Contact closure

Digital code

51. 2 kpps

Contact closure

(28 vdc)

(28 vdc)

(28 vdc)

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

i
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2.3

2.3.1

MAIN PROPULSION SUBSYSTEM.

INTRODUCTiON

The Main Propulsion Subsystem (MPS) consists of a descent propulsion section and

an ascent propulsion section. Each section is complete and independent of the other and

consists of a liquid-propellant rocket engine with its own propellant storage, pressuriza-
tion, and feed components. The descent propulsion section provides the thrust to control
descent to the lunar surface. The ascent propulsion section provides the thrust for as-
cent from the lunar surface. In case of mission abort, the ascent and/ or descent pro-
pulsion section can place the LM into a rendezvous trajectory with the CSM from any
point in the descent trajectory. The choice of engine to be used depends on the cause for
abort, on how long the descent engine has been operating, and on the quantity of propel-
lant remaining in the descent stage.

Both propulsion sections use identical hypergolic propellants: a 50-50 mixture, by
weight, of hydrazine (N2Ha) and unsymmetrical dimethylhydrazine (UDMH) as the fuel;
nitrogen tetroxide (NZO+), as the oxidizer. The injection ratio of oxidizer to fuel is 1.6
to 1, by weight.

Basic operation of the two propulsion sections is similar, In each section, gaseous
helium forces the propellants from their tanks, through control valves, to the engine in-
jectors. The descent propulsion section uses supercritical helium for propellant pres-
surization; the.ascent propulsion section uses ambient gaseous helium. The primary
reason for using supercritical helium is the weight saving obtained, due to its greater
density. Both the descent and ascent engine assemblies consist of a combustion cham-
ber, where the propellants are mixed and burned; an injector that determlnes the spray
pattern of the propellants injected into the combustion chamber, and propellant control
valves and orifices that meter and start and stop propellant flow to the engine upon com-
mand. The descent engine is larger to produce more thrust, is throttleable for thrust
control, and is gimbaled for thrust vector control. The ascent engine assembly is non-
throttleabte and is not gimbaled. Redundancy of vital components in both propulsion sec-
tions provide for a high reliability factor.

The interface between the MPS and other LM subsystems is shown in figure 2-69.
Transducer and valve-position-switch outputs (operational and DFI) that originate in the
MPS are processed in the Instrumentation Subsystem (IS). The operational measure-
ments that are monitored throughout the mission (real-time) are transmitted via the
Communications Subsystem (CS) to MSFN. Developmental Flight Instrumentation (DFI)
data used for postmission evaluation of MPS performance are routed to the communica-
tions section of the DFI for transmission to MSFN. The IS also processes MPS caution
and warning signals. The switches and circuitry that open the MPS explosive valves to
accomplish propellant tank pressurization and DPS venting are provided by the Explosive
Devices Subsystem (EDS). Interconnect plumbing between the APS propellant tanks and
the RCS thrust chamber assembly feed lines permits the RCS to use APS propellants
during certain mission phases, thereby conserving the RCS supply. The electrical com-
ponents of the MPS are supplied with 28-volt d-c and 115-volt a-c primary power through
the Commander's and LM Pilot's buses of the Electrical Power Subsystem (EPS). Be-
fore starting the descent or the ascent engine, proper propellant tank ullage, under weight-
Iess condition, must be established. This is accomplished by moving the LM in the +X-
direction (operating the four downward-firing RCS thrusters) which will cause the propel-
lants to settle at the bottom of the tanks. As the propellants are consumed, tank ullage
increases and more propellant settling time is required for each subsequent engine start.
The Guidance, Navigation, and Control Subsystem (GN&CS) provides automatic on and off
commands for both engines and initiates gimbal-drive-actuator and thrust-level com-
mands for the descent engine. Manual override provisions for certain control functions
(on and off, and thrust level commands) are available to the astronauts.

Descent engine arming and ignition are controlled by automatic guidance equipment,
or by the astronauts through the stabilization and control (S&C) control assembly and
the descent engine control assembly (DECA). A descent engine arm signal is sent to the

MAIN PROPULSION SUBSYSTEM
Mission LM 3 Basic Date_l Januarv 1968 Change Date Page_2.3-1__
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2.3.2

S&C control assembly when the astronauts set the ENG ARM switch (panel 1) to DES.
Engine-on signals from the LM guidance computer (LGC) or abort guidance section (AGS)

are sent to the DECA through the S&C control assembly. The DECA turns the descent
engine on upon receiving the arm and the engine-on signals. The engine remains on until
an engine-off command is received from the automatic guidance equipment. The astro-
nauts can also generate engine on and off commands manually; these commands override
the automatic commands.

Descent engine throttle control is accomplished by the LGC or the astronauts. The
throttling-range limitations are from minimum thrust (approximately 1@6) to approxi-
rnately 607o, and. futl throttle (approximately 92.5V0). The range between 607o and 92.5% is
a transient region that cannot be used for extended periods because excessive engine
erosion occurs in this zone. Under normal conditions, the engine cannot be operated in
the transient region, because automatic or manual throttle commands above 6O9o auto-
matically produce a full throttle output. Only in case of malfunction can inadvertent
throttling occur in the transient region, in which case manual correction must be made.

Automatic throttle increase and decrease signals from the LGC are sent to an integrating
counter in the DECA. The analog output of the DECA controls descent engine thrust. The
thrust/translation control assemblies (TTCA's) can be used by the astronauts to increase
descent engine throttle, overriding the autornatic throttle mode. In the manual throttle
mode, the astronauts have complete control over descent engine thrust.

Descent engine gimbal trim is controlled automatically by the primary guidance and

navigation section (PGNS) or the AGS, to compensate for center-of-gravity offsets during
descent engine firing. In PGNS operation, the LGC sends trim on and off signals in two
directions, for ea.ch gimbal axis, to the DECA. These signals operate power control cir-
cuitry, which drives the two gimbal drive actuators. In AGS operation, Y- and Z-axis
error signals from the attifude and translation control assembly (ATCA) are sent to the
DECA to drive the gimbal drive actuators. The gimbal drive acfuators tilt the descent
engine along the Y-a-xis and Z-axis a maximum of 6o.

Ascent engine ignition and shutdown can be initiated by the PGNS, the AGS, or the
astronauts. .A,utomatic and manual commands are sent to the S&C control assemblies,
rvhich provide sequential eontrol of LM staging and engine on and off commands. The
command to the ascent engine comes from a latching device, which provides a positive
command for fail-sa^fe purposes in the event that the engine-on command is interrupted.
In the event of an abort stage command while the descent engine is firing, the S&C con-
trol assembly provides a time delay before commanding LM staging and ascent engine
firing. The delay ensures that the descent engine has stopped thrusting before LM stag-
ing.

A detailed discussion of MPS operation in the various modes is given in subsection
,,

DESCENT PROPULSION SECTION FUNCTIONAL DESCRIPTION

The descent propulsion section (DPS) consists of an ambient helium bottle and a
cryogenic helium storage vessel witli associated helium pressurization components; two
fuel and two oxidizer tanks witli assr,:iated feed components; and a pressure-fed, abla-'
tive, throttleable rocket engirre. Tiire engine can be shut down and restarted, within the

operational limitations and restrictions (paragraph 2.3.6), as required by the mission.
At the fixed Iull-throttle position, the engine develops a nominal thrust of 9,870 pounds;

it can also be operated within a range oi approximately 1,050 to 6,300 pounds of thrust.

The engine is mounted in the center compartment of the descent stage cruciform
(figure 2-7Ai; it is suspended at the throat of the combustion chamber on a gimbal ring
that is part of the engine assembly. The girnbal ring is pivoted in the descent stage
structure, aiong an axis normal to that of the engine pivots. The engine can be tilted up

to +6" or -6", by means of gimbal drive actuators, to ensure that the thrust vector
passes through the center of gravity of the LM.

MAIN PROPULSION SUBSYSTEM
1 January 1968 Change DateMission Ljr4 3 Basic Date Fage 2.3-3
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Figure 2-70. Descent Propulsion Section - Component Location
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2.3.2.L

Functionally, the DPS can be subdivided into a pressurization section, a propellant
feed section, and an engine assembly.

Pressurization Section. (See figure 2-71.)

Before earth launch, the propellant tanks are only partly pressurized, so that the
tanks will be maintained within a saJe pressure level under the temperature chaages ex-
perienced during launch and earth orbit. Before initial engine start, the ullage space in
each propellant tank requires additional pressurization. This initial pressurization (pre-
pressurization) is accomplished with ambient helium (supercritical helium cannot be used
because the fuel circulating through the fue/helium heat exchanger may freeze before
proper fuel flow is established). A pressure transducer at the outlet port of the ambient
helium bottle supplies a signal through the HELIUM MON selector switch (panel 1) (AlvIB

PRESS position) to the HELIUM indicator to enable the astronauts to check the status of
the bottle before initialengine start. The propellant tanks are prepressurizedby opening
explosivevalves in the ambient helium line andin the lines leading to the fuel andoxidizer
tanks. The valve in the ambient helium line prevents helium flow from the storage bottle
before prepressurization. The valves in the lines leading to the fuel and oxidizer tanks
prevent propellant vapors from degrading the upstream components due to prolonged ex-
posure bef ore pressurization.

After setting the MASTER ARM switch (panel 8) to ON, the DES START He PRESS
switch is set to FIRE, opening the ambient helium isolation explosive valve. Ambient
helium flows Irom the storage bottle through the open explosive valve and through a filter,
where debris from the explosive valve is trapped. The ambient helium enters the main
pressurization line downstream of the normally closed helium isolation solenoid valve
and flows through the secondary pressure regulator, where pressure is reduced to ap-
proximately 245 psi. The DES PRPLNT ISOL YLV switch (panet 8) is then set to FIRE to
open the fuel and oxidizer compatibility valves. This permits the regulated ambient helium
to enter the propellant tanks to provide the normal ullage pressure.

After pressurization with ambient helium, the supercritical helium from the cryo-
genic helium storage vessel is used. Supercritical helium is stored at a density approxi-
mately eight times that of ambient helium. Because heat transfer from the outside to the
inside of the cryogenic vessel causes a gradual increase in pressure (approximately 10
psi per hour), the initial pressure within the cryogenic storage vessel is determined by
the mission duration. The initial loading pressure and temperature of the supercritical
helium is planned so that the supercritical helium will be maintained within a sa.fe
pressure/time envelope throughout the mission. OnIy a component malfunction or sig-
nificant time slippage can cause the supercritical helium to approach, or exceed, the
limits of the pressure,/time envelope. An out-of-limit condition may result in rupture of
the dual burst disks, terminating descent engine operation.

The cryogenic storage vessel is isolated by an explosive valve, which is fired auto-
matically aJter an engine-on command has been given. The engine-on command can be
given manually by setting the ENG ARM switch (panel 1) to DES and pressing the START
pushbutton (panel 5), or it can be given automatically by the LGC or AGS. In either case,
a delay circuit causes a 1.3+0,5-s$cond delay between opening of the propellant shutoff
valves and firing of the supercriti,::;ii nelium isolation valve. This time delay prevents
the supercritical helium from entering the fuel,/helium heat exchanger until proper fuel
flow is established and freezing of the fuel in the heat exehanger cannot occur.

The supercritical helium initially passes through the first loop of the two-pass fuel/
helium heat exchanger. Here it absorbs heat from the fuel that is routed from the fuel
tanks through the heat exchanger, before ultimate delivery to the engine. The helium is
warmed to approximately -200" F and routed back through the helium/helium heat ex-
changer inside the cryogenic helium storage vessel. The -200" F helium transfers heat
to the remaining supercritical helium in the vessel, causing an increase in pressure in
the vessel that ensures continuous expulsion of helium throughout the entire peri.od of
operation. After passing through the helium/helium heat exchanger where it is cooled to

L
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approximately -300' F, the helium is routed back through the second loop of the fue/
helium heat exchanger and heated to approximately -35" F before delivery to the pres-
sure regu.lators.

With the supercritical helium pressurization system operating, the pressure in the
cryogenic helium storage vessel stabilizes within 1,200 and 1,600 psia, at approximately
-400'F. The pressure is monitored on the HELIUM indicator when the HELIUM MON
selector switch is set to SUPCRIT PRESS. The temperature of the supercritical helium
during the entire warmlng process is sensed by transducers at various points throughout
the heat exchanger loop and is telemetered to MSFN, where it is recorded for evaluation
after completion of the mission. The cryogenic helium storage vessel is protected
against overpressurization by a dual burst disk assembly. If an excessive heat transfer
across the vessel wall increases the internal pressure above approximately 1,900 psi, the
burst disks rupture and the entire helium supply is lost, curtailing operation of the de-
scent engine. A normally open vent relief valve between the two burst disks protects the
downstream burst disk in case the upstream burst disk develops a small leak. A thrust
neutralizer at the outlet of the downstream burst disk prevents generation of unidirec-
tional thrust if the burst disks rupture.

Downstream of the fuel,/helium heat exchanger, the helium flow continues through a
filter that traps debris from the explosive valve; then the pressurizatior line divides into
two parallel legs. A normally open, latching solenoid valve and a pressure regulator are
in series in the primary leg; a normally closed, latching solenoid valve in series with a
pressure regulator are in the secondary leg. The pressure of the helium flowing through
the primary leg is reduced by the pressure regu.lator to the nominal pressure (245 psia)
required to pressurize the propellant tanks. If this regulator fails open or closed, pres-
sure at the helium manifold increases or decreases beyond acceptable limits (above 260
psia, below 220 psia) and the DES REG warning light (panei 1) goes on. Under these con-
ditions, the astronauts must close the solenoid valve in the malfwrctioning leg and open
tlre solenoid valve in the redundant leg, to restore normal propellant tank pressurization.
'Ihe normally open (primary) solenoid valve is closed by momentarily setting the
DESCENT He REG 1 switch (panel 1) to CLOSE; the DESCENT He REG 1 talkback above
the switch then provides a barber-pole display. The normally closed (secondary) sole-
noid valve is opened by momentarily setting the DESCENT He REG 2 switch to OPEN;
the DESCENT He REG 2 talkback above the switch then provides a gray display. Both
solenoid valves may be closed during the coast periods of descent, to prevent inadvertent
tank overpressurization due to possible helium leakage through the pressure regulators.

The primary and secondary helium flow paths merge downstream of the regulators
to form a common helium pressurization maniJold. Transducers monitor the manifold
pressure; they provide continuous telemetry signaJs to MSFN, and signals that cause the
DES REG warning light to go on when the sensed pressure exceeds 260 psia or drops
below 220 psia. The manifold routes the helium into two flow paths: one path leads to
the oxidizer tanks; the other, to the fuel tanks. Each path has a quadruple check valve
assembly in a series-parallel arrangement. The quadruple check valves isolate the up-
stream components from the corrosive propellant vapors and prevent hypergolic action,
as a result of bacldlow from the propeilant tanks, in the helium pressurization manifold.
After passing through the compatibility explosive valves, the helium flows into the top of
the fuel and oxidizer tanks. Diffusers at the top of the tanks uaiformly distribute the
helium throughout the ul.lage space. Helium crossover lines maintain a balanced ullage
pressure in the tanks containing the same propellants.

Immediately upstream and in parallel with the propellant tanks, each helium flow
path contains a relief valve assembly to protect the propellant tanks against overpres-
surization. The assembly (a burst disk in series with a relief valve) vents pressure in
excess of approximately 275 psia and reseals the flow path after overpressurization is
relieved. A thrust neutralizer eliminates unidirectional thrust generated by the escaping
gas. To prevent leakage through a faulty relief valve during normal operation, the burst
disk is loeated upstream of the relief valve. The burst disk ruptures at a pressure
slightly above the relief valve setting. The relief valves can pass the entire helium flow
from a failed-open regulator without damaging the propellant tanks.
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Two vent lines, in parallel with the relief valve assemblies, include an explosive
valve in series with a normally closed solenoid valve for eaeh propellant tank. The vent
lines are intended for planned depressurization of the tanks after trunar: landing, when

heat soak-back from the engine (aJter shutoff) causes presswe buildup in the tanks. The
planned venting arrangement protects the astronauts against untimely venting of the tanks
through the relief valvb assemblies. The fumes are vented overboard, one propellant at a
time, through the relief valve thrust neutralizers at the fuel and oxidizer pressurization
line vents. (See figure 2-70.) To open the vent lines, the MASTER ARM switch is set to
ON and the DES VENT switch (panel 8) is set momentarily to FIRE, opening both explo-
sive vent valves simultaneously. The MASTER ARM switch is then set to OFF. The oxi-
dizer tank and pressurization line is vented by setting the OXID VENT switch (panel 8) to
OPEN; the OXID VEI{T talkback will change to gray. Venting of the line is monitored by

setting the PRPLNT TEMP/PRESS MON switch (panel 1) to DES 1 and the IIELIUM MON

selector switch (panel 1) to SUPCRIT PRESS. When the OXID PRESS indicator and the
HELIUM indicator indicate less than 20 psia, the HELIUM MON selector switch is set to
OFF, the OXID VENT switch is set to CLOSE, and the OXID VENT talkback will change

to a barber-pole display. To vent the fuel tank and pressurization line, the FUEL VENT
switch is set to OPEN, changing the FUEL VENT talkback to gray. When the FUEL
PRESS indicator indicates less than 20 psia, the FUEL VENT switch is set to CLOSE,
causing the FIIEL VENT talkback to provide a barber-pole display.

Propellant Feed Section. (See figure Z-77.)

Each pai.r of propellant tanks is manifolded into a common delivery line. Each pair
is also interconnected by a double crossfeed piping arrangement to maintain a positive
pressure balance across the upper (helium) and lower (propellant) portions.

I:lelium pressure in the propellant tanks is n.ronitored on the PRESS indicator (palel
l l, p::ol:el1trrrt temper-ature in the tanks is monitored on the TEi\iIP indicator. The
PRpLNT TE&IFI PREtiS IVION switch selects lire set of fuel and oxidizer tanks (No. 1 or
Iio" 2i fcr nronil*ring. Fach propellant tank has its own temperature t::ansducer to supply
temperature rignals tc the indicator" One pressure transducer in the fuei pressurization
line ancl one il the oxiclizer pressurization line supply pressure signals te the indicator.
The::efore, the psessure reading rernains constant legardless of v.,hether tanks IiIo" 1 or
I a.re mcnitored" Fropellant quantity remaining in the tanks i-e monitored on the OXI-
DIfEi? and FUEL QUANTITY jndicators (pane] 1). The FRPLNT QTY MON sv.,itch
seierls the set of fr:el and oxidizer tanks (No. 1 or No. 2) for monitoring.

Itrressurizesi heli';m, acting on the surface of the pronellant, forces the fuel and oxi-
diaer into the delivery lines through a propellant retenlion device that n:ainlains the
piopeliant in the detrivery lines during negatlve-g acceleration (up to acceleration in ex-
cess *l -Zg)" 1'he oxidizer is pipeci directly to the engine assernbly; the fuel ci::culates
tirror-igh the lrre/heliun: heat exchanger before it i.s routed to the engine assembly. Each
delirrery line contains a trim orifice and a filter. The trim orifices provide engine inter-
felce pressurr-. cf approximately 220 psia at full throttle position for proper propellant
use. The filters prevent debris, originating al the explosive valves or in the propellant
tanks, ircm ccrntaminating dorvnstream componenis.

lii'opellant Quantity Gagiirg !1 ,:,,,1-.. (See figure 2-12.)

lhe i;ropellant quantity gaging system (PQGS) enables the astronauts to continuously
;:ronitor the ci*antity (from 9570 full) of propellants remaining in the for.lr: tanks. The
caprcltairce-ti'pe PQGS consists of iour quantity-sensing prohes rvith low-ievel sensors,
;i ct'ntrol unit. two QUAf{TITY indicators, the PRFLNT QTY MON switch, and the DES

QX'Y warniru Iight. Drr;:ing the lunar-landing mission, the PQGS will operate continu-
ltrsl.." for" 1-i rrrinutes; t:r* system will be in operation during the final powered descent
n1;asit-=" f::orr: rtari of tir,: h;'a-l<i.ng rnaneuver (10 seccnds a.fter engine turn-on) until luiiar
r',,,q'11,16r:,r1., T'i:e low-ie.'ei sensors provide a discrete signal to cause the DIrS QTY warn-
ing l.ight to gc on when the pr"opeliant level in any tank is down to 9.4 inches (eguivalent to
5.fi,ox pr,;peilaat :"emairrj.ng). When the DES QTY warning light goes on, the quantity of
propeila.nt rernaining is siitficient for oniy 2 minutes of engine burn at 24Vc thrust.
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The quantity-sensing probes are double-walled; one probe is installed to run verti-
cally through the center of each propellant tank. Each probe has a 2O-volt d-c input.
Varying resistance, caused by propellant consumption, causes the output signal to vary
from 5 volts dc to zero, in direct proportion to propellant quantity. The output signals,
processed through the probe circuitry, are sent directly to the control unit.

The control unit converts the probe output signals to provide the following:

o ladications of the quantity of propellant remaining in the tanks, on the

QUANTITY indicators

r Conditioned signals, corresponding to propellant quantities in each of the
four tanks, to the telemetry registers

o A warning signal when the propellaat in any of the four tanks is depleted to
a predetermined level.

The PQGS is accurate within 1fle of full tank capacity, except in the range of lVo to
25!s, where accuracy is +0.5%. While the engine is shut off, the QUANTITY indicators
display the propellant quantity that was in the tanks when the last engine burn was termi-
nated.

Engine Assembty. (See figure 2-73.)

Fuel and oxidizer enter the engine assembly through interface flanges on opposite
sides oI the engine. The fuel line has a tap-off branch (pilot valves actuation line) that
leads through two actuator isolation valves (arranged in parallel for redundancy) to the
four solenoid-operated pilot valves. The fuel in this line is routed through the pilot
valves to the actuators, where it is used as actuation fluid to open the propellant shutoff
valves. The main fuel and oxidizer flow is routed through respective flow control valves;
then each flow path splits into two parallel paths that route the propellants through the
redundant propellant shutoff valves. The propellant shutoff valve assemblies are in a
series-parallel arrangement. The series redundancy prevents open failure; the parallel
redundancy prevents closed Iailure, The valves open simultaneously to permit propellant
flow to the engine while it is operating; they elose simultaneously to terminate propellant
flow at engine shutdown. At the fuel shutoff valves, venturis restrict the fuel flow so that
the oxidizer reaches the injector between 40 and 50 milliseconds be{ore the fuel. This
preeludes the possibility of a fuel lead, which wouLd result in rough engine starts. Down-
stream of the propellant shutoff valves, the parallel paths merge to form one fuel and one
oxidizer path. The fuel passes through a final trim orifice and enters the variable-area
injector manifold, where a concentric annulus of fuel flow is lormed. The oxidizer is
routed through the center element of the injector to the combustion chamber, where it
mixes with the fuel for combustion.

Before initial engine operation and during engine shutdown, the solenoid-operated
actuator isolation valves (pre-valves) are closed to prevent possible fuel loss in the pilot
valve actuation line due to leakage at the pilot valves. The actuator isolation valves are
opened by setting tie ENG ARM switch to DES. This enables the actuation fuel to flow to
the pilot valves just before the pilot valves are opened. When the START pushbutton is
pressed (or an engine-on command initiated), the four solenoid-operated pilot valves open
simultaneously, permitting the actuation fueL to open the propellant shutoff valves, and
thus routing fuel and oxidizer to the combustion chamber. During the start, the solenoids
in the pilot valves unseat the caged balls from the inlet ports and seat them against the
overboard vent ports. Fuel enters the actuator cavities; the actuator pistons are con-
nected to rack-and-pinion linkages that rotate the balls of the shutoff valves 90" to the
open position to permit propellant flow to the injector. The series-parallel redundancy
in the valve arrangement provides lor positive start and shutdown. During shutdown, the
soienoids in the pilot valves are deenergized and the vent ports are open. The spring-
loaded actuators close the shutoff valves. The residual actuation fuel is vented over-
board through four separate lines that lead to vent ports at the bottom of the descent
stage. (See figure 2-10.)

MAIN PROPULSION SUBSYSTEM
Page 2.3-10 Mission LM 3 Basic Date 1 Januarv 1968 Change Date



LMA790—3-LM 3 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

POGS SENSOR 

I 

PbGS CONTROL UNIT PI Pl NT QTY MON 
DES I 

© um 

TANK NO. 1 

+20 VDC 

120 SECONDS AT 
25% THRUST 

Low LEVEL 
BRIDGE I or! 

AMP I DES 1 

TO Low-LEVEL I 
' T + > — _ .  DETECTOR — >  DISPLAY I: DES 2 0  

OFF 0 

Low LEVEL 
SENSOR MODE BLANKING 

SELECTOR GENERATOR 

REGULATOR OSCILLATOR i 

VOLUME I 
SENSOR 

I 

AMP ‘ 
TEMPERATURE TO OUANTITY I I DETECTOR I _ ' ’ l  > COMPARATOR DISPLAY I Lo FREQ 15 Kc SYNC 

I CLOCK CLOCK I»  COMMUTATOR 
FROM 

CONTROL—b TEST BRIDGE 
UNIT 

I' 

.— 

r- PROPUL —. J QUANTITY 

ms 
CONTROL 

7 OXIDIZEI 

LMP‘S O A “ ’ ”N" :7: 
28-VDC o——————p POWER Dc/DC POWER ANALOG A/D DIGITAL m 

BUS REGULATOR CONVERTER COMMUTATOR CONVERTER _ COMMUTATOR .., n 
* :UAH 

+20 VDC SENSOR POWER SIGNAL 1 
GROUND 

SENSOR TEsT = I 

l‘ I 
I I V V > 

PUEL = “NW“ > BUFFERS * '0 TANK No. I A QUANTITY _ 
V OUTPUTS TELEMETRY 

+20 VDC I 
V 

i 

i 
TANK NO. 2 1 

+20 VDC 1 
I , _ I WARNING LIGHT 

_ _ _ — _ _ .  SENSOR ‘ + RELAY I Low 
_ LOW-LEVEL DRIVER I LEVEL DES QTY 

OXIMER OUTPUTS ILATCI-IINGI I RELAY 
——-—————> ‘ I 

I 
I 

I 

I 
I 
I 

i 5 TEST 

l I 

OXIDIZER 
TANK NO. 2 

I 
MIR 

3 
l I 

300LM3-312 - 

Figure 2-7  2. Propellant Quantity Gaging System - Simplified Functional Block Diagram 
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The propellants in the main fuel and oxidizer lines flow through cavltating-venturi-
type flow control valves that control propellant flow to the engine below the 6070 throttle
setting. Transition from cavitation to noncavitation occurs between 60% and 70Eo. At full
throttle, and during momentary transition through the full throttle to 6Wo range, engine
throttling takes place primarily in the pintle assembly of the injector and in the flow con-
trol valves. At approximately 1Wo of maximum thrust, cavitation commences in the
throats of the flow control valves causing the valves to function as cavitating venturis
down to minimum thrust. Once cavitation begins, the propellant metering function is en-
tirely removed from the injector; flow is controlled entirely by the flow control valves.

The throat area of the flow control valves is regulated by a close-tolerance, con-
toured, metering pintle that is linked directly to the injector sleeve. The linkage is oper-
ated by a single actuator so that movement of the actuator simultaneously adjusts the
pintles in the flow control valves and the movable sleeve in the injector. The fuel and
oxidizer are injected at velocities and angles compatible with variations in weight flow.
At full throttle, engine operation is conventional. As the engine is throttled down, the
pintles in the flow control valves are moved to decrease the flow control area in the
venturis so that the pressure drop across the valves balances out the differential between
engine and injector inlet pressures. At the same time, the injector orifice areas are de-
creased so that the injection velocities and impingement angles of fuel and oxidizer are
maintained at near-optimum condition for combustion efficiency.

The injector consists of a faceplate and fuel manifold assembly with a coaxial oxi-
dizer feed tube and an adjustable (metering) orifice sleeve. Oxidizer flows through the
center tube and out between a fixed pintle and the bottom of the sleeve; the fuel orifice is
an annular opening between the sleeve contour and the injector faceplate. The fuel flows
behind the face of the injector to cool the faceplate. Some fuel is tapped off near the
chamber wall to be used for barrier cooling of the combustion chamber wall. The fuel is
emitted in the form of a thin cylindrical sheet; the oxidizer, in a series of individuat
sprays. The oxidizer sprays break up the fuel stream and establish the injector pattern
at all thrust settings.

The mechanical linkage that connects the pintle of the flow control valves and the
injector sleeve is pivoted about a fulcrum attached to tJre injector body. Throttling is
controlled by an electromechanical, linear servoacfuator (with three redundant motors)
that positions the linkage in response to electrical input signals. At maximum thrust,
the actuator positions the linkage to fully open the flow control valves and injector aper-
tures. As commanded thrust is reduced, the actuator reduces the flow at the control
valves and moves the injector orifice sleeve to reduce the apertures. As the adjustable
orifice sleeve moves upward, the area of the propellant orifices increases.

The engine ean be armed and fired automatically or manua1ly. The engine is armed
manually by setting the ENG ARM switch to DES. The engine can then be started and
stopped by the Commander by pressing the START and STOP pushbuttons on panel 5; it
can be stopped by the LM Pilot by pressing the STOP pushbutton on panel 6. The mode of
thrust control is determined by the THR CONT switch (panel 1). When this switch is set
to AUTO, engine thrust is controlled by the LGC. When the switeh is set to MAN, the
Commander's or LM Pilot's TTCA (depending on the setting of the MAN THROT switch,
panel 1) controls the engine thrust. In the automatic mode, the TTCA is still operational
and supplies a 107o thrust command (when set against its low stop) that is summed with
the LGC command. The combined signal is then sent to the descent engine. The ENG and
CMD THRUST indicators (panet 1) display the percentage of engine thrust and commanded
thrust, respectively. The indicator is calibrated such that at full throttle position, the
indicator will read 10ffi instead of 92.5V0 which is the actual full throtUe thrust. Propor-
tional differences between actual and indicated thrust will be obtained in the low-throttle
range. The ENG thrust indication is derived from a pressure transducer in the combus-
tion chamber. (Thrust is proportional to chamber pressure.) The CMD thrust indication
is the LGC comman$ summed with a l)Vo bias that represents the 10% TTCA command.
The ENG and CMD THRUST indicator readings should be identical. Display of dissimilar
readings indieates that the engine is not following the thrust commands or that transfer
from automatic to manual throttle control is in process. Smooth transfer is accomplished
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\Mhen the CMD pointer is at 1070 thrust, at which time the THR CONT switch is set to
MAN and the pointers of the ENG and CMD THRUST indicators again align. Some devia-
tions can be expected due to combustion chamber erosion, which will cause a slight
chamber pressure decay with increasing engine operating time.

The T/W (thrust/weight) indicator (panel 1) is used primarily to monitor X-axis
acceleration during lunar ianding and liftoff. The T/W indicator is a self-contained ac-
celerometer that displays instantaneous X-axis acceleration in lunar-g units (1 lunar g =
5.32 ft/ seca). Inasmuch as a given throttle setting provides a specific acceleration when
the vehicle has a given mass, the T/W indicator can be used as backup for the THRUST
indicators to monitor engine performance. Information on how the T/W indicator shall be
used during an earth-orbital mission and how the percentage of thrust on the ENG
THRUST indicator relates to the lunar g's on the T/W indicator at speci{ic time intervals
during the mission will be supplied when available.

DESCENT PROPU LSION SECTION MAJOR COMPONENT/ FUNCTIONAL DESCRIPTIoN.

Explosive Valves.

An ambient helium isolation valve, a supercritical helium isol.ation valve, a fuel
compatibility valve, an oxidizer compatibility valve, a fuel vent valve, and an oxidizer
vent valve are the explosive valves used in the DPS. These valves normally are closed;
they are controlled by the EDS control and fire circuits and, when fired, fully open and
remain open. To prevent valve failure in the closed position, each explosive valVe has
two cartridges that are fired from redundant systems in the EDS. (see figure z-74.)

Cryogenic Helium Storage Vessel.

The cryogenic helium storage vessel is a double-walled spherical tank that consists
of an inner spherical tank and an outer jacket.- The void between the tank and the jacket
is filled with aluminized mylar insulation and evacuated, minimizing ambient heat trans-
fer into the tank. The vessel has associated fill and vent ports, a pressure-relief device
(two burst disks in series), and an internal helium/heliurnheat'exchanger. The vessel is
initially vented and loaded with liquid helium; the fill sequence is completed by closing
off the vent and introducing a high-pressure head of gaseous helium at a higher tempera-
ture than that of the liquid helium. As this occurs, the heat transfer causes the liquid
helium to evaporate into a high-density gas.

The burst disk assembly prevents hazardous overpressurization within the vessel. It
consists of two burst disks in series, with a normally open, low-pressure vent valve be-
tween the disks. The burst disks are identical; they burst at a pressure between 1,881
and 1,967 psid to vent the entire supercritical helium supply overboard. The thrust neu-
tralizer at the outiet of the downstream burst disk diverts the escaping gas into opposite
directions to prevent unidirectional thrust generation. The vent valve prevents low-
pressure buildup between the burst disks if the upstream burst disk leaks slightly. The
valve is open at pressures below 150 psia. It closes when the pressure exceeds 150 psia,
so that for faster leaks, the subsequent pressure buildup will eventually rupture the
downstream burst disk and all supercritical helium will be vented.

FueI/Helium Heat Exchanger.

Fuel is routed directly from the fuel tanks to the two-pass fuel,/helium heat ex_
changer. The heat exchanger transfers heat from the fuel to the supercritical helium,
which is warmed to operating temperature by flowing through the two separate heat ex-
changer passes. The fuel/helium heat exchanger is of finned tube construction; the first
and second helium passes are in parallel crossflow with respect to the fuel. All parts
are stainless steel; each fin is lap brazed to an adjacent lin and to the side paneli to in-
crease structural rigidity. Helium flows in the tubes and fuel flows in the outer shell
across the bundle of staggered, straight tubes.
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Helium Isolation Valves. (See figure 2-75.)

The helium isolation valves are latching, solenoid-operated valves that shut off
helium flow through one leg of redundant flow lines iI the pressure regulator in the leg
fails open. The valves are actuated by the DESCENT He REG 1 and REG 2 switches
(panel 1), respectively. A position switch in each valve feeds a signal to the DESCENT
He REG 1 and REG 2 talkbacks to indicate whether the particular valve is closed (barber-
pole display) or open (gray display).

Helium Pressure Regulators. (See figure 2-76.)

To be supplied.

Relief Valve Assemblies (See figure 2-77.)

Each helium pressurization line that leads to the propellant tanks has a relief valve
assembly that consists of a burst disk in series with relief valve. The burst disk pre-
vents helium loss through the relief valve i.f it should leak during normal operation. The
relief valve prevents helium loss during normal operation once the burst disk is ruptured.
Under high pressure, the relief valve opens, dumping helium overboard. A thrust neu-
tralizer provides for omnidirectional thrust generation by the escaping helium. When the
pressure drops below the reseat pressure, the relief valve closes to prevent further
helium loss. When the relief valve poppet is closed, a low-pressure vent between the
burst disk and the relief valve is opened. This prevents pressure buildup against the re-
lief valve in case of a burst-disk leak. Under high pressure (after burst-disk rupture),
the vent closes as the relief valve poppet moves off its seat to the open position.

Propellant Storage Tanks

The propellant supply is contained in four cylindrical, spherical-ended titanium
tanks of identical size and construction. Two tanks contain fuel; the other two, oxidizer.
Each pair of tanks containing like propellants is interconnected at the top and bottom to
ensure even distribution of propellant and pressurizing gas. A diffuser at the helium
inlet port (top) of each tank distributes the pressurizing helium uniformly into the tank.
An antivortex device in the form of a series of vanes, at each tank outlet, prevents the
propellant from swirling into the outlet port, thus preventing inadvertent helium inges-
tion into the engine. Each tank outlet also has a propellant retention device (negatirre-g
can) that permits unrestricted propellant flow from the tank under normal pressuriza-
tion, but blocks reverse propellant flow (from the outlet line back into the tank) under
zero-g or negative-g conditions. This arrangement ensures that helium does not enter
the propellant outlet li.ne as a result of a negative-g or zero-g condition or propellant
vortexingl it eliminates the possibility of engine malfunction due to helium ingestion.

Throttle Valve Actuator. (See figures 2-78 and 2-79.)

The throttle valve actuator is an electromechanical, Iinear servoactuator, powered
by redundant d-c motors. It is between the fuel and oxidizer flow control valves; its base
is attached rigidly to the engine head end. The output sha-ft of tie actuator is attached to
the throttle linkage. In response to electrical command inputs, it moves the throttle link-
age, which positions the flow control valve pintles and the injector sleeve. Changing t"he
position of the flow control valve pintles changes the quantity of fuel and oxidizer metered
into the engine and, thus, the magnitude of engine thrust.

Three redundant motors drive the jackscrew. If one motor fails, the actuator can
operate at normal speed with two motors. The actuator case is hermetically sealed to
prevent cold welding in a vacuum environment, A11 mechanical elements of the actuator
(motors, potentiometers, bearings, jackscrew, etc) are within the hermetically sealed
portion of the unit. The amplifiers are mounted in a separate housing, which is mechani-
cally fastened to the main actuator housing. The area that contains the amplifiers is
sealed against the ambient environment (not hermetically sealed).
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Figure 2-77. Relief Valve Assembly

The actuator uses a five-gang potentiometer, driven by the jackshaft through a
single-stage planetary gear reduction. The potentiometer supplies position feedback
signals to each of three amplifiers. Redundancy is provided by use of three separate
servo channels, which have equal outputs. ff one channel fails, the load is effectively
increased by the two remaining operating motors, which can override the malfunction
(evan a hardover in the opposite direction) and provide the required output.

The command-signal voltage and the voltage from the feedback potentiometers are
fed to a summing point. If the two voltages are equal, the error-signal voltage is zero.
If the command and feedback voltages are not equal, an error voltage results. This error
voltage is amplified and applied to the motors, which then rotate cloekwise or counter-
clockwise, depending on the error signal, to adjust the Ieedback potentiometers until the
error voltage is zero. The 15-volt excitation for the feedback potentiometers is supplied
by the EPS; the 5-volt excitation for the position potentiometers, by the electronics pack-
age. The position potentiometers supply a telemetry signal (0 to 5 volts dc) that indicates
the position of the throttle valve actuator.

FIow Control Valves (See figure 2-80.)

The oxidizer and fuel flow control valves are on the side of the engine, immediately
downstreamof the propellant inlet lines. Theyare secured to the throttlevalve actuator
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Figure 2-80. Flow Control Valve

mounting bracket. The flow control valve pintle assemblies are mechanically linked to
the throttle valve actuator by a crossbeam.

The flow control valves are nonredundant cavitating venturis with movable pintle
sleeves. Engine throttling is initiatedbyanelectrical signal to the throttlevalve actuator,
commanding an increase or decrease in engine thrust. Operation of the throttle valve
actuator drives the crossbeam to a new position, thus repositioning the pintles in the flow
control valves. This axial movement of the pintles decreases or increases the pintle
flow areas to control propellant flow rate and thrust. Below an approximate 7l%o thrust
setting, flow through the valves cavitates and hydraulically uncouples the propellant trans-
fer system (and thereby, the flow rate) from variations in combustion chamber pressure.
The movable pintle sleeve, sha.ft-driven through the valve case, is sealed by two flexible
bellows. Shear pins in the bearing sleeves permit"the valve bearings to operate in re-
dundant modes (rolling or sliding) to improve reliability. Normally, the bearings roll;
however, under an excessive load, the shear pins give to permit the bearings to slide.
Both pintle sleeve shaJts are attached to a yoke that is driven by the throttle valve actuator.
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2.3.3. 1 0. I

2.3.3.10.2

2.3 .3. 1 1

Propellant Shutoff Valve Assemblies.

Each of the four propellaat shutoff valve assemblies consists of a fuel shutoff valve,
an oxidizer shutoff valve, a pilot valve, and a shutoff valve actuator. The shutoff valve
actuator and the fuel shutoff valve are in a common housing. The oxidizer shutoff valve
is in a separate housing to isolate fuel from oxidizer. It is actuated by a mechanical
linkage driven from the fuel shutoff valve. The fuel and oxidizer shutoff valves, down-
stream of the flow control valves, are exposed to the full propellant pressure before
engine firing. Propellant leakage at the valve seats is vented overboard.

Pilot Valves and Shutoff Valve Actuators.

The four solenoid-operated pilot valves control the actuation fluid (fuel) for the fuel
and oxidizer shutoff valves. Normally, the pilot valves are closed, the solenoids are de-
energized, and the actuation fluid is shut off by action of the spring-loaded solenoid
plungers on the ball poppet seated in the lower pilot valve seats. The back side of the
actuator chamber is vented to preclude a fuel buildup, caused by leakage of the pilot
valves, and overpressurization, caused by an excessive fuel temperature increase, When
the pilot valves are open, all solenoids are energized, and the actuation fluid (at approxi-
mately 200 psia) acts against the spring-loaded actuator plunger to open the oxidizer and
fuel shutoff valves. At this point, the pilot valve poppets are forced against the upper
valve seats, sealing oIf the vent port. When the electrical signal is removed, the valve
poppets return to their lower seat to seal off the actuation fluid. The propellant shutoff
valves are closed by the return action of the actuator piston springs, which expels the
fuel entrapped in the cylinders and valve passages through the pilot vent port.

Fuel and Oxidizer Shutoff Va-lves.

The fuel and oxidizer shutoff valves are mechanicalty linked, fuel-actuated ball
valves that are arranged in a series-parallel configuration. The valve housings are
made of aluminum alloy. The ball element operates against a spring-loaded soft seat to
assure positive sealing when the valve is closod. All ball valyes are supported by ball
bearings. The individual valves are rotated by a rack-and-pinion-gear arrangement,
which translates the linear displacement of the pistons in the shutoff valve actuators.

Variable-Area Injector. (See figure 2-81.)

The variable-area injector consists of a pintle assembly, dri.ve assembly, and mani-
fold assembly. The pintle assembly introduces the propellant uniformly into the com-
bustion chamber, The drive assembly has a twofold function: first, it serves as a
passage for conducting the oxidizer into the pintle assembly; second, it contains the
bearing and sealing components that permit accurate positioning of the injector sleeve.
The injector sleeve varies the injection area so that near-optimdm injector pressure
drops and propellant velocities are maintained at each thrust level. The primary function
of the manifold assembly is to distribute the fuel uniformly around the outer surface of
the sleeve. FueI enters the maaifold assembly at two locations and is passed through a
series of distribution plates near the outer diameter of the assembly.

At the center of the manifold, the fuel passes through a series of streamlined hole
rings that suppress fuel flow discontinuities. From this point, the fuel is admitted into
a narrow passage formed by two parallel conical surfaces (the manifold body and a face-
plate). The passage smoothes out remaining gross fuel discontinuities and assists in
cooling the injector face. The fuel then passes onto the outer surface of the sleeve, past
a fuel-metering lip. The fuel is injected as a hollow cylinder so that it reaches the im-
pingement zone with a uniform circumferential velocity profile and without atomizing, at
all flow rates. The oxidizer is injected through a double-slotted sleeve so that it foims a
large number of radial filaments. Each filament partially penetrates the fuel cylinder
and is enfolded by fuel in such a way that, following fast liquid-phase reactions and gas
evolution, Iittle preferential separation of oxidizer and fuel can occur. For given propel-
lant densities, overall mixture ratio, and injector geometry, there is a range of propellant
injection velocity ratios that result in maximum mixture ratio uniformity throughout the
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Figure 2-81. Variable-Area Injector - Quarter Section

resultant expanding propellant spray. When they occur, the liquid-phase reactions gen-
erate gas and vapor that atomize and distribute the remaining liquid oxidizer and fuel
uniformly in all directions, resulting in high combustion efficiency.

Combustion Chamber and Nozzle Extension. (See figure 2-82.)

The combustion chamber consists of an ablative-cooled chamber section, nozzle
throat, and nozzle divergent section. The ablative sections are enclosed in a continuous
titanium shell and jacketed in a thermal blanket composed of stainless-steel foil and
glass wool.

The nozzle extension is a radiation-cooled, crushable skirt; it can collapse a dis-
tance of 28 inches in lunar impact, to prevent the descent engine from upsetting the vehi-
cle should one leg collapse upon contacting the lunar surface, The r,ozzle extension is
made of columbium coated with aluminide. It is attached to the combustion chamber case
at a rfizzle area ratio of 16 to 1 and extends to an exit area ratio of 47.4 to t.

Gimbal Ring and Gimbal Drive Actuators.

The gimbal ring is located at the plane of the combustion chamber throat. It consists
of a rectangular beam frame and four trunnion subassemblies. The assembly permits up
to +6" or -6' roll and pitch trim controt of the engine. A description of the two gimbal
drive actuators is given in paragraph 2.2.3,4,6.
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Figure 2-82. Descent Engine Combustion Chamber and Nozzle Extension

DESCENT PROPULSION SECTION FAILURE MODES.

The DPS failure modes and the effect on mission capability are given in table 2-27

DESCENT PROPULSION SECTION PERFORMANCE AND DESIGN DATA.

The performance and design data for the DPS are given in table 2-28.
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2.3.6 DESCENT PROPULSiON SECTION OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for the DPS are as follows:

o The landing gear must be deployed before descent engine firing. If not de-
ployed, the landing gear would be in the path of the descent engine plume
and would be damaged.

o Before descent engine starts, the RCS +X-axis thrusters must be fired to
establish proper propellant tank ullage to settle the propellants under
weightless conditions. Unsettled or insufficiently settled propellants will
result in rough or erratic starts that could lead to engine failure.

o Normal start profile for all descent engine starts must be at L0 7o throttle
setting for 26 seconds. Because the thrust vector at engine start mav not
be directed through the LM center of gravity, a low-thrust start (10 7o) wlll
permit corrective gimbaling. If the engine is started at high thrust, RCS
propellants must be used to stabilize the vehicle. In the worst case, the
momentary unbalance may exceed the RCS compensation capability.

o Propellant bulk temperatures before descent engine start must be between
+50o and +90o F. If temperature limits are exceeded, the resultant rough
combustion may adversely affect engine-component performance, and ullage
pressure limitations may be exceeded.

o Propellant tank pressure during earth launch must be less than 230 psia. ff
this limit is exceeded, possible strucfural failure in the propellant tanks
wiII cause loss of the descent engine.

o The first descent engine firing must last at least 30 seconds. This mini-
mum initial operating time is required to ensure full pressurization of the
ullage space in the propellant tanks. If this requirement is not met, fuel
may freeze in the fue/helium heat exchanger.

o The descent engine must not be operated in the throttling range of 60 % to
92.5V0. In this iange, operation oi the cavitating venturii of tle flow control
valves becomes unpredictable and may cause an improper fuel-oxidizer
mixture ratio, which will result in excessive engine erosion and early com-
bustion chamber burn-through.

o The descent engine must be shut down before propellants are depleted to
within 10 seconds of burn time remaining, until capability to burn salely
to depletion is established. If this requirement is not met, fuel or oxidizer
may become depleted, causing possible ingestion of helium into the com-
bustion chamber.

o The PQGS must be used only during the final powered descent phase, with
the descent engine firing. It must be turned on approximately 10 seconds

. before the start of this phase and turned off 10 seconds aJter engine shut-
down. Failure to meet this requirement may lead to loss of the PQGS, due
to overheating of the PQGS electronics after 15 minutes of continuous oper-
ation.

o The DPS must not remain pressurizedlonger than 3.5 days before use. If
this limit is exceeded, the pressurization section components may fail to
operate because of the corrosive nature of the propellants.

o The descent engine combustion chamber must not be subjected to more than
926 seconds of engine operation. Exceeding this limitation will cause the
engine to operate with a severely charred combustion chamber possibly re-
sulting in a burn-through.

o The descent engine must not be started more than 20 times.
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FaiLure Indication Vehlcle Capabilit5r

Primary helium isolation solenoid
valve failed closed.

Secondary helium isolation
solenoid valve failed open.

Primary pressure regulator failed
open.

Secondary pressure regulator
failed open.

Secondary pressure reguiator
failed closed.

Propellant leak.

Helium leak

Supercritical helium isolation
exploslve valve did not open.

Supercritical helium isolation
explosive valve has internal
leak.

Helium filter is clogged

Fuel or oxidizer compatibility
explosive valve did not open.

DESCENT He REG I talkback
provides barber-pole display.

DESCENT He REG 2 talkback
provides gray display.

DES REG rvarning iight goes
on.

No indication

Reading on FUEL and OXID
PRESS indicators does not in-
crease and reading on HELIUXI
indicator (HELIUM NION selec-
tor srvitch set to AN{B PRESS)
does not decrease u'hen DES

START He PRESS su,itch is set
to FIRE.

OXIDIZER and FUEL QUAN-
TITY indications are not equal,

Readings on HELIUN,I il.rdica-
tor and FUEL and OXID
PRESS indicator:s decrease,
DES REG warning light goes
on.

Reading on HELIUM indicator
(HELIUM MON selector switch
set to SUPCRIT PRESS) does
not decrease,

Reading on HELIUM indicator
(HELIUM MON selector switch
set to SUPCRIT PRESS) de-
creases before supercritical
helium isolation explosive
vaive is fired.

Decaying ullage pressure is
indicated on FUEL and OXID
PRESS indicators. DES REG
warning light may go on.

Insufficient pressure is indica-
ted on FUEL or OXID PRESS
indicator.

Primary pressurization leg is inop-
erative. Secondary heliuin isolation
solenoid valve must be opened.

FaiLure does not affect vehicle capa-
bility.

Vehlcle capability is not affected,
except for loss of pressure regulator
redundancy. Primary helium isola-
tion solenoid valve must be closed
in-rmediately (to minimize helium
loss through relief valve assemblles)
and secondary helium isolation valve
must be opened,

Vehicle capabillty is not affected,
because secondary helium isoLation
solenoid valve is normalLv closed.

Ambient helium cannot be used for
prepressurlzation. Initial pressure
must be relied upon for engine start.
Loss of pressulre regulator redun-
dancy.

Could necessitate termination of
DPS operation.

Cou1d necessitate termination of
DPS operation.

DPS operation must be terminated.
A short burn (25 to 30 seconds) is
possible using the ambient helium
bottle.

DPS start 1s curtaiLed. (J:'ue1 may
be flozen in fuel/helium heat ex-
changer and could possibly result
in explosion at descent engine firing.)

Termination of DPS operation could
be necessary.

DPS start.is curtailed

Table 2-27. Descent Propulsion Section - Failure Modes

MAIN PROPULSION SUBSYSTEM
3 Basic Date 1 January 1968

i

L

L

i
I
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'lable 2-27. Descent Propulsion Section - Failure Modes (cont)

Table 2-28. Descent Propulsion Section - Performance and Desigrr Data

MAIN PROPULSION SUBSYSTEM
Mssion 114 3 Basic Date 1 January 1g68

Failure Indication Vehicle Capability

Fuel or oxidizer filter is clogged.

Inoperative linkage in flow control
valves or mechanical failure of throttle
valve actuator.

Pilot valve vents freeze up.

Readings on CMD artd ENG THRUST
indicators do not coincide.

Readings on CMD ard ENG THRUST
indicators do not coincide.

Engine cannot be shut down.

DPS operation must be terminated.

DPS operation must be terminated.

Loss of subsequent DPS starts.

Pressurization section

Ambient helium bottle

Volume

Initial filling weight of helium

Initial helium pressure and temperature

Proof pressure

Burst pressure

Cryogenic helium storage vessel

Nominal storage pressure and temperature

Maximum storage pressure and temperature

Density

Initiai filling weight at charge pressure

Usable helium

Proof pressure

Burst pressure

Burst-disk rupture pressure

Helium filters

Nominal filtration

Absolute filtration

Helium pressure regulators

Outlet pressure

Normal operation flow rate range

Inlet pressure range

Lockup pressure (maximum)

Maximum flow rate

Quadruple check valve assemblies opening pressure

1 cubic foot

1 pound

1,600 psia at +70" F

2, 333 psi

2,625 psi

1,555 psia at -400" F

1,710 psia at -320' F

8.2 pounds per cubic foot

48.5 pounds

41. 9 pounds

2,274 psi

3,420 psi

1,881 to 1,967 psi

5 microns

15 microns

245+3-2 psia

0.52 to 5. 5 pounds of helium per minute

300 to 1,750 psi

253 psla

19 pounds of heiium per minute

2 to 2.88 psid

Change Date Page Z.B-Zg
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Table 2-28. Descent Propulsion Section - Performance ard Design Data (cont)

MAIN PROPULSION SUBSYSTEM
Basic Date 1 Januarv 1968

Pressurization section (cont)

Relief valve assembly

Burst-disk rupture pressure

Relief valve cracking pressure

Full-flow pressure

Reseat pressure (minimum)

Propellant feed section

Propellant tanks

Capacity (each ta.nk)

Total fuel

Total oxidizer

Ullage volume (minimum)

Usable fuel

Usable oxidizer

Unusable fuel

Unusable oxidizer

Nominal tank ullage pressure (at full throttle
position)

Proof pressure

Burst pressure

Nominal propellaat temperature

Engine interface inlet pressure (trim orifice output
at full throttle position)

Propellant filters

Nominal filtration

Absolute filtration

FueI filter rated flow

FueI filter maximum pressure drop

Oxidizer filter rated flow

Oxidizer filter maximum pressure drop

Engine assembly

Nominal engine thrust (full throttle)

Minimum engine thrust

Nominal combustion chamber pressure

Engine-gimbaling capability

Propellant injection ratio (oxidizer to fuel)

Approximate weight

Overall length

Nozzle exit diameter

268 to 308 psi

260 psi

275 psi

254 psi

62.8 cubic feet

6,982 pounds

11,067 pounds

1,728 cubic inches

6, 759 pounds

10,730 pounds

222. 8 pounds

336.4 pounds

235 psia

360 psia

405 psia

+70" F

222+2 psia

40 microns

60 microns

13.3 pounds per second

2 psi

21.2 pounds per second

3 psi

9,8?0 pounds (94%)

1,050 pounds (1070)

103.4 psia

+6' or -6o for trim control along
Y-axis and Z-axis

1.6 to 1

360 pounds

85 inches

59 inches

Page 2.3-30 Mission LM 3 Change Date
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2.3.7 DESCENT PROPULSION SECTION TELEMETRY MEASUREMENTS.

The DPS telemetry data are given in table 2-29. "(R)" in the "Telemetry Range"
column signilies a real-time telemetry measurement. Real-time telemetry points are
shown in figure 2-71.

Table 2-29. Descent Propulsion Section - Telemetry Measutements

MAIN PROPULSION SUBSYSTEM

("_

Code Description
Telemetly Range

(Nominal) Display Range

Creu,
Display

GQ30o9P

GQ30loP

GQ3015P

GQ3018P

GQS025P

GQ3309X

GQ3310X

GQ3435P

GQ3436P

GQ3451T

GQ345sT

GQ3459T

GQ3463T

c,Qs476T

GQ3501P

Helium primary upstream
regulator inlet pressure

Helium secondary up-
stream regulator inlet
pressure

Ambient helium prepres-
surization bottle pressure

Helium regulator outlet
manifoid pressure

Helium regulator outlet
manifold pressure

Helium primary solenoid
valve closed

Helium secondary
solenoid valve open

Supercritical helium
supply tank pressure

Supercritical helium
supply tank pressure

Supercritical helium
supply outiet temperature

Supercritical helium/
helium heat exchanger
inlet temperature

Supercriticai helium/
helium heat exchanger
outlet temperature

Supercritical fuel/
helium heat exchanger
outlet temperature

Supercritical helium tank
ambient surface No. 1

temperature

Fuel tank No. 1 ullage
pressure

190 to 1,750 psia

190 to 1,750 psia

0 to 1,750 psia

210 ta 270 psia
(235 psia) (R)

210 to 270 psia
(235 psia) (R)

Contact closure (R)

Cor.rtact closure (R)

0 to 2,000 psia
(1 ,250 psia) (R)

0 to 1,750 psia
(1,250 psia)

-1254 to -300' F

-210o to +75o F

-360o to -5oo F

-210" to +75o F

+40o to +120o F
(+70" F)

None

0 to 1,750
psia

Less than
220 psia;
greater
than 260
psia

0 to 1,750
psia

27O to 270
psia (235
psia)

DESCENT He REG 1

talkback

DESCENT He REG 2

tal kbach

HELruM indicator

DES REG u,arning
Iight

None

DESCENT He REG 1

talkback

DESCENT He REG 2

talkback

None

HELIUM indicator

None

None

None

None

None

FUEL PRESS indicator

Mission 114 3 Basic Date 1 .T 1968 Change Date Page@-
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Code Description
Telemetry Range

(Nominal) Display Range
Cres,

Displal.

GQ3s05P

GQ3 60 3Q

GQ3.j04Q

GQ36o5Q

GQ3611P

GQ3ri66I,

GQ371 E T

GQ3719 T

GQ381 1T

GQ4001 P

GQ4005P

GQ41o3Q

GQ410.1Q

GQ4105Q

GQ41 1 1P

GQ4116P

GQ,1218 T

GQ421eT

GQ431 1T

GQ.1.155X

Fuel tank vent relief valve
inlet pressure

Fuel tank No. 1 quantity

Fuel tank No. 2 quantit),'

FueL tank No. 1 or' 2 (as
selected) quantity

Engine interface fuel
pres sure

Fuel tank No. 2 bottom
- engine interface A P

Fuel tank No. 1 fuel bulk
temperature

Fuel rank No. 2 fuel bulk
temperature

Engine interface fuel
temperature

Oxidizer tank No. 1

ullage pressure

Oxidizer tank vent relief
valve inlet pressure

Oxidizer tank No. 1

quantity

Oxidizer tank No. 2

quantity

Oxidizer tank No. 1 of 2

(as selected) quantitl'

Engine interface oxidizer
plessure

Oxidizer tank No. 1

bottom - engine inter-
face A P

Oxidizer tank No. 1

oxidizer bulk temperature

Oxidizer tank No. 2

oxidizer bulk temperature

Engine interface oxidizer
temperature

Propellant tanks liquid
Ievel lory

0 to 300 psia

0% to e5% (R)

0% to e5% (R)

None

50 to 270 psia
(210 psia) (R)

0 to 30 psia

+,10o to +100o F
(+70" F) (R)

+4oo to +100' F
(+70' F) (R)

+40o to +200' F
(+70' F)

None

0 to 300 psia
(0 psia)

091 to 95(,1 (R)

016 to 9;76 (R)

None

50 to 270 psia
(210 psia) (R)

0 to 30 psia

+.10o to +100o F
(+70' F) (R)

+,10' to +100" F
(+70" F) (R)

+.10' to +200o F
(+70' F)

Contact closure (R)

0To to 957a

+.l0o to
+100o F

+4oo to
+100o F

0 to 300
psia (235
psia)

olc to 957c

+.10' to
+100'F

+.10' to
+100" F

None

None

None

FUEL QUANTITY
indicator

None

None

FUEL TEMP indicator

FUEL TEX{P indicator

None

OXID PRESS indicator

None

None

None

OXIDIZER QUANTITY
indicator

None

None

OXID TEMP indicator

OXID TEMP indicator

None

DES QTY rvarning light

Table 2-29. Descent Propulsion Section - Telemetry Measurements (cont)

MAIN PROPULSION SUBSYSTEM
LM 3 Basic Date 1 January 1968 Change Date
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Table 2-29. Descent Propulsion Section - Telemetry Measurements (cont)

MAIN PROPULSION SUBSYSTEM

Code Description
Telemetry Range

(Nominal) Display Range
Creu,

Display

GQ6297V

GQ6299V

GQ6306x

GQ6307x

GQ6308x

GQ63o9X

GQ6314X

GQ6315X

GQ6316X

GQ6317x

GQ6331V

GQ6332V

GQ6333V

GQ6334V

GQ633sV

GQ6336V

GQ6337V

GQ6338V

GQ6441V

GQ6442V

cQ6443V

GQ6444V

Actuator isolation valve A
current shunt voltage

Actuator isolation valve B
current shunt voltage

Shutoff valve A not open

Shutoff vaive A not closed

Shutoff valve B not open

Shutoff valve B not closed

Shutoff valve C not open

Shutoff valve C not closed

Shutoff valve D not open

Shutoff valve D not closed

Shutoff valve A positive
current shunt voltage

Shutoff valve A return
current shunt voltage

Shutoff valve B positive
current shunt voltage

Shutoff valve B return
current shunt voltage

Shutoff valve C positive
current shunt voltage

Shutoff valve C return
current shunt voltage

Shutoff valve D positive
current shunt voltage

Shutoff valve D return
current shunt voltage

Channel No. 1 motor
positive current shunt
voltage

Channel No. 1 motor
return current shunt
voltage

Channel No. 2 motor
positive current shunt
voltage

Channel No. 2 motor
return current shunt
voltage

14 to 2L rnv

14 to 21 mv

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

8to13mv

8 to 13 mv

8to13mv

8to13mv

8to13mv

8to13mv

8to13mv

8to13mv

5to70mv

5to70mv

5to70mv

5to70mv

None

None

None (See GQ7498U.)

None (See GQ7498U.)

None (See GQ7498U.)

None (See GQ7498U.)

None (See GQ7499U.)

None (See GQ7499U.)

None (See GQ7499U.)

None (See GQ7499U.)

None

None

None

None

None

None

None

None

None

None

None

None

Mission LM 3 Basic Date 1 Januarv 1 968 Change Date Page 2.3-33

L



LMA?90-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

Code Description
Telemetry Range

(Nominal) Display Range
C rerv

Display

V

GQ6446V

lGQ6501P

lcqosooe

lGQ6510P

lce68o6H

GQ7206T

GQ72O8T

GQ7209T

GQ7211T

GQ12L2"r

GQ7301D

GQ?302D

GQ?303D

GQ7498U

GQ7499u

GQ7501T

cQ7502T

GQ?503T

Channel No. 3 motor
positive current shunt
voltage

Channel No. 3 motor
return current shunt
voltage

Fuel injector inlet pressure

Oxidizer injector inlet
pressure

Thrust chamber pressure

Variable injector actuator
position

Injector surface temperature

Engine throat T1 case
temperature No. 1

Engine throat T1 case
temperature No. 2

Engine heat shield outer
surface temperature No. 1

Engine heat shield outer
surface temperature No. 2

Thr:ust chamber X-axis
vibration

Thrust chamber Y-axis
vibration

Thrust chamber Z-axis
vibration

Shutoff valves A and B A
position

Shutoff valves C and D A
position

Engine throat temperature
No. 4

Engine throat temperature
No. 5

Engine throat temperature
No. 6

5to70mv

5to70mv

0 to 250 psia
(190 psia)

0 to 250 psia
(190 psia)

11 to 121 psia
(110 psia) (R)

07a to t00Ea (R)

0o to +500o F

0o to +500o F

oo to 5ooo F

0" to +500o F

0o to +500o F

0g to 30g rms

0g to 30g rms

0g to 30g rms

Contact closure (R)

0o to +5000 F

0" to +500o F

0" to +500o F

o%c to
to07c

None

None

None

None

ENG THRUST indicator

None

None

None

None

None

None

None

None

None

None

None

None

None

None

Table 2-29. Descent Propulsion Section - Telemetry Measurements (cont)

MAIN PROPULSION SUBSYSTEM
LM 3 Basic Date 1 Januarv 1968

i

L
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2.3.8

2.3.8.1

ASCENT PROPULSION SECTION FUNCTIONAL DESCRIPTION.

The ascent propulsion section (APS) consists of a constant-thrust rocket engine that
is not gimbaled, two propellant tanks, two helium tanks, and associated propellant feed
and helium pressurization components. (See figure 2-83.) The engine is installed in the

center section of the ascent stage; it is canted so that the center line is tilted 1.5o from
the X-axis in the +Z-direction. The engine develops 3,500 pounds of thrust in a vacuum,

sufficient to launch the ascent stage from the lunar surface and place it into an 80-
nautical-mile lunar orbit. The engine can be shut down and restarted, within the opera-
tional limitations and restrictions (paragraph 2.3.12), as required by the mission.

Functionally, the APS can be subdivided into a pressurization section, a propellant
feed section, and an engine assembly.

Pressurization Section. (See figure 2-84.)

The propellants are pressurized by gaseous helium, supplied from two identical
tanks and routed through redundant flow lines into the propellant tanks. The helium is
stored at a nominal pressure of 31050 psia at a nominaf temperature of +70'' F. A pres-
sure transducer and a temperature transducer at each tank outlet port are connected to
the HELIUM indicator via the HELIUM MON selector switch. The HELIUM MON seleetor
switch selects the tank and the temperature or pressure to be displayed.

Before initial ascent engine operation, the helium isolation explosive valves prevent
the helium from leaving the tanks. These valves can be opened individually or simultane-
ously. The propellants are not pressurized until shortly before initial ascent engine
start. To accomplish initial pressurization, the helium isolation explosive valves and the
fuel and oxidizer compatibility explosive valves (upstream of the propellant tanks) are
opened simultaneously. Norma1ly, propellaat pressurization is initiated by setting the
ASCENT IIe SEL switch (panel 8) to BoTH. If the HELIUM indicator shows a leak (de-
caying pressure) in one of the tanks, the ASCENT He SEL switch is set so that only the
explosive valve leading from the non-Ieaking tank opens, thus preventing helium loss
through the leaking tank via the helium interconnect line (downstream of the explosive
valves). The MASTER ARM switch is then set to ON and the ASCENT He PRESS switch
is set to FIRE and released firing all explosive valves in the APS. A filter in each helium
flow path traps debris from the explosive valve.

Downstream of the filter, each helium flow path has a normally open latching sole-
noid valve ai,nd two series-connected pressure regulators. The downstream regulator is
set to a slightly higher output pressure than the upstream regulator; the regulator pair in
the primary flow path produces a slightly higher output than the pair in the secondary (re-
dundant) flow path. This arrangement causes lockup of the regutators in the redundant
flow path aJter the propellant tanks are pressurized, while the upstream regulator in the
primary flow path maintains the propellant tanks at their normal pressure of 184 psia. If
either regulator in the primary flow path fails closed, the regulators in the redundant
flow path sense a demand and open to pressurize the propellant tanks. ff an upstream
regulator fails open, control is obtained through the downstream regulator in the same
flow path. Because the downstream regulator normally does not control the outlet pres-
sure, an open failure of this regulator has no effect. If both regulators in the same flow
path fail open, pressure in the helium manifold increases above the acceptable limit of
220 psia, causing the ASC HI REG caution Iight (panel 2) to go on. This alerts the astro-
nauts that the helium isolation solenoid valve in the malfunctioning flow path must be
closed so that normal pressure can be restored. Excessive pressure is vented by the
relief valve assemblies in parallel with the propellant tanks. The solenoid valve is
closed by setting the ASCENT He REG 1 or REG 2 switch (panel 1) to CLOSE; the talk-
back above the switch will change to a barber-po1e display.

The primary and secondary helium flow paths merge downstream of the regulators
to form a common helium manifold. The manifold routes the helium into two flow paths:
one path leads to the oxidizer tank; the other, to the fuel tank. A quadruple check valve
assembly, a series-parallel arrangement in each path, isolates the upstream components

MAIN PROPULSION SUBSYSTEM
Mission___LM i _ Basic Date 1 Januarv 196g Change Date -35
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2.3.8.2

2.3.8.3

from corrosive propellant vapors. The check valves also safeguard against possible
hypergolic action in the common manifold resulting from mixing of propellants or fumes
flowing back from the propellant tanks. Two parallel compatibility explosive valves,
downstream of each quadruple check valve assembly, seal off the propellant tank inlets,
isolating the fuel and oxidizer (Iiquid and vapor) before initial ascent engine start. This
reduces contamination problems involving helium components and prolongs the life of the
quadruple check valves. The IueI and oxidizer compatibility explosive valves are opened
simultaneously with the helium isolation explosive valves before initial engine start. The
arrangement of parallel explosive valves in each flow path with duel initiators in one leg
provides redundancy. (See figure 2-86.)

Immediately upstream of the fuel and oxidizer tanks, each helium path contains a

burst disk and relief valve assembly to protect the propellant tanks against overpres-
surization. This assembly vents pressure in excess of approximately 238 psia and re-
seals the flow path after overpressurization is relieved. A thrust neutralizer eliminates
unidirectional thrust generated by the escaping gas. To prevent leakage through a faulty
relief valve during normal operation, the burst disk is located upstream of the relief
valve. The burst disk ruptures at a pressure slightly below the relief valve setting. The
relief valves can pass the entire helium flow from a failed-open pair of regulators with-
out damaging the propellant tanks.

Propellant Feed Section. (See figure 2-84.)

The APS has one oxidizer tank and one fuel tank. Each tank has a temperature
transducer that supplies propellant temperature signals to the FUEL and OXID TEMP
indicators, and a pressure transducer that supplies ullage pressure signals to the FUEL
and OXID PRESS indicators. The same TEMP and PRESS indicators are used for the
APS and DPS. APS data are displayed when the PRPLNT TEMP/PRESS MON switch is
set to ASC. A low-Ievel sensor in eaeh propellant tank causes the ASC QTY caution light
(panel 2) to go on when the remaining propellant in either tank is sufficient for only 10

seconds of engi.ne operation. The ASC QTY caution light is inhibited when the ascent
engine is not operating.

Helium flows into the top ol the fuel and oxidizer tanks. Diffusers at the top of the
tanks uniformly distribute the helium throughout the ullage space. The outflow from each
propellant tank divides into two paths. In the primary path, each propellant flows through
a trim orifice to the propellant filter in the engine assembly, and then to the isolation and
bipropellant valve assemblies (propellant shutoff valves). The trim orifice provides an
engine interface pressure of 165 psia for proper propellant use. The secondary path con-
nects the ascent propellant supply to the RCS. This interconnection, at the normally
closed ascent feed solenoid valves (part of the RCS), permits the RCS to burn ascent pro-
pellants providing the APS is pressurized and the ascent or descent engine is operating
at the time the RCS thrusters are fired. A line branches off the RCS interconnect fuel
flow path and leads to two parallel actuator isolation solenoid valves. From there, this
line routes fuel to the engine pilot valves that actuate the propellant shutoff valves in the
engine assembly. The normally closed actuator isolation valves prevent possible fuel
loss through a leaking pilot valve before initial engine operation or during engine shut-
down. The actuator isolation valves, and the propellant shutoff pilot valves in the engine
assembly, are opened and closed simultaneously by engine-on and engine-off commands.

Engine Assembly. (See figure 2-85.)

The ascent engine is a fixed-injector, restartable, bipropellant rocket engine with an
ablative combustion chamber, throat, and nozzle extension. Fuel and oxidizer enter the
engine assembly through inlet ports at the interface flanges and are routed through the
propellant filters and the propellant shutoff valves to the injector; a separate fuel path
(actuator pressure line) Ieads to the pilot valves, where fuel pressure actuates the pro-
pellant shutoff valves.

Propellant flow to the engine combustion chamber is controlled by a valve package
assembly, trim orifices, and an injector assembly. The valve package assembly consists
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2.3.9

2.3.9.1

of eight propellant shutoff ball valves that make up the two fuel-and-oxidizer-coupled
isolation valve assemblies and the two fuel-and-oxidizer coupled bipropellant valve as-
semblies, four actuators, and four solenoid-operated pilot valves, Inside the valve pack-
age assembly, the fuel and oxidizer passages divide into dual flow paths, with two series
ball valves in each flow path. The paths rejoin at the valve package outlet. The propel-
Iant shutoff valves are arranged in fuel-oxidizer pairs; each pair is operated on a single
crankshaft assembly by an individual fuel-pressure-operated actuator. Shaft seals and
vented cavities prevent fuel and oxidizer from coming into contact with each other due to
seepage al.ong the shafts.

After the ascent propellants have been pressurized, the ascent engine can be started
manually by setting the ENG ARM switch to ASC and by pressing the START pushbutton.
(Automatic starts are initiated by LGC or AGS engine-on commands.) At engine start,
the two acfuator isolation valves in the propellant feed section, and the four pilot valves,
are opened simultaneously, routing fuel into the actuator feed line and to the four pilot
valves. When the solenoids of the pilot valves are energized, the pilot valve poppets are
lifted from the fuel inlet ports and are seated against the overboard vent ports. Fuel
enters the actuator chambers and extends the actuator pistons, cranking the propellant
shutoff valves 90' to the fully open position. The propellants now pass through the shut-
off valves and trim orifices and are piped directly to the injector. The orifices deter-
mine the thrust level of the engine and the mixture ratio of the propellants by trimming
the pressure differentials of the fuel and oxidizer. The physical characteristics of the
injector establish an oxidizer lead of between 40 and 50 milliseconds. This precludes
the possibiiity of fuel lead, which would result in rough engine starts.

At engine cutoff, the pilot valve solenoids are deenergized, opening the actuator ports
to the overboard vents so that residual fuel in the actuators is vented into space, (See

figure 2-83 for vent locations.) With the actuation fuel pressure iemoved, the actuator
pistons are moved back by spring pressure, causing the propellant shutoff valves to turn
90' to the closed position.

A rough combustion cutoff assembly (RCCA) monitors the vibration level at the
ascent engine. It processes the vibration signal to shut down the engine should the vibra-
tion level indicate excessively rough con.rbustion. The RCCA has two redundant acceler-
ometers, mounted on the injector assembly, that sense vibration along the X-axis of the
ascent engine. The output of each accelerometer is routed to a separate amplifier and
trigger network in the RCCA control unit. With the RCCA switch (panel 2) set toENABLE
and either or both STAB/CONT: AELD circuit breakers (panels 11 and 16) open, the
RCCA becomes operational. If either of the redundant channels detects rough combus-
tion, the RCCA sends a shutdown signal to the ascent englne control circuitry. Therough
combustion characteristic that will shut down the engine is 1,2009 (peak to peak), with the
significa:rt frequency in the range of 5 to 10 kc. If the engine is shut down by the RCCA,
the GDA/RCCA caution light (panel 2) goes on, indicating that the engine has been shut
down because of rough combustion. The RCCA remains latched on until the RCCA switch
is set to OFF/RESET, thereby interrupting the 28-volt d-c power to the RCCA control
unit ard removing the shutdown signal. To make the RCCA again operational, the RCCS
switch is set to ENABLE before the ascent engine is restarted.

The ascent engine assembly has sensors for measuring fuel and oxidizer inlet pres-
sures, manifold pressures, thrust chamber pressure, vibration, exterior surface tem-
peratures, and propellant shutoff valve positions. The sensor outputs are converted to
telemetry data in the IS. These data are transmitted to MSFN, where they are recorded
for post-mission evaluation or used to monitor the performance of the ascent engine.

ASCENT PROPULfiON SECTION MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

Explosive Valves. (See figure 2-86.)

A high-pressure helium isolation explosive valve at each helium tank outlet, two
Iow-pressure fuel compatibility valves (in parallel), and two low-pressure oxidizer com-
patibility valves (in parallel), are used in the APS. These valves normally are closed;
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2.3.9.3

2.3.9.4

2.3.9.5

they are opened simultaneously by a command from the EDS control and fire circuits (or
from the ABORT STAGE pushbutton on panel 1). When fired, the explosive valves fully
open and remain open. The ASC IIe SEL switch permits isolating a defective helium tank
by setting the switch to TANK 1 or TANK 2, thereby firing either valve individually. This
applies to manual, automatic and abort stage fire commands. To prevent valve failure in
t}le closed position, the two high-pressure helium isolation valves have dual cartridges
that are fired simultaneously by redundant systems in the EDS. The fuel and oxidizer
compatibility valves are in redundant paratlel flow paths. To ensure propellant tank
pressurization, one fuel valve and.one oxidizer valve are fired by dual cartridges, the

other two compatibility valves are fired by single cartridges.

Helium Pressure Regulator Assemblies. (See figure 2-87.)

To be supplied.

Relief Valve Assemblies.

Each helium pressurization line that leads to the propellant tanks has a relief valve
assembly that consists of a burst disk, a low-pressure vent, and a relief valve. The
burst disk prevents helium loss through the relief valve if it should leak during normal
engine operation. Once the burst disk is ruptured, the relief valve prevents helium loss
during normal engine operation. Under high pressure, the relief valve opens, dumping
the helium overboard. A thrust neutralizer provides for omnidirectional thrust genera-
tion by the escaping helium. When the pressure drops below the reseat pressure, the
relief valve closes to prevent further helium loss. A normaJly open, low-pressure vent
valve, between the burst disk and the relief valve, prevents pressure buildup against the
back of the burst disk if the burst disk leaks. If the burst disk ruptures, the vent valve
closes under the high pressure and the relief valve opens.

Propellant Storage Tanks.

The propellant supply is contained in two spherical titanium tanks. The tanks are of
identical size and construction. One tank contains fuel; the other, oxidizer. A helium
diffuser at the inlet port of each tank distributes the pressurizing helium uniformly into
the tank. An antivortex device (a cruciform at each tank outlet) prevents the propellant
from swirling into the outlet port, precluding premafure helium ingestion into the engine.
Each tank outlet also has a propell.ant retention device that permits unrestricted propel-
lant flow from the tank under normal pressurization, but blocks reverse propellant flow
(from the outlet line back into the tank) under a zero-g or negative-g (more than -29)
condition. This arrangement ensures that helium does not enter the propellant outlet line
under any condition; it eliminates the possibility ot' engine malfunction due to helium in-
gestion. A low-level sensor in each tank (approximately 4.5 inches above the tank bottom)
supplies a discrete signal that causes the ASC QTY caution light to go on when the pro-
pellant remaining in either tank is sufficient for approximately 10 seconds of burn time
(43 pounds of fuel, 69 pounds of oxidizer).

Valve Package Assembly. (See figure 2-88.)

At the propellant feed section/engine assembly interface, the oxidizer and fuel lines
Iead into the valve package assembly. The individual valves that make up the valve pack-
age assembly are in a series-parallel arrangement to provide redundant propellant flow
paths and shutoff capability. The valve package assembly consists of two bipropellant
valve assemblies, two isolation valve assemblies, and four solenoid pilot valve and actua-
tor assemblies. Each bipropellant valve assembly and each isolation valve assembly con-
sists of one fuel shutoff, valve and one oxidizer shutoff valve. These are ball valves that
are operated by a common shaft, which is connected to its respective pilot valve and
actuator assembly. Shaft seals and vented cavities prevent the propellants from coming
into contact with each other. Separate overboard vent manifold assemblies drain the fuel
and oxidizer that leaks past the valve seals and the actuation fluid (fuel in the actuators
upon pilot valve closing) overboard. (See figure 2-83.) The eight shutoff valves open
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2.3.9.6

2.3.9.7

2.3.10

simultaneously to permit propellant flow to the engine while it is operating; they close
simultaneously to terminate propellant ftow at engine shutdown. The two isolation valve
assemblies are exposed to the full pressure of the propellant feed system. The four non-
Iatching, solenoid-operated pilot valves control the actuation fluid (fuel) for the isolation
and bipropellant valve assemblies. Normally, the solenoids are deenergized, the pilot
valves are closed, and the actuation fuel is shut off by action of the spring-Ioaded sole-
noid plungers on the ball poppet seated in the lower pilot valve seats. The back sides of
the actuator chambers are vented to eliminate a fuel buildup due to leakage of the pilot
valves, and to preclude overpressurization of the actuator lines if the fuel temperature
increases excessively. When the solenoids are energized, all pilot valves are opened and

the actuation fuel acts against the spring-Ioaded plunger to open the shutoff (ba11) valves.
At tlis point, the pilot valve poppets are forced against the upper valve seats, sealing off
the vent port. When the electrical signat is removed, the valve poppets return to their
lower seat to seal off the actuation fuel. The propellant shutoff valves in the isolation
and bipropellant valve assemblies are closed by the return action of the actuator piston
springs, and the actuation fuel trapped in the cylinders and valve passages is expelled
through the pilot valve vent ports.

Injector Assembly.

The injector assembly consists of the propellant inlet lines, a fuel torus manifold,
an oxidizer manifold, and an injector orifice plate assembly. Because the fuel torus
manifold is larger than the oxidizer manifold, it takes between 40 and 50 milliseconds
longer to fill. Consequently, the oxidizer reaches the combustion chamber before the
fuel, establishing an oxidizer lead that results in smooth engine starts. The injector as-
sembly is of the fixed-orifice type that uses a baJfle for damping induced combustion
disturbances. The ba-ffle is cooled by the propellants, which subsequently enter the com-
bustion chamber through orifices on the ba.ffle blade tips. The injector assembly face is
divided into three combustion zones: primary, barrier, and ba"ffle. The primary zone
uses impinging triplets (two fuel on one oxidizer), whieh are spaced in concentric radial
rings on the injector assembly face. The barier zone uses fuel-on-oxidizer impinging
doublets, which operate at a fuel rich ratio of 1.05 to 1 to provide a barrier of low-tem-
perature gases near the ablative chamber waII. The ba^ffle zone (downstream from the
injector face) uses impinging doublets (fuel-on-oxidizer) placed in radial position rela-
tive to the injector face. The nominal propellant temperature as propellant enters the
injector is +70o F. After approximately 2 seconds of engine operation, the nominal tem-
perature range is +50o to +90" F, with the fuel temperature within 10" F of the oxidizer
temperature. (The temperature range at engine start may be +40o F to +120'F.)

Combustion Chamber Assembly.

The combustion chamber assembly consists of an engine case and mount assembly
and a plastic assembly, which includes the nozzle extension. The engine case and mount
assembly is bonded and locked to the plastic assembly to form an integral unit. The
plastic assembly provides ablative cooling for the combustion chamber; it consists of the
chamber ablative material, the chamber insulator, the nozzle extension ablative material
and a structural filament winding. The chamber ablative material extends from the in-
jector to an expansion ratio of 4.6. The chamber insulator, between the ablative mate-
rial and the case, maintains the chamber skin temperature within the design require-
ments. The ablative material of the nozzle extension extends from the expansion ratio of
4.6 to 45.6 (exit plane) and provides ablative cooling in this region. The structural fila-
ment winding provides the structural support for the plastic assembly and ties the cham-
ber and nozzle extension sections together.

ASCENT PROPULSION SECTION FAILURE MODES.

The APS failure modes and the eflect on mission capability are given in table 2-30.

MAIN PROPULSION SUBSYSTEM
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Table 2-30. Ascent Propulsion Section - Failure Modes

ASCENT PROPULSION SECTION PERFORMANCE AND DESIGN DATA

The performance and design data for the APS are given in table 2-31

Table 2-31. Ascent Propuision Section - Performance and Design Data

MAIN PROPULSION SUBSYSTEM

Failure Indication Vehicle Capability

Primary helium isolation solenoid
valve failed closed.

Secondary helium isolation
solenoid valve failed closed.

Primary upstream pressure
regulator failed open.

Primary do,,l'nstream pres sure
regulator failed open.

Secondary upstream or down-
stream pressure regulator
failed open.

Primary or secondary pair of
pressure regulators failed
open.

Propellant tank leak.

Helium tank No. 1 or 2 leaks.

Fuel or oxidizer filter is
partially clogged.

ASCENT He REG 1 talkback
provides barber-pole display.
UIIage pressure indicated on
FUEL and OXID PRESS indica-
tor is slightly below nominal
value.

ASCENT He REG 2 taikback
provides barber-poIe display.

No indication.

UIlage pressure indicated on
FUEL and OXID PRESS indi-
cator is slightly above
nominal value.

No indication.

ASC HI REG caution light goes
on. FUEL and OXID PRESS
indical.ors indicate a pproxi -
mately 250 psia. HELIUNI
indicator indicates rapidly de-
caying pressure.

FUEL or OXID PRESS indica-
tor indicates decaying pres-
sure. ASC PRESS u'alning
Iight may go on. ASC QTY
caution light may go on.

ASC PRESS warning light goes
on. HELIUM indicator indica-
tes decaying pressure.

Combustion is unstable due to
improper fu ei- oxldizer ratio.
In wors[ case, ascent engine
stops and GDA,/RCCA caution
light goes on.

Failure does not affect vehicle
capability.

Failure does not affect vehicle
capabilitl'.

Failure does not affect vehicle
capability.

Failure does not affect vehicle
capability.

Failure does not affect vehicle
capability.

Vehicle capability is not affected,
except for Ioss of some helium and
pressure regulator redundancy.
Helium isoiation solenoid valve in
affected leg must be closed immedi-
ately to minimize helium loss through
relief valve assembl ies.

Depending on amount of leakage, APS
operation is shortened, subsequent
APS operation is lost, or APS
operation is immediately curtailed.

Depending on amount of leakage, APS
operation is shortened, subsequent
APS operation is lost, or APS
operation is immediately curtailed.

RCOA can be reset, but subsequent
APS operation may be lost.

Pressurization section

Helium tank initial filling weight

Helium tank initial pressure and temperature

Helium tank volume

6.5 pounds per tank

3,050 psia at +70" F

5,800 cubic inches
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Pressurization section (cont)

Helium tank maximum operating pressure and
temperature

3,500 psia at +160' F

Helium tank burst pressure

Helium filters

Absolute filtration

Nominal filtration

Filter element burst pressure

Helium isolation explosive valves

Operating pressure range

Maximum design pressure

Helium isolation solenoid valves

Operating p ressure range

Maximum design pressure

Helium pressure regulator assemblies

5,250 psia

15 microns

5 microns

4,000 psi

425 to 4,000 psia

5, 320 psia

400 to 3,500 psia

4, 660 psia

Primary path outlet pressure
Upstream regulator
Downstream regulator

Secondary path outlet pressure
Upstream regulator
Downstream regulator

184+4 psia
190+4 psia

Maximum lockup pressure

Maximum outlet flow rate

Inlet pressure range

Nominal helium flow rate

176=4 Psio
182+4 psia

203 psia

4.5 pounds of helium per minute

400 to 3,500 psia

1.45 pounds per minute

Maximum design pressure
Inlet
Outlet

5, 320 psia
325 psia

Quadruple check valve assemblies

Maximum operating inlet pressure

Maximum pressure drop

Maximum design pressure

Compatibility explosive valves operating pressure
range

Relief valve assembly

Burst-disk rupture pressure

Relief valve cracking pressure

Full-flow pressure

270 psia

5 psi

540 psia

100 to 270 psia

226 to 250 psia

245 psia

250 psia

Table 2-31. Ascent Propulsion.Section - Performaace arrd Design Data (cont) L
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Table 2-31. Ascent Propulsion Section - Performance and Design Data (cont)

MAIN PROPULSION SUBSYSTEIVI

Pressurization section (cont)

Relief valve assembly (cont)

Reseat pressure

Fu1ly open flow rate

Propellaat feed section

Propellant tanks

Capacity (each tank)

Total fuel

Tota1 oxidizer

Ullage

Usatrle fuel

Usable oxidizer

Propellant temperature range

Nominal propellant temperature

Nominal ullage pressure

Proof pressure

Burst pressure

Trim-orifice outlet pressure

Engine assembly

Propellant filters

Nominal filtration

Absolute filtration

Fuel flow rate

Oxidizer flow rate

Propellant injection ratio (oxidizer to fuel)

Engine thrust

Injector inlet pressure

Steady-state operation

Engine start

Engine start to 9070 of rated thrust

Engine shutdown to 7O7o of rated thrust

Combustion chamber pressure

Nominal propellant temperature at injector inlet

Approximate weight

Overall length

Nozzle exit diameter

225 psia

4 pounds of helium per minute

36 cubic feet

2,008 pounds

3,179 pounds

0.5 cubic foot per tank at +90' F

1,937 pounds

3,087 pounds

+50' to +90' F

+70" F

184 psia

333 psia

375 psia

165+4 psia

175 microns

200 microns

4.3 pounds per second

7.0 pounds per second

1.6:1

3,500 pounds

145 psia

185 to 203 psia

0.310 second

0,200 second

120 psia

+70" F

214 pounds

47 inches

31 inches
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2.3.13

ASCE NT PROPULSION SEC TION OPERATIONAL LIMITATIONS AND RE STRIC TIONS.

The operational limitations and restrictions for the APS are as follows

Propellant tank pressure before pressurization must be between 100 and

205 psia. If these limits are exceeded during dynamic loading, structural
failure may result in the propellant tanks, causing loss of the ascent
engine.

Propellant bulk temperature before ascent engine start must be between
+50' and +90" F. If the temperature limits are exceeded, the resultant
r ou gh combustion may adver sely a^ff ect engine -c omponent perf ormance.

Before ascent engine starts (except FITH with DPS burn), the RCS
+X-axis thrusters must be fired to establish proper propellant tank ullage,
to settle the propellants under weightless conditions, and to prevent helium
from entering the RCS interconnect lines. Unsettled or insufficiently
settled propellants may result in rough or erratic starts that could lead
to engine failure.

o The ascent engine must be shut down before the propellants are depleted
to within 10 seconds of burn time remaining, until capability to burn
safely to depletion is established. If this requirement is not met, fuel or
oxidizer may become depleted, causing possible ingestion of helium into
the combustion chamber.

The APS must not remain pressurized ionger than 24 hours before use.
If this limit is exceeded, the pressure regulator assemblies may not
operate.

The ascent engine combustion chamber must not be subjected to more than
460 seconds of engine operation. Exceeding this limitation will cause the
engine to operate with a severely charred combustion chamber, resulting
in burn-through.

The ascent engine must not be started more than 35 times.

In the blow-down mode, the ascent engine must not be operated when
chamber pressure has decayed to less than 100 psia. At a pressure of
less than 100 psia, engine operation may be unstable.

ASCENT PROPULSION SECTION TELEMETRY MEASUREMENTS.

The APS telemetry data are given in table 2-32. "(R)" in the "Telemetry Range"
column signi-fies a real-time telemetry measurement. ReaI-time telemetry points are
shown in figure 2-84.

Tabl,e 2-32. Ascent Propulsion Section - Telemetry Measurements

MAIN PROPULSION SUBSYSTEM

a

a

a

a

a

o

Code Description
Teiemetry Range

(Nominal) Display Range
Crew

Display

GPOOOlP Helium tank No. 1 pressure 190 to 3,500 psia
(3,250 psia) (R)

1 190 to 3,500
psia

Less than
3,000 psia
before ascent
pressuriza-
tion

2

1. HELIUM
indicator

2. ASC PRESS
warning light
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Table 2-32. Ascent Propulsion Section - Telemetry Measurements (cont)

MAIN PROPULSION SUBSYSTEM
Basic Date 1 January 1968 Change Date_

I

L

Code Description
Telemetry Range

(Nominal) Display Range
Creu,

Display

Gp0002P

GPOOl 8P

GPOOl9P

GPOO2OP

GPOO2SP

GPO2OlT

GPO2O2T

GP0318X

GP0320X

GP0501 p

GP0504p

GPO616P

GPO71 8 T

GP0908X

GPlOO1 P

GPlO04P

GP111 6P

GP1218T

GP1408X

Helium tank No. 2 pressure

Regulator outlet manifold
pre s sure

Helium primary upstream
legulator inlet pressure

Helium secondarl' upstream
r:eguLator inlet pressure

Regulator outlet manifold
pressure

Helium tank No. 1 tem-
perature

Helium tank No. 2 tem-
perature

Helium primary line
solenoid valve closed

Helium secondary line
solenoid valve closed

Fuel tank ullage pressure

Fuel tank vent relief valve
inlet pressure

Fuel tank bottom - engine
interface AP

Fuel tank fuel bulk tem-
perature

Fuel tank fuel level low

Oxidizer tank ullage
pressure

Oxidizer tank vent relief
valve inlet pressure

Oxidizer tank bottom -
engine interface AP

Oxidizer tank oxidizer
bulk temperature

Oxidizer tank oxidizer
level Lorv

190 to 3,500 psia
(3 , 2 50 psia) (R)

100 to 250

(19J psia)
psia

(R)

190 to 3,500 psia
(3,250 psia)

190 to 3,500 psia
(3,250 psia)

100 to 250 psia
(195 psia) (R)

+40o to +100' I
(+70' F) (R)

+40o to +100o F
(+70' F) (R)

Contact closure
(R)

Contact closure
(R)

None

0 to 300 psia
(0 psia)

0 to 300 psia
(30 psia)

+40' to +100o F
(+70" r') (R)

Contact closure
(R)

None

0 to 300 psla
(0 psia)

0 to 30 psid

+.10o to +100o F
(+70' F) (R)

Contact closure
(R)

1 190 to 3,500
psia

Less than
3,000 psia
before ascent
pres suriz-a-
tion

2

Nlore than 220
psia

+40o to +1ooo F

+40o to +100" F

100 to 250 psia
(195 psia)

+-10o to +100" F

10 seconds burn
time

100 to 250 psia
(195 psia)

+40" to +100o F

10 seconds burn
time

L HELIUM
indicator

ASC PRESS
warning light

2

None

None

None

ASC HI REG caution
light

HELruM indicator

HELIUM indicator

ASCENT He REG 1

talkback

ASCENT He REG 2

talkback

FUEL PRESS
indicator

None

None

FUEL TENIP indi-
cator

ASC QTY caution
Iight

None

None

OXID TEMP indi-
cator

ASC QTY caution
light

Mission LM 3 Page 23 -51
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TabLe 2-32. Ascent Propulsion Section - Telemetry Measurements (cont)

PROPULSION

Description
Telemetry Range

(Nominal) Display Range
Crew

Display

GP1501 P

GP1503P

GPl801X

GP1802X

GPl805X

GP1806X

GP1811X

GP1812X

GP1813X

GPl814X

GP2OOlP

GP2OO6P

GP2OlOP

GP27O1T

GP27O2T

GP27O3T

GP27O4T

GP27O6T

GP2801ri

I

I 

GP2802 D

I

I

I

lGP2803D

Fuel isolation valve inlet
pressure

Oxidizer isolation valve
inlet pressure

Isolation valve A not open

Isolation valve B not open

Bipropellant valve A not
open

Bipropeliant valve B not
open

Isolation valve A not
closed

Isolation valve B not
closed

Bipropellant valve A not
closed

Bipropellant vaive B not
closed

FueI injector inlet pressure

Oxidizer injector inlet

Thrust chamber pressure

Thrust chamber external
wall tbmperature No. 1

Thrust chamber external
wall temperature No. 2

Thrust chamber external
wall temperature No. 3

Thrust chamber external
wall temperature No. 4

Inj ector surface tempera-
ture

Thrust chamber X-axis
vibration

Thrust chamber Y-axis
vibration

Thrust chamber Z-axis
vibration

pressure

50 to 250 psia
(165 psia) (R)

50 to 250 psia
(165 psia) (R)

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

90 to 121 psia
(110 psia) (R)

0o to +500o F

0" to +500o F

0o to +500o F

0o to +500" F

0o to +5000 F

-1,0009 to +1,0009

0g to 259 rms

0g to 25g rms

0 to 250 psia
(165 psia)

0 to 250 psia
(165 psia)

Less than 120
psia

Less than 120
psia

ASC PRESS warning
light

ASC PRESS warning
Iight

None (See GP2997U.)

None (See GP2998U.)

None (See GP2997U.)

None (See GP2998U.)

None (See GP2997U.)

None (See GP2998U.)

None (See GP2997U.)

None (See GP2998U.)

None

None

None

None

None

None

None

None

None

None

None

Page 2,3-52 Mission LM 3 Basic Date 1 January 1968 Change Date
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Table 2-32. Ascent Propulsion Section - Telemetry Measurements (cont)

MAIN PROPULSION SUBSYSTEM

L

L

L

Code Description
Telemetry Range

(Nominal) Display Range
Crew

Display

GP2997U

GP2998U

GP7551X

GP75s2X

GP761 5T

GP7625T

Isolation and bipropellant
valves A mismatch

Isolation and bipropellant
valves B mismatch

Actuator isoiation valve A
open

Actuator isolation valve B
open

Fuel tank outlet tempera-
ture

Oxidizer tank outlet tem-
perature

Contact ciosure (R)

Contact closure (R)

Contact closure

Contact closure

+40o to +2ooo F
(+70' F)

+40o to +200" F
(+70' F)

None

None

None

None

None

None

Mission LM B Basic Date 1 Jr 1968 Change Date Page 2.3-53/2.3-54
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2.4

2.4.1

MAIN SHUTOFF

VAtVES

RCS MANIFOTD

CROSSFEED

AND ASCENI
FEED VA!.VES

System A

System B

REACTiON CONTROL SUBSYSTEM.

INTRODUCTION.

The Reaction Control Subsystem (nCS) staUitizes the LM during descent and ascent,
and controls LM attitude and translation about, or along, all axes during hover, rendez-
vous, and docking maneuvers, It also provides acceleration for ullage settling for the
descent and ascent propellant tanks. Attitude and translation are controlled with 16 RCS
thrust chamber assemblies (TCA's), which are fed by the RCS propellant supplies or by
propellants obtained from the ascent propulsion section (APS). The 16 TCA's are ar-
ranged in clusters of four, mounted on four outriggers that are equally spaced around the

,XY,Tffi :Jn'3;"JLi,i,i},ti,1:L?il,11$J:#UJ;f ffi *':$,X?:?I"J;i"'#H#Thf "Iil
X-axis. (See figure 2-89.)

TANK

HETIUM-PRESSURE-

REGULATING PACKAGE

THRUSIER

ISOLATION

VATVES
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300t M3-212

*x
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ROr.r

-

*v
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I
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ASSEMBTY CLUSTER

Figure 2-89. Reaction Control Subsystem - Component Location
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The RCS consists of two parallel, independent systems (A and B), which, under nor-
mal conditions, function simultaneously. Each system has its own pressurized propellant
supply that feeds eight TCA's (two in each cluster). The arrangement of the TCA's is
such that either system, functioning alone, can provide eomplete control in all axes.
Moreover, if the propellant supply of one system is depleted or fails, a crossfeed capa-
bility permits routing propellants from the operative system to all 16 TCA's.

Interface between the RCS and other LM subsystems is shown in figure 2-90. Trans-
ducer and valve-position-switch outputs (operational and DFI) that originate in the RCS

are processed in the Instrumentation Subsystem (IS). The operational measurements
(real-time) that are monitored throughout the mission are transmitted via the Communi-
cations Subsystem (CS) to MSFN. Developmental Flight Instrumentation (DFI) data used
for postmission evaluation of RCS performance are routed through the IS to the commu-
nications section of the DFI for transmission to MSFN. The IS also processes RCS cau-
tion and warning signals. The RCS propellant tanks are pressurized immediately before
separation of the LM from the CSM, by firing of explosive valves by the Explosive De-
vices Subsystem (EDS). Interconnect plumbing between the TCA feed lines and the APS
propellant tanks permits the RCS to use APS propetlants during certain phases of the
mission, thereby conserving the RCS supply. The electrical components of the RCS are
supplied with 28-volt d-c primary power through the Commander's and LM Pilot's buses
of the Electrical Power Subsystem (EPS).

The Guidance, Navigation, and Control Subsystem (GN&CS) provides commands that
select and fire TCA's for durations ranging from a pulse of less than 1 second to steady-
state operation. The TCA's can be operated in al automatic mode, an attitude hold mode,
or a manual override mode. RCS operation can be controlled by the primary guidance
and navigation section (PGNS) or by the abort guidance section (AGS). A detailed descrip-
tion of RCS operation by the GN&CS is given in subsection2.2.

Normally, translation and attitude are controlled by the PGNS in the automatic mode,
in which all navigation, guidance, stabilization, and steering functions are controlled by
the LM guidance computer (LGC). Under AGS control, the abort electronics assembly
(AEA) and the attitude and translation control assembly (ATCA) take the place of the
LGC.

The attitude hold mode provides semiautomatic operation. In this mode, either
astronaut can manually determine attitude changes by displacing his attitude controller
assembly (ACA), and three-axis translation changes by displacing his thrust/translation
controller assembly (TTCA). The amount of ACA displacement causes a proportional
impulse to be routed to the LGC. The LGC uses this impulse to perform steering calcu-
Iations and to generate a thruster-on command. The thruster-on command is routed to
appropriate jet drivers in the ATCA, firing selected TCA's. A DSKY input to the LGC
determines whether the LGC commands an angular rate change proportional to ACA dis-
placement, or a minimum impulse for each ACA displacement. When the ACA is re-
turned to the detent position, the LGC sends a command to hold the attitude. For transla-
tion, displacement of the TTCA sends a discrete to the LGC, which sends a thruster-on
eommand to seleeted TCA's. When the TTCA is returned to neutral, the TCA's are
turned off.

REACTION CONTROL SUBSYSTEM
LM 3 Basic Date 1 January 1968Page 2.4-2 Mission Change Date

In the attitude hold mode, under AGS eontrol, the AEA generates attitude errors that
are summed, in the ATCA, with proportional rate commands from the ACA and a rate-
damping signal from the rate gyro assembly (RGA). The ATCA then performs the steer-
ing calculations and generates the thruster on and olf commands. Two or four X-axis
TCA's for translation maneuvers and a manual override for attitude control in each axis
(2-jet direct) can be selected. The four upward-firing TCA's can be inhibited to con-
serve RCS propellants during the ascent engine thrust phase.

The manual override mode, under PGNS or AGS control, overrides the automatic mode.
The four-jet hardover command irom the ACA is a manual override command, which is
applied directly to the TCA's. The hardover output fires four TCA.'s simultaneously.

L
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2.4.2

2.4.2.1

The +X TRANSL pushbutton provides a command to operate the four downrvard-firing
TCA's, which continue firing until the pushbutton is released.

Fuel and oxidizer are loaded into bladders within the propellant tanks and into the
manifold plumbing that extends from the tanks to the isolation valves leading to the
thruster pairs. Gaseous helium, reduced to a working pressure, enters the propellant
tanks, forcing the fuel and oxidizer through the normally open main shutoff valves and
isolation valves (opened before separation of the LM from the CSM) to the TCA's. Here,
the propellants are blocked by normally closed fuel and oxidizer valve assemblies until
a thruster-on command is issued. As the selected TCA receives a thruster-on com-
mand, its fuel and oxidizer valve assemblies open, routing the propellants through the
TCA injector into the combustion chamber, where they impinge and ignite. MaUunction-
ing pairs of TCA's or a malfunctioning system can be isolated and made inoperative by
manually closing switches on the REACTION CONTROL panel (panel 2). Each switch is
connected to two valves so that the fuel and oxidizer supply is shut off simultaneously.
Talkbacks on panel 2 indicate the status of the RCS valves.

FUNCTIONAL DESCRIPTION. (See figtre 2-91.)

Functionally, each RCS system (A or B) can be subdivided into a helium pressuriza-
tion section, a propellant section, a propellant quantity measuring device, and eight
TCA's. AII RCS components are located in the ascent stage. Because RCS systems A
and B are identical, only one system is described.

Helium Pressurization Section.

Approximately 1 pound of gaseous helium, at a nominal pressure of 3,050 psia at
+?0" F, is stored in the helium tank. FIow from the tank separates into two parallel
paths. Each flow path contains a normally closed explosive valve that isolates the helium
tank from the downstream components before RCS pressurization. A sensor (part of the
propellant quantity measuring device) in the helium tank senses the pressure-tempera-
ture ratio of the helium. The sensor output is conditioned and routed to the A or B
QUANTiTY indicator (panel 2), which indicates the combined(fuelandoxidizer)percentage
of propellants remaining. A pressure transducer at the outlet port of the helium tank
monitors the helium pressure. It supplies a signal to the PRESS indicator (panel 2) when
the TEMP/PRESS MON selector switch (panel 2) is set to He. (When the switch is set to
He, the X10 light of the PRESS indicator goes on to indicate that the values displayed
must be multiplied by 10.) The pressure transducer also supplies a signal that causes
the RCS caution light (panel 2) to go on, when helium pressure at the tank outlet port
drops below 1,700 psia.

When the MASTER ARM switch (panel 8) is set to ON and the RCS He PRESS switch
is set to FIRE, the explosive valves open simultaneously to pressurize the RCS. Because
of the redundant paths, failure of one explosive valve does not affect pressurization of the
propellant tanks. Downstream of the explosive valves, the two flow paths merge and the
helium flows through a filter that prevents contamination of downstream components by
trapping debris generated by firing the cartridges in the explosive valves. A restrictor
orifice, downstream of the filter, dampens the initial helium surge, thereby minimizing
the possibility of rupturing the burst disk in the downstream pressure relief valve assem-
blies.

Downstream of the restrictor, the flow path contains two series-connected pressure
regulators. The primary (upstream) regulator is set to reduce pressure to approxi-
mately 181 psia. The secondary (downstream) regulator is set for a slightiy higher out-
put (approximately 185 psia). In normal operation, the primary regulator provides
proper propellant tank pressurization. A pressure transducer senses the pressure at the
output of the regulators and provides an input to the PRESS indicator via the TEMP/
PRESS MON selector switch (PRPLNT position). If one regulator fails closed, or if both
regulators fail open, the downstream pressure decreases or increases beyond acceptable
limits (minimum pressure of 175 psia; maximum pressure of 195 psia) and the RCS A
REG or RCS B REG warning light (panel 1) goes on. (If the main propellant shutoff

REACTION CONTROL SUBSYSTEM
Basic Date 1 January 19683Page 2.4-4 Mission LM Change Date
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valves are closed, this warning light is inhibited and does not go on, regardless of the
pressure at the helium regulator manifold.) Downstreanr oI the pressure regulators, a
helium manifold divides the ftow into two paths: one leads to the oxidizer tank; the other,
to the fuel tank. Each florv path has quadruple check valves in a series-parallel arrange-
ment to prevent back-flowof propellant vapors into the helium manifoldif seepage occurs
in the propellant tank bladders. The helium flows through the check valves into the pro-
petlant tanks. A relief valve assembly at the inlet port of each propellant tank protects
the propellant tank against overpressurization. If pressure in the helium lines exceeds
220 psia, a burst disk in the relief valve assembly ruptures. When the pressure reaches
232 psia, helium is vented overboard through the relief valve vent port. When the pres-
sure drops below 232 psia, the relief valve closes, permitting normal system operation.

Propellant Section.

Each RCS system has an oxidizer tank and a fuel tank. The propellant is in a bladder
inside the tank. Helium enters the void between the bladder and the tank wall and acts
upon the bladder to provide positive propellant expulsion at all times. A temperature
transducer at the fuel tank senses fuel temperature, and supplies a signal to the TEMP
indicator when the TEMP/PRESS MON selector switch is set to PRPLNT. Because fuel
and oxidizer temperatures are identical under normal conditions, the TEMP indicator
displays fuel temperature as propellant temperature.

From the tank bladder, the propellants flow through the normally open main shutoff
valves into separate manifolds that lead to the TCA's. If a malfunction occurs upstream
of the main shutoff valves or if propellants of one system are depleted, setting the MAIN
SOV switch to CLOSE closes both main shutoff valves in the system simultaneously and
isolates the system's propellant tanks from its TCA's. The MAIN SOV talkback provides
a gray display when either or both valves are open, a barber-pole display when both
valves are closed. After the propellant supply of a system is shut off, the crossfeed
valves between the system A and B manifolds can be opened to enable operation of all
TCA's, but using propellants from only one system. This is accomplished by setting the
CRSFD switch to OPEN, When both crossfeed valves (fuel and oxidizer) are closed, the
CRSFD talkback provides a barber-pole display. When the valves are open, the talkback
is gray.

During ascent engine thrusting, APS propellants may be used by the RCS (within the
operational limitations and restrictions listed in paragraph 2.4.6). Fuel and oxidizer
from the APS enter the RCS at the interconnect ports and flow through a filter that pre-
vents contamination of the RCS components. Dorvnstream of the filters, the propellant
lines divide so that a separate fuel and oxidizer line interconnects with the RCS system
A and system B propellant lines. Normally, the interconnect lines are blocked by the as-
cent feed interconnect valves, which prevent APS propellants from entering the RCS. The
valves can be opened in fuel-oxidizer pairs to interconnect the APS with RCS system A or
B, or systems A and B simultaneousiy. The redundant arrangement of these valves (fig-
ure 2-92) prevents APS fuel or oxidizer from inadvertently entering the RCS. Normally,
the secondary (upstream) valve in each ascent interconnect line is closed and the primary
(downstream) valve is open. The ASC FUEL and ASC OXID talkbacks provide a barber-
pole display when either or both valves are closed. When both valves in the line are open
(by use of ASC FEED 1 and ASC FEED 2 switches), the talkbacks provide a gray display.

EachsystemmanifoldfeedspropellantstoeightTCA's,twoineachcluster. Thethruster
pair isolation valves normally remain open during RCS operation. Theycanbeclosedto
isolate manfunctioning or damaged TCA's. The valves are controlled in pairs (fuel and
oxidizer) by the QUAD switches. Each OUAD switch provides or terminates fuel and oxi-
dizer flow to a pair of like system TCA's in one cluster. When both isolation valves (fuel
and oxidizer) are closed, the QUAD talkback for the specific thruster pair provides a
barber-pole display. When either or both valves of a pair are open, the talkback is gray.
A filter upstream of each isolation valve prevents contaminants from entering the TCA's.
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Propetlant Quantity Measuring Device. (See figure 2-93.)

The propellant quantity measuring device (PQMD) measures the total quantity of pro-
pellants (sum of fuel and oxidizer) in the fuel and oxidizer tanks. The analog voltage out-
put of the PQMD is fed to the QUANTITY indicator and is displayed on the A and B scales
(one for each RCS system) as percentage of propellant remaining in the tanks.

The PQMD measures the quantity of propellantby first sensing the pressuref tem-
perature ratio of the gas in the heliun.r tank. This ratio is directly proportional to the
mass of the gas. The analog computer then subtracts this mass from the total helium
mass in the system, to obtain the helium mass in the propellant tanks. This value is used

to compute the volume of gas in the ullage of the propellant tanks. Finally, the volume of

the gas in the propellant tanks is subtracted from the total tank volume to obtain the total
quantity of propellant remaining in the tanks. The QUANTITY indicator reading before
firing the explosive helium isolation valve exceeds 10Wc, so that after the valve is fired
(when the helium becomes less dense in the helium tank) the indicated quantity is 1007o.

The input device of the PQMD is a Wheatstone bridge that senses pregsure/tempera-
ture (P/T) ratio. The bridge is energized by a bridge amplifier in an analog computer.
The analog computer contains a power supply, three amplifiers, and three internal sys-
tem-calibrating adjustments. The output voltage of the P/T sensor is applied to the pre-
amplifier. The amplified signal is fed to the output amplifier, which sums this signal
with the input reference voltage and provides an analog output (0 to S volts) to the QUAN-
TIIY indicator. The power supply receives an input voltage from the RCS SYS B: PQGS

DISP circuit breaker.

Thrust Chamber Assemblies

The TCA clusters (figure 2-94) are enclosed in thermal shields so that only the noz-
zles protrude. The thermal shields aid in maintaining a temperature-controlled environ-
ment for the propellant lines from the ascent stage to the TCA's.

Each TCA contains an oxidizer solenoid valve and a fuei solenoid valve, which, when
open, pass propellant through an injector into the combustion chamber, where ignition
occurs. Each solenoid valve contains a primary (automatic) coil and a secondary (direct)
coil, either of which, when energized, opens the valve. Primary power (28 volts) is ap-
plied to the TCA primary coils via the RCS SYS A and RCS SYS B: QUAD TCA circuit
breakers (panels 11 and 16, respectively). (See figure 2-95.) Each circuit breaker con-
trols power to the primary coils of two TCA's in each quad. In the automatic mode, the

on and off commands are applied to the primary coils oi the TCA's. When a manual
override command (such as attitude hardover or +X translation) is issued, the command
is applied directly to the secondary coils of the TCA's.

For attitude control, the duration of TCA firing ranges from a pulse to steady-state
operation. The pulse mode is used for small attitude changes in the selected axis. In
this mode, TCA operation Iasts for less than 1 second; the minimum pulse for TCA firing
is 13 milliseconds. In thesteady-state mode, operation lasts for 1 second or longer. For
a short-duration pulse (figure 2-96), engine thrust is just beginning to rise when the shut-
down command is given, and only a very small amount of propellant is injected into the
combustion chamber. Under these conditions of minimum impulse, the iull 100 pounds of
thrust cannot be achieved and TCA operation is comparatively inefficient.

If a pressure regulator in the helium pressurization section fails ciosed, TCA opera-
tion continues briefly until helium pressure drops below the acceptable limit and propel-
Iants are no longer injected into the TCA combustion chamber. If both pressure regula-
tors fail open, the relief valves in the pressurization seetion will vent the helium over-
board; however, TCA operation continues until near-depletion of the helium. In either
type of pressurization failure, use of the eight TCA's of the affected system is Iost until
the main shutoff valves are closed and the crossfeed valves are opened to allow the oper-
ative system to supply propellants to the TCA's of the malfunctioning system.

REACTION CONTROL SUBSYSTEM
Mission LM 3 Basic Date 1 January 1968 Change Date. Page 2.4-9

L

L

t

L



l{

o
Fl

o
z
o
o
z
Fl
2J

o
ti
a
EOa
a
Fl
t4

trp
oc
o

.t9
A
I

3
a
o
o

rr
?

Ed
F0
a
.)

U
l0

o

Cr
lo

d
!D
H

r
(o
o)
@

o
lD

oq
o

8)

o

He TANK

SYSTEM A

P/r
SENSOR

BRI E

ZERO

ADJUSTMENT

AMPTIFIER
COMPRESSIBILITY

ADJUSTMENT

GA!N
ADJUSTMENT

+

EII

PREAMPTIFIER
OTO5VDC

OUTPUT

AMPTIFIER

POWER

SUPPTY
20v ANALOG COMPUTER

SYSTEAA AsIG GND

SIG GND ANALOG COAAPUTER
SYSTEAA BPOWER

SUPPTY 20v ro ls
AND
TETEMETRY

I ZERO

ADJUSTMENT
BRIDGE

AMPIIFIER
COMPRESSIBITITY

ADJUSTMENT
GAIN

ADJUSTMENT

A3

PREAMPTIFIER
0TosvDc

OUTPUT

AMPLIFIER

He TANK
SYSTEM B

P/r
SENSOR

QUANTITY

rRCS SYS 8-
POG5

DI5P

@

IMP'5
28-VDC

BU5

300t M3-270

Figure 2-93. Propellant Quantity Measuring Device

(
) ( ( (C

ro

o
F
ri

(/, O
€or.
Eq=
685
r<- tl ?

=6ra)Z a
U(D'<
>iE '

rlSo
>z

U

B
o
X

a



LMA79O-3-LM 3

APOLLO OPERATIONS IIANDBOOK
SUBSYSTEMS DATA

ASCENT

STAGE

UP THRUST

CHAMBER EMBTY

HEATER

ELECTRICAT

ETECTRICAT

HARNESS TO

sorENotD
VALVES

OXIDIZER VALVE

ASS ,Y

SUPPORT

ASSEMBtY

PROPELTANT

tINES

FUEL VATVE

ASSEMBTY

Frow
DrvrDER5 (4)

HEATER

INJECTOR

HEAD

ASSEMBLY

SIDE THRUST

CHAMBER ASSEMBIY

3001M3- t 5t

FORWARD THRUST

CHAMBER ASSEMBLY

Note:
The cluster is shown
with the thermol
shield removed.

COMBUSTION

CHAMBER SWtTCH

DOWN THRUST NOZZLE

CHAMBER ASSEMBIY

Figure 2-94. Thrust Chamber Assembly Cluster

REACTION CONTROL SUBSYSTEM
Mission__ LM-1_ Basic Date 1 Januarv 1g68 Change Date Page 2.4-lL

L

L

L

L

L



tr
P
o
Fl

o
z
C)
o
z
Fl
F
o
ri
a
c
a
a
Fl
ld
2

hJ
A)

sq
(D

l.*
l^
Ir
l-
lp

I

E
@
a
o

I

lr,

l=

r
I

W
t0
a
.)

U

6'

F+
Ito

It
[o
IB

f.
(o

6

(f

l0

oq
o
U
l0

o

l-t/o GUTDANCE, NAV|GATION, AND CONTROL

UBSYSTEiA
ON COMMANDS

-1

J

AITITUDE

CONTROI.I.ER

ASSEMBTY
+ x rtaNst

tr

I

T'

WARNING

TIGHT
IHRUSI/

TRANSTATION

coNlRot tER

*assEMBLY

rt r*

ATTITUDE

QUAO 2 QUAO 3 OUAD 1

-RC5 

5Y5 B-

QUAO 2 AUAD 3

SHUTOFF

SIGNAI- FROM

lsot-ATtoN
VALVES

(cr.osED

POSTflON)

L J

- 

RCSsYSA 

-

TCA SHUTOFF SIGNAI.S

FROM SYSTEMS A ANO B

QUAD SWITCHES

(cLosED POS|T|ON)
@@@@
,I.,\,j(.ACDR'S

28.VDC
BUS

E tr E E tr tr E tr

-5Y5tEM

THRUST[i PAIN

-5Y5TEM

IHIU5TER PAIR

ON.OFF
COMMANDS

28-VDC TO TCA

PRIMARY COITS

I

I

I

I

I

I
T

I

L

28-VDC

IO TCA

PRIMARY

cotts

,r.AAA IMP'5

28-VDC

BU5

I.EGEND

Outputs to TCA primory <oils

Outputs to TCA secondory (direct) coils

tr Pressure switch

(---a--

A2A A3U

SYSTEM A

---7---- I

A3R 440 A4R Blt 8lo 82t

lllI

-l---l

82U 83A

SYSTEM B

83D

THRUSTER fAII.URE

DETECTION SYSTEMON RESPONSES

ON COMMAND
B

ABORT

EI.ECTRONICS

tM
GUIDANCE

COMPUTER

ON COMMAND
c

ON FAII.URE

FAILURE

SIGNAI,

ON COMMAND
A

RCS TCA

OFF FAIIURE

ON RESPONSE

A

FTIP

FI.OP
JET

DRIVERS
assrrileLY I

ATTITUDE AND
TRANSLATION R

I

COUNTER

FAII.URE DETECTION

TCA ON-OFF

COMMANDS AND
DIRECT ATIITUDE

CONTROT

I

1--i .l- i
I

--[rl
I

l-
I

I I I lr

I
-T

I

I I I
I

I
I I

PS PS PS PS PS PS P5 PS P5 P5 PS PS PS

AIU A'I F A2D

Figure 2-95. Thrust Chamber Assembly - Operation and Failure Detection System

84F B4U

3001M3-20t

hJ

o
t{
11

ao
Cax

EEF
EBU
r;H?
<6raz;
ETF
'l>*>z

U
Ed

o
o
x

RESET

a

a

I

I

*These outputs ore used

only when rhe GUIO CONT

swilch is set to AGS.

I

I

I

I

I

(((

I

I

I

I

I

I

( e



LMA?90-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA
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Figure 2-96. Thrust Chamber Assembly - Thrust Versus Time
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Initial combustion occurs in a preigniter cup that prevents ignition delay, which could
cause destruction of a TCA. (See figure 2-97.) Fuel and oxidizer pass through preigniter
tubes to their respective preigniter injection orifices. The fuel is sprayed into the pre-
igniter cup; the oxidizer is ejected and impinges with the fuel, causing spontaneous igni-
tion and establishirlg combustion in the preigniter cup. The main fuel flow is routed
through four equally spaced holes in the side of the preigniter tube, to a chamber that
channels the fuel to an annulus. The annulus routes fuel into 24 passages that lead to
three concentric fuel rings. Fuel is sprayed from eight orifices in the outermost ring
onto the combustion chamber wall, where it forms a boundary layer for cooling. The in-
termediate middle ring has eight orifices that spray fuel onto the outer wall of the pre-
igniter cup. This fuel cools the preigniter cup before it vaporizes. Eight primary fuel
orifices of the middle ring eject fuel to mix with the oxidizer. The main oxidizer flow is
routed through four equally spaced holes in the side of the oxidizer preigniter tube, to a
chamber that supplies the eight primary oxidizer orifices of the innermost ring. The
eight primary oxidizer orifices and eight primary fuel orifices are arranged in doublets,
at angles to each other, so that the emerging propellant streams impinge. Due to the hy-
draulic deiay built into the injector, i.gnition at these eight doublets occurs 4 milliseconds
later than ignition inside the preigniter cup.

When the thruster-off command is given, the primary or secondary coils become de-
energized, releasing the armature poppets, Spring and propellant pressure return the
armature poppet of each valve to its seat, shutting off propellant flow into the injector.
Propellant trapped in the injector is ejected and burned for a short time, while thrust
decays to zero pounds.

Thlust Chan.rber Assen'rbly Failure Detectior.r System. (See figure 2-95. )

The failure detection system can detect thruster-on or thruster-off failures when the
RCS is under PGNS or AGS control.

Thruster-On Failures. A thruster-on failure , defined as a TCA thrusting condition with-
out an on command from its jet driver, is indicated by the RCS TCA warning light (panel
1). A11 engine commands are routed through the caution and warning electronics assem-
b1y (CWEA) of the IS, which detects the presence of opposing command signals. Opposing
collinear TCA's are fired simulta:.reously only to compensate for the effect of a failed-on
thluster. The command, from the jet drivers, to turn on a particular TCA is routed to
the thruster failure detection system, where it is applied simultaneously totwoANDgates
in each failure detection circuit.

When a thruster turn-on command (command A, figure 2-95) andtheopposingthruster-on
commands (commands B and C) are applied simultaneously to the AND gate, the output
(an on-failure signal) is applied to the flip-flop via the OR gate. Setting the flip-flop
causes the RCS TCA warning light to go on, and the respective QUAD talkback provides a
red (TCA failure) display. To isolate the failed TCA, the related QUAD switch is set to
CLOSE. The CLOSE position applies a reset signal to the flip-flop and counter, turning
off the RCS TCA warning light and changing the respective QUAD talkback to a barber-
pole display. In addition, a TCA shutoff signal (from the QUAD switch) is applied to the
LGC to prevent the TCA valves from being cycled. If a thruster-on failure occurs, op-
posing TCA's fire to nullify the effect of TCA firing due to the failure. (See figure 2-98.)
As an exan.rple, if TCA B4Ufails on, TCA's A4D and B2U receive on commands.

Thruster-Off Failures. A thruster-off failure is defined as a nonthrusting condition with
a.n on command (command A) lrom the jet drivers. With command A (figure 2-95), and
the absence of a response from the pressure switch in the TCA, an off-failure signal is
initiated at the AND gate. The TCA pressure switch closes by the time a maximum pres-
sure of i0.5 psia is sensed in the combustion chamber; it opens by the time pressure has
decayed to minimum of 3 psia. Under normal operating conditions, the TCA's may not
respond to all individual on commands, if these commands (pulses) are of short duration
(less than B0 milliseconds). If theoutput(off-failuresignal)of the AND gate lasts longer
than 80 milliseconds, it is inverted and applied to the set side of the flip-flop via the OR
gate.
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Pulse skipping is not critical until a number of consecutive short pulses are skipped.
When six short pulses do not produce an on response, an output is generated by the coun-
ter. The output of the counter sets the flip-flop via the OR gate and lights the RCS TCA
warning light. A thruster-on or thruster-off failure signal produces the same failure in-
dications and requires the same thruster furnoff procedure.

Heaters.

Each TCA cluster contains eight heating elements and associated sensors. Twoheat-
ers, attached to each TCA flange, maintain the engine injector head at its red-Iine tem-
perature (+120' F). The heaters require a 28-volt d-c input; they can operateinaninter-
mittent heating cycle or continuously. A11 heaters operate in an automaticmode, inwhich
the thermal sensor in the heater continuously sends temperature signals to a controller
that turns the heaters on and off, as required, to maintain the proper temperature.

The heaters of system A/B-l are connected directly to their circuit breakers and
will cycle on and off, as required, unless the appropriate circuit breaker (HEATERS RCS

SYS A/B-1: QUAD circuit breakers on panel 11) is opened. The heaters of system
A/B-Z are connected to thei.r circuit breakers (HEATERS: RCS SYs A/B-z QUAD cir-
cuit breakers on panel 16) through four three-position switches (one for each cluster).
Normally, these switches (RCS SYS A/B-2 QUAD 1 through QUAD 4 on panel 3) are setto
AUTO to cycle the heaters on and off to maintain the desired temperature. With the
switch set to OFF, the circuit is interrupted and the heaters in the particular cluster are
off. With the switch set to MAN, the controller is bypassed and the heaters remain on
regardless of the temperature.

If an out-of-limit temperature (less than +120o F or more than +190' F) occurs, the
HEATER caution light (panel 2) goes on and the astronaut can determine the off-tempera-
ture cluster by using the TEMP MONITOR selector switch and TEMP indicator (panel 3).
The inputs to the TEMP indicator originate at four temperature transducers, one for each
quad. The heaters of the off-temperature cluster can be disconnected from the electrical
power supply by opening the appropriate heater QUAD circuit breaker.

MAJOR COMPONENT/ FUNCTIONAL DESCRIPTION.

Explosive Valves

The explosive valves are single-cartridge-actuated, normally closed valves. Setting
the MASTER ARM switch (panel 8) to ON and momentarily holding the RCS He PRESS
switch to FIRE completes the circuit between the explosive-valve cartridge and the EDS
buses. Firing the cartridge causes gases to drive a piston, forcing the valve to open.
Once opened, the valves remain open; they cannot be closed.

Pressure Regulator Assembly.

(To be supplied.)

Pressure Relief Valve Assemblies.

The pressure relief valve assemblies consist of a burst disk, low-pressure vent
valve, filter, and relief valve. The burst disk ensures a sealed helium section during
normal operation. The normally open low-pressure vent valve, between the burst disk
ard the relief valve, prevents pressure buildup if the burst disk leaks. The vent valve
closes under high pressure, when the relief valve opens. The filter traps debris from the
burst disk to prevent particles from getting lodged in the relief valve seat. This ensures
positive closure of the retief valve after the exeessive pressure has been vented.

REAC'IION CONITROL SUBSYSTEM
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2.4.3.4

2.4.3.5

2.4.3.5.1

PROPELLANT

OUTLET

BLEED

OUTLET

FueI and Oxidizer Tanks. (See figure 2-99.)

The propellants are stored in cylindrical titaaium-atloy tanks with hemispherical
ends. The propellant is in a Teflon bladder, which is chemically inert and resistant to
the corrosive action of the propellants. The bladder is supported by a standpipe running
lengthwise in the tank. The propellant is fed into the tank from a fill point accessible
from the exterior of the LM. A bleed line that extends up through the standpipe draws off
gases trapped in the bladder. The helium side of the bladder is vented to atmosphere.
Helium flows between the bladder and the tank wall and acts upon the bladder to provide
positive propellant expulsion.

Thrust Chamber Assembly. (See figure 2-97.)

Fuel and Oxidizer Valve Assemblies.

The fuel valve assembly and oxidizer valve assembly are normally closed, two-coil,
solenoid valves. Each valve consists of a spool assembly, spring, armature, aad seat as-
sembly. A filter at the inlet of each valve provides final filtration of the propellants be-
fore they reach the injector. The fuel and oxidizer valve assemblies are identical, except
for the seat assemblies aad spool assemblies. The exit diameter of the metal seat of the
oxidizer valve assembly is larger than that of the fuel valve seat. The fuel valve spool
assembly gives a faster armature response than the oxidizer valve spool assembly, re-
sulting in a nominal electrical fuel lead of 2 milliseconds.

The seat assembly retains the spring and armature in the cavity of the spool assem-
bly. The spring load maintains constant pressure on the armature, forcing the arma-
fure's poppet-type head into the angled seat to form an integral sea1. A passage in the

HELIUM
INLET

TEFLON

BLADDER

MOUNTING
FTANGE

DIFFUSER

TUBE

VENT TUBE

Figure 2-99. Propellant Tank Assembly

TITANIUM SHEtI.

ASSEMBtY
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2.4.3.5.2

2.4.3.5.3

2.4.4

armature permits propellant to enter the seat-area cavity. The spool assembly consists
of a concentric metal body with a three-hole mounting flange; it contains two independent

coils (primary and secondary) wound on a magnetic core.

Injector Head Assembly.

The injector head assembly provides support for the fuel and oxidizer valve assem-
blies, the mounting flange for the combustion chamber seal and combustion chamber, the

fuel passages to the fuel alnulus, the pressure pickup tap for measuring combustion
chamber pressure, and a propellant impingement arrangement (eight-on-eight doublets

with unlike impingement) for mixing propellants. The injector head assembly consists of

an injector head housing, injector insulator, injector insert, and preigniter inserts (fuel

and oxidizer). The injector insulator provides thermal insulation between the fuel and

oxidizer valves and the injector head housing. The injector head assembly has four con-
centric rings of equally spaced holes on its face, and a preigniter cup.

Combustion Chamber and Nozzle.

The combustion chamber consists of a coated molybdenum combustor. The expan-
sion nozzle is fabricated of stainless steel; eight stiffening rings are machined around
its outer surface. The combustion chamber and expansion nozzle are joined together by
a large coupling nut and lockring. The combustion chamber is mounted on the injector
head assembly, with an attach ring assembly and bolts.

FAILURE MODES

The RCS failure modes and the effect on mission capability are given in table 2-33.
Regulator design is such that iJ failure occurs, the regulators fail open. The propellant
latching solenoid valves can fail in the open or closed position; they are more likely to
fail in their normal operating position. When a TCA pair cannot be fired because of a
failure, a subsequent selective TCA failure could result in inability to stabilize the ve-
hicIe.

Tabl.e 2-33. Reaction Control Subsr.stem - Faiiure ]{odes

Failure Indication Vehicle Capability

Explosive valve(s)
failed closed.

Regulator(s) failed
open.

If one valye fails in system, there is no urdi-

If both valves fail, PRESS indicalor does not
show increase in pressure ovcl lJrc\ i ,us in .

dication, with TEI'IP/PRESS IION selecior
switch set to PRPLNT.

If one regulator in system fai1s, PITESS indi-
cator might indicate slight increase ln pres-
sure, wlth TEI\IP/PRESS MOtr- srvitch set to
PRPLNT.

If both regulators of system faii open, RCS A
REG (or RCS B REG) warning light goes on.
PRESS indicator indicates pressure above
195 psia, with TEMP/PRESS MON selector
switch set to PRPLNT.

c ation.
Failure of one valve in system A or B does
nol affect vehicle capabllity.

System A or B cannot be pressurized. How-
ever, functioning system ca:r supply propel-
lants to i:roperative system if crossfeed
valves are opened. Vehicle capability is af-
fected due to reduced propellant supply.

Failure of one regulator in system A or B
does not affect vehicle capability.

System A or B is inoperative, However,
functioning system carr supply propellants to
inoperative system if crossfeed valves are
opened. Vehicle capability is affected due
to reduced propellant supply.

Mission LM 3 Basic Date 1 January 1968 Change Date Page_j.4-D _
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Failure Indication Vehicle Capability

Quadruple check
valve (s) failed open

Relief valve burst
disk ls blown and
relief valve failed
open.

Main shutoff valve
failed open.

Main shutoff vaive
failed closed.

Xlain shutoff valve
Ieaks.

Isolation valve failed
open.

Isolation valve failed
closed.

Isolation valve Ieaks

Thruster fuel and
oxidizer valves
failed open or closed,

Thruster fuel or
oxidizer valve leaks

Heate rs

If one check valve fails, there is no indica-
tion.

If all check valves (two in series on fuei side
and two in series on oxidizer side) fail in svs-
tem, h;,pergolic action could take place in the
helium manifold. It is improbable that this
would happen.

PRESS indicator indicates rapid decrease in
pressure, with TEMP,UPRESS MON selector
switch set to He.

MAIN SOV talkback does not providebarber-
pole display when MAIN SOV switch is set to
CLOSE.

If one main shutoff valve fails closed, MAIN
SOV talkback does not indicate this condition.
PRESS indicator indicates lou,er pressure at
failed vah,e, with TEMP/PRESS MON selector
switch set to OXID MANF or FUEL MANF.

Leak may not be detected

QUAD talkback does not provide barber-poie
display when QUAD switch is set to CLOSE.

If one isolation valve fails closed, QUAD talk-
back does not indicate this condition. Asso-
ciated TCA pair cannot be fired.

Leak may not be detected.

QUAD talkback provides red Cisplay.

If one valve leaks, puddling can result, causing
rough or sporadic TCA operation, pr-rssibll.
resulting in TCA failure.

HEATER caution Iight goes on. Propellant
leaking intoTCAchamber can result in pud-
dles, causing possible explosion upon TCA
activation.

Failure of one check valve in system A or B
does nct affect vehicle capabiiity.

System A or B is inoperative. However,
functioning system can supply propellants to
inoperative system if crossfeed valves are
opened. Vehicle capability is affected due to
reduced propellant supply.

Fuel or oxidizer cannot be isolated from
TCA in systern that has failed valve. Vehi-
cle capabiiity is not affected if there is no
requirement to isolate propellants from man-
ifold. If such requirement exists due to fail-
ure, vehicle capability is affected to extentof
loss of one RCS system (eight TCA's).

System A or B is inoperative. However,
functioning system can supply propellants to
inoperative system if crossfeed valves are
opened. Vehicle capability is affected due to
reduced propellant supply.

Vehicle capabilit5.may be reduced slightly

F\reI or oxidizer cannot be isolated from as-
sociated TCA pair. Associated RCS SYS A
(or SYS B): QUAD TCA circuit breaker is
normally opened to prevent primary TCA
solenoid coil from being energized.

Efficiencv of r.ehicie is reduced slightly due
to loss of two TCA's.

FueI or oxidizer cannot be isolated from as-
sociated TCA pair. However, associated
RCS SYS A (or SYS B): QUAD TCA circuit
breaker can be opened to prevent primary
TCA solenoid coil from being energized.

N'Ialfunctioning TCA pair is removed from
s],slem operation by setting SYSTEM A (or
SYSTENI B) QUAD switch to CLOSE. Effi-
cienc5, of vehicle is reduced slightly.

Maifunctioning TCA pair is removed from
system operation by setting SYSTEM A (or
SYSTEM B) QUAD switch to CLOSE. Effi-
ciency of vehicle ls reduced slightly.

l\,Ialfunctionng TCA parr is removed from
system operation by setting SYSTEM A (or
SYSTEX{ B) QUAD switch to CLOSE. Effi-
ciency of vehicle is reduced slightly.

Table 2-33. Reaction Control Subsystem - Failure Modes (cont)

REACTION CONTROL SUBSYSTEM
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Failure Irtdication Vehicle Capability

Helium tank leaks

Helium filter is
clogged.

One of eight individ-
ual QUAD circuit
breakers failed open,

PRESS indicator indicates decaying pressure
when TEMP/PRESS MON selector switch is
set to He, RCS caution light goes on at 1,700
psia.

RCS A REG or RCS B REG warning light may
go on.

TCA's related to failed circuit breaker do not
fire.

Leaking system may be used to depletion.
After helium is depleted, other system can
supply propeliants via crossfeed valves.
Vehicle capability is affected due to reduced
propellant supply.

System with clogged filter is inoperative.
Other system can supply propellants via
crossfeed valves. Vehicle capability is af-
fected due to reduced propellant supply,

Efficiency of vehicle is reduced slightly due

to Ioss of two TCA's.

2.4.5

Table 2-33. Reaction Control Subsystem - Failure Modes (cont)

PERFORMANCE AND DESIGN DATA.

The performance and design data for the RCS are given in table 2-34

Table 2-34. Reaction Control Subsystem - Performance and Design Data

REACTION CONTROL SUBSYSTEM
Basic Date 1 January 1968 Change Date

Helium pressurization section

Helium tank volume

Heiium tank initial fiII pressure and ternperature

Helium weight (initial fill conditions)

Heiium tank maximurn working pressure

Helium operating temperature range

Helium tank proof pressure

Helium tank burst pressure

Helium filter efficiency

Primary regulator pressure output

Primary regulator lockup pressure

Secondary regulator pressure output

Secondary regulator lockup pressure

FIow rate through pressure regulator assembly
(single TCA operation)

Quadruple check valve assembly cracking pressure

Quadruple checl< valve assembly reverse leakage
rate

Relief valve burst-disk rupture pressure

910 cubic inches

3,050+50 psia at +70" F

1.03 pounds

3,500 psia

+40'to +100'F

4,650 psia

5,250 psia

5 microns nominal
12 microns absolute

181+3 psia

188 psia

185+3 psia

192 psia

0.036 pound per minute nominal

3 psig

5 x 10-5 scc/sec

220 psia
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Table 2-34. Reaction Control Subsystem - Performance and Design Data (cont)

REACTION CONTROL SUBSYSTEM
Basic Date 1 Januarv 1968

Helium pressurization section (cont)

Relief valve venting pressure

Relief .ualve reseat pressure

Propellant section

Oxidizer

Oxidizer tank volume (including ullage)

Oxidizer tank ullage volume

Oxidizer flow rate to each TCA

Usab1e oxidizer in each system

Oxidizer loaded in each system (tank and manifold)

trtel

FueI tank volume (including ullage)

Fuel tank ullage volume

FueI flow rate to each TCA

Usable fuel in each system

Fuel loaded in each system (tank and manifold)

Propellant tank working pressure

Propellant tank proof pressure

Propellant tank burst pressure

Propellant storage temperature range

Propellant pad pressure

Propellant temperature

Propellant filter efficiency

Ascent feed filter efficiency

Main shutoff valves, thruster pair isolation
valves, ascent feed interconnect valves, cross-
feed valves:

AP oxidizer flow
AP fuel florv
Il.esponse time

Thrust chamber assembly

Engine thrust

Nozzle exp-nsion ratio

23 2 psia

212 psia

Nitrogen tetroxide (N2O4)

2.38 cubic feet

210 cubic inches

0.240 lb/sec nominal

194.9 pounds

207.5 pounds

50-50 mixture of hydrazine
(N2H4) and unsymmetrical
dimethylhydrazine (UDMH)

1.91 cubic feet

115 cubic inches

0.117 lb,/sec nominal

99.1 pounds

106.5 pounds

176 psia nominal

331 psia

372 psia

+40" to +100' F

50 psia nominal

+70" F nominal

5 microns nominal
18 microns absolute

15 microns nominal
25 microns absolute

2 psi at 0.88 pound per second
2.5 psi at 0.88 pound per second
0.25 seiond at 250-psi inlet pressure

100 pounds

40to1
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Thrust chamber assembly (cont)

Chamber-cooling method

Combustion chamber pressure

Propellant injection ratio (oxidizer to fuel)

Oxidizer inlet pressure (steady state)

Fuei inlet pressure (steady state)

Approximate weight

OveraII length

Nozzle exit diameter

Fuel-film cooling and radiation

96 psia

2.05 to 1 nominal

170+10 psia

170+10 psia

5.25 pounds

13,5 inches

5,75 inches

2.4.6

Table 2-34. Reaction Control Subsystem - Performance and Design Data (cont)

OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for the RCS are as follows

The tota-l firing time for a TCA must not exceed 1,000 seconds. The
maximum firing time under steady-state condition (firing periods of
1 second or longer) must not exceed 500 seconds. The performance of
a TCA is uncertain if these limits are exceeded.

The RCS/APS interconnect must not be opened until the ascent engine is
firing and the LM is moving in the +X-direction (positive X-axis accelera-
tion). The interconnect valves must be closed 10 seconds before ascent
engine shutdown (except when the +X-axls TCA's are to be fi.red beyond
APS shutdown, in which case the interconnect valves must be closed 10

seconds before +X-axis TCA's shutdown). Thls ensures that minimum
helium enters the RCS, because maximum entrapment of helium in the
ascent propellant tanks exceeds the limit for RCS operation. Failure to
meet this requirement may result in erratic thrustlng and possible TCA
failure.

The TCA's must not be operated when the propelLant tank temperature is
less than +40' F or more than +100'F. TCA performance outside the pro-
pellant temperature limlts has not been determined.

If the RCS heaters have been turned off a-fter the TCA's have been fired,
the TCA's must be warmed before subsequent firing. A cold TCA cannot
be fired safely, and TCA failure may occur if this requirement is not
observed.

Maximum allowable continuous firing time for the +X-axis TCA's (unstaged)
is 15 seconds. If this firing time limit is exceeded, damage to the descent
stage thermal insulation may result.

Maximum allowable continuous firing time for the -X-axis TCA's in clus-
ters 1, 3, and 4 is 30 seconds. If this firing time limit is exceeded,
damage to the S-band steerable antenna, the VHF antenna, and the RR
antenna may result due to overheating.

a

a

a

a

a
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a The TCA's must not be fired if the cluster temperature is Iess than +120" F
If some heaters fail, a TCA may be as cool as +85' F while the TEMP
indicator (panel 3) indicates +120' F for the cluster with the failed heaters.
Firing a TCAwhose temperature is less than +85' F may result in an

explosion.

The RCS must not be pressurized until the TEMP indicator (panel 3) indi-
cates that the cluster temperature is more than +60" F. Because the TCA
isolation valves thermally lag the indicated cluster temperature, failure to
observe this limitation may result in the propellants contacting compo-
nents that are below the critical temperature Iimit.

TE LEMETRY MEASUREMENTS.

The RCS telemetry data are given in table 2-35. "(R)" following an entry in the

"Telemetry Range" column signifies a rea-l-time telemetry measurement. Real-time
telemetry points are shown in figure 2-100.

a

2.4.7

REACTION CONTROL SUBSYSTEM
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Table 2-35. Reaction Control Subsystem - Telemetry Measurements

REACTION CONTROL SUBSYSTEM

Code Description
Telemetry Range

(Nominal) Display Range

Crew
Display

GR1o85Q

GR1095Q

GR11O1P

GR1102P

GR1201P

GR1202P

GR2121T

GR2122T

GR2201P

GR22O2P

GR2361X

GR2362X

GR2461X

GR2462X

GR32O1P

GR32O2P

GR3461X

GR3462X

GR4261X

GR4262X

GR4263X

GR4264X

Svstem A propellant quantity (PQMD)

System B propellant quantity (PQMD)

Helium tank A pressure

Helium tank B pressure

He1ium regulator A output pressure

Helium regulator B output pressure

FueI tank A temperature

FueI tank B temperature

Fuel manifold A pressure

FueI manifold B pressure

FueI manifold crossfeed valve is not
closed.

Oxidizer manifold crossfeed valve is
not closed.

hrel main feed shutoff valve A
closed.

FueI main feed shutoff valve B
closed.

Oxidizer manifold A pressure

Oxidizer manifold B pressure

Oxidizer main feed shutoff valve A
closed.

Oxidizer main feed shutoff valve B
closed.

TCA isolation fuel valve cluster 4
system A closed.

TCA isolation fuel valve cluster 4
system B closed.

TCA isolation fuel valve cluster 3

s)'stem A closed.

TCA isolation fuel valve cluster 3

system B closed.

070 to 1007o (R)

070 to 1007o (R)

0 to 3,500 psia (R)

0 to 3,500 psia (R)

0 to 350 psia
(181 psia) (R)

0 to 350 psia
(181 psia) (R)

+20" to +120" F
(+70" F) (R)

+20" to +120'F
(+70'F) (R)

0 to 350 psia
(175 psia) (R)

0 to 350 psia
(175 psia) (R)

Contact closure

Contact closure

Contact closure

Contact closure

0 to 350 psia
(175 psia) (R)

0 to 350 psia
(175 psia) (R)

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

1Vo to l00Va

O7o to l00%o

0 to 4,000 psia

0 to 4,000 psia

0 to 400 psia

0 to 400 psia

+20'to +120" F

+20" to +120" F

0 to 400 psia

0 to 400 psia

0 to 400 psia

0 to 400 psia

QUANTITY indicator

QUANTITY indicator

PRESS indicator

PRESS indicator

PRESS indicator

PRESS indicator

TEMP indicator

TEMP indicator

PRESS indicator

PRESS indicator

None
(See GR9613U.)

None
(See GR9613U.)

None
(See GR9609U.)

None
(See GR9610U.)

PRESS indicator

None
(See GR9609U.)

None
(See GR9610U.)

None
(See GR966lU.)

None
(See GR9662U.)

None
(See GR9663U.)

None
(See GR9664U.)

Mission LM B Basic Date 1 Januarv 1968 Change Date 2.4-27
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Code Description
Telemetry Range

(NominaI) Display Range
Crerv

DispIa-r.

GR4265X

GR4266X

GR4267X

GR4268X

GR4269X

GR4270X

GR4271X

GR4272]{

GR4273X

GR4274x.

GR4275X

GR4276){

GR4322T

GR4323T

GR4326T

GR4327T

GP'4424T

GR4435T

Gn4441T

GR4448T

GR457OT

TCA isolation fuel valve cluster 2

system A closed.

TCA isolation fuel valve cluster 2

system B closed.

TCA isolatlon fuel valve cluster 1

system A closed.

TCA isolation fuel valve cluster 1

system B closed.

TCA isolation oxidizer valve cluster
4 system A closed.

TCA isolation oxidizer valve cluster
4 system B closed.

TCA isolation oxidizer valve cluster
3 system A closed.

TCA isolation oxidizer valve cluster
3 system B closed.

TCA isolation oxidizer valve cluster
2 system A closed.

TCA isolation oxidizer valve cluster
2 system B closed"

TCA isolation oxidizer valve cluster
1 system A closed.

TCA isolation oxidizer valve cluster
1 system B closed.

TCA fuel inlet, pair 84 surface
temperature

TCA fuel inlet, pair A3 surface
temperature

TCA fuel inlet, pair B2 surface
temperature

TCA fuel inlet, pair A1 surface
tempe rature

TCA oxidizer inlet, pair AS surface
face temperature

TCA oxidizer valve ABR surface
temperature

TCA fuel valve A4D surface
temperature

TCA fuel valve B1D surface
temperature

TCA injector head A4D
temperature

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

+20'to +120" F
(+70" F)

+20'to +120' F
(+70" F)

+20'to +120'F
(+70" F)

+20'to +120" F
(+70" F)

+20'to +120" F
(+70' F)

0'to +200'P

0" to +200' F

0'to +200'F

0'to +500" F

None
(See GR9665U.)

None
(See GR9666LT.)

None
(See GR9667Lr.)

None
(See GR9658U.)

None
(See GR9661U.)

None
(See GR9662U.)

None
(See GR9663U.)

None
(See GR9664U.)

None
(See GR9665U.)

None
(See GR9666U.)

None
(See GR9667U.)

None
(See GR9668U.)

None

None

None

None

None

None

None

None

None

Table 2-35. Reaction Control Subsystem - Telemetry Nleasurements (cont)
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Table 2-35. Reaction Controi Subsl'stem - 'felen'retry Measurements (cont)

REACTION CONTROL SUBSYSTEM

Code Description
Telemetry Range

(Nominal) Display Range

C rerv
Displav

GR4571T

GR4573T

GR4574T

GR4577T

GR4578T

GR4582T

GR4583T

GR503lX

GR503 2X

GR5033X

GRs034X

GR5035X

GRsO36X

GR5037X

GRs038X

GRs039X

GRs040x

GRs041X

GR5042X

GR5043X

GR504.}X

TCA injector head B4F
temperature

TCA injector head ABU
temperature

TCA injector head BSD
temperature

TCA injector heaC B2U
temperature

TCA injector head A2D
temperature

TCA injector head B1D
temperature

TCA injector head AlF
temperature

Thrust chamber B4U pressure

Thrust chamber A4D pressure

Thrust chamber B4F pressure

Thrust chamber A4R pressure

Thrust chamber A3U pressure

Thrust chamber BSD pressure

Thrust chamber B3A pressure

Thrust chamber A3R pressure

Thrust chamber B2U pressure

Thrust chamber AzD pressure

Thrust chamber A2A pressure

Thrust chamber B2L pressure

Thrust chamber A1U pressure

Thrust chamber B1D pressure

0'to +500" F

0'to +500' F

0'to +500'F

0" to +500' F

0'to +500' F

0'to +500' F

0'to +500" F

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Ncne

None

None

None

None

None

None

RCS TCA warning
Iight

RCS TCA warning
iight

RCS TCA warning
light

RCS TCA warning
Iight

RCS TCA warning
light

RCS TCA warning
light

RCS TCA warning
light

RCS TCA warning
light

RCS TCA rvarning
Iight

RCS TCA warning
Iight

RCS TCA warnlng
light

RCS TCA warning
light

RCS TCA warning
Iight

RCS TCA warning
light

Mi.ssion LM 3 Basic Date 1 January 1968 Change Date
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Code Description
Telemetry Range

(Nominal) Display Range

Crew
Display

GIt504sX

GR5O46X

GIt60017

GR6OO2T

GIt6003T

GR6()O4T

GIt7001X

GIt7002X

GR700llx

GRTOO4X

GR96O9U

GR961OU

GR9613U

GR9631U

GR9632U

GR96-r1U

Glt9642U

GR9661U

Thrust chamber A1F pressure

Thrust chamber B1L pressure

Quad cluster No. 4 temperature

Quad cluster No. 3 temperature

Quad clusler No. 2 temperature

(luad cluster No. 1 temperature

Ascent interconnect fuel valve A is
not closed.

Ascent interconnect fuel valve B is
not closed.

Ascent interconnect oxidizer r,:rlve A
i.s not closed.

Ascent interconnect oxidizer valve B
is not closed.

X{ain propulsion r.alves A closed.

X'Iain propuision valves B closed.

llanifolcl crossfeed vah,es are not
closed.

Ascent fuel lnterconnect valves A
open.

Ascenl fuel interconnect valr,es B
open.

Ascent oxidizer interconnect valves A
open.

Ascent oxidizer interconnect valves B
open.

TCA isolation valves .A4 closcd,

Contact closure (R)

Contact closure (R)

+20" to +200' F (R)

+20" to +200' F (R)

+20'to +200" F (R)

+20' to +200' F (R)

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

1. -100'to +200" F

2. Less than +119" F,
more than +190" F

1. -100" to+200'F

2. Less than +119' F,
more than +190" F

1. -100'to +200" F

2. Less than +119" F,
more than +190" F

1. -100'to +200' F

2. Less than +119'F,
more than +190' F

RCS TCA warning
Iight

RCS TCA warning
light

1. TEMP indicator
(panel 3)

2. HEATER caution
light

1. TEMP indicator
(panel 3)

2. HEATER caution
Iight

1. TEMP indicator
(paneI 3)

2. HEATER caulion
light

1. TEMP indicator
(panel 3)

2. HEATER caution
Iight

None
(See GR9611U.)

None
(See GR9612U.)

N clne

(See GR9611U.)

None
(See GR9612U.)

SYS A MAIN SOV
talkback

SYS B MAIN SOV

tal.kback

CRSFD talkbach

SYSTEN,I A ASC
FUEL tall<back

SYSTEN,I B ASC
FUEL taikback

SYSTE1VI B ASC
FUEL talkback

SYSTEX,{ R ASC

OXID talkback

SYSTEX,T A QUAD .1

talliback

Table 2-35. Rcaction Control Subsystem - Telemetr-v Measurements (cont)
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Table 2-35. Reaction Control Subsystem - Telemetry Measurements (cont)

L

L

Telemetry Range
(Nominal) Display Range Display

Crew
Code Description

GR9662U

GR9663U

GR9664U

GR9665U

GR9666U

GR9667U

GR9668U

TCA isolation valves B4 closed.

TCA isolation valves A3 closed.

TCA isolation valves B3 closed.

TCA isolation valves A2 closed.

TCA isolation valves 82 closed.

TCA isolation valves ,{1 closed.

TCA isolation valves B1 closed"

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

SYSTEM B QUAD 4

talkbach

SYSTEM A QUAD 3

talkback

SYSTEM B QUAD 3

talkbac l<

SYSTEM A QUAD 2

talkback

SYSTEM B QUAD 2

talkback

SYSTEM A QUAD 1

talkback

SYSTEM B QUAD 1

talkback

Mission LM 3 Basic Date 1 January 1968 Change Date 2.4-3t/2.4-32
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2.5

2.5. I

ELECTRICAL POWER SUBSYSTEM.

INTRODUCTION. (See figure 2-101.)

The Electrical Power Subsystem (EPS), the principal source of electrical power for
the LM mission, has a d-c section and an a-c section. Both sections supply operating
power to respective electrical buses, which supply all LM subsystems via appropriately
rated circuit breakers. Ground facility power is supplied to the LM from T-7 hours
until T-30 minutes, through the laurlch umbilical tower (LUT). At T-30 minutes, the LM
descent stage batteries (No. 1 through 4) are turned on and ground facility power is
turned off via switching commands from the LUT. The descent stage batteries provide
power to the LM until the docked phases of the mission, at which time the batteries are
disconnected and the LM receives electrical power from the CSM. The CSM electrical
power is disconnected and descent stage battery power is restored during the LM-CSM
separation phase. During descent propulsion section (DPS) engine burns, the ascent
stage batteries (No. 5 and 6) are paralleled with the descent stage batteries to ensure at
least the minimum voltage output (26. 5 volts dc) at the subsystem's buses in the event of
a descent battery failure. Ascent stage battery power is introduced before staging, at
which time the descent battery power is terminated and descentfeeder lines are severed.
Ascent stage battery power is then used until final doeking and astronaut transfer to the
CSM are completed.

The EPS batteries are controlled and protected by respective electrical control as-
semblies, a relay junction box, and a deadJace relay box, in conjunction with the control
and display panel. Primary a-c power is provided by two inverters, which supply 117

volt *.LVo, 400+2-cps (synced condition), a-e power to LM subsystems. The operating
frequency of the inverters is 40Gj10 cps, in the nonsynced, free-running condition.

Batteries in the Exlplosive Devices Subsystem (EDS) provide primary power to
trigger LM explosive devices. (Refer to subsection 2.8. )

FUNCTIONAL DESCRIPTION

General. (See figures 2-101 through 2-103. )

Four descent stage batteries and two ascent stage batteries make up the EPS d-c
section power source. The output of each battery is applied to an electrical control
assembly (ECA). The descent stage ECA's provide an independent control circuit for
each descent battery. The ascent stage ECA's provide four independent battery control
circuits, two control circuits for each ascent battery. Over-temperature, reverse-
current, and overeurrent conditions are monitored by the ECA's. Each ECA battery
control circuit can detect a battery or feeder malfunction and operate a main feeder
contactor (MFC) associated with the malfunctioning battery to remove the battery from
the EPS distribution system (overcurrent only).

Descent stage battery power (figure 2-102), controlled and monitored by the descent
ECA's, is switched and applied to the relay junction box (RJB) and the deadface relay
box (DRB). The power feeders of descent batteries No. 1 and 2 are routed through the
RJB deadface relays to the LM Pilot's circuit breaker panel (16). The power feeders of
batteries No. 3 and 4 are routed through the DRB deadface relays to the Commander's
circuit breaker panel (11). This circuit arrangement provides for deadfacing all descent
battery power in the event of normal staging or abort stage situations. Ascent stage
battery power (figure 2-103), controlled and monitored by the ascent ECA's, is switched
and applied, through power feeders, to terminal junction points at the RJB and DRB.

Ascent and descent battery main power feeders are routed through circuit breakers
to the d-c buses. The circuit breakers protect against bus short circuits. From the
d-c buses, d-c power is distributed through circuit breakers to all LM systems.

Two inverters, which make up the EPS a-c section power source, supply all a-c
power requirements of the LM. The INVERTER switch (panel 14) connects either

tr
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inverter to the circuit breakers that supply the a-c buses. The selection of inverter
output to specific a-c bus is determined by the position of the AC BUS circuit breakers
on panel 11. Either inverter can adequately supply the LM a-c load requirements.

D-C Section

The EPS d-c section consists of the four descent stage batteries, two descent stage
ECA's, two relay switching boxes, two ascent stage batteries, two ascent stage ECA's,
a control panel, two circuit breaker panels, and two sensor power fuse assemblies.

The basic EPS power distribution is shown in figure 2-101. From T-7 hours until
T-30 minutes, ground facility power (1O-ampere capability) is supplied to the LM from
the LUT through the LLII deadface relay (LDR) in the RJB. At T-30 minutes, the four
descent stage batteries are connected to the main power feeders and the LDR is opened
on command from the ground, via the LUT. The descent stage batteries are connected
at their low-voltage (LV) taps. These batteries are under light load (less than 200 watts)
at this time; therefore, the LV taps (at the 1?th cell of these 20-ceII batteries) are used
to facilitate discharge of the iaherent initial high voltage of the battery. The descent
stage batteries supply d-c power to the LM until the transposition and docking
phase of the mission, alter which the CSM supplies the LM with electrical power.
(The CSM can supply a maximum of 180 watts. ) Descent battery power is reconnected
to the power distribution system aJter astronaut transfer to the LM, before LM-CSM
separation.

During normal EPS operation, beginning with subsystem activation, the descent
battery high-voltage taps are selected with the HMLTAGE switches (panel 14). Power
is then fed from the descent stage batteries, through their associated ECA's (batteries
No. 1 and 2, arrd No. 3 and 4, through ECA No. 1 and 2, respectively), to the ascent
stage via the R"IB and DRB, terminating at the LM Pilot's and Commander's d-c buses.
The battery feeders are connected to the d-c buses through the 1O0-ampere EPS: BAT
FEED TIE circuit breakers (panels 11 and 16).

D-C power is then distributed to the LM subsystems and to the EPS inverters
through circuit breakers on panels 16 and 11. During non critical phases of normal
operation, the 3O-ampere EPS: CROSS TIE BAL LOADS circuit breakers (panels 11 and
16) are closed to distribute unbalanced current requirements between buses so that the
batteries discharge evenly. The ascent stage batteries supply d-c power to the LM
Pilotrs and Commanderrs buses in essentially the same manner as the descent stage bat-
teries. The batteries are selected with the ASCENT POWER switches (panel 14). The
corresponding descent and ascent stage batteries (by respective bus) are paralleled dur-
ing DPS engine burns, and the EPS: CROSS TIE circuit breakers (panels 11 and 16) are
opened, thereby isolating the Commander's and LM Pilotrs d-c buses.

Each descent battery is connected to a separate power feeder (jumpered to one other
battery power feeder at the output of the ECA's and at the 1O0-ampere EPS: BAT FEED
TIE circuit breakers). Failure of one descent battery therefore permits its associated
descent battery to supply both power feeders. A power feeder short while operating on
descent battery power is detected by overcurrent-sensing circuits in the respective ECA,
which disconnects the two descent batteries associated with the shorted power feeder.
The d-c buses are isolated from the shorted feeder by opening the respective EPS: BAT
FEED TIE circuit breakers. During an emergency, either operatlng d-c bus can supply
power to the other (inoperative) isolated bus if the EPS: CROSS TIE BUS circuit breakers
(panels 11 and 16) are closed. A simitar condition, whereby a shorted feeder is auto-
matically isolated, exists when operating on both ascent batteries. However, the battery
associated with the shorted feeder can be connected manually to the power feeder of the
other ascent battery, using the BACK UP FEED switches (panel 14), thereby permitting
continued use of the battery.
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Figure 2—102. Descent Power Distribution — Functional Block Diagram 
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2.5.2.3

2.5.2.4

2.5.2.5

A-C Section. (See figure 2-101. )

A-C power is provided to LM subsystems by either of two identical, redundant in-
verters; it is controlled by the EPS: INV 1 and INV 2 circuit breakers (panel 11 and 16,

respectively), the INVERTER switch, and the AC BUS: BUS TIE circuit breakers on
panel 11. The EPS: INV 1 or INV 2 circuit breaker supplies 28 volts dc from the LM
Pilotrs or Commander's 28-volt d-c bus to the chosen normaLly synced inverter, where
the d-c is changed to 1l?-volt, 400-cps, a-c power (350 volt-amperes maximum). The
INVERTER switch selects and routes the output of either inverter to the a-c buses via the
respective AC BUS A: BUS TIE or AC BUS B: BUS TIE circuit breakers. Normally,
inverter No. 2 is energized when the LM subsystems are first activated and connected to
the a-c buses. Inverter No. 1 functions as backup during the mission, except that it is
the operating inverter during DPS engine burns. An a-c bus voltage and frequency read-
out signal is supplied from a-c bus A via the AC BUS A: AC BUS VOLT circuit breaker
(panel 11) to the Instrumentation Subsystem (IS) for telemetry and caution light display.
An out-of-tolerance frequency (1ess than 398 cps or more that 402 cps) or low-voltage
condition (below 112 volts ac) causes the INVERTER caution iight (panel 2) and MASTER
ALARI\4 pushbutton,/lights (panels 1 and 2) to go on, and a tone to be generated. The
astronaut makes a determination of the indication and performs corrective action. The
IN\TERTER caution light goes out when the malJunctioning condition is remedied; the
MASTER ALARM light go out and the audio tone is discontinued when the MASTER
ALARM pushbutton/light is pressed. When positioned to AC BUS, the POWER/TEMP
MON selector switch (panel 14) selects a-c bus A for voltage display on the VOLTS in-
dicator (panel 14).

Power Distribution.

Electrical power is distributed to LM subsystems via the LM Pilot?s d-c bus, the
Commander's d-c bus, and a-e buses A and B. A complete description of the d-c and
a-c circuit breakers is in section 3. Secondary d-c power distribution is provided by
the two sensor power fuse assemblies, which supply d-c power to sensors of the Environ-
mental Control Subsystem (ECS), Reaction Control Subsystem (RCS), and Main Propul-
sion Subsystem (MPS).

Power Monitoring.

The primary a-c and d-c voltage levels, d-c current consumption, and the status of
aII main power feeders must be monitored periodically to ensure availability of proper
power for all LM subsystems throughout the mission. This monitoring is normally the
responsibility of the LM Pilot, who controls the ELECTRICAL POWER panel (14). This
panel has talkbacks that indicate main power feeder status, indicators that display bat-
tery and bus voltages and battery current, and component caution lights that are used
for monitoring shorted buses or main power feeder lines and for isolating a malfunction-
ing battery. Availability of redundant a-c and d-c power permits the astronaut to dis-
connect, substitute, or reconnect batteries, feeder lines, buses, or inverters to assure
a continuous electrical supply, thereby averting an emergency condition.

2.5.2.5-7 Battery Status-Monitoring Circuits. (See figure 2-L04.)

Talkbacks on panel 14 indicate the status of the descent and ascent batteries (on or
off the line). A DESCENT POWER talkback barber-pole disptay signifies that the related
battery is disconnected from its main power feeder; a white (LO) display, that the battery
Iow-voltage tap is connected to the power distribution system via the main power feeder;
a gray display, that the high-voltage tap is connected to the power distribution system.
A DES BATS talkback gray display signifies that the descent battery outputs are connected
to the ascent stage; a barberpole display, that these power lines are disconnected and the
ascent stage is isolated electrically from the descent stage. The ASCENT POWER talk-
backs indicate that their related ascent battery is connected (gray) or disconnected
(barber pole) from the respective normal feed or backup feed main power feeder lines.
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2.5.2.5.2

When a descent battery is disconnected from its main feeder line, its related talk-
back provides a barber-pole display. Setting a HI VOLTAGE (or LOW VOLTAGE) switch
(panel 14) to ON energizes the related high-voltage (or low-voltage) MFC relay in the
respective ECA. The relay contacts close, permitting a signal to pass to a buffer signal
stage in Electronic Replaceable Assembly (ERA) No. 2 of the IS. D-C power, supplied
to the buffer stage from the LM Pilot's d-c bus, passes to the talkback, upon arrival ol
the ECA output signal. Output closure signals of the high-voltage (or low-voltage) signal
bulfer stages are connected to individual coils (in ttre talkback assembly) which, when
energized, activate flags to display the existing status of the batteries. In addition, re-
ceipt of an ECA output signal at the signal buJfer stages causes an event signal to be
routed to the pulse-code-modulation and timing electronics assembly (PCMTEA) of the
IS, for telemetry. Three conditions are associated with each descent battery: high-
voltage tap on the power feeder line, low-voltage tap on the pourer feeder line, and
battery completely off the power feeder line.

Four conditions are associated with each ascent battery: battery on or off the nor-
mal power feeder line (for that particular battery) and battery on or off the backup power
feeder line. These conditions are determined by the setting of the NORMAL FEED and
BACK UP FEED switches (panel 14). Operation of the ASCENT POWER talkbacks and
generation of the the activating signals are similar to that of the DESCENT POWER
taLkbacks, except that each signal buffer stage output closure signal is routed to an in-
dividual talkback, and each talkback provides only two displays (gray or barber pole).
Telemetry signals are aLso generated within the PCMTEA for ascent battery monitoring.

Battery Voltage- and Current-Monitoring Circuits. (See figure 2-105.)

The VOLTS and AMPS indicators (panel 14) enable monitoring the terminal voltage
and current draw of each descent battery (high-voltage tap for voltage only) and ascent
battery. In addition, the VOLTS indicator, when used in conjunction with the POWER/
TEMP MON selector switch and ED VOLTS switch (panel 14), monitors the terminal
voltage of ED batteries A and B of the EDS. Except that a descent ECA controls two
batteries and an ascent ECA controls one battery, the voltage- and current-monitoring
circuits of each EPS battery are essentially the same. Therefore, the voltage- and
current-monitoring circuits of only one EPS battery are described.

The positive terminal of the EPS battery is connected through a 1/8-ampere fuse
(in the respective ECA) to an attenuator in ERA No. 2 of the IS. The attenuator input
signal is in the range of 28 to 37 volts dc. The resultant attenuator output (0 to 5 volts
dc) is an analog of the input signal. This output is routed directly to its assigned termi-
nal of the POWER/TEMP MON selector switch. When the switch is set to the battery
position (BAT 1 through BAT 6), the analog is routed to the positive terminal of the
VOLTS indicator and displayed. (The indicator scale is graduated from 20 to 40 volts
dc, although the input signal is of considerably smaller magnitude. ) Only the high-
voltage positive tap of each descent battery is monitored in this manner. Each ascent
battery has only one positive terminal.

Battery current flowing through the main feeder line (normal or backup feeder for
ascent batteries; high- or low-voltage feeder for descent batteries) is sensed by the re-
lated current monitor coil in its respective ECA. Each battery has an individual current
monitor. The monitor senses the magnitude of current flow through the associated main
feeder line and provides a representative analog output. This analog is routed to a
specific terminal (assigned by battery number) on a deck of the POWER/TEMP MON
selectorswitch, as arethe current analogs of aII other ascent and descentbatteries.
When the switch is set to the battery position (BAT 1 through BAT 6), the analog is
routed to the positive terminal of the AMPS indicator and displayed. (The indicator
scale is graduated from 0 to 120 amperes, although its input signal is of considerably
smaller magnitude. ) Ascent battery current is read directly from the indicator; for
descent battery current, the indicator reading must be halved.
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The positive and negative terminals of the two ED batteries are connected to re-
spective contacts of the ED VOLTS switch. When the switch is set momentarily to
BAT A or BAT B, that particular battery is connected to signal conditioner (SC) No. 1 in
the IS. The SC output is a conditioned analog (0 to +5 volts dc) that represents the actual
ED battery terminal voltage (+20 to +40 volts dc), which is routed to the EDIOFF termi-
nal of the POWER/TEMP MON selector switch, for voltage monitoring.

2.5.2.5.3 Primary Bus Voltage-Monitoring Circuits. (See figure 2-106. )

The Commander's d-c bus, the LM Pilot's d-c bus, and a-c bus A are monitored
periodically for the proper voltage level, to ensure application of adequate power to all
LM subsystems. Monitoring is accomplished by selecting the bus, with the POWER/
TEMP MON selector switch, and reading the associated voltage on the VOLTS indicator.
D-C bus voltages are read directly from the indicator scale, which is graduated from
20 to 40 volts dc; for a-c readings, conversion is required. The d-c scale is equivalent
to a range of 62.5 to 125 volts ac, when monitoring the a-c bus. The indicator green
band is equivalent to the nominal a-c range of L72 to 118 volts.

The Commander's d-c bus is connected via the EPS: DC BUS VOLT circuit breaker
(panel 11) to an attenuator in ERA No. 1 of the IS. The attenuated signal is routed to the
caution and warning electronics assembly (CWEA) and through an isolation amplifier.
The 0- to 5-volt attenuated d-c signal is an analog, which is fed to the PCMTEA for
telemetry and to the CDR terminal of the POWER/TEMP MON selector switch. Except
that it is processed through ERA No. 2, the LM Pilot's d-c bus analog is connected to
the SE terminal of the switch in Iike manner. The attenuated analogs of the Commander's
and LM Pilotrs d-c bus voltages are fed through bulfer amplifiers and an OR gate. If
the d-c voltage on either bus drops below 26.5 vo1ts, a CWEA relay is energized; its
contacts close to provide a ground return to the DC BUS warning light (panel 1), causing
it to go on. In addition, the master alarm circuit is completed; the MASTER ALARM
pushbutton/lightsgoonandatoneisgenerated. Theastronauts,therebyalertedvisuallyand
aurally to the emergency condition, must correct the condition immediately. The warn-
ing light goes off when the trus voltage is again within limits. The master alarm tone is
turned off and the MASTER ALARM pushbutton/tight goes out when the MASTER ALARM
pushbutton/light is pressed.

A-C bus A(115volts)is connected via the AC BUS A: AC BUS VOLT circuit breaker
(panel 11) to a frequency-to-dc stage and an ac-to-dc stage in ERA No. 1. The d-c out-
put signals are fed to the CWEA and to isolation amplifiers. The amplifier outputs are
fed to the PCMTEA for telemetry. A 0- to Srvolt d-c analog signal from the ac-to-dc
stage isolation amplifier is sent to the AC terminal of the POWER/TEM MON selector
switch. Selecting this switch position routes the analog signal to the positive terminal
of the VOLTS indicator. The output signals of the frequency-to-dc and ac-to-dc con-
verters are also fed through buffer amplifiers and an OR gate to an AND gate in the
CWEA. An inhibit signal is routed to this AND gate when the INVERTER switch is set to
OFF, thereby inhibiting signal passage. Setting the switch to 1 or 2 removes the inhibit
signal and enables the gate. If the a-c bus A voltage is less than 112 volts, or iJ the a-c
bus frequency is less than 398 cps or more than 402 cps, a CWEA relay is energized;
its contacts close to provide a ground return to the INVERTER caution light (pane1 2),
causing it to go on. In addition, the master alarm circuit is completed; the MASTER
ALARM lights go on and a tone is generated. The master alarm tone and light are dis-
continued when the MASTER ALARM pushbutton/iight is pressed. The INVERTER light
goes off when the a-c bus voltage and frequency are again within limits.

2.5.2.5.4 Malf unctioning-Battery Isolation Circuitry. (See figure 2 - 107 . )

The BATTERY caution light (panel 2) goes on when there is an overtemperature,
overcurrent, or reverse-current condition in any EPS battery. The malfunction isolation
circuitry associated with each battery, within its respective ECA, is essentially the
same. Only the battery No. 1 isolation circuitry in ECA No. 1 is discussed.
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2.5.2.6

2.5.2.6.7

D-C power from the related signal conditioner (SC) in the IS is supplied to the
paralleled array of malfunction relay contacts within ECA No. 1. Thermal sensors in
parallel within the battery close if any cells overheat; a reverse-current or overcurrent
condition causes the respective relays in the ECA to become energized and related relay
contacts close. If either of these conditions exist, the d-c power from the SC flows
through the respective set of contacts back to the SC and to a CWEA OR gate.

The OR-gate output energizes a CWEA relay that provides a ground return to the
BATTERY caution li.ght, causing it to go on. In addition, the master alarm circuit is
completed; the MASTER ALARM lights go on and a tone is generated. The BATTERY
light goes off when the malfunction that caused it to go on is eliminated. The master
alarm tone and light are discontinued when the MASTER ALARM pushbutton/Iight is
pressed.

The d-c signal fed back to the SC from the ECA activates an event gate, which pro-
vides a channel.ed signal to the pulse code modulator of the IS, for telemetry. This
same d-c signal also activates a contact closure gate, completing a circuit from the
BAT FAULT component caution light (panel 14) to the respective battery terminal of the
POWER/TEMP MON selector switch. Setting the switch to this battery position applies
a ground return to the li.ght, causing it to go on. The malfunctioning battery is identi-
fied by the placarded switch position. The light goes off when the malfunction is cor-
rected, or the battery is removed from i.ts main power feeder line, by momentarily
setting the respective switch (pa-'lel 14) to OFF/RESET.

EPS Stages of Operation.

The EPS operates in seven basic stages, as follows:

o GSE-vehicle ground power supply (VGPS) to LM until T-7 hours (ac and dc)

o GSE-launch umbilical tower (LUT) power to LM from T-7 hours until T-30
minutes (dc only)

o Descent stage power from T-30 minutes through CSM transposition and
docking (descent batteries on low-voltage taps)

o Earth orbit - CSM/LM power

o Descent stage power (descent batteries manually switched to high-voltage
taps)

o Ascent stage power (on normal main feeders)

r Staging (normal or abort).

GSE-SuppIied Prelaunch Power. (See figure 2-108. )

Before earth launch, a-c and d-c power are supplied to the LM by the VGPS. An
umbilical cable or a portable power supply is carried on board the LM and connected to
two GSE connectors: one located under the lower circuit breaker tier (panel 11), the
other under the lower circuit breaker tier (panel 16). At approximately T-7 hours, the
VGPS power is replaced by LUT power. The SLA/LM assembly is now connected to the
LUT by umbilical cable. LUT power is supplied to the LM Pilofls bus through the RJB.
LUT remote control includes LUT deadface relay (LDR) set and reset commands, and
LM high-voltage and low-voltage off and low-voltage on signals. The LDR supplies
power through the LM Pilofls main power feeders to the LM Pilot's d-c bus. D-C power
is supplied to the Commander's bus through the EPS; CROSS TIE circuit breakers.
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2.5.2.6.2 Descent Stage Power (Low-Voltage Taps).

At T-30 minutes, the LUT resets the LDR and connects the EPS descent battery
low-voltage taps to the respective feeder lines. The descent batteries supply limited
power to certain critical equipments from T-30 minutes until completion of CSM trans-
position and docking.

2.5.2.6.3 Earth Orbit - CSM/LM Power. (See figure 2-109. )

On completion of CSM transposition and docking, an astronaut connects power and
control umbilical cables to the LM. The CSM deactivates LM power and then supplies
power to the LM critical equipment, using the LM translunar negative bus. CSM/LM
control logic prohitrits CSM power to the LIVI power distribution system while the LM
descent stage batteries are on the main power feeder lines. CSM/LM control logic is
as follows:

o CSM deactivates LM power (high voltage and low voltage off)

o CSM initiates CSM power to LM

o CSM deactivates CSM power to LM

o CSM initiates LM power on (Iow voltage on).

Descent Stage Power (High-Voltage Taps).

Each of the four descent batteries has a HMLTAGE and LOW VOLTAGE switch
and a talkbaek on panel 14. Descent stage battery low-voltage and off/reset control
lines are routed through the RJB to the appropriate ECA; high-voltage control lines are
routed directly to the respective ECA. Additional low-voltage and off/reset control is
effected within the RJB through internal logic control signals. Descent batteries No. 1

and 2 supply electrical power to the LM Pilot's d-c bus via ECA No. 1 and the RJB.
Descent batteries No. 3 and 4 supply the Commander's d-c bus via ECA No. 2 and the
DRB.

Ascent Stage Power.

Each of the two ascent batteries has a NORMAL and BACK UP feeder switch and
related talkbacks on panel 14. Battery No. 5 normally supplies power to the LM Pilot's
d-c bus via ECA No. 3. Battery No. 6 normally supplies power to the Commanderrs
d-c bus via ECA No. 4.

2.5.2.6.6 Staging-Normal or Abort (See figure 2-110. )

The EPS staging operation consists of transferring the LM d-c bus loads from the
descent stage batteries to the ascent stage batteries prior to I,IvI stage separation, while
maintaining uninterrupted d-c power to the bus power distribution system. Automatic
transfer is initiated by pressing the ABORT STAGE pushbutton (panel 1); this appLies 28
volts dc to the EPS abort stage relays in the RJB. These relays close the normal main
feed contactors (MFC's) of each ascent ECA (if the ECA's have not been selected pre-
viously in the backup feed mode). After the ascent stage battery MFC's have placed the
ascent stage batteries on the line, additional abort stage relay contacts supply an off./
reset signal, through the RJB, to each descent stage battery and to the deadface relays
(DFR's). Transfer from descent stage battery power to ascent stage battery power can
also be initiated manually by setting the DES BATS switch (panei 14) to DEADFACE.
Auxiliary DFR contacts in the R"IB and DRB provide direct control to the DES BATS
talkback for monitoring the deadJace operation.

2.5.2.6.4

2.5.2.6.5

ELECTRICAL POWER SUBSYSTEM
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2.5.3

2.5.3. I

2.5.3.2

MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

Descent Stage Batteries.

Each descent stage battery (No. 1 through 4) is composed of silver-zinc plates, with
a potassium hydroxide electrolyte. Each battery has 20 cells, weighs 139.6 pounds, and
has a 400-ampere-hour capacity (25 amperes at 28 volts dc for 16 hours, at +80"F) when
discharged in accordance with the nominal power profile of the mission. The batteries
can operate in a vacuum while cooled by an Environmental Control Subsystem (ECS) cold
rail assembly to which the battery heat sink surface is mounted. If one descent stage
battery fails, the remaining descent stage batteries can provide sufficient power for a
curtailed mission. Five thermal sensors monitor cell temperature limits (+145' t5'F)
within each battery; they cause the BATTERY caution light and MASTER ALARM lights
to go on to alert the astronaut to a battery overtemperature malfunction. These bat-
teries initially have high-voltage characteristics; a low-voltage tap is provided (at the
17th cell) for use from T-30 minutes through transposition and docking. The high-voltage
tap is used for aII other normal LM operations. (Manual switchover from low to high
voltage usually occurs when the battery has discharged to approximately 80Vo of capacity.)
Normally, the battery high- or low-voltage outputs are connected to the main feeder
lines, using the DESCENT POWER switches, but electrical contactor switching is ulti-
mately performed in the battery's respective ECA. Normally, the descent stage bat-
teries are paralleled so that all batteries discharge evenly. See figure 2-L02 f.or a
functional block diagram of descent stage battery power distribution. The terminal
voltages of a descent battery are as follows:

Nominal Voltage - 30. 0 volts dc

Minimum voltage during 40-ampere discharge -28. 0 volts dc

Maximum voltage during 5-ampere discharge - 32.5 volts dc.

Ascent ftage Batteries.

Each ascent stage battery (No. 5 and 6) is composed of silver-zinc plates, with a
potassium hydroxide electrolyte. Each battery weighs 131.7 pounds and has a 296-
ampere-hour capacity (50 amperes at 28 volts dc for 5.92 hours, at +80"F) when dis-
charged in accordance with the nominal power profile of the mj.ssion. The batteries
can operate in a vacuum while cooled by ECS cold rails to which the battery heat sink
surface is mounted. The nominal operating temperature of the ascent stage batteries is
approximately +100'F. Battery temperature in excess of +145' *5"F closes a thermal
sensor, causing the BATTERY caution light and MASTER ALARM pushbutton/lights to
go on. (The lights do not go on if the ascent battery normal main feed contactor is open. )
The astronaut then takes corrective action to eliminate the faulty battery. Two ascent
stage batteries ordinarily supply the d-c power requirements, from normal staging to
final docking of the ascent stage with the orbiting CSM or during any malfunction that
requires separation of the ascent and descent stages. However, iI one ascent stage
battery fails, the remaining battery provides sufficient power to accomplish safe ren-
dezvous and docking with the CSM during any part of the mission.

The ascent batteries do not have low-voltage taps; inherent high-voltage character-
istics are eliminated quickly during high-powered descent engine burns, at which time
the ascent stage batteries are paralleled with the descent stage batteries. Normally,
the ascent stage batteries are paralleled to ensure that both batteries discharge evenly.
See figure 2-103 for a functional block diagram of ascent stage battery power distribu-
tion. The terminal voltages of an ascent stage battery are as follows:

Nominal voltage - 30. 0 volts dc

Minimum voltage - 28.0 volts dc

Maximum voltage - 32.5 volts dc.
(under toad)
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2.5.3.3

2.5.3.4

Descent Stage Electrical Control Assemblies (See figure 2-111. )

The two descent stage ECA's protect and control the four descent stage batteries.
Each ECA has a set of control circuits for each battery accommodated. A failure in one
set of battery control circuits does not effect the other set. The primary function of the
ECA is to connect the two related batteries (normal) or one battery (contingency) to the
associated main feeder line through the low-voltage (LV) or high-voltage (HV) MFC's.
The protective circuits of the ECA automatically disconnect a descent stage battery if
an overcurrent condition is detected, and cause the BATTERY caution light and MASTER
ALARM pushbutton/lights to go on if a battery overcurent, reverse-current, or over-
temperature condition is detected.

Analogs of battery voltage and current (monitored constantly in the ECA) are routed
to the IS to provide indications on the VOLTS and AMPS indicators (panel 14). Battery
talkbacks (tow voltage, high voltage, and off) receive drive signals derived from ECA-
supplied descrete levels processed through the IS. The major elements in the descent
stage ECA's are low- and high-voltage MFCts, current monitors, overcurrent relays,
reverse-current relays, and power supplies. An auxiliary relay supplies system logic
contact closures to other control assemblies in the LM power distribution system.

The MFCis are electrically interlocked to prevent closing a IfV contactor when a
LV contactor is already closed, and vice versa. This prevents short-circuiting the
tapped sections of the respective descent stage battery. The MFC's are operated with
the DESCENT POWER HI VOLTAGE and LOW VOLTAGE switches.

The ECA current monitor produces isolated outputs for the IS, overcurrent relay,
and reverse-current relay from the battery current that flows through the HV or LV
main feeder contactors. The current monitor supplies a d-c level (proportional to
battery current) to the overcurrent relay. Voltage in the relay circuit builds up until
the close coil of the overcurrent relay is energized (reflecting 150 to 200 amperes for
approximately 10 seconds), at which time the IfV or LV contactor opens to disconnect
the battery from its power feeder. The magnitude of battery current is inversely pro-
portional to the time it takes for the close coil of the relay to be energized; the greater
the initial overcurrent, the less time required for tripping. The overcurrent relay is
not sensitive to the direction of current flow, only to its magnitude. The relay must be
reset manually (OFF/RESET position of the DESCENT POWER HMLTAGE and LOW
VOLTAGE switches) once it is tripped. For each overcurrent circuit, the ECA pro-
vides an alarm signal to the caution and warning circuits in the IS, causing the BATTERY
caution light and MASTER ALARM pushbutton/lights (panels 1 and 2) to go on, and a tone
to be generated.

The reverse-current relay causes the BATTERY caution light to go on when current
flow in the direction opposite to normal current flow exceeds 10 amperes for at least 6

seconds. Unlike the overcurrent relay, the reverse-current relay does not open the
related MFC's and is seLf-resettingwhenthe current monitor ceases to detect a reverse-
current condition. During reverse-current conditions, the related MFC must be
switched open manually by setting the DESCENT POWER switches to OFF/RESET. The
descent stage ECA power supplies provide ac for current-monitor excitation, and regu-
Iated dc for the other ECA circuits.

4qqent Stage Electrical Control Assemblies (See figure 2-L12.)

The two ascent stage ECA's individually control and protect the two ascent stage
batteries (No. 5 and 6) in nearly the same manner as the descent stage ECAis control
and protect the descent stage batteries. Each ascent stage ECA contains electrical
power feeder contactors, an overcurrent relay, a reverse-current relay, and a current
monitor. Each ascent stage battery can be connected to its normal or back up main
feeder line via the normal MFC or the backup main feed contactor (BU MFC) in its re-
spective ECA. Both batteries are thereby connected to the primary d-c power buses.

ELECTRICAL POWER SUBSYSTEM
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2.5. 3.5

2. 5.3.6

2.5.3.1

The normal feeder line has overcurrent protection; the backup feeder line does not.
Otherwise, the ascent stage ECA's function the same as the descent stage ECA's. The

ascent stage ECA's provide reverse-current monitoring, overcurrent protection, and
contact closures for indicators. Auxiliary relays supply system logic contact closures
to other assemblies in the LM power distribution system. The MFC's and BU MFC's
in the ascent stage ECA's are manually operated with the respective ASCENT POWER
switches.

Relay Junction Box. (See figure 2-108. )

The RJB provides the following:

Control logic and junction points for connecting external prelaunch power
(via the LUT) to the LM Pilot's d-c bus

Control and power junction points for connecting descent stage and ascent
stage ECA's to the LM Pilot's bus

o Deadfacing of half the power feeders between the descent and ascent stages.

The RJB provides control of all LV contactors (on and off) from the LUT and CSM,
and control of all low- and high-voltage descent power contactors (off) on receipt of an
abort stage command. On and off control of ground facility power through the LUT is
provided by the LDR. The RJB includes abort logic relays, which, when energized by
an abort stage command, close the ascent stage battery MFC's and open the deadface
relays. The RJB deadface relays provides on and off control of the main power feeders
of descent batteries No. 1 and 2. These relays are opened and closed with the DES
BATS switch, or are opened automatically when the abort logic relays close. The dead-
face relays in the relay junction box deadface half of the main power feeders between the
descent and ascent stages; the other half of the power feeders is deadfaced by the dead-
face relays in the DRB. The ascent stage then provides primary d-c power to the LM.

Deadface Relay Box. (See figure 2-110. )

The DRB contains deadface relays, which control the output of descent stage bat-
teries No. 3 and 4 in the same manner as the RJB deadface relays control descent
stage batteries No. 1 and 2. Because the Commander's and LiVI Pilotrs circuit breaker
panels are located on opposite sides of the LM cabin, two individual deadfacing facilities
(one for each circuit breaker panel) provide a physically expedient deadfacing process.

Inverters. (See figure 2-113. )

Two redundant 400-cps inverters individually supply the primary a-c power required
in the LM. Inverter output is controlled by application of 28 volts dc from the Com-
mander's or LM Pilot's 28-volt d-c bus through the EPS: INV 1 and INV 2 circuit
breakers, the INVERTER switch, and the AC BUS A and AC BUS B: BUS TIE circuit
breakers. The inverters are identical; therefore, only the inverter No. 1 circuitry is
discussed. The 28 volts dc is applied through an electromagnetic interference (EMI)
filter and an input filter to a dc-to-dc converter. The regulated output of the converter
is changed to a 400-cps square wave in the inverter stage. The output of the inverter
stage is controlled by 400-cps pulse drives developed from a 6.4-kilopulse-per-second
(kpps) oscillator, which is, in turn, synchronized by timing pulses from the IS. The
output of the inverter stage is 400t2 cps, synchronized; 4001 10 cps, with a free-running
oscillator. The 6.4-kpps oscillator output is divided precisely by 16 in the divider logic
circuit and routed to the inverter stage, the electronic tap changer, and short-circuit
protection circuits. The electronic tap changer sequentially selects the output of ttre
tapped transformer in the inverter stage, converting the 400-cps square wave to an
approximate sine wave of the same frequency. The output filter minimizes harmonic
distortion. The voltage regulator maintains the inverter output at 117 volts ac r17o dur-
ing normal load conditions by controlling the amplitude of the dc-to-dc converter output.
The voltage regulator also compensatesfor variations inthed-c inputanda-c outputload.

a

a

ELECTRICAL POWER SUBSYSTEM
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Setting the INVERTER switch to 1 routes the inverter No. 1 output to the AC BUS A:
BUS.TIE INV 1 circuit breaker for a-c bus A application and to the AC BUS B: BUS TIE
INV 1 circuit breaker for a-c bus B application. A- C power at bus A is monitored for
proper voltage amplitude and frequency by the IS via the AC BUS A: AC BUS VOLT cir-
cuit breaker (panel 11). When the voltage at bus A is less than 112 volts ac, or the fre-
quency is less than 398 cps or more than 402 cps, the INVERTER caution light and
MASTER ALARM pushbutton/Iight go on. The INVERTER caution Iight goes off when the
malfunctioning condition is rectified. The MASTER ALARM display and audio tone are
discontinued when the MASTER ALARM pushbutton/Iight is pressed.

Circuit Breaker and EPS Control Panels

AII primary a-c and d-c power feed circuits are protected by appropriately rated
circuit breakers on the Commanderts and LM Pilotrs buses. The two d-c buses are
electrically connected by the main power feeder network. Functionally redundant LM
equipment is placed on both d-c buses (one on each bus), so that each bus can individually
perform an abbreviated abort mission during emergencies. EPS circuit controls and
monitoring displays are on panel 14. Section 3 contains a description of all EPS con-
trols, displays, and circuit breakers. Circuit breaker characteristics are given in
table 2-36.

Sensor Power Fuse Assemblies (See figure 2-114.)

Two sensor power fuse assemblies in the aJt equipment bay, provide a secondary
d-c bqs system that supplies excitation to ECS, RCS, and MPS transducers that develop
display and telemetry data. During prelaunch procedures, the INST: SIG SENSOR circuit
breaker (panel 16) is open, and primary power is supplied to the assemblies from the
Commander's 28-volt d-c bus, via the EPS: DC BUS VOLT circuit breaker (panel 11) and
the closed contacts of relay K6 in panel 11. The coil of K6 is energized by the ground-
supplied GSE umbilical cable. Before launch, the GSE umbitical is disconnected and K6
is deenergized. Power is then supplied directly to the sensor power fuse assemblies
from the LM Pilot's 28-volt d-c bus by closing the INST: SIG SENSOR circuit breaker.
Each assembly comprises a positive d-c bus, negative return bus, and 40 fuses. Refer
to table 2-37 for sensor power fuse characteristics.

Table 2-36. Circuit Breaker Characteristics

2.5.3.8

2.5. 3.9

L

D-C Circuit breaker

Operating voltage

Operating voltage limit

Transient voltage limits

2 8 volts

32.5 volts

50 volts above, 100 volts below
operating voltage

Less than 1.5 vo1ts, peakRipple voltage

A-C circuit breaker

Steady-state operattug
voltage

L75t2.5 volts rms

Transient voltage limits l44to 225 volts, peak

50 millisecondslYansient voltage recovery
time

ELECTRICAL POWER SUBSYSTEM
LM 3 Basic Date 1 January 1968Page 2.5-26 Mission Change Date
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-l
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@
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LMP'S

28.VDC BUS
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r INST ''l
stG

Notes:

l. Supplies power lo ECS, RCS,

ond MPS sensors.

2. Supplies power lo MPS sen-

sors.

- BUS

Figure 2-114. Sensor Power Fuse Assemblies -
Simplified Power Distribution Diagram

Tal:le 2-37. Sensor Power Fuses - Characteristics

E LECTRICAL POIYER SUBSYSTEM

5EN50&

@

3001M3-230

r- EPS 1
PANET I I

K6
28-VDC

BUS

ASSEMBIY 4A9

TO

SUBSYSTEM

SENSORS

(See nore l.)

SENSOR

RETURN

TINES

ASSEMBLY 44IO

- BUs

TO

SUBSYSTEM

SENSORS

(See nore 2.)

28-VDC

BU5

SENSOR

RETURN

tINES

a

o

o

o

o

o

o

o

O

o

a

o

o

o

a

o

o

O

Reference
Designation

Ampere
Rating IS Sensor Polvered

. Related
Subsystem

NOTE

D-C power to all sensor power fuses is derived from the 28-volt
d-c buses. All sensor return lines are routed to a common (N2)
ground bus.

Assembly 4,A'9

F1

F2

F3

F4

F5

0.25

0.25

0.25

0.25

0.25

Ascent oxygen pressure - tank No. 1

Ascent oxygen pressure - talk No. 2

Descent oxygen pressure - tad<

Coolant discharge pressure - primary loop

Coolant discharge pressure - redundant loop

Mission LM 3 Basic Date 1 January 1968 Change Date PrgeL
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Reference
Designation Ampere Rating IS Sensor Powered

Related
SubsS,stem

Assembly 4A9 (cont)

F6

F7

F8

F9

F10

F11

F12

F13

F14

F15

F16

F17

F18

F19

F20

F2L

I'22

F23

I'24

F25

F26

F27

F28

I'29

F30

F31

F32

F33

F34

F35

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

o.25

0.5

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0"25

0.25

Quaatity - descent water tank

Quantity - ascent water. tank No. 1

Quantity - ascent water tank No. 2

Spare

Helium pressure - tad< A

Helium pressure - tank B

Helium pressure regulator A output pressure

Helium pressure regulator B output pressure

Capped

Capped

Fuel manifold A pressure

Fuel manifold B pressure

Capped

Capped

Oxidizer manifold A pressure

Oxidizer manifold B pressure

Spare

Helium pressure - supply tark No. 1

Helium pressure - supply tank No. 2

Pressure regulator output manifold

Fuel tank - low level

Oxidizer tark - low level

Pressure - fuel isolation valve inlet

Pressure - oxidizer isolation valve inlet

Pressure - thrust chamber

Pressure regulator oufo ut manifold (redundant)

Pressure - helium regulator output manifold

Fuel pressure - engine interface

Pressure - supercritical helium supply tank

Pressure - thrust chamber

ECS

RCS

MPS

Table 2-37. Sensor Power Fuses - Characteristics (cont)

ELECTRICAL POWER SUBSYSTEM
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Table 2-37. Sensor Power Fuses - Characteristics (cont)

ELECTRICAL POWER SUBSYSTEM

L

L

Reference
Designation Ampere Rating IS Sensor Powered

Related
Subsystem

Assembly 4A9 (eont)

F36

F37

F38

F39

F40

0.25

0. 25

0.25

0.5

0.5

Oxidizer pressure - engine interface

Pressure - helium regulator output manifold (redundant)

Pressure - supercritica-I helium supply tank (redurldant)

Spare

Throttle - instrumentation reference power supply

MPS

Assembly 4A10

F1

F2

F3

F4

F5

F6

F7

F8

F9

F10

F11

FT2

F13

FL4

F15

F16

F17

F18

F19

F20

F2l

F22

F23

F24

0.25

0.25

0.25

0.25

0_25

0.25

0.25

o.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.5

o.25

0,25

Pressure - fuel tank ullage

Pressure - oxidizer tank uliage

Pressure - fuel tank No. 1 ullage

Pressure - oxidizer tank No, 1 ullage

Ambient pressure - helium prepressure bottle

Spare

Spare

Spare

Spare

Capped

Capped

Capped

Capped

Capped

Capped

Capped

Capped

Capped

Capped

Capped

Capped

Capped

Spare

Spare

MPS

Mission LM 3 Basic Date 1 January 1968 Change Date Page Z.D-29
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2.5.4

Table 2-37. Sensor Power Fuses - Characteristics (cont)

FAILURE MODES.

The EPS failure modes and the effect on mission capability are given in table 2-38

Table 2-38. Electrical Power Subsystem - Failure Modes

Reference
Designation Ampere Rating IS Sensor Powered

Related
Subs5-stem

Assembly 4,{10 (cont)

F25

F26

F27

F28

F29

F30

F31

F32

F33

F34

I JA

F36

F37

F38

F39

F40

0.25

0.25

0.25

0.25

o.25

0" 25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.5

0.5

Spare

Spare

Spare

Spare

Spare

Spare

Spare

Spare

fuare

Spare

Spare

Spare

Spare

Spare

Spare

Spare

Failure Indication

Vehicle Capability

Before Staging After Staging

Descent Stage Power

One descent
battery failed.

BATTERY caution light
and BAT FAULT compo-
nent caution light go on.
(See notes 1 ald 2. )

Abbreviated mission may still
be effected, using remaining
descent batteries.

N/A

Page 2.5-30 Mission LM 3 Basic Date 1 January 1968 Change Date
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Table 2-38. Electrical Power Subsystem - Failur'e Modes (cont)L

L

\

L

Failure Indication

Vehicle CapabilitY

Before Staging After Staging

Descent Stage Power (cont)

Trvo or more
ciescent batteries
failed.

One bus or main
feeder line failed
(CDR's side
-EPS: CROSS TIE
circuit breakers
open). (See note 3.)

One bus or main
feeder line failed
(LMP's side
-EPS: CROSS

FEED circuit
breakers open).
(See note 3.)

BATTERY caution light
and BAT FAULT compo-
nent caution light go on.
(See notes 1 and 2.)

DC BUS warning light arrd

DC BUS FAULT compo-
nent caution light go on'
and associated DESCENT
STAGE talkbacks provide
trarber-pole displaY.
(See note 1.)

DC BUSwarninglight, C,/W

PWR caution light, and DC

BUS FAULT component
caution light go on, and
all related DESCENT
POWER talkbacks provide
barber-po1e display.
(See note 1.)

Mission must be severely curtailed.
Mission may be aborted, with un-

staged vehicle rendezvousing with
CSM (using ascent Power and re-
maining descent Power); vehicle
may be sfaged, followed bY nor-
mal resumption of ascent stage
mission procedures (using ascent
power) ald rendezvous and dock-
ing with the CSM.

Mission must be aborted after
faulty bus or main feeder line is
isolated from power distribution
network and ascent Power is suP-
plied to operational feeder.

IVlission must be aborted, after
faulty bus or main feeder line is
isolated from po',ver distribution
netuolk and escenL l,ower is suP-
plied to operational feeder.

N/A

See ascent stage
power section of
tabIe.

See ascent stage
power section of
tabIe.

Ascent Stage Power

One ascent battery
failed,

One bus or main
feeder line failed
(CDRrs or LMP!s
side - EPS: CROSS

TIE circuit
breakers open).
(See note 3. )

BATTERY caution light
and BAT FAULT compo-
nent saution light go on.

(See notes 1 and 2. )

DC BUS warning light and
DC BUS FAULT component
caution light go on and

associated ASCENT POW-
ER talkbacks provide
trarber-pole display.
(See note 1.)

INYERTER caution light
goes on with INVERTER
switch set to 1, (See

note 1.)

Mission must be aborted. Rendez-
vous and docking bY unstaged
vehicle may be achieved, using
one ascent battery ald remaining
descent power.

N/A

Mission must be aborted ajter
inverter No. 2 is selected to
replace inverter No" 1.

Mission must be

aborted. Remaining
ascent battery is suf-
ficient to ensure
safe rendezvous aIId
docking of LM as-
cent stage and CSM.

Mission must be
aborted. Faulty bus
or main feeder line
must be isolated
from power distri-
bution network, and
associated battery
must be removed
from faulty feeder
line (and respective
bus) arrd connected
to remaining bus.

Same as effect be-
fore staging.

ELECTRICAL POWER SUBSYSTEM
Mission LM 3 Basic Date 1 January 1968 Change Date_ Page 2.5-31
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Failure Indication

Vehicle Capability

Befoi:e Staging After Staging

Ascent Stage Power (cont)

Inverter No. 2

failed.

A-C bus failed.

INVERTER caution light
goes on with INVERTER
switch set to 2. (See

note 1. )

INVERTER caution light
goes on with INVERTER
switch set to I or 2.
(See note 1.)

Redundant inverter No. 1 output
is sufficient to continue nominal
mission.

Mission must be aborted. Fau1ty

bus must be isolatetl from a-c
power distribution network, with
remaining a-c bus continuing to
operate normally.

Same as effect be-
fore staging.

Same as mission
effect before staging.

D-C Electrical Power - General

Control of any
ascent battery or
any two descent
batteries is lost.

Talkbacks (panel 14) do not
display proper command
feedback.

Mission must be aborted, using
remaining available power.

Same as mission
effect before staging.

NOTES

1. When any caution or warning light goes on, the MASTER ALARM
pushbutton,/lights also go on and a tone is generated.

2. The BAT FAULT component caution light is used in conjunction
with the POWER,/TEMP MON selector switch to identify mal-
functioning batteries.

3, A d-c bus or main feeder line short with the EPS: CROSS TIE
circuit breakers closed results in automatic opening of these
circuit breakers. The effect of the short on vehicle capability
is then as stated.

Table 2-38. Electrical Power Subsystem - Failure Modes (cont)

PERFORMANCE AND DESIGN DATA.

The performance and design data for the EPS are given in table 2-39.

Table 2-39. Electrical Power Subsystem - Performance and Design Data

ELECTRICAL POWER SUBSYSTEM
Basic Date 1 January 1968

L

t-\.-

2.5.5

AC

Inverter input voltage 24 to 32 volts dc

Inverter output (with
PCMTEA sy,nc)

117 +1.2 volts rms, 400+{.4 cps,
single phase

Inverter output (with
internal s1,nc)

l-17 +1.2 volts rms, 400+10 cps,
single phase

Normal load range 0 to 350 volt-amperes (at power
factors 0,65 lagging to 0.80 leading)

Maximum overload at
constant voltage output

525 volt-amperes for 10 minutes

Page 2. S-lZ Mission LM 3 Cbange Date
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DC

Steady-state bus voltage limits

Nominal supply bus voltage

Transient voltages

26.5 to 32, 5 volts dc

28 volts dc

50 volts above, 100 volts below,
nominal supply voltage

Power requirements

Ascent ECA's 84 lvatts, rnomentalily during battery
sr,vitching; 10 rvatts, steady state

Descent ECA's 84 watts, momentarily during battery
switching; 20 watts, steady state

EPS displays 2 watts

2. 5.6

Table 2-39. Electrical Power Subsystem - Performance arrd Design Data (cont)

OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for the EPS are as follows:

When EPS batteries are in use, the primary glycol cooling loop (ECS) must
be operating. If this restriction is not observed, EPS components will be

damaged. The only deviation to this is at low power levels (200 watts or
less); then batteries can operate for 8 hours without cooling.

When supplying power, temperature must be maintained between +29" and
+100' F. If this restriction is exceeded, battery could be damaged or
voltage output could go out of specification (1ess than 26.5 volts dc).

Maximum continuous inverter power output must not exceed 350 volt-
amperes. Demand can go to 525 volt-amperes for up to 10 minutes. If
this limitation is exceeded, inverter components could be damaged.

Available ascent electrical energy is 17. B kilowatt-hours at maximum
steady-state current drain of 50 amperes per battery, at 28 volts dc.
Available descent electrical energy is 46.9 kilowatt-hours maximum at
steady-state current drain of 25 amperes per battery, at 2B volts dc.

During descent engine burns, the corresponding descent and ascent stage
batteries (by supplied bus) must be paralleled. If abort stage contingency
is required during these high-power phases, and batteries are not paral-
Ieled, low-voltage transients may appear on buses and degrade equipment
operation (LU guidance computer, etc). Paralleling also precludes a low
bus voltage due to descent battery failure.

AII EPS: CROSS TIE circuit breakers must be opened during main engine
burns, thereby isolating the Commanderts bus from the LM Pilot's bus.
(effects split d-c bus configuration. ) If this restriction is not observed,
a short on one bus will affect the other bus.

a

a

a

a

a

a

o

2.5-33

L

L

Maximum CSM power to LM during docked coast phases is 180 watts. If
this restriction is exceeded. the current rating of the wire is exceeded.

L
ELECTRICAL POWER SUBSYSTEM
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2.5.7 TELEMETRY MEASUREMENTS.

The EPS telemetry data are given in table 2-40. "(R)" in the "Telemetry Range"
column signifies a real-time telemetry measurement. Real-time telemetry points are
shown in figures 2-102 and 2-103 (d-c circuits) and 2-113 (a-c circuits).

Table 2-40. Electrical Power Subsvstem - Telemetry Measurements

\

L
Code Description

Telemetry Range
(Nominal) Display Range

Crerv
Display

GCOOTlV

GCO155F

GC0201V

GC0202V

GCO2O3V

GCO2O4V

GC0205V

GC0206V

GCO301V

GC0302V

GC1201C

GC350LT

GC3502T

GC3sOBT

GC3504T

GC35O5T

GC3506T

GC1,2O2C

GC1203C

GC12O4C

GC1205C

GC1206C

Battery No. 2 current

Battery No. 3 current

Battery No. 4 current

Battery No. 5 current

Batterv No. 6 current

A-C bus voltage

A-C bus frequency

Battery No. 1 voltage

Battery No. 2 voltage

Battery No. 3 volt4ge

Battery No. 4 voltage

Battery No. 5 voltage

Battery No. 6 voltage

Commanderrs bus voltage

LM Pilotrs bus voltage

Battery No. 1 current

Battery No. 1 temperature

Battery No. 2 temperature

Battery No. 3 temperature

Battery No. 4 temperature

Battery No. 5 temperature

Battery No. 6 temperature

0 to 120 amperes (R)

0 to L25 vac (115

vac) @)

380 to 420 cps
(400 cps)

0 to 40 vdc (28 vdc) (R)

0 to 40 vdc (28 vdc) (R)

0 to 40 vdc (28 vdc) (R)

0 to 40 vdc (28 vdc) (R)

0 to 40 vdc (28 vdc) (R)

0 to 40 vdc (28 vdc) (R)

0 to 40 vdc (28 vdc) (R)

0 to 40 vdc (28 vde) (R)

0 to 60 amperes (R)

0 to 60 amperes (R)

0 to 60 amperes (R)

0 to 60 amperes (R)

0 to 120 amperes (R)

0o to +200' F

0" to +200o F

0' to +200o F

0" to +200' F

0' to +200" F

0' to +200' F

0 to 120 amperes

62.5 to 725 yac
(20 to 40 vdc)

20 to 40

20 to 40

20 to 40

20 lo 40

20 to 10

20 to 40

20 to 40

20 to 40

0 to 120

0 to 120

0 to 120

0 lo 120

0 to 120

vdc

vdc

vdc

vdc

vdc

vdc

vdc

vdc

amperes

amperes

amperes

amperes

amperes

AMPS indicator

VOLTS indicator

INVERTER
caution light

VOLTS indicator

VOLTS indicatol

VOLTS indicator

VOLTS indicator

VOLTS indicator

VOLTS indicator

VOLTS indicator

VOLTS indicator

AMPS indicator

AMPS indicator

AMPS indicator

AMPS indicator

AMPS indicator

None

None

None

None

None

None
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Table 2-40, Electrical Power Subsystem - Telemetry Nleasurements (cont)L

t

L

L

L

Code Description
Telemetry Range

(Nominal) Display Range
Crew

Display

GC3511X

GC3512X

GC3513X

GC3514X

GC3515X

GC3516X

GC4301X

GC4302X

GC4303X

GC4304X

GC4305X

GC4306X

GC4321X

GC4322X

GC4323X

Battery No. 1 overtemperature

Battery No. 2 overtemperature

Battery No. 3 overtemperature

Battery No. 4 overtemperature

Battery No. 5 overtemperature

Battery No. 6 overtemperature

Battery No. 1 overcurrent

Battery No. 2 overcurrent

Battery No, 3 overcurrent

Battery No. 4 overcurrent

Battery No. 5 overcurrent

Batterv No. 6 overcurrent

Battery No. 1 reverse-current

Battery No. 2 reverse-current

Battery No. 3 reverse-current

C ontact closure

Contact closure

Contact closure

Contact closure

Contact closure
(normal MFC closed)

Contact closure
(normal MFC closed)

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

BATTERY caution
light (See

GC9961u. )

BATTERY caution
light (See

GC9962U. )

BATTERY caution
light (See
GC9963U. )

BATTERY caution
light (See

GC9964U. )

BATTERY caution
light (See

GC9965U. )

BATTERY caution
light (See

GC9966U. )

BATTERY caution
light (See

GC9961U. )

BATTERY caution
light (See

GC9962U. )

BATTERY caution
light (See

GC9963U. )

BATTERY caution
light (See

GC9964U. )

BATTERY caution
light (See

GC9965U. )

BATTERY caution
Iight (See

GC9966U. )

BATTERY caution
light (See

GCee61U. )

BATTERY caution
light (See

GCe962U. )

BATTERY caution
light (See

GC9963U. )

ELECTRICAL POWER SUBSYSTEMMission LM 3 Basic Date 1 January 1968 Change Date 2.5 -35Dara
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Description
Telemetry Range

(Nominal) Display Range
Crew

Display

GC4324X

GC4325X

GC4326X

GC4361X

GC4362X

GC4363X

GC4364X

GC4365X

GC4366X

GC4367X

GC4368X

GC4369X

GC4370X

GC4371X

GC4372)<

GC9961U
(See note. )

GC9962U
(See note. )

Battery No. 4 reverse-current

Battery No. 5 reverse-current

Battery No. 6 reverse-cument

Battery No. t high-voltage tap

Battery No. 1 low-voltage tap

Battery No. 2 high-voltage tap

Battery No. 2 1ow-voltage tap

Battery No. 3 high-voltage tap

Battery No. 3 low-voltage tap

Battery No. 4 high-voltage tap

Battery No. 4 low-voltage tap

Battery No. 5 on Commanderrs
bus

Battery No. 6 on Commanderrs
bus

Battery No. 5 on LM Pilotrs
bus

Battery No. 6 on LM Pilotrs
bus

Battery No. 1 malfunction
(o/C, o/T , or R/C)

Battery No. 2 malfunction
(O/C, O/T , or R,/C)

Contact closure

Contact closure

Contact closure

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

BATTERY caution
light (See

GC9964U. )

BATTERY caution
light (See

GC9965U. )

BATTERY caution
light (See

GC9966U. )

SE BAT 1 talk-
back (gray)

SE BAT 1 ta^Ik-
back (white)

SE BAT 2 tak-
back (gray)

SE BAT 2 talk-
back (white)

CDR BAT 3 talk-
back (gray)

CDR BAT 3 talk-
back (rvhite)

CDR BAT 4 talk-
back (gray)

CDR BAT 4 talk-
back (white)

BAT 5 BACK UP
CDR FEED
talkback

BAT 6 NORMAL
CDR FEED
talkback

BAT 5 NORMAL
SE FEED
talkback

BAT 6 BACK UP
SE FEED
talkback

BATTERY caution
light ard BAT
FAULT compo-
nent caution light

BATTERY caution
Iight and BAT
FAULT compo-
nent caution light

Table 2-40, Electrical Porver Subsystem - Telemetry Measurements (cont)
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L TabLe 2-40. Electrical Power Subsystem - Telemetry Measurements (cont)

t

L

L

Code Description
Telemetrv Range

(Nominai) Display Range
Crew

Display

GC9963U
(See note. )

GC9964U
(See note. )

GC9965U
(See note. )

GC9966U
(See note. )

Battery No. 3 malfunction
(o/c, o/T, or R,/c)

Battery No. 4 malfunction
{o/C, o/T , or R,/C)

Battery No. 5 malfunction
(o/c, o/T, or R,/C)

Battery No. 6 malfunction
(o /C , o /'l , or R,/C)

Contact closure (R)

Contact closure (R)

Contact closure (R)

Contact closure (R)

BATTERY caution
light and BAT
FAULT compo-
nent caution light

BATTERY caution
light and BAT
FAULT compo-
nent caution light

BATTERY caution
light and BAT
FAULT compo-
nent caution light

BATTERY caution
light and BAT
FAULT compo-
nent caution light

NOTE

Each battery malfunction telemetery signal is a composite of the
individual overtemperature, overcurrent, and reverse-current
telemetry signals for that particular battery.

ELECTRICAL POWER SUBSYSTEM
Mssion LM 3 Basic Date 1 January 1968 Change Date Page !-5-37/z.i-z1
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2.6

2.6. L

2.6.1.i

2.6. t.2

2.6. t.3

ENVIRONMENTAL CONTROL SUBSYSTEM.

INTRODUCTION.

The Environmental Control Subsystem (ECS) provides a habitable environment for
two astronauts for a maximum of 48 hours while the LM is separated from the CSM, and
permits the astronauts to decompress and repressurize the cabin up to four times. It
also controls the temperature of electronic equipment and provides water for drinking,
cooling, fire fighting, and food preparation.

The major portion of the ECS is in the cabin. Part of the equipment-cooling loop
and two oxygen tanks are in the aft equipment bay. Two water tanks are in the upper
midsection. A third (larger) oxygen tank and a third (larger) water tank are in the
descent stage. (See figures 2-115 and 2-116. ) Power for the ECS is supplied from the
Electrical Power Subsystem. The ECS (figure 2-ll7) comprises an atmosphere
revitalization section (ARS), an oxygen supply and cabin pressure control section
(OSCPCS), a water management section (WMS), and a heat transport section (HTS).

Atmosphere Revitalization Section

The ARS is a closed-loop recirculation system that cools and ventilate
garment assemblies (PGA's); maintains a desirable level of carbon dioxide
phere; removes odors, noxious gases, andexcessive moisture; enables control of the
temperature of oxygen flow to the PGA's and the cabin; and, if required, automatically
isolates the PGA's from the system.

Oxygen circulation is maintained by centrifugal fans. Heating and cooling is
accomplished by passing the oxygen through heat exchangers where heat is either sur-
rendered to or picked up from the coolant from the HTS. Mechanical water separators
are used to remove excess moisture during the cooling phase.

Oxygen Supply and Cabin Pressure Control Section.

The OSCPCS stores gaseous oxygen and maintains cabin and suit pressure by
supplying oxygen to the ARS. This replenishes losses due to crew metabolic consump-
tion and cabin or suit leakage. There are two oxygen supplies; one in the descent stage
provides oxygen for use during the descent and lunar stay phases of the mission, and
one in the ascent stage for use during the ascent and rendezvous phases of the mission.
A11 valves, filters, and regulators required by the OSCPCS are located on the oxygen
control module. Two automatic pressure relief and dump valves, one in each hatch,
are provided to protect the cabin from overpressurization, These are three-position
valves; in one position they provide for depressurizing the cabin, in the normal position
they provide relief capability, and in the last position the relief capability is overridden.

Water Management Section.

The WMS supplies water for drinking, cooling, and food preparation; for refilling
the PLSS cooling water tank; and for pressurization of the secondary coolant loop of the
HTS. It also provides for delivery of water from ARS water separators to HTS sub-
Iimators and from the water tanks to ARS and HTS sublimators.

The water tanks are pressurized before launch to maintain the required pumping
pressure in the tanks. The descent stage tank supplies most of the water required until
staging. After staging, water is obtained from the ascent storage tanks, water from
ARS water separators is used in the sublimators. A self-sealing PLSS DRINK disconnect
delivers water for drinking and food preparation.

iJ"iJ:?trJJ:E

ENVIRONMENTAL CONTROL SUBSYSTEM
Mission LM 3 Basic Date 1 January 1968 Change Date
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Figure 2-115. Environmental Control System - Component Location (Sheet 1 of 3)
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Heat Transport Section.

The HTS consists of a primary coolant loop and a secondary coolant loop. A water-
glycol solution circulates through each loop. The primary loop provides temperature
control for batteries, electronic equipment that requires active thermaL control, and for
the oxygen that circulates through the cabin and PGA's. The batteries and electronic
equipment are mounted on cold plates and rails through which coolant is routed to
remove waste heat.

The cold plates used for equipment that is requ:;'ed i'cl'misslr:n abolrt containij tir'.)
separate coolant passages; one for the prirnar--v loop and cne 1-or the secondary lotji:.
The secondary coolant loop" which 1s used- only if the prina.i',,. ir:rop is inoper.ative,
serves only these cold plates.

In-flight waste heat rejection from both coolant loops i.s achieved by the primary
and secondary water evaporators which are vented overboard. A coolant pump recircu-
lation assembly contains all the HTS coolant puntps and associated check and relief
valves. Coolant flow from the assembly is directed through parallel circui.ts to the
cold plates for the electronic equipment and the oxygen-to-gi1zcol heat exchanger in the
ARS.

FIINCTIONAL DESCRIPTION.

'Ihe functional description of each of the four malor iICS sections is :clrrrrorted by
a l.unctional flow diagram wl'rich, to reduce cornplexity. cl,:es nt',i ci,,it.,,e.ir; r:lectrj.cai
circuitry. Figure 2-118 shows ali ECS electricai circl'rrts. aird. a-j.i ECS i:rtet"faces with
the Electrical Power and Instrumentation Subsystems"

Atmosphere Revitalization Section. (See figure 2-119.)

The ARS is a closed-loop recirculation svstem that cools. heLts, dehurniclifies,
deodorizes, and replenishes oxygen used rvlthir.r the PGA's and iailin. With the suit
isolation (suIT ISoL) valve set to suIT DISCONN. thre SIIiT GAS DIVERTER vah,e set
to CABIN, and the CABIN GAS RETURN check valr.e operr. conditioneci cxygen {lori,s
to the cabin (bypassing the PGA's) ancl ciischarge oxligen ielurns frorn tlie cabin to the
recj.rculation system. With the SUIT 1SOL r.ah-e set tc-, SLrIT FLOW arici ti:e SUm GAS
DIVERTER valve set to EGRESS, conditioneci ox_ygeir iiorvs rhro,-r.gh tiie PGA suppiv
umbilical and discharge oxygen flows through the PGA retuir-, unrfiLicai ici the recircula-

"rrTrjJ;:": 

The flow from the cabin and the PGA's is r.oureil to tire CO, rernovat

A reference pressure, tapped from the recirculation system below the PGA's is
fed to the OSCPCS to modulate pressure in the two oxygen demand regulators that
provide makeup oxygen to the ARS" The suit cireuit relief valve protects the PGA's
against overpressurization, by venting to cabin ambient. The valve operates auto-
matically in response to suit loop pressure, but can be opened and closed manually.
Normally, the valve is set to AUTO; when set to OPEN, the suit loop is vented regard-
less of suit pressure.

The CABIN position of the suit gas diverter valve is used during pressurized-cabin
operation, to permit the recirculation system to circulate enough cabin gas to maintain
carbon dioxide and humidity levels. When the cabin i.s unpressurized, or in an emer-
gency when cabin pressure is lost, putling the valve handle selects the EGRESS position
to isolate the PGA's from the cabin. The EGRESS position is used for all pressurized-
PGA operations. An electrical override automatically repositions the valve from
CABIN to EGRESS when cabin pressure drops below 4.15 t 0. 15 psia.

ENVIRONMENTAL CO}MROL SUBSYSTEM
Mission LM 3 Basic Date 1 January 1968Page 2" 6-6 Change Date
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With the suit gas diverter valve set to CABIN, cabin discharge oxygen is returned
to the recirculation system through the cabin gas return vaLve. Setting the CABIN GAS
RETURN to AUTO, enables cabin pressure to open the valve. When the cabin is de-
pressurized, spring pressure closes the va1ve, preventing suit pressure loss. The
valve can be manually overriden to the OPEN and EGRESS (closed) positions.

Conditioned oxygen is tapped from the recirculation assembly upstream of the PGA
inlets. The oxygen is fed to the CO2 partial pressure sensor which, utilizing an optical-
mechanical sensing system and an electronic computer and signal conditioner, provides
a voltage to the PART PRESS CO2 indicator.

The primary and secondary carbon dioxide (CO2) and odor removal cani.sters are
connected to form a parallel loop. The primary canister contains a LM-size cartridge;
the secondary canister, a PLSS-size cartridge. A debris trap in the primary canister
cover prevents particulate matter from entering the cartridge. A relief valve in the
cartridge permits flow to bypass the debris trap if it becomes clogged. Discharge
oxygen is routed to t}te CO2 and odor removal .canisters through t}te canister selector
valve. When the valve is set to PRIM, discharge oxygen flows through the primary
canister. The carbon dioxide level is controlled by passing the flow across a bed of
LiOH; odors are removed by absorpti.on in activated charcoal. When carbon dioxide
partial pressure reaches or exceed 7.6 mm Hg, as indicated on the PART PRESS CO2
indicator, the CO2 component caution light and ECS caution light go on. The CO2
CANISTER SEL valve is then set to SEC, placing the secondary canister onstream.
This lowers the carbon dioxide partial pressure and unlocks the cover on the PRIMARY
COZ CANISTER. The PRIMARY CANISTER CO2 VENT pushbutton is pushed to release
pressure from the canister before the canister cover is removed. The primary
cartridge is replaced, the canister cover is installed, and the CO2 CANISTER SEL
valve is set to PRIM, placing the primary canister back onstream and extinguishing the
caution lights. Because of chemical reaction, conditioned oxygen leaves the canisters
at higher temperature and humidity levels than when it entered.

From the canisters, conditioned oxygen flows to the suit fan assembly, which
maintains circulation in the recirculation system. Only one fan operates at a time.
The ECS: SUIT FAN 1 ci.rcuit breaker is closed and the SUm FAN selector switch is
set to 1 to initiate suit fan operation. At startup, a fan differential pressure sensor
is in the low position (low AP), which, through the fan condition signal control, ener-
gizes the ECS caution light and SUII FAN component caution 1ight. The lights remain
on until the differential pressure across the operating fan increases sufficiently to
cause the differential pressure sensor to move to the normal position. If the differential
pressure drops to 6.0 inches of water or less, the lights go on and switchover to fan
No. 2 is required. The lights go off when fan No. 2 comes up to speed and builds up
normal diJferential pressure. The SU[[/FAN warning light, ECS caution light, and
SUIT FAN component caution light go on iJ fan No. 2 differential pressure does not reach
8.0 inches of water. The fan check valve permits air to pass from the operating fan
without back flow through the inoperative fan.

From the check valve, the conditioned oxygen passes through a sublimator to the
cooling heat exchanger. The sublimator cools the oxygen under emergency conditions.
Normally, the sublimator is inoperativel it is placed in operation when the secondary
evaporator flow (SEC EVAP FLOW) valve of the water control module is opened because
a Iailure in the primary heat transport loop renders the cooling heat exchanger inopera-
tive. Heat transfer to the coolant in the heat exchanger reduces gas temperature and
causes some condensation of water vapor, whi.ch is removed by mechanical water
separators. Pressure tapped from the heat exchanger outlet is fed to the primary and
secondary pressure regulators of the WMS to regulate the discharge pressure of the
regulators to 0.5 to 1.0 psi above ARS pressure.

The conditioned oxygen is next routed to two, parallel-redundant water separators
through the water separator selector (WATER SEP SEL) valve. One separator, selected
by pushing (SEP 1) or pulling (SEP 2) the WATER SEP SEL valve handle, is operated

ENVIRONMENTA
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at a time. The separator is driven by the flow within the recirculation system. Mois-
ture removed from the oxygen is discharged under a dynamic head of pressure sufficient
to ensure positive flow from the separator to the !\MS. A water drain carries some
water from the separators to a surge (collection) tank outside the recirculation system.

The revitalized oxygen f rom the water separator is mixed with makeup oxygen from
the OSCPCS to maintain system pressure. The mixture fiows through the regenerative
(heating) heat exchanger, where the temperature is increased, to the suit isolation
valves. The suit temperature control (SUIT TEI\IP) valve on the water control module
controls the flow of coolant through the regenerative heat exchanger o\rer a range of 0.0
to 2. 0 pounds per minute. Setting the valve to INCR HOT increases oxygen temperature;
setting it to DECR COLD reduces the temperature.

If a PGA tears while the SUIT ISOL valves are set to SUIT FLOW, the valves are
automatically repositioned to SUIT DISCONN when PGA pressure drops to 3.1 psia.
This action isolates the PGA's fronr the ARS. At the same time, the cabin pressure
switch is enabled, setting the CABIN REPRESS and the SUIT DIVGRT valves to CABIN.
Oxygen from the OSCPCS is completely diverted from the ARS to the cabin.

Cabin Recirculation Assembly.

The cabin recirculation assembly cools cabin oxygen by circuiating the oxygen
through the cabin heat exchanger. During pressurized-cabin operation, the assembly
maintains cabin temperature at approximately +75'F.

Initially, the assembly fans are turned on by closing the ECS: CABIN FAN 1,

CABIN FAN 2, and CABIN FAN CONT circuit breakers and setting the oxygen demand
regulators (PRESS REG A and PRESS REG B valves) to CABIN. The CABIN FAN CONT
circuit breaker serves the cabin pressure switch and relay. The fans are turned off by
setting the oxygen demand regulators to EGRESS or by opening the circuit breakers.
The fans operate independently, but simultaneously; each supplies one-half of the maxi-
mum required circulation. The fans drive the cabin oxygen directiy into the cabin heat
exchanger. Cabin temperature is controlled by the cabin temperature control valve of
HTS.

Oxygen Supply and Cabin Pressure Control Section. (See figure 2-120.)

The oxygen supply and cabin pressure control section (OSCPCS) stores gasious
oxygen, replenishes the ARS oxygen, and provides reIills for the PLSS oxygen storage
tank. Before staging, oxygen is supplied from the descent stage oxygen tank. AJter
staging, or i.f the descent tank is depleted, the ascent stage oxygen tanks supply oxygen
to the oxygen control module. The high-pressure assembly in the descent stage, and
the oxygen control module in the ascent stage, contain the valves and regulators neces-
sary to control oxygen in the OSCPCS, Two cabin relief and dump valves regulate cabin
pressure.

The descent tank pressure, approximately 2,850 psig, is reduced to a level that is
compatible with the components of the oxygen control module, approximately 900 psig,
by a high-pressure regulator. A series-redundant bypass relief valve, set to operate
at a higher pressure than the regulator, protects the descent oxygen tank against over-
pressurization if a regulator fails. In addition, a series-redundant overboard relief
vaive protects the oxygen control module against excessive pressure caused by a defec-
tive reguiator or by flow through the bypass relief valve. If the pressure on the outlet
side of the regulator rises to a dangerous level, a burst disk in the brrrst diaphragm
assembly ruptures and vents the descent tank to ambient. A poppet in the burst
diaphragrr- assembly reseats when tank pressure is reduced to 1,000 psig. Descent
oxygen flow through the interstage discomect is controlled with the descent oxygen
shutoff (DES 02) valve. The valve also acts as a redundant seal to prevent loss of
oxygen overboard after staging.
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An absolute pressure transducer in the descent tank feed line generates an output
proportional to tank pressure. The output is routed to the IS, where it is conditioned
to provide a telemetry signal, a caution indication, and, through ttre O2/H2O QTY MON
selector switch (panel 2), a display on the OZ QUaNtfTY indicator. When tank pressure
drops below 135 psia (approximately 5Vo of capacity), a signal is routed to the OZ OIY
caution light. Momentarily setting the O2/H2O QTY MON selector switch to C/W RESET
extinguishes the light.

When ascent stage oxygen is required, the ascent oxygen shutoff (#1 and #2 ASC 02)
valves are used to select tleir respective tank. A mechanical interlock prevents the
valves from being opened unless the descent oxygen shutoff valve is closed. The
mechanical interlock may be overridden (if the descent oxygen shutoff valve cannot bb
closed and the ascent oxygen shutoff valves must be opened) by pressing theINTLK OVRD
pushbutton on the oxygen control module. Normally, ascent oxygen tank No,1 is used
fir st.

A pressure transducer in the fuel line of each ascent oxygen tank,generates an output
that is also conditioned in the IS to provide a telemetry signal, caution indication, and a
display on the 02 QUANTITY indicator. The quantity of oxygen remaining in the tanks is
read on the indicator by setting the selector switch to ASC 1 or ASC 2, as applicable.
The 02 QIY caution light goes on if, before staging, the pressure in either ascent oxy-
gen tank is less than 684 psia (less-than-fu11 condition). AIter staging, the signal that
causes this indication is inhibited; instead, the light goes on when pressure in ascent
tank No. 1 is less than 100 psia. The caution light is extinguished by setting the
selector switch to C/W RESET.

From the oxygen shutoff valves, oxygen is routed to oxygen demand regulators
(PRESS REG A and PRESS REG B), a PLSS FILL valve, and a cabin repressurization
and emergency oxygen (CABIN REPRESS) valve. The PLSS FILL valve connects to the
PLSS oxygen tank through a flexible service hose. A check valve in the PLSS disconnect
is opened when the hose is connected. The valve automatically closes when the hose is
disconnected; The oxygen demand regulators maintain the pressure to the ARS at a
level consistent with normal and purge requirements and prevent higher pressures,
which would damage the suit circuit assembly. Both regulators are manually controlled
with a f our-position handle; both are ordinarily set to the same position. The CABIN
position is selected during normal pressurized-cabin operations, to provide oxygen at
4.8 + 0.2 psia. Setting the regulators to EGRESS maintains suit circuit pressure at
3.8 + 0.2 psia during egress and unpressurized-cabin operations. The DIRECT 02
position provides an unregulated flow of oxygen, at approximately 3. B pounds per hour,
into the suit circuit. The CLOSE position shuts off all flow through the regulator. In
the CABIN and EGRESS positions, the regulator is internally modulated by a reference
pressure from the suit circuit. The demand regulators are redundant; either one can
fulJill the ARS oxygen requiremehts.

If both demand regulators are set to CABIN or DIRECT 02 and cabin pressure drops
to 4. 15 * 0.15 psia, the cabin pressure switch energizes the solenoid of the cabin
repressurization and emergency oxygen valve. Oxygen flows through the valve into the
cabin. If cabin pressure builds up to 4.45 + 0. 15 psia, the cabin pressure switch
deenergizes the valve solenoid, shutting off the oxygen flow. The valve can maintain
cabin pressure at 3.5 psia for at least 2 minutes following a 0.5-inch-di.ameter puncture
of the cabin. It responds to signals from the cabin pressure switch during pressurized
operation and to a suit pressure sensor during unpressurized operation. Manual over-
ride capabilities are provided.

The two cabin relief and dump valves are manually and pneumaticalty operated.
They prevent excessive cabin pressure and permit deliberate cabin decompression,
The valves automatically relieve cabin pressure when the cabin-to-ambient diJferential
reaches 5. 4 psi. When set to AUTO, the valves can be opened manually with their
external handle. Each valve can dump cabin pressure fiom 5.0 to 0.08 psia in 180
seconds without cabin inJlow. In addition to relieving positive pressure, the valves
relieve a negative cabin pressure condition. The valves are normally set to AUTO.

ENVIRONMENTAL CONTROL SUBSYST EM
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To egress from the LM, the oxygen demand regulators are set to EGRESS, turning
of the cabin fans and closing the SUIT GAS DIVERTER valve; the CABIN GAS RETURN
valve is set to EGRESS; the CABIN REPRESS valve is set to CLOSE; and cabin pressure
is dumped by setting the CABIN RELIEF AND DUMP VALVE(s) to DUMP. The CABIN
warning light goes on. A bacteria filter on the cabin side of the cabin relief and dump
valve in the forward hatch removes 9570 of all bacteria larger than 0.5 micron from the
dumped oxygen. When repressurizing the cabin, the CABIN RELIEF AND DUMP
VALVE(s) is set to AUTO, the CABIN REPRESS valve is seto to AUTO, the PRESS
REG A and PRESS REG B valves are set to C.dBIN, the SUIT GAS DIVERTER valve
handle is pushed in, and the CABIN GAS RETURN valve is set to AUTO. The CABIN
warning light goes of.f.

Water Management Section. (See figure 2-12L.)

The WMS stores water for metabolic consumption, evaporative cooling, and PLSS
water tank refill. It controls the distribution of this stored water and the water re-
claimed from the ARS by the water separators. Reclaimed water is used only for
evaporative cooling, in the ECS water sublimators. Water is stored in a tank in the
descent stage and two identical smaller tanks in the upper midsection of the ascent
stage. A11 three tanks are bladder-type vessels, which are pressurized with nitrogen
before launch. The controls for the WMS are grouped together on the water control
module located to the right rear of the LM Pilot's station.

Water from the descent stage water tank is fed through check valves to the water
control module and, through the descent water (DES H2O) valve, to the PLSS H2O
DISCONNECT. Water quantity is determined by a Water Quantity Measuring Device,
which senses the temperature/pressure ratio of the tank-pressurizing nitrogen, com-
putes the volume of the water, and generates an output analagous to that volume. The
output is displayed on the H2O QUANTITY indicator (panel 2) atter the O2/H2O EII
MON selector switch is set to DES. If the quantity of water in the tank drops to 1670 t
370, the WATER QIY caution light goes on. When the DES H2O valve is set to OPEN,
high-pressure water is available for drinking, food preparation, PLSS fill, and fire
extinguishing.

When the vehicle is staged, the descent i.nterstage water feed line is severed, and
water is supplied from the ascent stage water tanks. Water quantity in each ascent
stage tank is measured and displayed in the same manner as descent water quantity;
the O2/HZO QTY MON switch is set to ASC 1 or ASC 2, as required. The WATER
QTY caution light goes on when a less-than-full condition exists in either tank or when
the tank water Ievels are unequal. Water from ascent stage water tank No. 1 is fed
to the PLSS H2O DISCONNECT through the ascent water (ASC H2O) valve for drinking,
food preparation, PLSS fill, and fire extinguishing.

Water from the three water tanks enters the water tank selector (WATER TANK
SELECT) valve which consists of two water diverting spools. Setting the valve to DES
or ASC determines which tank is on-line.

When using the descent tank, water is supplied to the primary manifold (which con-
sists of the primary pressure regulators and a check valve) by setting the WATER TANK
SELECT valve to DES. The water flows through the series primary pressure regulators
which control water discharge pressure in response to suit circuit gas reference pres-
sure, at 0.5 to 1.0 psi above this gas pressure. With the PRIM EVAP FLOW switch set
to OPEN, the water is routed through the water solenoid valve to the primary sublim-
ator. Discharge water from the water separator is routed through the secondary spool
of the selectbr valve and joins the water from the primary pressure regulators. Setting
the selector valve to ASC routes water from the ascent tanks through the primary pres-
sure regulators and, with the PRIM EVAP FLOW switch set to OPEN, through the
solenoid valve to the primary sublimator. Flow of water from the water separators is
not changed by the selection of the ASC position. If the primary pressure regulators
fail,, an alternate path to the primary sublimator is provided by setting the primary

ENVIRONMENTAL CONTROL SUBSYSTEM
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evaporator flow No. 2 (PRIM EVAP FLOW #2) valve to OPEN. Water then flows
directty from the ascent water tanks through the secondary pressure regulator, the

primary evaporator flow No. 2 vahe, and the normally open solenoid vatrve to the

primary sublimator.

Under emergency conditiong (failure of the primary HTS ioop), water from the ,

ascent tanks is directed through the secondary manifold (secondary pressure regulator)
to the secondary sublimator and the suit cir.cuit sublirnator by setting the SEC EVAP
FLOW valve to OPEN. Discharge water frilm the water separators is also directed to

the sublimator. Water is diverted to the secor-rdary I{TS loop to provide a head of pres-
sure for its pur4p. To divert the yatg.Tr tht finger latch on the WATER TANK SELECT
valve is liJteh andthe valve is setto SEC. ftis actionpunctures the coolant isolation
valve and starts the water flow to the,secondary HTS 1oop.

Heat Transport Section. (See figure 2-122)

The HTS consists of two closed loops (primary and secondary) through which a

water-glycol mixture is circulated to cool the suit circuits, cabin atmosphere, and

electronic equipment. When necessary, the primary loop is also a heat source for the

cabin atmosphere.
limation.

Heat is removed by absorption,and is radiated to space by sub-

2.6.2.4.1 Primary Coolant I,oop.

The loops are charged with coolant at GSE fitl po-ints and are then sealed. Pumps,
comprising a recirculation assembly, force the coolant through the loops. The glycol
accumulator maintains a constant head of pressure (5.5 to 8,psi, dependlng on coolant
level) at the inlets of the primary loop glycol pumps to prevent cavitation. Coolant
temperature at the inlets is approximately +40'F. The accumulator also replaces
coolant lost through subsystem leakage. A microswitch in a low-level sensor trips
when only l\Vo of. coolant volume remains in the accumulator.: When tripped, the switch
provides a telemetry signal and causes the GLYCOL caution,light (panel 2) to go on.

The coolant is routed to the pumps through a filter which has a bypass to maintain
flow if the element becomes clogged. Each pump increases coolant pressure by 30
psia. They are started by closing the ECS: GLYCOL PUMP 1 and 2 circuit breakers
and setting the GLYCOL selector switch to PUMP 1 or PUMP 2. If the operating pump

does not develop a minimum differential pressure (AP) of 4.0 psi, the AP sensor
generates a signal to energize the ECS caution light and the GLYCOL coinponent caution
light. Selecting the other pump deenergizes the lights when the onstream pump

develops minimum AP. If both pumps fail, the secondary loop is activated by setting
the WATER TANK SELECT valve to SEC, setting the GLYCOL pump switch to INST
(sec), and closing the ECS: GLYCOL PUMP SEC cireuit breaker. Automatic transfer
of primary pump operation is initiated by cLosing the ECS: GLYCOL AUTO TRNFR
circuit breaker and setting the selector switch to PUMP 1. When transfer is necessary,
the caution lights go on, the transfer is accomplished, and the caution lights go off.
Pump motor speed sensor outputs are conditioned and telemetered.

If primary loop pressure exceeds 33 psi, the pump bypass relief valve opens and

routes the coolant back to the pump inlet, relieving the pressure. The valves start to
open at 33 psi, are fully open at 34.6 psi, and reseat at 32 psi. Check valves prevent

coolant from feeding back through an inoperative pump.

Part of the coolant leaving the recirculation assembly flowS to the suit circuit heat

exchanger to cool some of the suit circuit gas of the ARS. The flow out of the heat

exchanger is routed to the LM mission programmer. The remainder of ttte coolant
flows to electronic equipment within the cabin. The two ftow paths then converge and

the coolant is directed to the cabin temperature control valve.

ENVIRONMENTAL CON'TROL SUBSYSTEM
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2.6.2.4.2

The cabin temperature control valve varies the flow rate to the coolant regenerative
heat exchanger to regulate and maintain the temperature of the coolant entering the
cabin heat exchanger. Setting the valve handle to NORM controls the percentage of
coolant diverted to the coolant regenerative heat exchanger and to the cabin heat exchan-
ger. Greater flow through the coolant regenerative heat exchanger causes a higher
temperature in the cabin heat exchanger. This is caused by that portion of the coolant
(flowing through the coolant regenerative heat exchanger) that is heated by the warmer
coolant returning from the aft equipment bay cold plates. The valve is adjusted by an

element which senses the coolant temperature downstream of the cabin heat exchanger.
The operating characteristics (sensed temperature-flow percentage relation) are ad-
justed by selecting a position within the NORM range. Setting the valve to MAX COOL
routes all the coolant directly to the cabin heat exchanger, lowering its temperature.
Setting the valve to MAX HEAT routes all the coolant to the coolant regenerative heat
exchanger, where the coolant picks up heat from the warmer coolant returning from the
aft equipment bay cold plates. The warmer coolant flow can be diverted to the suit
circuit regenerative heat exchanger through the suit temperature (SUIT TEMP) control
valve to increase ARS gas temperature. The valve varies the coolant flow to the heat
exchanger from 0 to 2 pounds per minute. AIl or part of the warm coolant may be

diverted to bypass the heat exchanger. The flow from the heat exchanger, combined with
the diverted coolant, passes through the warm side of the coolant regenerative heat ex-
changer.

The coolant from the warm side of the coolant regenerative heat exchanger is routed
to the primary sublimator. The sublimator rejects the heat to space through a steam
duct. Deflector plates attached to the duct discharge and prevent the steam from apply-
ing thrust to the vehicle. Water is fed to the sublimator at a pressure that exceeds 4.0
psia but is Iess than B. 0 psia, The water pressure must be less than the suit circuit
static pressure plus the head pressure from the water separators to the sublimator.
The water regulators, referenced to suit circuit pressure, are in the water feed line to
the sublimator. Regulated water pressure varies from 0. 5 to 1.0 psid above suit circuit
pressure. The sublimator inlet temperature is sensed by a temperature transducer,
which provides a telemetry signal. Coolant from the sublimator flows through the ascent
and descent battery cold rails, then returns to the accumulator.

Two,seU-sealing disconnects upstream and downstream of the gylcol pumps permit
servicing and operation of the HTS by GSE. Interstage disconnects are installed in
coolant lines that connect to the descent stage. Before staging, coolant flows through
the ascent and descent stage battery cold rails. After staging, the interstage disconnects
separate, the lines are sealed by spring-loaded check valves, and the full coolant flow
enters the ascent stage battery cold rails.

Secondary Coolant Loop.

The secondary (emergency) cooiant loop provides thermal control for those elec-
tronic assemblies and batteries whose performance is necessary to effect a safe return
to the CSM. Cooling is provided by the secondary sublimator.

When the secondary loop is activated, water is routed through the water isolation
valve and a filter to the secondary glycol pump, enabling active pressurization of the
secondary loop. A pump bypass relief valve relieves excessive pressure by routing
coolant back to the pump inlet. A check valve at the discharge side of the glycol pump
prevents coolant flow from bypassing the HTS during GSE operation. The coolant from
the pump passes through the check valve, to the secondary passages of the cold plates
and cold rails of the electronics and batteries cold plate section. Waste heat is absorbed
by the coolant. The warm coolant then flows to the secondary sublimator.

The secondary sublimator contains porous plates which reject heat to space. It
operates in the same manner as the primary sublimator in the primary coolant loop.
Water for the sublimator is provided when the SEC EVAP FLOW valve is set to OPEN.
The coolant returns to the pump for recirculation.
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2.6.2.5

2.6.2.5.t

2.6.2.5.2

Cold Plates and Rails (See figure 2-122.)

Coolant is continuously circulated through cold plates and cold rails to remove heat
from electronic equipment and batteries. Equipment essential for successful mission
abort is mounted on cold plates that have two independent coolant passages, one for the
primary loop and one for the secondary loop.

Primary Coolant Loop Cold P1ates and Rails.

The cold plates in the primary coolant loop are arranged in four groups: upstream
electronics, aft equipment bay, Developmental Flight Instrumentation (DFI) equipment,
and batteries.

Coolant from the recirculation assembly flows into five parallel paths that serve the
upstream electronics cold plate group. In this group, the LM mission programmer and

the data storage equipment (DSEA) are cooled by cold rails; the remainder of the group,
by flat cold plates. The cold plates are located in the pressurized and unpressurized
areas of the LM. The flow rates through the five parallel paths are controlled by flow
restrictors, installed downstream on the LM mission programmer and the power servo
assembly (PSA) cold plates. The first upstream electronics flow path cools the suit
circuit heat exchanger and the LM mission programmer. The second flow path cools
five cold plates mounted on the pressurized side of the equipment tunnel back wall. The
third path serves the integrally cooled IMU and the rate gyro assembly (RGA) cold plate,
both located in the unpressurized area (on the navigation base). The fourth path cools
the abort sensor assembly (ASA), pulse torque assembly (PTA), and the two C-band
transponder (CBX) cold plates. All the plates for the fourth path are in the unpressur-
ized area above the cabin; the ASA is on the navigation base (AOT). The fifth path
serves the tracking light electronics (TLE), gimbal angle sequencing transformation
assembly (GASTA), lighting control assembly (LCA), and DSEA plates: one in the un-
pressurized area in front of the cabin, a second one in the control and display panel
area, a third one below the cabin floor, and another one on the left wall of the cabin.

The aft equipment bay is cooled by eight cold rails; the flow is in parallel. The
coolant from the bay flows to the DFI cold plates, on the equipment tunnel left side and
rear bulkhead. A11 DFI cold plates are of the flat type; the flow is parallel through 11

plates.

The batteries are installed on cold rails. The ascent batteries are in the center
section of the aJt equipment bay; the descent batteries are in the forward right area of
the descent stage. During the descent phase, the coolant flow is split between the de-
scent batteries and the ascent batteries; the ascent batteries are not used during this
time. When the stages are separated, quick-disconnects break the coolant lines and

seal the ends; all coolant then flows through the ascent battery cold rails.

Secondary Coolant Loop CoId Plates and Rails

The secondary coolant loop is for emergency use. OnIy cold plates that have two
independent passages (one Ior the primary loop and one for the secondary loop) are
served by this loop.

In the upstream electronics area, the secondary coolant flow is split between three
cold plates (RGA, ASA, and TLE) in parallel. The flow rate is controlled by a flow re-
strictor downstream of the TLE. After these three plates, the secondary loop cools the
aft equipment bay cold rails in a series-parallel arrangement. The coolant first flows
through three ascent battery cold rails in parallel, then through seven aft equipment bay
cold rails in parallel.
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2.6.3

2.6.3.1

2.6.3.1.1 Recirculation System.

Suit Circuit Relief Valve. The SUIT CIRCUIT RELIEF valve is an aneroid-operated,
poppet-type valve that protects the recirculation system against overpressurization. The
valve has AUTO, OPEN, and CLOSE positions. Two externally mounted microswitches
provide telemetry signals when the OPEN or CLOSE position is selected.

In the AUTO position, the valve responds to pressure sensed by the aneroid, and cracks
open at 4.3 to 4.45 psia to relieve the pressure to the cabin. At 4,7 psia, the valve is
fully open and flows approximately ? pph at +90' F. The valve reseats at Iess than 4.3
psia. In the OPEN position, the valve handle displaces the poppet from the seat to open
the valve, regardless of pressure. In the CLOSE position, selected if the valve fails
open, the normal poppet is left open, but an auxiliary valve is closed, maintaining
pressure.

Suit Gas Diverter Valve. (See figure 2-123. ) The SIIIT GAS DMRTER valve is a
@ayvaIve(oneinletandtwooutIets)withasoIenoidoverridei.n
one direction. The valve is on the ECS package above the oxygen control module. When
the valve handle is pushed in to CABIN position, oxygen is directed into the cabin. The
valve is maintained in this position, against main valve spring pressure, by a manually
deenergized solenoid latch. Pulling the valve handle to EGRESS position overrides the
solenoid latch and permits the valve to reposition to its upper seat, blocking flow to the
cabin.

An automatic closed-to-cabin feature is provided. If cabin pressure decays to 4.15t
0.15 psia while the valve is set to CABIN, the solenoid latch is energized by the cabin
pressure switch, and the main spring returns the valve to the EGRESS position. EIec-
trical power is also suppiied to the di.verter valve when the PRESS REG A and PRESS
REG B valves are set to EGRESS. The diverter valve has a valve-position-indicating
switch that provides a telemetry signal when the valve is set to EGRESS.

Cabin Gas Return Check Valve. The CABIN GAS RETURN check valve is a spring-
loaded, flapper-type valve. The valve has AUTO, OPEN, and EGRESS (closed) posi-
tions. In AUTO position, the valve automaticalty permits cabin gas to return to the
ARS. When the cabin is depressurized, the cabin gas return check valve closes, pre-
venting bacldlow into the cabin. The OPEN and EGRESS positions provide manual over-
ride of the AUTO position. Valve-position-indicating switches provide telemetry signals
when the valve is set to OPEN or EGRESS. The switches are enclosed, with EMI
suppressors, in metallic housings that provide environmental protection and EMI shield-
ing for each switch.

CO2 Canister Selector Valve and CO2 and Odor
selector (CO2 CANISTER SEL) valve is a dual-
the CO2 and odor removal canisters. The valve has PRIM and SEC positions. The
flapper assembly is corurected to a control handle attached to a cable with an interlock,
to preclude opening the canisters during use. The flapper assembly floats on a carrier
connected to the control handle, to enable a degree of flexibility for proper alignment.
One flapper is at the inlet to the canisters; the other, at the outlet.

Both canisters contain a cartridge filled with Lithium hydroxide (LiOH) and activated
charcoal. The primary canister cover has a debris trap, which may be replaced before,
but not during, flight. A relief valve in the cartridge permits flow to bypass the debris
trap if it becomes clogged. The canister selector valve is sufficiently leakproof to
permit replacement of cartridges, with the cabin unpressurized.

ENVIRONMENTAL CON"TROL SUBSYSTEM
Mission LM 3 Basic Date 1 January 1968 Change Date

L

L

MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

Atmosphere Revitalization Section.

L

L
Page''l,;'l-2B.



LMA7gO-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

SOLENOID

TO CABIN
(ouT)

SOLENOID

SWITCH

+-FROM SUrr (rN)

HANDLE (SHOWN rN

cABtN POSTTTON)

sotENorD

POSITION INDICATOR

swrTcH (TELEMETRY)

300IM3-21 4TO SUrT LOOP (OUT)

Figure 2-L23. Suit Gas Diverter Va1ve

The PRIM position permits ARS gas to flow through the primary canister. When replac-
ing a saturated primary cartridge, the CO2 CANISTER SEL handle is set to SEC. This
unlocks the PRIMARY CO2 CANISTER cov-er. A relief valve (VENT PUSH) equalizes
the pressure of the cabin and the interior of the canister before canister cover removal.
A finger latch, part of the canister cover, is released before the cover is rotated to
OPEN.

Suit Circuit Fans. Each suit circuit fan is operated by a 28-volt d-c brushless motor.
AEiiTaTffif;rotor with a vaneless di-ffuser is used; it moves approximately 24

cfm at 25, 000 + 500 rpm. A speed sensor, integral with the fan motor, senses motor
rotation and develops an input signal to a frequency-to-voltage signal conditioner. Fan
operation is controlled by the SUIT FAN selector switch. The fans permit operation at
sea level for checkout purposes. An input voltage of 15 vdc is provided for this purpose

Suit Circuit Sublimator. The suit circuit sublimator has a water inlet and a steam outlet
that is vented overboard. Water and ARS gas both make a single pass through the unit,
which comprises a stack of modules of several layers of porous plates, water passages,
and a coolant passage. The sublimator rejects suit circuit heat to space if the suit cir-
cuit heat exchanger is inoperative.

Suit Circuit Heat Exchanger. The suit circuit heat exchanger is a duct-shaped unit of

@ruction.Ithasasing1epassforboththecoo1antandthe
suit circuit gas and is used as the primary heat sink for the ARS. Heat is transferred to
the HTS coolant supplied to the heat exchanger.

Water Separator Selector Valve. The water separator selector (WATER SEP SEL) valve
is a manually operated, flapper-type valve that enables selection of either of two water
separators. The valve handle is pushed in for separator No. 1 and pulled for separator
No. 2. The internal flapper floats on a carrier, to enable a degree of flexibility for
proper alignment purposes. The valve has a position-indicating switch for each water
separator for telemetry; it is actuated when either water separator is selected.

J
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Water Separators. (See figure 2-124. ) Two water separators are connected in parallel,
but only one is used at a time. Saturated gas and free moisture fed into the separator
come in contact with the inlet stator blades, which direct the flow onto a rotor at the
proper angle. Most of the entrained moisture collects on the rotating perforated plate,
which centriluges the water into a rotating water trough. A stationary pitot tube, placed
tangentially to the rotating trough, picks up the removed water and discharges it to the
WMS. The pitot pumping action creates a dynamic head of pressure suJficient to ensure
positive flow from the water separator to the WMS. Water passing through the perfora-
ted plate collects on a rotating conical drum and is fed into the water trough. The
oxygen flow drives the rotating parts of the separator.

Each water separator mounts an angular velocity transducer, which is a self-generating
magnetic pickup that senses the rotation of the separator shaft. The pickup develops a

signal whose frequency is converted to a voltage level with respect to separator rpm,
in a signal conditioner unit. A water drain boss on each separator drains the cavity be-
tween the rotating drum and the outer shell of the unit. Plumbing attached to each drain
boss carries water away from this area, feeds it through flow limiters, and then dumps
it into a surge (collection) tank outside the suit circuit.

Suit Circuit Regenerative Heat Exchanger. The suit circuit regenerative heat exchanger
is an aluminum plate-and-fin type. Heat from the circulating warm coolant is trans-
ferred to the oxygen which makes a single pass through the unit while the coolant makes
two passes.

Suit Temperature Control Valve. The suit temperature control (SUIT TEMP) valve is
ethatcontro1scoo1antflowthroughthesuitcircuit

regenerative heat exchanger. Setting the valve to INCR HOT increases the temperature;
setting it to DECR COLD reduces the temperature.
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2.6.3.1.2

Suit Isolation Valves. (See figure 2-124A.) The suit isolation (SUIT ISOL) valves are
manually operated, two-position valves with automatic override in SUIT FLOW position
In the SUIT FLOW position, the valve opens a port for direct feed to and from the PGA.
The SUIT DISCONN position completely isolates the PGA and permits flow through the
valve to the recirculation system.

When in SUIT FLOW position, and iJ a PGA tears, a signal from the emergency sensing
circuitry actuates the valve override mechanism, placing the valve,in the SUIT DISCONN
(bypass) position. This position is retained until the signal is interrupted and the valve
is manually reset to SUIT FLOW. If the valve is manually reset to SUIT FLOW before
signal interruption, gas flows to the PGA as long as the handle is held in that position.
When the handle is released, the valve returns to the SUIT DISCONN position. A valve-
position-indicating switch provides a telemetry signal for both positions.

Carbon Dioxide Partial Pressure Senspr. (See figure 2-1248.) The carbon dioxide
partial pressure sensor is a single-beam, dual-wavelength, filter photometer, with
ratio readout. The sensor operates on the infrared-absorption principle. It measures
the amount of inJrared energy absorbed by the carbon dioxide in the gas sample that
passes through the sensor, by comparing two different wavelengths in the inJrared
spectrum. (One wavelength is absorbed by carbon dioxide; the other is a reference. )
This establishes an amplified ratio signal that is indicated as a d-c voltage proportional
to the partial pressure of carbon dioxide in the gas sample.

The sensor has two sections: optics and electronics. The optics section has the in-
frared energy source (a small tungsten lamp), a collimating lens, a lens that reimages
the source on the dualfilter, and a lens that reimages the chopped and filtered source
image onto the detector target. The electronics section detects and decodes the signal,
computes the ratio and, then, reads out a continuous d-c voltage proportional to the
partial pressure of carbon dioxide in the gas sample. The sensor provides an electri.cal
signal to the PART PRESS CO2 indicator and a telemetry signal to indicate the carbon
dioxide level in the gas supplied to the astronauts.

Cabin Recirculation Assembly.

Cabin Heat Exchanger. The cabin heat exchanger is a cross-counter flow, single-pass
oxygen, multipass coolant, aluminum plate-and-fin type of heat exchanger, in a welded,
sheet-metal housing. The heat exchanger has a sel-f-contained 2.5-pound-capacity
reservoir for storage of condensed water, which forms within the heat exchanger during
operation. The discharge face of the heat exchanger has wicking that collects the con-
densed moisture and delivers it to the reservoir. The wicking also provides evaporation
of reservoir water when the heat exchanger discharge gas is not saturated.

As flow passes through the heat exchanger, heat is transferred to, or from, the circula-
ting coolant. The coolant flow is regulated by the cabin temperature control valve. A
temperature transducer at the cabin heat exchanger outlet senses the coolant tempera-
ture and provides a signal to telemetry.

Cabin Fans. Two cabin fans with an interconne cting duct are mounted within a sheet-
metal housing attached to the cabin heat exchanger. The fan motors are of the brushless,
d-c type; they operate on 28 volts dc with an input power of 62 watts average, 210 watts
peak. The fans circulate cabin gas at +75'+ 5o F. Each fan can move approximately 5

pounds of air per minute at 13,000 rpm. Fan inlet screens filter out parti.cles that
might impair the performance of the cabin recirculation assembly. These screens are
replaceable before, but not during, flight. The fans permit operation at sea level for
checkout purposes. An input voltage of 15 vdc is provided for this purpose.
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Figure 2-124A. Suit Isolation Valve
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Figure 2-1248. Carbon Dioxide Partial Pressure Sensor
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2.6.3.2

2.6.3.2.L

2.6.3.2.2

Oxygen Supply and Cabin Pressure Control Section.

Descent Oxygen Tank.

The descent oxygen tank is in quadrant III of the descent stage. The tank holds
48.01 pounds of oxygen, stored at a pressure of 2,850 psia. The tank provides six
PLSS refills at 0.92 pounds each and four cabin repressurizations at 6.6 pounds each.
The tanks are filled through high-pressure fill ports, which are capped and Iockwired
before launch.

High-Pressure Oxygen Control Assembly.

The major components of the high-pressure oxygen control assembly are a high-
pressure oxygen regulator, an overboard reiief valve, and a burst diaphragm assembly,

High-PIessgre Qxygen Regulator. (See figure 2-L24C.) The internally series redundant
high-pressure oxygen regulator receives high pressure oxygen from the descent oxygen
tank and regulates the pressure to 900+25 psia. If the upstream (primary) regulator
sensor fails, the valve fails open, permitting the downstream (secondary) regulator to
control outlet pressure. Descent oxygen that enters the regulator is sensed by the
primary sensor. As the pressure builds up inside the sensor, it expands and allows the
primary valve to move towards its seat, regulating the outlet pressure to the secondary
regulator. The secondary regulator operates the same as the primary regulator.

Bypass Oxygen Pressure Re1ief Valve. The bypass oxygen pressure relief valve pro-
tects the descent oxygen tank against overpressurization, by bypassing the high-pressure
oxygen regulator. The valve has two series-redundant elements. If tank pressure ex-
ceeds relief pressure, the relief valve opens to vent to the downstream side of the high-
pressure oxygen regulator. The valve is set to relieve at approximately 3,030 psig.

Overboard Relief Valve. (See figure 2-t24D.) The series-redundant overboard relief
valve vents oxygen to ambient when the pressure downstream of the high-pressure
oxygen regulator reaches 1,025 psig. The valve is fully open at 1,090 psig and reseats
at 985 psig at +?5o F. System pressure at the first stage relief valve is not relieved
overboard, due to the force of the poppet load spring. System pressure is also fed to
both capsule sensing elements. When system pressure reaches 1,025 psig, the capsule
sensing elements expand, displacing the fail-safe pistons and exerting a force on the
belleville lever springs. Belleville-lever-spring motion about the fulcrums opens the
poppet valves.

The relief valve has a fail-open feature. If a capsule sensing element leaks,the oxygen
is dumped into the leakage chamber. This leakage bleeds overboard; however, its flow
rate is restricted by a bleed ori.fice in the piston. This allows leakage chamber pres-
sure to build up to force the poppet valve open. As the piston is displaced to its full
travel, proof-pressure stops and seals make contact, preventing further loss of oxygen
overboard. The valve can flow from 0 to 50 pph, at an inlet pressure of 1, 100 psig.

Burst Diaphragm Assembly. (See figure 2-L248. ) The burst diaphragm assembly opens
when the flow from the descent oxygen tank exceeds the relieving capability of the over-
board relief valve. An aluminum disk in the inlet port of the burst diaphragm assembly
ruptures at a system pressure between 1,300 and 1,400 psig. system pressure causes
the diaphragm support to move away from the disk, causing it to rupture. The disk
support poppet opens, and vents the descent oxygen tank. The diaphragm assembly
permits a minimum flow of approximately 10 pounds per minute. When the descent tank
pressure is reduced to 1,000 psia, the disk support poppet reseats to maintain sufficient
oxygen for one cabin repressurization up to t hour after disk rupture.
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(To be supplied)

Figure 2-L24C. High-Pressure Oxygen Regulator
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Figure 2-124D. Overboard Relief ValveL
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Figure 2-1248. Burst Diaphragm Assembly Functional Schematic
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2.6.3.2.3 Ascent Oxygen Tanks.

2.6.3.2.4

Two identical tanks supply all the oxygen required for metabolic consumption and to
compensate for cabin and/or suit circuit leakage, oxygen component leakage, and loss
due to cabin puncture, subsequent to switchover to ascent consumables. Both tanks are
in the aft equipment bay, which is unpressurized. Oxygen flow from either tank is con-
trolled by individual oxygen shutoff valves on the oxygen control module.

Oxygen Filters.

Filters at the inlets to the oxygen control module and the PLSS disconnect remove
particulate matter from the oxygen. Filtering capability is 18 microns nominal and 40
microns absolute.

2.6.3.2.5 Oxygen Control Module. (See figure 2-124F.)

The oxygen control module is mounted on the ECS package which is located to the
right rear of the LM Pilot's station. It consists of a cast housing that contains filters,
a PLSS oxygen shutoff valve, descent and ascent oxygen shutoff valves, oxygen demand
regulators, and a cabin repressurization and emergency oxygen valve. An interlock
prevents opening the ascent oxygen shutoff valves until the descent oxygen shutoff valve
is closed. An override for this interlock is provided.

PLSS and Oxygen Tank Shutoff Valves. Four positive-action, manually operated shutoff
valves contiol oxygen flow into 

-he 

oxygen control module. Rotating the valve handle
to OPEN displaces a spring-loaded seal. The valves have detents in the OPEN and
CLOSE positions; mechanical stops on the handle prevent overtravel.

Oxygen Demand Regulators. (See figure 2-124G. ) Two, parallel oxygen demand regula-
@SSREGB)meteroxygenfromthetankstotheARS.Both
regulators are manually controlled by individual four-position selector handles. ARS
pressure is fed back to an aneroid bellows that actuates a balanced lever system. The
Ievers move a poppet that is biased by spring force. Rotating the valve handle changes
the spring force acting on the lever system and establishes diflerent outlet pressure
levels. The bellows is evacuated, but kept from collapsing by an internal spring. One
end of the bellows is anchored to the regulator housing; the other to the lever system
that moves the poppet. When the valve handle is set to EGRESS, the forces exerted on
the lever system by the internal springs are such that the poppet is unseated and oxygen
flows into the ARS. As pressure rises, the bellows contracts and moves the poppet
towards its seated position, throttling the flow to the ARS.

When the valve handle is set to CABIN, the handle shaft lifts the spring seat retainer of
the cabin spring, removing its force from the lever system. This opens the poppet and
permits pressure to increase to 4,8+0.2 psia. The rising pressure acts on the bellows
to maintain the proper pressure level.

Selecting the DIRECT 02 position lifts the spring seat retainer of the direct 02 spring
off the Iever system, fully opening the poppet valve. With an upstream pressure of 900
psia and a temperature of +70o F, one regulator can flow approximately 7.0 pph into
the ARS.

In the CLOSE position, the handle shaft bottoms on the lever system driving the poppet
onto its seat to terminate flow from that regulator to the ARS.

Each regulator has valve position indicator (VPI) switches, and two functional switches
that control electrical circuits in the ECS.
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(To be supplied)

Figure 2-L24F. Oxygen Control Module

L

(

ENVIRONMENTAL CO}I'IROL SUBSYSTEM
LM 3 Basic Date 1 January 1968 Change DatePage 2.6-34 Mission



LMA79O-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

(fo be supplied)

Figure 2-t24G. Oxygen Demand Regulators Functional Schematic
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Cabin Replessurization and Emergency Oxygen Valve. (See figure 2-125.) The cabin
SS) valve is a solenoid-operated

valve with manual override (MANUAL and CLOSE positions). It is used to repressurize
the cabin after a deliberate decompression and provides an emergency flow of oxygen if
the cabin is punctured. If the cabin is punctured and the diameter of the hole does not
exceed 0.5 inch, the valve can maintain cabinpressure at 3.5 psiafor at least 2 min-
utes, allowing the astronauts to return to a closed-suit environment. The cabin repres-
surization and emergency oxygen valve is controlled by a three-position handl.e on the
oxygen control module. When the AUTO position is selected, valve operation is con-
trolled by the solenoid, which is actuated by the cabin pressure switch. If either
oxygen demand regulator is set to CABIN or DIRECT 02 and cabin pressure drops below
4.15+0.15 psia, the cabin pressure switch energizes the solenoid. This moves the valve
yoke to open the inlet valve and permits oxygen from the oxygen manifold to flow through
the valve into the cabin area. If cabin pressure rises to 4.45+0.15 psia, the cabin
pressure switch deenergizes the solenoid and spring action closes the valve. Setting
both oxygen demand regulators to CLOSE or EGRESS disables the circuitry to the
solenoid through the cabin pressure switch provided suit-pressure does not faIl below
3.12 psia. While the cabin is decompressed, the suit pressure sensor energizes the
valve solenoid, provided the valve is set to AUTO. This protects the astronauts against
catastrophic failure of the suit circuit while the cabin j.s unpressurized.

When the MANUAL position is selected, the handle shaft actuates a cam that moves the
yoke to open the inlet valve and establish flow to the cabin. When the valve is fully
open and in descent mode of operation it can flow 4 ppm regardless of pressure; in
ascent mode it can flow B ppm at 700 psia.

In CLOSE position the manual close poppet is forced onto its seat shutting off the flow.

OPEN

VALVE POSITION

INDICATORS
CLOSE

INTET

VALVE
sorENorD

OXYGEN

FROM TANKS
*

TO CABIN

PRESSURE

swtTcH

AUXITIARY
VATVE

YOKE CAM OXYGEN TO

CABIN

Figure 2-125. Cabin Repressurization and Emergency Oxygen Vllve Functional Schematic
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2.6.3.2.6 Cabin Relief and Dump Valves. (See figure 2-126.)

A cabin relief and dump valve is installed in each hatch. The valve has a
differential-pressure, servo-actuated poppet valve that prevents cabin overpressuriza-
tion and permits deliberate (manual) dumping of cabin pressure. Each va1ve is con-
trolled with either of two handles: one, inside the cabin; the other, outside. The inside
handles can be used to select three positions (DUMP, AUTO, or CLOSE). The outside
handles have only a DUMP position. The forward cabin relief and dump valve has a
bacteria filter.

Normally, the cabin relief and dump valves are set to AUTO. In this position, the
valves are operated by the servo valve. One side of the servo valve diaphragm is
exposed to cabin pressure; the other side of the diaphragm (spring side) is vented
overboard. When the cabin-to-ambient pressure differential reaches approximately 5.4
psi, the servo valve diaphragm overcomes the servo spring pressure and unseats the
servo valve. This vents the spring side of the main poppet to ambient and causes a
pressure drop. Cabin pressure on the surface of the main poppet overcomes the force
of the main poppet spring and opens the dump vaLve. Oxygen is dumped overboard and

cabin pressure is reduced to an acceptable value. When the pressure differential is
5.8 psi, one fully open dump valve can dump 11.1pounds of oxygen per minute over-
board. When the valve handle inside the cabin is set to AUTO, the valve can be opened

manually from outside.

Setting the internal handle to DUMP unseats the poppet. One valve can then dump
the cabin pressure from 5.0 to 0.08 psia in 180 seconds without cabin oxygen inJlow

EXTERNAT HANDTE

MAIN POPPET VENT

OVERBOARD

CABIN SIDE

CABIN AIR IN

TO SERVO VATVE

PRESSURE

TRANSDUCER

SERVO AIR IN

MANUAI-
CLOSE SPRING

INTERNAT HANDLE

MAIN POPPET

SPRING

CABIN PRESSURE

SENSOR

a

SERVO VAI.VE

300rM3.219

Figure 2-t26. Cabin Relief and Dump Valve Functional Schematic
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2.6.3.2.1

2.6.3.3

2.6.3.3. 1

2.6.3.3.2

and without bacteria filter; with filter in240 seconds. Setting the handle to CLOSE
prevents the valve from opening at normal pressures, if the servo valve fails.

A pressure transducer assoeiated with the overhead and forward cabin relief and
dump valve provides a telemetry signal to indicate when the valves are relieving cabin
pressure. A pressure transducer in the overhead cabin relief and dump valve senses
cabin pressure and provides a telemetry signal. A temperature transducer in the
forward hatch senses cabin temperature and provides a telemetry signal.

Oxygen Bacteria Filter. A filter on the cabin side of the forward cabin relief and dump
valve removes bacteiia from the dumped cabin oxygen. The filter can be installed
and removed by an astronaut in the cabin. It removes gSVo of atl bacteria larger than
0.5 microns.

Cabin Pressure Switch.

The cabin pressure switch monitors cabin pressure and enables electrical signals
to control related ECS functions. The switch is an absolute-pressure device that con-
sists of three separate hermetically sealed microswitch capsules. The capsules are
set to provide switch closure when cabin pressure decays to approximately 4.15 psia
during pressurized-cabin operation. If either oxygen demand regulator is set to
EGRESS (this activates two of the three microswitches), the suit gas diverter valve
closes, the cabin repressurization and emergency oxygen valve opens, and the CABIN
warning light goes on. Increasing cabin pressure to 4.45 +0.15 psia opens the cabin
pressure switch circuits, cLoses the cabin repressurization and emergency oxygen
valve, deenergizes the CABIN warning light and opens the suit gas diverter valve.

Water Management Section.

Descent Stage Water Tank.

The descent stage water tank is an aluminum tank with an internally mounted
standpipe and bladder. The bladder contains the water; the space between the tank and
bladder is chargedwith nitrogen accordingto a schedule dependent onthe load (48.2
psia maximum at +80'F). The nitrogen squeezes the water out of the bladder through
the standpipe and into the system. The tank outlet is connected to the water control
module. Water from the descent water tank is routed through the WATER TANK
SELECT valve by setting it to DES.

Ascent Stage Water Tanks

The ascent, stage water tanks are in the overhead unpressurized portion of the
cabin. They are identical with the descent stage water tank, but are smaller. An
initialnitrogencharge of 48.2 psiaat+80oF isusedineachtank. Thetankoutletsare
connected to the water control module. Water from the ascent water tanks is routed
through the WATER TANK SELECT valve by setting it to ASC.

2. 6. 3. 3. 3 Water Quantity Measuring Devices

A water quantity measuring device (WQMD) for each of the three water tanks
measures the quantity of water in the tank. The anatog voltage output of the WQMD is
fed to the QUANTffY indicator and is displayed on the H2O scale as percentage of water
remaining in the tanks.

The WQMD measures the quantity of water by first sensing the pressure,/temper-
ature ratio of the tank pressurizing gas. This ratio is directly proportional to the mass
of the gas. An analog computer then subtracts this mass from the total nitrogen mass
in the system, to obtain the nitrogen mass in the water tanks. This value is used to
compute the volume of gas in the tanks. Finally, the volume of the gas in the tanks is
subtracted from the total tank volume to obtain the total quantity of remaining water.
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2.6.3.3.4

The input device of the WQMD is a Wheatstone bridge that senses pressure/
temperature (P/T) ratio. The bridge is energized by a bridge amplifier in an analog
computer. The analog computer contains a power supply, two amplifiers, and three
internal system-calibrating adjustments. The output voltage of the P/T sensor is a
applied to the output amplifier, which sums this signal with the input reference voltage
and provides an analog output (0 to 5 volts) to the QUANTITY indicator. The power
supply receives an input voltage from the ECS: DISP cireuit breaker.

Water Control Module. (See figure 2-121 .)

The manual controls of the WMS are grouped together on the water control module.
The module consists of a cast aluminum manifold in which check valves, shutoff valves,
a water evaporator manuaL feed valve, water coolant isolation valve, water tank
selector valve, water control valves, water pressure regulators, evaporator flow valves,
and water vafves are mounted. A11 the interconnecting passages, and brackets to mount
and support the foregoing components as well as to mount the assembly itself, are an

integral part of the cast housing of the module. Each water tank outlet is connected
to the module, which diverts the water to selected flow paths.

Descent Water Valve. The descent water
poppet-type shutoff va1ve. The valve has
position, the valve provides high-pressure water flow from the descent tank to the
water dispenser.

(DES HrO) valve is a manually operated,
OPEN ald CLOSE positions. In the OPEN

Ascent Water Valve. The ascent water (ASC HrO) valve, at the top of the water control
ffiyoperated,poppet-typesh"utoffvaIve'Theva].vehasoPENand
CLOSE positions. In the OPEN position, the valve provides high-pressure water flow
from the ascent tank to the water dispenser.

Check Valves, There are seven check valves in the water control module: one in each
TtnI< fe-ffie, one in each discharge line from the ARS water separators, one upstream
of the descent water valve, and one downstream of the primary water pressure
regulators. The check valves prevent water flow from the module to the water separa-
ators, flow from the water hose through the shutoff valve to the descent water tank,
and flow from the primary water loop into the seeondary water loop.

Water Tank Selector Valve. (See figure 2-128.) The water tank selector (WATER
TANK SELECT) valve is a manually operated, three-position, two-spool va1ve. The

-two spools (primary and secondary), linked to the valve handle, rearrange the internal
ports to establish proper flow paths. The valve has DES, ASC, and SEC positions.

In the DES position, the primary spool establishes a flow path between the descent water
tank and the primary water manifold. In the ASC position, the primary spool estab-
lishes a flow path between the ascent tanks and the primary water manifold. To select
the SEC position, the mechanical handle lock must be released. To release the lock,
the finger latch is lifted; this unlatches the ball locks. When the lifting force is
removed, the refurn spring slides the lockpin to the unLocked position and the valve
handle can be moved to the SEC position. This action moves the secondary spool, which
causes the water coolant isolation valve to be punctured. The secondary spool diverts
flow from the ARS water separators to the secondary manifold. In the SEC position,
water is routed from the ascent water tanks to the secondary manifold.

Water Pressure Regulators. (See figure 2-L29.) Three water pressure regulators are
inffiiesintheprimarymanifo1dandoneisinthesecondary
manifold. The regulators contain a spring-loaded diaphragm that senses the differential
between ARS reference pressure and the downstream water pressure. The diaphragm
moves a balanced lever attached to a metering podpet. The water discharge pressure is
maintained at 0.5 to 1.0 psi above the reference pressure.
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Figure 2-127. Water Control Module
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Figure 2-128. Water Tank Selector Valve

lrimary Water Evaporator Flow Valve. The primary evaporator flow valve (water
solenoid valve) is a poppet-type shutoff valve electrically controlled with a two-position
switch (PRIM EVAP FLOW) on the frame of the cabin recirculation assembly. The
valve controls water flow to the primary sublimator.

Primary Evaporator Flow Valve No. 2. The primary evaporator flow No. 2 (PRIM
EVAP FLOW #2) valve is a manually operated. poppet-type shutoff valve. It has OPEN
and CLOSE positions. In the OPEN position, the valve acts as a backup to the primary
evaporator flow valve to provide ascent tank water from the secondary water manifold
to the primary sublimator.

Secondary Evaporator Flow Valve. The secondary evaporator flow (SEC EVAP FLOW)
valve is a manually operated, poppet-type shutoff valve. It has OPEN and CLOSE
positions. The valve controls water flow from the secondary water manifold to the
secondary sublimator and to the suit circuit sublimator.

ENVIRONME NTAL CONTROL S UBSYSTEM
Mission LM 3 Basic Date 1 Januarv 1968 Change Date

L

Page 2.6-41_



LMA?90-3-LM 3

APOLLO OPERATTONS HANDBOOK
SUBSYSTEMS DATA

I

L

(to be supplied)

Figure 2-129. Water Pressure Regulator
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2.6.3.4

2.6.3.4.1

Heat Transport Section

Coolant Accumulator

The coolant accumulator consists of a two-piece aluminum cylinder that contains
a movable spring-loaded piston bonded to a diaphragm. The fluid side contains
approximateLy 47.5 cubic inches of fluid under pressure. The pressure varies, de-
pending on fluid level, from 5. 5 to 8 psi. The accumulator maintains a head of
pressure on the glycol pump inlets to prevent pump cavitation, and replaces coolant
lost through subsystem leakage. The piston moves in response to volumetric changes
caused by temperature variations in the primary loop or by leakage. The accumulator
spring side is vented to space.

The accumulator has a low-level sensor with a microswitch that trips when only
LjVo of the coolant volume remains. The switch is mounted on a tube that extends from
the top of the accumulator; the tube houses a rod attached to the piston. The switch
provides a telemetry signal.

2.6.3.4.2 Primary Coolant Filter.

The primary coolant filter has a filtering capability of 35 microns. It has an

integral pressure relief bypass feature that operates at 0.4 psid to maintain coolant
flow to the pumps if the filter becomes clogged.

2.6.3.4.3 Coolant Pumps

The three coolant pumps are identical. Two pumps are connected in the primary
loop; the third pump in the secondary loop. The pumps are of the sliding-vane,
positive-displacement type; they are driven by 28-volt d-c brushl.ess motors. The
motors are of wet or submerged design and are cooled by the recirculating coolant.
The pumps receive the coolant at a recirculation rate of approximately 3.7 pounds per
minute at +40 "F and ?.0-psia pump inlet pressure. The pumps increase coolant
pressure by 30 psi (nominal) and operate at approximately 5,200 rpm.

2.6.3.4.4 Cabin Temperature Control Valve. (See figure 2-130. )

The cabin temperature control valve is a diverter valve of sliding-spool con-
struction, with three positions; NORM (automatic), MAX COOL, and MAX HEAT.
The NORM position is manually selected and is activated by a wax-filled sensor;
all coolant discharged from the cabin heat exchanger is fed aeross the sensor. The
sensor expands and contracts in response to coolant temperature changes and by means
of the plunger and spool return spring, repositions the valve spool to obtain the
selected coolant and subsequent oxygen temperature. This splits the coolant flow;
part goes to the cabin heat exchanger and part to the coolant regenerative heat ex-
changer. In the MAX COOL (override) position, the spool is positioned to the left,
permitting all of the cold coolant to enter the valve and be fed directly to the cabin heat
exchanger. In the MAX HEAT (override) position, the spool is repositioned to close
the cabin heat exchanger feed port and opens the feed to the coolant regenerative heat
exchanger for the hot fluid being returned to the coolant pump inlet from the cold plates.
The hot fluid is bypassed to the cabin heat exchanger to perform its heating function.

2.6.3.4.5 Coolant Regenerative Heat Exchanger

The coolant regenerative heat exchanger is of plate-and-fin construction. It has an
inlet and outlet for cold coolant circulation and an inlet and outlet for warm coolant
circulation past the coolant core. The cold side is single pass; the warm coolant makes
four passes in a cross-counter-flow arrangement.
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(To be supplied)

Figure 2-130. Cabin Temperature Control Valve
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2.6.3.4.6

2.6.3.4.7

2. 6.3.4. 8 Cold Plates

Suit Temperature Control Valve.

The suit temperature control valve is a manually operated diverter valve. The
amount of warm coolant flowing through the suit circuit regenerative heat exchanger is
regulated by the handle which can be turned from HOT to COLD.

Sublimators.

The porous-plate type sublimators (one in the primary loop and another in the
secondary loop) are identicat except that the primary sublimater has a larger capacity.
Each sublimator has a coolant inlet and outlet, a water in1et, and a steam outlet. Water
makes one pass through the unit; coolant makes six passes. For proper sublimator
operation, water pressure must exceed 4. 0 psia but be less th4n 8. 0 psia. The water
pressure must also be less than the suit circuit static pressure plus the head pressure
from the water separators to the sublimator.

The unit rejects heat to space by sublimation of ice. Water from the WMS flows
through the water passages, into the porous plates, and is exposed to space environ-
ment. The vacuum pressure is below the triple point of water; this causes an ice
layer to develop within the pores and on the outer surface of the plates. As the hot
coolant flows through the sublimator passages, heat transfers from the coolant to the
water and to the ice layer. The ice sublimates from the solid state to steam without
passing through a liquid state, rejecting its heat load overboard through a plastic duct.
The thickness of the ice layer varies with the heat load imposed on the sublimator,
resulting in a regulated output temperature over a range of input temperatures.

If the heat load entering the sublimator drops betow its low limit, the ice layer
expands and may completely fill the water passages. The expanding ice layer may
rupture the sublimator. If the heat Ioad is too high, the ice layer melts. If the water
pressure is too high, a breakthrough of the ice layer may occur, forcing water through
the porous plates. In these cases, heat rejection by the sublimator is greatly reduced
because ice is not sublimated. Water consumption is excessive because there is no
restraining ice layer.

Electronic equipment that requires active temperafure control is cooled by two
types of cold plates: flat cold plates and cold rails. The cold plates are installed on the
LM structure in a manner that minimizes heat transfer from the structure to the
coolant, to avoid a reduction of the coolant cooling capacity. The surrounding structure
and equipment may have a temperature range of 0o to + 160" F. CoId rails are used in
the aft equipment bay for batteries, the LM mission programmer, and the DSEA. The
IMU has an integral cooling circuit. All other cold plates are of the flat type. CoId
plates for equipment essential for successful mission abort have two independent coolant
passages, one for the primary Ioop and one for the secondary loop.

The flat cold plates are brazed assemblies with inlet and outlet fittings. The coolant
flows between two parallel sheets, which are connected by fins for increased heat trans-
fer and structural strength. the internal fin amangement of these cold plates ensures
sufficient flow distribution.

The cold rails are channel-and-tube type of extrusions; the tubular part forms the
inside center of the channel The tube has fins and, at the ends, coolant inlet and outlet
fittings. The cold rails are installed in a parallel arrangement, with equal space be-
tween the rails to accommodate equipment designed for mounting on cold rails. Each
cold rail (except the first and the last one) cools two adjacent rows of equipment.

To increase heat transfer, an interface material is used between the electronic
equipment (except the DSEA) and the cold plates. The interface material (silicone rubber
with an a-luminum oxide additive) is applied in liquid form to the equipment surface before
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installation and is vulcanized at room temperature a"fter the equipment is mounted.
Electronic replaceable assemblies can be installed on, and removed from their cold
plates without disturbing the coolant circuit. Repeated removal andi.nstallationrequires
removal of old, and application of new, interface material. The IMU has flexible line
connections and quick-disconnects to facilitate IMU replacement, if required.

2.6.4 FAILURE MODES.

The ECS failure modes aad the effect on mission capability are given in table 2-41.

Table 2-41. Environmental Control Subsystem - Failure Modes

E NVIRONME TITAL CONTROL SUBSYSTEM

Indication Vehicle Capability

Heat exchanger(s)

1. Internal leak

2. External leak

Suit circuit assembly cracked.

Descent oxygen tad< to interface
with the oxygen control module
(OCM) has ruptured or has ex-
ternal leak.

Interface with OCM has external
leak.

OCM cracked or r"uptured.

Oxygen interstage disconnect
did not disconnect at staging.

Oxygen interstage disconnect
leak before staging.

Interface between OCM and

flex hose has external leak.

Ascent oxygen tank ruptured
or has external leak.

Descent oxygen filter clogged

or has external leak.

DES 02 valve jammed on open-

ing or has external leak through

stem.

Loss of suit circuit cooling

Same as above

SIIIT,/FAN warning light goes on

and SUIT PRESS indicator reads
low,

Cabin becomes overpressurized
and 02 QUANTITY indicator reads
low"

02 QTY caution light goes on and

OZ QUANTITY indicator reads low

Oz QTY caution light goes on and

QUANTITY indicator reads low.

No indication

MSFN will notice pressure and

temperature drop.

02 QTY caution light goes on and

02 QUANTITY indicator reads low

02 QTY caution Iight goes on and

02 QUANTITY indicator reads low

OZ QTY caution light goes on, and

02 QUANTITY indicator reads low
(for leak).

Jammed valve is found during crew
operations. 02 QUANTITY indi-
cator reads low (for leak).

Remaining test objectives are 1ost.

Remaining test objectlves are 1ost.

Primarl' coola:rt loop is lost and

cabin becomes contaminated.

Suit circuit gas goes to cabin, cur-
tailing test objectir-es. Astronauts
can live in cabin enr-ironment for
some time.

Some descent resting is 1ost.

Possible erplosion and loss of
c lt e\1:.

Desccnt ox)'gen may be lost, cur-
tailing some test objectives. As-
cent ox\-gen can be used for some
ascent testing.

Descent oxJrgen is lost, curtailing
test ob.lectives.

Test objectrves are curtailed.

Possibiliff of explosion, with loss
of clerv,

Loss of descent oxygen causes loss
of descent primary test objectives.

Test objectives are curtailed.

Possibility of explosion with in-
volving loss of crew; or, loss of
some test objectives.

Loss of descent oxygen curtails
test objectives.

Loss of descent oxygen curtails
test objectives. If valve is jqmms6

in OPEN position, cabin becomes
overpressurized; cabin relief and

dump valves relieve excess pressure
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Table 2-41. Environmental Control Subsystem - Failure Modes (cont)

\

L

Failure Indication Vehicle Capabili-ty

#1 ASC Q2 or #2 ASC 02 valve has

external leak thlough stem.

CABIN REPRESS valve failed
open or has external leak through
stem.

PRESS REG A OT PRESS REG B

va-1vc has external leak through
stem.

Plumbing betri een OCl\{ ald suit
circuit assembly ruptured or has

external ieah.

Descent water talk has exterral
leak or is ruptured.

Water control module cracked.

WCM interface area has external
Ieak.

Ascent water tank has external
leak or is ruptured.

Descent water check valve has

external leak or failed closed.

Water pressure regulator has
external leak or failed closed.

Ascent water check valve has
external leak or failed closed.

WATER TANK SELECT valve
leaks and isolation valve has
external leak through stem.

WATER TANK SELECT valve
jammed or binds.

()2 QUANTI'IY indicator reads lorv.

CABIN PRESS indicator reads low

CABIN PRESS indicator reads lo\M

CABIN PRESS indicator reads low

H2O QUANTITY indicator reads
Lorv.

Cabin flooding and H20 QUAN nTY
indicatol reads 1orv.

Cabin flooding and H2O QUANTITY
indicator reads 1or,,,.

H2O QUANTITY indicator reads
lolv.

HZO QUANTITY indicator reads
low.

H2O QUANTITY indicator reads
1ow.

H2O QUANTITY indicator reads
1ow.

Cabin flooding

Jammed valve is found during
crew operations; overheating of
cabin and suit circuit assembly,

Some ascent testing is 1ost. Cabin

becomes overpressurized ; cabin

relief and dump valves relieve ex-

cess pressure.

Remaining test objectives are 10st.

Remaining test objectives are lost.

Remaining test objectives are lost.
Rupture or leak can become crerv

safety hazard.

Remaining descent testing ls 1ost.

If ascent water is used to complete
descent tests, ascent testhg will be

curtailed.

Cracked water control module (WCI'I)

can cause loss of cooling, over-
heating of electronics, loss of all
test objectlves, and possible loss
o{ crer,.

This can cause possible loss of crer,y

or loss of some test objectives.

Some ascent testing is lost.

Descent r,vater and some test objec-
tives are lost. Ascent water may be

used for descent testing.

Loss of primary water (descent or
ascent) curtails test objectives.

Loss of one or both ascent tanks re-
sults in possible loss of some test
obj ectives.

These leaks can cause loss of all
test ohjectives.

Descent and/or ascent tcsting is 1ost.

Watel is u-navailable for sublimators,
drirrliing, firefig'hting, and food pre-
paration.
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Failure Indication Vehicle Capability

Isolation valve alum inum diaphragm
has internal leak,

DES H2O valve has externa-l leak
through stem. Valve jammed or
binds.

Water solenoid va-lve did not open
(primary sublimator flow).

PRIM EVAP FLOW switch did
not open.

ASC H2O valve has external leak
through stem.

ECS: PRIM GLYCOL EVAP FLOW
circuit breaker failed open.

Accumulator is ruptured or
has externa-l leak.

Glycol interstage disconnect

1. Did not disconnect

2. External leak before staging

3. External leak aJter staging

Coolant filter clogged or has
extemal leak-

Interna-l leak will not be found until
secondary HTS loop is activated.

H2O QUANTITY indicator reads
low. Cabin may flood. Valve
jamming or binding is found dur-
ing crew operations.

Temperature in cabin or suit
circuit rises.

Temperature in cabin or suit
circuit rises.

H20 QUANTITY indicator reads
1ow. Temperature in cabin or
suit circuit rises.

Temperature in cabin or suit
circuit rises.

GLYCOL caution light goes on,
GLYCOL temperature indicator
reads high, and GLYCOL pressure
indicator reads low.

Vehicle cannot be stage.

Temperature in cabin rises.

Temperature in cabin rises.

GLYCOL caution light goes on,
due to low-level indication in
accumulator.

This leak can cause loss of a-11 test
objectives. Secondary water flow
for emergency use is curtailed.

Descent testing objectives, drtuking
water and firefighting capabilit5r are
lost. Ascent water may be used for
some testing, drinking and fire-
fighting.

Water is not available to primary
sublimator. PRIM EVAP FLOW #2

valve and alternate water solenoid
valve must be used.

Water is not available to primary
sublimator. PRIM EVAP FLOW #2

va-Ive must be used as alternate.

Ascent testing objectives, drinking
water, firefighting capability and

food preparation are 1ost.

Mission is curtailed. Water un-
available to primary sublimators,
must go to secondary 1oop. Next
failure may constitute crew safety
hazard.

HTS primary loop and PGNS test
objectives are lost. Secondary loop
must be activated.

1. Mission is curtailed

2. Primary coolant is lost. Primary
test objectives are lost. Secondary
coolalt loop must be activated.

3, Remaining test objectives are
lost or curtailed.

HTS primary loop is lost. Test
objectives are curtailed. Secondary
coolant loop must be activated.

Table 2-41. Environmental Control Subsystem - Pailure Modes (cont)

ENVIRONMENTAL CONTROL SUBSYSTEM
Mission LM 3 Basic Date 1 January 1968 Change Date
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2.6.5

'lal:le 2-4L, EnviTonmental Control Subsystem - Failure Mode (cont)

PERFORMANCE AND DESIGN DATA.

The performance and design data for the ARS, OSCPS, WMS, and HTS are given in
table 2-42. Tables 2-43 through 2-46 have been deleted.

Table 2-42. Environmental Control Subsystem Performance and Design Data

ENYIRONME NTAL COMTROL SUBSYSTEM

Failure Indication Vehicle Capability

Primary subiimator cracked or
does not operate.

Primary descent cold plate(s) and,/

or cold rail(s) cracked.

Loss of coolant causes overtemper-
ature condition. GLYCOL caution
light goes on, GLYCOL temperature
indicator reads high.

Loss of coolant causes overtemper-
ature condition. GLYCOL caution
light goes on and GLYCOL temper-
ature indicator reads high, Cabin

may be contaminated.

HTS primary loop is lost. Test
objectives are curtailed. Secondary

coolant loop must be activated.

HTS primary loop is lost. Test
objectives are curtailed. Secondary

coolant loop must be activated.

Atmosphere Revitalization Section

Oxygen partial pressure in atmosphere
breathed by astronauts

Carbon dioxide partial pressure in
atnosphere delivered to astronauts

Cabin pressure

Suit circuit pressure

Cabin mode

Egress mode

Minimum

Maximum

During EMU checkout (measured
downstream of PGArs)

LiOH dust concentration irr atmosphere
delivered to astronauts

160 mm Hga (minimum)

7.6 mm Hga (maximum)

4. 8 + 0. 2 psia (normal, steady-state)

4. 8 + 0.2 psia (may exceed 5. 0 psia
during powered flight)

3. 8 + 0.2 psia (4. 7 psia maximum
during powered flight)

3.5 psia

9.6 psia and 5. 0 psid (with one

oxygen demand regulator failed
open)

8,7 psia (3.7 psig) for 5 minutes

0. oz mg/m3 (maximum)
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Atmosphere Revitalization Section (cont)

Leakage

ARS external ieakage (with CO2

odor removal canisters closed,
clusive of PGAts)

and

ex-

Suit (one man)

Suit inlet temperature range

Cabin temperature

Relative humidity

Suit circuit fan flow

0.01 por.rnd per hour (maximum) at
3. 7 psia suit pressure with cabin un-
pressurized

0.035 pound per hour (maximum)

with cabin unpressurized

With SUIT TEMP control valve infull
COLD position, temperature ranges

from+38' to 65"F; in full HOT posi-
tior:from+42" to +100"F. Under
certain maximum operating conditions
suit inlet temperature may exceed +100" F.

+55" to +90'F

407a to 8070

At 4.8 psia - 36.0 pounds per hour
At 3. 8 psia - 28.4 pounds per hour

Oxygen Supply and Cal:rin Pressure Control Section

Suit pressure increase

Cabin repressurization and emergency
oxygen valve delivery rate

Descent mode

Ascent mode

PLSS refill

Oxygen filter flow rate (from oxygen
tanJ<s)

Suit circuit minimum inflow

Cabin volume

Oxygen filter efficiency

First 1-psi increase may occur in less
than 1 second. Each succeeding 1-psi
increase occurs i.n not less than 8

seconds.

4 pounds per minute, regardless of
pressure

8 pounds per minute at 700 psia

0.91 pound/refill at 850 psia or above

Can only be partially fil1ed at lower
pressures.

7. 5 + 0.2 por.rnds per hour at 850 psia
and +20'F

Flow limiters permit sufficient flow to

maintain minimum suit circuit pres-
sure of 3.5 psia with suit circuit relief
valve failed open and with 550 psia and

+130'F at oxygen control module inlet

235 cubic feet

40 microns absolute

Table 2-42. Environmental Control Subsystem Performaace and Design Data (cont)

ENVIRONME NTAL CONTROL SUBSYSTEM

\-
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"lable 2-42. Environmental Control Subsystem Performance and Design Data (cont)

ENVIRONMENTAL CONTROL SUBSYSTEM

Oxygen Supply and Cabin Pressure Control Section (cont)

Dump valve bacteria filter efficiency

Cabin-to-ambient pressure differential

Mamal cabin pressure dump rate
(without oxygen inflow)

Number of cabin repressurizations

Cabin repressurization time

Cabin pressure switch settings

Descent oxygen tank

C apacity

Burst pressure

Ascent oxygen tanks

Capacity

Burst pressure

Gaseous oxygen pressures and
temperatures

Normal pressure (regulated)

Normal pressure (unregulated)

Removes 9570 of all bacteria larger
than 0.5 micron

5.8 psi (maximum)

One dump valve with bacteria filters
from 5.0 psia down to 0.08 psia in
4 minutes (maximum) ; without filter
in 3 minutes. Both valves without
filter in 1.. 5 minutes.

4at6.6 pounds each

= 2 minutes

When cabin pressure drops to 4.15
+ 0.15 psia, suit circuit diverter va-lve

closes, cabin repressurization and

emergency oxygen valve opens, arld

CABIN rvarning light goes on.

When cabin pressure increases to
4.45+ 0,15 psia, cabin repres-
surization and emergency oxygen
valve closes and CABIN warning iight
goes off.

When cabin pressure drops below
3.05 + 0.05 psia, the cabin fans
turn off.

When cabin pressure increases to
3.5 + 0.05 psia, the cabin fans go on.

48.01 pounds at2,850 psia and+70"F
(residual oxygen: 1.0 pound)

Approximately 4, 500 pounds

2.41 pounds (each tank) at 1, 000 psia
and 70" F (residual oxygen: 0.24 pound

for each tank)

Approximately 1, 500 psia

soo {!nsia

50 to r,000 psia
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Oxygen Supply ald Cabin Pressure Control Section (cont)

Gaseous oxygen pressures and

temperatures (cont)

Maximum pressure

Minimum pressure

Normal temperature

Maximum temperature

Minimum temperature

Leakage

Oxygen supply components

Cabin relief and dump valve

Cabin

Bypass relief va-Ive

FuIl flow pressure

Cracking pressure

Reseat pressure

Overboard relief valve

FuIl flow pressure

Cracking pressure

Reseat pressure

High-pressure regulator

Outlet pressure with primary and
secondary regulators operating
normally

1, 100 psia

5.0 psia

0' to +160'F

+160'F

-200" F

Total external leakage of all oxygen
supply componenLs, under maximum
operating pressures, does not exceed
0.005 pound per hour of oxygen.

0.005 pound per hour (maximum) for
each valve, up to 5.25 psid with in-
creasing or decreasing pressure.

0.2 pound per hour (maximum) at
5. 0 psia and +75" F

3,030 psig (minimum) at +ZSoF

2,875 psig (maximum) at+ 75oF

2,850 psig (minimum) at +7loE

1,090 psig (maximum) at+75" F

1,025 psig (minimum) at+75'F

985 psig (mini.mum) at +75'F

At inlet pressure of 1,100 to 3,000
psig and flow of 0.I ta 4,0 pounds
per hour, and in-tet pressure of
975 to I,100 psig arrd flow of 0. l-
pound per hour wiII regulate to:

'Iable 2-42, Environmenta-I Control Subsystem Performance and Design Data (cont)

ENVIRONMENTAL CONTROL SUBSYSTEM
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"Iable 2-42, Environmental Control Subsystem Performance and Design Data (cont)

ENVIRONMENT L

Oxygen Supply and Cabin Pressure Control Section (cont)

Normal downstream lated nressure (osis)

Temp Minimum
Pressure

Maximum
Pressure.F

0

75

150

875

875

860

975

960

945

Downstream regulated pressure with a failed open primary

Temp

"F
Minimum
Pressure

Maximum
Pressure

0

75

150

875

875

860

975

960

945

Downstream regulated pressure with a failed open secondary
regulator (psig)

Temp Minimum
Pressure

Maximum
PressureF

0

75

150

875

8?5

860

975

960

945

Water Management Section

Pressure upon expulsion of all
expellable water

Ascent water tarks

Capacity

Initial fill pressure

Expulsion efficiency

Pressure upon erpulsion of all
expellable water

Descent water tark

Capacity

Initial fill pressure

Expulsion efficiency

48. 2 psia (maximum) at + 80' F

With initial fill pressure, 98/6

(minimum) of quantity loaded,
down to 100 pounds (minimum)

48. 2 psia (maximum) at +80" r'

With initial fill pressure, 98(/6

(minimum) of quantity loaded,
down to 20 pounds (minimum) in
each tank

11.0 psia (minimum) at +35"F

367 porinds

47.5 pounds each

11.0 psia (minimum) at +35.F
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Water Management Section (cont)

Exterrral leakage

Normal mode (exclusive of sub-
limator in HTS primary loop)

Redundant mode (exclusive of sub-
limators in HTS secondary loop)

Sublimators in HfS primary loop

Sublimators in HTS secondary loop

External -to-internal leakage
ground service disconnects

Pressure regulator discharge
pressure

PLSS refill (each)

0.70A cc/hr of water (maximum) at
50 psid and +70'F

0.350 cc/hr of water (maximum) at
50 psid and +70'F

0.090 cc/hr of water (maximum
combined) at 6.5 psid and+70'F

0.090 cc/hr of rvater at 6.5 psid
and +70"P

_)
1 x 10 " scc/hr of helium (maximum
each) at internal pressure of 500

microns and in helium ambient of t4.7
psia and +70"F

0.5 to 1.0 psi above ARS gas pressure

9. 15 pounds of s,ater

Heat Transport Section

Coolant

Coolant slush point

External leakage

Prlmary coolant loop

Secondary coolant loop

Coolant pump pressure rise

Coolant pump bypass relief valve

Cracking pressure

Full open pressure

Reseat pressure

Solution of ethylene g1yco1 and rvater
(3596 and 657c, respectively, b1'

weight) with inhibitors (triethanolamino
phosphate. to prevent decomposir-ou :

sodium mercaptobenzothiozoi, to ple-
vent electrolytic corrosion)

Approximately 44 pounds of coolant is
used in HTS.

-3'F

-Ll.215 x 10 'cc/sec o[ helium
(maximum) at 45 psid and +70o F

'I 
. 0 x t0-4 cc/sec of helium

(maximum) at 45 psid and +7ff F

30 psi minimum at 32.F and flow rate
of 222 pormds per hour

33 psi to 36 psi

39 psi

1 psi less than cracking

TabIe 2-42. Environmenta-1 Control Subsystem Performance and Design Data (cont)

ENVIRONMENTAL CONTROL SUBSYSTEM

1

L

Page 2.6-54 Mission LM 3 Basic Date 1 Januarv 1968 Change Date



LMA7gO-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

2.6.6

Table 2-42. Environmental Control Subsystem Performance and Design Data (cont)

OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for the ECS are as follows:

The suit fans and cabin fans must be operated at a reduced voltage of 12 to 15
volts dc in earth ambient pressure, to prevent damage to the motors.

The glycol pumps must be operating before water from the WMS or water
separators is permitted to flow to the sublimators. Sublimator requires
minimum heat load to prevent freeze up.

The HTS must be stabilized at operating temperatures before IMU or LM
guidance computer operation, to prevent erroneous and changing operation
during temperature cycling resulting in invalid outputs.

One suit fan must be on when the astronauts are on LM ECS.
not be reconditioned leading to possible loss of consciousness.

Atmosphere will

The LioH cartridge of the primary canister must be replace{ with a new car-
tridge when carbon dioxide partial pressure, as indicated on the PART PRESS
co2 indicator, reaches 7. 6 mm Hg. carbon dioxide level must be maintained
below maximum acceptable partial pressure.

a

a

a

a

Heat Transport Section (cont)

Coolant temperatures

Florv into primary sublimator

Florv out of sublimator

Florv into secondary sublimator

Fior,v out of sublimator

Vacuum fill requirements

Primary and secondary coolant
filters

Efficiency

Blpass valve operating pressure

Coolant flow

Primary coolant ioop

Secondary coolant loop

Cold plates

Coolant inlet operating
temperature

Coolant inlet operating pressure

Coolant inlet operating flow

110" F (ma-ximum)

29' to 36'F

60.1 (minimum)

47" F (maximum)

HTS withstaads internal pressure of
500 microns in sea-level ambient
pressure environment.

35 microns absoiute

0.4 psid

222 pounds per hour (minimum)

222 pounds per hour (minimum)

-32" to -100'F

5 to 45 psia

12 to 85 pounds per hour, depend-
ing on coid piates size

ENVIRONMENTAL CONTROL SUBSYSTEM
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The cabin fans must be furned off when cabin pressure drops below 3.8 psia or
fans may overspeed and burn up.

A minimum total heat load of 11200 Bta/hr must be maintained when the primary
water feed is on; otherwise sublimator may freeze and rupture, rendering the
primary coolant loop inoperative. The heat loads result from crew activity,
LiOH reaction, structural load, and equipment and battery heat loads.

The temperature of the coolant flow to temperature-critical electronics must
not exceed +50"F. Overheating may result and lead to degraded performance
of critical equipment.

A minimum total heat load of 500 Btu/hr must be maintained when the secondary
water feed is on; otherwise, the sublimator may freeze and rupture, rendering
the HTS inoperative.

TELEMETRY ME ASUREMENTS

The ECS telemetry data are given in table 2-47. "(R)" in the "Telemetry Range"
column signifies a real-time telemetry measurement. ReaL-time telemetry points are
shown in figures 2-1t8, 2-122, 2-L26, and2-129. For Dtr"I telemetry code numbers,
refer to table 2-64. For all ECS signals that require conditioning, refer to tables 2-57
and 2-58.

Table 2-47. Environmental Control Subsystem - Telemetry Measurement

ENVIRONMENTAL CONTROL SUBSYSTEM

a

a

2.6 .7

Code Description Telemetry Range Display Range Crew Dispiay

GF1071R

GF1O72R

GF1083X

GF1083X

GF1084X

GF1084X

GF1087X

GF1111R

GF1112R

GF1191R

GF1192R

GF1201X

GF1202X

Prime suit compressor
t:ate

Spare suit compressor
rate

Prime suit compressor
failure

Prime suit compressor
failure

Spare suit compressor
failure

Spare suit compressor
failure

Selected suit compressor
failure

Hzo
rate

Hzo
tate

separator No. 1

separator No. 2

Cabin fan No. 1 rate

Cabin fan No. 2 rate

Suit No. 1 inlet VPI
closed

Suit No. 2 inlet VPI
closed

14,000 to 30,000 rpm

14,000 to 30,000 rpm

Contact closure

Contact closure

500 to 3,600 rpm

500 to 3,600 rpm

4,300 to 14,300 rpm

4,300 to 14,300 rpm

Contact closure(R)

Contact closure(R)

None

None

None

ECS caution light

None

SUIT FAN warning light

SUIT FAN component
caution light

None

None

None

None

None

None
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Table 2-47. Environmental Control Subsystem - Telemetry Measurement (cont)

ENVIRONME IITAL CONTROL SUBSYSTEM

L

L

Code Description Telemetry Range Display Range Crew Display

GF1211X

GFt212X

GF1221X

GF1231X

GF1232X

GF1241X

GFL242X

GF1261P

GF7262P

GF1281T

GF1281T

GF1291T

GFt29.2A

GF1301P

GF1521P

GF1521P

GF1521P

GFT522P

GF1651T

GF1651T

GFr.681T

GF17O1T

GF2O11R

Suit pressure relief
VPI closed

Suit pressure relief
VPI open

Suit diverter VPI
closed

Cabin gas return VPI
closed

Cabin gas return VPI
open

coz
SEC

coz
SEC

Hzo
AP

Hzo
AP

cartridge in
position

cartridge in
position

separator No. 1

separator No. 2

Suit inlet temperature

Suit inlet temperature

Suit No. 1 outlet
temperature

Suit No. 2 outlet
temperature

Suit outlet pressure

CO2 partial pressure

CO2 partial pressure

CO2 partial pressure

CO2 partial pressure

Cabin temperature

Cabin temperature

Suit compressor
discharge temperature

Suit heat exchanger
02 outlet

Coolant pump No. 1

rate

Contact closure(R)

Contact closure(R)

Contact closure(R)

Contact closure(R)

Contact ciosure(R)

Contact closure(R)

C ontact closure

0 to 1.5 psid

0 to 1.5 psid

+ 20" to +120"F (R)

+40" to +100'F

+20" to +120'F

+20" to +120'F

0 to 10 psia (R)

0 to 30 mm Hg (R)

7.6 mm Hg

0to30mmHg

+20" to +120'F (R)

+40. to +100.F

0" to +200'F

+20' to 120'F

2,000 to 6,000 rpm

+40" to +100'F

0 to 10 psia

0to30mmHg

+40' to +100"F

+40" to +100.F

None

None

None

None

None

None

CO2 component caution
Iight

None

None

SUIT TEMP indicator

None

None

SUIT PRESS indicator

None

CO2 component caution
light

ECS caution light

PART PRESS CO2

indicator

CABIN TEMP indicator

None

None

None
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Code Description Telemetry Range Display Range Crew Display

GF2O12R

GF2013R

GF2021P

GF2041X

GF2041X

GF2521T

GF2571T

Gv2627T

GF2681T

GI.2747P

GF2781T

GF2841T

GF2871T

GF2927P

GF2935X

GF2936X

GF3071X

GF3072X

GF3073X

GF3074X

GF3571P

Coolant pump No. 2 rate

Coolant pump No. 3 rate

Primary coolant pump AP

Coolant accumulator fluid
low level

Coolant accumulator fluid
low level

Main sublimator coolant
inlet temperature

Redundant sublimator
c oolant outlet temperature

Cabin heat exchanger
coolant inlet temperature

Temperature coolant up-
stream of critical elec-
tronics (GF9998U)

Primary pump discharge
pressure

Regenerative heat ex-
changer coolant outlet
temperature (hot)

Regenerative heat ex-
cha.nger coolart inlet
temperature (hot)

Cabin heat exchanger
coolant outlet tempera-
ture

Redundant pump discharge
pressure (GF9997U)

Selected coolant pump
failure

Selected coolant pump
failure

PRESS REG A valve
Iocked closed

PRESS REG A valve
open position

PRESS REG B valve
locked closed

PRESS REG B valve
open position

Catrin pressure

2,000 to 6,000 rpm

2,000 to 6,000 rpm

0 to 50 psid (R)

Contact closure(R)

Contact closure

+20' to +120"F

+20'to +120"F

+20o to +120'F

0o to +200"F

0' to +200'F

+20' to +120"F

Contact closure

Contact closure

Contact closure(R)

Contact closure(R)

Contact closure(R)

Contact closure(R)

0 to 10 psia (R)

0' to +200"F

0 to 60 psia

0 to 60 psia

GLYCOL caution light

None

None

None

None

0 to 80 psia

None

None

None

ECS caution light

None

None

0 to 10 psia None

None

None

None

None

None

None

None

GLYCOL pressure
indicator

GLYCOL PUMP com-
ponent caution light

l

Table 2-47. Environmental Control Subsystem - Telemetry Measurement (cont)

AL CONTROL SUBSYSTEM

L

I
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Table 2-47. Environmental Control Subsystem - Telemetry Measurement (cont)

ENVIRONMENTA L CONT ROL SUBSYSTEM

Code Description Telemetry Range Display Range Crew Display

GF3572P

GF3582P

GF3582P

GF3582P

GF3583P

GF3583P

GF3583P

GF3584P

GF3584P

GF3584P

GF3585T

GF3586T

GFS587T

GF3589P

GF3591P

GF3592P

GF4101P

GF41O2P

GF4511T

Cabin pressure

Cabin repressurization
and emergency oxygen
valve electrically open

Cabin repressurization
arrd emergency oxygen
valve electrically open.

No. 1 Ascent oxygen
tank pressure

Ascent oxygen tank No. 1

pressure

Ascent oxygen tank No. 1

pressure

Ascent oxygen tank No. 2
pressure

Ascent oxygen tank No 2

pressure

Ascent oxygen tank No. 2

pressure

Descent oxygen tank
pressure

Descent oxygen tank
pressure

Descent oxygen tank
pressure

Ascent oxygen tank No. 1

surface temperature

Ascent oxygen ta:ok No. 2

surface temperature

Descent oxygen tank
surface temperature

Selected oxygen supply
pressure

Safety valve No. 1

servo pressure

Safety valve No. 2

servo pressure

NI ain lvater regulator
ARS AP

Redundant water regula-
tor ARS AP

Main sublimator inlet
water temperature

0 to 10 psia

Contact closure(R)

Contact closure

0 to 1000 psia (R)

6841100 psia

\Vo to 10070

0 to 1,000 psia (R)

684 psia

0 to 854 psia

0 to 3,000 psia (R)

135 psia

o% to 1oo%

0' to +200'F (R)

0" to +200'F (R)

0' to +200' F (R)

0 to 1,400 psia (R)

0 to 25 psia (R)

0 to 25 psia (R)

0 to 2 psid (R)

0 to 2 psid

+20" to +160"F (R)

0 to 10 psia

\Vo to L001a

09; to 1oo%

o% to lool'o

CABIN PRESS indicator

None

CABIN WARNING light

None

OZ QTY caution light

02 QUANTITY indicator

None

02 QTY caution light

02 QUANIITY indicator

None

02 QTY caution light

02 QUANIITY indjcator

None

None

None

None

None

None

None

None

Mission 114 3 Basic Date 1 Januarv 1968 Change Date Page 2.6-59
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Code Description Telemetry Range Displav Range Crew Display

GF4541T

GF4561T

GF4562T

GF4563T

GF4581Q

GF4581Q

GF4581Q

GF4582Q

GF4582Q

GF4582Q

GF4583Q

GF4583Q

GF4583Q

GF8013X

GF8030X

GF8507V

GF8509V

GF9993U

GF9995U

GF9997U

Suit sublimator inlet
water temperature

Descent tank outlet
water temperature

Ascent tank No. 1 out-
let water temperature

Ascent tank No. 2 out-
let water temperature

Descent tank water
quarttity

Descent tank water
quantity

Descent tank water
quantity

Ascent tank No. 1

water quantity

Ascent tank No. 1

water quantity

Ascent tank No. 1

water quantity

Ascent tank No. 1

water quantity

Ascent tarik No. 2

water quantity

Ascent tank No. 2

water quantity

Ascent tank No. 2

water quantity

Crossover water
solenoid valve open

Primary
solenoid

'water
valve open

Cabirr pressure logic
out voltage

PRESS REG A and B
valve switch test
voltage

LiOH select/high CO2
advisory

Selected suit compres
rate

Selected pump discharge
pressure

+20" to +160'F

0' to +200"F

0' to +200'F

0" to +200"F

oTo to 10070 F)

L5.96Vo

\Vo to l001o

\Ta to l00Va

94.7 8Vo

o% to 1oo% (R)

94.7 870

o% to 1oo7o (R)

Contact closure

Contact closure

0 to 28 vdc

0 to 28 vdc

Contact closure

14,000 to 30,000 rpm

0 to 60 psia (R)

0?o lo 70OVo

07o to 1007o

jIo to l001o

OVo to t0070

07a to L00Vo

0 to 80 psia

None

None

None

None

WATER QTY caution light

H2O QUANTITY indicator

H2O QUANTITY indicator

WATER QTY cautionlight

WATER QTY cautionlight

WATER QTY caution light

\VATER QTY cautlon light

H2O QUANTITY indicator

None

None

None

None

CO2 component caution
light

None

Table 2-47. Environmental Control Subsystem - Telemetry Measurement (cont)

ENVIRONME NTAL CONTROL SUBSYSTEM

L

\-
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Tab\e 2-47. Environmental control subsystem - Telemetry Measurement (cont)

ENVIRONMENTAL CONTROL SUBSYSTEM

i

Code Description Telemetry Range Display Range Crew Display

GF9997U

GF9998U

GF9998U

GF9998U

GF9999U

GF9999U

GF9999U

JF8521V

JF8522V

JF8523V

JF8524V

JF8525V

JF8530V

JF8535V

JF8536V

Selected pump discharge
pressrire

Selected coolant loop
temperature

Selected coolant loop
temperature

Selected coolant loop
temperature

::["*O 
rvater sePeratorl

::[""u 
water separatorl

fi:""u 
water separator

Cabiro fan No. 1 voltage

Cabin fan No. 1 voltage

Cabin fan No. 2 voltage

Cabin fan No. 2 voltage

Water solenoid valve
voltage

Primary water solenoid
valve voltage

Suit fan No. 2 voltage

Suit fan No. 1 voltage

0 to 80 psia

+20' to +120'F (R)

+50"F

0" to +80'F

600 to 3,500 rpm (R)

800 rpm

0 to 15 vdc

0 to Ib VdC

0 to 15 vdc

0 to 15 vdc

-2E to +2E vdc

-28 to +28 vdc

0 [o ID VdC

0 to 15 \rdc

+20' to +120"F

+49. 98" F

0' to + 80"F

500 to 3,600 rpm

GLYCOL PRESS

indicator

None

GLYCOL caution light

GLYCOL TEMP
indicator

None

ECS caution light

H2O SEP component
caution light

None

None

None

None

None

None

None

None

Mission LM 3 Basic Date4 Change Date Page 2.6-6r/2.6-62
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2.7

2.7.t

C OMMUNICATIONS SUBSYSTEM.

INTRODUCTION. (See figure 2-131.)

The Communications Subsystem (CS) provides one of two communications links
between LM3 and the Manned Space Flight Network (MSFN) and provides the only Iink
between LM3 and the CSM. The CS described in the following paragraphs provides the
communications links during earth-orbitaL missions. Additional. government-furnished
communications and instrumentation equipment (Devetopmental Flight Instrumentation)
is included to provide flight qualification data in preparation for lunar missions. The
Developmental Flight Instrumentation (DFI) is described in subsection 2. 9.

The CS includes all S-band, VHF, and signal-processing equipment necessary to
transmit and receive voice and tracking and ranging data, and to transmit telemetry and
emergency keying. The CS interfaces with the Electrical Power Subsystem (EPS) for
a-c and d-c power requirements and with the Instrumentation Subsystem (IS) for vehicle
subsystem data, biomedical data, timing signals, and recording facilities.

Voice communications between the LM and MSFN are provided by the S-band
transmitter-receiver assemblies, and between the LM and CSM by VHF transmitter-
receiver assemblies. Communication with MSFN via VHF/AM is possible during
earth-orbital missions. Telemetry data are transmitted to MSFN via S-band and DFI
communications, with DFI being the prime mode. Prime tracking is via C-band (DFI),
with the S-band equipment providing a ranging and tracking backup. An additional
UHF receiver will be used to receive signals in a modulated serial digital format, for
ground control of selected subsystems. This receiver, the digital command assembly
(DCA), is part of the LM mission programmer (LMP). The DCA is described in
subsection 2.9. The communications links provided by the CS, and their purpose, are
Iisted in tabie 2-48.

FUNCTIONAL DESCRIPTION

Figure 2-L32 shows the voice and data links with related operating frequencies, used
for in-flight communications. The DFI communications links (IS) are also incLuded to
illustrate total communication capability.

Voice Operation.

Al1 voice comrnunications are accomplished through the astronaut's microphone
and headset equipment. Voice communication is used between the LM and the CSM;
between the LM and MSFN; between the LM, CSM, and MSFN (conference); and between
the astronauts.

Each astronaut has an audio center subassembly (part of the signal-processing
assembly), which serves as the common acquisition and distribution center for his
voice communications. Each astronaut controls audio volume to his headset with his
VOLUME thumbwheels (panel 8 or 12). Depending on the selected mode of operation,
voice is transmitted to MSFN or the CSM, or stored on tape in the data storage elec-
tronics assembly (DSEA) of the IS.

Voice transmission is initiated with any one of four push-to-taik (PTT) switches
(one on each of the two electrical umbilicals and two attifude controller assemblies) or
the voice-operated relay (VOX) circuit. In addition, a hot-microphone capability exists
for intercom on1y. The PTT switches on the electrical umbilicals can also be used as
keying switches for emergency key transmission.

2.7.2

2.7.2.t

COMMUNICATIONS SUBSYSTEM
Mission LM 3 Basic Date 1 Januarv 1968 Change Date
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Linl< Mode Band Purpose

MSFN-LM-MSFN

LM-MSFN

LM-CSNT

CSM-LM.MSFN

MSFN-LM

LM_MSFN

LM-MSFN-CSM

LM-EVA-LM

EVA-LM-MSFN

EVA-LM-CSM

CSM-MSFN_
LM-EVA

Pseudorandorn noise

Voice

Voice

Voice

Low-bit-rate telemetry

Voice

Biomed-PCM telemetry

Voice

Voice and data

Voice and data

Voice and data

Voice and data

S-barrd

S-band, \rHF
(optional)

\lHF simplex

\rHF and S-band

VHF (one rvav)

S-band, VHF
(optional)

S-band

S-band or VHF

\IHF duplex

\rHF, S-band

VIIF duplex

S-band, VHF

Ranging and tracking

In flight communications

In-fl ight communic ations

Conference (with LM as

relav)

Record and retransmit to
earth

In-flight communic ations

h-fl ight communications

Conference (with earth
as relay)

EVA direct communica-
tions

Conference (with LM as
relay)

Conference (with LM as
relay)

Conference (via MSFN-
LM relay)

2.1.2.2

Table 2-48. Communications Linl<s

Two types of voice communication are used in the CS: S-band and VHF. A11 voice
links are line-of-sight (LOS); both ends of the communications path must be in
unobstructed line of sight to each other.

DATA OPERATIONS

LM 3 has transducers that sense physical data from all subsystems and convert
the data into electrical outputs acceptable to the DFI or IS. Biomedical (biomed)

analog data from sensors worn by the astronauts are also transmitted to MSFN, in
pulse-code-modulation (PCM) form. These data are also processed through the IS
ANd DFI.

The IS processes signals supplied by the transducers, converts them to digital form,
and routes them serially to the CS for transmission to MSFN or the CSM. These data,
in PCM form, are transmitted at one of two data rates: 51,200 bits per second (high bit
rate) or 1,600 bits per second (low bit rate). Transmission to MSFN is accomplished
via the S-band FM and PM transmitters at either data rate. The PCM data are also
transmitted to the CSM via the 259.7-mc transmitter in the CS during loss of LOS
between the LM and MSFN, at the low bit rate on1y. The CSM records these data for
retransmission to MSFN, at a later time.

The DFI also provides data transmission to MSFN, via five VHF/FM transmitters
during earth-orbital missions.

COMMUNICATIONS SUBSYSTE M
Mission LM 3 Basic Date 1 January 1968 Change Date 2.1-3
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2.7.2.3

tM MrSS|ON PROGRAMMER UPUNK (450 MC)

300r.M3-95

Figure 2-132. In-Flight Communications

Ranging and Tracking.

LM 3 ranging and tracking equipment enables MSFN to accurately determine the
angular position and range of the LM. Two methods are used: C-band tracking (DFI)
and S-band tracking.

The S-band transponder is used primarily during deep-space missions; for earth-
orbital missions, it is used as backup for the C-band (DfI) transponder. The S-band
transponder receives coded pseudo-random noise (PRN) signals from MSFN. These
signals are routed to the selected PM transmitter for in-phase-coherance transmission
back to MSFN. S-band transmission is at 2282.5 mc; reception at 2101.8 mc.

The tracking and ranging function uses the doppler frequency shift caused by LM
high velocity rates, to track the LM. The coded PRN signal transmitted by MSFN is
received by a receiver with a phase-Iocked loop, and retransmitted to MSFN. The
retransmitted signal received by MSFN is compared with the originally transmitted
signal. Basically, range is determined by the time it takes for the signals to travel
frorn MSFN to the LM and back to MSFN. Once the range has been established
accurately by the PRN rcode, the code is discontinued and range is updated continually by
the doppler technique. The phase-locked loop in the LM receiver ensures accuracy of
the tracking signals (doppler) by comparing the phase of the received signal with the
phase of a local-oscillator output in the detector stage. (See figure 2-135. ) The output
voltage of the detector, which is proportional to the phase difference between the two
signals, is applied to the local oscillator. This signal is applied as a control voltage

COMMUNICATIONS SUBSYSTEM
Basic Date 1 Januarv 1968Page 2.7-4 Mission LM 3 Change Date
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2.7.2.4

2.1.3

2.7 .3.r

2.7.3.t.t

to alter the local-oscillator frequency to bring it in phase with the received MSFN
signal.

Subsystem Operation.

The normal switch and circuit breaker positionsfortheoperational communications
modes are listed in table 2-49. If a switch or circuit breaker is not listed for a
particular mode, that mode is not influenced by that switch or circuit breaker. The
switch positions listed are for prime positions. In some cases, more than one position
functions as a prime position; all such positions are indicated.

MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

The CS is divided into three groups: RF electronic equipment, signal-processing
assembly (SPA), and antenna equipment. The items included in each group are listed
in table 2-50.

RF Electronic Equipment.

The RF electronic equipment includes aII subsystem equipment required for
transmission and reception of audio, PRN, and telemetry data. The antennas mentioned
in the discussion of the RF electronic equipment are covered in paragraph 2. ?.3.3. The
CS can transmit video, but this function is not used in LM 3.

S-Band Transmitter-Receiver Assembly. (See figure 2-133. )

The S-band transmitter-receiver assembly provides deep-space and earth-orbital
communications between the LM and MSFN. S-band communications consist of voice
and PRN transmission from MSFN to the LM, and voice, PRN turnaround, biomed, and
subsystem data transmission from the LM to MSFN. The prime function of the S-band
transmitter-receiver assembly is to provide deep-space communications. However, it
is used during earth-orbi;al missions as backup for DFI equipment that provides voice,
telemetry, and tracking communications, if theLM is within range of MSFN stations
equipped for S-band communications.

The S-band transmitter-receiver assembly consists of two identical phase-locked
receivers, two phase modulators with driver and multiplier chains, and a frequency
modulator, The receivers and phase modulators provide the ranging, voice, emergency-
keying, and telemetry transmit-receive functions. The frequency modulator is provided
primarily for video transmission, but also accommodates PCM telemetry (subsystem
data), biomed, and voice transmission. The frequency modulator does not accommodate
PRN data or emergency keying, because PRN data and video use the low end of the
baseband generated in the SPA (thereby occupying the same spectrum), and emergency
keying is routed only to the PM transmitters. Therefore, the frequency modulator
provides limited backup for both phase moduLators. The operating frequencies of the
S-band equipment are 2282.5 mc (transmit) and 2101.8 mc (receive).

Ranging and tracking is accomplished by phase-modulating the transmit carrier with
the PRN ranging code, at MSFN. This signal, detected by the LM S-band receiver, is
used to phase-modulate the carrier transmitted to MSFN. MSFN receives the carrier
and measures the time that elapsed between transmission of the original signal and
reception of the response, thereby obtaining an aecurate measurement of range. Once
these measurements are established, the range of the LM can be updated continuously
at MSFN by a doppler technique.

COMMUNICATIONS SUBSYSTEM
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Table 2-49. Communications Subsystem - General Switch and Circuit Breaker Configuration (cont)
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Switches and Circuit Breakers
S-Band
Voice

PRN
Ranging

S-Band
Telem-

etry

Hard-
Iine

Biomed

S-Band
Voice
(BU)

Emer-
gency
Key TV

High-
Power
S-Band

S-Band
Steerable
Antenna

VHF A
Sim-
plex

VHF B
Sim-
plex

VHF B
Ielem-
etry

VHF
A/B
Duplex

Panel 12 (COMMUNICATIONS)

MODULATE switch

)aNtTR/RCVR switch

PWR AMPL switch

VOICE FUNCTIONS switch

PCM FUNCTIONS switch

RANGE FUNCTIONS switch

VHF A )C\{TR switch

VHF A RCVR switch

VHF B XMTR switch

VHF B RCVR switch

BIOMED TELEMETRY
switch

PCM TELEMETRY switch

RECORDER switch
(See note 3.)

Panel 12 (COMMUNICATIONS
ANTENNAS)

VHF selector switch

S-BAND selector swilch

PM or
FM

PRIM

OFF

VOICE

1or2

PRIM

OFF

VOICE
or OFF

RANGE

Lor2

PM PM or
FM

PRIM

OFF

PCM

HI or
LO

t ot2

PRIlVI

OFF

LEFT
OI

RIGHT

7 or2

PM
FM

or

PRIM

OFF

VOICE
BU

oFF/
RESET

Ior2

PM

OFF

PRIM

OFF

OFF

KEY

oFF/
RESET

Ior2

PM

IPRIM

Iuu

Fv/
CWEA
ENABLE

1 or2

IFM PM or
FM

PRIM

PRIM

7 or2 SLEW

1,/PLSS
TEST
or2

ON

ON

OFF

OFF

OFF

OFF

VOICE

ON

1/PLSS
TEST
or2

DATA

OFF

1,/PLSS
TEST
or2

LO

ON

OFF

VOICE

ON

1/PLSS
TEST
o'r 2



PRN
Ranging

S-Band
Telem-

etry

Hard-
line
Biomed

S-Band
Voice
(BU)

Emer-
gency
KeySwitches and Circuit Breakers

S-Band
Voice TV

High-
Power
S-Band

S-Band
Steerable
Antenna

VHF A
Sim-
plex

VHF B
Sim-
plex

VHF B
Telem-
etry

VHF
A/B
Duplex

Panel 12 (COMMUNICATIONS
ANTENNAS) (cont)

TRACK MODE switch
(See note 4.)

Circuit Breaker Panel 11

AC BUS B: S-BD ANT
(See note 4. )

SEC S-BD )O\,TTR/

COMM: SEC S-BD PWR
AMPL (See note 5.)

COMM: VHF A RCVR

COMM: VHF B XMTR

COMM: CDR AUDIO

Circuit Breaker Panel 16

COMM: SE AUDIO

COMM: VHF A )O\4TR

COMM: VHF B RCVR

COMM: PRIM S-BD PWR
AMPL (See note 5. )

COMM: PRIM S-BD
>Ai/ITR/RCVR

COMM: S-BD ANT
(See note 4. )

YAW control

PITCH control

COMM
RCVR

OFF

Open

Open

Open

Closed

Closed

Open

Closed

Open

Closed

OFF

Open

Open

Open

Open

Open

Open

Open

Open

Open

Closed

Open

OFF OFF

Open

Open

Open

Closed

CIosed

0pen

Open

Open

Open

Closed

CIosed

Open

Closed

Open

OFF OFF

Open

Open

Open

Open

Closed

Open

Open

Open

Open

Open

Closed

Open

OFF

Open

Closed

Closed

Open

Open

Open

SLEW or
AUTO

-75 
o to

zi)i,

-75o to
75 0

Closed

Closed

CIosed

Open

Open

Open

Closed

Open

Closed

Closed

CIosed

Open

Open

Closed

Closed

Closed

Open

Closed

Closed

Closed

Closed

Closed

CIosed

Closed

Closed

Table 2-49. Communications Subsystem - General Switch and Circuit Breaker Configuration (cont)
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Switches and Circuit Breakers
S-Band
Voice

PRN
Ranging

S-Band
Telem-

etry

Head-
line

Biomed

S-Band
Voice
(BII)

Emer-
gency
Key TV

High-
Power
S-Bancl

S-Ilan d
Stccr:'llb le
Antenn:r

VHF A
Sim-
plex

VHF I]
Sim-
p lex

V]]IT R
Telem-

etry

V}IF
Ai rl
Duplex

Circuit Breaker Panel 16
(cont)

Push-to-Talk (PTT) Switches
(See note 6. )

CommanderIs attitude
controller assemblv PTT
switch

LM Pilotts attitude
controller assen-rb1y PTT
switch

Commanderrs electrical
umbilical PTT switch

LM Pilotts electrical
umbilical PTT switch

COMM: DISP

COMM: PMP

COMM: TV

Closed

Closed

Open

Closed

Closed

Closed

Closed

Closed Closed Closed

Closecl

Closed

Closed

Closed

Clos ed

Closed

Cl osed

CIosed

Open

Closed

Closecl

Open

Closed

PTT
switch
used
AS

keyer

PTT
switch
used
AS

keyer

Irr

-f
I

TahLe 2-49, Commrmicatlons Subsystem - General Switch and Circuit Breaker Configuration (cont)
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LMA79O-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

NOTES:

1 The normal positions for switches on the AUDIO portion of panels 8 and 12 for relay
modes, are as follo'rri,s:

o CSM-LM VHF A simplex, relayed to MSFN vi.a S-band

Panel 8:

RELAY ON switch - RELAY ON
VHFAswitch-T,/R
VHFBswitch-OFF
S-BAND T/R switch - OFF or S-BAND RCV
voX switch - ICS/)O4TR

Panel 12:

REI"AY ON switch - RELAY OFF
VHF A switch - OFF or RCV
VHFBswitch-OFF
S-BAND T/R switch - S-BAND T/R
VOX switch - ICS/)01TR

- or-

Panel 8:

RELAY ON switch - RELAY OFF
VHF A switch - OFF or RCV
VHFBswitch-OFF
S-BAND T,/R switch - S-BAND T/R
VoX switch - ICS,/XMTR

Pane1 12:

RELAY ON switch - REI"AY ON
VHFAswitch-T/R
VHFBswitch-OFF
S-BAND T,/R Switch - OFF oT S-BAND RCV
VOX switch - ICS/)C\ITR

EVA-LM VHF A/B duplex, relayed to MSFN via S-band (assuming the remaining
astronaut is at the Commanderrs flight station)

Panel 8:

VOX switch - ICS,/XMTR
RELAY ON switch - RELAY ON
VHFAswitch-OFF
VHFBswitch-OFF
S-BAND T/R switch - OFF
AUDIO CONT switch - BU

Panel 12

RELAY ON switch - RELAY OFF
VHFAswitch-T/R
VHFBswitch-RCV
S-BAND T/R switch - S-BAND T/R
VOX switch - ICS/XMTR

- or-

Table 2-49. Communications Subsystem - General Switch and Circuit Breaker Conliguration (cont)

L

L

COMMUNICATIONS SUBSYSTEM
Page 2.7-10 Mission LM 3 Basic Date 1 January 1968 Change Date



LMA7gO-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

NOTES

l- Panel 8:
(cont)

AUDIO CONT switch - NORM
RELAY ON switch - RELAY OFF
VHFAswitch-T/R
VHFBswitch-RCV
S-BAND T/R switch - S-BAND T/R
voX switch - ICS/)oITR

Panel 12:

RELAY ON switch - RELAY ON

VHFAswitch-OFF
VHFBswitch-OFF
S-BAND T/R switch - OFF
VOX switch - ICS,/)C\4TR

2 The Commanderrs and LM Pllotts VoX switches must be set to ICS,/)C\{TR when combined

VHF and S-band equlpments are used (relay operation). The ICS position provides hot-
microphone capabilities on intercom.

The setting of the RECORDER switch does not affect any operational mode setting. The

switch may be set to ON rvhen audio transmission to MSFN cannot be accomplished.

4

6

Normally, the S-band steerable antenna is not used on LNI 3.

Norma11y, the S-band power amplifier is not used during this mission.

PTT override exists for all VOX modes. In the emergency-keying mode, only one

astronaut should key at a time.

fabls 2-49. Communications Subsystem - General Switch and Circuit Breaker Configuration (cont)

Table 2-50. Communications Subsystern - Equipment Groups

Group Con-rponent

RF electronic equipment

Signal-processing assembly

Antenna equipment

S-ba-nd transmitter-receiver assembly

S-band power amplifier

S-band diplexer arid RF switch

VHF tralsmitter-receiver assembly

VHF diplexer and RF switch

Premoduiation proces sor

Audio centers

S-band in-flight antennas

S-band steerable antenna

VHF in-flight antennas

COMMUNICATIONS SUBSYSTEM
Basic Date 1 January 1968 Change Date Page 2.7-L1
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PSEUDORANDOM NOISE

I 5,AAND

<I VDC
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ANTENNA
NO. 2

IN-F[IGHT

ANTENNA
NO. r

../@",,
( sEc

MANUAT
POStIlON

MANUAT POSITION

OFF
sEc PRIM

":___<VOICE

SPATO
OFF

sEc SLEW

TUNAR

STAY

ERECTABI.E

ANTENNA

STEERABTE

ANTENNAT---

VOICE, DATA,

BIOMED

FROM sPA

VOICE, DATA,

5 AMP r coMM i D-C POWER

rEvEts To Arr
IRANSMITTER-

RECEIVER sTAGEs

AGC SAMPTE

OF S.BAND

RECEIVER

IN USE

lt5 vAc,
400 cPs

28 VDC
FROM

IMP'S BUS

VOICE, DATA,

28.VDC BUS

BIOMED

FROM SPA

VIDEO

stGNAtS

CDR'S

28-VDC BUs

PRIM

OFF

sEc

BIOMED

FROM SPA

L-
I.MP'S

K)l

-1
I@"., -------

src

5EC

(REMOTE TURN.

oN CoNTROL)

OFF

q
o sEC

o

I

J
Figure 2-133. S-Band Transmitter-Receil'er Assembly - Block Diagram
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APOLLO OPERATTONS IANDBOOK
SUBSYSTEMS DATA

2-7.3.t.2

The frequency modulator (figure 2-134) uses a voltage-controlled oscillator (VCO),

operating at 76 mc, as the basis of its RF circuit. The FM transmitter is modulated by
an input within a 10-cps to 1.5-mC range. A portion of the VCO output is routed through
a series of frequency divider networks that reduce the frequency to 9.2 kc. This
frequency is compared to the output (also reduced to 9.2 kc) of a 4.7-mc crystal oscil-
lator, in a phase detector. The two inputs to the phase detector are normally 90o out
of phase. The phase difference is represented as a voltage at the phase detector output
and is used to control VCO frequency stability. The frequency modulator output is then
supplied to the selected driver and multiplier chain for transmission through the S-band
power amplifier, diplexer, and selected S-band antenna to MSFN.

The phase modulator (figure 2-134) uses the output of the 19-mc VCO in the S-band
receiver as the basis of its RF circuit. The VCO output is multiplied to approximately
76 mc in the receiver and routed to the phase modulator, where it is modulated by
wide- or narrow-band information supplied from the SPA or by the PRN signal received
from MSFN. The ?6-mc carrier is then routed through a series of multipliers and
drivers, where it is multiplied to the transmit carrier frequency (2282.5 mc\.

The prime purpose of the phase modulator during deep-space missions is to provide
a1l in-flight and lunar-stay communications with MSFN. The prime purposes during
earth-orbital missions are transmission of voice, backup tracking and ranging, PCM,
and biomed data telemetry.

The S-band receivers (figure 2-135) receive voice and coded PRN signals from
MSFN. One receiver serves as backup for the normally used unit. TheS-bandreceivers
receive a phase-modulated, 2101.8-mc carrier from MSFN. The output of a 19-mc
VCO is routed through a chain of multiptier stages, where it is multiplied to 2054.3 mc,
and heterodyned with the input carrier to obtain an output frequency of 47.5 mc from the
first mixer. The first mixer output is mixedwith 3B mc, provided by the VCO through
a multiplier stage, yielding a second intermediate frequency of 9.5 mc. The second
IF provides several narrow-band outputs, including automatic gain control (AGC) to the
first IF, tracking AGC (,rsed to position the steerable antenna), a signal-strength signal
to the SIGNAL STRENGTH indicator (pane1 12), and AGC-monitoring and static phase
error signals that are supplied to the IS, where they are processed for subsequent
telemetry transmission. The wide-band signal outputs include voice (routed to the SPA)
and the ranging signal (routed to the S-band phase modul.ator).

A secondary function of the S-band receiver is to provide an output for use as the
exciter frequency for the phase modulators. The 19-mc VCO output is routed through a
chain of rnultiplier stages, where it is multiplied to 76 mc for use by the phase
modulators.

S-Band Power Amplifier. (See figure 2-136. )

The S-band power amplifier amplifies the S-band transmitter output when additional
transmitted power is required. This assembly consists of two amplitrons, an input and
an output isolator (ferrite circulators), and two power supplies, all mounted on a
common chassis, The RF circuit is a series interconnection of the isolators and
amplitrons. The amplitrons (which are characteristic of saturated, rather than linear,
amplifiers) have broad bandwidth, high efficiency, high peak and average power output,
but low gain. The normal modes of S-band communications for LM 3 do not require
using the S-band power amplifier.

The isolators protect both amplitrons and both S-band transmitter driver and
multiplier chains. The isolators exhibit a minimum isolation of 20 db and a maximum
insertion loss of 0.6 db.

COMMUNICATIONS SUBSYSTEM
Mission LM 3 Basic Date l Ja*ary 1968 Change Date_
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Figure 2-L34. S-Band Transmitter - Block Diagram
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2.7.3.1.3

2.7.3.1.4

Each amplitron is supplied by its own power supply. One amplitron is designated
primary; the other, secondary. OnIy one amplitron can be activated at a time.
Selection is made with the PWR AMPL switch (panel 12). When neither amplitron is
selected, a feedthrough path through the power amplifier is provided, with an

insertion loss of 3.2 db, maximum (feedthrough mode),

When an amplitron is selected, 28 volts dc is supplied to its associated power

supply. When 0.?5-watt RF power is supplied to the power amplifier input from an

S-band transmitter driver and multiplier stage, the minimum output RF power is 18.6

watts through the primary stage or 14.8 watts through the secondary stage at the

2282.5-mc transmit frequency. The slighfly degraded power output through the
secondary stage is caused by the added attenuation of the primary stage in series with
the secondary stage.

S-Band Diplexer and RF Switch.

The S-band diplexer, connected direcfly to the output of the S-band power ampli-
fier, permits simultaneous duplex transmission and reception, using one antenna.
Insertion loss is 0.9 db (transmit) and 1.3 db (receive).

The S-BAND selector switch on the COMMUNICATIONS ANTENNAS portion of
panel 12 enables selection of either S-band in-flight antenna (omnidirectional), the
steerable antenna, or the erectable antenna (during lunar stay only). The insertion loss
of the switch, in the transmit mode of operation (2282.5 mc), is Iess than 0.2 db.

VHF Transmitter-Receiver Assembly. (See figure 2-137. )

The primary functions of the VHF transmitter-receiver assembly are to provide
voice communications between the LM and the CSM and, duri.ng blackout of transmlssion
to MSFN, to provide low-bit telemetry transmission from the LM to the CSM. This
equipment also provides extravehicular astronaut (EVA)/LM voice communications, and

reception of EVA biomed and suit data for transmission to MSFN over S-band. During
earth-orbital missions, this equipment has the capability to provide voice communi-
cations between the LM and MSFN.

The VHF transmitter-receiver assemblv consists of two solid-stage superhetero-
dyne receivers, two transmitters, a VHF diplexer, RF antenna selector switch, two
in-flight antennas and an EVA antenna (for lunar missions). One transmitter-receiver
combination provides a 296.8-mc channel (channel A); the other, a 259.7-mc channel
(channel B), for simplex or duplex voice communications. Channel B may also be used
to transmit PCM data from the IS at the low bit rate and to receive biomed and suit data
from the EVA.

The VHF transmitter (figure 2-138) derives voice modulation and carrier turn*on
control signals from the audio centers in the SPA. Carrier turn-on is initiated by the
voice-operated relay (VOX) circuit or by operation of the PTT switches. One audio
center is connected to the Commander's microphone circuit and to the modulation inputs
of the VHF transmitters; the other audio center is similarly connected for the LM Pilot.
The input to the channel B transmitter can be switched from voice to PCM transmission
by setting the VHF B XMTR switch (panel 12) to DATA. The PCM signals are generated
in the pulse-code-modulation and timing electronics assembly (PCMTEA) of the IS.
Transmitter outputs are routed to the VHF selector switch (panel 12) and to the antenna
via a diplexer that permits simultaneous operation of all VHF transmitters and
receivers on a single antenna.

Thetransmitter uses clipped-speech-type amplitude modulation and delivers a mini-
mum of 10 wattspeakand 5 watts averageRF power to the diplexer input. Audio input is
clipped and amplified by the chain of limiters and amplifiers in the modulator circuit.

COMMUNICATIONS SUBSYSTE M
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2.7.3.1.5

2.7.3.2

2.7.3.2.1

After cLipping, the input signals appear as square-wave signals, which pulse the key
amplifier circuit on and off. The resultant transmitter output is a pulse-shaped RF
signal, amplified to the minimum 10-watt peak power. The 30-kc oscillator in the
modulator continuously modulates the transmitter signal. This continuous modulation
sustains the peak RF power output during pauses in speech, thereby maintaining the
LM-CSM link so that the CSM receiver continues to hold its AGC level (remains quiet)
during speech-pause periods. A 98.93-mc crystal oscillator is used as the basis of the
RF circuit in transmitter A; in transmitter B, an 86. 56-mc crystal oscillator is used.
The oscillator output frequency is tripled to the carrier frequency and is modulated by
the output of the keyed amplifier.

Channel B also provides PCM data transmission. Data inputs are clipped and
amplified in the modulator the same as audio signals. This transmitter has a voice-
data mute circuit, which is controlled with the VHF B XMTR switch.

The VHF receiver (figure 2-139) is an amplitude-modulation, fixed-tuned, single-
conversion superheterodyne receiver that uses carrier-controlled squelch. There are
two VHF receivers in the CS. The receivers can receive voice signals at 296.8 and
259.7 mc (channels A and B, respectively) and biomed and suit data from the EVA via
channel B. The frequency of a crystal-controlled-oscillator output is multiplied, and
mixed with the received VHF signal in the mixer. The heterodyned output is a 30-mc
IF signal, which is fed through a 30-mc crystal filter. The filter output is supplied to
the AGC-controlled IF amplifiers, amplified, and routed to the premodulation processor
(PMP) in the SPA. Squelch is carrier controlled and adjusted by the squetch thumb-
wheels (panel 12). During earth-orbital missions, AGC signal strength is monitored by
sampling the output of the AGC amplifier and routing this signal to the DFI for trans-
mission to MSFN via the DFI transmitters.

VHF Diplexer and RF Switch.

The VHF diplexer permits simultaneous transmission and reception, using one
antenna at two frequencies. During in-flight phases of the mission, the diplexer permits
voice transmission over one channel while reception is accommodated over the other
channel The normal LM-CSM communications mode is simplex over channel A;
channel B is used for data transmission and voice backup.

The VHF selector switch on the COMMUNICATIONS ANTENNAS portion of panel
12 enables selection of either VHF in-flight antenna (omnidirectional) or the EVA
antenna (during lunar stay). The insertion Ioss of the switch, in the transmit mode of
operation (296.8 and 259.7 mc), is less than 0.2 db.

Signal-Processing Assembly. (See figure 2-140.)

The SPA is the common acquisition and distribution point for all CS received and

transmitted data, except that low-bit-rate, split-phase data is coupled directly to VHF
B. It processes all voice and biomed signals and provides the interface between the RF
electronics and DSEA and PCMTEA. The SPA consists of an audio center for each
astronaut and a premodulation processor.

Premodulation Processor. (See figure 2-141.)

The premodulation processor (PMP) provides proper signal modulation, mixing,
and switching to ensure signal-processing in accordance with the selected mode of
operation. The PMP also permits the LM to be used as a relay station between the CSM
or EVA and MSFN.

The PMP accepts PCM nonreturn-to-zero (NRZ) data from the PCMTEA at a
rate of 51, 200 bits per second (high bit rate) or 1,600 bits per second (Iow bit rate).

COMMUNICATIONS SUBSYSTE M
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The data are routed to a biphase modulator, where the phase of a telemetry subcarrier
frequency is controlled. Each logic-level change of the PCM data changes the biphase-
modulator output 180". The biphase-modulator output is supplied to the PM or FM
mixing network, depending on the selected mode, where it is combined with other signals
processed in the PMP.

Two 512-kc clock signals are provided by the IS to the CS. The 1. 024-mc telemetry
subcarrier is generated from a 512-kc square wave (reference signal) from the pulse-
code-modulation section of the PCMTEA. This 512-kc square wave is routed to a fre-
quency doubler whose output is a 1.024-mc sine wave, phase-referenced to the PCM NRZ
data. A 512-kc square wave (sync signal) received by the PMP, from the timing elec-
tronics equipment (TE) of the PCMTEA, is supplied to a tuned amplifier that supplies a
512-mc sine wave. This 512-kc signal is added to a 113-kc signal and the result is
doubled to provide the 1.25-mc subcarrier. The biphase modulator accepts PCM NRZ
data from the IS at the high or low bit rate. The input level of the data is 6 +0.5 volts for
logic 1; 0 t0. 5 volt for logic 0. The data modulates the 1. 024-mc subcarrier. The
biphase-modulator output reflects the change in Iogic level by a 180o change in subcarrier
phase. The modulated subcarrier is routed through a L.024-mc band-pass filter to the
FM or PM mixing network.

Emergency keying is provided in the PMP by gating the 512-kc sync signal generated
from the 512-kc square-wave input from the TE, directly on the input line of the S-band
phase modulator. The PTT switch on each electrical umbilical serves as the manually
operated keyer to gate the output of the key gate circuit on and off.

Voice for S-band transmission is accepted by the PMP via a low-pass filter, which
passes 300- to 3,000-cps signals. These voice signals are passed within+l db refer-
enced to 1,000 cps; signals above 4,000 cps are attenuated at }east 20 db. The low-pass
filter output modulates the 1.25-mc subcarrier or is routed directly to the S-band phase
modulator for direct baseband modulation. The modulated 1.25-mc subcarrier is
routed through tuned, isolation, and AGC amplifiers and supplied to the PM mixer or
FM mixer.

Backup voice transmission is accommodated via S-band by routing the low-pass
filter output directly to a speech-processing network. This network provides 24 db of
speech clipping, referenced to 3,000 cps, and voice preemphasis of 6 db per octave
between 300 and 3,000 cps. The speech-processing network output is supplied direcily
to the narrow-band PM input of the S-band equipment. This mode is attained by setting
the AUDIO CONT switch (panel 8 or 12) to BU and the BIOMED TELEMETRY switch
(panel 12) to OFF.

The PMP accepts hardline impedance pneumograph biomed data from each
astronaut and, by external control, selects one of these data for S-band transmission.
The input is a 0- to 5-volt signal, at 0 to 30 cps. It frequency-modulates a14.5-kc
subcarrier oscillator, with a maximum deviation of 1 kc. The oscillator output is mixed
with voice and the composite signal modulates the 1.25-mc subcarrier in the same
manner as voice for S-band transmission, or routed directly to the PM or FM mixer for
direct baseband modulation.

Received voice signals are routed through the PMP to the microphone and headset
volume control circuits in the audio centers. The VHF channel B input has high- and
low-pass filters to separate voice and extravehicular mobility unit (EMU) data. The
PMP has a discriminator to demodulate the S-band subcarrier. The discriminator output
has a bandwidth of 300 to 3,000 cps 13 db referenced to 1,000 cps. The output is routed
to the audio centers via a low-pass filter and mixer network.
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2.7.3.2.2

2.7.3.3

The PM mixing network can process the outputs of the 1.25-mc and 1.424-mc
channels (a composite of voice, biomed data, telemetry data, and EMU data). These
outputs are then supplied to the selected S-band phase modulator for transmission to
MSFN. The FM mixing network can process the outputs of the 1.024-mc data channel
and a composite of voice, biomed data, telemetry data, and EMU data, aII on the 1.25-
mc subcarrier. These outputs are then supplied to the S-band frequency modulator for
transmission to MSFN. FM video, PM ranging, backup voice, and emergency key
signals are not processed through the mixing networks; they are supplied directly to
the proper operational modulator for baseband modulation.

Audio Centers. (See flgure 2-142.)

Two identical audio centers (one for each astronaut) in the SPA provide individual
selection, isolation, and amplification of audio signals to and from the CS transmitters
and receivers. The audio centers are controlled from the AUDIO portion of panels
8 and 12. Each audio center contains a microphone amplifier, headset amplifier, VOX
circuit, diode switches, volume control circuits, and isolation pads. The VOX circuit
can control the microphone amplifier by activating it only when required for voice
transmission.

Audio signals are routed to and from the VHF A, VHF B, and S-band equipments
and the intercommunications (intercom) bus via the audio centers. The intercom bus,
common to both audio centers, provides hardline communications between the
astronauts. Voice signals to be recorded by the DSEA are taken from the intercom bus.

Inputs and outputs are controlled by the VHF A, VHF B, S-BAND T/R, and ICS T/R
(intercom) switches on panels 8 and 12. An associated thumbwheel (volume control) for
each switch provides continuous adjustment of the received audio signal. Panels 8 and
12 also have VOX SENS and MASTER VOL thumbwheels. The VOX SENS thumbwheel
permits continuous adjustment of the VOX control circuit threshold; the MASTER VOL
thumbwheel, continuous adjustment of aII audio outputs from the headset amplifier.

Received audio signals are isolated and routed through the volume control circuits,
which provide a 35-db range at the output of the headset ampliiier. The four inputs
(S-band, VHF A, VHF B, and intercom) routed through the headset circuit have minimum
isolation of 40 db between any two inputs.

If one audio center fails, the astronaut affected by the malfunction can switch to the
other audio center, using the AUDIO CONT switch (panels 8 and 12). With the switch
set to NORM, the astronaut is using his own audio center; the BU position switches him
to the other audio center.

Antenna Equipment. (See figure 2-143.)

The CS antenna equipment consists of two S-band in-flight antennas, an S-band
steerable antenna, and two VHF in-flight antennas. For lunar missions, a high-gain,
Iunar-stay antenna for S-band communications and an EVA antenna for EVA-LM VHF
communications will be provided. The antennas used in the DFI are covered in
subsection 2.9.

2.7.3.3.t S-Band In-Flight Antennas.

The S-band in-flight antennas are omnidirectional; one is forward and one is aft of
the LM. The antennas are right-hand circularly polarized radiators that collectively
cover 9070 of the sphere at -3 db. They operate at 2282.5 t5 mc (transmit) and 2101.8
mc (receive). These antennas are the primary S-band antennas in LM 3.
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2.7.3.3.2 S-Band Steerable Antenna. (See figure 2-144.)

The S-band steerable antenna is a 26-inch-diameter parabolic reflector with a point
source feed that consists of a pair of cross-sLeeved dipoles over a ground plane. The
prime purpose of this antenna is to provide deep-space voice and telemetry communi-
cations and deep-space tracking and ranging. During earth-orbital missions, the
steerable antenna will be checked and will serve as backup to the S-band in-flight
antennas.

The S-band steerable antenna provides 150" azimuth coverage and 330" elevation
coverate. The antenna can be operated manually or automatically. The manual mode
is used for initial positioning of the antenna to orient it within + t2.5" (capture angle) of
the LOS signal received from the MSFN station. Once the antenna is positioned within
the capfure angle, it can operate in the automatic mode. Switches and indicators on
the COMMUNICATIONS ANTENNAS portion of panel 12 are used to operate the antenna.

When the S-BAND selector switch (panel 12) is set to SLEW (S-band steerable
antenna selected) and the TRACK MODE switch (panel 12) is set to AUTO, the antenna
is positioned automatically. When in the automatic mode, signals received from a
MSFN station cause the steerable antenna electronics to generate error information
relative to the angular displacement and direction of the MSFN station LOS with
respect to the existing antenna radiation axis. This information is processed and
ultimately used to operate two servomotors that drive the antenna. One servomotor is
mounted on the LM X-axis; another, on the Y-axis. Angular displacement data are
generated by shifting the received signal pattern off the radiation axis in the X-direction
and Y-direction, causing a change in strength of the received signal. If the signal
strength is increased when the antenna is shifted, the MSFN station LOS is displaced in
the shifted direction; otherwise, in the opposite direction. This periodic shifting of the
antenna permits generation of servo error signals by sampling the S-band receiver AGC
level. The sampled AGC signal is supplied to the steerable antenna electronics sub-
assembly and, through X- and Y-axis logic circuits, drives d-c servomotors to
position the antenna to obtain the maximum received-signal level.

2.7.3.3.3 VHF In-Flight Antennas

2.7.3.4

Two VHF in-flight antennas are used for VHF/AM communications. These are
right-hand circularly poJ.arized antennas that operate in the 259.7 to 296.8-mc range.
One of these antennas is on each side of the LM, near the top of the structure.

Electrical Power Distribution. (See figure 2-L45.)

The CS receives primary electrical power from the EPS. The normal d-c voltage
requirement is 28 volts, two-wire, negative ground. The required steady-state range
is 25 to 31.5 volts; the off nominal range, 20 to 32 volts for periods not exceeding 5

seconds. The CS also requires 1lO-volt, 400-cps ac for the S-band steerable antenna
electronics package.

2.1.4 FAILURE MODES

The CS failure modes and the effect on mission capability are given in table 2-51

2.7.5 PERFORMANCE AND DESIGN DATA

The performance and design data for the CS are given in table 2-52

COMMUNICATIONS SUBSYSTEM
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Table 2-51. Communications Subsystem - Failure Modes

Failure Indication Vehiele Capability
(See note 3.)

Primary S-band transceiver
failed.

S-band transceiver nonredundant
elements (power combiner diode
switch, PM control lines) faiied.

Primary S-band power: amplifier
failed (during mission phases when
additional power is required).

S-band diplexer failed"

S-band steerable antenna failed

S-band in-flight antenna failed
(steerable antenna inoperabie).

YHF transmitter and receiver A
(normal simplex operation)
failed.

VHF A transmitter (normai duplex
operation) faiied.

Absence of S-band received voice
at LM and/or received S-band
voice and data at MSFN

AiI S-band communication is lost,
regardless of transceiver in use.

Received S-band signal at MSFN
is attenuated or absent.

S-band communication is lost
regardless of S-band antenna in
use. S-BD RCVR caution light
(panel 2) and MASTER ALARM
pushbutton lights (panel 1 and 2)
go on, and SIGNAL STRENGTH
indicator (COMMUNICATIONS
ANTENNAS portion of panel 12)
reads 0.

A1l S-band communication is
lost. S-BD RCVR caution light,
MASTER ALARM pushbutton
Iights, and possibly HEATER
caution light (panel 12) go on;
SIGNAL STRENGTH indicator
reads 0.

All S-band communication is lost.
S-BD RCVR caution light and
MASTER ALARM pushbutton/tights
go on, and SIGNAL STRENGTH
indicator reads 0.

Voice communication bets,een
LM and CSI'I is Lost.

Voice communication from LM
to EYA is lost.

Secondary (backup) transceiver must
be selected by setting XMTR/RCVR
switch (panel 12) to SEC.

Evaluation of S-band link is impossible.
Voice and data communications to
CSM or MSFN may be continued via
\rHF section. Telemetry to MSFN
continues via DFI communications
link, with ranging capability via
C-band.

Secondary (backup) power amplifier
must be selected by setting PWR
AMPL switch (panel 12) to SEC.

Evaluation of S-band link is impos-
sible. Voice and data communications
to CSM or MSFN may be continued
via VHF section. Telemetry to MSFN
continues via DFI communications
link, with ranging capability via C-
band.

Either in-flight backup antenna
(No. 1 or 2)(relative to existing
vehicle orientation and MSFN LOS)
must be selected by setting S-BAND
selector switch (COMMUNICATIONS
ANTENNAS portion of panel 12) to
7or2.

Other in-flight backup antenna must
be selected by setting S-BAND
selector switch to. L or 2" Mission is
constrained to vehicle orientation
affording LOS with MSFN. (See

note 1.)

Transmitter and receiver B must be
substituted for transmitter and
receiver A with \rHF A switches OFF
and VHF B switches ON (COMMUNI-
CATIONS portion of panel l2). Data
and voice cannot be transmitted
simultaneously on VHF B.

To retain voice communications,
tralsmitter B must be substituted
for transmitter A, and receiver A
substituted for receiver B, with
VHF A and VHF B switches (COM-
MUNICATIONS portion of panel 12).
EMU data is thereby lost, and EVA
must return to LM.

L
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Failure Indication Vehicle Capability
(See note 3.)

VHF B receiver (normal duplex
operation) failed.

VHF diplexer failed.

\IHF in-flight antenna failed,

Audio center No
of SPA) failed.

I or 2 (part

Premodulation processor (PMP)
failed"

Voice and EMU data from EVA to
LM is Iost.

A11 VHF communication is lost,
regardless of artenna used.

LM-CSM or LM-EVA
communication is lost.

VHF, S-band, and intercom
audio communications control is
Iost. (See note 2.)

AII or part of S-band and/or VHF
communications capability is
lost. (See note 2.)

To retain voice communications,
receiver A must be substituted for
receiver B, and transmitter B
substituted for transmitter A, with
VHF A and VHF B switches (COM-
MUMCATIONS portion of panel 12).
EMU data is thereby lost, and EVA
must return to LM.

Mission must be constrained. LM
must communicate with CSM via
MSFN on S-band. EVA'must return
to LM immediately. (See note 1.)

Other in-flight antenna must be

selected by setting VHF selector
su'itch (CONIMUNICA TIONS
ANTENNAS portion of panel 12) to
I,/PLsS TEST or' 2. ]l ission is
constrained to vehicle olientation
that affords LOS u,ith CSNI. EVA
must return to LM immediatelv.
(See note 1.)

Other audio center must be selected
with related AUDIO CONT switch
(AUDIO portion of panels 8 and 12)

set to BU.

Mission may be constrained severely
(See note 1.) Clipped-speech S-band
voice transmission is available as
backup mode.

NOTES

1 Circumstances are dependent on mission phase at time of unit
failure.

2 Circumstances are dependent on particular component failures
within unit.

Where vehicle capability permits redundant equipment to
replace malfunctioning equipment, the operating power to the
malfunctioning unit must first be removed by opening the
related circuit breaker (panels 11 and 16).

Table 2-51. Communications Subsystem - Failure Modes (cont)
t
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Table 2-52- Communications Subsystem - Performance and Design Data

,

I

Equipment Mode (Status)

Power Requirements
Operating
FrequencyD-C Watts A-C Watts

S-band transmitter-receiver

Receiver

Transmitter

S-band pou,er amplifier and
diplexer

S-band steerable antenna

Electronics

Heaters

\IHF A transmitter

\'IIF A receiver

VHF B transmitter

VHF B receiver

Signal-processing assembly

Premodulation processor

Audio center (one)

Biomedical sensors

CS displays

TV camera

Primary or
secondary

Primary or
secondary

SIew

Auto

On

Voice

Not
transmitting

On

Voice

Data

Not
transmitting

On

On

On

PTT/keyer

On

On

On

36.0

70.0

1.4

0.7

40. 5

30.0

t.4

9a o

ol " I

3.5

1.4

4.8

3.0

3.0

6.0

0

0

,n o

4.0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2101,8 mc

2282.5 nc

296.8 mc

296.8 mc

259.7 rr'c

259 -7 mc

COMMUNICAT IONS SUBSYSTEM
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2.7.6

2.7.6.1

2.7.6.2

The operational limitations and restrictions for the CS are covered in paragraphs
2.7.6.1 and 2.7 .6.2.

Antennas,

The S-band steerable antenna is mounted on a two-degree-of-freedom gimbal.
Elevation (pitch) and azimuth (yaw) are zero when the antenna LOS is parallel to the
LM Z-axis, in a positive direction. .(See Figure 2-746.) Slewing the antenna toward the
+X-axis is positive elevation; slewing the antenna toward the +Y-axis is positive azimuth.
For elevation angles between +210 " and -20" , the antenna has complete azimuth
coverage (+75' to -75"). Elevation angles greater than +210' and less than -20" restrict
azimuth coverage because of Reaction Control Subsystem (RCS) thruster shadows.
Elevation coverage is restricted to angles between +255" and -75o because of LM
structural shadows.

The S-band in-flight antennas cover equivalent overlapping regions. The forward
in-flight antenna covers a 170" cone about a line in theX-Z plane 20" above the +Z-axis.
The rear antenna covers a 170' cone about a line in ttre X-Z plane 20o above the

-Z-axis.

a The maximum range of telemetry transmission between the LM and the
CSM is 320 nautical miles. Greater ranges will cause loss of telemetry
transmission.

The line-of-sight (LOS) range of the VHF transmitter is limited to 740
nautical miles. Greater ranges wil^l cause loss of VHF communications.

Once the S-band steerable antenna is unstowed, it cannot be stowed for
the remainder of the flight. RCS thruster interaction with the steerable
antenna may require the antenna to be re-oriented.

r 'The S-band steerable antenna provides automatic tracking when its RF
axis is aligned to within *.12.5' (capture angle) of the MSFN station LOS.
Exceeding *12.5" results in an inability to acquire the MSFN signal.

o The maximum S-band steerable antenna tracking velocity is 20"/second.

o The maximum S-band steerable antenna tracking acceleration is 60" /
second/second.

The activation time for the S-band transmitter-receiver is 30 seconds
from application of power; 5 seconds, after a change of modulation mode
(fiU to PM, or PM to FM). If this restriction is notfollowed, no S-band
communication will result until warm-up.

The warm-up time for the S-band power ampJ.ifier is 60 seconds. The
recycle time after RF interruption is 20 seconds. If this restriction is
not followed, unpredictable communications will result.

The warm-up time for the S-band steerable antenna electronics is 60

seconds. ff this restriction is not followed, no S-band communications will
result prior to warm-up.

a

o

a

o

I
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Figure 2-L46. S-Band Steerable Antenna Gimbaling

TE LEMETRY MEASUREMENTS.

The CS telemetry data are given in table 2-53. rr(R)'r in the "Telemetry Range"
column signifies a real-time telemetry measurement. Real-time telemetry points are
shown in figures 2-134 through 2-136.
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Code Description
Telemetry Range

(Nominal) Display Range

Creg,
DispLay

GTO2OlE

GTO2O2E

G"to224C

GTO225C

GTO451H

GTO452H

GTO454T

GTOSO4V

GTO6O4V

GTO6OsV

GTO662V

GT0663V

GTO664V

GTO665V

GTO992B

GTO993E

GTO994V

S-band power amplifier RF
power output

S-band power amplifier
reflected RF power

S-band power amplifier anode
current, power supply No. 1

S-ba:rd power amplifier alode
current, power supply No. 2

S-band steerable antenna
Y-axis gimbal position

S-band steerable antenna
X-axis gimbal position

S-band steerable anterxra elec-
tronics package temperature

S-band receiver AGC voltage

VIIF receiver A AGC voltage

VHF receiver B AGC voltage

Steerable antenna X-gimbal
servo output at 0'

Steerable antenna X-gimbal
servo output at 90o

Steerable antenna Y-gimbal
servo output at 0o

Steerable antenna Y-gimbal
servo output at 90"

S-band transponder static
phase error

S-band transmitter RF power

S-band receiver AGC voltage

0 to 25 watts
(18 watts) (R)

0 to 25 watts
(1 "8 watts) (R)

20 to 30 ma
(25 ma)

20 to 30 ma
(25 rna)

-75"to +255"

__o __a
-15 1o +lt)

-200o to +200" F

0 to 4.2 vdc

0.1 to 0"4 vdc

0,1 to 0.4 vdc

0 or 28 vdc

0 or 28 vdc

0 or 28 vdc

0 or 28 vdc

-15o to +15o (R)

0.5 to 1 watt
(0.75 watt) (R)

O ta 4"2 vdc (R)

-75" to +25f

__o __o
-'l b to +'/ 5

-100o to +200" F

0to5vdc

None

None

None

None

PITCH indicator
(panel 12)

YAW indicator
(panel 12)

TEMP indicator
(panel 3) and
HEATER caution
light (panel 2)

SIGNAL
STRENGTH
indicator (panel
72)

None

None

None

None

None

None

None

None

None

1i

Table 2-53. Communications Subsystem - Telemetry Measurements

L

I
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2.8

2.8.1

2,8.2

EXPLOSIVE DEVICES SUBSYSTEM.

INTRODUCTION

The Explosive Devices Subsystem (pDS) permits the astronauts to operate or enable

various LM equipment, using explosive devices. The EDS controls deployment of the

landing gear; pressurization of the descent, ascent, and reaction control propellant
tanks; venting of descent propellant tanks; and separation of the ascent and descent
stages.

There are two separate systems (A and B) in the EDS. (See figure 2-147.) The

systems operate in parallel and provide complete redundant circuitry; each system has

its own 3?.l-volt d-c battery, relays, time-delay circuits (used in staging), fuse-
resistors, buses, and explosive cartridges. This redundancy provides additional pro-
tection against EDS failures.

Two separate cartridges are provided for each EDS function. Each of the two cart-
ridges uses power from a separate ED bus and can perform its task without the other
(redundant) cartridge.

The general location of al1 components of the EDS is shown in figure 2-148. Elec-
trical power to activate the components in both systerns is supplied through circuit
breakers onthe Commander's circuit breaker panel (11) and the LM Pilot's circuit
breaker panel (16). Switches on the EXPLOSIVE DEVICES portion of panel 8 route this
power to relays in the ED relay boxes. The relay contacts route ED battery current to
explosive-device cartridges located in LM subsystems. These devices perform the
EDS functions.

Ascent propellant tank pressurization, and staging (separation of nuts and bolts,
electrical circuit interruption, interstage umbilical cable severance), are performed
automatically if the ABORT STAGE pushbutton (pane1 1) is pressed.

FUNCTIONAL DESCRIPTION. (See figure 2-147.)

EDS systems A and B are operated from the EXPLOSIVE DEVICES portion of
panel 8. Each system has a 37.1-volt d-c battery, relay box, and cartridges and the
deyices they operate. Power (28 volts dc) from the Electrical Power Subsystem (EPS),
to actuate the relays in the system A and system B relay boxes is routed through the
ED: LOGIC PWR A circuit breaker (panei 11) and the ED: LOGIC PWR B circuit breaker
(panel 16), respectively. Firing power for the cartridges is supplied by the ED batter-
ies. When the MASTER ARM switch is set to ON, each battery supplies power to an
identical redundant bus in the ED relay boxes, arming the firing circuits and enabling
all explosive devices of the LM. The actual firing of any explosive device is controlled
by its respective firing switch on panel 8. For descent-tank venting, the DES VENT
switch is used in conjunction with the FUEL VENT and OXID VENI switches on the DES
PROPUL$ON portion of panel 8.

When the MASTER ARM switch is set to ON, the coils of relays K1 are energized by
the Commander's and LM Pilot's bus. Contacts of relays K1 in systems A and B provide
a path between each ED battery and its bus. The STAGE SEQ RELAYS SYS A and SYS B
component caution lights on the EXPLOSIVE DEVICES portion of panel 8 go on to indi-
cate that systems A and B, respectively, are armed. Telemetry signals GY0201X and
GY0202X advise MSFN that systems A and B, respectively, are armed. Once systems
A and B are armed, the firing switches can be used to initiate EDS functions. Each
switch routes EPS bus voltage to the coils of two relays, one in each relay box. Con-
tacts of these relays route 7.5 to 15 amperes from the ED battery to an associated ex-
plosive device. The staging operation is unique to other EDS functions in that it uses a
time delay circuit to perform a definite relay sequence operation. Contacts of staging
relays connect the ED bus to an RC time-delay circuit in both ED relay boxes and also
provides a direct path to relays that operate to perform electrical circuit interruption
(deadfacing) and separation of the nuts and bolts that secure the ascent stage to the
descent stage.
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The outputs of the time-delay circuit actuate relays to perform interstage umbilical
severance. If any of the relays used in the staging operation, or master arm relay K1,
operates inadvertenUy, the SYS A and SYS B component cauti.on lights and the ED RE-
LAYS caution tight (panel 2) go on. Additionally, contacts of these relays provide an
output (figure 2-t49) that is routed to the signal-conditioning electronics assembly
(SCne) in the Instrumentation Subsystem (IS) to provide MSFN with tetemetry signals
GY0201X and GY0202X (systems A and B, respectively) to monitor the staging sequence.

Contacts of the remaining ED relays (K7 through K15) form a series output that pro-
vides MSFN with telemetry signals GY0231X and GY0232X (systems A and B, respective-
Iy) to constantly monitor the status of these relays which are used in performing EDS
functions" If any one, or combination, of these relays operates inadvertently, their
telemetry signal does not distinguish which relay or relays are at fault. If the master
arm relays or the staging relays operate inadvertently, the SYS A and/or SYS B compo-
nent caution lights and the ED RELAYS caution light go on. Use of the STAGE RELAY
switch and staging relay telemetry signals GY0123X and GY0124X (system A and B, re-
spectively) distinguishes which relay is at fault.

The outputs from the stage sequence relays to the SCEA units are in parallel. The
SCEA outputs are fed to the caution and warning electronics assembly (CWEA) and to the
pulse-code-modulation and timing electronics assembly (PCMTEA) in the IS. If one of
the SCEA outputs fail, the remaining output is not affected and allows the stage sequence
relays to be continuously monitored.

When the MASTER ARM switch or the ABORT STAGE pushbutton (panet 1) is used,
an inhibit signal is routed to a CWEA AND gate; the ED RELAYS caution light remains
off.

MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

The redundant circuits and components of the EDS operate simultaneously, as two
independent systems (A and B). Either system can perform the EDS functions. Each
function is completed before initiation of the next function. The EDS functions are
performed in the following sequence:

Reaction Control Subsystem (RCS) propeliant tank pressurization

Landing gear deployment

Descent propellant prepres suri zation

Descent propellant tank venting

Ascent propellant pre ssurization

Interstage Nut-and-bolt separation and ascent stage deadfacing
(occur simultaneously)

o Interstage umbilical severance

Explosive Devices.

All explosive devices and components, except the circuit interrupters, can be in-
stalled at the launch site late in the LM assembly and prelaunch activity. These devices
are actuated by explosive cartridge assemblies. Each cartridge contains a single
bridgewire Apollo standard initiator (SBASI), which is a common-use item throughout the
LM and is a GFE item. To prevent erroneous installation, cartridges with different
outputs have different threads. The connectors on the SBASI are specially indexed and

the connectors that mate with the SBASI are not used for any'other purpose anywhere in
the LM. Twisted, shielded pairs of firing lines provide protection against RF energy.
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All cartridge assemblies are hermetically sealed to protect the explosive materials
against ground and mission environment.

The following explosive deviced and components separately, or in various combina-
tions, perform the EDS {unctions:

Single Bridgewire Apollo Standard Initiator (SBASI). The SBASI's are fired
by ED battery power; they initiate all er<plosive cartridges and devices re-
quired during this mission.

End Detonator cartridge (EDC). in" rpc'" are used to detonate all high-
e><plosive charges in tfie LM landing gear uplock device and the interstage
umbilical cutter assembly.

Pressurs cartridges.
Electrical circuit interrupter (ECI) cartridges
RCS valve cartridges
Propulsion valve cartridges
Nut cartridges
Bolt cartridges

o Helium Isolation Valve and Compatability Valve. These valves are similar
and operate in the same manner; they are used singly or in pairs, depend-
ing on the function (RCS, ascent, or descent propellant tank pressurization).
Each RCS explosive valve is actuated by a single cartridge. (Redundant
valves are used. ) Each ascent helium isolation valve and the descent heli-
um isolation and compatibility valves are actuated by two cartridges. There
are two ascent fuel and two ascent oxidizer compatibility valves. In each
case, one eontains two cartridges and the other a single cartridge.

Cireuit Interrupter. Circuit interrupters terminate all signal and power
leads that are live at time of staging or that could become live due to acti-
vation of a circuit, betweenthe ascent and descent stages. These devices
are actuated within 25 milliseconds after stage command is received.
They are actuated by either of two cartridges.

Explosive Nut and Bolt. The aseent and descent stage structures are joined
by four explosive nuts and four explosive bo1ts, each with a single cartridge.
Within 20 milliseconds after receipt of the stage co'mmand, the four struc-
fural tie points are released.

Guillotine (cable cutter). Dual modes are designed for the guillotine.
Either blade can server an umbilica'L.35Vo greater than the actual umbilical
within 100 milliseconds after receipt of the stage command at ttre relay box.
Manifolds ensure that both blades receive the fire signal if a failure occurs
in one of t}te modes.

O Landing Gear Uplock. Two independent EDC's are used in each of the four
uplocks. A shock wave, generated when the EDC's are fired, acts on the
base ends of the two uplock cutting hlades. The blades are driven through
the connecting strap from opposite directions, severing the strap and de-
ploying the gear. Either bLade can sever a strap 357o greater in cross-
sectional area tltan the strap used.

Circuitry.

The ED logic circuits are protected by circuit breakers and the firing circuits by
current-limiting fuses. Circuit breakers route the power needed to energize the ED re-
lays. Additionally, they protect wiring against deterioration caused by fautts or over-
loads.

o

a

o

a

o

a L

L
2.8"3.2

EXPLOSIVE DEVICES SUBSYSTEM
Page 2.8-6 Mission LM 3 Basic Date 1 Januarv 1968 Change Date

LMA79O-3-LM 3

APOLLO OPERATIOITISI HANDBOOK
SUBSYSTEMS DATA

\-



LMA79O.3-LM 3

APOLIO OPERAIIONI! HANDBOOK
SUBSYSTEMS DATA

2. 8.3.3

2. 8" 3.3" 1

ED circuits are the only electrical load connected to the ED power bus; they do not
receive power from the EPS logic bus. The EPS logic bus is used to energize the ED
relay coils. The explosive devices switch (panel 8) used determines which relay coil is
energized. Re1ay contacts then route ED battery power (battery A and battery B) from
the redundant ED buses to the devices (or cartridges) to perform a specific function.
The staging ci.rcuitry (unique to the rest of the ED circuits) includes a tirne-delay circuit
that energizes relays in a definite sequence to perform ascent and descent stage separa-
tion.

The time delays minimize the possibility of initiating a function before termination
of a specific time delay. All ED firing circuits and the EPS staging logic circuits are
shielded. Both systems are electrically and physically isolated from one another and
the wiring is routed separately wherever possible. The circuits are not grounded; logic
and instrumentaticln ground returns are separated and in no way cause the ED circuits to
become grounded.

EDS design is fail-safe in all respects. There are no mechanical or electrical
crossovers, except for the mechanical actuation in the ED switches. Failure to arm or
operate one EDS system (A or B) does not prevent performance of a function. Redundant
wiri.ng is used where loss of a single lead couid prevent initiation or control of a function.

A11 initiators are protected against electromagnetic interference and static electri-
city by means of a ground loop circuit. The cartridge assemblies are connected to the
ED negative bus at all tirnes, until the circuit is fired. When the cireuit is fired, the
control relay is energized and 3?.1 volts dc (ED bus voltage) is routed to the initiators
i.n the cartri.dge assernblies. A fuse-resistor, in series with the circuit (between tire
pyro bus and conlrol relay), protects the initiator bridgewire circuit and ED batteries
egainst overloads. The fuse-resistors are rated at 20 amperes for 100 rnilliseconds,
vritJr 1-ohm resistance.

IvIASTER ARM Switch.

The MASTER ARM switch consists of two SPDT switch modules with a common
two-position, lever-locking toggle mechanism in the OFF and ON positions. Before
pe rformi:ig any EDS functions, this switch must be set to ON. If the ED RELAYS caution
light and the SYS A or SYS B component caution light (MSFN telemetry code GY0201X or
GY0202X) go on due to tle MASTER ARM switch failing in the ON position, or its relay
K1 for one system (A or B) closing inadvertently, the affected EDS system should be

dr.:aqtivated by opening the ED: LOGIC PWR A or ED: LOGIC PWR B circuit breaker. A
subsequent EDS failure m.ay jeopardize crew safety.

Setting the MASTER ARM switch to ON applies 28 volts dc from EPS systems A and
B to the set coils of latching control relays K1 (in systems A and B). Contacts of K1
connect the ED batteries (A and B) to both ED buses, arming the EDS and enabling per-
formance of any function, (See figure 2-150. ) The buses are also armed by pressing
the ABORT STAGE pushbutton; this bypasses the MASTER ARM switch and is used when
ntaging is perfornred with automatic ascent engine firing.

Setting the MASTER ARM switch io OFF, deenergizes the ED buses. This position
applies 28 volts dc from EFS systerns A and B to the reset coils of relays Kl and breaks
tle circuit between the ED batteries and ED buses.

STAGE SEQ RELAYS SYS Aand SYS B Component Caution Lights.

The STAGE SEQ RIILAYS SYS A and SYS ts component caution lights are yellow ad*
visory lights" When the MASTER ARM switch is set to ON, both lights go on to signify
that both ED buses (systems A and B) are armed and ready to perform an EDS function,
:l;rd contacts ol relays KL route an inhibit signal to the ED RELAYS caution light. (See

{igure 2-149, ) tVhen the ABORT STAGE pushbutton is pressed, its circuitry bypasses
tite MASTEH, AII,M swi,tch and provides an inhibi.t signal to the ED RELAYS caution light.

EXPICISIVE DEVICES SUBSYSTEM
Mission LM 3 Basic Date 1 Jamary 1968 Change Date P"gu 2.8-7 *

L

L

L

L



LMA79O-3-LM 3

APOLLO OPERA TIONS ITANDBOOK
SUBSYSTEMS DATA

L

L

L

lr
bn
d

A
o

d

o

a

pr

a
I

o

o
o
ho

I

a)
E

rr)
il

I
6:
q)

)
bD

=4
eZ
UO

-

I

ro

=u

r^
c
o

I
a-

F

@s-

9
0 z

o

=E
o
(J

63=g
tr9ES

8a :t; 
-il@

-=- :

TT
e

oHuL
to

x
o
E

J
IIl
E
o
II

-.I
I

(

o
ut

z
o

=
=o
II

HH
o@
U6l

D

o>o-{x
PEg

+

u.

o z
oz

o

H3
<o

EXPLOSIVE DEVICES SUBSYSTEM
Basic Date 1 Januarv 1968 Change DateMission LM 3Page 2.8-8

N
N

=ooo

aa

I

I
I

I

I

ao



LMA79O-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

t

2.8.3.4

2" 8.3.5

2. 8.3. 6

However, if K1 malfunctions, its contacts route a signal to light the ED RELAYS caution
light and, depending on which EDS system has the maLfunctioning relay, the SYS A or
SYS B component caution light. If any one or combination of relays Kl through KG mal-
functions, the ED RELAYS caution light and the SYS A or SYS B (depending on which EDS
system failed) component caution light go on. Relay K2 can be reset by momentarily
hotding the STAGE RELAY switch to RESET. If the SYS A or SYS B (as appticable)
component caution light goes off, K2 temporarily failed. If the light remains on, the
failure is due to Kl, or K3 through K6. The MASTER ARM switch must not be actuated.
The defective EDS system must be deactivated by opening (pulling) the ED:LOGIC PWRA
or ED:LOGIC PWR B circuit breaker for EDS system A or B, respectively.

Initiators. (See figure 2-151. )

The initiators in the EDS cartridges are SBASI's. They provide a high power-to-
weight ratio, require low energy to initiate, are compact, and have a high degree of
reliability.

Most EDS functions use two cartridges; one is redundant. The ascent propulsion
compatibility valves use single cartridges and dual cartridges. (Refer to paragraph
2"8.3. 10.) When3.Samperes(minimum)isappliedtotheinitiatorbridgewireforafew
milliseconds, heat is generated. The heat fires the initiator. Each initiator is con-
trolled by separate, independent contacts of the firing relays. Power to fire the initia-
tors is supplied by the ED batteries.

ED Batteries.

The LM uses two 20-ce11 silver oxide-zinc batteries to provide power to both EDS
systems to fire the ini.tiators. One battery is inthe ascent stage and one is inthedescent
stage. (See figure 2-148.) Normat operation of either battery provides adequate elec-
trical power for EDS operation. Each battery is rated at 37.1 volts dc (open-circuit
voltage), 0.75 ampere-hour; it can produce 75 amperes for 36 seconds. The output
voltage of each battery can be monitored periodicalty on panel 14. Setting the POWER/
TEMP MON switch to ED/OFF, and the ED VOLTS switch to BAT A, provides an indi-
cation of the output voltage of ED battery A on the VOLTS indicator. Setting the ED
VOLTS switch to BAT B provides an indication of the output voltage of ED battery B.

The batteries use potassium hydroxide, one-half saturated, as electrolyte. The
battery case is constructed of plastic. Excess pressure in the batteries is vented into
the descent and ascent stages at 30 +5 psig.

Explosive Devices Relay Boxes.

One ED relay box is in the ascent stage; the other one, in the descent stage. (See

figure 2-148.) l,atcftng and nonlatching relays are used in the EDS.

The latching relays, used to control the bus-arming and staging sequence, consist of
two coils (set and reset) with associated contacts. The set coil, when energized, ini-
tiates circuit operation; the reset coil, when energized, stops circuit operation. The
contacts are latched set or reset, depending on the coil pulsed.

The nonlatching relays, used in control and fire circuits, consist of one coil with
associated nonlatching contacts. The contacts maintain their normally open or closed
position and do not change stage until the coil is energized. The contacts remain in the
changed state only while the coil is energized.

Fuse-resistors in the ED relay boxes limit the current applied to the initiator bridge-
wire and provide overcurrent protection for the ED batteries. Each firing circuit uses
one fuse-resistor in series with the initiator bridgewire.
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2. 8.3. 8

EDS systems A and B use RC time-delay circuits, in the ED relay boxes, when the
staging sequence is performed. Refer to paragraph 2. 8.3.9.

Landing Gear Uplock and Cutter Assemb1y. (See figure 2-151. )

The landing gear, stowed in the retracted position at launch, remains retracted
until after the astronauts enter the LM. The LDG GEAR DEPLOY switch is used to de-
ploy the landing gear. The switch is a two-position switch, with a lever-Iocking mechan-
ism for the SAFE position.

An uplock device, with two EDC's, restrains each of the four landing gear legs.
Each EDC is controlled and fired by two separate control and fire circuits in parallel.
(See figure 2-152. ) firing either EDC in the landing gear uplock results in landing gear
leg deployment. Setting the MASTER ARM switch to ON arms the ED buses. Momen-
tarily holding the LDG GEAR DEPLOY switch to FIRE routes power from EPS systems
A and B to the coils of relays K8 and KBA in both ED systems. Contacts of these relays
route ED battery power to the eight landing gear uplock EDC's. When all four landing
gear assemblies have been deployed, EPS power (28 volts dc) is routed through closed
contacts of eight switches (one on each side of each landing gear assembly) to provide a
gray LDG GEAR DEPLOY talkback display. (See figure 2-153.) The eight switch clo-
sures provide MSFN with a combined telemetry signat (GM5000U) for monitoring landing
gear deployment.

Firing an EDC generates shock and pressure that act on the base end of the uplock
cutting blade. The blade severs a strap coru-recting the landing gear strut with the LM
descent stage, and the landing gear is permitted to deploy. The operation response time
of the uplock is approximately 20 milliseconds, after 3" 5 amperes (minimum) of direct
current is applied to the EDC.

Descent Propellant Tank Prepressurization.

An ambient helium isolation valve (figure 2-151) is used in conjunction with two
compatibility valves (each downstream of its respective quad check valve in the descent
stage) when prepressurizing the descent engine propellant tanks. The valves are nor-
mally closed. Setting the MASTER ARM switch to ON and momentarily holding the DES
START He PRESS switch to FIRE, routes power from EPS systems A and B to the coil
of relays K14 in both EDS systems. (See figure2-154.) Contact of K14 simultaneously
route ED battery power to the cartridges in the ambient helium isolation valve, allowing
ambient helium to flow to the descent engine propellant tank compatibility valves. Mo-
mentarily holding the DES PRPLNT ISOL VLV switch to FIRE routes EPS power to the
coil of relays K15 in both EDS systems. Contacts of K15 route ED battery power to open

the compatibility valves. Ambient helium flows freely to the descent engine fuel and

oxidizer tanks, pressurizing them.

Firing either cartridge in a valve generates gases in the valve explosion chamber at
extremely high rates. The gases drive a piston downward to shear a closure disk in the
pressure line. This opens the valves to permit helium from the descent helium tank to
pressurize the propellant tanks. The valves remain open and cannot be closed because,

at the end of its stroke, the piston is forced into the valve housing and the piston port in
each valve is permanently aligned with the pressure line plumbing. The increase in
propellant tank pressure is observed on the FUEL and OXID PRESS indicator (panei 1);

the drop in ambient helium tank pressure, on the HELIUM indicator (panel 1). Ambient
helium prepressurizationpermitsfuel toflowthrough the fuel heat exchanger before
cryogenic heli.um flow through the helium heat exchanger is initiated.

When the START pushbutton (panel 5) is pressed to command the descent engine to
fire, relay K9 in both ED relay boxes receives a signal, after a 1.3-second delay, from
the control electronic section (CES) of the Guidance, Navigation, and Control Subsystem.
Contacts of K9 route ED battery power to the cryogenic helium isolation valve, opening
the valve. Helium from the cryogenic helium storage tank pressurizes the descent pro-
pellant tanks in place of the expended ambient helium. The astronauts are alerted to
descent helium pressure maUunctions by the DES REG warning Iight (panet 1). (Refer to
table 2-61. )
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2.8.3.9

2. 8.3.9. 1

2. 8. 3. 9.2

Stage -Separation Components

Stage separation requires simultaneous action of the circuit interrupters (dead-

facing) ind separation of the interstage structural connections (nuts and/or bolts). Fol-
Iowing this action, umbilical severance (cable eutting) takesplace. This is accomplished
by cartridges fired by operation of the STAGE switch or the ABORT STAGE pushbutton,

or by an automatic signal from the ascent engine tatching device (AELD). The ABORT

STAGE pushbutton or the AELD signat provides automatic ascent engine firing after
separation. The STAGE switch (not nominally used), initiates the same staging se-
quence, but does not provide automatic ascent engine firing.

Setting the MASTER ARM switch to ON and the STAGE switch to FIRE applies 28

volts clc from EPS systems A and B to the set coils of latching relays K2. (See figure
2-155.) Contacts of K2 corurect the ED stage-sequencing circuits (RC time-delay cir-
cuits) to the ED buses, passing current through normally closed contacts of relay K3.
This energizes relays K5 and KbA (separation of nuts and bolts) and relays K6 (dead-

facing). Relays K3 and K4 do not operate immediately, due to the time-delay circuitry.
A time delay is necessary to ensure removaf of all power from the interstage umbilical
before it is cut" After a 5O-millisecond time delay (during which the nuts and bolts
separate), capacitor C1 is fully charged. Transistor Q2 conducts and applies ED bus

voltage tcl energize K3. The normally open contacts of K3 close and the bus voltage is
applied to another time-de1ay circuit (transistors Q3 and Q4). This circuit has the

same RC tirne constant; Q4 applies bus voltage to the coil of K4 (guillotine relay), com-
pleting stage separation. The staging sequence can also be initiated with a 28-volt d-c
signal from the ascent engine latching device segment logic in the CES, by pressing the
ABORT STAGE pushbutton. This signal bypasses the STAGE switch. The normally
open and closed contacts of K3 ensure that the deadface relay has removed electrical
power from the umbilical before the guillotine detonators are fired.

Interstage Structural Connections. (See figure 2-151. )

The LM uses four nuts and bolts as interstage structural connections. These nuts
and bolts are separated explosively for stage separation. Each nut and bolt has its
own cartridge; firing either cartridge separates the stages. The nut cartridges are
fired by EDS system B; the bolt cartridges by EDS system A. When one or both cart-
ridges are fired, gases that drive a piston within the nut and/or bolt assemblies are
generated. This results in bolt fracture and nut separation. If the nut does not sepa-
rate from the bolt, bolt fracture, alone, results in stage separation. Reaction time for
complete nut and bolt separation is approximately 15 milliseconds.

Power for the firing control circuit is controlled by the stage-sequencing circuitry
(ED time-deIay circuit) i.n the ascent and descent stages. This circuitry provides pro-
per sequencing of the LM staging operations.

Interstage Umbilical Cutters (Guillotine). (See figure 2-151. )

The guillotine consists of two cutter subassemblies that sever the interstage elec-
lrical umbilical during stage separation. Each eutter assembly consists of an EDC, a
transfer booster, a blade chai,le, an<l a blade. The transfer booster in each cutter as-
sembly is connected by two mhnifoli:'i. crossovers (shielded mild detonating cord), one on
ea.ch side of the guillotine housing. The manifold crossovers provide for sympathetic
ignition needed to operate both blades if one EDC does not fire.

The cutter assembly blades are held safe with shear pins that ensure that the inter-
stage urnbilical will not be cut without a positive fire signal to the control circuit. Fir-
ing the detonator and explosive blade charge generates a shock wave that drives the cut-
ting blades through the interstage umbilical. The blades sever the umbilical, cutting
all electrical wires and the descent water tank supply hardline between the ascent and
descent stagr;s. Loss of the ascent water tank supply is prevented by check valves in
the ascent stage plumbing. Reaction time for cutter assembly operation is approxi-
mately 5 miliisecoruIs, after 3.5 amperes (minimum) of direct current is applied to the
initiator bridgewire.
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2. 8" 3. 9.4

2. 8.3. 10

Circuit Interrupters (Deadface Connectors). (See figure 2-151" )

Three circuit interrupters are in the ascent stage. (See figure 2-148.) They are in
front of the ascent stage tank thermal shielding, immediately above quadrant IV of the
descent stage. Each circuit interrupter has two cartridges. Each cartridge can cause
the circuit interrupter to operate. Using two cartridges for each circuit interrupter
provides redundancy to ensure that the electrical power between the ascent and descent
stages is terminated before umbilical severance.

The circuit interrupter cartridges are energized during the staging operation.
When energized, the cartridges cause a pressure buildup in the circuit interrupter com-
bustion chamber. As pressure builds up in the chamber, two initial lock detents move
to their open positions, freeing the piston assembly and permitting its movement when
its actuation pressure is reached.

When the pressure in the combustion chamber is sufficient to overcome pin and
O-ring friction, the pi.ston assembly moves to the open-circuit position, disconnecting
the pins of the electrical connectors. Spring-loaded final lock detent pins automatically
drop into slots in the piston and retain the piston in the open-circuit position.

Circuit interruption removes aII electrical power from the interstage umbilical lines
before the umbilical is severed. (See figure 2-156 for a functional block diagram of cir-
cuit interruption. )

The stage-sequencing circuits (paragraph 2. 8.3. 9.4) control circuit interrupter
operation. If one cartridge fired by the control circuit malfunctions, the other cartridge,
fired by the redundant control circuit performs the function; normally, both cartridges
fire. Approximately 240 electrical conductors are routed through each circuit inter-
rupter. The interrupter pin connections are normally closed; they are opened by firing
the cartridge. Operation response time of the circuit interrupters is approximateiy 20
milliseconds.

Stage -Sequencing Circuits.

The stage-sequencing circuits are in the system A and system B relay boxes in the
ascent and descent stages. The time-delay circuitry (paragraph 2. 8.3.9) provides
proper sequencing of the staging operation, using transistorized RC time-delay networks.

Ascent Propellant Tank Pressurization. (See figure 2-157.)

Two helium isolationvalves (figure 2-t5L), eachwith two cartridges andtwo sets of
parallel redundant fuel and oxidizer compatibility valves, are usedwhen pressurizing the
ascent engine propellant tanks. One fuel and oxidizer compatibility valve use two cart-
ridges; the other fuel and oxidizer compatibility valve, a single cartridge. The valves
are in the ascent stage. (See figure 2-L48. ) The ASC He SEL switch provides the as-
tronauts with the option of using either one or both helium tanks to pressurize the
system.

The valves are normally closed; they open when the cartridges are fired, depending
on the setting of the ASC He SEL switch. In addition, the control relays for the helium
isolation and the compatibility valves can be energized with a direct signal from the
ABORT STAGE pushbutton, whi.ch bypasses the ASCENT He PRESS switch. The ASCENI
He PRESS switch consists of two SPDT switch modules, actuated by a common two-
position, Iever-locking toggle mechanism that has a maintain in the SAFE position and
momentary in the FIRE position. Normally, the ASC He SEL switch is set to BOTH so
that both helium tanks are used for ascent propellant tank pressurization. Setting the
MASTER ARM switch to ON and momentarily holding the ASCENT He PRESS switch to
FIRE routes 28 volts dc from EPS systems A and B to the coils of control relays K10
and/or K11, depending upon the setting of the ASC He SEL switch, and to relay K12A.
Contacts of these relays route ED battery power to the helium isolation valve cartridges
and compatibility valve cartridges.
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Figure 2-156. Electrical Circuit Interrupter - Functional Block Diagram

Firing the cartridges (one cartridge is sufficient to accomplish the task) generates
gases in the valve chamber. The gases drive a piston, shearing the closed helium pres-
sure line(s). This opens the valve to permit helium from the ascent hetium tank(s) to
pressurize the propellant tanks. Like the valves used for descent propellant tank pres-
surization, they remain open; they cannot be closed. The astronauts are alerted to as-
cent helium pressure malfunctions by the ASC PRESS warning light (panel 1). (Refer to
table 2-61. )

2.8.3.10.1 Ascent Helium Tank Select Switch.

The ASC He SEL switch is a three-position switch with lever-locking mechanism in
all positions. Setting the switch to TANK 1 routes 28 volts dc to the coils of control re-
lays K10. Contacts of K10, which are in series with cartridges used for helium tank
No. 1, close, Setting the switch to BOTH routes 28 volts dc to the coils of control relays
K10 and K11; the relay contacts close. This completes the circuits to fire cartridges for
helium tanls No. 1 and 2. Setting the switch to TANK 2 routes 28 volts dc to the coils of
control relays K11. Contacts of K11, which are in series with cartridges used for helium
tank No. 2, close. When the ABORT STAGE pushbutton is pressed, only the helium
tanks or tank selected with the ASC He SEL switch will have open valves.

EXPLOSIVE DEYICES SUBSYSTEM
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2.8.4

RCS Propellant Tank Pressurization.

Helium isolation valves in the ascent stage (figure 2-148) are used when pressurizing
the RCS propellant tanks. Two helium, two fuel, and two oxidizer tanks are used in the
RCS. Each helium tank pressurizes one fuel and one oxidizer tank. Two redundant he-
Iium isolation valves, in parallel in the RCS plumbing, are used in conjunction with each
helium tank. Each valve has one cartridge and is fired by one of the EDS systems.

The valves are normally closed; their firing circuits are controlled by relays actu-
ated by the RCS He PRESS switch. Except for the switch and relays used, the power to
initiate pressurization is routed as shown for landing gear deployment, (See figure
2-152. ) Retays K8 and K8A are replaced with relays K7; the LDG GEAR DEPLOY switch,
with the RCS He PRESS switch. The RCS He PRESS switch consists of two SPDT switch
modules, actuated by a common two-position, lever-locking toggle mechanism that has a

maintain in the SAFE position and a momentary in the FIRE position. Setting the MAS-
TER ARM switch to ON and momentarily holding the RCS He PRESS switch to FIRE
routes 28 volts dc from EPS systems A and B to the coils of relays K7. Energizing
either of these two relays completes the circuit between the cartridges in the helium iso-
lation valves and the ED buses. Firing the cartridges causes gases to drive a piston,
shearing the closed helium pressure line. This opens the valves to permit helium from
the RCS helium tank to pressurize the propellant tanks. The valves remain open; they
cannot be closed.

The astronauts are alerted to RCS helium line pressure and tank pressure malfunc-
tions by the RCS A REG and the RCS B REG warning Iights and the RCS caution light
(tab1e 2-61).

Descent Propellant Tank Venting.

The descent propellant tanks are vented with the DES VEM switch on the EXPLO-
SM DEVICES portion of panel 8 and the FUEL YENI and OXID VENT switches on the
DES PROPULSION portion of the same panel.

Setting the MASTER ARM switch to ON and momentarily holding the DES VENT
switch to FIRE routes 28-volts d-c power from EPS systems A and B to the coils of re-
lays K13. Energizing either of these two relays completes the circuit between the
cartridges in the fuel and oxidizer vent valves and the ED buses. Actuating these valves
enables venting the descent propellant tanks and remaining descent helium. The sole-
noid-operated vent valves actuated by the FUEL VENT and OXID VEI.{T switches actually
effect the venting.

Setting the FUEL VENT switch to OPEN opens the descent fuel valve to vent the fuel
tanks; the talkback above the switchprovides a gray display. A pulse from the FUEL
VENT switch opens or closes the solenoid valves, depending on the switch setting (OPEN
or CLOSE).

Setting the O)GD VENT switch to OPEN opens the descent oxidizer valve to vent the
oxidizer tanks; the talkback above the switch provides a gray display. Like the fuel
valve, this valve can be closed by setting the O)CD VENT switch to CLOSE.

For a detailed discussion of the descent propellant tank venting operation refer to the
Main Propulsion Subsystem (subsection 2.3).

FAILURE MODES.

The EDS failure modes and effects on mission capability are given in table 2-54.
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Aable 2-54. Explosive Devices Subsystem - Failure Modes

EXPI,OSIVE DEVICES SUBSYSTEM

L

Failure Inidic ation Vehicle Capability

LDG GEAR DEPLOY
switch

One or more landing
gear explosive devices
fire prematurely

RCS He PRESS switch

ASCENT He PRESS
switch

ASCENT He PRESS
switch

ASC He SEL switeh

Barber-pole LDG GEAR DEPLOY
flag, or MSFN telemetry

CSM visual inspection

With TEMP,/PRESS MON selec-
tor switch (pa:rel 2) set to He,
helium ta:rk pressure, as indi-
cated on A and B PRESS indi-
cators (panel 2), does not drop.
With selector switch set to
PRPLNT, propellaat tank pres-
sures do not increase.

Ambient helium tank pressure,
as indicated on HELIUM indica-
tor (panel 1), does not drop and
fuel and oxidizer talk pressure,
as indicated on FIIEL and OXID
PRESS indicators (panel 1),
does not increase from previous
reading.

Helium tank pressure, as indi-
cated on HELIIIM indicator, does
not drop and fueI and oxidizer
tank pressure, as indicated on
FUEL arrd OXID PRESS indicator,
does not increase from previous
reading.

In the BOTH position the indica-
tions are identicaf to ASCENT
He PRESS switch failure. If
the TANK 1 position fails the
helium tank pressure as indi-
cated on HELIIIM indicator for
tark No. 1 doei not drop. If
the TANK 2 poSition fails the
HELIUM indicator for tank No. 2

does not drop.

Landing gear assemblies cannot
be deployed. This failure does
not a.ffect subsequent testing.
Mission is compromised to extent
that control characteristics are
changed.

If this failure occurred before SLA
separation, the LM may not be
able to separate and the mission
aborted. If the failure occurred
after SLA separation, landing gear
deployment is not affected. Re-
maining landing gear assemblies
can be deployed. However, until
all landing gear assemblies are
deployed, mission is compromised
to extent that control characteris-
tics are changed.

Ascent propellarrt can be used to
perform RCS maneuvers, by set-
tirtg CRSFD switch (panel 2) to
OPEN. The ascent engine must
be on for these maneuvers.

Supercritical helium can be used to
test descent engine. If this at-
tempt fails due to freezing,
descent engine testing is elimin-
ated.

This failure does not prevent as-
cent propellaat tank pressuri zalion.
Pressurization can be accomplished
by opening STAB/CONT: ABORT
STAGE circuit breakers (panels 11

and 16) arrd pressing ABORT
STAGE pushbutton.

This is a multiple-pole switch. If
entire switch failed ascent propel-
lant tank pressurization is impos-
sible and ascent engine testing is
elirninated. If the TANK 1 or
TANK 2 position fails the mission
is curtailed for ascent engine
txrrns.

Mission LM 3 Basic Date 1 January 1968 Change Date_ 2.8-2t
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Failure Indication Vehiqle Capability

MASTER ARM switch

DES PRPLNT ISOL VI,V
switch

DES VENT switch

STAGE switch

Electrical circuit interrupter
cartridge fires prematurely

Cable cutter cartridge fires
prematurely

Nut,/Bolt cartridge fires
prematurely

STAGE SEQ RELAYS SYS A and
SYS B component caution lights
do not go on, or MSFN telemetry

FueI and oxidizer tank pressure,
as indicated on FUEL and OXID
PRESS indicators (panel 1), does
not increase from previous
reading.

Will not be detected until the
FIIEL VENT and OXID VENT
sw.itches on DES PROPULSION
portion of panel 8 are used.
Refer to Main Propulsion Sub-
system for details.

Descent and ascent stages do not
separate, or MSFN telemetry.

Loss of descent power including
one ED battery. This is observed
on the VOLTS meter on ELEC-
TRICAL POWER panel (14).

Loss of descent power.

None

In emergency, STAB,/CONT:ABORT
STAGE circuit breaker can be
opened and ABORT STAGE push-
button pressed. However, this
action automatically pressurize s

ascent propellant talks if they
have not been pressurized.

If this failure occurs the descent
propulsion compatibility valves
do not open. This eliminates
descent engine testing.

Refer to Main Propulsion Subsys-
tem for details.

Normally this switch is not used
for staging. Automatic signal
from LGC (through the AELD) is
used. ABORT STAGE pushbutton
can also be used.

Descent testing will be eliminated.

Possible loss of mission.

This does not prevent actuating
the remaining nuts ald bolts when
staging is to be performed.

Table 2-54. Explosive Devices Subsystem - Failure Modes (cont)

PERFORMANCE AND DESIGN DATA.

The performance and design data for the EDS are given in table 2-55.

Table 2-55. Explosive Devices Subsystem - Performance and Design Data

I

i

\-

2.8.5

Battery

Height

width

Length

Weight (each, fiiled)

3.03 inches

2. ?5 inches

6.78 inches

3.50 pounds

Page 2.8-22 Mission LM 3 Change Date
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2.8.6

Table 2-55. Explosive Devices Subsystem - Performance arrd Design Data (cont)

OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for the EDS are as follows

The landing gear legs must be deployed before the descent engine is fired.
In the stowed position, the legs are in the path of the descent engine plume;
descent engine firing would damage them.

The RCS He PRESS switch should not be actuated until quadrant tempera-
tures exceed +60' F. Thermally, the RCS engine values lag the indicated
quadrant temperatures and the propellant may contact the valves while they
are at their critical low temperature.

The ASCENT He PRESS switch should not be actuated longer than 24 hours
before use. The ascent pressurization valves are designed to operate for
only 24 hours after exposure to propellant vapors. Exceeding this timit
may cause ascent valve failure.

The DES START He PRESS and DES PRPLNT ISOL VLV switches should
not be actuated longer than 3.5 days before use. The descent pressuriza-
tion valves are designed to operate for only 3.5 days after exposure to pro-
pellant vapors. Exceeding this limit may cause descent valve failure.

a

a

a

Electrical requirements

Inputs

From EPS (Comma.nderls and LM Pilotrs buses) 28 volts dc

28 volts dcFrom control electronics section
(AELD)
tr preceding text and in preceding table, "AELDtr is used.

From ED batteries (systems A and B) 37.1 volts dc
(open-circuit voltage)

35.0 volts dc
(minimum)

Outputs

To initiators (in cartridge assemblies)

ED rela5r boxes

Resistance

hitiators

Electrical circuit interrupter

3.5 amperes for 10 milliseconds
(minimum)

7.5 to 15.0 amperes dc (for
at least 10 milliseconds)

l-.05 +0. 10 ohms

Approximately 0.2 ohm with
3 0 -millivolt open-c ircuit
voltage and maximum 10-
microampere short-circuit
current

tr.use-resistors 1.0 ohm with 20.0 amperes
(for 100 milliseconds)

EXPI.OSryE DEVICES
Basic Date I January 1968

SUBSYSTEM
Mission LM 3 Change Date.
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2.8.7 T ELEMETRY MEASUREMENTS.

The EDS telemetry data are given in table 2-56.

Table 2-56. Explosive Devices Subsystem - Telemetry Measurements

Code Description
Telemetry Range

(Nominal)
Display
Range

Crew
Display

GYo050X

GYOlOlN

GYOlO2N

GYo123X

GYo124X

GYO201X

GYo202X

GYo231X

GYo232X

GMSOOOU

Abort commanded

System A continuity

System B continuity

Staging relay K2 closed
(system A)

Staging relay K2 closed
(system B)

ED SYS A relaytrans-
fer (K1 through K6)

ED SYS

fer (K1
B relay trans-
through KG)

System A EDS relays
K7 through K15

System B EDS relays
K7 through K15

EDS system A battery
voltage

EDS system B battery
voltage

Selected EDS battery
voltage (POWER/TEMP
MON switch, panel 14)

Landing gear deplo5anent

0 or 28 vdc (R)

0.5 to 2.0 ohms

0.5 tn 2.0 ohms

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

Contact closure

0 to 40 vdc
(36 vdc)

0 to 40 vdc
(36 vdc)

20 to 40 vdc

Coatact closure

0 to 40 vdc

0 to 40 vdc

20 to 40 vdc

None

None

None

STAGE SEQ RELAYS
SYS A component
caution light and ED
RELAYS caution light

STAGE SEQ RELAYS
SYS B component
cartion light and ED
RELAYS caution light

STAGE SEQ RELAYS
SYS A component
caution light ard ED
RELAYS caution light

STAGE SEQ RELAYS
SYS B component
caution light and ED
RELAYS caution light

None

None

VOLTS meter
(panel 14)

VOLTS meter
(panel 14)

VOLTS meter
(panel 14)

LDG DEPLOY flag

EXPLOSIVE DEVICES STTBSYSTEM
Page 2B- Mission LM 3 Basic Date 1 1968 Change Date
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2.9

2.9.1

INSTRUMW

INTRODUCTION.

The Instrumentation Subsystem (IS) monitors the LM subsystems during manned
missions, performs in-flight checkout, prepares LM status data for transmission to
MSFN, provides timing frequencies and correlated data for LM subsystems, and stores
voice and time-correlation data. In a-ddition, during the lunar mission, the IS performs
lunar surface checkout and provides scientific instrumentation for lunar experiments.
This subsystem discussion includes a discussion of the Developmental Flight Instru-
mentation (DFI) used during this mission. The DFI is required for flight qualification
of the LM; it is not required for the lunar mission.

The IS consists of subsystem sensors, a signal-conditioning electronics assembly
(SCEA), pulse-code-modulation and timing electronics assembly (PCMTEA), caution
and warning electronics assembly (CWEA), and a data storage electronics assembly
(DSEA). The DFI consists of subsystem sensors, signal-conditioning equipment, a

constant-bandwidth modulation assembly, three proportional-bandwidth modulation
assembl.ies, four 90-segment time-division multiplexers, three double-pole three-
segment vibration commutators, power control and distribution equipment, five VHF/
FM transmitters, and a C-band transponder.

Each IS assembly receives operating power from the Electrical Power Subsystem
(fpS) tnrough associated circuit breakers. The SCEA receives most of the LM sub-
system status signals from sensors located in the subsystems. The signais are then
routed to the CWEA for monitoring malfunctions, displays, and/or the PCMTEA for
telemetry.

The DFI receives operating power from the EPS through two redundant circuit
breakers. The C-band power is apptied by setting the C-BAND PWR switch (panel 11)

to ON. Like the IS, the DFI receives subsystem data. The data are transmitted to
MSFN for checkout of equipment that will not require checkout on the lunar mission.

tsUNCTIONAL DESCRIPT'ION.

Instrumentation Subsystem. (See figure 2-158. )

E2.9.2

2.9.2.t

The IS accepts data, such as temperature, valve position, pressure, switch
position, voltage, and current, from other subsystems through subsystem sensors. The
sensors convert physicai data to analog and digital (discrete event functions) signals
that are routed to the SCEA for voltage level conditioning. If conditioning is not re-
quired, the signals are routed directly to the PCMTEA and CWEA. The SCEA
conditions the sensor inputs and feeds outputs of high-level analog (0 to 5 volts dc) or
digital (4 to 6 volts dc for Iogic 1; 0 to 0.5 volt dc for logic 0) data to the PCMTEA,
CWEA, and displays. To activate the IS, the INST: SIG CONDR 2, PCM/"[B, CWEA,
and SIG SENSOR circuit breakers (panel 16) and the AC BUS A: TAPE RCDR and INST:
SIG CONDR 1 circuit breakers (panel 11) must be closed.

The conditioned signals supplied by the SCEA to the PCMTEA and the signals routed
directly from the sensors to the PCh{TEA are changed to serial digital form for
transmission to MSFN at one of two bit rates: 1, 600 bits per second (low rate) or
51,200 bits per second (high rate). Subcarrier frequencies, time reference signals, and
sync pulses are generated in the PCMTEA and supplied to other subsystems that require
them for proper operation.

Analog and digital signals supplied from the SCEA to the CWEA are constantly
r:ompared to internally generated limits and monitored on display panels. On detecting
an out-of-Iimit condition, the CWEA provides output signals to energize the associated
indicator, two MASTER ALARM pushbutton/lights, and a tone generator. Malfunction
(out-of-limit condition) indicators consist of warning and cautionlights (panels 1 and2,

_"_ " 
respectively). The warninglights indicate malfunctionsthatieopardize astronaut safety

INSTRUMENTATION SUBSYSTEM
Missrcn LM I Basic Date 1 Januq,Iy 1968 Change Date 2.9-t
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2.9.2.2

2.9. 3

and require immediate action. The caution lights indicate ma^lfunctions that do not
require immediate action.

The DSEA provides voice-recording capability. The audio signal is supplied from
the astronaut's bus in the Communications Subsystem (CS) to the DSEA, where it is
recorded along with time reference signals (mission elapsed time) from the PCMTEA.
Ten hours of recording time is provided in the DSEA. The tape cannot be played back
by the DSEA; this must be performed with ground equipment.

Developmental Flight Instrumentation.

The DFI consists of equipment required for flight qualification of the LM during
earth-orbital missions. It provides detection, signal conditioning, and transmission of
subsystem data. During earth-orbital missions, the prime mode of ranging and track-
ing is accomplished via the C-band transponders in the DFI communications section. In
addition to transmitting subsystem data detected and processed by the DFI instrumen-
tation section, one of the five VHF/FM transmitters transmits subsystem data acquired
by the IS.

MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

The IS consists of sensing equipment located in other LM subsystems, and four
electronic assemblies that prepare subsystem data for transmission to MSFN, generate
timing frequencies and correlated timing data, and store voice.

The IS consists of the following:

Sensors - sense physical data (temperature, valve and switch positions,
pressure, voltage, current, water quantity, and stage-separation
distance).

Signal-conditioning electronics assembly - conditions subsystem
transducer (sensor) signals and events to proper voltage ]evels.

Pulse-code-modulation and timing electronics assembly - prepares
subsystem-status signals for transmission and provides timing frequencies
and mission-elapsed-time data to subsystems.

Caution and warning electronics assembly - generates signals that
illuminate appropriate caution and warning lights and activate two
MASTER ALARM pushbutton/lights and a tone generator.

Data storage electronics assembly - stores audio and time-correlation
data (mission elapsed time) on tape.

The instrumentation section of the DFI consists of the following:

o Sensors - sense physical data (temperature, valve position, pressure,
voltage, and current).

o Strain/temperature signal conditioners - condition DFI transducer (sensor)

signals to proper voltage levels.

o Commutators - sample most DFI data and provide serial return-to-zero
(RZ) output data.

o Modulation packages - route DFI signals to the communications section,
for telemetry.

o Signal-conditioning box -conditions signals and serves as a junction box.

o Power control and distribution equipment - Routes 28 4-volt d-c LM
power to operate DFI equipment.

O

a

a

a

o

INSTRUMENTATION SUBSYSTEM
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The communications section of the DFI consists of the following:

VHF/FM transmitters - Four transmitters transmit DFI data; one
processes IS data.

Five-channel multiplexer - used in conjunction with any one of the VHF
transmitters.

Diplexer- connects ground control of the LM mission programmer (LMP)

and the five-channel multiplexer to a DFI whip antenna system.

SLA VHF antenna - transmits LM data and receives commands from
time of earth launch until LM separation from the SLA.

LM VHF antenna - transmits LM data after SLA separation and receives
LMP commands from MSFN.

C-band transponders A and B - provide radar tracking during LM near-
earth orbits.

Sensing Equipment.

The IS sensors continuously check the status of other subsystems by sensing
temperature, valve and switch positions, pressure, voltage, currept, water and
propellant quantity, and stage-separation distance. These sensed data are changed
into electrical signals (digital or analog) compatible with the requirements of the
SCEA or PCMTEA.

Signal-Conditioning Electronics Assemblv

The SCEA converts all unconditioned subsystem and transducer (sensor) signals
and events to proper voltage levels required by the PCMTEA, CWEA, and displays.
The unconditioned signals are fed through amplifiers, attenuators, ac-to-dc converters,
analog and discrete isolating buffers, frequency-to-dc converters, resistance-to-dc
converters, and phase-sensitive demodulators to provide the proper output voltages.
These seven basic SCEA subassemblies are in each electronic replaceable assembly
(ERA-I and ERA-2) that makes up the SCEA. Each ERA has capacity for 21 plug-in
subassemblies (conditioning units) and provides the interface connections between
other LM subsystems and the IS subassemblies. (Refer to tables 2-57 and 2-58 for
conditioned and preconditioned interfacing signals. ) These assemblies provide con-
ditioned digital and analog data. Digital data (discrete event functions) outputs appear
as a 4- to 6-vo1t d-c leve1 for logic 1 or "on"; as a 0- to 0.5-vo1t d-c 1eveI, for logic
0 or "off. " Discrete signals to be monitored by displays are in the form of solid-
state switch closures. Analog data varies from 0 to 5 volts dc. Each ERA contains
circuits that route signals to IS assemblies. In tables 2-57 and.2-58, the number in
parentheses, following the conditioning unit number, designates the units location in
ERA-1 or ERA-2. The displays in parentheses are located on the corresponding sub-
system panel, except where otherwise noted, The warning and caution arrays are
located at the top of panels 1 and 2, respectively.

D-C Amplifiers.

Each d-c amplifier (501-1) receives unipolar or bipolar analog voltage inputs and
provides four single-channel outputs. The unipolar inputs range from 0 to 5 volts dc;
they are conditioned to a 0- to 5-volt d-c fuIl-scale output. Bipolar inputs range from
-2. 5 volts to +2.5 volts dc. At the negative level, the offset is adjusted for a zero
output. At the positive level, the gain is adjusted for a 5-volt output. When operating
in a unipolar mode, the output is directly proportional to the input; the maximum input
signal produces a 5-vo1t d-c output. In a bipolar mode, the maximum negative input
(-2.5 volts dc) produces a zero output; the maximum positive input (+2.5 volts dc)
produces a 5-vo1t output. Zero input produces a +2.5-volt d-c output.

a

a

o

a

a

2.9.3.1

2.9.3.2

2.9.3.2.1
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Table 2-57. ERA-I - Conditioned and Preconditioned Interfacing Signals

PCMTEA

/Di"play 
(CMD THRUST

indicator)

PCMTEA

Display (CMD THRUST
indicator)

CWEA (AGS warning
light)

cwEA (TNVERTER
caution light) (For
PCMTEA and display,
refer to 504-1 (1e)

circuit No. 2.)

PCMTEA

cwEA (cES AC
warning)

PCMTEA (For CWEA,
refer to 505-1(16)
circuit No. 1.)

PCMTEA, display
(VOLTS indicator) (For
CWEA, refer to 503-2
(17) circuit No.1.)

PCMTEA and display

light)

PCMTEA

PCMTEA and display
(HELruM indicator)

CWEA (ASC PRESS
warning light)

Signal Nomenclature
and Telemetry

Code No.
From

(Subsystem)

To
(Conditioning

Unit) Output

To
(IS Assembly
and Display)

Automatic thrust
conimand voltage -

Manual thrust
command voltage -
GH1311

Abort sensor as-
sembly voltage -
GI3215

Inverter bus
voltage-GC0071

Spare - 26016

Rate gyro as-
sembly pickoff
excitation (0.8 kc)
voltage - GH1405

Inverter bus
frequency -
GC0155

Inverter bus
voltage - GC0071

Commanderrs bus-

Main water regu-
Iator AP - GF4101

Helium tank No. 2

pressure - GP0002

GC0301

I cHrser

GN&CS
(control elec-
tronics
section)

GN&CS

EPS

EPS

MPS

GN&CS
(control
electronics
section)

(ascent pro-
pulsion
section)

502-2 (15)

Circuit No. 1

Circuit No. 2

Circuit No. 4

503-2 (17)

Circuit No: 1

Circuit No. 2

Circuit No. 3

504-1 (18)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

504-1(1e)

Circuit No. 1

Precon-
ditioned

0 to 5.0 vdc
(0 to tr2.0 vdc)
0E$/Loo%o

0 to 5.0 vdc
(0 to 14.6 vdc)
l%o tn L0070

10.8 to 13.2 vdc

4.48 to 5.0 vdc
(112 to 125
vrms)

0to5vdc
(380 to 420 cps)

0to5vdc
(105 to 125 vrms)

0toSvdc
(0 to 40 vdc)
26.5 to 40 vdc

3.74 to 5.0
vdc (2,994 psia)

0toSvdc

0to5vdc
(0 to 2 psid)

.1.19 to 4.84
vdc (26.0 to
30 r'rms)

0to5vdc
(0 to 4,000
psia)

Page 2.9-6 Mission LM 3 Basic Date 1 January 1968 Change Date
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Table 2-57 . ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont)

ATION M

To
(IS Assembly
and Display)(Subsystem)

From
To

(Conditioning
Unit) Output

51gnal Nomenclature
and Telemetry

Code No.

I{elium regrlator
outiet manifold
pressure - GQ3018

Fuei isolation
vaive iniet pres*
sure - GPl50L

0x1,gen isolation
valve inlet pres-
sure - CP15il;l

Suit outiet pres-
sure - GF1301

ItrartiaL lrres-

Ssler:rted water
sepal.,'r.tol: rir.te -
GF9gIiJ

Selected S-band
receiver ACC voitage -
GT0994

Heliuu tank A
pressu-frj - GR1:Lilf

- cF1521
c0z
sure

ECS

RCS

MPS (cont)

MPS

(descent
propulsion
section)

(a scent
propulsion
section)

504-1 (1 9)

Circuit No. 2

Circuit No. 3

Circuit No, 4

504-1 (5)

Circuit No. 1

Precon-
ditioned

Circuit No, 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

504-1 (6)

Circuit No. 1

Precon-
ditioned

Precon-
ditioned

Precon-
ditioned

Precon-
ditioned

Prr-con-
ditirned

Precon-
ditioned

0to5vdc
(0 to 300 psia)

3.65 to 4.32 vde
(220 to 260 psia)

0to5vdc
(0 to 250 psia)

2.4 to 5.0 vdc
(120 to 250 psia)

0to5vdc
(0 to 250 psia)

2.4 to 5,0 vdc
(120 to 250 psia)

1.56 to 5,0 vdc
(3.2 to 10 psia)

0toSvdc
(0 to 30 mm Hg)

2.27 to 5.0 vdc
(13.8 to 30 mm
hg)

Illore than 1530
rpm

0to5vdc

0to5vdc
(0 to 3,500 psia)

0 to 10 psia

0to5vdc
(0 to 10 psia)

0to5vdc
(500 to 3,600
rpm)

CWEA (DES REG
warning light)

CWEA (ASC PRESS
warning light)

CWEA (ASC PRESS
warning iight)

cwEA (surT,/FAN
warning light)

Display (SUIT
PRESS indicator)

CWEA (ECS caution
light)

CWEA (ECS caution
light)

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

CWEA

PCMTEA

PCMTEA

Mission LM 3 Easic Date 1 January 498 Change Date 2.9-7
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SUBSYSTEMS DATA

Signai Nomenclature
and Telemetry

Code No.
From

(Subsystem)

To
(Conditioning

Unit) Output

To
(IS Assembiy
and Display)

Helium tank B
pressure - GR1102

Helium regulator
A output pressure -
GRl201

Helium regulator
B output pressure-
GR1202

Ascent oxygen tank
No. 1 pressure -
GF3582

Ascent oxygen tank
No. 2 pressure -
GF3583

Descent tank water
quantity - GF4581

RCS (cont) 504-1 (6) (cont)

Circuit No. . 1

Circuit No. 2

Precon-
ditioned

Circuit No. 2

Circuit No. 3

Precon-
ditioned

Circuit No. 3

Circuit No. 4

Precon-
ditioned

Circuit No. 4

504-1 (7)

Circuit No. 1

Precon-
ditioned

Circuit No. 1

Circuit No. 2

Precon-
ditioned

Circuit No. 2

Circuit No. 3

More than 1,700
psia

0 to 3,500 psia

0to5vdc
(0 to 3,500 psia)

More than 1,700
psia

0 to 3,500 psia

0to5vdc
(0 to 350 psia)

165 to 205 psia

0 to 350 psia

0to5vdc
(0 to 350 psia)

165 to 205 psia

0 to 350 psia

0toSvdc
(0 to 1,000 psia)

95 to 684 psia

0 to 854 psia

0to5vdc
(0 to 1,000 psia)

95 to 684 psia

0 to 854 psia

0to5vdc
(07o tn l00Vo)

CWEA (RCS caution
light)

Display (A PRESS
indicator)

PCMTEA

CWEA (RCS caution
Iight)

Display (B PRESS
indicator)

PCMTEA

CWEA (RCS A REG
warning light)

Display (A PRESS
indicator)

PCMTEA

C\\,EA (RCS B REG
rvarning light)

Display (B PRESS
indicator)

PCMTEA

CWEA
caution

(o2 QTY
Iight)

Display (o2 QUANTITY
indicator)

PCMTEA

CWEA (O2 QTY caution
iight)

Display (o2 QUANTITY
indicator)

PCMTEA

Tabie 2-57. ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont)

INSTRUME NTATION SUBSYSTEM

L

L
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Table 2-57. ERA-1 - Conditioned and Preconditioned Interfacing Signais (cont)

NTATION

SignaL Nomenclature
and Telemetry

Code No. (Subsystem)
From

To
(Conditioning

Unit) Output

To
(IS Assembly
and Display)

Selected ED battery
voltage EDS GY-0703U

Ascent tank No. 1

vr'ater quantity -
GF4582

Ascent tank No. 2

water quantity -
GF4583

Regulator outlet
manifold pressure -
GP0025

Helium tank No. 1

pressure - GP0001

Jet No. B2U driver
output - GHl426

ECS (cont)

GN&CS

MPS

(ascent
propulsion
section)

(control
electronics
section)

Circuit No. 3

Circuit No. 4

504-1 (8)

Circuit No. 1

Circuit No. 1

Circuit No. 2

Circuit No. 2

Clrcuit No. 3

Circuit No. 4

Circuit No. 4

504-2 (2)

Circuit No. 1

504-t (7)

(cont)

Precon-
ditioned

Precon-
ditioned

Precon-
ditioned

Precon-
ditioned

Precon-
ditioned

Precon-
ditioned

More than 0.8
vdc

More tha.n 95%

More than 95%

0to5vdc
(0 to 300 psia)

Less than 220
psia

4 to 6 vdc (on)
0 to 0.5 vdc
(off)

0to5vdc

0toSvdc

Ql6 to L00Vs

070 to 10070

\Vo to l00Va

0to5vdc
(07o to 10070)

0to5vdc
(o% to 100%)

0toSvdc
(0 to 4,000
psia)

More than
3, 000 psia

0 to 4,000
psia

cwEA (WATER
QTY caution light)

Display (H2O QUAN-
TITY indicator)

EPS display (VOLTS
indicator)

cwEA (WATER
QTY caution light)

Display (HzO QUAN-
TITY indicator)

cwEA (WATER
QTY caution light)

Display (H2O QUAN-
TITY indicator)

PCMTEA

CWEA (ASC HI REG
caution light)

CWEA (ASC PRESS
warning light)

Display (HELIUM
indicator)

CWEA (RCS TCA
warning light) and

PCMTEA

PCMTEA

PCMTEA

PCMTEA

Mission LM 3 Basic Date 1 January 1968 Change Date 2.9-9
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Signal Nomenclature
and Telemetry

Code No.
From

(Subsystem)

To
(Conditioning

Unit) Output

To
(IS Assembly
and Display)

Jet No. B2U driver
output - GHL427

Jet No. A2A driver
output - GHL428

Jet No" B2L driver
output - GH1429

Jet No. A1U driver
output - GH1430

Jet No" B1D driver
output - GH143l-

Jet No. 81L driver
output - GH1433

Jet No. A1F driver
output - GH7432

Abort commanded-
GYo050

Spare - 26002

Deadband select
(wide) - GH1603

Ascent engine arm
(from panel 2) -
GH1230

Thrust chamber
pressures - GR5041-
Gns046

Descent engine
arm - GH1348

X-translation
override - GH1893

GN&CS (cont)

EDS

GN&CS

(control
electronics
section)

504-2 (2) (cont)

Circuit No. 2

Circuit No. 4

Circuit No. 5

Circuit No. 6

Circuit No. 7

Circuit No. 8

Circuit No. 9

Circuit No. 10

504-2 (3)

Circuit No. 1

Circuit No. 2

Circuits
No. 3 through
8

Circuit No. 9

Circuit No, 10

4 to 6 vdc (on)
0 to 0.5 vdc
(of0

4 to 6 vdc (on)

0 to 0.5 vdc
(of0

4 to 6 vdc (on)

0 to 0.5 vdc
(of0

4 to 6 vdc (on)

0 to 0.5 vdc
(of0

4 to 6 vdc (on)

0 to 0.5 vdc
(of0

4to
0to
(of0

6

0

vdc (on)

5 vdc

4 to 6 vdc (on)

0 to 0.5 vdc
(of0

4 to 6 vdc (on)

0 to 0.5 vdc
(of0

4 to 6 vdc (on)

0 to 0.5 vdc
(off)

4 to 6 vdc (on)

0 to 0.5 vdc
(off)

4 to 6 vdc (on)
0 to 0.5 vdc
(of0

4 to 6 vdc (on)

0 to 0.5 vdc
(of0

4 to 6 vdc (on)

0 to 0.5 vdc
(of0

4 to 6 vdc (on)

0 to 0.5 vdc
(of0

cwEA (RCS TCA
warning light) and

PCMTEA

CWEA (RCS TCA
warning light) and
PCNITEA

cwEA (RCS TCA
warning light) and
PCMTEA

cwEA (RCS'rCA
warning light) and

PCMTEA

cwEA (RCS TCA
warning light) and
PCMTEA

CWEA (RCS TCA
warning light) and
PCMTEA

CWEA (RCS TCA
warning light) and
PCMTEA

CWEA (inhibit sig-
nal) and PCM

CWEA and PCMTEA

PCMTEA

PCMTEA

PCMTEA
cwEA (RCS TCA)

PCMTEA

PCMTEA

Table 2-57. ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont)

INSTRUME NTATION SUBSYSTEM
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"IabLe 2-57. ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont)

INSTRUMENTATION SUBSYSTEM

Signal Nomenclatule
and Telemetry

Code No.
From

(Subsystem)

To
(Conditioning

Unit) Output

To
(IS Assembly
and Display)

AEA test mode
fail - GI3232

Spare - 26001

Jet No. B4U driver
output - GH1418

Jet No. B4F driver
output - GH1420

Jet No. A4D driver
output - GH1419

Jet No. A4R driver
output - GH1421

Jet No. ASU driver
output - GHl422

Jet No. B3D driver
output - GH1423

Jet No. B3A driver
output - GHl424

Jet No. A3R driver
output - GHl425

Thrust chamber
pressure No" B4U-
GR5031

Thrust chamber
pressure -
GR5033-GR5040

Main propulsion
valves A closed -
GR9609

GN&CS

(abort
guidance
section)

GN&CS

(control
electronics
section)

RCS

s04-2 (4\

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

Circuit No. 5

Circuit No. 6

Circuit No. 7

Circuit No. 8

Circuit No. 9

Circuit No. 10

504-2 (11)

Circuit No. L

Circuit No. 2

504-1 (12)

Circuit No. 1

4 to 6 vdc (on)

0 to 0.5 vdc
(of0

4 to 6 vdc (on)

0 to 0.5 vdc
(off)

4 to
to

6

0

vdc (on)

0 5 vdc
(of0

4 to 6 vdc (on)

0 to 0.5 vdc
(of0

4lo
0to
(off)

4to
0to
(off)

t

0

vdc (on)

5 vdc

6 vdc (on)
0.5 vdc

4 to 6 vdc (on)

0 to 0.5 vdc
(off)

4 to 6 vdc (on)

0 to 0.5 vdc
(of0

4 to 6 vdc (on)
0 to 0.5 vdc
(of0

4 to 6 vdc (on)

0 to 0.5 vdc
(of0

4 to 6 vdc (on)
0 to 0.5 vdc

(of0

4 to 6 vdc (on)

0 to 0.5 vdc
(of0

4 to 6 vdc (on)

0 to 0.5 vdc
(off)

cwEA (AGS
warning light)

CWEA

CWEA (RCS TCA
warning light) and
PCMTEA

cwEA (RCS TCA
warning light) and
PCMTEA

CWEA (RCS TCA
warning light) and

PCMTEA

cwEA (Rcs TcA
warning light) and
PCMTEA

CWEA (RCS TCA
warning light) and
PCMTEA

cwEA (RCS TCA
warning light) and
PCMTEA

CWEA (RCS TCA
warning light) and
PCMTEA

cwEA (RCS TCA
warning light) and
PCMTEA

PCMTEA and CWEA
(RCS TCA warning
Iight)

PCMTEA and CWEA
(RCS TCA warning
Iight)

CWEA (RCS A REG
warning light
inhibit signal) (For
PCM and display,
refer to circuit No. 8.)

Mission LM 3 Basic Date I 1968 Change Date Page.@
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Signal Nomenclature
and Telemetry

Code No.
From

(Subsystem)

To
(Conditioning

Unit) Output

To
(IS Assembly
and Display)

Main propulsion
valves B closed -
GR9610

Spate - 26014

Spare - 260L7

Spare - 26018

Helium primary
Iine solenoid
valve closed -
GP0318

Main propulsion
valves A closed -
GR9609

Spare - 26013

Main propulsion
valves B closed -
GRg610

ED SYS A relay
transfer-GY0201

RCS (cont)

MPS

(ascent
propulsion
scction)

EDS

504-1 (12) (cont)

Circuit No. 2

Circuit No. 3

Circuit No. 4

Circuit No. 5

Circuit No. 6

Circuit No. 7

Circuit No. 8

Circuit Nb. 9

Circuit No. 10

Circuit No. 11

4 to 6 vdc (on)
0 to 0.5 vdc
(off)

4 to 6 vdc (on)

0 to 0.5 vdc (off)
0 to 0.5 vdc (on)

28 vdc (off)

4 to 6 vdc (on)

0 to 0.5 vdc (off)
0 to 0.5 vdc (on)

28 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)
0 to 0.5 vdc (on)
28 vdc (off)

4to 6

0to0
0to0

vdc (on)
,5 vdc (off)
5 vdc (on)

28 vdc (off)

4 to 6 vdc (on)

0 to 0.5 vdc (off)
0 to 0.5 vdc (on)

2E vdc (oft)

4 to 6 vdc (on)

0 to 0.5 vdc (off)
0 to 0.5 vdc (on)

28 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)
0 to 0.5 vdc (on)

28 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)
0 to 0.5 vdc (on)
28 vdc (off)

4 to 6 vdc (on)

0 to 0.5 vdc (off)
0 to 0.5 vdc (on)

28 vdc (off)

cwEA (RCS B REG
warning light
inhibit signal) (For
PCM and display,
refer to circuit
No.10.)

PCMTEA

Display

PCMTEA

Display

CWEA

Display

PCMTEA

Display (ASCENT
He REG 1 talkback)

PCX'ITEA

Display (ASCENT
He REG 2 talkback)

PCI,{TEA (For CWEA,
refer to circuit
No. 1.) Display
SYS A MAIN SOV
talkback)

CWEA

Display

PCMTEA (for CWEA,
refer to circuitNo. 2.)
Display (SYS B MAIN
SOV talkback)

PCMTEA

Display (SYS A
component caution
Iight) CWEA (ED
RELAYS cautionlight)

LTable 2-57. ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont)

INSTRUMENTATION SUBSYSTEM
LM 3 Basic Date 1 January 1968 Change Date
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L Table 2-57 . ERA-I - Conditioned and Preconditioned Interfacing Signals (cont)

INSTRUMENTATI ON SUBSYSTEM

Signal Nomenclature
and Telemetry

Code No.
From

(Subsystem)

To
(Conditioning

Unit) Output

To
(IS Assembly
and Display)

ED SYS B relay
transfer - GY0202

Thrust chamber
assembly solenoid
valve A4 closed -
GRg661

Thrust chamber
assemblv solenoid
valve 84 closed -
GR6962

Thrust chamber
assembly solenoid
valve A3 closed -
GR9663

Thrust chamber
assembly solenoid
valve BB closed -
GRg664

Thrust chamber
assembly solenoid
valve .A'2 closed -
GR9665

Thrust chamber
assembly solenoid
valve 82 closed -
GR9666

Thrust chamber
assembly solenoid
valve A1 closed -
GR9667

Thrust chamber
assembly solenoid
valve 81 closed -
GR9668

EDS (cont)

RCS

Circuit No. 12

504-4 (13)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

Circuit No. 5

Circuit No. 6

Circuit No. 7

Circuit No. 8

4 to 6 vdc (on)
0 to 0.5 vdc (off)
0 to 0.5 vdc (on)

28 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)
0 to 0.5 vdc (on)
28 vdc (off)

4

0

0

2

to
to
to

6

0

0

vdc (on)
5

5

vdc (off)
vdc (on)

vdc (of0

4 to 6 vdc (on)
0 to 0.5 vdc (off)
0 to 0.5 vdc (on)
28 vdc (off)

4to6
0to0
0to0

vdc (on)

5

5

vdc (off)
vdc (on)

28 vdc (of0

4 to 6 vdc (on)
0 to 0.5 vdc (off)
0 to 0.5 vdc (on)

28 vdc (off)

4

0

0

to
L()

to

6 vdc (on)
0.5 vdc (off)
0.5 vdc (on)

28 vdc (off)

4 to 6 vdc (on)

0 to 0.5 vdc (off)
0 to 0.5 vdc (on)
28 vdc (off)

4 to 6 vdc (on)

0 to 0.5 vdc (off)
0 to 0.5 vdc (on)

28 vdc (off)

PCMTEA

Display (SYS B com-
ponent caution light)
CWEA (ED RELAYS
caution light)

PCMTEA (For CWEA,
refer to 504-5,
location 14.) Display
(SYSTEM A QUAD 4

talkback)

PCMTEA (For CWEA,
refer to 504-5,
Iocation 14.) Display
(SYSTEM B QUAD
4 talkback)

PCMTEA (For CWEA,
refer to 504-5,
Iocation 14.) Display
(SYSTEM A QUAD 3

talkback)

PCMTEA (For CWEA,
refer to 504-5,
location 14.) Display
(SYSTEM B QUAD 3

talkback)

PCMTEA (For CWEA,
refer to 504-5,
location 14.) Display
(SYSTEM A QUAD 2

talkback)

PCMTEA (For CWEA,
refer to 504-5,
location 14") Display
(SYSTEM B QUAD 2

talkback)

PCMTEA (For CWEA,
refer to 504-5,
Iocation 14.) Display
(SYSTEM A QUAD 1

talkback)

PCMTEA (For CWEA,
refer to 504-5,
location 14.) Display
(SYSTEM B QUAD 1

talkback)

L
Mission LM 3 Basic Date 1 Janrarv 1968 Change Date Pug",_ 3. 9-13
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Table 2-57. ERA-1 - Conditioned and Preconditioned Interfacing Signals(cont)

Signal Nomenclature
and Telemetry

Code No.
From

(Subsystem)

To
(Conditioning

Unit) 0uti;ut

To
(IS Assembly
and Display)

Landing gear legs
deployed - GM5000

RCS,/ASC inter-
connect A not
closed - GR9611

RCs/Asc inter-
connect B not
closed - GR9612

Manifold crossfeed
valves not closed -
GRg613

Thrust chamber
assembly solenoid
valves A4, 84, 43,
83, A2, 82, A1

and 81 closed -
GRg661 through
GR9668

System A relays
K7 through K15
closed - GY-0231

System B relays
K7 through K15
closed - GYO232

SYS A relay trans-
fer - GY0201

SYS B relay trans-
fer - GY-0202

EDS

RCS

RCS

EDS

504-4 (13) (cont)

Circuit No. 9

Circuit No. 10

Circuit No. 11

Circuit No. 12

504-5 (14)

Circuits No. 1

through 8,
respectively

Circuit No. 9

Circuit No. 10

Circuit No. 11

Circuit No. 12

4 to 6 vdc (on)

0 to 0.5 vdc (off)
0 to 0.5 vdc (on)

28 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)
0 to 0.5 vdc (on)
28 vdc (off)

4 to 6 vdc (on)

0 to 0.5 vdc (of$
0 to 0.5 vdc (on)
28 vdc (off)

4 to 6 vdc (on)

0 to 0. 5 vdc (off)
0 to 0.5 vdc (on)
28 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc
(ofO

4 to 6 vdc (on)
0 to 0.5 vdc (off)

4 to 6 vdc (on)

0 to 0.5 vdc (off)

4 to 6 vdc (on)

0 to 0.5 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)

PCMTEA

Display (LDG GEAR
DEPLOY talkback)

PCMTEA

Display (SYSTEM
A ASC FUEL talkback)

PCMTEA

Display (SYSTEM B
ASC FUEI, talkback)

PCMTEA

Display (CnSrD
talkback)

cwEA (RCS TCA
warning light
inhibit signals)

PCMTEA

PCMTEA

PCMTEA
Display (SYS A
component caution
light) CWEA (oD
RELAYS caution light)

PCMTEA
Displays (SYS B com-
ponent caution light)
cwEA (ED RELAYS
caution light)

INSTRUME NTATION SIJBSYSTEM
LM 3 Basic Date 1 January 1968Page 2.9-14 Mission Change Date
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Table 2-5?. ERA-1 - Conditioned and Preconditioned Interfacing Signals(cont)

INSTRUMENTATION SUBSYSTEM

L

L

Signal Nomenclature
and Telemetry

Code No.
From

(Subsystem)

To
(Conditioniug

Unit) Output

To
(IS Assembly
and Display)

Frequency inverter
bus - GC0155

Frequency abort
sensor assembly -
GI3233

Spare - 26015

Fuel tank No. 1

fuel butrk tempera-
ture - GQ3?1"8

Fuel tank No, 2,
fuel bulk tempera-
ture - GQ3719

Fuel tank, fuel
bulk temperature -
GP0718

Oxidizer tank,
oxidizer bulk
temperature -
GP1218

Selected coolant
loop temperature -
GF9998

Abort sensor
assembly temper-
ature - CI3301

0xidizer tank No. j.,
oxidizer bulk temp-
erature - GQ4218

EPS

GN&CS

(abort guidance
section)

MPS

(deseent
propulsion
section)

(ascent
propulsion
section)

ECS

GN&CS

(abort
guidance
section)

MPS

(deseent
propuision
section)

505-1 (16)

Circuit No. 1

Cireuit No. 2

Circuit No. 3

506-3 (9)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

506-3 (10)

Circuit No. 1

Circuit No. 2

Circuit No. 3

2.25 to 2.75 vdc
(398 to 402 cps)

0.63 to 4.38 vdc
(385 to 415 cps)

0toSvdc
380 to 420 cps

0to5vdc
(+20o to +120o F)

+40o to +1000 F

0toSvdc
(+20" to +120o F)
+40o to +100o F

0toSvdc
(+20o to +120o F)
+40o to +100o F

0toSvdc
(+20o to +120o F)

+40o to +1000 F

0toSvdc
(+20o to +120" E
more than +50" F
0o to +80o F

0to5vdc
+20o ta +2000 F

0toSvdc
(+20o to +120o F)
+40o to +100o F

cwEA (INVERTER
caution light) (For
PCMTEA, refer to
504-1 (18) circuit
No. 1.)

CWEA (AGS warning
light)

PCMTEA

PCMTEA

Display (FUEL TEMP
indicator)

PCMTEA

Display (FUEL TEMP
indicator)

PCMTEA

Display (FUEL TEMP
indicator)

PCMTEA

Display (OXID
TEMP indicator)

PCMTEA
cwEA (GLYCOL
caution light)
Display (GLYCOL
temperature indicator)

PCMTEA

Missiqrn LM 3 Basic Date 1 Januarya!968 Change Date 2. 9-15
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Signal Nomenclature
and Telemetry

Code No.
From

(Subsystem)

To
(Conditioning

Unit) Output

To
(IS Assembly
and Display)

Oxidizer tank No. 2,
oxidizer bulk temp-
erature - G@4219

Quad cluster 3 -
GR6002

Quad cluster 2 -
GR6003

Quad cluster 1 -
GR6004

Quad cluster 4 -
GR6001

Suit inlet tempera-
ture - GF1281

Cabin tempdrature -
GF1651

Rendezvous radar
temperature -
GN7723

Landing radar
antenna tempera-
ture - GN7563

MPS (cont)

RCS

GN&CS

(radar
section)

Circuit No. 4

506-3 (20)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

506-3 (21)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

0to5vdc
(+20' to +120" F)
+40' to +100" F

0to5vdc
(+20" to +20tr F)
2.75 to 4.725 vdc
(+119' to +190' F)

+20" to +200" F

0toSvdc
(+20" to +200' F)
2.75 to 4.725 vdc
(+119' to +190' F)

-100" to +200" F

0to5vdc
(+20' to +200' F)
2.75 to 4.725 vdc
(+119' to +190" F)

-100' to +200' F

0to5vdc
(+20' to +200" F)
2 .7 5 to 4 .725 vdc
(+119" to +190' F)

-100' to +200' F

0to5vdc
(+20' to +120" F)

+40" to +100' F

0to5vdc
(+20" to +120" F)
+40o to +100' F

0toSvdc
(-200' to +200' F)

-50' to +150' F

-1000 to +200o F

0to5vdc
(-200" to +200' F)
Itso p to +150o F

-100' to +200' F

PCMTEA

Display (OXID TEMP
indicator)

PCMTEA

CWEA (HEATER
caution light)
Display (TEMP indi-
cator, panel 3)

PCMTEA

CWEA (HEATER
caution light) Display
(TEMP indicator,
panel 3)

PCMTEA

CWEA (HEATER
caution light)
Display (TEMP indi-
cator, panel 3)

PCMTEA

C\\IEA (HEATER
caution light) Dis-
play (TENIP indicator,
panel 3)

PCMTEA and display
(SUIT TEMP indicator)

PCMTEA and display
(CABIN TEMP
indicator)

PCMTEA

CWEA (HEATER
caution light)
Display (TEMP
indicator, panel 3)

PCMTEA

CWEA
caution

(HEATER
light)

Display (TEMP
indicator, panel 3)

Table 2-57. ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont)
U

L

L

I

I
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Table 2-58. ERA-2 - Conditioned and Preconditioned Interfacing Signals

t

L

(*-

Signal Nomenclature
and Telemetry

Code No. (Subsystem)
From

To
(Conditioning

Unit) Output

To
(IS Assembly
and Display)

Descent oxygen
tank pressure -
GF3584

4.3 vdc supply -
GH1408

LM Pilot's bus
voltage - GC0302

Primary -4. 7 volts
dc - GH1488

Backup -4.7 volts
dc - GH1489

Abort'sensor
assembly +28 vdc -
GI3214

LM Pilofls bus
voltage - GC0302

Battery No. 1

voltage - GC0201

Battery No. 2

voltage - GC0202

Battery No. 3

voltage - GC0203

Battery No. 4

voltage - GC0204

Battery No. 5

voltage - GC0205

CWEA (o2 QTY
caution light)

Display (CO2 QUAN-
TITY indicator) (For
CWEA, refer to
501-1 (8) circuitNo. 1.)

CWEA (CES DC
warning light)

PCMTEA and display
(VOLTS indicator) (For
CWEA, refer to 502-2
(15) circuit No. 4.)

CWEA (PRE AMPS
caution light)

CWEA (PRE AMPS
caution light)

cwEA (AGS
warning light)

CWEA (DC BUS
warning light)
PCMTEA and
refer to 501-1(8)
circuit No. 4.)

PCMTEA and display
(VOLTS indicator)

PCMTEA and display
(VOLTS indicator)

PCMTEA and display
(VOLTS indicator)

PCMTEA and display
(VOLTS indicator)

PCMTEA and display
(VOLTS indicator)

(For
display,

PCMTEA

ECS

EPS

501-1 (8)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

502-2 (L5\

Circuit No. 1

Circuit No. 3

Circuit No. 4

502-2 (16)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

502-2 (17)

Circuit No. 1

2.22 vdc (135 psia)

0tobvdc
(0 to 3,000 psia)
0 to 2,730 psia
(0 to 10070)

0.5 vdc

4.3 to 5.0 vdc

3.31 to 5.0 vdc

0to5vdc

0to5vdc

0to5vdc

0to5vdc

0to5vdc

0to5vdc

3.50 to 4. 33

vdc

3.50 to 4. 33

vdc

3.94 to 4.81
vdc

Mission LM 3 Basic Date 1 January 1968 Change Page 2.9:17
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Signal Nomenclature
and Telemetry

Code No.
From

(Subsystem)

To
(Conditioning

Unit) Output

To
(IS Assembly
and Display)

X-translation
command voltage -
GHl240

Y-translation
command voltage -
GH724L

Z -translation
command voltage -
GHt242

Battery No. 6

voltage - GC0206

Roll logic input
error voltage -
GHL249

Yaw logic input
error voltage -
GHt247

Pitch
error

logic input
voltage -

GH1248

+15-vdc supply -
GH1406

-15-vdc supply -
GH1407

+6.0-vdc supply -
GH1493

-6.0-vdc supply -
GH1494

Rate gyro assem-
bly spin motor
line A-B voltage -
GH1401

Rate gyro assem-
bly spin motor
line B-C voltage -
GH1402

GN&CS

(control
electronics
section)

EPS

GN&CS

(control
electronics
section)

Circuit No. 2

Circuit No" 3

Circuit No. 4

502-2 (18)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

502-2 (Ls)

Cireuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

503-2 (7)

Circuit No. 1

Circuit No. 2

0to5vdc

0toSvdc

0toSvdc

0to5vdc

0to5vdc

0toSvde

0to5vdc

4.12 to 4.71
vdc

4.12 to 4.71
vde

3.86 to 4.71
vdc

3.86 to 4.71
vde

3.83 to 4.83
vdc"'

3.83 to 4.83
vdc

PCMTEA

PCMTEA

PCMTEA

PCMTEA and display
(VOLTS indicator)

PCMTEA

PCMTEA

PCMTEA

cwEA (cEs DC
warning light)

cwEA (cES DC
warning light)

cwEA (cES DC

warning light)

cwEA (cEs DC
warning light)

cwEA (cES AC
warning light)

cwEA (cEs AC
warning light)

i

Table 2-58. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

INSTRUMENTATION SUBSYSTEM
Basic Date 1 January 1968

L
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Table 2-58. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

INSTRUMENTATION SUBSYSTEM

SignaI Nomenclature
and Telemetry

Code No.
From

(Subsystem)

To
(Conditioning

Unit) Output

To
(IS Assembly
and Display)

Rate gyro assem-
bly spin motor
line C-A voltage -
GH1403

Spare - 26571

Spare - 26572

Landing radar I

range data defective -l
GN?521 

I

Landing radar
velocity sensor
data defective -
GN?557

Low fuel tank
level - cP0908

Low oxidizer tank
level - cP1408

Spare - 26560

Low propellant
liquid level -
GQ4455

Ascent engine on/
off to PROP -
GH1260

Abort guidance
section warmup -
GI3305

Spare - 26550

GN&CS (cont)

GN&CS

(radar
section)

MPS

(ascent
propuision
section)

(descent
proplIsion
section)

GN&CS

(control
electronics
section)

(abort
guidance
section)

503-2 (7) (cont)

Circuit No. 3

504-3 (2)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

Ci.rcuit No. 5

Circuit No. 6

Circuit No. 7

Circuit No. 8

Circuit No. 9

Circuit No. 10

Circuit No. 11

Circuit No. 12

4.32 to 5.0 vdc

4 to 6 vdc (on)
0 to 0.5 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)

4to6
0to0

vdc (on)
,5 vdc (off)

4 to 6 vdc (on)

0 to 0.5 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)

4to6
0to0

vdc (on)
5 vdc (of0

4 to 6 vdc (on)
0 to 0.5 vdc (off)

cwEA (cES AC
warning light)

PCMTEA and CWEA

PCMTEA and CWEA

PCMTEA and CWEA
(LDG RDR caution
Iight)

PCMTEA and CWEA
(LDG RDR caution
Iight)

PCMTEA and CWEA
(RNDZ RDR caution
Iight)

PCMTEA and CWEA
(ASC QTY caution
light)

PCMTEA and CWEA
(ASC QTY caution
light)

PCMTEA and CWEA

PCMTEA and CWEA
(DES QTY warning
light)

PCMTEA

PCMTEA

PCMTEA and CWEA

Mission LM 3 Basic Date 1 .Tanua 1 968 Change Date Page 2.9-19
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Signal Nomenclature
and Telemetry

Code No.
From

(Subsystem)

To
(Conditioning

Unit) Output

To
(IS Assembly
and Display)

Primary guidance
and navigation
section * GG9003

Prime suit com-
pressor failure -
GF1083

Low-Ievel coolant
accumulator fluid -
GF2O4L

Descent engine
on - GH1301

Guidance select
switch (AGS) -
GH1621

Spare suit com-
pressor failure -
GF1084

Emergency oxygen
valve pressure
indicator open -
GF3081

Emergency oxygen
valve electrically
open - GF3572

Pitch trim failure -
GH1323

RoIl trim failure -
GH1330

LM guidance com-
puter warning -
GG9001

Inertial subsystem
warning - GG9002

GN&CS

ECS

GN&CS

(control
electronics
section)

ECS

GN&CS

(primary guid-
ance and
navigation
section)

504-3 (3)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

Circuit No. 5

Circuit No. 6

Circuit No. 7

Circuit No. 8

Circuit No. 9

Circuit No. 10

Circuit No. 11

Circuit No. 12

4 to 6 vdc (on)

0 to 0.5 vdc (oft)

0

to
to

to
to

6 vdc (on)
0.5 vdc (off)

1
0

6 vdc (on)

0.5 vdc (off)

4 to 6 vdc (on)

0 to 0.5 vdc (off)

4 to 6 vdc (on)

0 to 0.5 vdc (off)

4

0

to
to

6 vdc (on)
0.5 vdc (off)

4 to 6 vdc (on)

0 to 0.5 vdc (off)

4 to 6 vdc (on)

0 to 0.5 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)

4

0

to
to

6 vdc (on)
0.5 vdc (off)

PCMTEA and CWEA
(PGNS caution
Iight)

PCMTEA and CWEA
(ECS caution light)

PCMTEA and CWEA
(GLYCOL caution
light)

PCMTEA

PCMTEA

PCMTEA and C\VEA
(SUIT/EAN $,arning
light)

PCMTEA and CWEA
(CABIN rvarning
light)

PCMTEA and CWEA
(CABIN warning
Iight)

PCMTEA and CWEA
GDA/RCCA cauti.on
light)

PCMTEA and CWEA
GDA,/RCCA caution
light)

PCMTEA and CWEA
(LGC warning
light)

PCMTEA and CWEA
(ISS warning light)

Table 2-58. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

INSTRUMENTATION SUBSYSTEM
Basic Date 1 January 1968

L

\t._

Page 2.9-20 Mission LM 3 Change Date



LMA79O-3-LM 3

APOLLO OPERATTONS HANDBOOK
SUBSYSTEMS DATA

Table 2-58. ERA-2 - Conditioned and Preconditoned Interfacing Signals (cont)

INSTRUMENTATION SUBSYSTEM

Signai Nomenclature
and Telemetry

Code No.
From

(Subsystem)

To
(Conditioning

Unit) Output

To
(IS Assembly
and Display)

Battery No. t high-
voltage tap -
GC4361

Battery No. 1 low-
voltage tap -
GC4362

Battery No. 2 high-
voltage tap -
GC4363

Battery No. 2 low-
voltage tap -
GC4364

Battery No. 3 high-
voltage tap -
GC436s

Battery No. 3 low-
voltage tap-
GC4366

Battery No. 4 high-
voltage tap -
GC4367

Battery No. 4 low-
voltage tap -
GC4368

Battery No. 5 on
(Commanderrs bus)-
GC4369

Battery No. 6 on
(Commanderrs bus) -
GC4370

Battery No. 5 on
(LM Pilotts bus) -
GC4371

EPS 504-4 (4)

Circuit No. 1

Circuit No, 2

Circuit No. 3

Circuit No. 4

Circuit No. 5

Circuit No. 6

Circuit No. 7

Circuit No. 8

Circuit No. 9

Circuit No. 10

Circuit No. 11

4 to 6 vdc (on)
0 to 0.5 vdc
0 to 0.5 vdc
28 vdc (off)

(or0
(on)

4 to 6 vdc (on)
0 to 0.5 vdc (off)
0 to 0.5 vdc (on)
28 vdc (off)

4to6
0to0
0to0

vdc (on)

.5 vdc (off)

.5 vdc (on)

28 vdc (off)

11 to 6 vdc (on)
0 to 0.5 vdc (off)
0 to 0.5 vdc (on)

28 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)
0 to 0.5 vdc (on)

2E vdc (off1

.1 to 6 vdc (on)

0 to 0.5 vdc (off)
0 to 0.5 vdc (on)

28 vdc (off)

.1 to 6 vdc (on)

0 to 0.5 vdc (off)
0 to 0.5 vdc (on)

2E vdc (off)

4to6
0to0
0to0

vdc (on)

5

5

vdc (off)
vdc (on)

28 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)
0 to 0.5 vdc (on)
28 vdc (of$

4

0

0

to
to
to

6

0

0

vdc (on)
5

5

vdc (off)
vdc (on)

28 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)
0 to 0.5 vdc (on)
28 vdc (ofQ

PCMTEA

Display (SE BAT 1

talkback)

PCMTEA

Display (SE BAT 1

talkback)

PCMTEA

Display (SE BAT 2

talkback)

PCMTEA

Display (SE BAT 2

talkback)

PCMTEA

Display (CDR BAT 3

talkback)

PCMTEA

Display (CDR BAT 3

talkback)

PCMTEA

Display (CDR BAT 4
talkback)

PCMTEA

Display (CDR BAT 4
talkback)

PCMTEA

Displ'ay (BAT 5

BACK UP CDR FEED
talkback)

PCMTEA

Display (BAT 6

NORMAL CDR FEED
talkback)

PCMTEA

Display (BAT 5

NORMAL SE FEED
talkback)

Mission LM 3 Basic Date 1 J 1 968 Change Date 2.9-21
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Signal Nomenclature
and Telemetry

Code No.
From

(Subsystem)

To
(Conditioning

Unit) Output

To
(IS Assembiy
and Display)

Battety No. 6 on
(LM Pilotrs bus) -
GC4372

Spare - 26553

Spa!:e - 26554

Spare - 26555

Spare - 26556

Spare - 26557

Spare - 26558

Battery No. 1 mal-
function (plus
battery fault signal
from IS for BAT
FAULT component
caution light) -
GC9961

Battery No. 2 mal-
function (same as

circuit No. 7) -
GC9962

Battery No. 3 mal-
function (same as
circuit No. 7) -
GC9963

Battery No. 4 mal-
function (same as
circuit No. 7) -
GC9964

EPS (cont) 504-4 (4) (cont)

Circuit No. 12

504-4 (12)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

Circuit No. 5

Circuit No. 6

Circuit No. 7

Circuit Nc. 8

Circuit No. 9

Circuit No. 10

4 to 6 vdc (on)
0 to 0.5 vdc (off)
0 to 0.5 vdc (on)
28 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)
0 to 0.5 vdc (on)
28 vdc (off)

4 to 6 vdc (on)
0 to 0.5 vdc (off)
0 to 0.5 vdc (on)
28 vdc (off)

Same as circuit
No. 2

Same as circui.t
No.2

4 to 6 vdc (on)

0 to 0.5 vdc (off)

4 to
to

6

0

vdc (on)

0 5 vdc (off)

.1 to 6 i.dr: ion)
0 to 0.5 vtic 1c.ff)
0 to 0.5 vdc (cn)
5.0 r.dc (offl

.1 to 6 vdc (on)

0 to 0,5 r,dc (off)
0 to 0.J vdc (on)

5,0 vdc {ofi)

.1 to ti \.dc (orr)

0 to 0.5 vdc (off)
0 to 0.5 vdc (on)

5.0 vdc (cfi)

4 to 6 vdc (on)

0 to 0.5 vdc (off)
0 to 0.5 vdc (on)

5.0 vdc (off)

PCMTEA

Display (BAT 6
BACK UP SE FEED
talkback)

CWEA

PCMTEA

Display

Same as circuit
No. 2

Same as circuit
No. 2

PCMTEA

PCI{TEA

PCX'{TEA

Display (BAT
FAULT component
caution light) (For
CWEA, refer to 504-
5 (13) circuit No. 7.)

PCMTEA

Same as circuit
No. 7 (For CWEA,
refer to 504-5 (13)

circuit No. 8.)

PCMTEA

Same as circuit
No. 7 (For CWEA,
refer to 504-5 (13)

circuit No. 9.)

PCMTEA

Same as circuit
No. 7 (For CWEA,
refer to 504-5 (13)
circuit No. 10.)

Table 2-58. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

INSTRUME NTATION SUBSYSTEM

L
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Table 2-58. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

INSTRUMENT M

Signal Nomenclature
and Telemetry

Code No.
From

(Subsystem)

To
(Conditioning

Lhit) Output

To
(IS Assembly
and Display)

Battery No. 5 mal-
function (same as
circuit No. ?) -
GF9965

Battery No. 6 mal-
function (same as
circuit No. 7) -
GC9966

C02 secondary
cartridge - GF1241

Suit divert"er valve
position indicator
closed - Gt'122'1,

Suit pressure relief
valve position indi-
eator closed -
Gtr'1211

Suit pressure relief
vaive position
indicator open -
G Ii',1212

Oxygen regulator
valve 306A open -
GF3072

Oxygeu rcgulator
valve 3068 iocked
closed - GF3073

Oxygen regulator
valve 3068 open-
GF3074

Cabi.n gas rr,tuln
valve pressure
irdicator clcted -
Gr 1231

Cabin gas return
valve pressure
indicato:: open -
GF1232

EPS (cont)

ECS

504-4 (4) (cont)

Circuit No. 11

Circuit No. 12

504-5 (5)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. .1

Circuit No. 5

Circuit No. 6

Circuit No. 7

Circuit No. 8

Circuit No. 9

Circuit No" 10

4 to 6 vdc (on)
0 to 0.5 vdc (off)
0 to 0.5 vdc (on)
5.0 vdc (off)

to 6 vdc (on)
to 0.5 vdc (off)
to 0.5 vdc (on)
,0 vdc (off)

.1 ic 6 vdc (on)

0 to 0.5 vdc (oIf)

Sar:re as circuit
i\U. 1

Same as circuit
-\o. I

Same as circuit
-\u. I

Same as circuit
lio. 1

Same as circuit
.r\o. i

Same a.s circuit
Ncr. I

Same as circuit
No.1

Same as circuit
No.1

Same as circuit
No. 1

4

0

0

5

Same as circuit
No. 7 (For CWEA,
refer to 504-5 (13)

cireuit No. 11.)

PCMTEA

Same as circuit No.7
(For CWEA, refer to
504-5 (l-3) circuit
No. 12.)

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

Mission LM 3 Basic Date 1 January 1968 Change Date_ Page 2.9-23
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Table 2-58. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

INSTRUMENTATION SUBSYSTEM
LM 3 Basic Date 1 January 1968

Signal Nomenclature
and Telemetry

Code No.
From

(Subsystem)

To
(Conditioning

Unit) Output

To
(IS Assembly
and Display)

Suit inlet valve
pressure indicator
No. 1 closed -
GF1201

Suit inlet valve
pressure indicator
No. 2 closed -
GF1202

Roll altitude control
selector - GH1628

Pitch attitude
control selector -
GH1629

Selected coolant
pump failure -
GF2935

Spare - 26570

Abort guidance
section standby
condition - GI3306

Yaw attitude con-
trol selector -
GH1630

Battery No. 1 mal-
function (plus EPS
battery caution
signal from IS) -
GC9961

Battery No. 2 mal-
function (same as
circuit No. 7) -
GC9962

Battery No. 3 mal-
function (same as
circuit No. 7) -
GC9963

ECS (cont)

GN&CS

(control
electronics
sectlon)

ECS

GN&CS

(abort
guidance
section)

(control
electronics
section)

EPS

504-5 (5) (cont)

Circuit No. 11

Circuit No. 12

s04-5 (13)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

Circuit No. 5

Circuit No. 6

Circuit No. 7

Circuit No. 8

Circuit No. 9

Same as circuit
No.1

Same as circuit
No. 1

4 to 6 vdc (on)

0 to 0.5 vdc (off)

Same as clrcuit
No.1

Same as circuit
No. 1

Same as cilcuit
No.1

Same as circuit
No. 1

Same as circuit
No. 1

Same as circuit
No. 1

Same as circuit
No. 1

Same as circuit
No.1

PCMTEA

PCMTEA

PCMTEA

PCMTEA

cwEA (ECS
caution light)

PCMTEA

PCMTEA

PCMTEA

CWEA (BATTERY
caution light) (For
PCMTEA and display,
refer to 504-4 (12)
circuit No. 7.)

CWEA (BATTERY
caution light) (For
PCMTEA and display,
refer to 504-4 (12)
circuit No. 8.)

CWEA (BATTERY
caution light) (For
PCMTEA and display,
refer to 504-4 (12)
circuit No. 9.)
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Table 2-58. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

INSTRUME NTATION SUBSYSTEM
1 January 1968 Change Date

Signa1 Nomenclature
and Teiemetry

Code No.
From

(Subsystem)

To
(Conditioning

Unit) Output

To
(IS Assembly
and Display)

Battery No. 4 mal-
function (same as

circuit No. 7) -
GC9964

Battery No. 5 mal-
function (same as
circuit No. 7) -
GC9965

Battery No. 6 mal-
function (same as
circuit No. 7) -
GC9966

Abort stage com-
mand - GH1283

Engine fire
override - GH1286

Sequence control
system automatic
mode select -
GH1608

Sequence control
system attitude
hold select -
GH1609

Attitude controller
assemblv out of
detent - GH1204

Automatic engine-on
command - GHLZI4

Automatic engine-off
command - GH]z]7

Unbalanced
couples - GH1896

Shutoff valves A/B
in midposition -
GQ7498

EPS (cont)

GN&CS

(control
electronics
section)

MPS

(descent
propulsion
section)

504-5 (13) (cont)

Ci.rcuit No. 10

Circuit No. 11

Circuit No. 12

504-5 (14)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. .1

Circuit No. 5

Circuit No, 6

Circuit No. 7

Circuit No. 8

Circuit No. 9

Same as circuit
No. 1

Same as circuit
No.1

Same as circuit
No. 1

4 to 6 vdc (on)

0 to 0.5 vdc (off)

Same as circuit
No.1

Same as circuit
No.1

Same as circuit
No. 1

Same as circuit
No. 1

Same as circuit
No" 1

Same as circuit
No.1

Same as circuit
No. 1

Same as circuit
No. 1

CWEA (BATTERY
cattion light) (For
PCMTEA and display,
refer to 504-4 (12)
circuit No. 10.)

CWEA (BATTERY
caution light) (For
PCMTEA and display,
refer to 504-4 (12)
circuit No. 11.)

CWEA (BATTERY
caution light) (For
PCMTEA and display,
refer to 504-4 (12')

circuit No. 12.)

PCMTI]A

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA
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Table 2-58" ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

INSTRUMENTATION SUBSYSTEM
LM 3 Basic Date 1 Januarv 196i,

Signal Nomenclature
and Telemetry

Code No,
From

(Subsystem)

To
(Conditioning

Unit) Output

To
(IS Assembly
and Display)

Shutoff valves C/D
in midposition -
GQ7499

Solenoid/bipro-
pellant valves A
mismatch - GQ2997

Solenoid,&ipro-
pellant valves B
mismatch - GQ2998

Suit water-sublimator
inlet water temper-
ature - GF454L

Suit No. 1 outlet
temperature -
GF1291

Suit No. 2 outlet
temperature -
GFL292

Main water-sublimator
inlet water tempera-
ture GF4511

Helium tank A
temperature -
GR1121

FueI tank A tem-
perature - GP.2L?L

Fuel tank B tem-
perature - GR2l22

Primary leg strut
temperature -
GMo064

S-band steerable
antenna electronic
assembly temper-
ature - GT0454

MPS (cont)

(ascent
propulsion
section)

ECS

F.CS

Structures

CS

Circuit No. 10

Circuit No. 11

Circuit No. 12

506-2 (6)

Circuit No. 1

Circuit No" 2

Circuit No. 3

Circuit No. 4

506-3 (20)

Circuit No. 1

Circuit No. 2

Circuit No. 3

506-3 (21)

Circuit No. 1

Circuit No. 2

Same as circuit
No. 1

Same as circuit
No.1

Same as circuit
No. 1

0to5vdc
(+20o to +160' F)
+70o F normal

0to5vdc
(+20o to +120o F)

+80o F norrnai

0toSvdc
(+20o to +120' F)

+80o F normal

0toSvdc
(+20o to +160' F)
+70o F normal

0to5vdc
(+20o to +120o F)

+70" F normal

0to5vdc
(+20o to +120' F)
+/U- -F'normal

0tobvdc
(+20o to +120o F)
+'/U' -E normal

0toSvdc
(-200' to
+500' F)

0to5vdc
(-100 " to
+2ooo F)
1.7 to 4.4 vdc

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA and display
(A TEMP indicator)

PCMTEA and display
(A TEMP indicator)

PCMTEA and display
(B TEMP indicator)

PCMTEA

Dispiay (TEMP
indicator, panel 3)

CWEA (HEATER
caution light)
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Signal Nomenclature
and Telemetry

Code No.
From

(Subsystem)

To
(Conditioning

Unit) Output

To
(IS Assembly
and Display)

Helium tank No. 1

temperature -
GP0201

Helium tank No. 2

temperature -
GP0202

Pitch gimbal drive
actuator position -
GH1313, GH1314

Yaw attenuator
error - GH1455

Pitch attenuator
error - GH1456

Ro11 attenuator
error - GH1457

Yaw rate gyro
signal - GH1461

Pitch rate gyro
signal - GHL462

Roli rate gyro
signal - GH1463

MPS

(ascent
propulsion
section)

GN&CS

(control
electronics
section)

Circuit No. 3

Circuit No. 4

507-1 (9)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

507-1 (10)

Circuit No. 1

Circuit No. 2

Circuit No. 3

Circuit No. 4

0to5vdc
(-200" to
+200" P)

0toSvdc
(-200" to
+200" F)
+70" F normal

0to5vdc

Same as circuit
No.1

Same as circuit
No.1

Same as circuit
No.1

0to5vdc
(-3.5 to +3.5
vrms)

0to5vdc
(-3.5 to +3.5
vrms)

0to5vdc
(-3.5 to +3.5
vrms)

0to5vdc
(-3.5 to +3.5
vrms)

PCMTEA and display
(HELIUM indicator)

PCMTEA and display
(HELIUM indicator)

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

PCMTEA

Table 2-58. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

The inputs are amplified by a variable-gain d-c amplifier and fed to a 1.8-kc
modulator. The modulated signal is routed through a transformer, for impedance
matching and ground isolation. The signal is then demodulated and fed to a two-stage
filter circuit that attenuates the ripple and provides the required bandpass. The d-c
signal is then fed to an output amplifier to provide a low output impedance. A zener
diode across the amplifier limits the output to ensure ttrat maximum and minimum
voltage output limits are not exceeded. A zero offset and gain control is provided so
that zero input voltage results in zero output voltage and the proper gain is realized.

2.9 .3.2.2 Attenuators.

The attenuators (502-2) accept unipolar or bipolar analog voltage inputs and provide
four single-channel outputs. Jumper points within the attenuators provide for operation
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of the units in the unipolar or bipolar mode. When operating in the bipolar mode, the

attenuator receives input signals with a range of -2. 5 to +2.5 volts dc and -20 to +20

volts dc. The maximum negative input corresponds to a zero output; the maximum
positive input, to a +5-volt d-c output. Zero input produce a +2.5-volt d-c output.
When operating in the unipolar mode, the output is directly proportional to the input. In
this mode, analog inputs are between 0 and 5 volts dc (minimum attenuation) and between
0 and 40 volts dc (attenuation of 8, or a gain of 1/8). The maximum input corresponds
to a +5-volt d-c output.

The input signal is fed to a gain adjust stage that consists of a voltage divider net-
work. The output of this network is fed to a d-c amplifier and then modulated and passed

through an isolation transforrner to provide the necessary ground isolation and impedance
matching. This signal is then demodulated and fed to a two-stage filter that attenuates
the ripple and provides the required bandpass. A zener diode across the amplifier limits
the output to ensure that the maximum and minimum voltage output limits are not
exceeded.

2.9.3.2.3 AC-to-DC Converters

Each ac-to-dc converter (503-2) receives sinusoidal a-c input signals with a
frequency range of 380 to 840 cps. The converter supplies three single-channel analog
output within a range of 0 to 5 volts dc. The outputs are proportional to the average a-c
input. Converter gain is adjustable to provide full-scale output (+5 volts dc), cor-
responding to full-scale inputs of2L, 31, 100, or 150 volts rms.

The ir:out signal is applied to an attenuator that has a gain control for setting fulI-
scale output for maximum input. The attenuator output is fed through an a-c amplifier
to a transformer, for impedance matching and ground isolation. A precision rectifier
demodulates the signal by converting it to pulsating d-c voltage. A filter changes the
pulsating dc to pure dc. A d-c amplifier receives the filter output and provides a low
output impedance. A limiter across the amplifier output ensures that the maximum and
minimum voltage output limits are not exceeded.

Analog Signal Isolating Buffer.

The analog signal isolating buffer (504-1) receives 0- to 5-volt d-c input signals,
fully isolates them, and provides unity galn (+0?0, -0.O|Vo) at its four single-output
channels.

The signal is fed through an amplifier to an emitter follower, for impedance match-
ing with the input of a modulator. The modulator feeds the signal to a transformer, for
impedance matching and ground isolation. The signal is then demodulated and passed
through a 2-cps filter for ripple attenuatj.on and to provide proper bandpass. This
signal is fed to a d-c amplifier whose output provides a low impedance. A limiter across

'the amplifier output ensures that the maximum and minimum voltage output limits are
not exceeded.

2.9.3.2.5 Discrete Signal Isolating Buffers.

The discrete signal isolating buffers (504-2, -3, -4, and -5) receive remote switch
(solid-state or mechanical) closures and provide either 10 dual-channel, 12 single-
channel, or 12 dual-channel output step voltages.

Buffer 504-2 receives signals from grounded sources; it has a floating input to pro-
vide isolation. This buffer is turned on when the source supplies a step voltage (4 to 6

volts dc). The buffer has 10 dual channels whose discrete output step voltages (0.0 to
5.0 volts dc) are isolated. In addition to input isolation, each channel has power input
transformers for channel-to-channel isolation. These feed output transformers through
solid-state switches actuated by the input signal.

2.9.3.2.4
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Buffers 504-3, -4, arrd -5 receive signals from floating sources; the negative irrp,,il

terminals are ground to the LM 28-volt power supply to provide isolation. Buffers
504-3 and -4 have 12 dual-channel outputs; buffer 504-5 has 12 single-channel outputs.
The dual channels of buffer 504-3 provide 24 discrete output step voltages that are
isolated. These voltages range from 4 to 6 volts dc when the buffer is turned on; from
0.0 to 0.5 volt dc, when it is turned off. The dual channels of buffer 504-4 provide 12

discrete output step voltages that are isolated. They range from 4 to 6 volts dc when
the buffer is turned on; from 0.0 to 0.5 volts dc when it is turned off. These dual
channels also provide 12 solid-state switch closure outputs that are used for talkback or
lamp displays. The single-channel outputs of buffer 504-5 provide 12 discrete output
step voltages that are isolated. These voltages have the same range as those of buffers
504-3 and -4.

Buffers 504-3, -4, ar.d -5 each consist of a dual-purpose switch and series regu-
lator. Actuating the switch feeds power to a 3-kc square-wave oscillator. One of the
oscillator output windings feeds a rectifier filter to provide a sampling of the oscillator
output to a reference generator and a voltage-comparison network. This configuration
stabilizes the oscillator output; the oscillator input voltage is regulated to make the
oscillator insensitive to line voltage fluctuation. Another set of oscillator windings
isolates the oscillator from the output circuits.

2.9.3.2.6 Frequency-to-DC Converters

The frequency-to-dc converters (505-1) receive sinusodial inputs with frequency
variations between 380 and 420 cps and a carrier amplitude of 20 to 130 volts rms.
Zero volts dc corresponds to the low limit of the input frequency range; 5 volts dc, to
the high limit of the input frequency range.

The input sine wave is limited and changed to peaked pulses in a differentiator
circuit. Each positive spike of the differentiator output triggers a one-shot multi-
vibrator whose output controls a solid-state reversing switch. At the low-frequency
Iimit, the stable and unstable states of the multivibrator are equal time periods. Each
state of the multivibrator alternately reverses the precision reference voltage on a
charging circuit in the converter output. The net charge, being time-dependent, is zero
when both time periods are equal. At the high-frequency limit, the stable period is
much shorter than the unstable period. This results in a net charge of +5 volts dc.

2.9 .3.2.7 Resistance -to-DC Converters

The resistance-to-dc converters (SO0-a; sample resistance changes that unbaiance
a Wheatstone bridge and produce bridge errors of 0.0 to 130 millivolts. These errors
produce a 0- to 5-vo1t d-c output at the four dual output channels of the converters.
The resistance changes sampled by the converters are linear with temperature changes,
as follows:

Temperature ('F) Resistance (ohms)

+20 to + 120
+20 to + 160
+20 to +200

-200 to +200
-200 to +500

Each converter consists of a bridge circuit, with a precise 2.6 volts applied to one
of its legs for bridge excitation. A preregulator output is applied to a precision regu-
lator circuit that comprises two zener circuits: one establishes a 2.6-volt d-c refer-
ence from the preregulator supply; the other maintains a 2.6-volt d-c bridge reference
from the output of the precision regulator. These voltages are compared by a dif-
ferential amplifier that adjusts a series circuit in the precision regulator to compensate
for voltage fluctuations from the preregrlator and load variations in the bridge circuit.

t,
t,
t,

364 to 1,671
364 to 1,793
364 to 1,914
665 to 1,914
665 to 2,795
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2.9.3.2.8 Phase -Sensitive Demodulators

The phase-sensitive demodulators (507-1) receive a-c signal inputs that are
compared to a reference a-c input. The signal-input frequency is the same as the
reference-inputfrequency, withaphaserelationshipof 0o*2oor 180o*2" betweenthe
signal- and reference-input voltages. The relationship between the signal input and the
phase of the reference input, and the resultant d-c output is as follows:

Input Voltage
(rms)

Maximum
0.5 maximum
0.0
0.5 maximum
Maximum

Phase Angle
D-C Output

(voIts)

180

180

180

00
00

o
0
1.25
2.50
3. ?5

5.0

"/0"

2.9.3.3

The input signal is fed to an attenuator and gain control circuit that permits adjust-
ing the full-scale output to 5 volts dc for an a-c input of 15 and 26 volts. The signal is
passed through afi a-e amplifier to a demodulator, where the input signal is compared
to a reference pulse. The resultant demodulated signal is passed through a filter cir-
cuit to provide the required bandpass.

Pul se - Code -Modulation and Timing Electronic s A ssembly .

The PCMTEA converts all data inputs generated by the sensors into serial digitat
output signals. These signals are routed to the CS for transmission to MSFN or the
CSM. The PCMTEA consists of pulse-code-modulation equipment that processes sub-
system data, and timing electronics equipment that provides timing and synchronizing
signals to other LM subsystems. The PCMTEA (figure 2-158) consists of the following:

Pul se - code - modulation equipment
Analog multiplexer drivers
High-level analog multiplexer and high-speed gates
Analog-to-digital converter (coder)
Calibrator
Programmer
Digital multiplexer
Output register and data transfer buffers
Power supply

Timing electronics equipment
Phase-locked oscillator and doublers
Timing generator
Time accumulator and serial time code generator
Oscillator failure-detection circuits.

The PCMTEA receives a 1024-kc synchronizing signal and three ty"pes of data:
high-leve1 analog, parallel digital, and serial digital. Some paraltel digital and high-
level analog inputs are supplied directly to the PCMTEA from the sensors; others are
routed throughthe SCEA. The SCEA conditions the inputs to voltage levels requiredby
the PCM equipment. The 1024-kc sync signai., from the LM guidance computer (LGC),
provides synchronization for the PCMTEA and those subsystems that use outputs from
the timing electronics equipment (TE) of the PCMTEA.

Primary eontrol of all units in the PCM equipment is established by the program-
mer. Using submultiples of the internal or external 1024-kc signals, the programmer
provides the basic timing for data sampling and processing. It generates signals for
bit, word, prime frame, and subframe timing intervals. (See figures 2-159 and 2-160.)
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I SECOND : I SUBFRAME : 50 PRIME

FRAMES (r000 MTTLTSECONDS)

2
4 4

E
J 6 7 8 43 44 45 46 47 48 49 50I

I PRIME FRAME

l*--*l
\

't /6,400 SECOND : I WORD :
8 B|TS (rs6.2s0 MTCROSECONDS)

I BIT

t/50 SECOND : I PRIME FRAME :
r28 WORDS (20 MtLT.tSECONDS)

SYNCHRONIZATION

CODE GROUP

1/51,2oo sEcoND:lBtT
(l9,s3r MrcRoSEcoNDs) 300tM3.1 58

Figure 2-L59. Data Format No. 1 (Normat Mode)

External format select signals cause the programmer to generate commands for a fixed,
predetermined program of analog and digital data sampling and to sequentially control
the sampling operation. The programmer generates synchronization and format
identification word patterns and inserts this information into the output serial data
stream. It also generates the command and timing signals necessary for synchronizing
other LM equipment with the PCMTEA.

The analog multiplexer drivers receive the timing and command signals from the
programmer and route the signals to appropriate circuits in the high-level analog
multiplexer gates. The analog voltage inputs to these gates are selected at the
programmed sampling rate and applied to the high-speed gates. The high-level pulse-
amplitude-modulated (PAM) outputs from the high-speed gates are routed to the
analog-to-digital converter (coder). The coder produces digitized words that represent
the input analog data and supplies the words to the digital multiplexer.

The digital multiplexer gates receive digitized-data signals from the coder and
pure digital information from other LM equipment. Gating command signals from the
programmer control the sequential operation of the digital multiplexer gates
according to a fixed program, producing multiplexed data that consist of parallel binary
words,

121 122 123 124 125 126 127 128
7
r, 4 5 6 I II 2

I 2 3 4 5 6 1 I
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I

--i |.-i, T*',i,llor*i*'r)SUBFRAME

I PRIME FRAME

SYNCHRONIZATION

CODE GROUP

I
I SECOND _ I PRIME FRAME

(200 woRDs)

!-
I/2oo sEcoND : I woRD -
8 B|TS (s MtTLTSECONDS)

---+l l+I BtT

\r/r,ooosEcoND:rBrr
(62s MTCROSECONDS)

3001M3-1 59

Figure 2-160. Data Format No. 2 (Reduced Mode)

I 2 3 4 5 6 1 I 198 t99 200193 194 195 r96 197

I 2 3 4 5 6 1 I

i
I

I

I

L

r *l

The parallel binary words are then gated to the output register and data transfer
buffers. The output register converts the parallel data to a serial RZ and NRZ-C out-
put. It also receives, from the LGC and the abort guidance section (AGS) of the

Guidance, Navigation, and control subsystem (GN&CS), serial digital data, which

are inserted into the serial output of the PCMTEA,

The PCMTEA supplies timing commands and synchronization signals. These

signals are provided, by the TE and the programmer, to the data transfer buffers
(output buffers), which supply the signals to other LM equipment.

The TE consists of a phase-locked oscillator and doublers, a timing generator, time
accumulator, serial time code generator, and three oscillator failure-detection circuits.
The TE is redundant in critical areas. A 1024-kc external input from the LGC forces
the phase-locked osciltator into synchronism. If the 1024-kc input from the LGC fails,
the phase-locked oscillator continues to furnish the necessary timing signals without
Ioss of data. The TE divides the 1024-kc signal into a number of selected subharmonic
frequencies, which are routed to the PCM equipment and other LM devices.

I
I

I

t
I
i
l
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2.9.3.3.1 Analog Multiplexer Gate Drivers. (See figure 2-161.)

Upon command from the programmer, the analog multiplexer gate drivers perform
the switching required by the high-Ievel analog gates for sampling the analog i.nputs.
Two basic types of drivers are used: row and column. A row driver is used to activate
6 to 24 gates; a column driver, 7 to 14 gates. A row driver is a compound NPN
transistor stage, used in the common-emitter configuration. Therowdriveris switched
on by a positive-going row command from the programmer. Each column driver is a
two-stage, direct-coupled amplifier that uses NPN and PNP transistors connected in
the common-emitter configuration. Each column driver is switched on by a positive-
going column command from the programmer.

PROGRAMMED

INPUTS

ROW t3

ROW t4 ROW 14

ROW DRIVER OUTPUI
IO HIGH.IEVEL ANALOG
MUTTIPTEXER CARD AI4A2

ROW 17 ROW

TO CARD AI5

ROW 18 ROW

COTUMN AR

coruMN 42

COLUMN 4I

coruMN 40

coruMN 39

- 3.3 VOTTS

COMMON

6.0 votrs

RE)

COTUMN

COIUMN

42

COTUMN DR]VER OUTPUT

TO HIGH-LEVEI ANATOG
MUTTIPTEXER CARD AI4A2

COTUMN DRIVER OUTPUT

TO CARD AI4A2,
Al7, A23, A24, 425

300r.M3-r 60

COLUMN

coruMN

TYPICAT FOR ALt CARDS

Figure 2-16t. Typical Analog Multiplexer Driver Card - Simplified Logic Diagram

40

39

ANALOG AAULTIPLEXER
GATE DRIVER CARD A14A3

_ FIL

* rtl
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2.9.3.3.2

2.9.3.3.3

High-Level Analog Multiplexer and High-Speed Gates. (See figure 2-162 and 2-163.)

The high-level analog gates sample 277 high-level (0 to 5 volts) analog input
channels from LM equipment and generate PAM outputs for each channel input. The
pulses occur at the sampling rate of the channel; the amplitude of each pulse represents
the analog input at sampling time. The high-Ievel analog gates comprise matrix
combinations in an OR-gate arrangement to provide as many as 24 channel inputs per
row, with multiple rows forming the desired matrices. Five primary gates in each row
use a common sequencer gate. The sequeneer gate prevents a shorted primary gate
from causing loss of data from more than four primary gates. The shorted gate is not
affected and remains on, allowing data to flow continuously. The matrices process the
high-level analog inputs and supply four PAM outputs to the high-speed gates. The high-
speed gates contain four electronic switches and four associated drivers; they sharply
time each pulse in the PAM train. The primary and secondary gates do not turn off
sharply; therefore, the trailing edge of each PAM pulse at the input to the sequencer
gates gradually trails off to zero. The high-speed gates cut off each pulse sharply be-
fore combining all pulses into one serial PAM train. Commands from the programmer
to the high-speed gates connect the output of the high-level analog multiplexer to the
input of the coder sample and hold circuitry.

Analog-to-Digital Converter. (See figure 2-164.)

Controlled by the programmer, the anatog-to-digital converter (coder) receives
analog high-level PAM inputs from the high-speed gates for sample and hold and
charging capacitor output. The coder converts analog input data to digitat form. Based
upon the commands from the programrner, the coder provides a digital output of eight-
bit words to the digital multiplexer, (Refer to paragraph 2. 9. 3. 3, 6. ) The coder
converts the input voltages to an eight-bit binary code: zero volts is coded as binary
00000001 (i)ro; 5 volts, as binary 11111110 (25a)19. For each additional 19.?-millivolt
input, the biriiry code is increased by binary 1, until the 5-volt level is obtained. Under-
scal"e voltages (less than zero) are represented as binary 00000000 (0); overscale volt-
ages.(more than 5 volts), as binary 111i111.1(255)fO. The sample andhold circuitry of
the coder comprises an input buffer amplifier, a charging capacitor with gates, and an
output buffer. The output buffer provides the voltage for driving the current-summing
junction.

During a 39-microsecond sampling period, the capacitor is charged to the PAM
analog input voltage from the high-speed gates. At the end of 39 microseconds, the
sampling gate is disabled and the capacitor voltage appears at the output of the sample
and hold output buffer. Sample and hold commands from the programmer, coincident
with the buffer output, initiate successive approximation cycles. The timing generator
is a counter that is matrix driven by an astable multivibrator that operates at approxi.-
mately 100 kc. The generator provides eight sequential timing pulses to the coder. The
pulses have separafe inputs to the coder to provide timing for the weighted-current
(WC) decisions sensed by the differential amplifier. At the beginning of each tlming
pulse, a differential query pulse is generated and routed to the differential amplifier
gate.

Commands from the programmer reset all WC flip-flops, except the 128-bit flip-
flop, to the 0 state, The 128-bit flip-flop is set to a 1 state, providing a path through
the 128-bit weighted-current gate (WCG) for the precision half-scale current input
generated by the calibrated reference voltage. The PAM sample and hold output and the
128-bit WCG output are summed through their precision resistors and fed to the sum-
ming junction. If the resultant current at the junction is positive, the WC was less than
the current produced by the PAM voltage, The differential amplifier senses the result-
ant positive current and applies an input to the differential amplifier gates. Query
pulsesarecoincidentwiththisinput. Fordifferentialamplifieroutputsthatrepresenta re-
sultant positive summing junction current, the query pul ses set the differential amplifier
flip-flopandprovidealoutput. ThisloutputiscoincidentwithtimingpulseNo. lattheinput
to the 12 8-bit AND gate. The 1 output from the AND gate is fed to the 128-bit flip-fl op, which
initiallywassettoal state. Theflip-flopisnotreset: the 1 output (128-bit) is stored.
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COLUMN A2

COTUMN A3

COTUMN 44

COTUMN A5

COMMON

HIGH-LEVEL

ANALOG GATES

CARD Al5AI

COTUMN AI

6 VOTTS

ACTIVE RESET

HIGH tEVEt
ANATOG

GATE

(HLAG)
16

ROW A

TEST POINT I

32

]NPUT AI
HLAG

ll

INPUTS FROM

ANATOG
MUTTIPTEXER

GATE DRIVER

CARD AI4A4

FROM

SCEA FIRST OF 50

SAMPTES/ 5EC

ROW B

(PARTTAT VrEW)

FROM SCEA

FROM SCEA

CARD AI4

sEcoND oF t00
SAMPTES/SEC

COIUMN INPUT

TO CARD

AI5A4

sEcoND oF 200
SAMPLES/ sEC

SECOND PAM

OUTPUT

TO HIGH-SPEED
GATES

TO CARD AI5A4

3001M3-l 6l

Figure 2-t62, High-Level Analog Multiplexer Card - Simplified Logic Diagram
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HI.AG

INPUT BI
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30
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PAM SIGNAIS
FROM HIGH.

LEVEt ANATOG
MUTTIPTEXER

COMMANDS
FROM

PROGRAMMER

2.9,3.3.4

FI RST

PAM

SECOND

PAM

THIRD

PAM

TO ANATOG -TO.

DIGITAT CONVERTER

FOURTH

PAM

300r.M3- r 62

Fi gure 2-163. High-Speed Gates - Logic Diagran.r

The timing pulse input fed to the 128-bit AND gate is also fed to the 64-bit WC flip-
flop, setting the 64-bit WCG. Remaining 128-bit current (if any), the 64-bit current,
and the PAM analog current are now summed at the summing junction. The differential
amplifier againsenses the resultant current and accepts or discards the 64-bit WCG

output. Discarding occurs when the query pulse prevents the differential amplifier out-
put from gating through to the differential amplifier flip-fIop. This provides a zero
input at the AND gates; there is no output to the digital multiplexer.

This process continues through timing pulse No. 8, at which time the least signifi-
cant bit is stored and the WC flip-flops contain a parallel digital representation of a
code word. The flip-flop outputs are strobed through digital multiplexer gates to the
output register, to be converted to serial NRZ data.

Calibrator.

The calibrator produces two precision (0.1870) voltage outputs for system calibra-
tion, The desired outputs are 85Vo and lSVo of 5 volts (4.25 and 0. ?50 volts, respective-
ly). The precision voltages are obtained by tapping the desired potentials from the
precision resistor network. The 4.25 and 0.750 calibrator voltages may be supplied to
the analog gates by external jumpers. The calibrator precision voltages are used in
functional loop checks, to determine the operational status of the high-speed gates and

the coder.

HIGH.SPEED GATE

COMMAND NO. I

HIGH-
SPEED

GATE

4o tttcH.speED GATE

NO. 2

HIGH.

SPEED

GATE

HIGH.SPEED G
CARD AT8A1

HIGH-tEVEI.

PAM

I5
HIGH.SPEED GATE

COMMAND NO. 3

HIGH.

SPEED

GATE

35 xtcx-sprED GATE

COMMAND NO. 4

HIGH-

SPEED

GATE

30

44
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2.9.3.3.5

2.9.3.3.6

Programmer. (See figure 2-165. )

The programmer establishes the basic timing required for operation of the
PCMTEA in the normal (51.2 kilobits per second) or reduced (1.6 kilobits per second)

mode, and controls sampling by the PCMTEA. To operate in the normal mode, the
TELEMETRY PCM switch (panel 12) is set to HI. To operate in the reduced mode, the
switch is set to LO. The programmer functions are as follows:

o Establishes the basic intervals for timing periods, bits, words, prime
frames, and subframes

Generates commands for analog and digital sampling in conformance with
a fixed program

o Generates commands for coder operation and data transfer operations

o Generates patterns for sync and format identification (ID) words, and the
commands for inserting these words into the output of the PCMTEA

Generates commands and timing signal.s used to synchronize other LM
equipment with the PCMTEA.

The programmer counter matrix is a flexible counter that provides submultiples of
the basic 512-kpps clock input. The outputs are subsequenUy decoded toproducespecific
timing outputs. The counter logic consists of 17 bistable stages: 7 stages are allotted
for a word counter; 6, for a 50-to-l prime frame ID counter; and 4, for a 10-to-1 prime
frame counter. Each stage of the counter is designated by an F number. The prime
frame ID counter produces the six binary numbers that identify the prime frames. The
counter is cleared at the end of each subframe by the differentiated 1-cps input; it is
then stepped through 50 binary states (000001 through 110010). The binary numbers are
furnished to the digital multiplexer gates, for insertion into the PCMTEA data. During
normal bit-rate operation, the binary numbers are inserted into word No. 4 of the data
input. During reduced bit-rate operation, binary 000001 is inserted into word No. 4 of
every.trame.

Normal and reduced bit-rate ID control logic implements the switchover from
normal to reduced bit-rate mode within the programmer. It also produces a command
to a digital multiplexer gate, which causes the bit-rate format code to be inserted into
the PCMTEA serial train during word No. 5 of prime frame No. 1. This is accom-
plished by sampling the output of the remotely located bit-rate selector switch and
storing'this information in two bistables controlled by AND gates. When the normal bit-
rate mode is selected to replace the reduced mode, the mode information is stored at
reduced word No. 4.(See figures 2-159 and 2-160.) The normal bit-rate ID command is
then generated during reduced word No. 200 and the format ID word is inserted into the
PCMTEA data at the digital multiplexer gates. Likewise, when the reduced bit-rate
mode is selected to replace the normal mode, the mode information is stored at prime
frame No. 1, word No. 3. The reduced bit-rate ID command is generated at normal
bit-rate word No. 2, prime frame No. 1. Switchover from normal to reduced bit-rate
mode can be accomplished only at the start of a subframe. Thus, if a change is made
after prime frame No. 1, word No, 3, the remainder of the subframe operates at
normal rate. In the next subframe, the reduced bit-rate ID is inserted in the format and
the subframe operates at the normal rate. Switchover occurs at the start of the next
subframe.

Digital Multiplexer . (See figure 2 - 166 . )

The first number in channel identification is the sampling rate of the channel. The
following letter (A or D) signifies analog or digital data. Letter P, S, or H signifies
parallel, serial, or high-sampling-rate data, respectively. The last number, letter, or
combination thereof identifies the individual channel.

INSTRUMENTATION SUBSYSTEM
Mission LM 3 Basic Date 1 .Tanua 1968 Change Date Page 2.9-39
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Figure 2-L66. Digital Multiplexer - Logic Diagram
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Based upon commands from the programmer, the digitaf multiplexer gates perform
gating functions for digital inputs from the coder, programmer, time accumulator,
CWEA, and other LM equipment. Eight-bit binary words, resulting from the coding of
the analog channel inputs, are received by the digital multiplexer gates from the coder.
From the programmer, the digital multiplexer gates receive four programmed sync
words (three 8-bit words and one 2 -bit word), six bits of frame ID, (frame nrrmber), and
the format ID word. The digital multiplexer gates also receive multiple digital inputs
from other LM equipment: sixty=five 1-bit words (channels lDPE1 through 1DPE45,
1DP1 through 1DP10, 10DP1, 50DP1, S0DPEl through 50DPE4, and 100DPE1 thr.qugh
100DPE4),.one 16-bit word (channel 200DEP1), and two 32-bit words (channels 50DPd
and 10DP1). Each of these inputs is gated to the output register on a time-shared basis,
in the form of eight-bit words. (The specific multiplexing of these inputs is shown in
tables 2-59 and 2-60.) When a digital input consists of more than eight bits, the eight
most significant bits of the input word are gated to the output register first, then the
eight next most significant bits. Table 2-59 consists of 128 words, which make up one
prime frame. Fifty prime frames (1 subframe) are generated in 1 second. Table 2-60
consists of 200 words which make up one frame (equal to one subframe), The frame is
generated in 1 second.

The digital multiplexer gating structure consists of nine 8-bit word gates. The
binary-weighted outputs of these nine gates are OR gated to eight output lines. Each
word gate consists of eight AND structures (one for each bit of input), followed by an
isolation diode that is junction OR gated to the weighted output lines. Multiplexing of
the word inputs is controlled by i.nputs from the programmer. When a word is to be
gated to the output register, the eight-bit AND strxcture is strobed by a word command
from the programmer. The input word configuration is transferred to the output
register through the junction OR gates.

Table 2-59. Word and Channel Assigrrments - Normal Format (51.2 Kilobits Per Second)

INSTRUMENTATION SUBSYSTEM
Basic Date 1 Januarv 196g

\__
Word No. Data or Charmel

1

,

3

4

5

6

7

9

10

11

Sl.nc 50DP1A

Sy'rc 50DP1B

Sync 50DP1C

Sltrc and ID 50DP1D

F1 (format ID) (1DP1)

F2 (1AH4), F7 (1AH23),

F3 (1AH8), F8 (1AH27),

F4 (1AH12), F9 (1AH31),

F5 (1AH16), F10 (1AH35),

F6 (1DP3), F11 (1DP5),

F22 (1AH80), F23 (1AH84),

F12 (1AH42),

F13 (1AH46) ,

F14 (1AH50),

F15 (1AH54),

F16 (1DP7),

F24 (1AH88). ..

Fl? (1AH6U,

F18 (1AH65),

F19 (1AH69),

F2o (1AH73),

F21 (1DP9),

F50 (1AH192)

2OODPElA

2OODPElB

lOODPEl

200AH1

200AlI2

200AH3

Page 2.9-42 Mission T, 3 Change Date
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Word No. Data or Channel

72

13

l4

15

16

l7

18

19

20

2t

22

24

ZC

26

27

,a

)q

30

31

34

200AH4

20oAH5

200AH6

200AH7

lOODPE2

100AH1

100AH2

100AH3

100AH4

100AH5

100AH6

100AH7

5ODPE1

100AH8

100AH9

100AH10

100AH11

100AH12

10cAH13

100AH14

5ODPE2

F1, F6,

F2, F7,

F3, F8,

F4, F9,

F5, FlO,

F1, F6,

F2, F7,

F3, F8,

F4, F9,

F5, F10,

F46 (10DP1A)

F47 (10AH8)

F48 (10AH18)

F49 (10AH28)

F50 (10AH37)

,t,11,

F12,

F13,

F1,1,

F15,

Fl1,

F12,

F13,

F14,

F15,

F46 (10DP1B)

F47 (10AH9)

F48 (10AH19)

F49 (10AH29)

Fso (10AH38)

L

Table 2-59. Word and Channel .Assignments - Normal Format (51.2 Kilobits Per Second) (cont)
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Word No. Data or Channei

35

36

38

39

il0

4I

4+

45

+t)

48

10

50

51

F1,

F2,

F3,

84,

F5,

F1,

F'

F3,

F4,

F5,

F6,

F7,

F8,

F9,

F10,

F6,

F7,

F8,

F9,

Fl-0,

F11,

FLz,

F13,

F14,

Fl5,

F46 (10DP1C)

F47 (10AH10)

F48 (10Ar{20)

F4e (10AH30)

F50 (10AH3e)

F11,

F12,

F13,

F14,

F15,

F46 (10DP1D)

F47 (10AH11)

F48 (10AH21)

F4e (10AH31)

F50 (1oAH40)

F1 (1AH1),

F2 (1AH5),

F3 (1AH9),

F4 (1AH13),

F5 (r.AHl7),

F26 (1AH97),

F27 (1AH101),

F28 (1AHr"05),

F29 (1AH10e),

F3o (1AH118),

F31 (1AH117),

F6 (1AH2o),

F7 (1AH24),

F8 (1AH28),

Fe (1AH32),

F10 (1AH36),

F1l (1AH39),

F12 (1AH43),

F13 (1AH47),

F14 (1AH51),

F15 (1AH55),

F16 (1AH58),

F1? {1AH62),

F18 (14H66),

F19 (1AH70),

F20 (1AH74),

F21 (1AH77)

F22 (1AH81)

F23 (1AH85)

F24 (1AH8e)

F25 (1AH93)

F32 (1AH121), F38 (1AH145),

F33 (1AH125), F39 (1AH149),

F34 (1AH129), F40 (1AH153),

F35 (1AH133) , F4] (1AH157),

F36 (1AH137), F42 (1AH161),

F37 (1AH141), F43 (1AH165),

F5o (1AH193)

F44 (1AH169),

F45 (1AH1?3),

F46 (1AH177),

F47 (1AH181),

F4B (1AH185),

F49 (1AH189),

2OODPElA

2OODPElB

lOODPEs

200AH1

2004H2

200AH3

200AH4

200AH5

200AH6

200AH7

lOODPE4

100AHL5

100AH16

100AHL7

Table 2-59. Word and Channel Assignments - Normal Format{51.2 Kilobits Per Second) (cont)
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Word No. Data or Channel

55

56

57

58

59

60

61

62

OJ

64

65

66

67

68

1"00AH1 8

t 00AH19

1004II20

100AH21

100AH22

5OAH1

5OAII2

5OAH3

5OAH4

5OAH5

5OAH6

5OAH7

5OAH8

F1,

F2,

F3,

F4,

F5,

F1,

F2,

F3,

F4, ,

F5,

F1,

F2,

F3,

F4,

F5,

F1,

F2,

F3,

F4,

F5,

r'46 (10AH1)

F47 (10AH12)

F48 (10Arr22)

F4e (10AH32)

F50 (10AH41)

F6,

F7,

F8,

F9,

F10

F6,

F7,

F8,

F9,

F10

F6,

F7,

F8,

F9,

F10

F6,

F7,

F8,

F9,

F10

F11-

F72

F13

F14

F15

F11

F12

F13

Ft4

F15

F11

F12

F13

F14

F15

F11

Ft2

F13

F14

F15

F46 (10AH2)

F47 (10AH13)

F48 (10Arr23)

F49 (10AH33)

r'50 (104H42)

F46 (10AH3)

F47 (10AH14)

F48 (10A1r24)

F49 (10AH34)

F50 (1oAH43)

F46 (1oAH4)

F47 (10AHr"5)

F48 (10AH25)

F49 (10AH35)

F50 (1oAH44)

L
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Word No. Data or Channel

69

70

72

75

76

77

78

70

80

81

a9

83

84

85

86

87

88

89

90

9L

92

F1 (1AH2),

F2 (1AH6),

F3 (1AH10),

F4 (1AH14),

F5 (1AH18),

F26 (1AH98),

F27 (1AH1o2),

F28 (1AIr1o6),

F29 (1AH110),

F3o (1AHr.14),

F31 (1AH118),

F32 (7AHL22),

2OODPElA

2OODPElB

lOODPEl

200AH1

2004H2

200AH3

2004H4

2COAH5

20oAH6

200AH7

lOODPE2

100AH1

100AH2

100AH3

100AH4

100AH5

100AH6

100AH7

5ODPE3

100AH3

100AH9

100AH10

100AH11

F6 (1ArI21),

F7 (14H25),

F8 (1AII2e),

F9 (1AH33),

F1o (1AH37),

F11 (1AH4o),

F12 (1AH44),

F13 (1AH48),

F14 (1AH52),

F15 (1AH56),

F16 (14H59),

F17 (1AH63),

F18 (1AH67),

F19 (1AH71),

F20 (1AH75),

F21 (1AH78)

F22 (1AH82)

F23 (1AH86)

F24 (1AHe0)

F25 (1AHe4)

F33 (1AH126),

F34 (1AH13o),

F35 (1AH134),

F36 (1AH138),

F37 (1AH142),

F38 (1AH146),

F3e (1AH150),

F40 (1AH154),

F41 (1AHl58),

F42 (1AH162),

F43 (1AH166),

F44 (1AHl-70),

F45 (1AH174),

F46 (1AH178),

F47 (1AH182)

F48 (1AH186)

F4e (1AH190)

F50 (1AH1e4)

Table 2-59. Word and Channel Assignments - Normal Format (5L.2 Kilobits Per Second) (cont)
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Table 2-59. Word and Channel Assignments - Normal Format (51.2 Kilobits Per Second) (cont)

INSTRUMENTATION SUBSYSTEML

100

101

99

93

94

95

96

ory

98

F11

I'12

F13

F14

F15

F6,

F7,

F8,

F9,

F10,

F1,

F2,

F3,

F4,

F5,

F32 (1DPE26),

F33 (1DPE27),

F34 (1DPE28),

F35 (1DPE3o),

F1, F6,

F2, F7,

F3, F8,

F4 (1DP2),

F5, F10,

F29 (1DpE24),

F1 (1AH3),

F2 (1AH7),

F3 (1AH11),

F4 (1AH15),

F5 (1AH19),

F6 (1AH22),

F26 (1AHee),

F2? (1AH103),

F28 (1AH107),

F29 (1AH111),

F30 (1AH115),

F31 (1AH119),

F37 (lDPE31),

F38 (1DPE32),

F3e (1DPE33),

F4o (1DPE35),

r'42 (1DPE3 6) ,

F43 (1DPE37),

F44 (1DPE38) ,

F45 (1DPE40),

F46 (1oAH6)

F47 (1oAH16)

F48 (10Am6)

F49 (1oAH36)

F50 (1oAH45)

F11 F46 (10AH7)

F12 F47 (10AH17)

F13 F48 (1oAlI27)

Fe (i-DP4), F14 (1DP6), F1e (1DP8), F24 (1DP10)

F15 F50 (10DPE1)

F34 (1DPE29), F39 (1DPE34), F44 (1DPE39), F49 (1DPE44)

F11 F46 (1oAH5)

F7 (1DPE5), F12 (1DPE9),

F8 (1DPE6), F13 (1DPE10),

F9 (1DPE7), F14 (1DPE11),

F10 (1DPE8), F15 (1DPE12),

F25 (1DPE20), F3o (1DPE25)

F7 (1A1126), F13 (1AH49),

F8 (1AH30), F14 (1AH53),

F9 (1AH34), F15 (1AH57),

F10 (1AH38) , F16 (1AH60),

F11 (1AH41), F17 (1AH64),

F12 (r"AH45), F18 (1AH68),

F25 (1AHe5)

F32 (1AH123), F38 (1AH147),

F33 (1AH127), F39 (1AH151),

F34 (1AH131), F40 (1AH155),

F35 (1AH135), F41 (1AH15e),

F36 (1AH139), F12 (1AH163),

F37 (1AHL43), F43 (1AH167),

F50 14.H19

F27 (tDPEztl

F28 (1DPE22)

F2e (1DPE23)

F20 (lDPE16),

F47 (1DPE41)

F48 (1DPE42)

F4e (1DPE43)

F50 (1DPE45)

F19 (1AH72),

F20 (1AH76),

F21 (1AH79),

F22 (1AH83)

F23 (1AH87)

F24 (1AH91)

F44 (1AH171),

F45 (1AH175),

F46 (1AH17e),

F47 (1AH183)

F48 (1AH187)

F,19 (1AHl91)

Mission LM 3 Basic Date 1 January 1968 Change 2.9-41
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100AH12

1004H13

100AH14

5ODPE4

5ODP2

F1, F6,

F2 (IDPE1),

F3 (1DPE2),

F4 (1DPE3),

F5 (1DPE4),

Date
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Word No. Data or Charmel

LO2

103

104

105

106

107

108

109

110

111

112

113

tL4

115

116

!17

118

119

720

\21

122

123

124

125

L26

L27

t28

2OODPEl.A

2OODPElB

lOODPES

200AH1

200AH2

2004H3

200AH4

200AH5

200AH6

2OOAH?

lOODPE4

t 00AH15

100AH16

1004H17

100AHL8

1004H19

100AH20

1004II21

100AH22

50DS1A

50DS1B

50DS1C

5ODS1D

50D51E

5ODS2A

50DS2B

5ODS2C

Table 2-59. Word and Charurel Assig:rments - Normal Fomat (5L.2 Kilobits Per Second) (cont)

INSTRUMENTATION SUBSYSTEM
Basic Date 1 Januarv 1968

i

L
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Table 2:60. Word and Channel Assignments - Reduced Format (L.6 Kilobits Per Second)

TION SUBSYSTEM

i

t

t_

Word
No Data or Channel

Word
No. Data or Chalnel

Word
No. Data or Chamel

l.

2

4

5

b

7

3

I

1"0

ll

L2

fJ

14

15

rtl

l"?

l-8

19

2A

2L

,,

26

1a

29

30

31

I

I

I

I

32

34

35

36

38

39

40

47

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

51

58

59

60

61

62

1AH3O

1ODP1A

1ODP1B

1oDP1C

1ODP1D

1AH35

1AH36

14H37

14H38

].DP3

1DP4

5ODPE1

5ODPE2

14H42

1OAH9

10AH14

1OAII16

14H46

1OAII19

1OAII24

I.OAH26

lAH5O

10A'H29

10AH34

104H36

1AH54

10AH38

104H43

10AH45

1DP5

1AH58

63

64

65

66

67

68

69

70

7t

72

?3

74

15

'/b

77

78

79

80

81

82

83

84

85

86

87

88

89

90

9L

92

93

LAH59

1AH6O

14H61

14H62

1AI{63

1AH64

IAH65

1AH66

1AH67

14H68

1DP6

1DP7

1KP8

1DP9

I,AH73

LAH74

1,{H75

14H76

1DP1O

].DPE1

1DPE2

1DPE3

1AH8O

1AH81

1AH82

1.{H83

1AH84

1AH85

1AH86

1.{H87

1AH88

Mission_-_114j Basic DatelJanuarv 196g Change Date 2.9-49

Sync 50 DP1A

Syac 50 DP1B

Syne 50 DP1C

Sync 50 DP1D

Fonant ID (1DP1)

1AH5

1AH6

1AH?

1AH8

1AHg

1AII1O

lAH11

1AH12

1AH13

1AH14

1.4'H15

1AlI16

1.{HI.?

14n18

1AH19

l,DP2

1AH2O

I-AHz1

LATI22

1AHz3

L4fi24

1AH25

LAHz6

LAt{27

14H28

1AH29
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Table 2-60. Word and Channel Assignrnents - Reduced Format (1.6 Kilobits Per Second) (cont)

Data Data or Channel
Word

No. Data

ir.t r: .tj

94

95

96

97

98

99

100

101

t02

103

104

105

106

10?

108

109

110

111

112

113

7L4

115

116

1,17

l-18

119

120

12L

L22

]..23

124

125

126

127

128

129

130

131

L32

133

134

135

136

138

139

141.

1.42

143

r46

L47

148

150

151

754

155

14

:.'|:,

44

4tr

1AH120

1AH121

lAHtz4

1AH125

1AH126

l.AH!27

1AH128

1AH129

1AH130

IAHL22

1AH123

1AH131

1AH132

1AH133

1AH134

H1351A

ri

'iir,.-

.t

'":'

. .i,r i:

! | l.,l

1,..): !

ti:.t;.

., ;.1 i.

':'i ir. i.

rr.iti

.:: ,: :.

:'..' I i

156

157

158

160'

161

L62

163

164

165

166

767

168

169

170

L7t

772

173

1.74

175

L76

1.77

178

779

180

181

782

183

184

185

186

,;1:.111I1;1

'j:'il

.;;.j ,: i

:,':,.,,)

: 't.," .',.

' 1.i.,1 :

, i.,... ' .,

- : :...a. :

l'.j.t::.r,

1...:r ri.

'!!i :.

! ' il;i I

r, r.: i.r '

l:.li 1 i I

,rl ri r, i:

LDPE22

LAHf77

1AH178

1AH179

1AHr.80

1A H181

1AH152

1AH164

1AH165

1AH1

1AH1

1AH1

1AH1

1AH1

1AH1

lDPE

70

7L

72

74

75

i. i: ..i:t tll

' 
' ':l''l

. ::tt.ri

1DPE2O

1DPE21

1A lI1 60

1AH161

1AH162

1AH163

1AH166

1AH167

1AII168

1AH169

.r'l.:.

:: l:

1AH153

1AH154

1AH155

1DPE18

1DPE19

1AH89

1AH9O

1AHg1

1AH92

1AH93

1AH94

1AH95

1DPE4

1AH97

1AHg8

1AH99

1AH100

1AH101

1AH102

1AH103

1AH104

1AH105

1AHl06

1AH107

1DPE5

1DPE6

1DPE7

1DPE8

1AlI112

1AH113

1AH114

1AH115

1DPE9

,ir :-

l: : i

't..l.

.i) r;! :

,, i,"i.l.

"iir i

; il.L-:.

I rl"it '"

i:i:il

:{':

,:: lt ,,

:in;

', : 
': t 

| -. !.

,i tr,, :.

L
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Word
No. Data or Channel

Word
No. Data or Channel

Word
No Data or Channel

187

188

189

190

191

1AH182

1AH183

1AH184

1AH185

1AH186

192

193

194

195

L96

1AH187

1DEP23

lDPE24

1DPE25

1DPE26

797

198

199

200

1AH192

1AH193

1AH194

1AH195

2.9.3.3.7

Table 2-60. Word and Channel Assignments - Reduced Format (1.6 Kilobits Per Second) (cont)

The gating structure used for each word gate consists of eight input diodes con-
nected with the collector of a two-stage complementary gate driver and eight isolation
diodes. Each junction is OR gated with the same binary-weighted output of eight other
word gates. The AND function is controlled by the gate driver output. During non-
sampling time, each input diode is reverse biased by a negative voltage on the collector
of the final stage of the driver. When data are to be gated to the output register, the
gate driver is pulsed by a word command from the programmer. This saturates the
gate driver, providing drive to set a 1 into each stage of the output register, corre-
sponding to the digits of the digital word that are 1 (in excess of +3.5 volts) at the
input. If a digit is 0 (less than +1.5 volts), the input diode is forward biased and the
set current is inhibited.

Output Register and Data Transfer Buffers. (See figure 2-167.,

The output register receives eight-bit (parallel-by-bit) PCM words from the digital
multiplexer gates and converts these data into serial PCM outputs. It aLso receives
40- and 24-bit serial binary inputs (channels 50DS1 and 50DS2) from other LM equip-
ment and converts these data to PCM outputs. The data transfer buffers accept data
from the output register, and inputs from the programmer and TE, to provide the
following PCM output signals:

NRZ data
RZ data
Split-phase data
Data rate timing
Subframe sync
Two subcarrier reference signals
One 40-bit serial start

T$3 i3_ill ::ri3i :ixi
One 24-bit serial stop
One 24-hit serial sync.

The output register consists of an eight-stage shift register, a shift pulse driver,
and serial data transfer gates. Eight-bit words (bits 1, 2, ... 8) are parallel loaded into
the shift register from the digital multiplexer gates, on word command to the gates from
the programmer. The word command is active during bit 8 of 8 of each word time that
an analog or parallel digital input is sampled. Each binary 1 sets a stage of the shift
register. Each stage of the shift register is a conventional, saturating bistable that uses
an input driver and negative steering diodes. During the next word time, the word is
shifted out at the bit rate. with the most significant bit (bit 8) shilted out first. This is
accomplished by shift pulses developed by the shift pulsi driver from a bit rate input
turnished by the programmer. The final stage of the shift register drives the NRZ, RZ,
and split-phase bistables.

INSTRUME NTATION SUBSYSTE M
Basic Date 1 January 1968 Change DateMission LM 3 Pace.......ry-
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2.9.3.3.8

2.9.3.3.9

2.9.3.3. 10

2.9.3.3. 11 Timing Generator

The 40- and 24-bit serial words are also processed by the shift register. These
serial words are transferred synchronously from other LM equipment by start, stop,
and bit sync pulses furnished by the PCM equipment. Each bit of the words is AND
gated at the serial data transfer gates, with the word command from the programmer
and furnished as an input to the eighth stage of the shift register. Each bit is sub-
sequently entered into this state and shifted out by the shift puJ.se as serial PCM data.
The 50DS1 and 50DS2 inputs are inserted in words No. 121 through 128 of each prime
frame during operation in the normal bit-rate mode. When operating in the reduced
bit-rate mode, channels 50DS1 and 50DS2 are not sampled.

The data transfer buffers supply a start pulse one bit time before the beginning of
the serial digital readout, 40-bit sync pulses (one each read time), and a stop pulse one

bit time after readout of the 40th bit.

Power Supply.

The PCMTEA power supply (double-thickness card) is a dc-to-dc converter. It
converts a +28-volt input to highly regulated outputs for the PCM analog blocks (+20,

-20, +10, -10, and +6.3 volts) and the PCM digital blocks (+10, +6, +3.3, and -3.3
volts). The power supply also fulfills the power requirements of the TE.

Phase-Locked Oscillator and Doublers.

A 1024-kc signal {rom the LGC is routed to the TE doubler circuits through two
parallel paths (primary and secondary). In the secondary path, a 2048-kc signal
(doubler circuit output) controls the phase-locked oscillator. This temperature-
compensated quartz crystal oscillator continues to operate and drive the timing gener-
ator if the 1024-kc input from the LGC fails. Additionally, if the Schmitt trigger output
in the primary path fails to drive the timing generator, the phase-locked oscillator
provides the redundancy needed for the timing generator to produce synchronizing
signals for PCM outputs and other LM subsystems.

Oscillator Failure-Detection Circuits (No. 1, No. 2 and No. 3).

The three oscillator failure-detection circuits in the TE monitor the status of the
phase-locked oscillator in the TE. Failure-detection circuit No. 1 routes digital
status data to the digital multiplexer in the PCMTEA. This signal provides MSFN with
telemetry signal GL0400 in real time. Failure-detection circuitsNo. 2and3 routeanalog
status data to the high-level analog multiplexer in the PCMTEA, These signals provide
MSFN with telemetry signals GL0422 and GL0423 in real time. If the phase-locked
oscillator fails, MSFN is cautioned that the TE synchronization output signals to the
PCMTEA and other LM subsystems are supplied through the primary input path to the
timing generator. In this condition, if the LGC 1024-kc input to the TE fails, the

synchronizing output signals from the TE will not appear'.

The timing generator is tri-redundant logic that divides the 2048-kpps input
signal into 1024- and 512-kpps signals. These synchronizing signals are routed to the
AGS and CS, respectively. In addition, the timing generator divides the 512-kpps signal
down to 10 pps. The redundant counters provide outputs at5l.2, 6.4, and 1.6 kpps;
10 cps; and 1 pps to the PCM equipment and other LM subsystems. These outputs are
buffered; all division is done by integrated circuit bistables.

2.9.3.3. 12 Time Accumulator and Serial Time Code Generator.

The time accumulator is a nonredundant device that comprises integrated circuitry
that accepts the 10-cps signal from the redundant counters in the timing generator and

divides it into the required binary-coded-decimal (BCD) outputs (seconds, minutes,
hours, and days). Total recycling occurs at 39 days. An automatic reset circuit
resets the time accumulator when power is initially applied to the PCMTEA. The

INffiEM
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BCD outputs that represent seconds, minutes, hours, and days are fed in
parallel to the serial time code generator as a 26-bit time code signal. The 26 bits
represent mission elapsed time. The generator output (100 bits per second in NRZ-C
format) is routed, with the most significant bit first, to the DSEA for time correlation
of recorded voice. The first 24 bits are a synchronization code; the following 26 bits
represent mission elapsed time.

Caution and Electro (See figure 2-168.)

The CWEA provides the astronauts and MSFN with a continuous rapid check of LM
stafus during manned missions. By continuously monitoring the data supplied by the
SCEA, malfunctions are immediately detected. When a malfunction is detected, the
CWEA provides signals that light caution lights (panel 2), warning lights (panel 1), and

MASTER ALARM pushbutton/Iights (one each on panel 1 and 2). A malfunction also
activates a 3-kc signal that provides a tone in the astronaut headsets, and supplies the

PCMTEA with a telemetry signal.. The warning lights (red) indicate malfunctions that
jeopardize astronaut safety and require immediate action. The caution Iights (yellow)
indicate malfunctions that do not necessarily require immediate action.

The CWEA compares analog signals (between 0 and 5 volts dc) Irom the SCEA with
preselected internally generated limits supplied by the caution and warning power supply
as reference voltage. In addition to the analog inputs, the CWEA receives discrete
on-off and contact closure signals. AII inputs are applied to detectors (analog and

discrete) in the CWEA. The detected signal is routed through logic circuitry, enabling
the necessary relay contacts for the caution or warning llghts. Simultaneously, the
signal is routed to a master flip-flop that energizes a master relay driver, enabling
relay contacts. These relay contacts route the signal to Iight the MASTER ALARM
pushbutton/lights and provide the 3-kc tone to the astronaut headsets. Pressing either
MASTER ALARM pushbutton,/Iight extinguishes both lights and terminates the tone, but
has no effect on the caution or warning lights.

The CWEA channel detector logic also receives automatic reset signals fron.r the
power supply assembly, and manual caution and manual rvarning reset signals from LM
sources. The thrust chamber assembly (TCA) logic accepts command input signals
that correspond to TCA operation. Automatic resets from the powel supply assembJ.y

and voltage resets from LM sources are accepted by the TCA logic. TCA outputs are
routed simultaneously to a warning relay driver and a talkback relay driver, which
operate the RCS TCA warning light and a particular QUAD talkback, depending on
quadrant in which the TCA (system A or B) failed. The master flip-flop monitors the
output of all caution and warning relay drivers. When one of these relay drivers is
energized, the master flip-flop energizes master flip-flop relay drivers. These drivers
operate relays whose contacts provide a path to actuate an electronic switch and a
telemetry channel. When the electronic switch contacts make, a signal is routed to
Iight both MASTER ALARM lights. Resetting the MASTER ALARM pushbutton/iight
does not affect a caution, warning, telemetry, advisory Iiglrts, or talkbacks. These
malfunction indications remain until the cause is eliminated or until the appropriate
reset or inhibit signal is applied. The telemetry channel provides MSFN with the
malfunction indication. The power supply assembly not only provides operating voltages
for the CWEA; it has automatic reset and failure-detection circuits. The automatic
reset circuits operate when power is turned on; they reset the master flip-flop and all
resettable CWEA logic circuits. Power supply failure is sensed by the failure-
detection circuit, which operates relays that cause the MASTER ALARM pushbutton/
Iights and the C/W PWR caution light to go on and close a telemetry channel. The 16.3-
volt d-c output of the power supply assembly provides a regulated voltage to a precision
voltage reference supply, This supply provides a precise zener voltage reference for
comparing input signal voltages in the CWEA channel detector Iogic circuits.

For the location of caution and warning lights, refer to section 3. The following
paragraphs discuss inputs received by caution and warning lights. For failure modes
detected by the CWEA, malfunction limits, and inhibit, enable, and reset signals, refer

INSTRUME NTATION SUBSYSTEM
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INPUT

SIGNATS

ANATOG

DISCRETE

INHIBIT

ENABLE

MANUAL
WARNING

RESEI

28-VDC
POWER

INPUT
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EPS
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CAUTION

AND
WARNING
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RESET

IN
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Fignre 2-L68. Caution and Warning Electronics Assembly - Functional Block Diagram
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2.9.3.4.2

2. 9.3.4.3

to table 2-61. In designing the CWEA, numbers were used for designating inputs and
CWEA lights. The 'Input No. " column and the "Light No. " column provide a cross-
reference between the numerical system and official nomenclafure.

The CWEA logic circuitry that routes malfunction signals to a caution or warning
light consists of high and low comparators, AND gates, OR gates, inverters, and fli.p-
flops. See figure 2-169 for typical logic circuits used for caution and warning lights.

2.9.3.4. t CABIN Warning Light. (See figure 2-169. )

The CABIN warning light goes on to indicate a lack of oxygen supply. If cabin
pressure drops below 4.6 psia, the light goes on. Emergency oxygen input signals,
routed to CWEA circuits from the Environmental Control Subsystem (ECS), are
received by an AND gate. If the oxygen valve is closed due to electrical difficulty, the
CABIN light goes on. Setting the CABIN REPRESS valve on the ECS module, to
MANUAL applies an inverted input to the AND gate, disabling it, extinguishing the
CABIN light, and restoring cabin pressure to 4.8 psia.

SUfT/FAN Warning Light. (See figure 2-169. )

The SUII/FAN warning light goes on to indicate a lack of suit pressure or a
faulty fan. The LM has two fans. If fan No. 1 malfunctions, the ECS caution light goes

on; fan No. 2 is switched on and, if pressure is restored within 25 seconds, the caution
light goes off . If fan No. 2 becomes inoperative, the SUIT/FAN light goes on. The suit
pressure and fan No. 2 inputs are routed to a CWEA low-pressure comparator and an
OR-gate circuit, respectively. If suit pressure is compared and is less than 3.12 psia,
the comparator feeds this signal to the OR gate. Either one or both inputs are gated to
energize a relay driver. Relay contacts route the malfunction signal to the SUIT/FAN
light. If fan No. 2 fails and suit pressure drops below 3.12 psia, the SUIT/MN Iight
is extinguished by opening the ECS: SUIT FAN aP circuit breaker (panei 16). Cabin
oxygen is then used.

ASC PRESS Warning Light.

The ASC PRESS warning light goes on if pressure in either of the two ascent helium
tanks is below 2,7?3 psia before staging or if blanket pressure in the fuel or oxidizer
lines at the bipropellant vaLves of the ascent stage is below 120 psia.

2.9.3.4.4

The CWEA receives helium, oxidizer, and fuel signals from the Main Propulsion
Subsystem (MPS). These inputs are routed to low-pressure comparators. If the
compared input is less than 2,7?3 psia (helium tank) or 120 psia (blanket pressure), 1ow-
pressure signals are fed through an OR gate to an AND gate. A staged input signal,
coincident with the low-pressure input enables the AND gate. The low-pressure mal-
function signal is then gated to a relay driver; relay contacts route the malfunction
signal to the ASC PRESS light. If the pressure in one of the helium tanks is low, the
remaining tank is used; the light goes off upon separation of the descent and ascent
stages. Stage separation removes the staged input signal (via a deadface switch) from
the AND gate, routing a logic 0 to its input; the AND gate is disabled and the light is
inhibited. If the light is lit due to 1ow fuel or oxidizer pressure, it goes off only when
adequate pressure is restored.

DES QTY Warning Light.

The DES QTY warning light goes on to indicate a low supply in descent fuel tank No.
I ar 2, or in descent oxidizer tank No. I or 2,' equal to 120 seconds of burning time
before staging. The CWEA receives low-level fuel and oxidizer signals from the MPS.
These signals are fed through an OR gate to an AND gate. A descent engine-on com-
mand from the control electronics section (CES) of the GN&CS, coincident with the low-
level fuel or oxidizer signal, enables the AND gate. The low-Ievel signal is then gated
to a relay driver; relay contacts route this signal to the DES QTY light. Stage separation
provides an inhibit signal and the light goes off.

INSTRUMENTAT ION SUBSYSTEM
Page 2.9-56 Mission LM 3 Basic Date 1 Januarv 1968 Change Date
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Table 2-61. Caution and \Varning Electronics Assernbly - Nlalfunction DetectionH
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Light NoReset
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(T'elemetry Code No.)
Input
No

Input Descriptir:n
(Telemetry Code No.) Malfunction

Illuminated
By

CWEA
Voltage

Trip
Level

(volts dc)

Light
(Telemetry
Code No.)

11 2.918
2.349

RCS A REG
(GL4032)
warning
(!\)

Restored
pressure

Inhibited if rnain shut-
off solenoid valves in
system A are closed
(GR960e)

Helium regulator pres-
sure, system A
(GR1201)

High or low helium
regulator outlet
pressure in BCS
system A

High- or low-pressure
signal (> 204.3 or
<L64.4 psia) from
sensor in helium
line

2RCS B REG
(GL4033)
w

Restored
pressure

Inhibited if main shut-
off solenoid valves in
system B are closed
(GRe610)

2 Helium reguiator pres-
sure, system B
(GR1202)

High or low helium
regulator outlet
pressure in RCS
system B

High- or low-pressure
signal (> 204.3 or
<L64.4 psia) from
sensor in helitrm line

2"918
2.349

5

tr

2.423

2.423

RCS
(GL4052)
caution (C)

TEMP/
PRESS
MON
selector
switch
(panel 2)
set to He

TEMP/
PRESS
MON
selector
switch
set to He

RCS helium pressure,
tank A (GR1101)

RCS helium pressure,
tank B (GR1102)

Low helium tank
pressure in RCS

system A

Low helium tank
pressure in RCS

system B

Low-pressure signal
(< 1,696 psia) from
sensors at helium
tank

Low-pressure signal
(< 1, ii96 psia) from
sensors at heliunr tank

Restored
voltage

47

8

Commanderrs bus
voltage (GC0301\)

LM Pilotrs bus
voltage (GC0302V)

Low-voltage

Low-voltage
condition

condition
Low-voitage signal
(< 26.50V) from bus
top

3"3L2

3.312

DC BUS
(GL4034)
w

5

10

q Inverter bus voltage
(GC0071V)

Inverter bus fre-
quency (GC0155r)

Inverter output
volta.ge

Inverter output
frequency

Out-of-tolerance
voltage signal (< 112v)
from top on a-c bus

Out-of-tolerance
frequency (< 398 cps
or ) 402 cps)

4.480

2.250
2.750

INVERTER
(Grl046)
C

Restored
voltage

Inhibited when
INVERTER switch
(panel 14) is set
to OFF
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Table 2-67. Caution and Warning Electronics Assembly - Malfunction Detection (cont)
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Malfunction
Illuminated

By

CWEA
Voltage

Trip
LeveI

(volts dc)

Light
(Telemetry
Code No.) Reset

Inhibit/EnabIe
(Telemetry Code No.) Light No

Input
No.

Input Description
(Telemetry Code No")

BATTERY
(GL4047) c

Restored
condition
in affected
batteries

Inhibited when a-ffected
battery is turned off

o15

16

77

ttz

113

tt4

Battery No. 1 (GC9961U)

Battery No. 5 (GC9965ID

BatteryNo. 6 (GC9966I)

Battery No. 2 (GC9962I-I)

Battery No. 3 (GC9963U)

Battery No. 4 (GC9964LD

Failure in any one
of the four descent
or two ascent
batteries

7Low cabin pressure Lor,v-pressure signal
(< 4.151 0.15 psia)
from cabin pressure
switch

CABIN
(GL4036) C

Restored
cabin
pressure
(4.8 psia)

Inhibited during cabin
depressurization and
when CABIN REPRESS
valve on ECS package
is manually set to
open.

2l

20 Emergency 02 valve
electrically open
(GF3572x)

Emergency OZ valve
position indicator
(VPI) open (GF3081x)

Inhibit - ECS: SUIT
FAN 2 circuit
breaker (panel 16)

8Low suit pressure
(spare suit com-
pressor lailure)

Low AP (< 6 in.
H2O) in suit fan
No. 2

Low-pressure signal
(<?'.12 psia) fronr
sensor in suit circuit

Low aP signal across
suit fan section when
suit fan No. 2 is in use
(SUIT FAN component
caution light, panel 2,
goes on.)

1. s56 SUIT/FAN
(GL4037)
w

Restored

pressure
suit

22 Suit outlet pressure
(GFI301P)

Suitfan No. 2 failure
(GF1084x)

q
Coolant pump No. 2

failure (GF2935X)
GIycoI pump fail-
ure (selected
coolant pump
failure)

Low aP signal ( < ;l
psia) from sensor in
coolant line down-
stream of glycol
pumps No. 1 and 2

(GLYCOL compo-
nent caution light,
panel 2, goes on.)

ECS
(GL40s6)
C

GLYCOL
switch
(panel 2)

,)

(((

Overcurrent, reverse-
current, or over-
temperature condition
in any one or more of
the six bateries

( a
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Table 2-61. Caution and Warning Electronics Assembly - Malfrmction Detection (cont)

N?

(o
I

C.,I

Inhibit/Enable
(Telemetry Code No.) Light No.

Input
No.

Input Description
(Telemetry Code No") Malfunction

Illuminated
By

CWEA
Voltage

Trip
Level

(volts dc)

Light
(Telemetry
Code No.) Reset

CO2 partial pressure
(GF1521P)

High CO2 partial
pressure

High CO, partial
pressur5 signal
( >7.6 mm Hg) from
sensor (CO2 com-
ponent caution light

. goes on.)

2.27 4 Restored
CO2 partial
pressure
(CO2 com-
ponent
caution
light re-
mains on
until CO,
CANISTER
SEL valve
on ECS
package is
set to PRIM.)

Inhibit - ECS:
CO2 SENSOR cir-
cuit breaker
(panel 16)

Newly se-
lected water
separator

SUIT FAN
swltch
(panel 2)

set to
position 2

Inhibit - ECS:
SUIT FAN L cir-
cuit breaker
(panel 11)

Low rpm signal
(< 800 rpm) from
sensor in centri-
fuge of selected
water separator
(HeO SEP compo-
nefit caution light
goes on.)

Low AP signal
(< 6 in. H2O) across
suit fan assembly
(SUIT FAN compo-
nent caution light
goes on.)

1.651

9a

Water sepa.rator No. 1

and 2 speed (GF9999II)

Suit fan No. 1

(GF1083)

Water separator
failure

Suit fan No. 1

failure

to

30

Descent talk water
quantity (GF4581Q)

Ascent tank No. 1

water quantity
(GF4582Q)

Low quantity in
descent water
tank

Ascent tanks <
fuI1

Low-level signal from
sensor in descent
water tank (1670

remaining)

Less-than-full signal
from sensor in either
ascent water tank

0.798

4.73t

WATER
QTY
(Grl059)
C

oe/H.o
qiv fi,rox
selector
switch
(panel 2)

set to
C,/W RESET

Enabled by stag-
ing deadface
switch

10

10

26
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No.

Input Description
(Telemetry Code No.) Malfimction

Illuminated
By

CWEA
Voltage

Trip
Level

(volts dc)

Light
(Telemetry

Code No.) Reset
Inhibit/Enabte

(Telemetry Code No. ) Light No.

31 Ascent tank No. 2

water quantity
(Gr,4583Q)

Ascent talks I Unequal-level signal
from comparator in
water tank

4,7s9 10

33

34

Descent oxygen tank
pressure (cF3584P)

Ascent oxygen tank
No. 1 pressure
(GF3582P)

Ascent oxygen tank
No. 2 pressure
(GF3583P)

Lorv descent-
oxygen-tank
pressure

Ascent tank No.
1, less-than-
full pressure or
low pressure

Ascent tank No. 2

less-than-full
pressure

Low-pressure sigrral
from sensor in
descent o>rygen tank
( < I-35 psia)

Less-than-full pres-
sure signal (<684
psia) or low-pressure
signal (< 100 psia)
from sensor in tank

Less-than-full pres-
sure signal (< 684
psia) from sensor
in tank

0.5

J

0

408
498

3.412

oz QTY
(GL4057)
C

oo/Hqo
etv -Mon

selector
switch set
to c/w
RESET

Enabled by staging
deadface switch

11

11

11

36

Coolant fluid level
(GF2041x)

Water-sublimator
coolant outlet temp-
erature (GF9998Il)

Coolant evapora-
tor outlet high
temperature

Low glycol
quantity

Low-leveI sigr-ral
( <L07o remaiaing in
accumulator) from
sensor in glycol
tank

High-temperature
signal (>+50" tr)
from sensor at
outlet of coolant
evaporator

1.499

GLYCOL
(GL4058)
C

Restored
tempera-
ture

Inhibited when
GLYCOL switch
is set to INST
(sEC)

Inhibited when
GLYCOL switch is
set to INST (SEC)

L2

38

Helium tank No. 1

pressure (GP0001P)

Helium tank No. 2

pressure (GP0002P)

Low helium-tank
pressure

Low helium-ta-nk
pressure

PRESS
(GL4022)

ASC

w

Restored
pressure
(possible
only i{
temperature
rises)

Enabled by staging
deadface switch

13

13

)
Ij

((r((

t2

Low-pressure signal
(< 2,773 psia) from
sensors (two) in tank
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Light No.

CWEA
Voltage

Trip
Level

(vo1ts dc)

Light
(Telemetry
Code No.) Reset

Inhibit/Enable
(Telemetry Code No.)

Input
No

Input Description
(Telemetry Code No") Malfunction

Illuminated
By

13

13

Restored
pressure

Low propellant
pressure at
bipropellant valve
inlet of ascent
stage

Loril-pressure signal
( < 120 psia) from
sensors in fuel line at
bipropellant valve

2.39539

40

FueI bipropellant valve
inlet pressure
(GP1501P)

Oxidizer bipropellant
valve inlet pressure
(GPr.503F)

74

74

Enabled when ascent
engine is on
(GH1260)

41

42

F\rel tank low level
(GP0e08x)

Oxidizer tank low level
(GPl408x)

Low ascent fuel
quantity

Low ascent oxi-
dizer quantity

Low-quantity-level
signal from sensor
in ascent fuel tank

Low-quantity-level
signal from sensor
in ascent oxidizer
tank

ASC QTY
(GL4042)
C

43 Reduced
pressure
(Close
affected
regulator. )

15Regulator outlet mani-
fold pressure
(GP0025P)

High ascent-
helium -regulator
outlet pressure

High-pressure signal
(> 220 psia) from
sensor in ascent
helium lines down-
stream of regulators

3.658 ASC HI
REG
(GL4041)
C

47 Descent propellant tanks
(GQ4455x)

Enabled when descent
engine is on
(GH1301)

16Low descent
propellant quantity

Low-quantity-IeveI
signal from sensors
in descent fuel or
oxidizer tanks
(approximately 2

minutes burn time
remaining)

DES QTY
(GL4024\
w

l748 Helium regulator outlet
manifold pressure
(GQ30r.8P)

High or low
descent-helium-
regulator outlet
pressure

High- or low-pressure
signal (> 260 or<2?0
psia) from sensor in
descent helium line
downstream of regula-
tors

4" 318
3.654

DES REG
(GrA024)
w

Restored
pressure

Enabled by staging
deadface switch and
delayed (6+0.5-
second delay) descent
engine-on command
(GHI348)
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Table 2-61. Caution and Warning Electronics Assembly - Malfunction Detection (cont)

GYRO TEST
switch set
to POS RT
or NEG RT
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Input
No.

Input Description
(Telemetry Code No.) Malfunction

Illuminated
By

CWEA
Voltage

Trip
Level

(volts dc)

Light
(Telemetry
Code No.) Reset

Inhibit/Enable
(Telemetry Code No.) Light No.

49

50

51

52

Attitude and translation
control assembly power
supply:

+15 vdc (GH1406V)

-15 vdc (GH1407\'/)

+4.3 vdc (cHL408V)

+6.0 vdc (GH1493\)

-6.0 vdc (GH1494\')

Failure of any of
d-c power supplies
in CES

Out-of-tolerance
voltage signal:

t15 vdc (< L4v or
> 16v)

16 vdc (< 5.4v
or> 6.6v)

+4.3 vdc (< 3.8v
or > 4. 8v)

4

4

118

706

3

4
800
800

3.857
4.714

CES DC
(GtA027t
w

GYRO TEST
switch
(panel 3) set
to POS RT or
NEG RT

18

55

54 -4.?-volt supply
(GH1488V)

-4.?-volt supply
(GH148eV)

Failure of regulated
power supply that
provides power to
RCS jet preamplifi-
ers

Out-of-tolerance
voltage signal
( <-4"2v or > -5.2v)
from either of two
parallel redundant
-4.7 -volt regulated
power supplies in
CES

500
4

PRE AMPS
(GL4050)

Enabled by DES BATS
switch (panel 14);
inhibited by ABORT
pushbutton (panel 1)

(GY0050)

19

56

57

5E

59

28 vac, 1+ (cHL405V)

26 vac, dA (GH1401\')

26vac, dB (GH1402V)

26 vac, dC (cH1403\,')

Failure in either
of two a-c power
supplies in CES

Out-of -tolerance volt-
agc signal:

28 vac (< 2Gv or
> 30v)

26 vac (< 23v or
> 29v)

4

4

3

4

794
839

833

833

CES AC
(GL4026)
w

20

( C

Restored
voltage
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Table 2-61. Caution and Warning Electronics Assembly - Malfunction Detection (cont)H
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Light No.
Input
No.

Input Description
(Telemetry Code No.) Malfunction

Illuminated
By

CWEA
Voltage

Trip
Level

(volts dc)

Light
(Telemetry
Code No.) Reset

Inhibit/Enable
(Telemetry Code No. )

60

61

Pitch trim (cH1323X)

Roll trim (cH13308

Failure of automatic
frmction inY- or Z-
axis descent engine
gimbal drive assem-
blv

Unstable ascent
engine combustion

Discrepancy between
gimbal drive signal
and gimbal response
from Y- or Z-axis
trim funetion

Vibration sensed by
rough combustion
cutoff assembly
(RCCA)

GDA/RCCA
(Grl043)
C

RCCA switct
(panel 2) set
to OFF,/
RESET

Enabled by descent
engine arm signal;
inhibited when staging
occurs RCCA switch
set to ENABLE

27

2262 LM guidance computer
(GGe0o1s

LGC
(GL402e)
W

Restored
voltage

Inhibited when GUID
CONT switch (panel
1) is set to AGS
(GH1621)

Failure in any LGC
regulated power
supply

Cotmter failure

Scaler failure

Out-of-tolerance volt-
age signal from 28-,
3-, or lS-volt supply

Failure in counter,
sensed by program
checks

Failure in scaler,
sensed by program
checks

Z663 Inhibited when GUID
CONT switch is set
to AGS (GH1621)

Inertial subsystem
(GGe002E

Inertial measure-
ment unit (IMIJ)
failure

Pulsed integrating
pendulous accel-
erometer (PIPA)
failure

Excessj.ve servo error;
3.2-kc power supply;
800-cps 57o supply

PIPA failure during
main engine thrusting

ISS
(GL4030)
w

64 Primary guidance and
navigation section
(GG9oo3X)

IMU coupling data
unit failure

IMU excessive
gimbal angle

Coupling display unit
failure

Roll gimbal angle
greater than +6' or
-6" (GIMBAL LOCK
light on panel 4 goes
on. )

PGNS
(GL4045)
C

RESET push-
button
(panel 4)

Inhibited when GUID
CONT switch is set
to AGS (cH1621)

24



Input
No.

Input Description
(Telemetry Code No.) Malfunction

Illuminated
By

CWEA
Voltage

Trip
Level

(volts dc)

Light
(Telemetry
Code No.) Reset

Inhibit/Enable
(Telemetry Code No.) Light No.

Primary guidance and
naviga.tion section (cont)

LGC program alarm

Out-of-tolerance
IMU temperahlre

LGC restart signal

Rendezvous radar
CDU failure

Rendezvous radar
data not good

Failure(s) detected by
alarm code numtrers
displayed on DSKY
(panel 4) register
(PROG light of DSKY
goes on.)

IMU temperature devia-
tion(r0.5' F) from
normal (TEMP light of
DSKY goes on.)

Word incorrectly trans-
ferred from LGC
memory (parity circuit
failure); computer is
in program abort
situation; computer
interrupted for 30
milliseconds ; computer
does not accomplish
new job routine within
1.28 seconds (night
watchman); test alarm
generated b;r program
control (RESTART
light of DSKY goes on.)

Rendezvous radar oper-
ate signal in LGC
mode (switch on RADAR
portion of panel 3)
coincident with radar
CDU failure sip.al at
AND gate (TRACKER
light of DSKY goes on.)

Auto track signal (from
rendezvous radar)
coincident with data-
not-good signal (NO
TRACK light, panel
3, goes on.)

Table 2-61. Caution and Warning Electronics Assembly - Malfirnction Detection (cont)p
ts

l*
It
lr

l3

o
a
o

r{

@

Ed
8'
a
o
U
A)

o

H

e{
e,

tp
H

14

(o
o)

l@

o
p

oq
o
U
D)+
o

\J
o
E{
r{

vDo
So r-"

H3k
<H>
f, t{ -f,

'l> 
(o

EE?
KO c,9

azL
oav
>ic =Fl> or
>z

U

I
o
X

CC)l( C (



ae er r

E
o
r{r

cDo
HOr.
HEF
UDiu-I
ll D(o
riH9
5gi
Vrd>'>!E-tlD@
>z

U

B
o
x

za
Fj
Ee
E
Irl
z
Fl

E
o
o
o

l"
IE
l*

td
s,
a
(:

U
8'

o

Fl

t
e)
t,

lH
I6

l-
o
A:
i,
@
o
U
A'+
.o

Table 2-61. Caution and Warning Electronics Assembly - Malfunction Detection (cont)

F
0q

l.
lr
l3

hput
No.

Input Description
(Telemetry Code No.) Malfunction

Illuminated
By

CWEA
Voltage

Trip
Level

(volts dc)

Light
(Telemetry

Code No.) Reset
Inhibit/Enable

(Telernetry Code No. ) Light No.

Primary guidance and
navigation section (cont)

Landing radar data
not good

PIPA failure dur-
ing nonthrusting
periods

Landing radar data-
not-good sipal
coincident with
Ianding radar power-
on signal (derived
from antenna posi-
tion signals) at
AND gate, or a
data-good signal
with ambiguous
antenna position
signal.

LDG RDR caution
light does not go on
if RENDEZVOUS
RADAR selector
switch (panel 3) is
not set to AUTO
TRACK.

NOTE

65

66

Landing altitude
(GN?52r.x)

Landing rate
(GN7557E

Range data not
good

Velocity data not
good

Altitude data-not-
good signal from
sensor in landing
radar assembly

Velocity data-not-
good signal from
sensor in landing
radar assembly

Restored
data-good
condition

Restored
data-good
condition

Inhibited when landing
radar power is off.
LDG RDR caution
light is not enabled
until range and
velocity data-good
signals are achieved.

25LDG RDR
(GL404e)
C

67 Rendezvous radar
data (GN7621X)

Rendezvous radar
data not good (No
track indication)

Data-not-good
signals from
sensors in
rendezvous radar
assembly

RNDZ RDR
(G14048)
c

Restored
data-good
condition

Enabled when
RENDEZVOUS RADAR
selector switch is
set to AUTO TRACK
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Input
No.

Inpui Description
(Telemetry Code No.)

Illuminated
By

CWEA
Voltage

Trip
Level

(volts dc)

Light
(Telemetry

Code No.) Reset
Inhibit/Enable

(Telemetry Code No. ) Light No.

70

68

69

7t

28 *volt supply (GI32 14V)

12-volt supply (GI3215V)

28*volt, 400-cps supply
(GrS233F)

AEA testr inode failure
(Gr3232V)

Failure of regulated
power supply in AGS

Out-of-tolerance
voltage signal, or
failuie signal,
from AEA test
assembly

12 voits (< 10.8v or
>11].2v)

28 volts (<25.2v or
> 30.8v)

28 volts, tl00 cps
(<385 cps or
>415 cps)

37

1.2

3.857
4.714

3.9
4.8

0.625

AGS
(GL4028) W

Restored
voltage

Inhibited when AGS
STATUS switch(panel
6) is set to OFF
(GrS305)

IO

i

tl
'.
.

74

72

78

Temperature - quad 1

cluster (GR6001T)

Temperature - qtnd 2

cluster (GR6002T)

Temperature - quad 3

cluster (GR6003T)

'Temperature - quad 4'cluster 
(GR6004T)

Landing radar temper-
ature (GN7563T)

Rendezvous radar
temp'erature (GN77237)

S-band antenna tem-
perature (GT0454T)'

RCS thruster quad

heater failure

Landing radar
.assembly heater
.failure

Rendeztbus radar
,assbmbly heater'
;failure ... .

S-band ante-nna

assembly heater
failure

High- or low-tem-
perature signal
from.heater
assemblies (< +119:F
or >+1900 F)

Iligh- or low-tem-
perature signal
( < -15" F or"> +150o P)

High- or low-tem-
perature sil4raI
(<-50" t or>r150'f)

High- or low-tem-
perature signal
(<-60oIr or>+155'F)

2.7 50
4.725

2. 305
4. 361

1.8
4.3

t.743
4.421

HEATER
(GL4053) C

TEMP
MONITOR
switch
(parel 3) set
to a-ffected
heater posi-
tion (Switch
must he
set to all
positions,
including
return to
starting
position. )
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Table 2-61. Caution and Warning Electronics Assembly - Malfunction Detection (cont)
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Table 2-61. Caution and Warning Electronics Assembly - Malfunction Detection (cont)

Up
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Input
No.

Input Description
(Telemetry Code No. )

Inhibit/Enable
(Telemetry Code No. ) Light No.Malfunction

Illuminated
By

CWEA
Voltage
Trip
Level

(volts dc)

Light
(Telemetry
Code No.) Reset

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

Jet driver A4D oulout
command (GH1419V)

Thrust chamber A4D
response (GR5032P)

Jet driver A4R output
command (GH1421\)

Thrust chamber A4R
response (GR5034P)

Jet driver B4U output
command (GH1418V)

Thrust chamber BIU
response (GR5031P)

Jet driver B4F output
command (GH1420V)

Thrust chamber 84F
response (GRs033P)

Jet driver ASU output
command (cH1422V)

Thrust chamber.ABU
response (GR5035P)

Jet driver A3R output
command (GH1425\,')

Thrust chamber ASR
response (GR5038P)

Jet driver B3D outPut

command (GH1422\4

Thrust chamber B3D
response (GR5036P)

Jet driver ASR output
command (GN1424\)

Failure of TCA in
RCS system A or B

Discrepancy between
primary coil command
to fire specific TCA
and chamber pressure
response at that TCA,
or failure such that
opposing collinear
jets are on simul-
taneously (If TCA
fails, a QUAD talk-
back (panel 2) is dis-
played. )

RCS TCA
(GL4031) W

Inhibited when isola-
tion valve associated
with failed TCA is
closed (QUAD switch,
panel 2, set to
cLosE)
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Input
No.

Input Description
(Telemetry Code No.) Malfunction

Illuminated
By

CWEA
Voltage
Trip
Level

(vo1ts dc)

Light
(Telemetry
Code No.) Reset

Inhibit,/Enable
(Telemetry Code No. ) Light No.

94

95

96

97

98

99

100

101

L02

103

104

105

106

L07

108

Thrust chamber BgA
response (GR5037P)

Jet driver A2D output
command (cH1427V)

Thrust chamber A2D
response (cR5040P)

Jet driver A2A outPut
command (cH1428V)

Thrust chamber A2A
response (cR5041P)

Jet driver B2U output
command (GH1426V)

Thrust chamber B2U
response (GR5039P)

Jet driver B2L output
comma-nd (cH1429V)

Thrust chamber B2L
response (GR5042P)

Jet driver A1U output
command (cH14309

Thrust chamber A1U
response (GR50.43P)

Jet driver AlF output
comma-nd (cH1432V)

Thrust chamber ALF
response (GR5045P)

Jet driver B1D outPut
command (cH143IV)

Thrust chamber B1D
response (GR5044P)
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Table 2-61. Caution and Warning Electronics Assembly - Malfunction Detection (cont)
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Table 2-61. Caution and Warning Electronics Assembly - Malfunction Detection (cont)=(,,
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Input
No.

Input Description
(Telemetry Code No.) Malfunction

trluminated
By

CWEA
Voltage

Trip
Level

(volts dc)

Light
(Telemetry
Code No.) Reset

lnhibit,/Enabte
(Telemetry Code No. ) Light No.

109

110

Jet driver B1L output
command (GH1433V)

Thrust chamber I}1L
response (GRs046P)

CWEA
circuit
breaker
(28 vdc)

CWEA power supply Failure of CWEA
regulated power
supply

Out-of-tolerance volt-
age signal from CWEA
+9-, +23-, +4-, and

-3-volt power supplies

C/W PWR
(GL4o54)C

Restored
voltage

Master arm relay K1
or any one or combina-
tion of stage sequence
relays K2 through K6
(GY0201x - ED sys-
tem A, and GY0202X -
ED system B)

Any one or com-
bination of ED relays
Kt through KG fails
on.

Relay contact closure
(SYS A and/or SYS B
component caution
lights, panel 8, also
go on.)

ED RELAYS
(GL4051)C

If relay K2
fails,
STAGE
RELAY
switch
(panel 8)

set to
RESET

Inhibited when
MASTER ARM switch
(panel 8) or ABORT
STAGE pushbutton
(panel 1) is used

S-Band receiver
(GTo994\,)

Failure in S-Band
receiver automatic
gain control (loss
of uplink voice)

SIGNAL STRENGTH
indicator (panel 12)
indicates less than 1

S-BD RCVR
C

FUNCTIONS
RANGE
switch
(partel 12)
set to
OFF,/RESET

Enabled when
FUNCTIONS RANGE
switch is set to
TV,/CWEA
ENABLE
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2.9.3.4.5 DES REG Warning Light.

The DES REG warning light goes on if pressure in the descent helium lines down-
stream of the regulators exceeds 260 psia or is below 220 psia. CWEA low- and high-
pressure helium comparators receive helium regulator outlet pressure signals from
the MPS. If the compared input is less than 220 psia or exceeds 260 psia, a low- or
high-pressure signal, respectively, is fed through al OR gate to an AND gate, which is
enabledby descent engine-on commands. The logic l output atthe AND gate is fedto a
relay driverl relay contacts route the high- or low-pressure signal to the DES REG
light. The light is extinguished when nominal pressure is restored or when stage
separation occurs and an inhibit signal remdves the staged input signal (via a deadface
switch) from the AND gate.

2.9.3.4.6 RCS A REG and RCS B REG Warning Lights. (See figure 2-L69.)

The RCS A REG and RCS B REG warning lights go on iI the pressure in the helium
line of Reaction Control Subsystem (RCS) systems A and B exceeds 205 psia or is below
165 psia. CWEA low- and high-pressure helium regulator comparators receive the
helium regulator A and B outlet pressure signals from the RCS. If the compared input
is less than 165 psia or exceeds 205 psia, a low- or high-pressure signal, respectively,
is fed through an OR gate to an AND gate. An inverted input from the RCS main shutoff
valves, coincident with the low- or high-pressure signal at the AND gate, inhibits the
light when the valves are closed. The lights are extinguished when nor:ninal pressure is
restored (both valves of system A or B, depending on which is being used, are closed)
or when.secondary system A or B, depending onwhich is malfunctioning, is used. .

2.9.3.4.7 RCS TCA Warning Light. (See figure 2-169. )

The CWEA thrust chamber assembly failure-detection logic can detect TCA failures
(on or off), in the primary guidance control mode or in the abort guidance control mode.
Figure 2-169 illustrates on or off failures for TCA's A1U or A1F. The logic shown is
typical for detecting failures of the other TCA's.

An on failure is a thrusting condition without the presence of an on command from
the LGC. This condition is caused by a malfunction of the command signal sources up-
stream of the TCA's or by a short circuit within the TCA valves. Uncorrected, this
condition results in excessive propellant consumption. The opposing command signals.
from the jet drivers are routed to a CWEA AND gate. Opposing collinear TCA's are
not fired simultaneously unless it is necessary to compeniate for the effect of a failed-
on TCA. The AND gate senses this failure and provides an output to the set side of a
flip-flop. The ftp-flop output is routed to a QUAD talkback (SYSTEM A QUAD 1 talk-
back for jet driver A1U and A1F failures) and to the RCS TCA light.

An off failure is detected when a thruster response signal (TCA A1U) is notcoincident
with the thruster driver command signal (TCA A1U) at the CWEA AND gate. This failure
can be caused by'an open circuit or TCA maUunction; it degrades attitude and transla-
tion control. If the response signat is not present, the inverted input signal is routed as
an off failure to the set side of the flip-flop. The flip-flop output is routed to the RCS
TCA light and to a QUAD talkback (SYSTEM A QUAD 1 talkback for jet driver A1U
and A1F failures).

The detection logic has a counter and delay circuitry because TCA's may not re-
spond to all individual command signals if they are of short duration (Iess than 80t8
milliseconds). Pulse skipping is not critical until six consecutive short pulses do not
produce a thrust response signal; then the failure signal is detected. However, if one
long pulse (in excess of 80+8 milliseconds) is skipped, and a thrust response signal is
not produced, a failure is detected. The failure-detection networks are provided with
reset capabilities by setting the appropriate QUAD switch (panel 2) to CLOSE.

INSTRUMENTATION SUBSYSTEM
Basic Date 1 Januarv 1g68Page 2.9-70 Mission 114 3 Change Date
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GF3O8IX, INPUT NO. 2I

GF3572X, INPUI NO. 20

GFI3OIP, INPUT NO. 22
FROM ECS

GF'IO84X, INPUT NO. 23

GR'I2OI, INPUT NO. I FROM RCs

EMERGENCY Oa VAIVE MANUAIIY OPEN

FROM ECS

EMERGENCY 02 VALVE ELECTRICAIIY OPEN

SUIT OUTIEI PRESSURE

{

{
ECS EAAEnGENCY 02 AND SUrr FAN (NO.2) FAIIURE DETECTION

TO MASTER ATARM tIGHlS

TO.CABIN WARNTNG UGHtr (Gt4o36)

TO MAsTER ATARM IIGHTS

TO SUrT FAN WARNTNG r.rcHr (Gr"4037)

TO MASIER ATARM IIGHTS

IO RCs A REG WARNING tlcHr (Gt4032)

l.556VDC

SUIT FAN NO, 2 FAIL

HEIIUM REGULA TOR PRESSURE DC

GR9609, tNHtBtT NO. t-',|

GHI43IV, INPUT NO. IO7

GHI422, INPUT NO. 87

RCS MAIN SHUTOFF VALVES CI.OSED

JET d

NCS HELIUAA PNESSURE FAILURE DETECTION

ON FAITURE

/'vetcx FoR Rcs B REG \
\wnnurruo UGHT (Gt4o33)/

FROM RCs

SYSTEM A
MAIN 5OV

5WtTCH

GH'I43OV, INPUT NO. I03

GR5O43P, INPUT NO. IO4 FROM RCS

FROM CES JET DRIVER u COMMAND

JET DRIVER Iu COMMAND

JET Iu THRUST RESPONSE

TO SYSTEM A

QUAD I FIAG

TO MASTER

AI.ARM I"IGHTS

GHI432V, INPUI NO. IO5 FROM CEs

GR5O45P, INPUT NO. 106 FROM RCS

JET DRIVER If COMMAND

JEI If THRUST RESPONSE

JET DRIVER trf COMMAND

TO RCs TCA

WARNING TIGHT

(G1403r )

GHI428V, INPUT NO. 9Z FROM CES 

{
JET DRIVER lgf

A
FROM RCs

TYPICAT FOR At[ TCA FAITUNES

THRUST CHAAABEN ASSEMBTY FAITURE DETECTION

GHI42O, INPUT NO. 85

(RESET r9-r)

2.9r 8V DC

COUNTER

FF

R
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Figure 2-169. Caution and Warning Electronics Assembly Logic Detection Circuits (Sheet 1 of 2)

3001M3 3?r I

>
U
o
r{
r{

cDo

Ees
aE5H>@
ld,lo
<x.Ldv,l
pod!

!E*rz
U

I
o
X

r ( r

80r8
MS

OFF FAITURE

RESPONSES



U
!)

oq
o

.N,

co
I

-lt9

3
a
a
o

trz
(,

za
€
:U

2
ttl
z
Fl

Fl

o
z
a
e
EU
(A

a
€
trl

td
E'
a
o
U
a)

o
II

F

o
s,

0q
o
U
D0+
o

GCO3orV, |NPUT NO. 7

GCO3O2V, INPUT NO. 8

FROM EPS

GCOOTI, INPUT NO. 9

GCOI55F, INPUT NO. IO FRONA EPs

tNHtBtT NO. 5-2

GC996IU, INPUT NO. 15

GC9965U, INPUT NO. 16

GC9966U, TNPUT NO. t7

GC9962U, TNPUT NO. tI2
GC9963U, TNPUT NO. lt3

GC9964, INPUT NO. II4

GRIIOI, INPUT NO. 5 FROM RCS

RESET NO. 2I.2

GRIIO2, INPUI NO. 6 FROM RCS

GFIO83, INPUT NO. 28 FROM ECS

GF2935, INPUT NO. 25

GF999U, INPUT NO. 27 FROM ECS

GFI52I, INPUT NO. 26

GIYCOI. PUMP SWITCH

GTYCOI PUMP NO. 2 FAII

HzO SEPARATOR SPEED

COZ PARTIAT PRESSURE

COMMANDER'S BUS VOI.TAGE 3.3r2 VDC

SYSTIMS ENGINEER'S BUs VOI.TAGE 3.3t2 VDC

COMAAANDEN'S AND LUNAN MODULE PITOT'S BUS VOTTAGE FAILURE DETECTION

INVERTER BUS VOTTAGE 4.480 VDC

INVERTER 8US FREQUENCY 2.250 VDC

AC PWR SWITCH

INVENTER BUS VOTTAGE FAITURE DETCCTION

BATTERY NO. t (O/1, O/C, R/c) DESCENT

BA 5

FROM EPs BATTERY NO. 2 (O/T, R

NO.3

BATTERY 4

DESCENT AND ASCENT BATTENY FAILUNE DETECTION

RCs HETIUM PREsSURE A) 2.423VDC

TEMPIPRESSURE MON SWITCH

RCS HEIIUM PRESSURE (TANK B) 2.423VDC

NCS SYSTEMS A AND B HELIUIA TANK PNESSUNE FAIIURE

SUII FAN NO. I FAIT

TO MASIER AI.ARM LIGHTS

TO DC BUS WARNTNG r.rcHT (cr4034)

TO MASIER AIARM TIGHTS

IO TNVERTER CAUITON LrGHT (Gr4O46)

TO MASTER AI.Af,M I.IGHTS

TO BATTERY CAUTTON UGHT (Gt4047)

TO MASTET AI.ARM TIGHIS

ro Rcs cAuTtoN UGHT (Gt4O52)

TO SUIT FAN COMPONENT CAUTION TIGHT

IO GTYCOT PUMP COMPONENT CAUTION IIGHI

TO MASTER ATARM LIGHIS

IO ECS CAUTTON r.rGHI (ct4056)

TO COZ COMPONENT CAUTION TIGHT (GF9993)

IO HzO SEP COMPONENT CAUilON UGHT

{

ECS SUIT FAN NO. 2. COz CARTnTDGE AND COOTANT-LOOP FAltUtE DETECTION

Figure 2-169. Caution and Warning Electronics Assembly Logic Detection Circuits (Sheet 2 ot 2)
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2.9.3.4. I DC BUS Warning Light. (See figure 2-169. )

The DC BUS warning light goes on to indicate low voltage (less than 26.5 volts dc)

at the Commander's or LM Pilot's d-c bus. CWEA low-voltage comparators receive the

Commaader's and LM Pilot's bus voltage from the EPS. If the compared inputs are less

than 26.5 volts dc, low-voltage output signals are fed to an OR gate. Either signal

enables a relay driverl relay contacts route the signal to the DC BUS tight. When the

EPS is switched to a redundant power source the light goes off.

AGS Warning Light.

The AGS warning Iight goes on when the AGS power supplies do not supply +28 and

+12 volts dc and 28 votts ac. CWEA high- and low-voltage comparators receive inputs

from the abort sensor assembly of the AGS. If the compared inputs are out. of tolerance,
the signals are fed to an OR gate. The OR gate also receives a test mode fail input from
the abort electronics assembly of the AGS. Any one, or aII, of these inputs provide an

output to the set side of a flip-flop whose output energizes a relay driver; relay contacts
route the malfunction signal or signals to the AGS light. The reset side of the flip-flop
has an AGS STATUS switch (panet 6) input. In the OFF position, this switch resets the

flip-flop, extinguishing the light. If the iight goes on after the AGS STATUS switch is
again set to ON, manual control is necessary.

2. 9. 3.4. I

2.9.3.4. 10 CES DC Warning Light

The CES DC warning light goes on to indicate a decrease or increase in voltage from
the GN&CS d-c power supplies, which supply #.3, +6, -6, +15, and -15 volts dc to the
CWEA. CWEA high- and low-voltage comparators receive inputs from the CES. If the
compared inputs are out of tolerance, the high- or low-voltage signals are fed to an OR
gate. Any of these signals providesanoutput tothe set side of a fllp-flop whose output
is fed to a relay driver; relay contacts route the signal to the CES DC light. The reset
side of the flip-flop has a GYRO TEST switch (panel 3) input. When set to POS RT or
NEG RT, the switch resets the flip-flop, extinguishing the light. If the light remains
on, the attitude and translation control assembly of the CES is disabled and manual
control is necessary.

2. 9. 3.4. 11 CES AC Warning Light.

The CES AC warning light goes on to indicate a decrease or increase in voltage
from the GN&CS a-c power supplies, which supply 28-volt, 800-cps, single-phase ac

and 26-volt, 800-cps, three-phase ac to the CWEA. CWEA high- and low-voltage com-
parators.receive inputs from the CES. If the compared inputs are out of tolerance, the
high- or low-voltage signals are fed through an OR gate to an AND gate. The malfunction
signal at the AND gate is coineident with an inverted input from the GYRO TEST switch.
The AND gate output is fed to a relay driver; relay contacts route the signal to the CES
AC light. The light goes off when the GYRO TEST switch is set to POS RT or NEG RT.
If the light remains on, the attitude and translation control assembly of the CES is
disabled and manual control is necessary.

2.9.3.4.L2 LGC Warning Light.

The LGC warning light goes on to indicate a power failure in the LGC (which sup-
plies +28, +13, and +3 volts dc), a faiture in its counter, or a failure in its scaler. A
CWEA inverter detects the malfunction signals and routes them to relay drivers; relay
contacts route the signals to the LGC light. The maUunction input at the inverter is
coincident with an input from the GUID CONT switch (panel 1). Setting the switch to
AGS disables the inverter and inhibits the light. If the light remains on, manual control
is necessary.

INSTRUMENTATION SUBSYSTE M
Mission LM B Basic Date 1 Januarv 1968 Change Date Page 2.9-73
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2.9.3.4.13 ISS Warning Light.

The ISS warning light goes on the indicate a failure in the inertial subsection (ISS)

3.2-kc power supply, aOO-cps supply, putse integrating pendulous accelerometer (PIPA)

during main engine thrusting, or the coupling data units (CDU's) of the primary guidance

and navigation section (PGNS) of the GN&CS. The malfunction signals and the inhibit
signal (GIIID CONT switch) are routed through CWEA logic circuitry typical to that for
the LGC warning light.

2.9.3.4.14 ASC HI REG Caution Light.

The ASC HI REG caution light goes on if the helium.pressure downstream of the

regulators in the ascent helium lines exceeds 220'psia. A CWEA high-pressure com-
paiator senses this malfunction signal and routes it to the ASC HI REG light. The light
goes off when the pressure is restored to.a nominal limit. The remedial action is to
close ascent regulator solenoid valves No. I and 2, causing the: light to go off. If, upon

opening valve No. 1, the light goes on, this valve malfunctionedl valve No. 1 must be

closed and valve No. 2 must be opened. l

2.9.3.4.15 ASC QTY Caution Light

The ASC QTY caution light goes on when the quantity of fuel or oxidizer remaining
in the ascent tanks is sufficient only for approximately 10 seconds of burning time. The

Iow-leve1 signals are detected by a CWEA OR gate and routed to an AND gate. The

malfunction signal at the AND gate is coincident with an ascent engine-on signal. This
input enables the AND gate and routes the signal to the ASC QTY light, Manually shut-
ting down the ascent engine prevents possible explosion due to depletion of either pro-
pellant before the other. Additionally, this malfunction indication advises that ascent

engine thrusting is not available for midcourse correction or rendezvous braking. If
feasible, the astronaut will prepare to use the RCS for thrusting.

GDA/RCCA Caution Light.

The GDA/RCCA caution lighlgoes on if a difference between the gimbal drive signal
and gimbal response signal from the Y- or Z-axis trim function is sensed. The pitch
(Y) and roll (Z) trim malfunction signals are deteeted.by a CWEA OR gate whose output

is routed to the GDA/RCCA light. This signal is enabled only if the descent engine is
armed. The signal is disabled following staging (via a deadface switch). The astronaut

can mohitor the RCS duty cycle (propellant quantity depletion rate) on the A and B

QUANTITY indicators (panel 2) to determine the extent that the center of gravity and

trim are off.

If the GDA/RCCA caution light goes on during asient engine burns, the ascent engine

rough combustion cutoff assembly (RCCA) sensed a 1,200 g force, peak-to-peak, at a
center frequency of 7.5 t2.5 ke, for a pulse duration of 20 to 40 milliseconds. When

this malfunction occurs, the ascent,engine automaticatly shut's down. The RCCA switch
(panel 2) is used to reset the RCCA.

2.9.3.4.L7 PGNS Caution Light.

The PGNS caution light goes on if any of the following conditions are sensed:
(1) middle roll gimbal angle exceeds +60o or -60o, (2) deviations lrom normal IMU
temperature exceed r5', (3) rendezvous radar operate and radar CDU fail signals to the

CWEA AND gate are coincidenf, (4) i'endezvous radar track enable,and rendezvous
radar data-not-good signals to the CWEA AND gate are coincident, (5) Ianding radar
data-not-ggod and landing radar powe.r-on signals (derived from the presence of antennas
position signals) to the CWEA AND gate are coincident or a data.good signal and an

ambiguous antenna position signal to the CWEA AND gate are coincident. These mal-
function signals are detected by a CWEA inverter and routed to the PGNS light. When

the GUID CONT switch is set to AGS (backup mode), an inhibit signal disables the

inverter and the light goes off.

2. 9.3.4. 16
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2. 9. 3.4. 18 INVERTER Caution Light. (See figure 2-169. )

The INVERTER caution light goes on if the a-c bus voltage is less than 112 volts or
if the a-c bus frequency is less than 398 cps or exceeds 402 cps. CWEA high- and low-
voltage comparators detect the malfunction signals and route them through an OR gate

to an AND gate. The malfunction signal at the AND gate is coincident with an input from
the INVERTER switch. When this switch is set to OFF, an inhibit signal disables the
AND gate and the light goes off. A reset condition for this malfunction exists when
nomina.I yoltage is restored. If nominal voltage is not restored, the backup mode is
selected by setting the INVERTER switch to 2.

2.9.3.4. 19 BATTERY Caution Ligtrt. (See figure 2-169. )

The BATTERY caution light goes on if an overcurrent (O/C) reverse-current (R/C),
or overtemperature (O/T) condition occurs in any of the four descent or two ascent
batteries. A CWEA OR gate detects and routes these malfunction signals to the BAT-
TERY light. The light is inhibited when the affected battery is turned off.

2.9.3 .4.20

2.9.3.4.2t

2.9.3.4.22

2.5.3.4.23

RNDZ RDR Caution Light.

The RNDZ RDR caution tight goes on if a rendezvous radar data-not-good signal
occurs. This signal is routed from sensors in the rendezvous radar assembly to a
CWEA AND gate that is enabled only if the RENDEZVOUS RADAR selector switch
(panel 3) is set to AUTO TRACK. The light goes o{f if a data-good condition is restored
or if the radar is turned off, at which time the astronauts revert to rendezvous, with
ranging done by the Command module.

LDG RDR Caution Light.

The LDG RDR caution light goes on if the landing radar altitude range data are not
good or if the velocity data are not good. The attitude range data-not-good and the
velocity data-not-good signals are routed from sensors in the landing radar assembly
to a CWEA AND gate that is.enabled when the landing radar power is on. The light goes

off if a data-good condition is restored or if the landing radar is turned off.

PRE AMPS Caution Light.

The PRE AMPS caution light goes on to indicate an out-of-tolerance condition (less
than -4.2 volts or more than -5.2 volts) in either of the para1lel redundant -4.7-volt
regulated.power supplies in the CES. These supplies,provide power to the RCS TCA
preamplifiers. CWEA high- and low-voltage comparators detect the malfunction signals
and route them through an AND gate to the PRE AMPS llght. The AND gate is enabled
by normally closed contacts of the staging deadface switch. This malfunction indicates
an abort mission,, because subsequent failure of the remaining -4.7-volt supply neces-
sitates attitude control when the ROLL, PITCH, and YAW switches (panel 3) are set to
DIR. The light is inhibited when the ABORT pushbutton (panel 1) is, pressed. The
ABORT pushbutton is used when aborti4g a mission, using the descent engine.

RCS Caution Light. (See figure 2-169, )

The RCS caution light goes on when RCS helium tank pressure (system A or B) is
less than 1,700 psia. Low-pressure signals are routed from sensors at the helium tank
of either system. The A and B PRESS indicator (panel 2) indicates which RCS helium
tank pressure (system A or B) maUunctioned. CWEA low comparators detect the mal-
function signals and route them to the set side -o{ flip-flops.. The flip-flop output is
routed through an OR gale to the RCS light. The flip-flops reset and the light goes off
when the TEMP/PRESS MON selector switch (panel 2) is set to He. Depending on the
mission phase, the remedial action is either to use the ascent interconnect (during
ascent burn) or the crossfeed (before ascent pressurization).
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2.9.3.4.24 HEATER Caution Light.

The HEATER caution light goes on if the RCS TCA quad heaters, rendezvous radar
antenna assembly heaters, landing radar antenna assembly heaters, or S-band antenna
assembly heaters malfunction. CWEA low and high comparators detect the malfunction
signals and route them to set flip-flops. Tle flip-flop output is routed through
an OR gate to the HEATER light. The flip-flops reset and the light goes off when the
TEMP MONITOR selector switch (panel 3) is set to the affected heater position. Theout-
of-tolerance temperatures that cause the IIEATER light to go on are as follows:

RCS TCA quads - less than +119'F or greater than +190" F

Rendezvous radar - less -50" F or greater than +150'F

Landing radar - less than -15'F oigreat"" than +150'F

2.9.3.4.25

2.9.3.4.26

S-band antenna - less than,-60" F or greater than +155' F.

AIl positions of the TEMP MONITOR switch must be selected to determine whether
one or more heater assemblies are affected. High-temperature conditions are elimin-
ated when the a.ffected heater assembly circuit breaker (HEATERS: S-BD ANT on panel
16, HEATERS: RI.iDZ RDR and LDG RDR on panel 11, and HEATERS RCS A/B-1:
QUAD l, 2, 3, and 4 on panel 11) is opened.

C/U/ PWR Caution Light.

The C/W PWR caution light goes on if out-of-tolerance regulated voltage signals
(+9, +23, +4,3, -2.3, or+2.3) are generated from the CWEApower supply. The
CWEA power supply receives 28 volts dc from the EPS and routes regulJted-voltage
outputs to CWEA components. It also suppli.es a reference voltage to CWEA compara-
tors, where inputs from various subsystems are compared for the correct operating
voltage. If the power supply outputs are not within design tolerance, a failure-
detection network feeds these outputs to an OR gate. Any one, or aII, of these maL-
functions are gated to a relay driver; relay contacts route the signal or signals to the
C/W PWR light. The light goes off when nominal power is restored.

ECS Caution Light. (See figure 2-169. )

The ECS caution light goes on if the operating primary glycol pump malfunctions,
CO2 partial pressure is high, the water separator fails, or suit fan No. 1 fails.

If the operating primary glycol pump fails, a low AP (Iess than 4 psia) signal from
a sensor in the coolant line downstream of glycol pumps No. 1 and 2 causes the ECS
Iight to go on. The maLfunction signal is routed to the set side of a CWEA flip-fiop.
The flip-flop output i.s routed through an OR gate to the ECS light. The GLYCOL com-
ponent caution light (paael 2) also goes on. The ECS light and the component caution
Iight go off if the AP is restored to normal, or if a reset signal is routed to the fiip-flop
by setting the GLYCOL switch (panel 2) to PUMP 2 if pump No. t has failed or to
INST (SEC) if pump No. 2 has failed.

If CO2 partial pressure exceeds 7. 6 mm Hg, a sensor signal causes the ECS light to
go on. A CWEA high-pressure comparator detects the maUunction signal and provides
two outputs; one is OR'd and gated to the ECS light; the other, is routed to the CO2
component caution light (panel 2). The increase in CO2 partial pressure is monitored
on the PART PRESS CO2 indicator (panel 2). The ECS light goes off when the partial
pressure is reduced, or if the baekup mode is selected by setting the CO2 CANISIER
SEL valve {on the ECS module) to SEC. In the latter case, the ECS light goes off , but
the CO2 component caution light remains on. After the primary CO2 cartridge is re-
placed and the CO2 CANISTER SEL valve is set to PRIM, the CO2 component caution
Iight goes off. Monitoring the PART PRESS CO2 indicator ensures that COZ partial
pressure is restored.
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2.9.3.4.27

2.9.3.4.28

2.9.3.4.29

If the operating water separator is maUunctioning, a low-rpm signal (indicating less
than 800 rpm) from a sensor in the centrifuge causes the ECS light to go on. A CWEA
Iow-pressure comparator detects the malfunction signal and provides two outputs: one
is OR'd and gated to the ECS LIGHT; the other is routed to the H2O SEP component
caution light (panel 2). The lights go off when nominal water separator speed is restored
or if the WATER SEP SEL valve handle (on the ECS module) is pulled to select separator
No. 2 (backup water separator).

If suit fan No. 1 is malfunctioning, a low AP (less than 6 inches of water) signal
across the zuit fan assembly is routed to the ECS light. The SUIT FAN component
caution light (panel 2) also goes on, followed by the H2O SEP component caution light.
Setting the SUIT FAN selector switch (panel 2) to 2 selects suit fan No. 2 (backup mode);
the ECS and component caution lights go off.

02 QTY Caution Light.

The 02 QTY caution light goes on if a low-quantity condition (indicated by pressure
signal less than 135 psia) oceurs in the descent oxygen tank, or if a less-than-full
quantity condition (indicated by pressure signaL less than 684 psia) occurs in either
ascent oxygen tank, or if a low-quantity conditlon (indicated by pressure signal less than
100 psia) occurs in ascent oxygen tank No. 1. To determine which tank pressure is low,
the O2/H2O QTY MON selector switch (panel 2) is cycled through all posltions and the
corresponding pressure is monitored on the 02 QUANTITY indicator on panel 2.

Low-pressure comparators detect the maUunction signals and route them to the set
side of flip-flops. The flip-fiop that is set due to a descent oxygen tank low-pressure
signal is routed to an AND gate, which is enabled by normally closed contacts of the
staging deadface switch. The AND-gate output is OR'd with the remaining malfunction
signals, which are processed through flip-flop circuits in the same marlner as the
descent oxygen tank low-pressure signal. Any one, or all, of these signals are gated
to the 02 QTY light. When the ascent and descent stages separate, contacts of the
staging deadface switch disable the AND gate that receives the descent oxygen tank low-
pressure signal and the O2 QTY light goes off . The OZ/HZO QTY MON switch, when set
t.o CN RESET, resets th6 flip-flop. If the descent tank rfiauunctioned, the #1 ASC 02
(ascent oxygen tank No. 1) valve (on the ECS module) must be opened. The O2 QUANf -
ITY indicator is monitored for this tank by setting the O2fit2O QTY MON switch to ASC
1. If ascent oxygen tank No. I indicates a low quantity, the #2 ASC 02 (ascent oxygen
tank No. 2) valve (on the ECS module) must be opened.

GLYCOL Caution Light.

The GLYCOL caution light goes on if the quantity of glycol in the primary cootant
Ioop is low or if the glycol temperature in the primary loop, sensed at the heat transport
section water sublimator outlet, exceeds +50o F. A CWEA comparator detects the high-
temperature malfunction signal. Its output is OR'd with the low-glycol-quantity mal-
function signal and routed to an AND gate. The AND gate, enabled by an inverted input
from the GLYCOL switch, routes the maUunction signal to the GLYCOL caution light.
The light goes off when the GLYCOL switch is set to INST (SEC).

WATER QTY Caution Light.

The WATER QTY caution light goes on when a low-Ievel (L6Vo of. water remaining)
signal from the descent water tank is sensed, when a less-than-full signal is sensed in
either ascent water tank (before actual use), or while, using the ascent water tanks,
unequal level signals are sensed. Refer to paragraph 2.9. 3.4.27 for operation of the
O2/tt2O QTY MON selector switch to determine whiih tank pressure is low. The water
quantities are monitored on the H2O QUANTITY indicator (panel 2). If the quantity in
the deseent water tank is low, thdbackup mode is selected by setting the WATER TANK
SELECT valve (on tne eCS module) to ASC.
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The logic circuitry used to detect these malfunctions is typical to that described
in paragraph 2. 9. 3.4,27, The staging deadface switch inhibits the descent water tank
malfunction signal in the same manner as described tor the descent oxygen tank }ow-
pressure signal. The difference between the two logic circuits is that, in addition to

each water tank (descent, ascent No. 1, and ascent No. 2) malfunction being detected
by low-pressure comparators, the two ascent tank inputs are routed to a comparator
that detects unequal tank pressures.

2. 9. 3.4.30 ED RELAYS Caution Light

The ED RELAYS caution light goes on when a failure occurs in the master arm re-
lay (K1) or, in any one or combination of the stage sequence relays (K2 through K6) Io-
cated in both EDS relay boxes (systemAand systemB). The SYS A and/or SYS B compo-
nent caution tights onthe EXPLOSM DEVICESportion of panel.8 also go on. If any
one or combination of relays K3 through K6 caused the ED RELAYS light and the SYS A

a:tdf or SYS B component caution lights to go on, there is no way of isolating the faulty
relay or relays. However, K2 can be reset by momentarily hoiding the STAGE RELAY
switch (panel 8) to RESET; if the lights go off K2 was at fault. If the Iiglrts do not go off,
the ED: LOGIC PWRA andfor LOGIC B circuit breakers (depending on which component
caution light is on) on panels 11 and 16, respectively, must be opened.

The MASTER ARM switch (panel B) must not be touched. If this switch is set to
ON while a failure exists in the stage sequence relays, a complete staging operation, or
part of the staging operation (depending on which relay or relays failed) would result.
Deactivating one EDS system (A or B) wiII not prevent EDS tasks. Either system can
perform EDS functions.

S-BD RCVR Caution Light.

The S-BD RCVR caution light goes on if the S-band receiver automatic gain control
fails (loss of S-band uplink voice). The loss of MSFN reception can be monitored on the
SIGNAL STRENGTH indicator on panel 12. It wiII indicate less than 1. Communications
can be obtained by setting the XMTR/RCVR switch (panel 12) to SEC. The CWEA S-BD
RCVR light circuitry is enabled only if the RANGE FUNCTIONS switch (panel 12) is set
to TV/CWEA ENABLE. The Iight goes off when this switch is set to OFF/RESET.

Data Storage Electronics Assembly. (See figure 2-1'70.)

The DSEA is a single-speed, four-track, magnetic-tape recorder that stores voice
and time-correlation data (TCD) (mission elapsed time). A maximum of 10 hours of
recording time is provided (2.5 hours on each track) by driving the tape in one direction
over the record head and, on completion of a pass, switching to the next track and
reversing tape direction. The tape is supplied in a magazine, consisting of a supply
reel and takeup reel. Once the magazine is properly placed in the DSEA and the control
logic is placed in track No. 1 forward condition (reset), the DSEA is operated with the
RECORDER switch on the COMMUNICATIONS portion of panel 12, in conjunction with
the VOX trigger signal supplied by the signal-processing assembly (SPA) of the CS.

The DSEA operates in either a manual or semiautomatic mode. In the manual mode,
ICS T/R switch on the AUDIO portion of panel 8 or 12 is set to ICS/TR and the VOX
switch on either panel is set to PTT. The PTT position bypasses the automatic voice
sense circuits. The Commander or LM Pilot can close a push-to-talk switch (on the
attitude controller assemblies or the umbilicals) and speak into a microphone. The
push-to-talk switch energizes the VOX key relay, providing a ground tor activation of
the power control logic in the DSEA. In the energized state, this relay routes operating
power to be applied to the recorder electronics. The audio signal generated by the
astronaut is conditioned by the SPA and fed to the recorder for transfer to tape. For
operation in the semiautomatic mode, the VOX switch is set to ICS/XMTR. With the
switch set to this positi.on, the VOX trigger circuit is enabled. The VOX sense circuit
senses voice input from within the cabin or lrom the communications receivers and

feeds this signal to the VOX trigger circuit. When the two inputs are coincident, the

2.9. 3.4. 31

2.9.3.5
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2.9.3. 5. I

2.9.3.6

trigger is activated. Setting the VOX switch to ICS results in a continuous key for the
recorder. When operating in this mode, recorder motion is manually controlled with
the RECORDER switch (panel 12). The RECORDER TAPE talkback (panel 12) indicates
tape motion during recording.

The DSEA consists of signal-conditioning electronics, a power supply, control
Iogic, and a tape-motion amplilier. The signal-conditioning electronics accepts audio

and TCD signals and conditions them before they are fed to the record head. Audio
signals routed through the astronautsr intercommunications bus are applied to a voice
amplifier that provides the band-pass filtering, impedance matching, and signal amplifi-
cation required to drive the record head. Simultaneously with the voice input, TCD is
supplied (as binary inputs) from the serial time code generator in the PCMTEA. A
DSEA time-correlation data modulator accepts and converts serial binary-coded decimal
data to frequency-coded data for recording. The binary input signals modulate avoltage-
controlled oscillator to produce an output frequency of. 4,L75 cps, with a binary 1 input;
4,625 cps, with a binary 0 input. These voice and timing signals are mixed with the
outputs of a reference oscillator that supplies a constant 5.2-kc signal for subsequent
use in the DSEA test station, servoamplifiers, and a bias oscillator, which provides a

33-kc signal that eliminates nonlinear response in playback of voice and data. This
permits recording multiplexed data on each of the four tracks. The control logic pro-
vides transport control, automatic track switching for the four tape passes, and starting
and stopping of the DSEA. The tape transport uses a closed-loop capstan drive system
with controlled tension in the record/reproduce head area. Dual capstans with a high
angle of tape wrap provide sufficient driving friction without the use of pinch rollers.
The drive motor in the tape transport is of the single-phase, 400-cycIe, hysteresis,
synchronous type with constant speed (+0.170 of input power). During recording, the
reproduce head reads the recorded track and, through the tape-motion amplifier, sup-
plies the signal that operates the TAPE talkback.

Power Supply.

The DSEA power supply consists of a power converter and voltage regulator, which
provide regulated d-c power for all DSEA electronics.

The power converter conditions 115-volt, 400-cps ac, supplied trom control logic
circuits, to voltage levels of +17 and -8 volts dc. The +17 volts operates relays in
control logic and tape-motion monitor circuits. It i.s alsc applied to the voltage regula-
tor, along with the -8 volts. A-C power for the capstan drive motor is supplied trom
a tap on the primary winding of a transformer (T1).

The voltage regulator regulates the +17 and -8 volts dc, from the povr'er converter,
to +11.5 and -3.5 voLts, respectively. These voltage levels are required for DSEA
electronic circuitry.

Developmental Flight Instrumentation. (See figure 2-17L.)

The DFI is used to validate the LM design. The instrumentation section of the DFI
consists of subsystem sensors, power control and distribution equipment, strain,/
temperature signal conditioners, four 90-segment time-division multiplexers, three
double-pole three-segment vibration commutators, three proportional-bandwidth modu-
lation assemblies, a constant-bandwidth modulation assembly, and a signal-conditioning
box. The signal-condtioning box is used primarily as a junction box; it performs some
conditioning. The strain/temperature signal conditioners perform most of the
conditioning. The communiqations section of the DFI consists of five VHF/FM trans-
mitters, a five-channel multiplexer, diplexer, SLA VHF antenna, LM antenna, two
C-band transponders, and a C-band transponder antenna system.

2.9. 3. 6. 1 Sensors

The DFI sensors are in individual subsystems; they sense high-Ievel preconditioned
signals and low-Ievel strain and temperature signals.
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2.9.3.6.2

2.9.3.6.3

The high-level preconditioned signals are sensed by pressure transducers that
accept unregulated voltages (20 to 50 volts dc) and provide a 0- to 5-volt d-c output
that is directly proportional to the pressure being sensed. The transducers operate in
the range of 0 to 2 psta, 0 to 35 psia, or 0 to 2,000 psia. The low-frequency outputs
of the transducers are fed through the signal conditioner to a 90 x 10 high-level
commutator. The high-frequency outputs are fed directly to the voltage-controlled
oscillator (VCO) ctrannels (No. 2 through 16) in proportional-bandwidth (PBW) modula-
tion package A, B or C for constant sampling.

The low-Ievel strain transducers, comprising resistors in a Wheatstone bridge
configuration, are excited by 10 volts dc. These transducers supply outputs of approx-
imately 51 millivolts. T.hese low-level outputs are fed to d-c amplifiers for proper
voltage-level conditioning, required by PBW modulation packages. Like the output of
the preconditioned pressure transducers, the high-level, 0- to 5-volt d-c conditioned
signals from the d-c amplifiers are fed either directly to PBW modulation packages or
indirectly by way of a 90 x 10 high-Ievel commutator. The low-frequency outputs of
the d-c amplifiers are fed to the 90 x 10 commutator for sampling. The high-frequency
outputs are fed directly to the VCO channels (No. 2 through 16) in the PBW modulation
packages for constant sampling.

The low-Ievel temperature transducers are resistance thermometers (RT's),
thermocouples (TC's) and various low-voltage sensors. The low-level transducer out-
puts (0 to 60 millivolts from RT's; 0 to 10 millivolts from TC's) are fed to strain/
temperature signal eonditioner A or B (ST-A and ST-B) for proper voltage-level condi-
tioning, requiredbytheg0xl0andg0xt-l/4 low-Ievel commutators. Thetransducers
outputs that provide the ST-A and ST-B with low-level signals are fed to channel No. 14

of PBW modulation package A or channel E of modulation package B.

The DFI real-time measurement transducers provide 0- to 5-volt d-c signals to the
PCMTEA in the IS, by way of the DFI signal conditioner. The low-level DFI real-time
measurements are fed to a d-c amplifier, which provides the 0- to 5-volt d-c output
required by the PCMTEA in the IS. The IS transducer measurements that are fed to
the IS are also routed to isolation amplifiers in the DFL These isolation amplifiers
provide ground isolation between the IS and DFI.

Power Control and Distribution' Equipment.

The power control a:rd distribution equipment includes the EARTH ORBIT: R/D
INST A and R/D INST B circuit breakers (panel 11), which operate in conjunction with
a power control box. To activate the DFI (instrumentation and communications sections),
thc EARTH ORBIT: SLA/LEM ANT TRNFR A ANd SLA/LEM ANT TRNFR B CiTCUit

breakers (panel 11) and the R/D INST A and B circuit breakers are closed and the
EARTH ORBIT: C-BAND PWR switch (panel 11) is set to ON. The R/D INST A and B
circuit breakers apply LM 28t4-volt d-c power to the power control box for distribution.
Opening these circuit breakers shuts down the entire DFI.

The power control box provides 2Bt4-volt d-c power distribution to the signal-
conditioning box for bus voltage and relay control, which is provided with a direct
umbilical ground. The power control box also supplies por,ver to C-band transponders
(A and B) via C-band line filters, one for each transponder. The transponders provide
radar tracking of the LM during near-earth orbits.

Strain/Temperature Signal Conditioners.

The strain/temperature signal conditioners condition signals from the strain,
temperature, thermocouple and resistance transducers. The low-Ievel outputs from
these components are conditioned to 0 to 60 millivolts (resistance-type sensors) and 0
to 10 millivolts (thermocouple-type sensors). There are two signal-conditioning units
in the DFI; they are ST in system A and ST in system B. System A contains eight
modules; system B, four modules. Each module has 11 channels. This provides a
total of 132 channels for conditioning. The 11 channels consist of regulators,
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2.9.3. 6.4

2.9.3.6.5

2.9. 3. 6. 6

signal-conditioning circuits, power supply connections, and connections to external
strain- and temperature-sensing systems. The 11-charurel module for the strain sys-
tem is the same as that for the temperature systems, except for different power require-
ments. The ST system A and B output is fed to a 90 x L-L/4 or a 90 x 10 commutator
that samples and provides 0- to 5-volt d-c outputs required by channel No. 14 of PBW
modulation package A and channel No, E of modulation package B.

Ninety-Segment Time -Division Multiplexers.

The DFI 9O-segment time-division multiplexers are two 90 x 10 high-level com-
mutators, one 90x 10 low-level commutator, and one 90 xL-t/4low-level commutator
The commutators accept 90 data inputs. Channels 1 and 2 are used for
calibration; channels No. 89 and 90, for synchronization. The remaining 86 channels
accept continuousDFl data inputs. These commutators accept and condition almost all
DFI data required by the DFI modulation packages. The commutators multiply and
produce pulse-amplitude-modulated (PAM) outputs in an RZ serial data train. These
commutators can be crossed strapped if samples for a given measurement are critical
and more accurate decoding is necessary.

Preconditioned high-Ievel pressure signals (0- to 5-volts d-c) are fed directly to
the 90 x 10 high-level commutators. Low-level strain transducer signals (approximately
51 millivolts) are also fed to the 90 x 10 high-level commutators, but through d-c
amplifiers, where they are convertedto 0- to 5-volt d-c signals. The eighty-eight0- to
5-volt inputs to these commutators are the low-frequency outputs of the pressure trans-
ducers or d-c amplifiers. The commutators sample the 88 input signals 10 times per
second and time-multiplex these signals into a PAM wavetrain. The PAM wavetrain is
fed to the FM/FM telemetry system for data transmission through the RF transmitter
and recovery by MSFN. The high-frequency outputs of the pressure transducers or d-c
amplifiers are fed directly to the VCO channels in PBW modulation packages A and C.

The 90 x 10 and 90 x l-1/4 low-level commutators receive low-level temperature
transducer signals via the ST-A and ST-8, The 88 inputs to these commutators are in
the range of 0 to 60 millivolts when received from resistance thermometers; 0 to 10
millivolts when received from thermocouples. The commutators sample the 88 input
signals L0 or l-7/4 times per second andtime-multiplex these signals into aPAM
wavetrain, The PAM wavetrain is fed to the FM/FM telemetry system for data trans-
mission through the RF transmitter and recovery by MSFN. The 90 x 7-l/4 commuta-
tor PAM outputs are fed to PBW modulation package A; the 90 x 10 commutator PAM
outputs, to PBW modulation package B.

Yibration Commutators.

The vibration commutators are two 3-position switches that accept continuous
vibration data. The commutators accept six inputs and divide these inputs into two
outputs, each containing three measurements on a 1. 25-second time-shared basis. In
position 1, the commutator routes the first measurement in 1.25 seconds from each
output, at which time an internal frame synchronization of 50 milliseconds is generated.
Following this frame synchronization, the commutator switches to position 2. In this
position, the commutator routes its second measurement in 1. 25 seconds from each
output, at which time the 5O-millisecond frame synchronization is again generated.
This procedure is repeated for the third measurement. These vibration data are fed to
modulation packages A, B, and D.

Constant-Bandwidth Modulation Package D.

The constant-bandwidth (CBW) modulation package consists of 10 VCO's amplifiers,
a calibrator, and a plug-in chassis. Channels No. 1 and 6 of this modulation package
receive the outputs from vibration commutator G; channels No. 5 and 2, the outputs from
vibration commutator H. The remaining VCO channels receive data from subsystem
transducers.
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2.9.3.6.7

2.9.3.6.8

The VCC)'s are frequency modulated by 0- to 5-volt d-c input signals and the VCO

multivibrator set center frequencies are specified by the Inter-Range Instrumentation
Group at a 2.5-vo1t d-c input. At zero or 5 volts dc, the output frequency varies 2 kc

below or above the set center frequency. The output of each VCO is accepted by the

amplifiers, which frequency-modulate all inputs as required by the VHF transmitters.
Because this subcarrier and the transmitter carrier are frequency modulated, the

system is referred to as FM/FM.

The amplifiers have two outputs: one, a composite of each oscillator output used for
modulating out of the transmitters; the other, an oscillator composite hardline output
used for ground equipment monitoring.

The calibrator module permits in-flight calibrations to be performed. Calibration
should be performed before and after each major event. To calibrate the DFI, the

EARTH ORBIT: R/D TLM CALIBRATE switch (panel 11) is held to ON for at Ieast 12

seconds to assure a complete calibration cycle. After one calibration cycle, the system
automatically returns to data transmission, regardless of the switch setting.

The plug-in chassis houses the modulation package components and all intercon-
necting wiring. The chassis serves as the electrical and mechanical connection between

the CBW modulation paekage and the vehicle.

Proportional-Bandwidth Modulation Packages A, B, ald C.

These modulation packages contain the same components as the CBW modulation
package, except that these eontain 16 VCO's. Like the CBW package, these supply FM
outputs required by the VHF transmitters.

In modulation package A, channel E accepts a 90 x 10 high-level commutator output;
channel No. 14, the 90 x l-1/4 low-Ievel commutator outputs; and channel No. 11, one

of the outputs of vibration commutator I. The remaining VCO channels accept data from
subsystem transducers.

In modulation package C, channel E receives the outputs from a 90 x 10 high-level
commutatorl channels No. 2 through 16, data from subsystem transducers.

Four of the transmitters are used for telemetry iinks that transmit LM data that is
not required in real time. The PCM/VHF transmitter is used to telemeter real-time
data from the PCMTEA. The PCM/VHF transmitter is set for 237.8 megacycles; the
other four transmitters, for 230.9, 228,2, 247.3, and 257.3 megacycles. The trans-
mitters receive FM inputs from the CBW and PBW modulation packages. The FM inputs
are again freqrency modulated; they provide a nominal output of 10 watts each to the

five-channel multiplexer. The five-channel multiplexer combines all five transmitter
inputs without interaction and provides a single output. The multiplexer output is fed
to a VHF/UHF diplexer, which connects the output of the multiplexer and the digital
command assembly (DCA) of the LM mission programmer to a common antenna system.
During transmission, the diplexer permits VHF data to channel through contacts No. 2

of the SLAILM ANT TRANSFER switch (located external to the LM, at the SLA attach-
ment point) and blocks VHF data from reaching the DCA. When receiving, the diplexer
permits UHF data to channel through to the DCA and blocks the data from entering the
five -charurel multi.plexer.

The SLA antenna system and the LM antenna system are each composed of two
broadband antennas, operating at 228 to 450 megacycles and fed by a power divider.

DFI Communications Equipment.

The DFI communications equipment consists of five YHF/FM telemetry transmitters,
a five-channel VHF multiplexer, a VHF/UHF diplexer, a SLA VHF antenna system, a
LM VHF telemetry,/command antenna system, two C-band transponders, and a C-band
transponder antenna system.

INSTRUME NTATION SUBSYSTEM
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The SLA antennas are mounted 180" apart on the S-[VB/CM attachment point. The

antenna coverage exceeds 8570 with SiA panels closedl 8070 with the panels deployed to
45o. This system provides LM data and receives commands, from time of launch until
separation oi ttre l,tvI from the SLA, through contacts No. 2 of the SLA/LM ANT TRANS-

FER switch. when the sLA and LM separate, the SLA/LM ANT TRA.NSFER switch
automatically switches to contacts No. 1, connecting the LM antenna .system. Trans-
mission and reception are accomplished through the LM antennas tor the remainder
of the mission. The C-band transponder system provides tracking of the LM during
earth-orbital missions. The system comprises C-band line filters A and B, C-band

transponders A and B, two power dividers, and four antennas (two for each transponder).

The transponders receive pulses via their antennas, and transmit pulses back to

earth at a different frequency over the same antennas. The received pulses are at

5690t2 megacycles; the transmitted pulses are at 5765x.4.megacycles. The line filters,
between the DFI power control box. and their transponder, attenuate the transponder in-
puts. The power divider, between each pair of antennas and their transponderr Pro-
vides transmision to, and reception from, MSFN.

FAILURE MODES.

The IS failure modes and the effect on mission capability are given in table 2-62.

Table 2-62. Instrumerrtation Subsystem - Failure I'lodes

2.9.4

INSTRUME I.{TATION SUBSYSTE M
Page ?,,9-86 Mission LM 3 , Basic Date 1 Januarv 1,968 , 

. Change Date

Failure Indication Vehicle Capability

TELEMETRY PCM switch failed
open (HI position).

X'ISFN continues to receive high-
bit-rate informatlon of 51. 2

l<ilobits per second (nor:mal
mode) after srvitching to 1ot--
bit-rate information of 1. 6

k.iiobits per second (re ducecl mode),

TELEMETRY PCM switch failed NISFN continues to rcceive lou -
bit-rate ilformation after
srvitching to high-bit-rate
information.

closed (LO position),

INST: PClt,/'IE circuit brcaker MSFN does not teceive telemetrv
signals.

PCMTEA programmer A11 PCN{ data are not recelved
by XISIN.

PCMTEA.analog-to:digital
converter (coder)

A11 analog PCM data are not
received by MSFN.

PCI\'ITEA output register and
data traasfer buffer

PCI,ITEA porver supp15,

PCMTEA cligital multiplexer

A11 PCM data are not received
by MSFN.

A11 PCM data are not received
by MSFN.

Most PCM data are not received
by MSFN.

C,/W P\ iR caution light goes on
to indicate that subs),stem
failures (possibly all, depending
on extent of polver supply
failure) may not be detected
by CWEA circuits.

Only high-bit-rate
information is
monitored.

Only low-bit-rate
information is
rhonitored.

Telemetry transmission
is i'mpossible.

None

None

None

None

Most malfunctions are
monitored by MSFN
telemetr5r signals. Some

are monitored on dis-
plays.

L

L

None

C\VEA por.ver supply
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Table 2-62. Instrumentation Sutrsystem - Failure Modes (cont)

PERFORMANCE AND DESIGN DATA.

The performance and design data for the IS are given in table 2-63

Table 2-63. Instrumentation Subsystem - Performance and Design Data

NTATION

2.9.5

Failure Indication Vehicle Capability

INST: CWEA circuit breaker

SCEA Channel failure (in ERA-1
and/or ERA-2)

INST: SIG CONDR 1 circuit
1:reaker.

lliST: SIG CONDR 2 circuit
breaker

DSEA manual mode

AC BUS A: TAPE RCDR circuit
breaker

C/W PWR caution light goes

on to indicate that CWEA is
completely inoperative and

that all subsystem failures
cannot be detected.

MSFN does not receive tele-
metry signals from a-ffected
conditioning units in affected
ERA. Also, there is no
display indication if a.ffected
unit is routed to display.

MSFN does not receive
telemetry signals {rom arry
conditioning unit in ERA-1.
Also, there is no display
indication for units in ERA-1
that are routed to displays.

MSFN does not receive
telemetry signals from any
conditioning unit in ERA-2.
Also, there is no display
indication for units in ERA-2
that are routed to displays.

RECORDER TAPE talkback
barber-pole display (when
DSEA is in use)

RECORDER TAPE talkback
barber-pole display (when
DSEA is in use)

Most malfulctions are
monitored by MSFN
telemetry signals. Some

are monitored on dis-
plays.

Conditioning unit outputs
to CWEA circuits are also
disabled. Other associ-
ated measurements maY

be used to determine
vehicle status.

None. ERA-1 oufuuts to
CWEA circuits are also
disabled.

None. ERA-2 oufuuts
to CWEA circuits are
also disabled.

Semiautomatic mode

None. Recorder will not
operate.

Pulse-code-modulation and timing electronics assembly

Height

width

Length

Weight

Power Requirements

Excitation

Consumption

Operating temperature (ambient)

6.72 inches

5.12 inches

19.75 inches

23. 0 pounds (approximate)

28 volts dc

11 watts

+30" to +130" F

Mission LM B Basic Date 1 Januarv 1968 2.9-87
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Tab1e 2-63. Instrumentation Subsystem - Performance and Design Data (cont)

INSTRUMENTATION SUBSYSTEM

{

L

L.

Puls e -code -modulation and timing electronics as sembly (cont)

Reliability

Component calibration

Calibration levels

Accuracy

High-level aralog signals

Number of chamels

Normal bit rate (5L.2 kilobits per seccnd)

Reduced bit rate (1. 6 kilobits per second)

Signal levels

Analog error

Sampling rate

Bits formed per chaanel input

Parallel digital signals

Number of channels

Normal bit rate

Reduced bit rate

Signal levels

Binary 1

Binary 0

Bits per output word

Sampling sequence for 8-, 16-, and
32-bit input words

Serial digital signals

Number of channels

Signal levels

Binary 1

Binary 0

Word length

Normal bit rate

Reduced bit rate

1, 024-kpps input signals

Type

Amplitude

Input power

NRZ output

Bit rate

Signal levels

Arrrplifiers, analog-to -digital converter, and all alalog
circuitry with functions common to 10 or more measure-
ments

4.250 vo1ts, 0.750 volts

+9 millivolts on high level

277

200 channels externally programmed, 77 channels
internally redundant

113 channels externally programmed, 41 channels
internally redrmdant .

0 to 5 volts

0.570 (maximum)

1, 10, 50, 100; or 200 samples per second

8

75

1, 10, 50, 100 or 200 samples per second

1 sarple per second

+3.5 to +10 volts

-0.5 to +1.5 volts

8, J-6, or 32

Sequential, with eight most significant bits first

2 chalaels, serial bybit

+3.5 to +10 volts

-0.5 to +1.5 volts

One 24-bit chamel
One 40-bit channel

50 samples per second

None

Square wave

7*3 volts, peak to peak

20 to 32 volts dc

51.2 or 1.6 kilobits per second

Page 2.9-88 Mission LM 3 Basic Date 1 January 1968 Change Date
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Table 2-63. Instnrmentation Subsystem - Performance ard Design Data (cont)

INSTRUMENTATION SUBSYSTEM

Puls e-code -modulation and timing electronies as sembly (cont)

NRZ ou@ut (cont)

Binary 1

Binary 0

RZ output

Bit rate

Sipal levels

Binary 1

Binary 0

Data rate timing ou@ut

Frequency

gipal levels

Subcarrier reference output

Frequency

Sigral levels

10-kilohm ou@ut load

100-ohm ouhut load

Subframe sync pulse ou@ut

Frequency

Sipal levels

512-kc timing output signals

Frequency

Sip.al levels

6.4-kc timing ouhut signals

Frequency

Sipal levels

1. 6-kc timing ou@ut signals

Frequency

Signal levels

10-cps timing output siga.al

Frequency

Signal levels

1024-kc timing output signal

Frequency

Signal levels

Low-bit-rate split-phase data ou@uts

Bit rate

Sip.al levels

+6+0.5 volts

0.0 to +0.5 volt

51.2 or 1.6 kilobits per second

+3.0+0,5 volts

0.0 to 0.5 volts

51.2 or 1. 6 kpps (selected by remote switching)

0.0 to 0.5 volt and +3.0+0.5 volts

51.2 pps

0.0 to +0.5 volt arrd +6+0.5 volts

0, 0 to +0. 5 volt and +3.0+0. 5 volts

1 pps

0.0 to +0.5 volt and +3.0+0.5 volts

512 tcpps

0.0 to 0.5 volt and +3. 0+0.5 volts

6, 400 pps

0. 0 to 0.5 volt a.nd +3. 0+0. 5 volts

1, 600 pps

0.0 to 0.5 volt and +3.0+0.5 volts

10 pps

0.0 to 0.5 volt and +3. 0+0.5 volts

1024 kpps

0.0 to 0.5 volt and +3. 0+0.5 volts

1.6 kilobits per second

+6.0+0.5 volts (up level)

+0.0 to 0. 5 volt (down level)

Mission 1,M g Basic llate 1 January 1968 Change Date 2. 9-89
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Pulse-code-modulation arrd timing electronics assembly (cont)

Analo g-to -digital convers ion

Each arralog sample

Full-scale input to ADC

Zero input

Greater than fu]I scale

Less than zero

Signal-conditioning electronics assembly

I{eight

Width

Length

\Veight

ERA-1

ERA-2

Power requirements

Excitation

Consumption

ERA-1

ERA_2

Thermal characteristics

S-bit binar5r '"vord output

1r-111110

00000001

1111-1111

00000000

8. 0 inches

5.25 inches

'23.90 inches

100.215 pounds (total)

35.428 pounds

34.787 pounds

2 8 volts dc

16.04 watts

14.23 watts

An efficient thermal path exists bets'een heat-producing
sources withfur subassembiies and a:r externa,l heat sink.

8, 19 rms from 5 to 2, 000 cps

8g

15g sawtooth

+30'to +130' F

-65'to +160' F

0 to 200 millivolts dc and 0 to 5 volts dc

-100 millivolts tn -2.5 volts dc and +100 millivolts to
+2.5 volts dc

0 to 5 volts dc (4 single charnels)

0 to 5 volts dc (minimum attenuation)

0 to 40 volts dc (attenuation of 8)

-2.5 tD +2.5 volts dc and -20 to +20 volts dc

0 to 5 volts dc (4 single channels)

Environmental limits

Vibration

Acceleration

Shock

Temperature

Operating

Nonoperating

D-C amplifiers

Inputs

Unipolar mode

Bipolar mode

Output

Alternators

Inputs

Unipolar mode

Bipolar mode

Output

Table 2-63. Instrumentation subsystem - Performance and Design Data (cont)
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Table 2-63, Instrumentation Subsystem - Performance and Design Data (cont)

ATION

Signal-conditioning electronic s as s embly (c ont)

AC-to-dc converters

Iaput frequency

Output

Analog signal isolating buffer

Input

Output

Discrete signal isolating buffers

504-2

Turn-on voltage

Output voltage

504-s-4

Output voltage

504-5

Output voltage

Frequency-to-dc converter

lrput frequency

Output

ResistaJrce -to -dc converters

Resistance changes

Ou@ut

Phase-sensitive demodulators

Output

Caution and warning electronics assembly

Height

width

Length

Weight

Power requirements

Excitation

Consumption

Internally generated

380 to 840 cps

0 to 5 volts dc (3 single charmels)

0 to 5 volts dc

0 to 5 volts dc (4 single channels)

0.5 to 2.5 volts dc

0 to 5 volts dc (10 dual channels)

0 to 5 volts dc (12 dual channels)

0 to 5 volts dc (12 single charurels)

380 to 420 cps

0 to 5 volts dc

665 to 2,795 ohms (-200' to +500' F)

0 to 5 volts dc (4 dual channels)

0 to 5 volts dc

7. 0 inches

6.750 inches

11.750 inches

19. 75 pounds (approximate)

28 volts dc

13 watts

+4, +23, +L2, 19, -3, +7, and 16. 3 volts dc, rectiJied

Three 34-volt, zero-to-peak, 1 0-kc, center-tapped square
waves

One 15. 5-vo1t, zero-to-peak, 10-kc, center-tapped square
wave

Two 10-kc reference signals

Mission LM 3 Basic Date 1 1968 Change Date Page 2.9-91
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Caution and warning electronics assembly (cont)

Environmental limits

Temperature

Operating

Nonoperating

Vibration

Shock

Acceleration

Erput sigrrals

Caution

Discrete

Analog

Inhibit

Enable

Warning

Discrete

Analog

Inhibit

Enable

Indicator reset

Caution

Warning

Thrust ehamber assembly (TCA) logic

Cornmand (diserete or analog)

Response (discrete)

Ou@ut signals

Caution light

Warning light

Component caution light

Talkback

MASTER ALARM pushbuttonlight

Inputs

Analog signals

Discrete

Malfunction level

No malfunetion

Out-of-limit inputs

Telemetry output

Malfirnction

No malfunction

+35o to +135" F

-65o to +160o F

89 peak from 380 to 2,000 cps

15g sawbooth

8g

26

23

3

4

10

,,
7

,

10

16

16

18

L4

,
8

0

0.5 to 5.0 volts dc

3.4ta 6.0 volts dc

0 to 0.5 volt dc

Delay time (input to output): 0. 5 second

4.0 to 10 volts dc

-0.5 to +0.5 volt dc

I

Table 2-63. lrstrumentation Subsystem - Performance and Design Data (cont)
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Tab1e 2-63. fustrumentation Subsystem - Performance and Design Data (cont)

L

L

Caution and waxning eleetronics assembly (cont)

Voltage iimits

Upper

Lower

Data storage electronics assembly

Hei.ght

width

Length

Weig'ht

Power requirements

Power supply i:rput

Reset command

VOX commaad input

Ouhut

Magnetic heads

Voice record amplifier

Input level

Frequency response

Time-correlation data

Serial input level

Binary 1

Binary 0

Serial input bit rate

Bias oseillator

Oufout frequency

Output level

Tape

Speed

Total recording time

Leogth of tape between
sensor strips

Power Soure,e

AC

DC

DSEA transport

Speed error
Start time

Stop time

Record time

Output signal generated whenpreset voltage is exceeded

Output signal generated when preset voltage is exceeded

2.05 inches

4.0 inches

6.22 inches

38 ounces

115+2,5 volts rms, 400 cps, single phase

28+4 volts dc

28+4, -8 volts dc

+17 volts dc unregulated; +11.5 volts dc regulated; 26, 0

volts rms

2 record/reproduce heads to provide 4 tracks

-3 to +7 dbm

+0.5 db from 300 to 2,000 cps
+5 db preemphasis at 3 kc

6+1 volts peak

-0.5 to +1.5 volts peak

100 bits per second

33 kc+l-0%

5+1 milliamperes

0.6 inch per second

10 hours (maximum)

450 feet (minimum)

1L5+2.5 volts rms

28 volts dc

0.05 of input power deviation

100 milliseconds after receipt of VOX trigger

300 milliseconds after cessation of VOX trigger

Total of 10 hours

Mission LM 3 Basic Date 1 Januarv 1968 2. 9-93
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2.9.6

2.9.1

Table 2-63. Instrumentation Subsystem - Performance and Desigrr Data (cont)

OPERATIONAL LIMITATIONS AND RE STRIC TIONS.

The operational timitations and restrictions for the IS are as follows:

o PCMTEA, SCEA, and signal sensors (for preconditioneditransducers)
must be warmed up for 5 minutes after coolant-loop stabilization, before
use. If the 5-minute warmup period is not allowed, the accuracy of data
will be uncertain.

Total DSEA recording time (voice keyed) for the DSEA voice tape recorder
is 10 hours. The DSEA will not record voice after 10-hour use-

The DFI should be calibrated before and after each maior event. The
EARTH ORBIT: R/D TLM CALIBRATE switch must be held to ON for at
least 12 seconds to assure a complete calibration cycle. After one

calibration cycle, the system returns to data transmission. If the DFI
is not calibrated before and after each major event, the acctracy of DFI
data will become more uncertain as time elapses.

TE LEMETRY MEASUREMENTS.

The DFI telemetry data are given in table 2-64. "Structures", "thermodynamies",
and "mechanical design" are listed in the third column to indicate si.gnal origin. Tele-
metry data for signals that are routed through the IS and require conditioning are
given in tables 2-5? and 2-58: The DFI is recorded by MSFN only, therefore, the

"Display Range" column and "Crew Display" column in table 2-64 is blank. The code

number'in paientheses are time shared with the code number listed.

TabTe 2-64. Developmental Flight Instrumentation - Telemetry Measurements' 
' '' :

a

a

Serial NRZ-C (bits per second)

storage electronics assembly (cont)

Automatically sensed

300 to 3,000 cps

6+1 volts

-0.5 to 1. 5 volts

Time-correlation data

Input

Input levels

Binary 1

Binary 0

DSEA transport (cont)

End of tape

VOX input

Code Description
From

(Subsystem)
Telemetry

Range
Display
Range

Crew
Display

GAOOssT

GAOO84T

GAOO35T

+Z landing leg outrigger
No. 1 temperature

+Z laJjding leg outrigger
No. 2 temperatriie

+Z lqnding leg apex
fitting tempeiature

Str"uctures 0" to +500" F

0' to +500' F

0' to +500 " F

Page 2.9=94 Mission LM 3 Basic Date 1 January 1968 Change'Date
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Talie 2-64, Developmental Flight trstrumentation - Telemetry Measurements (cont)

NTATION SUBSYSTEM

L

L

Display
CrewTelemetry

Range
Display
RangeDescription

From
(Subsystem)Code

GAO2OlT

GAO202T

GAO2O3T

GAO204T

GAO6OlS
(G80807P)

GAO602S
(GBo8o8P)

GAO6OSS

(GA3002A)

i GA0604S
(GBo809P)

I GAO605S
(GBo812P)

I GAO606S

I lceosroel

I cAocozs

llcnosozey

GAO6OSS

(GA30o5A)

GAO6O9S
(cA3oo4A)

GAO6lOS
(GAS003A)

GAO611S

GAO612S
(GRs046-34)

GAO6135
(GR5042-38)

GAO614S

(GBo801)

GAo615S
(GA3006)

GAO616S

(GBo621)

Descent engine cavity
temperature No. 1

Descent engine cavity
temperature No. 2

Descent engine cavity
temperature No. 3

Descent engine cavity
temperature No. 4

+Z beam booster strut
No. 3load

+Zbearnbooster strut
No. 4 load

-Z beam booster strut
No. 1 load

-Zbearn booster strut
No. 2 load

-Z beayl: booster strut
No. 3 load

-Z beam hooster strut
No. 4 load

+Y beam booster strut
No. 1 load

+Y beam booster strut
No. 2 load

+Y beam booster strut
No. 3 load

+Y beam booster strut
No. 4 load

-Y beam booster strut
No. l- load

-Y beam booster strut
No. 2 load

-Y beam booster strut
No. 3 load

-Y beam booster strut
No. 4load

+Z bea1,Jf booster
strut No. 1 load

+Z bea:n, booster
strut No. 2 load

Structure s

(cont)

0" to +500' F

0' to 1500' F

0' to +500" F

0' to 1500" F

0 to 17,000 pounds

0 to 24,000 pounds

0 to 24,000 pounds

0 to 17. 000 poturds

0 to 17,000 pounds

0 to 24,000 pouncls

0 to 21,000 pounds

0 to 17,000 pounds

0 to 17, 000 porurds

0 lo 24,000,pounds

0 to 24,000 pounds

0 to 17,000 pounds

0 to 17,000 pounds

0 to 24,000 pounds

0 to 24,000 pounds

0 to 17,000 pounds

Mission___114.3 Basie Date 1 Januarv 1968 Change Date 2.9-95
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Code Description
From

(Subsystem)
Telemetry

Range
Display
Range

Crerv
Display

GA1113T

GAl133P

GA15O1D

GA1502D
(G42525)

GA1503D

GA1571D

GAl572D

GA1573D

GA2OOlT

GA2OO2T

GAzOO3T

GA2OO4T

GA2OO5T

GA2OO6T

GA2OOTT

GA2OOST

GA2O09T

GA2OlOT

GA2201T

Top surface ascent stage
heat shield temperature

Top surface ascent stage
heat shield pressure

Ascent engine support
vibration structure side
No. 1

Ascent engine support
vibration structure side
No. 2

Ascent engine support
vibration structure side
No. 3

Ascent structure oxidiz-
er tank vibration,
X-axis

Ascent structure oxidiz-
er tark vibration,
Y-axis

Ascent structure oxidiz-
er tank vibration,
Z-axis

Desceilt stage heat shield
temperature No. 1

Descent stage heat shield
temperature No. 2

Descent stage heat shield
temperature No.3

Descent stage heat shield
temperature No. 4

Descent stage heat shield
temperature No. 5

Descent stage heat shield
temperature No. 6

Descent stage heat shield
temperature No. 7

Descent stage heat shield
temperature No. 8

Descent stage heat shield
temperature No. 9

Descent stage heat shield
temperature No. 10

Window temperature No. 1

Structures
(cont)

-30o to +250o F

0 to 2 psia

-30g to +309

-30g to +309

-30g to +30g

-109 to +l0g

-10g to +r0g

-10g to +10g

0' to +2,500" F

0" to +2,5000 F

-100" to +2,000o F

A" to +2,500" F

0o to +2,500' F

-100o to +2,000" F

-100' to +2,000' F

-100' to +2,000" F

-100" to +2,000' F

-250'to +500' F

-3G to +250' F

Talie 2-64. Developmental Flight hstrumentation - Telemetry Measurements (cont)

INSTRUMENTATION SUBSYSTEM

\-

I
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Code Description
Fr:om

(Subsystem)
Telemetry

Range

Display
Range Display

Crew

GA22O2T

GAz2O3T

GAz321S
(GRs015)

GA2524S
(GR5023)

GA25255
(GA1502)

GA2528S
(GRs018)

GAZ681D

GA2682D

GAz683D

GA3OOlA

GASO02A
(GAo603)

GA3OO3A
(GAO610)

GASOO4A
(GAo60e)

GASO05A
(GAo608)

GA3OO6A
(GAo615)

GAS6O1D

GAS6O2D

GAS603

GA3661D

GA3662D

Window temperature
No. 2

Window temperature
No. 3

+Y descent engine support
strut No. 1 load

+Y descent engine support
strut No. 4 load

-Y descent engine support
strut No. 1 load

-Y descent engine support
strut No. 4 load

Descent structure oxidiz-
er tank No. 1 vibration,
X-axis

Descent structure oxidiz-
er tank No. 1 vibrgtion,
Y-axis

Descent structure oxidiz-
er tank No. 1 vibration,
Z-axis

X-axis No. L accelera-
tion

X-axis No. 2 accelera-

Y-axis No. 1 accelera-
tion

Y-axis No. 2 accelera-
tion

Z-axi.s No. 1 accelera-
tion

Z-axis No. 2 accelera-
tion

Ascent stage equipment
rack vibration, X-axis

Ascent stage equipment
rack vibration, Y-axis

Ascent stage equipment
rack vibration, Z-axis

Tirnnel equipment area
vibration No. 1

Tunnel equipment area
vibration No. 2

tion

Structures
(cont)

-30'to +250' F

-30'to +250o F

-5,800 to +1,800
pounds

-5,800 to +1,800
pormds

-5,800 to +1, 800
pounds

-5,800 to +1,800

pormds

-10g to +10g

-10g to +10g

-10g to +109

-10g to +10g

-20 to +20 rad./sec2

-29 tD +29

-20 to +20 rad,/secz

-29 tD +29

-20 to +20 rad/secz

-20g to +20g

-20g ta +20g

-20gto +209

-30g to +30g

-30g to +30g

L

Table 2-64. Developmental Flight krstrumentation - Telemetry Measurements (cont)

TION SUBSYSTEM
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Display
Range

Crew
Display

Telemetry
RangeCode Description (Subsystem)

From

GAS663D

GBOlOlT

GBOl02T

GBOlO3T

GBO2OlT

GBO2O3T

GBO204T

GBO2OST

GBO30lT

GBOSO2T

GBO303T

GBOSO4T

GBOSO5T

GBO3O6T

GBOsOTT

GBO4OlT

GBO4O2T

T\rnnel equipment area
vibration No. 3

No. 1 ascent engine
cover - cabin
temperature

Cabin skin
temperature No. 1

Cabin skin
temperature No. 2

Ascent stage bottom
surface temperature
No. 1

Ascent stage bottom
surface temperature
No. 2

Ascent stage bottom
surface temperature
No. 3

Ascent stage bottom
surface temperature
No. 4

Ascent stage bottom
surface temperature
No. 5

Ascent stage surface
surface temperature
No. 6

Ascent stage bottom
surface temperature
No. 7

Descent stage top
surface temperature
No. 1

Descent stage top
surface temperature
No. 2

No. 1 black box
temperature

No. 2 black box
temperature

No. 2 black box
temperature

Cabin tunnel tem-
perature

Thermod;,namics

Structures
(cont)

-309 to +309

-30" to +250" F

-30" to +250" F

0" to +500" F

-30" to +250" F

-30'to +250o F

-30" to +250o F

-30'to +250o F

-250" to +500' F

-25o' to +500o F

-250'to +500" F

-250' to +500' F

-250' to +500' F

-2500 to +500' F

-250' to +500' F

-250'to +500' F

-250" to +500" F

Table 2-64, Developmental F]ight Instrumentation - Telemetry Measurements (cont)
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INSTRUME NTATION SUBSYSTE M

L

L

L

Code Description
From

(Subsystem)
Telemetry

Range
Display
Range

Crew
Display

GB04OST

GBO521T

GBO522T

GBO60lT

GBO602T

GBO6OST

GBO621P
(GAo616)

GBO622P

GBO623P

GBOSOlP
(GA0614)

GBOSO2P
(GAo607)

GBOSOSP

GBO804P

GBO8OSP

GBOsO6P

GBOsOTP
(GAo601)

GBO8OSP
(GAo602)

GBO8O9P

(GAo604)

GBO8lOP
(GAo606)

Descent stage top
surface temperature
No. 3

Descent engine blast
deflect temperature
No1

Descent engine blast
deflect temperature
No. 2

Ascent engine compart-
ment temperature No. 1

Ascent engine compart-
ment temperature No. 2

Ascent engine compart-
ment temperature No. 3

Ascent engine compart-
ment pressure No. 1

Ascent engine compart-
ment pressure No. 2

Ascent engine compart-
ment pressure No. 3

Ascent stage bottom
surface pressure No, 1

Ascent stage bottom
surface pressure No. 2

Ascent stage bottom
surface pressure No. 3

Ascent stage bottom
surface pressure No. 4

Ascent stage bottom
surface pressure No. 5

Ascent stage bottom
surface pressure No. 6

Ascent stage bottom
surface pressure No. 7

Ascent stage bottom
surface pressure No. 8

Ascent stage bottom
surface pressure No. 9

Ascent stage bottom
surface pxessure No. 10

Thermodynamics
(cont)

-250' to +500' F

=250 " to +500 " F

-250' to +500" F

-250" to +500' F

-250" to +500e F

-250' to +500' F

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

Mission LM 3 Basic Date 1 Januarv 1968 Change Date Page 2.9-99
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Code Description
From

(Subsystem)
Telemetry

Range

Display
Range

Crew
Display

GBO811P

GBO812P
(GAo605)

GBO813P

GBo814

GBO815P

GBO816P

GBO817P

GBO818P

GBO9OlP

GBO9O2P

GBO9OSP

GBO904P

GBOgO5P

GBO9O6P

GBO9OTP

GBSO2OT

GB3O21T

GB3O22T

GB3O23T

GB3O24T

Ascent stage bottom
surface pressure No. 11

Ascent stage bottom
surface pressure No. 12

Ascent stage bottom
surface pressure No. 13

Ascent stage bottom
surface pressure No. 14

Ascent stage bottom
surface pressure No. 15

Ascent stage bottom
surface pressure No. 16

Ascent stage bottom
surface pressure No. 17

Ascent stage bottom
surface pressure No. 18

Descent stage top
surface pressure No. 1

Descent stage top
surface pressure No. 2

Descent stage top
surface pressure No. 3

Descent stage top
surface pressure No. 4

Descent stage top
surface pressure No. 5

Descent stage top
surface pressure No. 6

Descent stage top
surface pressure No. 7

Erterior ascent
blanket temperature
No. 1

[rterior descent blanket
temperature No. 1

Ascent stage top surface
temperature No. 2

Descent blanket surface
temperature No. 1

Ascent stage top surface
temperature No. 3

Thermodynamics
(cont)

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0 to 2 psia

0'to +5oo' F

0' to +500' F

-100'to +2,000"F

-100' to +2, 000' F

-250o to +500' F

Table 2-64. Developmental Flight Instrumentation - Telemetry lVleasurements (cont)

INSTRUMENTATION SUBSYSTEM
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L
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Tabl'e 2-64. Deveiopmental F1ight krstrumentation - Telemetry Measurements (cont)

INSTRUMENTATION SUBSYSTEM

Code Description
From

(Subsystem)
Telemetry

Range
Display
Ralge

Crew
Display

GB3O25T

GB3O26T

GB3O2?T

GB3O28T

GB3029T

GBsOsOT

GB3O31T

GB3O32T

GB3O33T

G83102H

GB31O3H

GB3r.04H

GB3105H

GB3727T

GBs728T

GB3729T

GB3730T

GB3733T

GB6OOlT

Interior descent blanket
temperature No. 2

Ascent stage top surface
temperature No. 4

De scent blanket surface
temperature No. 2

Ascent stage top surface
temperature No. 5

Interior descent blanket
temperature No. 3

Ascent stage top surface
temperature No. 6

Descent surface blanket
temperature No. 3

Ascent stage top surface
temperature No. 7

Descent surface blalket
temperature No. 4

Separation distance
No. 1

Separation distance
No. 2

Separation dlstance
No. 3

Separation distance
No. 4

Steerable S-band
antenna temperature
No. 1

$eerable S-band
antenna temperature
No. 2

Steerable S-band
antenna teDperature
No. 3

Omni ant€nna
temperahrre No. I

UHF in-flight
antenna tempera.frrre

Elestric package cold
plate No. 1 temperature

Thermodynamics
(cont)

-250" to +500" F

-250' to +500' F

-250'to +500o F

0" to +6,500o F

0'to +500' F

-100' to +1,250" F

-100'to +1,250" F

-100o to +1,280" F

-100o to +1,280" F

0 to 4 feet

0 ta 4 feet

0 to 4 f.eet

0 to 4 feet

-L00' to +1,250'F

-1000 to +2500 F

-100o to +2500 F

-100'to +1,250'F

-100'to +1,250' F

0'to +150' F

Mission LM g Basic Date I Jq 1968 Changi: Date PaeeE19l-
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Crew
Display

Display
RangeCode Description

From
(Subsystem)

Telemetrv
Range

Electric package cold
plate No. 2

temperature

Electric package cold
plate No. 3

temperature

Cabin fan No. 1- rate

Cabin fan No, 2 rate

Suit compressor
discharge temperature

Coolantpump No, 1

rate

Coolant pump No. 2

Coolant pump No. 3

'.: ;. ; :.

separator
AP

rate

rate

Battery No. 1

temperature

Battery No. 2

temperature

Battery No. 3

temperature

Battery No. 4

temperature

Battery No. 5

temperature

Battery No. 6

temperature

Prime suit
compressor rate

Water
No. 2

Suit oxygen outlet
temperature

Suit oxygen outlet
temperature

Slare suit
compressor rate

Water separator
No. 1 AP

Thermodynamics
(cont)

EPS

ECS

0' to +150' F

o" to +5oo' F

0" to +200" F

0' to +200" F

0" to +200' F

0' to +200" F

0" to +200' F

0' to.200" F

14,000 to
30, 000 rpm

14,000 to
30,000 rpm

4,300 to 14,300 rpm

4, 300 to 14, 300 rpm

0 to 1.5 psid

0 to 1.5 psid

0' to +200' F

+0' to +200' F

+0" to +200' F

!,000 to 6,000 rpm

,000 to 6,000 rpm

2,000 to 6,000 rpm

2
I

i. l;...,

GB6OO2T

GB6OO3T

GC35O1T

GC3502T

GC35O3T

GC3504T

GC3505T

GC35O6T

GF107lR
(Gre9e5)

GF1O72R
(GFeee5)

GF1191R

GF1192R

GF1261P

GFI262P

GF1681T

GF1701 T

GF17O1T

GF2O11R
(GFeee6)

GF2O12R
(GFeee6)

GF2013R
(GFeee6)

Table 2-64, Developmental Flight }rstrumentation - Telemetry Measurements (cont)
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Table 2-64. Developmental Flight Iastrumentation - Telemetry Measurements (cont)

L

L

L

Display
Range

Crew
Display

Telemetry
RangeCode Description

From
(Subsystem)

GF252TT

GF2627"t

GF2781T

GF2841T

GF2871T

GF3585T
(PCM)

GF3586T
(PCM)

GFS587T
(PCM)

GF41O2P :

GF4561T

GF4562T

GF4563T

GF9995U

GF9996U

GG1111V

GG222OY

GG225OV

GG228OV

GGz302X

Main water-sublimator
coolant inlet temperature

Cabin heat-exchanger
coolant inlet temperature

Regenerative heat-
excha:rger coolant outlet
temperature

Regenerative heat-
exchanger coolant inlet
temperature

Cabin heat-exchanger
coolant outlet
temperature

Ascent oxygen tank
No. 1 surface
temperature

Ascent oxygen tank
No. 2 surface
temperature

Descent oxygen tank
surface temperature

Descent tank outlet
water temperature

Ascent tfuk No. 1

outlet wdter temperature

Ascent tarrk No, 2

outlet water
temperature

Selected:cootant pump
rate

2.5-vdc TM bias DFI

MG CDU fine error
voltage 

'

DG CDU fine error
voltage

IMU heater on

Redundant water
REG/ARS 

^P

Selected suit
compressor rate

voltage

ECS
(cont)

GN&CS

0' to +200' F

0" to +200' F

0" to +200" F

0' to +200" F

0' to +200' E

0" to +200" F

0' to +200" F

0" to +200" F

0' to +200" F

0' to -200' F

0" to +200" F

0' to +200' F

2,000 to 6,000 rpm

0 to 5 volts dc

-1,.2 tD +1.2'
volts rms

-1.2 ta +1.2 volts
rms

-1.2 to +1.2 volts

Off - on

IMS

14,000 to
30,000 rpm

Mission LM 3 Basic Date 1 Januarv 1968 Date Page 2.9-193.

IG CDU fine error
voltage

Change



LMA?90-3-LM 3

APOLLO OPERATTONS HANDBOOK
SUBSYSTEMS DATA

Code Description
From

(Subsystem)
Telemetry

Range

Display
Range

Crew
Display

c,G2303x

GG3311V

GGS321V

GG6OOlD

GG6OO2D

GG6OOSD

GH1450V

GH1452V

GLO22OF
(GLo251)

GLO222F
(GLo251)

GLO223F
(GLo251)

GLO224F

GLO225F
(GLo251)

GLO226F
(GLo251)

GLOzz?F
(GLo251)

GLO228F
(G0251)

GL0236X

GL0237X

GL0238X

GLO24LV

GL}242v

IMU blower on

Radar shaft CDU fine
voltage

Radar trrul,ion CDU fine
voltage

Navigation bas (rol1)
vibration

Navigation base (pitch)
vibration

Navigation base (yaw)
vibration

Pitch trim error
voltage

ToIl trim error voltage

TE s5'nc frequencY
(R09) to displays

TE sync frequency
(R02) to AGS

TE sync frequency
(R03) to
communications

TE sync frequency
(R04) to EPS

TE sync frequency
(R05) to E PS

TE sync frequency
(R06) to EPS

TE sync frequency
(R0?) to CEs

TE s1,nc frequencY
(R08) to displays

50-pps start signal
(D08) to LCIC

2-kpps bit s5'nc signal
(D010) to LGC

50-pps stop signal
(Doe) to GLC

1,200-pps bit sync to
AGS (on)

50-pps stop signal to
AGS (on)

GN&CS

(cont)

GN&CS (CES)

IS

Off - on

-1.2 tD +1.2 volts
ru)s

-L.2 to +1. 2 volts
rms

-2gto +2g

-2gto +2g

-2gto +29

-L4 to +L4 volts dc

-14 16 +14 volts dc

512,000 cps

1,024,000 cps

512,000 cps

6,400 cps

6,400 cps

6,400 cps

l-,600 cps

10,000 cps

0 to 5 volts dc

0 to 5 volts dc

0 to 5 volts dc

0 to 5 volts dc

0 to 5 volts dc

Table 2-64. Developmental Flight Instrumentation - Telemetry Measurements (cont)

INSTRUMENTATION SUBSYSTEM

Basic Date 1 Januarv 1968 Change Date
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Table 2-64. Developmental Flight Instrumentation - Telemetry Measurements (cont)

INSTRUMENTATION SUBSYSTEM

L

L

L

Code Description
From

(Subsystem)
Telemetry

Range
Display
Range

Crew
Display

GLO243V

GLO251U

GLo801X

GLo802X

GTAzzI]tr
(PCM)

GW222X
(PCM)

GMo046X

GMo048X

GMOO62T

GMO06ST

GMO066T

GMO06ST

GMOOTOT

GMOOT2T

GMOOTST

GMOOTTT

GMOOSlT

GMOO82T

GMOOglT

GMOO92T

GN2505V

AGS serial data to
PCMTEA (on)

TE no-go,/go sSmc signals

1024-ke timing signals to
PCMTEA

LGC serial data to
PCMTEA (on)

R/D telemetry calibration
(PCA)

DFI measure switchover
LM,/SLA se,aration

+Z landing gear RS
deploy lock

+Y landing gear RS
deploy lock

+Z landing gear primary
strut temperature No. 3

+z landing gear primzrry
strut temperature No. 2

-Y landing gear primaxy
strut temperature No. 1

-Z landing gear primary
strut temperature No. 1

+Y landing gear primary
strut temperature No. 1

+Z landing gear pad-X-
surface

+Z Ianding gear pad
+X-surface

-Z landing gear pad
+X-surface

+Z landing gear secondary
strut temperature No. 1

+Z landing gear cross-
brace temperature No. I

+Y lunar surfaee sensor
probe temperature U

-Y lunar surface sensor
probe temperature No. 1

Azimuth error voltage

$
(cont)

Mechanical desip

GN&CS (radars)

0 to 5 volts dc

0 to 5 volts dc

0 to 5 volts dc

0 to 5 volts dc

0 to 5 volts dc

0 to 5 volts dc

0 to 5 volts dc

0 to 4 volts dc

0' to +500' F

0' to +500' F

0' to +500' F

0o to +500o F

0o to +500" F

0o to +500o F

0" to +500" F

0o to +500o F

0o to +500" F

0" to +500o F

0" to +500" F

0' to +500' F

-10 to +10.6 volts dc
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Table 2-64. Developmental Flight Instrumentation - Telemetry Measurements (cont)

INSTRUMENTATION M

i

\t-_

Crew
Display

Telemetry
Range

Display
RangeCode Description

GN25O6V

GN7559D

GN7560X

GN?561X

GN7564T

GN7565T

GN7589V

GN759OV

GN7592V

GN7593V

GN7594V

GN7596V

GN?689V

GN?69OV

GN7691D

GN7721T

GN7722T

GPOOl9P
(GQ300e)

GPOO2SP
(GQ3o18)

GPO5OlP

GPOS04P

Elevation emor voltage

Landing radar arrtenrra

vibration

Landing radax anterura
position No. 1 (descent)

Landing radar anterma
position No, 2 (hover)

Landing radar antenna
temperature No. 2

Landing radar antenna
temperature No. 3

D1 at angle 0'

D2 at angle 0"

tr'R at angle 0"

D1 at angle of 90"

D2 at angle of 90'

FR at angle of 90"

RR servoamplifier
shaft input voltage

RR servoamplifier
trururion input
voltage

RR antenna temper-
ature No. 3

RR antenna tempera-
ature No. 2

Primary upstream
regulator inlet
helium pressure

Secondary upstream
regulator inlet helium
pressure

Regulator outlet
maniJold pressure

FueI tad< vent relief
valve inlet pressure

RR antema dish
vibration

Fuel tark ullage
pressure

GN&CS (radars)

(cont)

MPS (ascent stage)

-10. 6 to +10.6 volts dc

-20gta +209

0 to 5 volts dc

0 to 5 volts dc

-250" to +500" F

-250" to +500" F

-15 to +15 volts dc

-15 16 +15 volts dc

_100" to +2,000. F

-100" to +2,000" F

0 to 4,000 psia

0 to 4,000 psia

0 to 300 psia

0 to 300 psia

0 to 350 psia

-J-0g to +10g
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Table 2-64. Developmental Flight Instrumentation - Telemetry Measurements (cont)

SUBSYSTEM

From
(Subsystem)

Telemetry
Range

Display
Range

Crew
DisplayCode Description

GPO616P

GPlOOlP

GPlOO4P

GPl16P

GP1501P
(GQ3611)

GP15O3P
(GQ4111)

GP2OOlP
(GQ6501)

GP2OO6P
(c.Q6506)

GP2OlOP
(GQ651o)

GP2701T

GP27O2T

GP27O3T

GP27O4T

GP27O6T

GP28O1D
(GQ?301)

GP2802D
(GQ7302)

GP28O3D
(GQ7303)

GP76O6T

GP76O8T

GQ30o9R
(GP001e)

Fuel tank bottom to
furterface a P

Oxidizer ullage tank
pressure

Oxidizer tar:k vent relief
valve inlet pressure

Oxidizer taak bottom to
interface a P

Fuel isolation valve
inlet pressure

Oxidizer isolation
valve inlet pressure

Fuel injector inlet
p]lessure

Oxidizer injector inlet
pressure

Thrust chamber pressure

Thrust chamber external
wal1 No. 1 temperature

Thrust chamber exterrral
wall No. 2 temperature

Thrust chamber external
wall No. 3 temperature

Thrust chamber external
wall No. 4 temperature

Thrust chamber X-axis
vibration

Thrust chamber Y-axis
vibration

Thrust chamber Z-axis
vibration

Engine interface fuel
temperature

Engine interface oxidizer
temperature

Primary upstream
regulator inlet
helium pressure

Injector surface
temperature

MPS (ascent stage)

(cont)

(descent stage)

0 to 300 psia

0 to 350 psia

0 to 250 psia

0 to 250 psia

0 to 250 psia

0 to 250 psia

0 to 150 psia

0" to +500" F

0' to +500" F

0' to +500' F

0" to +500' F

0" to +500" F

0g to 25g rms

0g to 25g rms

0g to 25g rms

0' to +200' F

0' to +200' F

0 to 2,000 psia

0 to 35 psia

0 to 35 psid
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Code Description
From

(Subsystem)
Telemetry

Range
Display
Rarge

Crew
Display

c,Q3010P
(GP0020)

c.Q3018P
(GP0025)

c,Q3309X
(PCM)

c.QS310X
(PCM)

c.Q34517

GQ3455T

c.Q34597

GQ3463T

c,Q34767

GQ3501P

c.Q3505P

GQ3611P
(GP1501)

GQ3666P

GQS811T

c.Q4001P

GQ4005P

c.Q4111P
(GP1503)

c,Q4116P

GQ4311T

Secondary regu.lator
inlet helium pressure

Helium regulator outlet
manifold pressure

Helium primary solenoid
valve closed

Helium secondary
solenoid valve open

S/C helium supply
tank outlet temperature

S,/C helium,/helium
heat-exchanger inlet
temperature

S/C helium,/helium
heat-exchanger outlet
temperature

S,/C fuel,/helium heat-
exchanger outlet
temperature

S/C helium taJlk No. 1

temperature

Fuel tad< No. 1 ullage
pressure

FueI tark vent relief
valve inlet pressure

Engile interface fuel
plessure

ftrel tark No. 2

bottom engine inter-
face A P

Engine interface fuel
temperature

Oxidizer tank No. 1

ullage pressure

Oxidizer tank vent relief
valve inlet pressure

Engine interface
oxidizer pressure

Oxidizer talk No, 1

bottom engine interface
AP

Engine interface
oxidizer temperature

MPS (descent stage)
(cont)

0 to 2,000 psia

0 to 300 psia

0 to 5 volts dc

0 to 5 volts dc

-425' to -300" F

-2I0' to +75" F

-360" to -50" F

-21.0' to +75' F

+20" to +120' F

0 to 300 psia

0 to 250 psia

0 to 300 psia

0 to 35 psid

0' to +200' F

0 to 300 psia

0 to 350 psia

0 to 300 psia

0 to 35 psid

0" to +200" F

i

Table 2-64. Developmental Flight Lnstrumentation - Telemetry Measurements (cont)

INSTRUMENTATION SUBSYSTEM
Basic Date 1 Januarv 1968

L
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Code Description
From

(Subsystem)
Telemetry

Rarge
Display
Range

Crew
Display

GQ6501P
(GP2001)

GQ65o6P
(GP2006)

c.Q6510P
(GPz010)

GQ72o6T

GQT211T

@72t27

CtQ?213T

GQ7214T

GQ7301D
(GP2801)

GQ7302D
(GP2802)

GQ7303D
(GP2803)

GR4322T

GR4323T

GR4326T

GR4327T

GR4424T

GR4431T

tr\rel injector inlet
pressure

Oxldizer injector fuIet
pressure

Thrust chamber pressure

Injector surface
temperature

Engine heat shield outer
surface temperature
No, 1

Engine heat shield
outer surface
temperature No. 2

Engine heat shield
outer surface
temperature No. 3

Engine heat shield
outer surface
temperature No. 4

Thrust chamber X-
axis vibration

Thrust chamber Y-
axis vitrration

Thrust chamber Z-
axis vibration

TCA tuel inlet
temperature PR 48
surface

TCA tuel inlet
temperafure PR 3A
surface

TCA tuel inlet
temperature PR 2B
surface

TCA tuel inlet
temperature PR 1A
surface

TCA oxidizer inlet
temperature PR 3B
surface

TCA oxidizer inlet
temperature PR 44
surface

MPS (descent stage)
(cont)

RCS

0 to 300 psia

0 to 300 psia

0 to 200 psia

0' to +500" F

0' to +500' F

0" to +500" F

0" to +500' F

0' to +500' F

0g to 30g rms

0g to 30g rms

0g to 30g rms

+20o to +120o F

+20' to +120o F

+20" to +120' F

+20' lo +120' F

+20" to +120o F

+20" to +200" F

Table 2-64, Developmental Flight Instrumentation - Telemetry Measurements (cont)

INSTRUMENTATION SUBSYSTEM
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Code Description
From

(Subsystem)
Telemetry

Range
Display
Range

Crew
Display

GR4435T

GR4438T

GR457OT

GR4571T

GR4573T

GR4574T

GR4577T

GR4578T

GR4582T

GR4583T

GTO224C

GT0225C

G"t02268

GTO604V

GTO6O5V

GW5151V
(PCM)

GWs153V
(PCM)

GW5154X
(PCM)

GWs158X
(PCM)

TCA oxidizer inlet
temperature PR 2A
surface

TCA oxidizer inlet
temperature PR 1B

TCA injector head
temperature No. IVd

TCA injector head
temperature No. fVf

TCA injector head
temperature No. IIIu

TCA injector head
temperature No. IIId

TCA injector head
temperature No. IIU

TCA injector head
temperature No. IId

TCA injector head
temperature No. Id

TCA injector head
temperature No. If

S-band power amplifier
aaode No. 1 current

S-band power amplifier
aaode No. 2 current

YHF XMTts A and
B RF power output

VIIF receiver A AGC

VHF receiver B AC.C

PRA compare pulse voltage

Clock pulse voltage

Landing gear deploy
A artd B (PCA)

Coolant pump selected

RCS
(cont)

CS

cN&cs (LMP)

+20' to +200" F

+200' to +200o F

0' to +500' F

0' to +500' F

0" to +500" F

0' to +500' F

0" to +500" F

0" to +500" F

0' to +500" F

0" to +500' F

0.72 to 0.42 volt dc

0.12 ta 0.42 volt dc

Table 2-64. Developmental F1ight Instrumentation - Telemetry Measurements (cont)

INSTRUMENTATION SUBSYSTEM

LM 3 Basic Date 1 Januarv 1968

L

L

t*

L

Change Datu _Page 2. 9-110 Mission

I

I



LMA79O-3-LM 3

APOLLO OPERATTONS HANDBOOK
SUBSYSTEMS DATA

2.10

s. 10. 1

MISCELLANEOUS.

INTRODUCTION

This subsection deals with LM heating and lighting circuits which have been briefly
discussed in other subsectionB. The following discussions provide ready access to
material not given prime consideration elsewhere in this manual.

Ileaters maintain proper operating temperatures in the Reaction Control Subsystem
(nCS) ttrrust.chamber assemblies (TCA's), the landing radar, rendezvous radar, and
S-band antenna assemblies, the cabin windows, and the alignment optical telescope (AOT)
mirrors. Exterior lighting is used for LM and CSM tracking and docking maneuvers.
Interior lighting facilities provide illumination of the cabin proper, controls, and dis-
plays.

FUNCTIONAL DE SCRIPTION.

Heating.

Because of the extreme temperature variations (-260" to +260'F) encountered in
space environment, heaters are provided to maintain the external antennas and the
TCA's at their required operating temperature. Redundant heater assemblies maintain
the antenna and TCA temperatures at proper va-lues if a single heater assembly fails.
Temperature transducers sense the temperatures and route signals to the signal condi-
tioning electronics assembly (SCEA) of the Instrumentation Subsystem (IS). The SCEA
conditions these signals to the proper voltage level (0 to 5 volts dc) required by the
pulse-code-modulation and timing electronics assembly (PCMTEA) and the caution and
warningrelectfonics assembly (CWEA) of the IS.

When an out-of -tolerance temperature (malfunction limit) is'sensed, the PCMTEA
output provides MSFN rrith a maUunction telemetry signal. The malfunction signal is
routed to low and high comparator circuits within the CWEA. The comparators route
corresponding malfunction signals to the HEATER caution light (panel 2) to alert the
astronauts to the malfunction condition. The out-of-tolerance temperatpre limits that
cause the HEATER light to go on are as follows:

o RCS TCA's - Iess than +119" F or greater than +190" F

o Rendezvous radar antenna - Iess than -50" F or greater than +150'F

o Landing radar antenna - less than -50'F or greater than +150. F

o S-band antenna - less than -60'F or greater than +155. F

The high temperature limits are eliminated by deactivating the circuit breaker of
the a"ffected heater assembly (EEATERS: S-BD ANT on panel 16, HEATERS: RNDZ
RDR and LDG RDR on panel 11, IIEATERS RCS SyS A/B-1: eUAD on panel 11, and
HEATERS: RCA A/B-) o., panet tO;.

The TEMP MONITOR selector switch and the TEMP indicator on the HEATER CONT
portion of panel 3 are used to detect a maUunction. The TEMP MONITOR selector
switch must be sequentially set to all positions to determine which heater assembly or
assemblies are affected. The TEMP indicator disptays the temperature of each heating
area selected with the TEMP MONITOR selector switch.

Lighting. (See figure 2-172.)

Exterior and interior lighting facilities are provided to aid in the performance of
crew (visual) tasks, to lessen astronaut fatigue, and to lessen interioi-exterior glare
effects. Power for exterior and interior lighting is routed through the LTG circuit
breakers and AC BUS A and AC BUS B lighting circuit breakers on panels 11 and 16.

2. LO.2

2.1o.2.L

2.10.2.2

E
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2. 10. 3

2. 10. 3. 1

The EXTERIOR LTG selector switch on the LIGHTING portion of panel 3 controls
the five docking lights and the high-intensity tracking light on the LM exterior.

The SIDE PANELS switches (panels 3 and 5) control interior lighting for the LM
and Commander's side panels. The INTEGRAL control (panel 5) adjusts the light inten-
sity for the side panels, respectively. Interior side panel floodlighting is provided by

setting the OVHD/FWD FLOOD switch (panel 3) to ALL. This switch position also turns
the Commander's and LM Pilot's forward and overhead floodlights on. The light inten-
sity of the forward and overhead floodlights is controlled with the OVHD/FWD FLOOD

controls (panets 3 and 5). The light intensity of the side panel floodlights cannot be

adjusted.

MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

Heating.

The operating temperature of the heaters within the RCS TCA's and the S-band,
landing radar, and rendezvous radar antenna assemblies are monitored with the TEMP
indicator and TEMP MONITOR selector switch (panel 3). The operating temperature of
the forward and docking window heaters is not monitored; proper heater operation
directly affects crew visibility, and is visually determined.

2.10.3.1.1 Landing Radar Antenna Heaters.

When the LR is operating, the temperature of the antenna must be maintained at
-15o to +150' F. Out-of-limit temperatures cause maUunction signals to be generated.
The temperature of the LM surface upon which the LR antenna is mounted may vary
between -260'and +260' F depending on mission phase. The LR antenna is partially
protected against these extremes by thermal blankets and nonabsorptive finishes. Be-
cause this protection is inadequate for low-temperature extremes when the LR is not
operating, heaters (cal-rods) are imbedded in the transmitting array support structure
to provide additional protection. These heaters maintain the LR antenna temperature
between 0o and +20" F while the LR is not operating.

Power (28 volts dc) for the LR antenna heaters is routed through the HEATERS
LDG RDR circuit breaker and contacts of a relay, Iocated in the cabling subassembly,
to the control circuits and heater elements. Maximum power drain of the heater ele-
ments and the control circuits is 65 watts. When the PGNS: LDG RDR circuit breaker
(panel 11) is opened, power is applied to the LR low-voltage power supply, energizing
the relay and disabling the heaters. When the LR is not operating, the heater control
circuits enable a power amplifier, which acts as a 28-volt d-c switch that turns on the
heaters when the antenna internal temperature reaches 0o F, and disables this power
amplifier to turn off the heaters when the temperature reaches +20o F.

If a heater malfunctions, a temperature sensor routes a signal to electronics
replaceable assembly No. 1 (ERA-1) in the SCEA. The ERA-1 output is routed to the
PCMTEA, HEATER caution light (panel 3), and the TEMP indicator (panel 3). To
monitor the malfunction, the TEMP MONITOR selector switch is set to LDG.

2.10.3.1.2 Rendezvous Radar Antenna Heaters.

The rendezvous radar (RR) antenna heaters include four gyro heaters, a multiplier
chain heater, and four microwave heaters. These heaters maintain the RR antenna
temperature between the limits of -50" F and +150o F. Out-of-limit temperatures cause
malfunction signals to be generated.

MISCELLANEOUS
Basic Date 1 January 1968Page 2.t0-2 Mission LM 3 Change Date
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I 
I INTERIOR LIGHTING I I LIGHTING CONTROL EQUIPMENT I I EXTERIOR LIGHTING I 

I I I I I I m I I 
I COMMANDER’S I I I E RIOR —I—I—@ I I 3 I LIGHTING I A I I CENTER PANEL I 1 I I SECTION I I 9 HIGH INTENSITY I 
l I I MASIII ALARM I TRACKING LIGHT _ I POWER RETURN V I TRACKING LIGHT l , 
l I | “mo" 1 “Know“ i I POWER RETURN I I 
I LM mom I ‘ 3 I I “SEMI” I I I I 
I CENTER PANEL ‘_l—< H : H I i I I I I I 

I I l l l I GROUND I I DOCKING LIGHTS I | I COMMANDER‘S AND LM PILOT'S I s I DOCKING LIGHT CONTROL L - I I — — — - - - - - - - - - - - - - - ‘ - - J  I J A I I I I 

I WWI" CENTER “NIL II ® G) O I ‘ | \I/ l i RED GREEN WHITE YELLOW WHITE I I 
I I I I I I PORT STARBOARD AFT FOWARD FORWARD l I 
I I - l I I I LIGHT LIGHT LIGHT LIGHT LIGHT l I 
I COMMANDER'S I FLOODIIGHTING FLOODLIGH'I’ POWER I I I I I I 
I CENTER SIDE CONSOLE I I l I FLOODlIGI-I‘I POWER I I I I I I 
I I INTEGRAL ELECTROLUMINESCENT LIGHTING POWER ! FLOODIIIGHT I : h - - - — - - - - - - - - - - - - - - - - — — - - — - - - - - - - - — — - - - - - - I  : 

I I I CINIIIMSIISIOJIINSOII I Q) (3) FIOODI-IGI‘ITING INIEGMI» EIECTROI-UMINESCENT I-IGI'ITING POWER I SECTION I I- — — — .— _ _ - _ _ - — — .- - _ - _ _ — — - — — — — — - — — — — — - — — — — _ _ _ .— _ _ .l 
I I I FLOODLIGHT CONTROLS I 
I I I l I 
I COMMANDER'S UPPER SIDE I I I 4' l CONSOLE (CIRCUIT BREAKER PANEL) ‘—I—< : H : > — — 2  I “Gum“ comm" l I I SECTION I 

I I I i I 
| LM PILOT'S UPPER SIDE CONSOLE I I l | (CIRCUIT BREAKER PANEL) ‘—|—< : H I }  I I 
I I I I 
I I I I 
I COMMANDER‘S AND LM PILOT’S I I I 
I BOTTOM CENTER PANEL I I 
I = I 

I -. . . . . : - LM PILOT‘S ! I 
I ABORT GUIDANCE PANEL 9 o 0 0 I f l 

I I I 
I I I i I 
I COMMANDER's I 3 : { I 
I LOWER SIDE CONSOLE * z I I I L I I \ I I I 1 I GROUND LEGEND 

I I 1 | I LM PllOT'S I ; 23 VDC TRACKING LIGHT POWER CODE I IOWII IIDI CONSOII I 3 I I I NUMBER ILLUMINATION SOURCE 
I I I i I GROUND 
| I I ‘ | 28 VDC MASTER ALARM (D IncandescenI annunciuvor 

l COMMANDER’S LIGHTING PANEL I I 5-5 VDC DOCKING “GI" POWER I I ANNUNC'AIOI Pow“ ”w" 
I (IIGIIIING SOURCES ONLY) ‘—_I—@ I I I7 VAC TO LOW POWER DIMMER g I 28 VDC FLOODLIGHT POWER TO CLMT PIIIIOEX2ER ® Incandesconl compongnl 

1 CIR Ul B coulion Ii III ower I I I DIMMER CONTROL FOR ELECTROLUMINESCENT NUMERICS I I GROUND > PANEL AC: DC, AND 9 P 
I l I DIMMER CONTROL FOR ELECTROLUMINESCENT NUMERICS [ I GROUND BUSES ® InIagral eledrqmineseent 

GROUND I GROUND Q) ncun esconl 0° 55 I 

I 2-5 VDC—ANNUNCIATOR/COMPONENT IfG‘LINGNEEfiI I ”w" 
I CAUTION LIGHT POWER (OIIMIIONAI comm“) I 23 VDC ANNUNC'ATOR POWER (5) lncahn:escenIIy-iIluminaIed 
I 5.3-5.9 VDC—ANNUNCIATOR/COMPONENT L I GROUND PI" ""0" Power — LIGHTING CONTROL 
I ASSEMBLY CAUTION LIGHT DIMMER POWER I I / Eleclrolurninescem numeric 
I 5.5 VDC—DOCKING, LUNAR CONTACT, I lighv power 
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The RR antenna heaters receive power through the HEATERS: RNDZ STDBY and
OPR circuit breakers (panel 11). Due to a required warmup time of the RR heaters
the STDBY circuit breaker is opened at least t hour before RR use.

lf a heater malfunctions, a temperature sensor routes a signal to ERA-1 in the
SCEA. The ERA-I output is routed to the PCMTEA, HEATER caution light (panel 3),
andthe TEMP indicator (panel 3). To monitor the malfunction, the TEMP MOMTOR
select switch (panel 3) is set to RNDZ.

2.10.3.1.3 RCS TCA Quad Heaters

The RCS TCA quad heaters maintain TCA temperature at +119" to +190" F to keep
injector temperatures within a saJe range. Out-of-limit temperatures cause malfunc-
tion signals to be generated. Each of the four quad cluster assemblies consists of four
TCA's; two for RCS system A, and two for RCS system B. Each TCA has two heaters
(No. t and No. 2), one mounted on each side (tota.l of 32 heaters).

Each HEATERS RCS SYS A/B-1: QUAD circuit breaker (panel 11) routes power
directly to heaters No. I of systems A and B. The specific quad heaters activated de-
pends on the QUAD circuit breaker closed (QUAD 1 through QUAD 4). Each HEATERS:
RCS SYS A,/B-2 QUAD circuit breaker (panel 16) routes power to heaters No. 2 through
the RCS SYS A/B-2 QUAD switches (panel 3).

A11 TCA heaters are capable of intermittent or continuous duty cycles. Each
heater comprises a heating element and a central control mechanism that turns the
heating element on and off (to maintain TCA operating temperature limits). Heaters
No. 1 cycle on and off automatically. Heaters No. 2 can be manually controlled with
with the RCS SYS A/B-2 QUAD switches. Setting the QUAD 1 switch to AUTO causes

* TCA heatersNo. 2 in quad 1to cycle on and off automatically to maintain TCA opera-
ting temperature limits. In the OFF switch position, heaters No. 2 are off. In the
MAN switch position, the central control mechanism is bypassed and the heaters re-
main on regardless of the TCA temperature.

As in the case of the radar antenna assembly heaters, TCA heater malfunction sig-
nals are sensed and routed to the PCMTEA, the HEATER caution Iamp (panel 2)

through the SCEA (ERA-l), and to the TEMP indicator (panel 3). The malfunction of a
particular quad cluster is isolated by selecting each QUAD position with the TEMP
MONITOR selector switch (panel 3) and monitoring the TEMP indicator.

2.10.3.L.4 S-Band Antenna Heaters.

The S-band antenna heaters receive their power through the HEATERS: S-BD ANT
circuit breakers (panel 16). A heater and redundant thermostat assembly are installed
in the S-band microwave network, the electronics package, and on the X- and Y-axis
spindles. These heaters maintain the S-band antenna temperature between -60" to
+155' F. Out-of-Iimit temperatures cause ma[unction sifnals to be generated by the
related sensor.

A temperature sensor routes the malfunction signals to ERA-2 in the SCEA. Like
the malfunction signals routed by ERA-I for the LR and RR, ERA-2 routes its output
to the PCMTEA, HEATER caution light (panel 2), and the TEMP indicator (panel 3).
The S-band antenna temperature is monitored by setting the TEMP MONITOR selector
switch (panel 3) to S-BAND and observing the TEMP indicator.
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2.10.3.2

2.70.3.2.1

2. 10.3. 1. 5 Forward and Docking Window Heaters.

The forward window heaters receive operating power through the AC BUS B: SE

WIND HTR and the AC BUS A: CDR WIND HTR circuit breal<ers (panel 11). The dock-
ing window heaters reeeive operating power through the HEATERS: DOCK WINDOW
circuit breaker (panel 11). Window heater malfu.nctions are detected by visual window
observation.

2. 10.3. 1. 6 Alignment Optical Telescope Mirror Heaters

The AOT mirror heaters receive operating power through the HEATERS: AOT
circuit breaker (panel 11). This power is applied 30 minutes before initially using the
AOT and is then left on for the remainder of the mission. AOT mirror heater mal-
functions are indicated by visual observation.

Lighting Section.

The lighting section consists of exterior and interior lights and lighting control
equipment. (See figure 2-172.) The exterior lighting enables the astronauts to visually
guide and orient the LM and CSM to achieve Successful tracking or docking. Interior
lighting is divided into seven categories: incandescent annunciators, component caution
lights, floodlights and status lights, integral electroluminescent (UL) tigtrting, numeric
E L lighting, and incandescently illum inated pushbuttons.

Exterior Lighting. (See figure 2-t73.)

Exterior lighting includes a radioluminescent docking target, five docking lights,
and a high-intensity tracking light. The exterior lights and their respeptive color and
brightness are listed in table 2-65. Exterior lighting controls are located on the
LIGHTING portion of panel 3.

Docking Target. The docking target is a three-dimensional, self -illuminated standoff
cross that is separated by a shaft from a circular base. Illumination is provided by
radioluminescent disks, which outline the cross and circular base markings. The
docking target provides a visual alignment of the LM to the CSM during final docking
maneuvers.

Docking Lights. (See figure 2-L74,) Five running tights mounted on the exterior of the
LM provide visual orientation and permit gross attitude determination relative to a line
of sight through the CSM windows during rendezvous and docking. The lights are con-
trolled with the EXTERIOR LTG selector switch. Before earth launch, this switch is
set to DOCK to provide for future automatic turn-on of the docking lights. For trans-
position and docking, the docking lights are turned on by the normally open SLA/LM
antenna transfer switch (Iocated at SLA attachment points). This switch is automatically
released to the closed position upon deployment of the spacecraft launch-vehicle adapter
(SLA) panels. Upon completing the docking maneuver, LM power is turned off and the
docking lights go off. Setting the EXTERIOR LTG selector switch to OFF interrupts
the input power to the docking and tracking lights. The lights are visible, and their
color recognizable, at a maximum distance of 1, 000 feet,

Tracking Light. The tracking light permits visual tracking of the LM by the CSM. The
light has a 60' beam spread. It is turned on by setting the EXTERIOR LTG selector
switch to TRACK. A flash tube in the tracking light electronics assembly causes the
light to flash at a rate of 60 flashes per minute.

2.10.3.2.2 Interior Lighting

Interior lighting consists of integral panel and instrument lighting (control and dis-
play areas), backup floodlighting, electroluminescent lighting, and general ambient
Iighting" Interior lights and their respective color and brightness are listed in table
2-66. Interior lighting controls are located on the LIGHTING portion of panels 3 and 5.

MISCELLANEOUS
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Table 2-65. Exterior Lights - Color, Brightness, and Lighting Method

Component Lighting Method CoIor
Brightness at
Rated Capacity

Brightness
Adjustment

Docking target Radiolum inesc ent
materials

Green 0. 3 foot-lambert
minimum*

Fixed

Docking lights

Port

Starboard

I'orward
(2 lights)

Aft

Incandescent

Incandescent

Incandescent

Incandescent

Aviation red

Aviation green

Avi.ation white
and ye1low

Aviation white

0.15 candlepower
minimum

0.15 candlepower
minimum

0.23 candlepower
minimum

0.23 candlepower
minimum

Fixed

Fixed

Fixed

Fixed

Tracking light Gaseous
discharge

White 9,000 effective
beam candlepower

One step to l/750
of initial value

*Value represents level at time of launch,

r -1 ---t oocrrr.rc tlcHTs I

28-VDC

BU5

TRACKING

TIGHT

ELECTRONICS

ASSEMBTY

TRACKING
TIGHT POWER

EXTEIIOI I.IG

oat

l_ I

NEGATIVE D.C BUS

PORT TIGHT

STARBOARD TIGHT

AFT TIGHT

FORWARD TIGHT

(STARBOARD stDE)

FORWARD TIGHT

(PORT StDE)

r

o

oTRACK
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DOCK

5.5 VDC
FROM

TIGHTING

CONIROT
ASSEMBI.Y

LM/CSM
DOCKING
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Figure 2-174. Exterior Lighting - Simplified Block Diagram
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Tabie 2-66. Interior Lights - Color, Brightness, and Lighting Method

t

L

L

Component

Primary
Lighting
Method Color

Brightness
Adjustment

Color Under
Incident

Illumination

Control panels and
pushbuttons (iI-
lum inate d-charac -
ter type)

Integral (EL)
(primary)

White Continuous from zero
foot-lamberts

Control panels: gra5,

Pushbuttons
Background: black
Characters: white

Floodlights Flood
(incandescent)

White
(unfiltered)

Continuous from less
than 0,1 foot-candle

Circuit breakers Flood (EL) White Continuous from zero
foot-lamberts

Background: black
Characters: white

EL numeric
readouts

Integral (EL) Green Continuous from zero
foot-lamberts

Background: gray

LUNAR CONTACT
lights

Integral
(incandescent)

Blue Fixed Background: non-
specular gray

1\,IASTER ALARM
pushbutton/lights

Integral
(incandescent)

Aviation red Fixed (press to turn
of0

Background: translucent
graY/white
Legends: black

Caution lights Integral
(incartdescent)

Aviation yellow Continuous from
1.5+0.5 foot-Iamberts

Background: translucent
graY/white
Legends: black

Warning lights Aviation red

Component caution
lights

Integral
(incandescent)

Aviation yeliow Continuous from
0. 5+0.2 foot-lamberts

Background: translucent
gray/white
Legends: black

Engine START
pushbutton/iight

Integral
(incandescent)

Aviation red Continuous from
0. 5+0.2 foot-lamberts

Background: translucent
BraYlwhite

Legends: blackEngine STOP
pushbutton/light

Integral (EL) White Continuous from zero
foot-lamberts

Status Iights
(DSI(Y and DEDA)

Integral
(incandescent)

Aviation rvhite Continuous from zero
foot-Iamberts

Background: translucent
Braylwhite

Legends: blackComponent caution
lights (DSKY)

Aviation yellow

Self-Iuminous de-
vices (toggle
switch tips, laading-
point designator)

Radio-
luminescent

Green Fixed Pale green
Pale yellow for LPD
inner reticle

Talkbacks
Two-position

Three-position

Integral (EL)

Integral (EL)

White background
and black strip-
ing (energized)

White background
and black

Continuous from zero
foot-lamberts

Continuous from zero
foot-Iamberts

Alternate black and

white striping (energized)
Gray (deenergized)

Red
Letters: black on gray
Grav (deenergized)
Alternate black and

white striping (energized)

MISCELLANEOUS
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Component

Primary
Lighting
Method Color

Brightness
Adjustment

Color Under
Incident

Illumination

Indicator pointers Silhouette of EL
flood

Black-yellow "Switzer" -
roeket red or fire orange

Indicia (arrows,
symbols, etc. )

Integral (EL) White Continuous from zero
foot-lamberts

Black - white

Characters (num-
bers and letters on
displays)

Integral (EL) White Continuous from zero
foot-lamberts

Black - white

Time-shared labels
arrd multipliers
(X10 indicators)

Integral (EL) Green Continuous from zero
foot-lamberts

None

Range marking
(color bands, nor-
mal mode)

Integral (EL) Green Continuous from zero
foot-lamberts

Green

Immediate or
emergeney action
controls

Integral (EL) Yellow Continuous from zero
foot-lamberts

Alternate yellow and
black striping, at 45'
(yellow is 3 times
thickness of black)

Indicator power
failure lights

Integral Aviation red Continuous from
0.005+0.02 foot-
lambert

Translucent Bray/white

Table 2-66. Interior Lights - Color, Brightness, and Lighti:rg Method (cont)

Integrally Lighted Components. There are three types of integrally lighted components:
displays, panel areas, and caution and warning annunciators. These components use
EL or incandescent devices. The brightness of an integrally lighted component is con-
trolled by a potentiometer-type dimming control. AII nomenclature on the control and
display panels is integrally lighted by white electroluminescent lamps with overlays.
The displays have EL light sources within the display enclosure; the data are displayed
as white illuminated markings on a background that is not illuminated. The pointer,
which is not illuminated, travels over an illuminated background.

Numeric EL displays have illuminated green or white digital markings on a background
that is not illuminated. The brightness of EL displays can be controlled manually. A
manual override switch can bypass the EL integral lighting and EL numerics dimming
controls, if required. The caution ard warning annunciators and component caution
Iights have a fail-saJe circuit, which automatically bypasses a failed dimming control
and supplies fully regulated current to the lamps.

Two MASTER ALARM pushbutton/lights (paneis 1 and 2) go on to visually alert the as-
tronauts whenever a failure or out-of-tolerance condition is sensed by the caution and
warning electronics assembly (CWEA). The signal that causes the MASTER ALARM
pushbutton/lights to go on also activates an audio tone (3,000 cps) generator to provide
an aural alert. Pressing either MASTER ALARM pushbutton,/light extinguishes the
MASTER ALARM lights and deactivates the tone generator.

The SIDE PANELS switches (figure 2-175) on the LIGHTING portion of panels 3 and 5

turn the EL lighting on and off for the Commander's and LM Pilot's side panels. With
these switches set to ON, the integral lights of the side panels are connected to the
INTEGRAL control and the INTEGRAL OVERRIDE switch (panel 5). The INTEGRAL
control adjusts the light intensity of the side panels when the INTEGRAL OVERRIDE
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Figure 2-176. Numeric Lighting - Simplified Diagram

switch is set to OFF. If the INTEGRAL contrgl fails, the INTEGRAL OVERRIDE switch.
bypasses the INTEGRAL control and routes 115-volt a-c bus voltage directly to the
integral lights.

When the NUM OVERRIDE switch (figure 2-776) on panel 5 is set to OFF, it provides
EL power to the NUM portion of the ANUN/XUIvI control. This portion of the control
adjusts the light intensity of the EL numerics and the time-shared displays. If the NUM
portion of the control fails, the NUM OVERRIDE switch bypasses the NUM portion of
the control and routes 115-volt a-c bus voltage directly to the numerics and the time-
shared displays.

With the ANUN OVERRIDE switch (figure 2-177) set to OFF, the ANUN portion of the

ANUN/NUM control adjusts the tight intensity of the caution and,warning annunciators
(except the CAV PWR caution light), the component caution lights (except the DC tsUS

FAULT light), the incandescent pushbuttons, and the indicator power failure lights at
the top of indicators on panels l and 2. The C/$l PWR caution light goes on if a CWEA

OFF

J1
l-l

'^1

,-, 
':1 ':('1
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MISCELLANEOUS
Basic Date 1 January_lQ6t_ Change DatePage 2.10-12 Mission LM 3

L

20 TO I l0 vAc

ON



LMA?9O-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

rovERnrDE 
-l

ANUN

28 VDC
2- TO s-VDC

DIMMED POWER FOR

ANNUNCIATOR AND
COMPONENT I-IGHTING

OFF

ON

BRIGHT

5.5 VDC FOR DOCKING

AND TUNAR CONTACT
LIGHTS, AND C&W ANNUNCIATOR

DIMMER CONTROT FOR

ANNUNCIATOR AND
COMPONENT TIGHTING

3001"M3-320

Figure 2-L71 . Annunciator,/Component Lighting - Simplified Diagram

power supply failure is detected. For this reason, it is not controlled by the ANUN/
NUM control. The DC BUS FAULT component caution tight goes on if an Electrical
Power Subsystem (OpS) nus voltage failure is detected. Foi this reason, it, too, is
not controlled by the ANUN/NUM control. If the ANUN portion of the control fails, the
ANUN OVERRIDE switch bypasses the ANUN portion of the control and routes 5-vo1t
dc power direcily to the lights.

Lunar Coniact Lights. Two LUNAR CONTACT lights (panels 1 and 3) go on during a
lunar missior.r when the probes on the landing gear contact the lunar surface. These
Iights are not used.in the LM 3 mission.

Floodlighting. (See figure 2-178. ) Floodtighting is used for general cabin illuminati.on
and as a secondary source of illumination for the control and display panels. Flood-
Iighting is provi.ded by theCommander's overhead and forward floodlights, the LM
Pilotls overhead. and forward floodlights, and recessed,floodlights in the bottom of ex-
tending side panels. These fixtures provide an even distribution of light with minimum
reflections. Every panel area has more than one lamp for its illumination requirements.

DIM
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When the SIDE PANELS switches are set to OFF, the Commander's and LM Pilot's
side panel integral lighting is interrupted. Setting the OVHD/FWD FLOOD switch
(panei 3) to ALL routes 28 volts dc to the Commander's and LM Pilot's overhead and
forward floodlights, and to their side panel floodlights. The OVHD/FWD FLOOD controls
(panels 3 and 5) adjust the intensity of floodlight illumination on the LM Pilot's and

Commander's side of the cabin, respectively. In this mode of lighting there is no in-
tensity control for the side panels. Setting the OWD/FWD FLOOD switch to OVIID,/
FWD routes 28 volts dc to the Commander's and LM Pilot's overhead and forward flood-
lights only. With the OVHD/FWD FLOOD switch set to OFF, all floodlights are off,
unless the overhead hatch is open. The overhead hatch contains a microswitch that over-
rides the OVHD/FWD FLOOD switch and routes the 28-volt d-c bus voltage to tight the
overhead and forward floodlights. 

.

Optical Sight Reticle Light. The crewman's optical alignment sight (COAS), used to
sight the docking target on the CSM, has a reticle that is illuminated by a 28-volt d-c
lamp.
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Figure 2-t78. Floodlighting - Simplified Diagram
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2. t0.4

2. 10. 5

2. 10. 6

2. 10. 6. 1

Alignment Optical Telescope Lights. A computer control and reticle dimmer assembly
I to control the brightness of the AOT reticle.

The iamp voltage may be adjusted from 0.2t0. 1 to 4.0t0. 5 volts rms. The Iamps
edge-liglrt the reticle with incandescent red light.

Lamp and Tone Test. (See figure 2-179. ) The LAMP/IONE TEST switch (panel 3) is
@ctiona1testofIightsandthemasteralarmtone.TheALARM
TONE position tests the MASTER ALARM pushbutton/Iights (panels 1 and 2) and related
tone. The C/W l, C/W 3, and C/W 4 positions test the lamps of some of the caution
and warning annunciators (panels 1 and 2). The ENG PB-C/W 2 position tests the lamps
in the engine STOP and START pushbutton/lights (panel 5) and the remainder of the

caution and warning ailnunciators. The COMPNT position tests the component caution
Iights and the LUNAR CONTACT lights (panel 3).

FAILURE MODES.

The heater section and lighting section failure modes are given in tables 2-67 and
2-68, respectively.

PERFORMANCE AND DESIGN DATA

The performance and design data for the heater section and lighting section are
given in tables 2-69 throrgh 2-?1.

OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for the heater section and lighting
section are given in paragraphs 2.10.6.1 and 2.10.6.2, respectively.

Heater Section.

The operational limitations and restrictions for the heater section are as follows

LR antenna operating temperature must be maintained at -15'to +150" F.
If these temperature limits are exceeded, altitude and velocity data are
unreliable.

RR antenna operating temperature must be maintained at -50" to +150o F.
To operate within this range, the RR heaters must be turned on I hour
before the RR is used; otherwise, the RR will not operate or its data are
unreliable.

TCA operating temperature must be maintained at +119' to +190' F. To
operate within this range, the TCA heaters must be turned on t hour
before TCA firing; otherwise, TCA firing is unreliable. Extreme low
temperatures (+85" F) of a TCA (one TCA temperature is not detectable)
can result in possible explosion. Heaters that have been turned off aJter
once being fired must be warmed again.

The LM window heaters must be turned on when the astronauts enter the
LM. The heaters must be left on until the astronauts leave, to prevent
window fogging.

The alignrnent optical telescope mirror heaters must be turned on 30 min-
utes before AOT use and must be left on for entire mission. If this re-
striction is not observed, the telescope mirrors will fog, causing
inaccurate data or inability to view stars.

o

o

a

o
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Figure 2-179. Lamp Tone Test - Simplilied Diagram
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Table 2-67. Heater Section - Failure Modes

Tatrtre 2-68. Lighting Section - Failure Modes

L

L

L

L

Failure Indication Vehicle Capability

LR antenna heaters

RR antenna heaters

S-band antenna heaters

Forward and docking
window heaters

Alignment optical
telescope mirror
heaters

RCS TCA heaters

HEATER caution light (panel 2) goes

on. Temperature is displayed on TEMP
indicator (panel 3) when TEMP MONI-
TOR selector switch (panel 3) is set to LDG.

HEATER caution light goes on.
Temperature is displayed on TEMP
indicator when TEMP MONITOR
selector switch is set to RNDZ.

HEATER caution light goes on.
Temperature is displayed on TEMP
indicator *hen TEMP MOMTOR
selector switeh is set to S-BAND.

Visual observation

Visua1 observation

HEATER caution iight goes on.
Temperature is displayed on TEMP
indicator when TEMP MONITOR
select.or switch is set to related
QUAD position,

Redundant heaters are pro-
vided.

Redundant heaters are pro-
vided.

Re&rndant heaters are pro-
vided.

Redundant heaters are pro-
vided.

Redundant heaters a-ne pro-
vided. RCS SYS A,/B-2
QUAD switches (panel 31

can be used to automatically
operate, manually operate,
or turn off heaters No. 2

in RCS systems A and B,

Failure Indication Vehicle Capability

Commander's ard LM
Pilot's side panel
lighting

Caution and warning
annunciator lighting

EL numeric lighting

Docking lights

Tracking lights

Visual

Visual

VisuaI

Visual

Visual

INTEGRAL OVERRIDE
switch (panel 5) provides
direct input to panels if
INTEGRAL control failed.
Side panel lloodlighting is
also provided.

ANUN OVERRIDE switch
(panel 5) prorrides direct
input to annunciators if
ANUN portion of ANUNz'

NUM control failed.

NUM OVERRIDE switch
(panel 5) protideq. direct
input to numerics if .t-V!Vt

portion of ANUN/NUM" =-- .-

control failed.

Docking procedures are
degraded. Docking target
and RR is primary means
for docking,.

tracking of
degraded,

LM by
RR is

Visual '

CSM is
used,

MISCELLANEOUS
Basic Date 1 Januarv 1968 Change DateMission LM 3

Redundant heaters are pro-
vided.
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Landing radar antenna heaters

TYPe

Operating power

Maximum power drain

Rendezvous radar antenna heaters

Operating power

Preoperating temperature

Ca1-rod elements

28 volts dc

65 rvatts at 31.5 volts dc; 44 watts at 28 volts dc

28 volts dc

-10' to +20" F (except multiplier chain, which is
+18" to +44" Fl

RCS quad heaters

TYPe

Operating Power

S-band anterura heaters

Operating power

Resistance-wire element

28 volts dc

28 volts dc

Table 2-69. Heater Section - Performaace and Design Data

Table 2-70. Exterior Lights - Performance and Design Data

I

Tracking light

Type

Dimming

Intensity

Visibility

High intensity, flashing

l/L50 of. initial value (one step)

9,000 beam candlepower (minimum)

Cone centered on LM +Z-axis, with semivertex
angle of 30'

Dim Visual: less than 10 nautical miles
CSM sextant: less than 30 nautical miles

Bright Visual: 10 to 130 nautical miles
CSM sextant: 30 to 400 nautical miles

Docking lights

Type

Intensity

Visibility

Incandescent

Fixed

1,000 feet (When docking lights are visitrle, tracking
lights should be turned off. )

Docking target

Trce

Intensity

Self-luminous

Fixed

Page 2.10-18 Mission LM 3
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L

Table 2-71. Interior Lights - Performance and Design Data

Lighting Section.

The operational limitations and restrictions for the lighting section are3,1 follows:

. The tracking light should be turned off when the docking lights are vistble..
When docking, the tracking light is not visible and unnecessary power is
used.

The docking lights shall not be used at distances in excess of 1,000 feet.
Beyond 1,000 feet, these lights cannot be distinguished from stars.

TE LEMETRY MEASUREME NTS

The heating section and lighting section telemetry data are given in table 2-72.
"(R)" in the "Telemetry Range" column signifies a real-time telemetry measurement.

2.10.6.2

2.t0.7

a

Control panels and pushbuttons

Primary

Backup

Circuit breakers

EL numeric readout

LUNAR CONTACT
and warning anmlnc

lights, and caution
riators

MASTER ALARM pu shbutton/lights

Component caution lights

Engine START and STOP
pushbutton/lights

Incandescent

EL

Status indicators (DSKY and DEDA)

Self-luminous devices

Talkbacks (two- and three-position)

Displays

Characters and indicia

Labels and multipliers

Range markings

Immediate or emergency action
controls

Indicator power failure lights

Intensity Power

0.5+0.2 foot-lambert

0. 2 foot-candle (minimum)

0.5*0.2 foot-lambert

8 foot-lamberts

50+10 foot-lamberts

150+30 foot-lamberts

15+3 foot-lamberts

l-5+3 foot-lamberts

0 . 5t{.2 foot-Iambert

10+8-2 foot-lamberts

0. 05+0. 02 foot-lambert

0.5+0,2 foot-lambert

0.5+0,2 foot-Iambert

8 foot-lamberts (minimum)

0.4*0, 1 foot-Iambert

0. 1 foot-lambert (minimum)

20*5 foot-lamberts

75 volts, 400 cps

24 volts dc

75 volts, 400 cps

115 volts, 400 cps
(DSKY: 250 volts,
800 cps)

5 volts dc

28 volts dc

5 volts de

5 volts dc

75 volts, 400 cps

5 volts dc

75 volts, 400 cps

75 volts, 400 cps

115 volts, 400 cps

75 volts, 400 cps

75 volts, 400 cps

5 volts dc

Mission 114 3 Basic Date 1 Janrary 1968 Change Date Page 2. 10-19
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Code Description
Telemetry

Range Display Raage
Crew

Display

GM2435U

GN7563T

GN7723T

GR6OOlT

GR60O2T

GR60OST

GR6004T

GTO454T

Lunar contact

LR antenna temperature

RR altenna temperature

Quad cluster No. 4

Quad cluster No. 3

Quad cluster No. 2

Quad cluster No. 1

S-band steerable
artenna temperature

Contact closure

-200' to +200" F
(R)

-200' to +200' F
(R)

0" to +200' F (R)

0' to +200' F (R)

0" to +200' F (R)

0o to +200' F (R)

-200' to +200o F

-100" to +200' F

-l-00" to +200' F

-100' to +200' F

-100o to +200" F

-100" to +200' F

-100' to +200o F

-200o to +200" F

LUNAR CONTACT lights
(panels 1 and 3)

TEMP indicator (panel 3)

TEMP indicator

TEMP indicator

TEMP indicator

TEMP indicator

TEMP indicator

TEMP indicator

Table 2-72. Heating a"rrd Lighting Sections - Telemetry Measurements

L

L

i

MISCELLANEOUS
Basic Date 1 January 1968 Change DatePage 2.10-20 Mission LM 3

I

I

I

I

I

I

I

I

I
1

)

't

)

I
,f

I

1



LMA?9O-3-LM 3

APOLLO OPERAIIOMI HANDBOOK
SUBSYSTEMS DATA

2. t7

2.11.1

CREW PERSONAL EQUIPMENT.

INTRODUCTION.

This subsection covers crew personal equipment, which includes equipment re-
quired for IiJe support and astronaut safety, and accessories related to successful
completion of the mission. The portable life support system (PLSS) oxygen and water
reeharge connectors interface with the Environmental Control Subsystem (ECS) for
refills of oxygen and water. The pressure garment assembly (PGA) interfaces with
the ECS for conditioned oxygen through oxygen umbilicals, and with the Comrnunications
and Instrumentation Subsystems f or communications and bioinstrumentation,
through the electrical umbilical. Power to the crewman optical alignment sight is
supplied by the Electrical Power Subsystem. For stowage locations of crew personal
equipment, refer to paragraph 2.LL.9.

EXTRAVEHICULAR MOBILITY UNIT. (See figures 2-180 and 2-181. )

The extravehicular mobility unit (EMU) provides li-fe support in a pressurized or
unpressurized cabin, and up to four hours of extravehicular life zupport.

In its extravehicular configuration the EMU provides an anthropomorphic, closed-
circuit pressure vessel that envelops the astronaut entirely. The environment inside
the pressuie vessel consists of. l00To oxygen at a nominal pressure of 3.85 psia. The
oxygen is provided at a flow rate of 6 cfm. The extravehicular configuration includes
the following:

o T,iquid-cooledgarment

o Pressure garment assembly

o Integrated thermal micrometeoroid garment

o Portable life support equipment

o Interim oxygen purge system

o Fecal containment subsystem

o Communicationscarrier

o EMU waste management system tr
o EMU maintenance kit

o Biomedical belt

r Urine collection and transfer assembly.

During intravehicular phases of the mission, several configurations are possible.
The basic configuration provides intravehicular liJe support independent of the ECS.
It includes the following:

. Pressure garment assembly (with PLSS)

o Integrated thermal micrometeoroid garment

a Communicatlons carrier, with or without helmet (The suit, helmet and
gloves are part of the pressure garment assembly. )

o . Constant wear garment (not used in LM)

2.lt.2

CREW PERSONAL EQUIPMENT
Basic Date 1 January 1968 Change Date Page 2.lL-7
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2.71.2.t

o Liquid-cooledgarment

r Urine collection and transfer assembly

o Auxiliary equipment.

Liquid-Cooled Garment. (See figure 2-180. )

The liquid-cooled garment (LCG) is worn by the astronauts while in the LM and
during all extravehicular activity. It cools the astronautts body during extravehicular
activity by absorbing body heat and transferring excessive heat to the sublimator in the
portable life support system. The LCG is a one-piece, long-sleeved, integrated-
stocking undergarment of netting material. It consists of an inner liner of nylon
chiffon, to facilitate donning, and an outer layer of nylon Spandex into which a network
of Tygon tubing is woven. The tubing does not pass through the stocking area. A
double connector for incoming and outgoing water is located on the front of the garment
Cooled water, supplied from the portable life support system, is pumped through the
tubing. Pockets for'bioinstrumentation signal conditioners are located around the
waist. A zipper that runs up the front is used for donning and doffing the LCG; an
opening at the crotch is used for urinating. Dosimeter pockets and snaps for attaching
a biomedical belt are part of the LCG.

2,Ll.2.2 Pressure Garment Assembly. (See figures 2-180 and 2-L82.)

The PGA is the basic pressure vessel of the EMU. It provides a mobile liJe-
support chamber in the event of loss of cabin pressure due to leaks or puncture of the
vehicle. The PGA consists of a torso and limb suit, helmet, and intravehicular gloves;
it requires an oxygen hose for oxygen and an electrical cable for telecommunications.

2.11.2,2.1 Torso and Limb Suit. (See figure 2-180. )

The torso and limb suit is composed of an inner layer of nylon twill (to make the
suit comfortable and to diJfuse ventilating gas), a gas-retention layer of neoprene-
coated nylon, a restraint layer of nylon ordord cloth (to shape the gas-retention layer
to the astronautts body), and an outer integrated TMG layer. The gas-retention layer
has convoluted joints at the shoulders, elbows, wrists, knees, and ankles to aid
mobility. Boots with chafing patches, on the upper instep area, and neoprene soles are
an integral part of the suit.

The suit has a neck ring for securing the helmet, and wrist rings for securing
gloves. A double zipper that runs along the back, from the crotch to the neck ring, is
used for donning and doffing the suit.

The left wrist area has a pressure gage that is graduated from 2.5 to 5.0 psig, in
increments of 0.5 psig. A cab1e, which runs laterally from the chest, around the
biceps. and aeross the spine, prevents ballooning. The cable is attached or detached
at the chest.

A 61-pin telecommunications connector is on the right chest area. On the interior
of the suit, a 9-pin bioinstrumentation connector and a 21-pin communications electrical
connector are formed directly from the telecommunications harness.

The PGA multiple water receptacle is on the left chest area. Supply and return
hoses with separate connectors to the PLSS are inside the suit. . Two sets of oxygen hose
cormectors are on the lower rib-cage area: one set is to the right; the other set, to the
left. The two inlets and outlets are connected by a plenum, which enables the astronaut
to change from one ventilating system to another without depressurizing the suit. Divert-
er valves on the inlets equalize gas distribution through a vent duct assembly, between
the suit and helmet, and can route all gas to the helmet during extravehicular activity.
The oxygen hose connectors are identical. Normally, the left connector is for portable
life support system hoses; the right, for ECS hoses.

CREW PERSONAL EQUIPMENT
Basic Date 1 January 1968Page 2. tl-Z Mission 3 Change Date

\-

L



C)

E
t{

H

ld
i0a
o
z
ri
H
oq

l{
z
Fl

?
a
(n

rr

(!

Edp
(n

U
c)+
o

tD

Fo
H

(o

@

o
D)

oc
o
U
e)
6

.(D

U
s,
('(I
(D

l*
t;
IH
ll

l*

5;:

FECAT
CONTAINTENT

SYSTEAA

URINE COLLECTION AND
TNANSFER ASSETBTY

PRESSURE HETMET

NECK RING

CONSTANT WEAN GAIAAENT

SOFI HAI

FEED PORT

LtqutD cootEo
BIOINSTNUMENTATION HATNESS

AND COTTUNICATIONS SOFT HAT

PGA GIOVE

I.M RESTRAINT

PAtM RESTRAINT

SUIT

EIECIRICAI.

HARNESS

PRESSURE

REI"IEF VAI.VE

URINE

TRANSFER

FIIIING

SHOIJLDER CABTE

DISCONNECT

MUTTIPI.E WATER

CONNECTOR

GAS

CONNECTOR

EXTNAVEHICULAN
vlson assEi BtY

TNTEGNATED THENMAT
TICROAAETEOROID GANMENT

PRESSURE

MANIFOTD

EXTRAVEHICUI.AR

GTOVE

I.UNAR

OVERSHOE

OUTI.EI GAS

CONNECIOR

PRESSURE

GAGE

MEDICAT

INJECTION DISC

TONSO AND LIMB SU!T.
PGA GIOVES, AND PNESSURE

HELTET ASSEIIBLY

PRESSURE

SEAI.ING

cl,osuRE

BOOT RESTRAINT

BOOT EIADDER

Figure 2-180. Extravehicular Mobility Unit
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Figure 2-182. Pressure Garment Assembly and PLSS Donning Rig

The PGA urine transfer connector on the suit right leg permits dumping the urine
coltection bag without depressurizing the PGA. The PGA pressure relief valve on the
suit right sleeve enables venting in the event of overpressurization. The valve opens
at approximately 4.6 psig and reseats at 4.3 psig. If the valve does not open, it can
be manually overridden.

t
A low-pressure warning-tone switch and pressure transducer are part of the PLSS

equiprnent. Refer to paragraph 2.11.2.4.5.
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2.11.2.2.2 Helmet. (See figure 2-180. )

The helmet is a Lexan shell with a bubble-type visor, a vent-pad assembly, and a
helmet attaching ring. The vent-pad assembly permits a constant flow of oxygen over
the irurer front surface of the helmet. The astronaut can turn his head within the helmet
neck-ring area. The helmet does not turn independently of the torso and limb suit.

2.LL.2.2.3 Intravehicular Gloves. (See figure 2-180. )

The intravehicular gloves are worn during operations in the LM cabin. The gloves
are secured to the wrist rings of the torso and limb suit with a slide lock; they rotate
by means of a ball-bearing race. Freedorn of rotation, along witL convoluted biadders
at the wrists and adjustable antiballooning restraints on the knuckle areas, permits
manual operations while wearing the gloves.

2.lt.2.3 C ommunications Carrier.

A communications carrier (cap) is a polyurethane-foam headpiece with two inde-
pendent earphones and microphones, which are connected to the suit 21-pin communica-
tions electrical connector. The communications carrier is worn with or without the
helmet during intravehicular operations. It is worn with the helmet during extra-
vehicular operations.

2.tL.2.4

The helmets are stowed in protective bags secured on top of the ascent engine
cover. Each bag has a hollow-shell plastic base with a circular channel for the helmet
and the extravehicular visor assembly (EWA), trvo recessed holes for glove connector
rings, and a slot for the EMU maintenance kit. The bag is made of clottr, with a cir-
cumferential zipper; it folds toward the plastic base when empty.

Integrated Thermal Micrometeoroid Garment. (See figrre 2-180. )

The integrated thermal micrometeoroid garment (ITMG) consists of a thermal
micrometeoroid suit, extravehicular gloves and boots, and the EVVA. The ITMG is
worn over the PGA and protects the astronaut from harmJul radiation, heat transfer,
and micrometeoroid activity.

The integrated thermal micrometeoroid garment is a one-piece, form-fitting
multilayered garment that is laced over the PGA and remains with it. The EVVA,
gloves, and boots are donned separately. From the outer layer in, the garment is
made of a protective cover, a micrometeoroid-shielding layer, a thermal-barrier
blanket (multiple layers of aluminized mylar), and a protective li.ner. A zipper on the
garment permits connectlng or disconnecting umbilical hoses.

2.1L.2,4.t Extravehicular Gloves. (See figure 2-180. )

2.tt.2.4.2

For extravehicular activity, the PGA gloves are replaced with the extravehicular
gloves. The extravehicular gloves are made of the same material as the ITMG to
permit handling intensely hot or eold objects outside the cabin and for protection against
lunar temperatures.

Extravehicular Boots. (See figure 2-180. )

The extravehicular boots are worn over the PGA boots for extravehicular activity.
They are made of the same material as the ITMG. The soles have additional insulatiou
for protection against intense temperatures.

2.11.2,4.3 Extravehicular Visor Assembly. (See figure 2-180 and 2-183. )

The EWA provides protection against solar heat, space particles, and radi.ation,
and helps to maintain thermal balance. The two pivotal visors oJ the assembly may
be attached to a pivot mounting on the PGA helmet. The lightty tinted (inner) visor

Page Z.lL_6 Mission LM 3 Change Date
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OPEN VIEW

Figure 2-183. Extravehicular Visor Assembly
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2.tt.2.5

reduces fogging in the helmet. The outer visor has a vacuum-deposited, gold-film
reflective surface, which provides protection against solar radiation and space parti-
cles. The assembly is held snug to the PGA helmet by a tab-and-strap arrangement
that allows the visors to be rotated approximately'90" up or down, as desired. Two
EWArs are stowed in the PGA helmet bags secured on the ascent engine cover.

Portable Life Support System. (See figure 2-184.)

The PLSS is a self-contained, self-powered, rechargeable environmental control
system. In the extravehicular configuration of the EMU, the PLSS is worn on the as-
tronautrs back. The PLSS supplies pressurized oxygen to the PGA, cleans and cools
the expired oxygen, circulates cool liquid in the LCG throught the liquid transport loop,
transmits astronaut biomedical data, and functions as a duel VHF transceiver for
communication.

The PLSS (figrrre 2-185) has a contoured fiberglass shetl to fit the back, and a
thermal micrometeoroid protective eover. The PLSS weighs approximately 68 pounds;
it is rectangular (26 lnches high, 18 inches wide, and 11 inches deep). It has three
control valves, and two control switches, a volume control, and a five-position switch
for the duel YHF transceiver on a separate control box. The control box is set on the
front of t}te astronaut, below the neck ring.

Ful1y charged, the equipment can assimilate an average astronaut output of 1,600
Btu per hour with peak rates of 2,000 Btu per hour. The PLSS can operate for 4 hours
in space environment before oxygen and feedwater must be replenished and the battery
replaced. The basic systems and loops of the PLSS are: primary oxygen system,
oxygen ventilating circuit, feedwater loop, liquid transport loop, and electrical system.

CREW PERSONAL EQUIPMENT
Mission 114 3 Basic Date 1 January 1968 Change Date

L

L

L

?



LMA79O-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

I
-t

I

I

I

NO. 2 ASC 02

NO. I ASC Oz

PLSS

FILt

FI LTER

OXYGEN PURGE SYSTEM

(ro ee SUPPLIED) ASCENT

TANKS
FITTER

I

L J

P[sS 02
DISCONNECT

ES

FILTER

INTERSTAGE

DESCENT TANK

ASC

Hzo

PIS5

CONDENSATE

COLTECTION

DEVICE

ASCENT

WATER

TANKS

DES HeO

Figure 2-184. Porlable Life Support System - Environmental Control Subsystem Interface

->

-+

-+

PRESSURE

REGULATORS

DES H20
OR

ASC HzO
(Pr.ss FrLL)

DESCENT

WATER TANK

WATER TANK
SETECTOR VATVE

<-

L_

I

I

I

L -J

Page 2.Ll-B Mission LM 3 Change Date

3001M3-246

CREW PERSONAL EQUIPMENT
Basic Date 1 January 1968

t-- - -

L

VENT
VATVE

I



LMA79O-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

THERMAT COVER

WATER AND OXYGEN

QUANTITY INDICATOR

(BEHTND FLAP)

WATER SHUTOFF

AND RETIEF VATVE

(sHOWN rN OPERATTNG

POSITION. STARTUP

POSIT|ON lS 45'. OFF-

CHARGE POSITION I5

swrrcH
ORIENIATION

g0'

45o O"

WATER DIVERTER VATVE
(sHowN rN TNTERMEDTATE

POS]T]ON. ROTATE 45' [,,,P

FOR MlNIMUM COOTING;

DOWN / FOR

MAXIMUM COOIING.)

PRIMARY OXYGEN

SHUTOFF VALVE

(sHowN rN FUtt FLOW

POSITION. ZERO FLOW

POSITTON rS 60'.)

Figure 2-185. PLSS Controls

Nole:
New conlrol box
to be supplied.

3001M3-r 96

CREW AL EQUIPMENT

Mission LM 3 Basic Date 1 January 1968 Change Date

L

L

Pase_L_1]=9_



LMA79O-3-LM 3

APOLLO OPERATTONS HAND.COOK
SUBSYSTEMS DATA

2.LL.2.5.1 Primary Oxygen System

The primary oxygen system stores oxygen and regulates its pressure in the PLSS
at3.85+0. 15psig. Fullycharged, thesystemcontains0.92poundof usableoxygen.
The primary oxygen system is rechargeable. The regulator assembly has a shutoff
valve, upstream of the regulator valve, and a primary oxygen pressure sensor to pro-
vide telemetry signals. The shutoff valve is actuated by a linkage assembly, which is
connected to a lever at the lower right front corner of the PLSS. The shutoff valve is
closed when the PLSS is not in use or when the primary oxygen subsystem is being
charged. The regulator assembly also has an oxygen pressure indicator; a high oxygen
flow sensor, which provides an audible warning when oxygen flow reaches 0.6 pound
per hour for 5 secondsl and a restricting orifice. The orifice limits the flow of oxygen
through the regulator assembly to 3.6 pounds per hour. To recharge the primary
oxygen subsystem, the primary oxygen fill connector is mated to the female vehicle
oxygen recharge connector. Approximately t hour is required for recharging to 10070

capacity. An oxygen quantity indicator on the sleeve of the PGA provides the astronaut
with a reading of oxygen quantity.

2.11 .2.5.2 Orygen Ventilating Circuit.

The oxygen ventilating circuit circulates a fresh, regenerated oxygen supply through
the PGA. The normal operatingpressure of the PGA is 3.85+0. 15 psig. A suit
pressure transducer in the PLSS provides a telemetry signal. A pressure gage, on the
PGA Ieft sleeve, indicates suit pressure. Oxygen from the PGA enters the oxygen ven-
tilating circuit through the PLSS oxygen inlet connector. The oxygen then flows to the
contaminant control assembly, where the body odors are removed by activated char-
coal, carbon dioxide is removed through chemical reaction with lithium hydroxide, and
foreign particles are filtered out by an Orlon fj.lter. The contaminant control assembly
is an integral part of the feedwater reservoir of the feedwater loop; together, they
constitute the canister-reservoir assembly. The oxygen passes from the contaminant
control assembly to a sublimator, where heat from the oxygen is transferred to feed-
water. The feedwater passes through porous plates to space environmentl it freezes,
and dissipates heat by sublimation. The sublimator cools circulated orygen to an
outlet temperature of +50o F. From the sublimator, the oxygen passes to a water
separator, where excess water entrained in the oxygen is collected by a nylon felt wick
in the collection section. The water separator routes the drainwater to the outer sec-
tion of the feedwater reservoir through the WATER SHUTOFF AND RELIEF VALYE
when the valve is in the START-UP position (-45'). From the water separator, the
water passes to the fan motor assembly. The fan supplies the pressure (4 to 5 in. H2O)
needed to circulate oxygen between the PLSS and PGA at 6 cfm. It is a centrilugal-
type fan that operates at 18,0001600 rpm, powered by a water-cooled, brushless, d-c
motor. The motor is energized by 16.8r0.8 volts dc.

2.ll .2.5.3 Feedwater Loop.

The feedwater loop leeds expendable water to the sublimator. The sublimator
freezes the water by exposure to space environment. Heat absorbed from the oxygen
ventilating circuit and the liquid transport loop causes the ice to sublimate at ambient
pressure below 0.4 mm Hg. The feedwater reservoir is separated into sections by a
bladder. The inner section stores approximately 7 pounds of usable water. The outer
section stores the drainwater from the water separator, The drainwater applies pres-
sure to the outside of the bladder. Feedwater from the bladder is then forced out to
the sublimator as required, depending on the heat load. The WATER SHUTOFF AND
RELIEF VALVE permits selection of two water-flow rates. In the START-UP position,
water flow to the sublimator is restricted by an orilice to prevent flooding when the
sublimator is started. In the OPERATE position, water flow is not restricted and the
sublimator operates at fuII capacity. In the oFF-CHARGE position, the valve opens
at 16.5 psig to relieve excess pressure in the reservoir and permits simultaneous
filling and draining of the reservoir. The valve reseats at 15.0 psig. In the START-Up
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and OPERATE positions, the drain from the water separator to the drainwater section
of the reservoir is open. A feedwater pressure transducer provides a telemetry
signal.

2.11.2.5.4 Liquid Transport Loop

The liquid transport loop of the sublimator chills the water that circulates through
the LCG to an outlet temperature of +45" F. The water passes from the sublimator
&nd circulates around the fan motor to cool the electronic package. From the fan
motor, the water passes to a diverter valve, which permits selection of three liquid
transport water temperatures at the inlet to the LCG. The WATER DMRTER VALVE
has three positions: INTERMEDIATE, UP (minimum cooling), and DOWN (maximum

cooling). For intermediate and minimum cooling, the diverter valve admits some
water from a bypass around the sublimator into its outgoing stream. The flow at the

outlet in all valve positions is 4.0t0.10 pounds per minute. The water passes from
the diverter valve into the LCG. A temperature transducer in the loop provides an

LCG water inlet temperature signal for telemetry. The water circulates over the

astronautrs body and passes to an accumulator. A di.fferential temperature transducer
provides a telemetry signal that represents the di.fference in temperature between the

water leaving and entering the PLSS. The accumulator stores water, supplies it to the

liquid transport loop, and maintains it at a pressure of 11.9 to 20.0 psig by means of
a spring-powered piston, which forces water into the loop when loop pressure de-
creases. The piston shaft is marked in three places to indicate the condition of the ac-
cumulator: full (groove at top of green mark, 6.9 to 7.1 cubic inches), danger (groove

at intersection of red and green marks, 3.8 to 4.2 cubic inches), and empty (groove at
bottom of red mark, 0.0 cubic inches). From the accumulator, the water passes to
a pump-motor assembly, which circulates the rvater through the liquid transport loop
and the LCG at a flow rate of approximately 4 pounds per minute. The pump motor is
energized with 16.8 volts dc; a vibrating diaphragm forces the water through the loop.
Inlet and outlet check valves allow flow in only one direction. The pressure rise
across the purnp is approximately 5. 65 psi. A rvater fill connector, betrveen the pump-
motor assembly and the sublimator, permits initial charging of the loop and topping of
the accumulator charge between extravehicular stints.

2.11.2.5.5 Electrical System.

The PLSS electrical system is composed primarily of the power supply (battery)
and the space suit communications system. The power supply interfaces with the EMU
components that use power. The space suit communications system interfaces with
the EMU transducers, sensors, and warning devices,

The battery provides nominal 16.8t0.8 volts dc for operation of the PLSS and
electrical controls within the EMU. It is stored dry and is activated before start of the
mission. After a 4-hour soak, the battery is fully charged. Dtrring operation, the
battery delivers 60 watts continuously over a 4-hour cycle. Peak discharge voltage is
20.5 volts dc with a 45- to 65-watt variation. It can withstand four 2-second pulses of
80 watts during the discharge cycle without degrading its performance.

Anticipated power consumption for EMU electrical components is as follows:

Communications system module
(all transducers, indicators,
microphones, and electrocardiograph 11. 55 watts

10. 0 watts

30.0 watts

Pump

Fan
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The space suit communications system provides duplex voice communications
between two astronauts on the lunar surface. Its four basic capabilities include two-way
voice communications between the LM and extravehicular astronau! processing bio-
medical, environmental, and expendables-status transducer outputs for telemetry
transmission to the LM; generation of an audible warning to alert of dangerous suit
environmental conditions; and backup for the duplex voice transceiver for emergency
voice communication (between astronauts) if the primary transceiver fails.

The space suit communications system rnodule contains the primary and secondary
transceivers, voltage regulators, signal-conditioning oscillators for conversion of
transducer outputs to transmitter-modulating volfages, a mixer for coupling the seven
telemetry-signal-conditioning oscillators t0 the primary trransmitter, low-suit-pressure
and high-oxygen-flow signal generators, a diplexer, and an antenna switch for coupling
the single antenna to the primary or secondary transceiver. The module has recep-
tacles for connections to space suit transducers, microphone and binaural headset-
receiver isolation networks, an ac-to-dc converter, a pneumograph, an antenna, a
mode selection switch, volume control, and power input. Power to the transducers
and to a water-and-oxygen quantity indicator is voltage regulated.

The communications system MODE SELECTION SWITCH (figure 2-185) permits
four manually selected operations. The PRIMARY ON/TEL ON position is the normal
operating position for voice-actuated transmission or seven-channel telemetry signals.
The seven channels of telemetry data are trans,mitted when the voice-operated switch
is bypassed; the transmitter is held on, and the signal-conditioner oscillator outputs
are connected to the transmitter modulator. F ive telemetry signal channels carry suit
environmental data: oxygen quantity, feedwater pressure, suit pressure, LCG inlet
temperature, and LCG water-temperature rise. The other two channels are used for
biomedical data and for PLSS battery-current monitoring. ExternaL transducers of
the PGA and PLSS control the signal-conditioning oscillator frequencies; voltage
changes in transducer output vary. the oscillator frequencies proportionally. The
PRIMARY ON/TEL OFF position energizes the primary transceiver and permits con-
tinuous receiver operation, with the transmitter inoperative until voice actuated. The
antenna couples to the primary transceiver through the antenna switch and diplexer.
Using the LM Communications Subsystem as a relay station to r'elay to MSFN, the
space suit communications system receives on 296. 8 me and transmits on 259.7 mc.'
The SECONDARY/ON position energizes the secondary transceiver, but does not connect
it to si.gnal-conditioning oscillator. outputs. Telemetry transmission is not possible and

the transmitting and receiving frequencies are the reverse of those used when the
MODE SELECTION SWITCH iS SEt tO PRIMARY ON/TEL OFF. ThE PRIMARY ON/
TEL ON BV CHECK position provides the same transrnit-receive capability as does
the PRIMARY ON/TEL ON position, except that the last of the seven telemetry channels
carries inJormation for checking the hattery under load instead of battery-current
drain.

The warning tone .generators and:microphones, .common to primary and secondary
operation, are conti.nuously energized. Power is switched to the warning tone genera-
tors without limiting, for either primary or secondary transceiver operation. The
microphones have separate current limiters in series with the power source. The
outputs of the warning tone generators are coupled diXectly to the headset receiver
isolation network. They are furned on automatically by high oxygen flow (0.6 pound
per hour fcir 5 seconds) or by low suit pressure (3.15+0.15 psig). High oxygen flow
activates generator No. 2, producing an amplitude-r.nodulated, 3, 000-cps warble in the
headsets. Low suit pressure activates.generator No. 1, producing a continuous
1,500-cps tone in the headsets. Each tone is identiJiable if the generators are activated
simultaneously, and is distinguishable while receiving other data.

2.11 .2.5.6 PLSS Donning.

The PLSS is attached to the astronauts back, over the ITMG; it is connected by a
shoulder harness assembly. (See figure 2-182. ) The donning station iS in the LM
midsection. It consists of webbed straps (stowed in the TMG stowage bag) and ctip

CREW PERSONAL EQUIPMENT
Page 2. -ll-Lz: Mission LM 3 Basic Date 1 1 968 Change Date

L

L

\-



LMA79O-3-LM 3

APOLITO OPERATIONSI IIANDBOOK
SUBSYSTEMS DATA

2.rt.2.6

2.Lt.2.7

2.11.3

2.11.3.1

2.LL.3.2

2.tL.4

2. tL.4. t

2.lL.4.t.r

inserts attached forward of the overhead hatch and on the work-sheU area near the
ascent engine cover. When the clips are inserted, the PLSS is attached and is held
to the webbed straps. The astronaut backs against the pack, ma-kes PGA and harness
connections, and draws free of the donning station restraints.

Interim Oxygen Purge Systems.

TVo interim oxygen purge systems (IOPSts) are stowed in the LM at earth launch.
The IOPS's are steel boxes and are housed in an adapter frame compatible, and inter-
changeable, with the PLSS recharge station support structure. The IOPS's with adapter
frame are on the mounting structure on the cabin floor, near the forward hatch. Each
IOPS is approximately 7. 5 inches high, 8. 5 inches wide, and 1? inches in depth. It
weighs approximately 37 pounds. The IOPS holds 4 pounds of usable oxygen, stored at
a pressure of 7, 500+750 psig. Each IOPS has a pressure regulator, a shutoff valve,
and an umbilical hose with a check valve at the PGA end. In use, the IOPS is set on
top of the PLSS and the IOPS hose is unstowed and connected to the PGA left oxygen
outlet receptacle. The PGA diverter valve diverts oxygen into the PGA. In an
emergency, each IOPS can supply oxygen for a haLf hour.

EMU Maintenance Kit.

The EMU maintenance kit consists of an accumulator key for the PLSS, lubricant,
spare O-rings, and patching tape for repair of the EMU. The kit is stowed in the
helmet stowage bag until needed for extravehicular activity.

UMBILICAL ASSEMBLY.

The umbilical assembly consists of hoses and connectors for securing the PGA to
the ECS, CS, and IS. Separate oxygen and electrical umbilicals connect to each
astronaut.

Oxygen Umbilical.

The oxygen umbilical consists of silicon rubber hoses (1.25-inch inside diameter)
with wire reinforcement. The connectors are of the quick-disconnect type, with a
1.25-inch, 70" elbow at the PGA end. Each assembly is made up of two hoses and a
dual-passage corurector at the ECS end and two separate hoses (supply and exhaust)
at the PGA end. When not connected to the PGA, the ECS connector end remains
attached and the hoses stowed. The hoses are fastened together with keepers.

Electrical Umbilical.

The electrical umbilical carries voice communications and biomedical data, and
electrical power for warning tone impulses.

CREW LIFE SUPPORT.

The crew li.fe support equipment includes food and water, a waste management sys-
tem, personal hygiene items, and medical equipment for in-flight emergencies.

Food and Water

A potable-water unit and food packages contain suffici.ent life-sustaining supply for
completion of the LM mission.

Crew Water System.

The water dispenser assembly consists of an aluminum mounting bracket, a coiled
hose, and a button-actuated, metering water dispenser. The hose and dispenser extend
approximately 72 inches to dispense water from the ECS water feed control assembly.

3
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2.tt.4.1.2

2. Lt.4.2

After the hose is removed from the ECS package and mated to the metering water
dispenser, the ECS water feed control valve is opened to permit water flow. The dis-
penser assembly zupplies water at +50o to +90o F for drinking or food preparation.
The water dispenser is'inserted direcily into the mouth for drinking. Pressing a
trigger-type control supplies halJ-ounce quantities of water. The quantity dispensed
is recorded by a meter (counter).

Food Preparation and Consumption.

The astronaut's food supply (3,200 calories per man per day) includes liquids and

solids with adequate nutritional value and low waste content. Food packages are stowed
in the LM midsection, on the shelf above PLSS No. 1.

The food is vacuum packed in plastic bags that have one-way poppet valves into
which the water dispenser can be inserted. Another valve allows food passage for eat-
ing. The food bags are packaged in aluminum-foil-backed plastic bags for stowage
and are color coded: red (brealdast), white (lunch) and blue (snacks).

Food preparation involves reconstituting the food with water. The food bag poppet-
valve cover is cut with scissors and pushed over the water dispenser nozzle after its
protectirre cover is removed. Pressing the water dispenser trigger releases hal-f

ounces of water. The desired consistency of the food determines the quantity of water
added. After withdrawing the water dispenser nozzle, the protective cover is replaced
and the dispenser returned to its stowage position. The food bag is kneaded for approxi-
mately 3 minirtes, a.fter which the food is considered reconstituted. After cutting off
the neck of the food bag, food can be squeezed into the mouth through the food-passage
valve. A germicide tablet, attached to the outside of the food bag, is inserted into the
bag after food consumption, to prevent fermentation and gas formation. The bag is
rolled to its smallest size, banded, and placed in the waste disposal compartment.

EMU Waste Management System. (See figure 2-186. )

The EMU waste management system provides for the disposal of body waste
through use of a fecal containment system, a urine collection and transfer assembly,
and for neutralizing odors. The fecal containment system is composed of a pair of
elastic underwear shorts with an absorbent liner in the rear haU and an opening for
scrotum and penis. The shorts are rilorn under the LCG. The urine collection and
transfer assembly is a rubberizedbag for receiving and containing urine. It is worn
over the LCG and is corurected with tubing to the PGA urine transfer connector. Per-
sonal hygiene items axe stowed in the food supply container on the midsection left
shelJ.

2.lt.4.2.7 Waste Fluid Transfer.

Waste fluids are transfered to a waste fluid collector assembly by a controlled
difference in pressures between the PGA and eabin (ambient). The primary waste fluid
collector consists of a long transfer hose, control valve, short transfer hose, and a
8, 900-cc multilaminate bag. The Iong transfer hose is stowed on a connector plate
when not in use. To void his in-suit urine eontainer, the astronaut attaches the hose
to the PGA quick-disconnect, which has a visual flow indicator. Rotating the handle of
the spring-loaded waste control valve controls passage of urine to the assembly. The
8,900-cc bag is in the PLSS LiOH storage unit, with the short transfer hose connected
between the waste control valve and the bag.

With cabin pressure normal (4.8 psia), the long transfer hose is removed from the
connector stowage plate and attached to the PGA male disconnect. The PGA is over-
pressurized by 1. 0 psia and the waste control valve is opened. Urine flows from the
PGA to the collector assembly at a rate of approximately 200 cc per minute.
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Figure 2-186. Waste Management System

A seeondary waste fluid colleetor system provides 900-cc bags, which attach
directly to the PGA. Urine is transferred directly from the PGA, through the connec-
tors, to the bags. These bags can then be emptied into the 8,900-cc collector
assembly.

2.11.4.2.2 FecalContainmentSystem.

The fecal containment system consists of an outer bag (with an enclosing three-
layer, laminated-mylar-fitm fabric) that has a sealing zipper and a smaller inner bag.

The inner bag has waxed tissue on its adhesive inner surface. Polyethylene-backed
toilet tissue and a disinfectant package are stored on the inner bag.

To defecate, the astronaut removes the irurer fecal bag from the outer bag. After
un{astening the PGA and removing undergarments, the waxed tissue is peeled off the
bag's adhesive inner surface and the bag is placed securely over the anal area. After
defecating, the used toilet tissue is deposited in the used fecal bag and the disinlectant
package is pinched and broken inside the bag. The used bag is then closed, kneaded,

and inserted in the outer bag. The zipper is closed to seal the outer bag, which is
then placed in the waste disposal compartment.

2.tt.4.3 Personal Hygiene Items

Personal hygiene items consist oI wet and dry cleansing cloths, chemically
treated and sealed in plastic covers, and packs of ingestable chewing gum. The
cloths measure 4 by 4 inches and are folded into 2-inch squares. They are stored
in the food package container along with the teeth-cleansing ingestable gum.

2. 11. 5 MEDICAL EQUIPMENT

The medical equipment consists of biomedical sensors, personal radiation
dosimeters, and emergency medical equipment.

LM

900-cc
WASTE FLUID

CONTATNER

8,900-cc
WASTE FTUID
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2.11.5.1

2" 7t. 5.2

2. 11. 5. 3

2.11.6

2.11.6.1

2. tt.6.2

2. 11. 6. 3

Bio Instrumentation

The biomedical sensors gather physiological data for telemetry. Government-
furnished impedance pneumographs continuously record heart beat (EKG) and respira-
tion rate. Each assembly (one for each astronaut) has four electrodes which contain
electroll'te paste; they are attached with tape to the astronaut's body.

Personal Radiation Dosimeters.

The dosimeters are small ionization chambers used to detect radiation. They
contain thermoluminescent powder, nuclear emulsions, and film that is sensitive to
beta, gamma, and neutron radiation. Six dosimeters are provided for each astronaut.
They are placed on the forehead or right temple, chest, wrist, thigh, and ankle to
detect radiation to eyes, bone mamow, and skin. Serious, perhaps critical, damage
results iJ radiation dosage exceeds a predetermined level. For quick, easy reference
each astronaut has a dosimeter mounted on his EMU. Dosimeters are government-
furnished equipment.

E mengency Medical Equipment.

The emergency medical equipment consists of a kit of six capsules: four pain
kitlers (Darvon) and two pep pills (Dexedrine). The kit i.s attached to the interior of
the food compartment, readily accessible to both astronauts. The emergency medical
equipment is government furnished.

CREW SUPPORT AND RESTRAINT EQUIPIVIENT. (See fig:rre 2-181.)

The crew support and restraint equipment includes armrests, handholds (grips),
Velcro on the floor to interface with the PGA boots, and a restraint assembly operated
by a rope-and-pulley arangement that secures the astronauts in an upright position
under zero-g eonditions.

Armrests.

The armrests, at each astronaut station, provide stability for operation of the
thrust,/translation controller assembly and the attitude controller assembty, and
restrain the astronaut laterally. The armrests are adjustable (four positions) to
accommodate the astronaut; they also have stowed (fully up) and docking (fully down)
positions. The armrests, held in position by spring-loaded detents, can be moved from
the stowed position by grasping them and applying downward force (30 pounds). Other
positions are selected by pressing latch buttons on the armrest forward area. Shock
attenuators are built into the armrests for protection against positive-g forces (lunar
Ianding). The maximum energy absorption of the armrest assembly is a 200-pound
force, which wiII cause a 4-inch armrest deflection.

Handholds.

The handholds, at each astronaut station and at various locations around the cabin,
provide support for the upper torso when activity involves turning, reaching, or
bending; they attenuate movement in any direction. The forward panel handholds are
single upright, peg-type, metal grips. They are litted into the forward bulkhead,
directly ahead of the astronauts, and can be grasped with the left or right hand.

Restraint Assembly.

The restraint assembly consists of ropes, restraint rings, and a constant-force
reel system. The ropes attach to D-rings on the PGA sides, waist high. Two pins
(docking adjustments) attach to the rope assembly on the PGA outboard and inboard
sides. For side-to-side movement, the pin associated with left or right movement is
inserted in the forward reel assembly receptacle in panel 3 (Iighting panel) and the
constant-force reel is locked. The constant-force reel control provides a downward
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Figure 2-187. Restraint Equipment

force of approximately 30 pounds; it is locked during landing or docking operations.
When the constant-force reel is locked, the ropes are free to reel in. A ratchet stop
prevents paying out of the ropes and thus provides zero-g restraint. During docking
mzureuvers, the commander uses pin adjustments to enable him to use the crewman
optical alignment sight (COAS) at the overhead (docking) window.

DOCKING,dIDS AND TUNNEL HARDWARE.

Docking operations require special equipment and tunnel hardware to effect linkup
of the LM with the CSM. Docking equipment includes the COAS and a docking target.
A drogue assernbly, probe assembly, CM forward hatch, and hardware inside the LM
funne1 enable completion of the docking maneuver.
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2.1r.1.1 Crewman Optical Alignment Sight. (See figure 2-188. )

The COAS provides the Commander with gross range cues and closing rate cues
during the docking maneuver. The closing operation, from 150 feet to contact, is an
ocular, kinesthetic coordination that requires control with minimal use of fuel and time.
The COAS provides the Commander with a fixed line-of -sight attitude reference image,
which appears to be the same distance away as the target.

The COAS is a collimating instrument. It weighs approximately 1.5 pounds, is
8 inches long, and operates from a 28-volt, d-c power source. The COAS consists of
a lamp with an intensity control, a reticle, a barrel-shaped housing and mounting
track, and a combiner and power receptacle. The reticle has vertical and horizontal
10" gradations in a 10" segment of the circular combiner glass, on an elevation scale
(right side) of -10" to +31.5'. The COAS is capped and secured to its mount above the
overhead (docking) window.

2.11.7.1.1 Operation.

The COAS is installed in its docking-window position, whlch is also its stowed
position, and the COAS switeh (panel 8) is set from OFF to OVHD. The intensity con-
trol is turned clockwise until the reticle appears on the combiner glass; it is adjusted
for required brightness.
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2.Lt.7.2

2.11.7.4

2. 11.7. 5

2.11.7.6
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and for

Docking Target. (See figure 2-189. )

The docking target permits docking to be accomplished on a three-dimensional
alignrnent basis. The target is located at the intersection of +Y46.3 and +2203; it does
not protrude beyond the LM launch configuration envelope or the maximum contact
envelope. The target consists of an inner circle and a standoff cross of radiolumines-
oent green within an outer circumJerence of Dayglo orange. The target-base diameter
is 17.68 inches. The standoff cross is centered 15 inches higher than the base and, as

seen at the intercept, is parallel to the X-axis and perpendicular to the Y-axis and the
Z-axis.

Drogrre Assembly.

The drogue assembly consists of a conical structure mounted within the LM dock-
ing funnel. It is secured at three points on the periphery of the tunnel, below the LM
docking ring. The LM docking ring is part of the LM midsection outer structure,
concentric with the X-axis. The drogue assembly can be removed from the CSM end
or LM end of the tunnel.

Basically, the assembly is a three-section aluminum cone that is secured with
mounting lugs to the LM tunnel ring structure. A lock and release mechanism on the
probe, controls capture of the CSM probe at CSM-LM contact" Handles are provided
to release the drogue from its tunnel mounts.

Tunnel Hardware.

The tunnel contains hardware essential to final docking operations. This includes
connectors for the electrical umbilicals, docking latches, probe mounting lugs,
tunnel lights, and deadfacing switches. Refer to paragraph 2. 11. 8. 2, for the tool
required in docking.

Probe Assembly.

The probe assembly provides initial CSM-LM coupling and attenuates impact
imposed by vehicle contact. The probe assembly may be folded for removal
stowage within either end of the CSM transfer tunnel.

CM Forward Hatch.

The CM tunnel has two forward hatches: an inner (forward pressure) hatch and an
outer (forward thermal) hatch. The forward pressure hatch can be removed into the
CM crew compartment. The hatch is retained at the a.tt end of the CM tunnel by a
latching mechanism whose linkage is driven from the crew compartment by a handle
off-center of the hatch. A socket opposite the handle, on the tunnel side of the pressure
hatch, permits hatch removal from the LM side, using the in-flight tool (tool B).

The CM forward thermal hatch can be removed from the funnel, into the CM crew
compartment or into the LM. The hatch is retained at the forward end of the CM
tunnel by an e4panding peripheral latching mechanism, which also serves as a water
barrier. The linkage that operates the mechanism is driven by an off-center handle,
from the CM crew compartment side, and by a socket, using emergency tool B, on the
LM side. The thermal hatch is reinstalled from the CM side only; three of the 12
docking latches have expendable stops, which position the thermal hatch axially for
proper engagement of the latching mechanism. The CM thermal hatch is stowed in the
CM right equipment bay, within a thermal stowage bag.

CREW MISCE LLANEOUS EQUIPMENT.

Miscellaneous equipment required for completion of crew operations consists of
in-flight data with checklists, tool, ingress and egress accessories, window shades,
and an alignment opticat telescope (AOT) platform.

CRE1V PERSONAL EQUIPMENT
Mission LM 3 Basic Date I 1968 Change Date P"e"_311:11
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COOTIMATING

IENS SYSTEM

HIGH.EFFICIENCY

ANTIREFTECTION

COATING

T]GHT SOURCE

PARABOTIC REFLECTOR
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Figure 2-189. COAS Schematic and Docking Target
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2. 11. 8. 1

2.11.8.3

2.tt.9

TOOL B (EI ERGENCY WRENCH)

In-flight Data.

The in-flight data are provided in three polyethylene-coated kits. The Commander's
checklist and the LM Pilot's checklist are stowed at their respective stations. The
in-flight data kit is stowed in a stowage compartment. The kit includes the flight plan,

experiments data and checklist, mission 1og and data book, systems data book, and

star charts.

Tod a (See figure 2-190. )

The in-flight tool consists of tool B (emergency wrench), which, basically, is a
modified Allen-head L-wrench. It is 6. 25 inches long and has a 4. 250-inch drive
shalt with a7/16-irch drive. The wrench can apply a torque of. L,475 inch-poundsl
it has a ball-Iock device to lock the head of the drive sha-ft. The wrench is stowed on
the right side of the TMG stowage area inside the cabin. It is a contingency tool for
use with the probe and drogue, battery removal from descent stage, CM hatch from
outside, and with the:water dispenser. Tool B is used for CM forward hatch operations
from the LM side only.

Window Shades.

Window shades are used for the docking windbw and forward windows. The window
shade material is Aclar. The surface facing outside the cabin has a highly reflective
metallic coating. The shade is secured at the top (rolled position) with Velcro. To
cover the window, the shade is unrolled and flattened against the frame area.

Alignment Optical Telescope Platf orm

The AOT plafform is a metal-trevarno, movable step. The platform is stowed
against the bulkhead, aft of the Commanderrs station. To use the AOT, the platform
is placed forward on the floor to provide a single step upward. Refer to paragraph
2. 11. 6.3 for restraint assembly adiustments.

STOWAGE LOCATIONS.

The stowage locations (figure 2-191) for crew personal equipment show actual
stowage positions as accurately as possible. Some items can be shown only in areas
closest to actual stowage locations. The equipment is identified as contractor-
furnished equipment (CFE), government-furnished equipment (GFE), or government-
furnished property (GFP).

7/r6-INCH HEX 4.250

300tM3.247

Figure 2-190. Tool B
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Itsm Nomenclqlurs Locotion Remqrks

t Window shodes (3)
Rolled obove

windowr
CFE

2
Crewmqn opti(ql

olignment sight

left forwqrd
window

Move to docking

window for use.

CFE

3
Alignment opticol

telescope

Center forwqrd
over ponel

lqnd 2

GFE

4
l6-mm <qmerq
(film ond lenr)

Above righr
window GFP

5 Power coble
Above righr

foruord
window

CFE

6 LMP'S cherklirt

Below ottituds
conlroller
ossembly

CFE

7

TMG stowoge compqdmenl:
TMG, Tool kit pouch, urine

bogs, Defecotion device, Em-

esis bog, ond woste conlqiner

Lower right
of LMP

CFE

8 TV cqble
[owe] right of
TMG stowoqe

GFP

I Tool B Emergency wrench
Lower right

TMG 5towoqe GFE

to Flighr doto file
qnd chorts

On fqce of
TMG stowoge CFE

il Rodiotion suruey melor
Lower left

of TMG stowqge
GFF

l2 Hondgripr (4)

Foruord of
CDR's qnd LMP's

stqlions
CFE

l3 Armresls CDR's qnd LIvIP's

stqtions
CFE

t4 Restrqint reel controk
Lower right ponel 5

ond lower tefl
ponel 6

CFE

l5 Docking pin receptocle
Below ponels

5qnd6 CFE

I6

Personol equipment on PGA:

morking pen, mechonicol
pencil, scissorc,
penlight, sunglosses

ond pouch, wotch bond

ond chronogroph,

bioinslruments, ond
helmets

Vorious ploces

on PGA

On crewmon

GFP

t7 CDR's checklist

Below thrusr/
trqnslqtion

conlroller ossembly
CFE

I8 Docking rings
On rertrdint

horness cqble
CFE

l9 Restroint ropes qnd hooks
CDR's qnd LMPIs

sldlioni
Attqch to (rewmqn
for use. CFE

20 Oxygen purge syslem TBD

VIEW LOOKING FORWAND

Figure 2-191. Stowage Locations (Sheet 1 of 2)
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Itom Nomenclqture Locqtign Remorks

I liOH cortridge (ECS) - 227 bulkheod cfE

2 tiOH cqrrridge (PLSS) CFE

3
Cobin reliaf ond dump

vqlve ond hqndle
Upper side of
upper holch

ctE

4

Dump volve control.
drogue, hordworc,
ond hotch rteps,

lnride upper hotch Reference

5
Tool B

(amergency wench)
Cqbin side of
upper holch

On hqtch cover
in ure

CFE

6 Upper hotch ond runnel C€nter qft ovcrhod feferene

7 Power umbilicol lnside upper hotch CFE

8 Emergency medicol kit
Front flop of
food slowogc

GFP

9
Fod pockoge ond

pemnol hygiene kir Shelf obove PI,SS No. I GFP

IO Woter dispenser (probe)
ln crodle

(obove Pt55 NO. I )
GTP

It
Dqlq rtoroge

electronics ossembly * 227 bulkheod CFE

Pt ss
Left side

- 227 bulkhqd GFE

I3 Long wo:te fluid hose
Attoched, wqato

mqnogcmrnl
CFE

l4 Wotta mqnogemenl
reclion

Below PLSS CFE

t5 Short wo:te fluid hose
Attoched, wo:ta

monogemenl
CFE

I6
Helmet rtowoge bogr,
!"WA, EV gloves, ond

EMU mointenonce kit
Agcenl engine cove. CFE/GFP

t7 A$snl engine cove, Midsecrion qft Reference

t8
LiOH cortridge

conloiner
Midsection oft

(oicent engine covor) crE

t9 ECS umbilicols * 227 bulkheod CFE

20 Oxyg€n psrge lyllem TBD
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Figure 2-191. Stowage Locations (Sheet 2 of 2)
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LMA?90-3-LM 3

APOLLO OPERATIONS HANDBOOK
CONTROLS AND DISPLAYS

INTRODUCTION

SECTION 3

CONTROLS AND DISPLAYS

This section contains detailed descriptions of the LM 3 controls and displays. A
cross-reference system, which permits quick and easy reference to any control or dis-
play, is provided in table 3-1. This table lists each item alphabetically, the item ref-
erence designation, the panel that contains the item, and the page number.

Figures 3-t, 3-2, and 3-3, at the end of this section, show the controls and dis-
plays, panel areas, and panel numbers.

Column headings Ior the tabular presentation, together with a description of the
entries made under each. are as follows:

o Location/Ref Des. Gives the location of a particular control or display
in LM 3, by panel number and reference designation, as required

Name and Position. Gives the placarded nomenclature of the control or
dispiay ana-TEe-control positions exactly as placarded on the panel. In the
absence of placards. a functional name is used for the nomenclature, and
the control position is described.

Function. Gives a brief description of the function of the control or dis-
play.

Circuit Breaker. Gives the nomenclature and location of circuit breaker(s)
iEaI conirois -tne electrical power to the control or display.

o Power Source. Gives the rating and nomenclature of the immediate bus or
source that supplies power to the control or display.

o Remarks. Contains additional data and explanatory remarks.

Display behavior varies for different malfunction conditions. A list of malfunction
conditions and resulting display behavior follows the controls and displays tabulation.

a

O
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NAME AND REFERENCE DESIGNATION PANEL
NO.

PAGE
NO.

#1 ASC 02 valve control (7H21)

#2 ASC 02 valve control (7H5) .

+X TRANSL pushbutton (1S12)

-A-

ABORT STAGE pushbutton (1514)

ABORT pushbutton (1S13)

AC BUS A: AC BUS VOLT circuit breaker (4C827) .

AC
AC
AC

BUS A: AOT LAMP cireuit breaker (4CB2l2l .

BUS A: BUS TIE INV 1 circuit breaker (4CB23).
BUS A: BUS TIE INV 2 circult breaker (4C824).

AC BUS A: CDR FDAI circuit breaker (4CB209)

AC BUS A: CDR WIND HTR circuit breaker (4CBl44l
AC BUS A: DECA GMBL circuit breaker (4C8207)
AC BUS A: GASTA cireuit breaker (4C8201)
AC BUS A: INTGL LTG circuit breaker (4CB2l1)
AC BUS A: RNDZ RDR circuit breaker (4C8206)
AC BUS A: RNG/RNG RT; ALT,/ALT RT circuit breaKer (4CB2O4)

AC BUS A: TAPE RCDR circuit breaker $C8202)
AC
AC
AC
AC
AC
AC
AC
AC
AC

BUS B:
BUS B:
BUS B:
BUS B:
BUS B:
BUS B:
BUS B:
BUS B:

AGS circuit breaker (4C8203)
AOT LAMP circuit breaker (4CB2l4)
BUS TIE INV l- circuit breaker (4CB185)

BUS TIE INV 2 circuit breaker (4C8186)
He,/PQGS PRoPUL DISP circuit breaker (4C8169)
NUM LTG circuit breaker (4CB200)

ORDEAL circuit breaker (4C8226)
S-BD ANT circuit breaker ( CBYL)

BUS B: SE FDAI circuit breaker (4CB210)

AC BUS B: SE WIND HTR cireuit breaker (4C8752)
ACA/4 JET switches (CDR & LMP) (1521) (1523) .

Address indicator (L2M1) .

AGS STATUS switch (12517)
AGS warning light (6DS8)

ALT SET control (9R1)

Altitude,/range indicator (9M9) .

AMPS indicator (4M3)

ANUN OVERRIDE switch (1654)

ANUN/NUM control (16R2)

ASC He SEL switch (2S3)

ASC HI REG caution light (6DS21)

ASC H2O valve (7H13)

ASC PRESS warning light (6DS2) .

ASC QTY caution light (6DS22i .

ASCENT He REG 1 talkback (10FL1)
ASCENT He REG 1 switch (10S3) .

ASCENT He REG 2 talkback (10FL2)
ASCENT He REG 2 switch (10S4) .

ATTITUDE CONTROL: PITCH switch (1158) .

ATTITUDE CONTROL: ROLL switch (1154) .

ATTITUDE CONTROL: YAW switch (11S5)

Attitude controller (CDR) (1A1)
Attitude controller (LMP) (1AZ)
ATTITUDE MON switch (CDR) (9SB)

ATTITUDE MON switch (LMP) (9S10)

AUDIO CONT switch (158S5)

AUDIO CONT switch (15AS5)

-B-

BAL CPL switch (1S9)

BAT FAULT component caution light (4DS1)

ECS
ECS

5

1

1

11

11

11

11

1l-

11

11

11

11

11

11

11

11

11

11
11

11

11

11

11

11

1l-

4
6

6

1

ORDEAL
1

14

5

5

8

2

ECS
1

2

1

1

1

1

o

ACA
ACA

1

2

8

t2

1

14

3-134

3-28
3-28
3-90
3-90
3-90
3-90
3-91
3-90
3-90
3-91
3-90
3-90
3-91
3-90
3-89
3-89
3-89
3-89
3-89
3-89
3-89
3-89
3-89
3-89
3-6?
3-79
3-79
3-L4
3-t44
3-20

3-75

3-83
3-31
3-136
3-13
3-31
3-26
3-25
3-26
3-26
3-60
3-60
3-60
3-t42
3-t42
3-20
3-52
3-87
3-1 04

3-25
3-1 13

Table 3-1. Controls and Displays - Alphabetical Index
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Table 3-1. Controls and Displays - Aplhabetical krdex (cont)

L

L

L

L

NAME AND REFERENCE DESIGNATION PANEL
NO.

PAGE
NO.

a 
-B-

BAT 5 BACK UP CDR FEED switch (4512)

BAT 5 BACK UP CDR FEED talkback (4FL?)
BAT 5 NORMAL SE FEED switch (4510)

BAT 5 NORMAL SE FEED talkback (4FLB)

BAT 6 BACK UP SE FEED switch (4513)

BAT 6 BACK UP SE FEED talkback (4FL8)
BAT 6 NORMAL CDR FEED switch (4S11).
BAT 6 NORMAL CDR FEED talkback (4FLG)

BATTERY caution light (6DS27)

-c-

C-BAND PWR s$/itch (1951) .

C/W PWR caution light (6DS34)

CABIN GAS RETUEN VAIVE (7H17)

CAEIN PRESS indicator (7M2A)
Cabin relief ard dump valve lever (forward and upper hatches) (7H11) (7H20)

CABIN REPH.ESS valve (?H3)

CABIN TEMP indicator (7MBA)

Cabin TEMP valve (7H12)

CABIN warning light (6DS16)

CAMR: SEQ circuit breaker (4CB33)

CDII BAT
CDR BAT
CDR BAT
CDR BAT
CDR BAT
CDR BAT

3

5

4

4

4

HMLTAGE switch (4S3)

LOW VOLTAGE switch (4S7)

talkback (4FL3) .

HI VOLTAGE switch (4M)
LO$/ VOLTAGE switch (4S8)

talkback ( FLA) .

CES AC warning light (6DS6)

CES DC warning light (6DS7)

CLR pushbutton (CDR) (3S5) .

CLR pushbutton (LMP) {12S13)
CO2 CAMSTER SEL vaive (7H19)

CO2 compoaent caution light (7DS6)

COAS switch (16514)

COMM: CDR AUDIO eircuit breaker (4C886)
COMXI: DISF cireuit breaker (4CB153)
COMM: PMP circuit breaker (4C8102)
COtuI&I: PRIM S-BD PWR AMPL eircuit breaker (4CB30) .

COMM: PRIM S-BD XMTR/RCVR circuit breaker (4CB111)

COMM: S-ED ANT circuit breaker (4C8110)
COMM: SE AUDIO cir€uit breaker (4CB85)

COMM: SEC S-BD PWR AMPL circuit breaher (4CB136)

COMM: SEC s-BD XMTR,/RCVR circuit breaker (4CB1.37)

COMM: TV cireuit breaker (4C8104)
COlr{M: UP DATA LINK circuit breaker (4C8228)
COFti'I: VHF A RCVR circuit breaker
CO$IM: VHf A XMTR circuit breaker
COLIIII: VH}' B ftCVR circuit breaker
COillMr VHF B XMTR circuit breaker
COMPTR ACTY indicator (3DS15)

CRSIID swit*h (8520)

(4CB87) .

(4C8115)
(4C8114)

,'-::':'l
CRSFD talkback (8FL1?)

-D-

DC BUS FAULT component caution light (4DS2)

Data display registers (CDR) (sM4) (3M5) (3M6)

Data indicator (LMP) (1.2M2)

DC BUS warning Ught (6DSL4)

t4
L4

t4
L4

L4

t4
14

t4
2

11

2

ECS
2

ECS
ECS

2

ECS
1

16
t4
14

t4
t4
t4
L4

1

1

4
6

ECS
2

8

11

16

16

16
16
16
16

11

11

16
11

11
16

16

11

4
2

2

t4
4
6

1

3-Lzl
3-tzt
3-t20
3-L20

3-122
3-t20
3-Lzl

3-101
3-33
3-1 37

3-49
3*139
3-133
3-49
3-139
3-1 5
3-131
3-1 17

3-11 7

3 -118
3-1 18

3-118
3-1 19

3-13
3-13
3-?0
3-80
3-137
3-53
3-88
3-9?
3-t27
B-128
3-128
3-128
3-128
3-128
3-97
3-97
3-r29
3-97
3-97
3-128
3-128
3-97
3-69
3-46
g-47

3-113
3-70
3-79
3-15

Mission LM 3 Basic Date 1 JANUARY 1968 Change Date 3-3
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NAME AND REFERENCE DESIGNATION
NO.

PANEL PAGE
NO.

-D-

DEAD BAND switch (1152)

DES BATS switch (4S9)

DES BATS talkback (4FL9)
DES ENG CMD OVRD switch (1515)
DES ENG OVRD circuit breaker (4C8233)
DES H2O valve (7H26)
DES 02 valve (7H15)

DES PROPULSION FUEL VENT switch (1059) .

DES PROPULSION FUEL VENT talkback (10FL5)
DES PROPULSION OXID VENT switch (10S10) .

DES PROPULSION OXID VENT talkback (10FLG)
DES PRPLNT ISOL VLV switch (2S9)
DES QTY warning light (6DS4)
DES RATE switch (1S5)
DES RnG v/arning light (6DS3)
DES VENT switch (256)
DESCENT He REG 1 switch (1055)
DESCENT He REG 1 talkback (10FL3)
DESCENT He REG 2 switch (1057)
DESCENT He REG 2 talkback (10FIl)

-E-

EARTH-LUNAR switch (9525)
ECS caution light (6DS36)
ECS: CABIN FAN 1 circuit breaker (4C8107)
ECS: CABIN FAN 2 circuit breaker (4C8108)
ECS: CABIN FAN CONT circuit breaker (4C8109)
ECS: CABIN REPRESS circuit breaker (4C8113)
ECS: CO2 SENSOR circuit breaker (4CBW)
ECS: DISP circuit breaker (4C8140)
ECS: DIVERT VLV circuit brealer (4CBLl2)
ECS: GLYCOL PUMP 1 circuit breaker (4CB117)
ECS: .GLYCOL PUMP 2 circuit breaker (4CBL47)
ECS: GLYCOL PUMP AUTO TRNFR circuit breaker (4C82L7).
ECS: GLYCOL PUMP SEC circuit breaker (4C896) :
ECS: PRIM GLYCOL EVAP FLOW circuit breaker (4CB98) .

ECS: SUIT FAN A P circuit breaker (4CBl20)
ECS: SUIT FAN 1 circuit breaker (4C8138)
ECS: SUIT FAN 2 circuit breaker (4C8119)
ECS: SUIT FLOW CONT circuit breaker (4C8234)
ECS: SUIT,/CABIN REPRESS circuit breaker (4CB235)
ED: LDG GEAR FLAG circuit breaker (4CB149)
ED: LOGIC PWR A circuit breaker (4C876)
ED: I-OGIC PWR B circuit breaker (4C875)
ED VOLTS switch (4517)
ENG ARM switch (1S1)

ENG GMBL switch (1S8)

Engine START pushbutton (1S2)
Engine STOP pushbutton (CDR) (l-S3)

Engine STOP switch (LMP) (1M)
ENTR pushbutton (DEDA) (12514)
ENTR pushbutton (DSKY) (3S8) .

EPS: ASC ECA circuit breaker (4C815)
EPS: ASC ECA circuit breaker (4C814)
EPS: ASC ECA CONT circuitbreaker (4C86)
EPS: ASC ECA CONT circuit breaker (4C87)
EPS: INV 1 cireuit breaker | CBL?)
EPS: INV 2 circuit breaker (4C813)
EPS: BAT FEED TIE (2) circuit breakers (4C818) (4C826)

l4
14

16

ECS
ECS

8

8

8

8

8

1

lr

1

8

1

1

1

1

ORDEAL

3 -59
3-1 19

3-119
3-55
J-IZO

3 -81
3 -81
3 -81
3 -82

o- r o

3-28

3-144

3-96
3-]-29
3-129
3-r29
3-130
3-1'29
3-130
3-97
3-97
3-97
3-129
3-129
3-130
3-96
3-t29
3:127
3-127
3-95
3-96

. 3-125
3-113
3-24

'3-55

B-79
3-8q

3-100
3-131
3-100
3-131
3-100
3-13 1

3-99

Table 3-1. Controls and Displays - Alphabetical Index (cont)
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L

L

I
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Table 3-1. Controls ancl Displa-r.s - Alphabcticitl Inclex (cont)

L

NAME AND REFERENCE DESIGNATION PANEL
NO.

PAGE
NO.

-E-

EPS: BAT EEED TIE (2) circuit breakers (4C817) (4CB2s)
EPS: -CROSS TIE - BAL LOADS circuit breaker (4C8184)
EPS: -CROSS TIE - BAL LOADS circuit breaker (4CB183)

EPS: -CROSS TIE - BUS circuit breaker (4C820)
EPS: -CROSS TIE - BUS circuitbreaker (4C819)
EPS: DC BUS VOLT circuit breaker (4CB22l
EPS: DC BUS VOLT circuit breaker (4CB2l)
EPS: DES ECA circuit breaker (4CB10)
EPS: DES ECA circuit breaker (4C811)
EPS: DES ECA CONT circuit breaker (4C88)
EPS: DES ECA CONT circuit breaker (4CBg)
EPS: DISP circuit breaker (4CBi6)
EPS: XLUNAR BUS TIE circuit breaker (4CBl)
EPS: XLUNAR BUS TIE circuit breaker (4C85)
EVENT TIMER indicator (9M11)
EVENT TIMER RESET/COUNT switch (9S11)

EVENT TIMER SLEW CONT MIN switch (9513)
EVENT TIMER SLEW CONT SEC switch (9514)
EVENT TIMER TIMER CONT switch (9512)
EXTERIOR LTG switch (16S2)

-F-

FDAI 1 switch (9523)

FDAI 2 srvitch (9524)

Flight director attitude indicator (FDAI) (9M1)
Flight director attitude indicator (FDAI) (9NI6)

FLIGHT DISPLAYS: CDR FDAI circuit breaker (4C897)
FLIGHT DISPLAYS: COAS circui.t breaker (4CB188)
FLIGHT DISPLAYS: GASTA circuit breaker (4CB88)
FLIGHT DISPLAYS: MISSION TIMER circuit breaker (4CB159)
FLIGHT DISPLAYS: ORDEAI, circuit breaker (4C8227)
FLIGITT DISPLAYS: RNG/RNG RT; ALTIALT RT circuit breaker (4CB123)
FLIGHT DISPLAYS: THRUST DISP circult breaker (4C8168)
FLIGHT DISPLAYS: X-PNTR circuit breaker (4C8133)
FLOOD OVHD/FWD control (16R4) .

FLOOD OVHD/FWD control (16R1) .

FLOOD OVHD,/FWD switch (1656)
FLT DISP: EVENT TIMER,/SE FDAI circuit breaKer \4C8726)
FLT DISP: X-PNTR circuit breaker (4C8134)
FUEL QUANTITY indicator (10M58)
FUNCTIONS PCM switch (13S4)

FUNCTIONS RANGE switch (13S1)

FUNCTIONS VOICE switch (1356)

-G-

GDA/RCCA caution light (6DS23)
GIMBAL LOCK condition indicator (3DS9)

GLYCOL caution light (6DS38)
GLYCOL component caution light (7DS3)

GLYCOL PRESS indicator (7M5A)
GLYCOL selector switch (753)
GLYCOL TEMP indicator (7M58)
CUID CONT switch (gSG)

GYRO TEST POS RT switch (11S1)
GYRO TEST ROLL switch (1157) .

ORDEAL
ORDEAL

1

2

11

11

11

11

11

11

11

16

11

16

11

16
11

16
11

16

11

16

16

11

16

1

11

5

3

16

16
1

t2
t2

2

4

2

Z

2

2

2

1

3 -99

3-1 00

3-131
3-100
3-131
3-99
3-132
3-131
3 -99

3 -16
J-UJ

3 -64
3-64
3 -64
J-OO

3-20
3-51
3-93
3-93
3-93
3-92
3 -93
3-92
a _q,

3-92
3 -66
3-76
3-65

3 -123
3-18
3-1 07

3-1 08

3-1 07

3-68

3-50
D-JZ

3-49
3-2t
3-s9
3-59

Mission LM 3 Basic Date 1 JANUARY Change Date 3-5
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NAME AND REFERENCE DESIGNATION PANFJL
NO.

PACI,
NO.

-H-

H2O QUANTITY indicator (7M4A)
H2O SEP component caution light (7DS7)

He PRISS ASCENT switch (2S4)

He PRESS DES START switch (2S1)

He PRESS RCS switch (252)
HEATER caution light (6DS33)
HEATERS RCS SYS A/B-L: QUAD 1 circuit breaker (4C8218)
HEATERS RCS SYS A/B-L: QUAD 2 circuit breaker (4CBZL9)
HEATERS RCS SYS A/B-L: QUAD 3 circuit breaker (4C8220)
HEATERS RCS SYS A/B-l: QUAD 4 circuit breaker (4CB22t)
HEATERS: AOT circuit breaker (4CB2l3)
HEATERS: DISP circuit breaker (4C868)
HEATERS: DOCK WINDOW circuit breaker (4CBl29)
HEATERS: LDG RDR circuit breaker (4CBl-57)
HEATERS: RNDZ RDR OPR circuit breaker (4C8155)
HEATERS:
HEATERS:
HEATERS:
HEATERS:
HEATERS:
HEATERS:

RNDZ RDR STBY circuit breaker (4C8156)
S-BD ANT circuit breaker (4C831)
RCS SYS A/B-2: QUAD 1 circuitbreaker (4C8222).
RCS SYS A/B-2: QUAD 2 circuit breaker (4C8223).
RCS SYS A/B-2: QUAD 3 circuit breaker (4C8224).
RCS SYS A/B-2: QUAD 4 circuit breaker (4C8225).

HELIUM indicator (10M1) .

HELIUM MON switch (1056)
HOLD pushbutton (12516)

-I-

ICS T/R switch (CDR) (15AS3)
ICS T/R switch (SE) (15BSB)

ICS VOLUME thumbwheel (CDB) (15AR7)
ICS VOLUME thumbwheel (LMP) (158R7)
IMU CAGE switch (3S1)

INST: CWEA circuit breaker (4C899) ,

INST: PCM,/TE circuit breaker (4CBI25)
INST: SIG CONDR 1 circuit breaker (4C8131)
INST: SIG CONDR 2 circuit breaker (4CB1)
INST: SIG SENSOR clrcuit breaker (4CBl32)
INTEGRAL control (16R3) .

INTEGRAL OVERRIDE switch (1653)
INVERTER caution light (6DS26) .

INVERTER switeh (4514)
ISS warning light (6DS10)

-K-

KEY REL condition indicator (3DS7)
KEY REL pushbutton (3S7)

Keyboard pushbutton (DEDA) (12SL thru L2Sl2).
Keyboard pushbuttons (DSKY) (3S10 thru 3521) .

-L-

LAMP/TONE TEST selector switch (16510) .

LDG ANT switch (17S5)

LDG GEAB DEPLOY talkback (2FL1) . .
LDG GEAR DEPTOY switch (2510) .
LDG RDR caution light (6DS29)

LGC warning light (6DS9)

LIGHTING switch (9S26)

LTG: ANUN DOCK,/COMPNT circuit breaker (4C8146)

2

2

8

8

8

2

11

11

11

11

11

16

11

11

11

11

16

16
16

16

16

1

1

6

8

l2
8

12

1

16

16

11

16

16

5

5

2

I4
1

4

4

6

4

3

3

8

I
2

1

OI1DEAL
11

3-50

3-84
3-84
3 -83

3-96
3 -96
3-96
3 -96
3-94
3 -130
3-94
3-94
3-93
3-93
3-13 1

3-13 0

3 -130
3-13 0

3-130
3 -18
3 -30
3 -80

3-86
3 -103
3 -86
3 -103

3-r27
3-t27
3-94

J- to

3-1 14

3-L4

3 -68
3-7L
3 -80
3 -71

3-66
3-55
3-83
3-83

3-t4
3-144
3 -96

Table 3-1. Controls and Displays - Alphabetical Index (cont)
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L

Page 3-6 Mission LM 3 Basic Date 1 JANUARY 1968 Change Date



LMA?gO-3-LM 3

APOL LO OPERATIONS HANDBOOK
CONTROLS AND DISPI,AYS

Table 3-1. Controls and Displays - Alphabetical Index (cont)

L

L

L

rL

NAN,IE AND REFERENCE DI]SIGNATION PANEL
NO.

PAGE
NO.

-L-

LTG: ANIIN/DOCK CONIPN'I circuit breaker (4c8148)

LTG: FLOOD circuit breaker (4C8128)

LTG: MASTER ALARM circuit breaker (4CBl47)
LTG: TRACK circuit breaker (4C8160) .

LUNAR CONTACT tight (CDR) (1DS1)

LUNAR CONTACT light (LMP) (1DS2)

-M-

MAN THROT switch (1S10)

MASTER ALARNI pushbutton/light (CDR) (652)

I\(ASTER ALARM pushbutton/light (LMP) (6s3)

NIASTER ARN4 switch (2S7)

IIASTER VOL thumbwheel (CDR) (15AR15)

MASTER VOL thumbwheel (LMP) (158R15)
MISSION TIMER indicator (9M12)

I'IISSION TI]\'IER: SLEW CONT HOURS switch (9522)

MISSION TIN{ER: SLEW CONT MIN srvitch (9521)

X{ISSION TIMER: SLEW CONT SEC switch (9520)

MISSION TIMER: TIMER CONT srvitch (9S19)

MODE CONTROL selector switch (11SG)

NIODE SEL switch (9S9)

MODE switch (9S27)

MODULATE srvitch (13S5)

-N-

NO ATT condition indicator (3DS5)

NO TRACK light (17DS1)

NOUN display indicator (3M3)

NOUN pushbutton (3M)
NUM OVERRIDE switch (16S5) .

-o-

02 QTY caution light (6DS37)

02 QUANTITY indicator (7M4B)
OZ/gzo QTY MoN selector switch (7S2)

OPR ERR condition indicator (DSKY) {4DS14)
OPR ERR condition indicator (DEDA) (12DS1)

OXIDIZER QUANTITY indicator (10M5A)

-P-

PART PRESS C()2 indicator (7M1)

PITCH control (14B2)
PITCH indicator (14M3) .

PGNS caution light (6DS25)

PGNS: IMU OPR circuit breaker (4CBl24|
PGNS: IMU STBY circuit breaker (4CB161)

PGNS: LDG RDR circuit breaker (4C8105)
PGNS: LGCIDSKY circuit breaker (4CB]^22)

PGNS: RNDZ RDR circuit breaker (4C829)
PGNS: SIG STR DISP circuit breaker (4CBl5Al
PLSS FILL valve (7H4)

POWER,/TEMP MON selector srvitch (4515)

PRE AMPS caution light (6DS30)

PRESS indicator (10M3) ,

PRESS indicator (S.ystem A) (8M1A)
PRESS indicator (System B) (8M18)

1tt

16

16

16
1

3

1

1

2

8

8

t2
1

5

5

5

5

3

1

ORDEAL
12

4

3

4

4
5

2

2

2

4
6

1

2

t2

2

11

11

11

11

11

11

ECS
14

2

1

2

2

3-125
3-725
3-t25
3-t25
3-1 6
3-1 6

B-24
3-1 I
3 -51
3-82
3-88
3-1 06

3-16
3-74
3-74
3-75
3-73
3-61
3-2t
3-145
3-1 06

3-68
3-56
3-70
3-70
3-75

3-34
3-50
3-54
3-69
3-79
3-1 8

3-49
3-111
3-111
3-31
3-99
3-98
3-98
3-98
3-98
3-98
3-133
3-113

3 -19
3-35
3-35
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NAME AND REFERENCE DESIGNATION PANEL
NO.

PAGE
NO.

-P-

PRLSS REG ,\ valvc (7fI1 ) .

PRESS IiEG B vah,e (7H2)
PRI\I E\IAP IrLO\\i su,itch (7S4)

PRIII E\TAP I'LO\V VAL\TE NO. 2 (7H16)
PRIIIAItY CO2 CIANISTEIT (7H23)
PllO pushbutton (3SG)

PROG condition jndicator (3DS10)

P llOG clispla-1, inclicator (31,I1 )
PROPLTL: ,'\SC Hc REG circuit breaker (zlC853)
PROPLTL: DES Hc REG circuit breaker (4CB74)
PROPUL: PQGS circuit breaker (4C832)
PRPLNT QTY I,ION switch (1 0S8)
PROPLIL: TEMP,/Pgg53 DISP-FLAGS circuit brealier (.1CR103)
PIiPLNT TEX{p//pRESS I{ON srvitch (1051)
P\\rR AI,IPL su,itcl-r (13S2)

QUANTITY indlcator (8M4)

-R-

R/D INST A circuit breaker (1C8229\
R/D INST B circuit breaker (4CB181)
R/'D TLrI CALIBRATE su,ltch (19S2)
RADAR TEST sri,itch (1756)

RATE//ERR IION srvitch (CDR) (9S2)
II.ATE/ERR I,ION srvitch (LtIp) (9ST)

RATE SCALE sri,itch (9529)

RCCA su,itch (1S2,1)

RCS A REG rvarning light (6DS12)
RCS Tl REG warning light (6DS13)

RCS caution light (6DS32)

RCS QUAD t heater su,itch (11il)
RCS QLrAD 2 heater srvitch (1155)
RCS QUAD 3 heater srvitch (1156)
RCS QLIAD 4 heater su,itch (1157)
RCS SYS A: ASC FEED 1 circuit breaker (4C851)
itCS SYS A: ASC FEED 2 circuit breal<er (4CB23t ) .

RCS SYS A: ISOL VL\r circuit brcaker (4CB67)
RCS SYS A: I{AIN SOV circuit breaker (4C872)
RCS SYS A: QUAD 1 TCA circuit breaker (4CBtiS)
RCS SYS A: QUAD 2 TCA circuit breakcr (4C862)
RCS SYS A: QUAD 3 TCA circuit breaker (4C861)
licS SYS A: QUAD 4 TCA cir:cuit breaker (4C860)
RCS SYS B: ASC FEED 1 circuit brcaker (4CBI12)
RCS SYS B: ASC FEED 2 circuit breaker (,1C8232)
RCS SYS B: Cli.SFD circuit breaker (4CB54)
RCS SYS B: ISOL VLV circuit breaker (,1C849)
RCS SYS B: ltAlN SO\r circuit brcaker (4CB73)
licS SYS B: PQGS DISP circuit brealier (4C8121)
II.CS SYS ll: QLIAD 1 TCA circuit breaker (4CBzlS)
RCS SYS B: QLTAD 2 1-CA circuit brealier (4C844)
IICS SYS B: QUAD :l TCr\ circult breaker (4CB{3)
iicS SY-q B: QUAD 4 TCA circuit breakcr: (4CB42)
IiCS S\:S Il: TEX{P,/PRESS DISP-FLAGS circuit l:reaker (,iCB50)
RCS 'f CA \\'arning tig-hr (6DS11)
ItIADOUT pushbutton (12515)
ItllCOI'"DIR su,itch (l 3S11)
RECORDER TAIrE talkback (13FL1)

-a-

ECS
ECS
NCS
ECS

ECS
1+

4

I
l(r

11

16

1

l6
1

t2

)

11

11

11

1

2

1

2

1

1

2

3

11

11

11

11

11

11

11

11

l()
1(i

16

16

1ti
1 {-i

16

16
1ti
t6
1(i

1

6

12

72

3-140

3-138
3-70
3-68
:l -69
,1- t aat

3 -93
3-121

3-1 06

3-1 00

3-1 01

3-101
3 -56
I 10

.) -i) I

3-48

J_ID

J-OJ

3-65

3-92

3 -91
3-9 1

3 -91
3 -91
3 -91

,1- | 2.1

3-724

3-124
3-L24

3-E0
3-11 0

3-110

Table 3-1. Controls and Disp1a.vs - Alphabeticnl hrdex (cont)

L

L

L
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Table i]-1. Controls ancl Displal's - Alphabctical lndex (cont)

NAME AND REFERENCE DESIGNATION PANEL
NO.

PAGE
NO.

-R-

Il.ela.r, su'itch (CDIi) (1 IIAS'1)

F.e1av su,itch (LI'IP) (1589) .

RE)iDEZ\rOUS RADAR mode sri'itch (17Si3)

RES'l'AltT condition indicaior (3DS11) .

IiNDZ P'nR cautlon light (tlDS2E)

RNG,,'ALT \'ION sliitch (9S4) .

RSET pushbuttou (359)

-s-

S-BAND selector sr.r,itch (14S5)

S-IIAND TR su.itch (CDR) (15;\S1)

S-BAND IR su,itch (LX'IP) (1sBSl)
S-BAND VOLUI,IE thumbwheei (CDR) (15AR14)

S- B;\ND V OLUI,'IE thumbr'r'heel (LI'I f']) (1 5 BR1'1 )

S-BAND XI'ITR/RCVR s\\,itch (1358)

SIt BAT 1 HI VOLTAGE srvitch (4S1)

SE BAT 1 LO\V \rOLT-I\GE slitch (4S5)

SE BAT 1 talkback (4FL1) .

SE BAT 2 HI VOLTAGE srvitch (.1S2)

SE BAT 2 LOW VOLTAGE srvltch (456)

SE BAT 2 talkl:ack (4FL2) .

SEC EVAP FLO\V valve (7H18) .

SECONDT\RY C()2 CANISTEIT (7H24)

SHFT,/TIIUN j srvitch (9S8)

SIDE l,;\NELS su,itch (CDR) (1651)

SIDE PANELS sri,itch (LX{P) (1659)

SIGNAL STRENGTH inciicator (14I'I1) .

SIGNAL STRENGTH indicator (171,11) .

SLA,/LEl{ ANT TRNFII" A circuit }rrcaker (4cR35)
sLA,/LENI ..\NT TRNI'R B circuit breaker (4cB36)

SLEW P"ATE su,itch (1752)

SLEW switch (1 7S1).
SLE\V sri,itch (9S28) .

SQUELCH VHf' A thumbu,heel (1:lll.10)

SQUELCH YHF B thulnbrvheel (13R15)

STAB/CONT: ABORT STAGE circuit breaker (4CB3) .

STAB/CONT: ABORT STAGII circuit breakcr (.1C82) .

STAB/CoNT: AEA circuit breaker (4C828)
Sl'AB,/CONT: AELD circuit breaker (4C810)
STAB/CONT: AELD circuit breakcr (4Clll1)
STAil,/CoNT: ASA circuit br:eaker (4C879)
STAB/CONT: ATCA (AGS) circuit breaker (4CB230)

STAB/CoNT: ATCA (PGNS) circuit breaker' (4CBE1)

STAB/CONT: ATCA circuit breaker (4CB82)

STAB/'CONT: ATT DIR CONT circuit breaker ('1C859)

S'|AB/CONT: DECA PWR circuit breaker ('1C869)

SlfAB,/CoNT: ENG ARM cir:cuit breaker (4CB37)

STAB/CONT: ENG CONT circuit breaker ('1CB80)

STAB..TCONT: ENG START OVRD circuit breaker ('iCB106)
STAGE srvitch (255)

STAGE RELAY sivitch (2DS8)

STAGE SEQUENCE RELAYS SYS A component cautiorr light (2DS1)

STAGE SEQUENCE RELAYS SYS B component catttion light (2DS2)

STBY condition indicator (3DSG)

SLrIT CIRCUIT RnLIllF vaive (7H9)

SUIT IiAN component caution light (7DS1)

SUIT FAN selector sr'vitch (751)

SUIT GAS DIVERTER valve (7H8)

I
t2

4

2

1

4

72

8

12

I
l2
T2

14

l4
l4
11
t4
14

ECS
ECS

1

5

1,2

72

11

16

1ti
11

1tj
16

16

11

16

11

11

16

11

11

8

ii
8

8

4

ECS
2

2

ECS

3-86
3-104
3-s8
3-68

3-112
,i-5ll

3-103
3-85
3-103
3-1 06

3-115
3-116
3-116
3-116

3-135
3-138
e _r,

,i- I I I

3 -)G
3-r00
3-100
.t-J I

3-58
3-145
3-108
3-109
3 -94
3-126

3-126
3 -126

3 -94
3-L26
3-95
3.-95

3-126
3-95
3 -95
D O/

.J_dD

3 -84
J-6J

3-68
3-138
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NAME AND REFERENCE DESIGNATION PANEL
NO.

PAGE
NO.

-s-

SUIT ISOL valves (7H6) (7H7)

SUIT PRESS indicator (7M2B)
SUIT TEMP valve 17H22)
SUIT TEMP indicator (7M38)
SUIT,/FAN warning Iight (6DS17)

SYSTEM A ASC FEED 1 switch (8S8)

SYSTEM A ASC FEED 2 switch (8522)

SYSTEM A ASC FUEL talkback (8FL6)
SYSTEM A ASC OXID talkback (8FL18)
SYSTEM A MAIN SOV switch (8S7) .

SYSTEM A MAIN SOV talkback (8FL5)
SYSTEM A THRUSTER PAIR QUAD 1 switch (8S11)

SYSTEM A THRUSTER PAIR QUAD 1 talkback (8FL9)
SYSTEM A THRUSTER PAIR QUAD 2 switch (8512)

SYSTEM A THRUSTER PAIR QUAD 2 talkback (8FL10)
SYSTEM A THRUSTER PAIR QUAD 3 SwitCh (8S15).

SYSTEM A THRUSTER PAIR QUAD 3 talkback (8FL13)
SYSTEM A THRUSTER PAIR QUAD 4 switch (8S16)

SYSTEM A THRUSTER PAIR QUAD 4 talkback (8FL14)
SYSTEM B ASC FEED 1 switch (8510)

SYSTEM B ASC EEED 2 switch (8523)

SYSTEM B ASC FUEL talkback (8FL8)
SYSTEM B ASC OXID talkback (8FL19)
SYSTEM B MAIN SOV switch (8Sg) .

SYSTEM B MAIN SOV talkback (8FL7)
SYSTEM B THRUSTER PAIR QUAD 1 switch (8513)

SYSTEM B THRUSTER PAIR QUAD 1 talkback (8FL11)
SYSTEM B THRUSTER PAIR QUAD 2 switch (8S14)

SYSTEM B THRUSTER PAIR QUAD 2 talkback (8FL12)
SYSTEM B THRUSTER PAIRQUAD 3 switch (8S17)

SYSTEM B THRUSTER PAIR QUAD 3 talkback (8FL15)
SYSTEM B THRUSTER PAIR QUAD 4 s\Mitch (8S18)

SYSTEM B THRUSTER PAIR QUAD 4 talkback (8FL16)

-T-

T/W indicator (9M4)

TELEMETRY BIOMED switch (1353)

TELEMETRY PCM switch (13S13)

TEMP condition indicator (3DS8) -
TEMP indicator (10M4)

TEMP indicator (18M1)

TEMP indicator (System A) (8M2A)
TEMP indicator (System B) (8M2B)
TEMP MONITOR selector switch (18S2)

TEMP/PRESS MON selector switch (8S19)

TEST/MONITOR selector switch (1"7S8)

THR CONT switch (1311)
Throttle/jets select lever (CDR) (1H1)
Throttle/jets select lever (LMP) (1H2)

THRUST indicator (9M7)

Thrust/translation controller (CDR) (1X1).
Thrust/translation controller (LMP) (1X2)

TRACK MODE switch (1453)

TRACKER condition indicator (3DS12)

TTCA,/TRANSL srvitches (CDR & LMP) (1S20) (1522)

-u-

UPLINK ACTY condition indicator (3DS1)

ECS
2

ECS
2

1

2

2

2

2

2

2

2

2

2

2

2

2

2
,
2

2

2

2

2

2

2

2

2

2

2

2

2

1

L2

l2
4
L

2

2

2

3

1

TTCA
TTCA

1

TTCA
TTCA

72

4

4

4

3-135
3-49
3-137
3-49
3 -15
3-35
3-36
3-36
J-O I

3-47
3-47
3-37
3-37
s-38
3-38
3-39
3-39
3-39
3-40
3-40
3-4L
3-42
3-42
3-48
3-48
3-42
3-43
3-43
3-43
3-44
3-44
3-45
3-45

3-21
3-1 09
3-1 10

3-67
3-19
3-62
3-35
3-35
3-62
3-46
3-56
3-23
3-143
3-143

3-L42
3-142
3-110
3 -69
3-67

3-67

Table 3-1. Controls and Displays - Alphabetical Index (cont)
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LMA?90-3-LM 3

APOLLO OPERATIONS HANDBOOK
CONTROLS AND DISPLAYS

Table 3-1. Controls and Displays - Alphabetical Index (cont)

L

L

L

NAME AND RtrFERENCE DESIGNATION PANEL
NO.

PAGE
NO.

-v-

VERB pushbutton (3S3)

VERB display indicator (3M2)

VHF A switch (CDR) (15AS2)

VHF A switch (LMP) (15852)
VHF A RCVR switch (13S10)

VHF A VOLUME thumbwheel (CDR) (15AR12)

VIIF
VHF
VHF
\rI{!'
VFIl.'

VHF

A VOLUME thumbwheel (LMP) 158R12)
A XMTR switch (1357)

selector switch (14SG)

B RCVR switch (13515) .

B switch (CDR) (15AS9) .

B switch (LMP) (15BS9)

VHr B VOLUME thumbwheel (CDR) (15AR13)
VHF B VOLUME thumbwheel (LMP) (158R13)
VHF B XMTR switch (13S12)

VOLTS indicator {4M2)
VOx SENS thumbwheel (CDR) (15AR8)

VOx SENS thumbwheel (LMP) (L5BR8)

VOX switch (CDR) (15A56)

VOX switch (LMP) (15856)

-w-

WATER QTY caution light (6DS39)

WATER SEP SEL valve (7HJ-0)

WATER TANK SELECT valve (7H14)

-x-

X-Pointer indicator {CDR) (9M2) .

X-Pointer indicator (LMP) (9M3).
X-Pointer Scale switeh (CDR) (9S17)

X-Pointer Scale switch (LMP) (9S18)

XMTR/RCVR switch (13S8)

X-TRANSL Switch (156)

-Y-

YAW control (1481) .

YAW indicator (14M4)

2

ECS
ECS

1

2

1

.t

t2
1

T2

t2

3-70
, 3-70

3-8?
3-105
3-10B
3-87
3-105
3-108
3-1 11

3-109
3-87
3-105
3-88
3-105
3-1 08

3-1 13

3-87
3-t-04
3-86
3-t04

3-34
3-139
3-135

3-16
3-50
3-L7
3-16
3-106
3-25

3-1 11

3-1 11

Mission LM 3 Basic Date 1 JANU. 1968 Change Date Page 3.1U3.12
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Location/
Ref Des

Name and Fosition Function Circuit
Breaker

Power
Source

Flemarks

Goes on if pressure in either ascent
helium tank drops below 3,000 psia
prior to staging or if blanket pres-
sure in fuel or oxidizer lines at
bipropeliant valves drops below 120
psia.

LTG: ANUN
DOCK,/
COMPNT
(panel 11

and/or panel
16)

CDR's
28-vdc
bus

LMPIS
2 8-vdc
bus

Light goes off when deadface switch
is actuated by separation of descent
and ascent stages, or by restora-
tion of fuel or oxidizer blanket
pressure.

Goes on if, after pressurization,
pressure in descent helium lines
downstream of regulators exceeds
260 psia or drops below 220 psia.

LTG: ANUN
DOCK/
COMPNT
(panel 11

and/or panel
16)

CDR's
28-vdc
bus

LMPrs
2 8-vdc
bus

Light goes off when nominal pres-
sure is restored or when ascent and
descent stages are separated.

Goes on if, before staging, descent
tanks contain fuel for only approxi-
mately 2 minutes of burning time.

LTG: ANUN
DOCK/
COMPNT
(panel 11

and/or panel
16)

CDRrs
28-vdc
bus

LMPrs
28-vdc
bus

This low-Ievel signal is enabled
only if descent engine-on command
is present.

Goes on if a-c voltage in control
electronics section of GN&CS is out
of tolerance.

LTG: ANUN
DOCK/
COMPNT
(panel 11

and/or panel
16)

CDRrs
2 8-vdc
bus

LMP's
2 8-vdc
bus

A-C voltage (28 volts, single-phase;
or 26 volts, 800 cps, three-phase)
is required. Light goes off when
GYRO TEST switch is placed in POS

RT or NEG RT position.

' Goes on if voltage of any d-c power
supply in CES is out of tolerance.

LTG: ANUN
DOCK/
COMPNT
(panel 11

and/or panel
16)

CDR's
2 8-vdc
bus

I,MPIS
28-vdc
bus

D-C power supply voltages are +15,

-15, +4.3, +6, and -6 volts. Light
goes on when GYRO TEST switch is
placed in POS RT or NEG RT
position.

Panel 1

6DS7

6D52

6DS3

6D54

6D56

WARNING LIGHTS

ASC PRESS (MPS)

DES REG (MPS)

DES QTY (MPS)

cES AC (GN&CS)

CES DC (GN&CS)

'.o

1Z
nl



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 1

(cont)

6DS8

6D59

6DS1O

6DSl1

AGs (GN&CS)

LGC (GN&CS)

ISS (GN&CS)

RCS TCA (RCS)

Goes on if any ASA power supply
fails or if fail signal is generated by
AEA test assembly.

LTG: ANUN
DOCK/
COMPNT
(panel 11

and/or panel
16)

CDRrs
28-vdc
bus

LMPrs
28-vdc
bus

Power supply voltages are +28 and
+12 volts dc, and 28 volts 400 cps.
Signal is inhibited when AGS STATUS
switch is set to OFF, Thermal
switch is in series with +12 vdc.
Switch opens at 150+5" F, closes at
130+5" F.

When AGS STATUS switch is moved
from OFF to STBY, AGS light
flashes and MASTER ALARM goes

on. When switch is moved from
STBY to OPR, AGS light goes on,
then off and MASTER ALARM goes

off.

Goes on if LGC power supplies,
counter, or scaler fail.

LTG: ANUN
DOCK,/
COMPNT
(panel 11

and/or panel
16)

CDR!s
2 8-vdc
bus

LMPIS
28-vdc
bus

Power supply voltages are 't-28, +74,
or +4 volts dc. Light goes off when
nominal voltage is restored or GUID
CONT switch is set to AGS.

Lights if failure of IMU, PIPA
during main engine thrusting, or
CDU occurs.

LTG: ANUN
DOCK/
COMPNT
(panel 11

and/or panel
16)

C]DRts

2 8-vdc
bus

LIVIP's
2 8-vclc
bus

Light goes off when GUID CONT
switch is set to AGS.

Goes on if there is primary coil
command to fire specific thruster,
but there is no chamber pressure at
that thruster. Goes on if opposing
collinear jets are on simultaneously

LTG: ANUN
DOCK/
COMPNT
(panel 11

and/or panel
16)

CDRts
28-vdc
bus

I,NIITI S

2 8-vclc
bus

Light is extinguished when thruster
pair or quad isolation valve asso-
ciated with failed TCA is closed.
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Locationf
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 1

(cont)

6DS12

6DS1 3

6DS14

6DSl 6

6DS1 7

RCS A REG (RCS)

RCS B REG (RCS)

DC BUS (EPS)

CABIN (ECS)

surr/rAN (Ecs)

Goes on when pressure senoed by
pressure tralsducer downstream of
system A pressure regulators ex-
ceeds 205 psia or drops below 165
psia.

LTG: ANUN
DOCK/
COMPNT
(panel 11

and/or panel
16)

CDRIS
28-vdc
bus

LMPrs
28-vdc
bus

Light is inhibited when SYSTEM A
MAIN SOV switch is set to CLOSE

Goe$ on when pressure sensed by
pressure transducer downstream of
system B pressure regulators ex-
ceeds 205 psia or drops below 165
psia.

LTG: ANUN
DOCK/
COMPNT
(panel 11

and,/or panel
16)

CDRrs
28-vdc
bus

LMP!s
2 8-vdc
bus

Light is inhibited when SYSTEM A
MAIN SOV switch is set to CLOSE

Goes on if d-c voltage drops below
26. 5 volts on either Commanderts
or LM Pilotr s d-c bus.

LTG: ANUN
DOCK/
COMPNT
(panel J.1

and/or panel
16)

CDR's
28-vdc
bus

LMPrs
28-vdc
bus

Light goes off when nominal voltage
is restored,

Goes on if cabin pressure drops
below 4.15*0.15 psia.

LTG: ANUN
DOCK/
COMPNT
(panel 11-

and/or panel
16)

CDRrs
28-vdc
bus

LMPrs
28-vdc
bus

Light goes on when cabin pressure
is restored to 4.8 psia, It does not
light during intentional cabin de-
pressurization.

Goes on if pressure within suit
drops below 3.12 psia or if suit
circulating fan No, 2 fails.

LTG: ANUN
DOCK/
COMPNT
(panel 11

and/or panel
16)

CDR!s
28-vdc
bus

LMPts
2 8-vdc
bus

Light goes on when nominal suit
pressure is restored.
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Power
Source

RemarksName and Position Function Circuit
Breaker

Location/
Rel Des

MISSiON TIMER indicator Displays digital readout of elapsed
time in hours, minutes, and seconds
Indicator is controlled with TIMER
CONT and SLEW CONT switches.
Maximum time displayed is 999

hours 59 minutes 59 seconds.

FLIGHT
DISPLAYS:
MISSION
TIMER
(panel 11)

CDlt!s
2 8-r,dc
bus

MISSION TIMER indicator can only
count up.

EVENT TIMER indicator Displays digital readout of time.
(0 minutes 0 seconds to 59 minutes
59 seconds, or 59 minutes 59

seconds to 0 minutes 0 seconds).
EVENT TIMER is controlled with
RESET/COUNI switch, TIMER
CONT switch, SLEW CONT MIN
switch, and SLEW CONT SEC

s\Mitch.

FLIGHT
DISPLAYS
EVENT
TIMER,/
SE FDAI
(panel 16)

LMPrs
2 8-vdc
bus

EVENT TIMER indicator can count
up or down. If it fails, MISSION
TIMER indicator can be used.

X-Pointer indicator Displays forward and lateral veloc-
ities, Iateral velocities only, or
rendezvous radar LOS elevation and

azimuth angular rates, depending
upon setting of RATE/ERR MON
switch and MODE SEL switch.

FLIGHT
DISPLAYS:
X-PNTR
(panel 11)

CDRrs
2 8-vclc
bus

Forward and lateral velocities are
coincident with LM Z and Y body
axis velocities when PGNS drives
display. When LR drives display,
forwaid and lateral velocities are
coincident with LM Z and Y axes
(from hi-gate point to touchdown).
When AGS drives display, lateral
Y-axis velocity only is displayed.
When RR is selected, LOS rates are
displayed.

N/A N/A Light goes off when either engine
STOP switch is pressed.

LUNAR CONTACT light Lloth lights (red) go on u''hen pt:obc(s)
on landing gcar touches lLLnat sur'-
lace, to indicate that descent cn1,;inc:

shoulcl be turned off.

llanel 1

(cont)

9M11

9M2

1DS1

9M12

e C



Location/
Ref Des

Name and Position Function C ircuit
Breaker

Power
Source

Remarks

Panel 1

(cont)

9S1 7

9M7

X-POINTER SCALE switch

HI MULT

LO MULT

Controls scale range of X-pointer
indicator.

When LOS azimuth and elevation
rates are displayed, this position
provides a scale of +20 mrad,/sec.
When horizontal velocities are
displayed, this position illuminates
the X10 multiplier to provide range
of +200 fps.

When LOS azimuth and elevation
rates are displayed, this position
illuminates the X. 1 multiplier to
provide a range of +2 mrad/sec.
When horizontal velocities are
displayed, this position provides
range of *20 fps.

N/A N/A

THRUST indicator Displays descent engine chamber
pressure, which corresponds to
thrust (left polnter) and manual or
LGC thrust commands to the engine
(right pointer). Both scales read
frorn 070 to l00c/a. Automatic or
manual throttle commands can be

displayed, depending on setting of
THR CONT srvitch. The CMD
(right) scale indicates 1.07c thrust
command at all times, even when
engine is not firing because indi-
cator input is not thrust command
input to engine unless the enginc is
on and TTCA is at minimum position

Thrust command to engine, when
GUID CONT switch is set to PGNS,

is sum of thrust commands from
LGC and TTCA. TTCA provides a

minimum thrust command 1070 at aI1

times; it canuot be set to zero.
When THR CONT switch is set to

CDRrs
2 8-vdc
bus

Normally, during LGC command
authority, both poinl.ers will be

aiigned. If not, a malfunction exists
or manual throttle attthority is being
introduced to enable smooth transi-
tion to lull manual control. If rnan-
ual control is dersirecl, THR OONT
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 1

(cont)

1OM5A

1OM5B

10Ml

AUTO position, and TTCA is at
minimum position, LGC commands
1070 less than required and is
summed with 10% command from
TTCA to provide required thrust
level. When THR CONT switch is
set to MAN, LGC commands are
removed and all thrust commands
originate from TTCA.

switch is set to MAN when CMD
pointer reaches 1070; pointers will
then realign.

If TTCA control is moved beyond
minimum thrust position, LGC
commands correspondingly les s
thrust. It is, therefore, possible
to command more thrust than LGC
requires, but not possible to com-
mand less.

MAIN PROPULSION QUANTITY
indicators

OXIDIZER

FUEL

Indicate quantity of usable propel-
lant remaining in descent tanks.

AC BUS B
He PQGS

PROPUL
DISP
(parel 11)

CDRrs
115-vac
bus B

Quantity gage is accurate from 0?o

to 9590.

Displays digital reaclout of perccnt-
age (0% to .91)ok) oI usablc oxidizcr
remaining in dcsccnt tanks, as

selected with I'RPLN I' QTY MON
switch.

Displays digital readout of percent-
age (\Va to 95Vo) of usable fuel
remaining in descent tanks, as se-
lected with PRPLNT QTY MON
switch.

HELIUM indicator Indicates supereritical helium pres-
sure (0 to 1,750 psia) of descent
cryogenic storage vessel, ambient
pressure of descent helium bottle
(0 to 1,250 psia), and ambient
temperature (-120o to +140o F) or
pressure (0 to 3,500 psia) of ascent
helium tanks, as selected with
HELIUM MON switch.

AC BUS B
He PQGS

PROPUL
DISP

hanel 11)

CDR!s
1 1 5-vac
bus B
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Location/
Ref Des

Name and Position Circuit
Breaker

Fower
Soulee

Flemarks

Panel 1

(cont)

10M4

10M3

6S2

9S2

TEMP indicator Indicates fuel and oxidizer tempera-
ture (+40o to +100" F) for ascent or
descent propellant sections, as
selected with PRPLNT TEMP/
PRESS MON switch.

N,/A N/A

PRESS indicator Ind:icates fuel and .oxidizer pressures
(0 to 300 psia) for ascent or descent
propellant sections, as selected
With PRPLNT TEMP/PRESS MON
switch.

PROPUL:
TEMP/
PRESS
DISP-FLAGS
(partel 16)

LMPIS
28-vdc
bus

MASTE R ALARI,I pushbutton,/light

Audible tone

Lights flash when any caution or
warning light goes on.

Initiatccl in conjunction with
MAS'I'EIt ALAITM switch-light and
caution/warning array light(s).

I,TG:
MASl'ER
ALARM
(panel 16)

LMP's
2 8-vdc
bus

Pressing Commanderrs or LM
Pilots switch-light extinguishes both
MASTER ALARM lights ard termi-
nates audible tone, but has no ef-
fect on caution or warning light(s).

RATE,/ERR MON SWitCh

RNDZ RADAR

LDG RDR/CMPTR

Selects inputs for IIDAI and X-
pointer indicator.

Shaft and trunnion angles from the
RR are displayed by pitch and yaw
error needles of FDAI; LOS azimuth
and elevation rates are displayed on
X-Pointer indicator (illuminating
LOS AZ and LOS ELEV).

Vehicle attitude errors (PGNS or
AGS as seleeted with ATTITUDE
MON switch) are displayed by FDAI
error needles. Forward and lateral
velocities from the LR (PGNS or
AGS as selected with MODE SEL
switch) are displayed on the X-
pointer indicator (illuminating LAT
VEL and FWD VEL).

N/A N/A When switch is set to LDG RDR,/

CMPTR, data input is dependent
upon settings of MODE SEL and

ATTITUDE MON switches.

AGS provides only lateral velocity
data.

Function
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Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 1

(cont)

9S3

9M1

9M9

ATTITUDE MON switch

PGNS

AGS

Selects input for FDAI total attitude
display and input for attitude error
needles during landing.

LM total attitude signals, after
conditioning by GASTA are fed to
FDAI ball; LGC attitude error sig-
nals are fed to FDAI pitch, roll, and
yaw error needLes.

AGS LM total attitude signals are
fed to FDAI ball; AGS attitude error
signals are fed to FDAI pitch, ro11,

and yaw error needles.

N/A N/A The input is dependent on whether
PGNS or AGS is controlling system

Flight director attitude indicator
(FDAI)

Displays total vehicle attitudes, at-
titude rates and attitude errors, or
vehicle attitude, attitude rates, and

RR shaft and trunnion angles, de-
pending on setting of RATE/ERR
MON switch,

Setting ATTITUDE MON switch
selects PGNS or AGS as source of
velr-icle total attitude and attitude
errors displayed on FDAL Shaft
and trunnion angles are displayed by
pitch and yaw error needles, re-
spectively, when RATE/ERR MON
switch is set to RNDZ RADAR.

AC BUS A:
CDR FDAI
and FLIGHT
DISPLAYS:
CDR FDAI
(panel 11)

CDRrs
2 8-vdc
bus

CDRIs
115-vac
bus A

Attitude rates displayed are always
obtained from CES rate gyro as-
sembly.

Altitude/range indicator Displays range/range rate data or
altitude/altitude rate data as se-
lected with RNG/ALT MON switch.

Range/range rate data are from RR.

Altitude,/altitude rate data are from
LR, PGNS, or AGS, as selected
with MOD SEL switch. When LR
data is selected, true altitude and

altitude rate data are available from

FLIGHT
DISI)LAYS:
riNG/RNG
RT ALlr/
AL'f RT and
AC BUS A:
RNG/ITNG
TTT ALT/
ALT RT
(panel 11)

CDR's
28-vdc
bus

CDRrs
115-vac
bus A
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Locatlon/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 1

(cont)

9M4

9S6

9S9

low-gate point to touchdown if LM
X-axis is vertical. Before reach-
ing low-gate point, only true altitude
data are available from LR. When
PGNS or AGS is selected, inertially
derived altitude and altitude rate
data are available for display.

T/w indicator Displays instantaneous X-axis
acceleration in lunar g units (1 lunar
g unit 5.23 ft/sec'\.

N/A N/A Indicator, a self-contained acceler-
ometer, may be used to provide a

gross check of engine performance,
because any given throttle setting
provides specific acceleration when
the vehicle has given mass.

GUID CONT switch

PGNS

AGS

Selects PGNS or AGS for guidance
control mode of LM.

Provides 800-cps power to activate
ACA and TTCA, proportional rate
command inputs to LGC from ACA,
LGC engine on-off signals, descent
engine gimbal trim command outputs
from LGC, translation on-off com-
mands from TTCA. enabling signals
for primary preamplifiers of ATCA,
and applies follow-up signal to AEA.

Provides 800-cps power to activate
ACA and TTCA, proportional rate
commands to ATCA from ACA, AGS
mode trim command, and enabling
signals to the abort preamplifiers of
ATCA.

N/A N/A

When AGS mode is selected, PGNS
remains operational. PGNS data
may be displayed if desired.

MODE SEL switch Selects radar or computer data for
display on X-Pointer and altitude/
range indicators.

N/A N/A Data from selected source are dis-
played on appropriate horizontal
velocity indicator only when RATE/
ERR MON switches are set to LDG
RDR/COMPTR. Data from selected



Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 1

(cont)

9s4

9S8

LDG RADAR

PGNS

AGS

Radar altitude, altitude rate, and
forward and lateral velocity are
displayed.

LGC-computed altitude, altitude
rate, and forward and lateral
velocitv are displayed.

AGS-computed altitude, altitude rate
and lateral velocity are displayed.

source ate displayed on altitude/
range indicatorS only when RNG,/
ALT MON switch is set to ALTI
ALT RT.

RNG/ALT MON Switeh

RNG/RNG RT

ALTIALT RT

Selects display legend on altttude/
raage indicator and displays RR
range/range rate data or LR or
computer altitude/altitude rate data.

RR range and range rate data are
displayed on altitude/range indi-
cator.

Data from source selected with
MODE SEL switch are displayed on
altlttde / r ange indi c ator.

N/A N/A

SHFT/TRUN g switch

+50 
o

Selects range of RR shaft and trun-
nion angles to be displayed by FDAI
pitch arrd yaw error needles when
either RATE/ERR MON switch is set
to RNDZ RADAR.

Ilull cicllcction of I|DAI pitch and

-yaw crror necdles indicates shaft
and trunnion angles of +50" or -50"
or grca.ter.

FLIGHT
DISPLAYS:
CDR FDAI
(panel 11)

CDRrs
28-vdc
bus

Less -than-fu11-defl ection positions
of needles are linearly proportional
to shaft and trunnion angles less
than +50o or -50o.
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Name and Position Function Circuit
Breaker

Power
Source

Panel 1

(cont)

9529

351

1511

+b Full deflection of FDAI pitch and yaw
error needles indicates shaft and
trunnion angles of +5o or -5o or
greater.

Les s-than-full-defl ection pos itions
of needles are linearly proportional
to shaft and trunnion angles less
than +5 0r -5

RATE SCALE Switch

25" /sec

5 /SeC

Selects scale factors of roll, pitch,
and yaw rate scales of FDAI.

Selects 25o per second full scale
for rate scales.

Selects 5" per second full scale for
rate scales.

N/A N/A

IMU CAGE switch

ON

OFF

Aligns inner, outer, and middle
gimbals to Y, X, and Z bod.y axes,
respectively. Used to avoid gimbal
lock condition.

Enables IMU cage mode of opera-
tion.

Disables IMU cage mode of opera-
tion.

N/A N/e Switch must be set t<.r ON, to prop-
erly use ORDEAL.

ENGINE THRUST CONT switches

THR CONT switch

AUTO

Permits switching from automatic
(LGC) throttle control to manual
throttle control.

LGC command signals are summed
with manual command signals of
throttles selected with MAN THROT
switch for descent engine throttle
control. TTCA always provides
minimum 1070 command; it cannot be
set below this level.

STAB/CONT
ENG ARM
(panel 11)

CDRTS

28-vdc
bus

Whenswitch is settoAUTO, THRUST
indicator displavs LGC command
plus 1070 fixed bias which is summed
with LGC signal to compensate for
this 107r,. Manual throttle commands
may be introduced b.y displacing
active TTCA. This causes displayed
7o THRUST CMD to decrease because
only LGC commands plus fixed bias
are displayed.

Remarks



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel l-

(cont)

1510

151

MAN

MAN THROT switch

CDR

ENG ARM switch

ASC

OFF

DES

Interrupts LGC throttle commands
insuring that descent engine throttle
is fed,only by manual throttle com-
mand signals.

THRUST indicator displays manual
throttle commands.

Selects thrust/translation controller
for manua"l adjustment of descent
engine thrust level, if comesponding
THROTTLE-JETS control select
lever is set to THROTTLE. This
switch also routes manual throttle
commands from controller to DECA.

Enables Commanderts thrust/trans-
lation controller to adjust descent
engine thrust Ievel.

Enables LM Pilotts thrust/transla-
tion controller to adjust descent
engine thrust level.

N/A N/A

Provides arming signals to engines

Provides arming signal to enable
firing of ascent engine and simul-
taneously signals LGC that engine is
armed.

Removes arming signal from engine
valves and LGC.

Provides arming signal to enable
firing descent engine and simul-
taneously signals LGC that engine is
armed.

STAB,/CONT
ENG ARM
(panel 16)

LMP!S
2 8-vdc
bus

Regardless of switch setting, ap-
propriate engine is armed if
ABORT or ABORT STAGE switches
are actuated.
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Power
Source

Panel l
(cont)

156

159

1 0s3

X-TRANSL switch

4 JETS

2 JETS

Selects number of jets fr.rr X-axis
translation maneuvers.

Provides four jets for X-axis trans-
lation maneuvers.

Provides two jets for X-axis trans-
lation rnaneuvers-

STAB/CONT:
ATT DIR

@anel 11)

CDR!s
2S-vdc
bus

This control can only bc used u,ith
AGS.

BAL CPL switch

ON

OFF

Selects either balanced pairs of RCS
jets in a couple or unbalanced X-
axis RCS jets to maintain pitch and
roll attitude during ascent engine
thrust phase when AGS is in guidance
control loop.

Applies 28-vdc enable voltage to
abort preamplifiers 1, 5, 9, 13.

Removes enable voltage from arbort
preamplifiers 1, 5, 9, 13.

Ilsed onlv in conjunction lvith AGS.

Normally in this position (balanced
couples) during initial phases of
ascent, for maximum stablli.zation
and control of any center-of-gravity
thrust vector misalignment.

After some minimum burn time
when balanced-couple operation is
not required, switch can be set to
OFF to conserve fuel.

ASCENT He REG 1 switch

OPEN

Center

CLOSE

Selects inputs to normally open,
latching solenoid-operated helium
valve upstream of primary pressure
regulator.

Energizes solenoid that drives
helium valve to open position.

Removes solenoid excitation; valve
remains in last commanded position.

Energizes solenoid that drives
helium valve to closed position.

PROPUL:
ASC He REG
(paneL 16)

LMPrs
28-vdc
bus

Switch is spring loaded to center
position.

Gray talkback is displayed when
valve is open.

Barber-po1e talkback is displayed
when valve is closed.

Remarks



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Rernarks

Panel 1

(cont)

1OFL1

10M

lOFLz

ASCENT He REG 1 talkback

Gra.y display

Barber-pole display

Indicates helium primary line sole-
noid valve controlled by ASCENT He
REG 1 switch is open.

Indicates helium primary line sole-
noid valve controlled by ASCENT He
REG 1 slitch is closed.

PROPUL:
TEMP/
PRESS
DISP-FLAGS
(panel 16)

LMPrs
28-vdc
bus

ASCENT He REG 2 switch

OPEN

Center

CLOSE

Selects inputs to normally open
latching solenoid-operated helium
valve upstream of secondary pres-
sure regulator.

Energizes solenoid that drives
helium valve to open position.

Removes solenoid excitation; valve
remains in last commanded position.

Energizes solenoid that drives
helium valve to closed position.

PROPUL:
ASC He REG

@anel 16)

LMPrs
28-vdc
bus

Switch is spring loaded to center
position

Gray talkback is displayed when
valve is open.

Barber-pole talkback is displayed
when valve is closed.

ASCENT He REG 2 talkback

Gray display

Barber-pole display

Indicates helium secondary line sole-
noid valve controlled by ASCENT He

REG 2 switch is open.

Indicates helium secondarv line
solenoid valve controlled by ASCENT
He REG 2 switch is closed.

PROPUL:
,I'EMP,/

PRESS
DISP_FLAGS
(panel 16)

LMPrs
28-vdc
bus
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Ref Des

Name and Position Function Circuit
Breaker

Power
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Remarks

Panel 1

(cont)

10 s5

1OFL3

10s7

DESCENT He REG 1 switch

OPEN

Center

CLOSE

Selects inputs to normally open,
latching solenoid-operated helium
valve upstream of primary pressure
regulator.

Energizes solenoid that drives
helium valve to open position.

Removes solenoid excitation; valve
remains in last commanded position.

Energizes solenoid that drives
helium valve to closed position.

PROPUL:
DES He REG
(panel Ll)

CDRrs
28-vdc
bus

Switch is spring loaded to center
position,

Gray talkback is displayed when
valve is open.

Barber-pole talkback is displayed
when valve is closed.

DESCENT He IIEG 1 talkback

Gray display

Barber-po1e display

Indicates helium primary line sole-
noid valve controlled by DESCENT
He REG 1 switch is crpcu.

lndicates helium primary line sole-
noid valve controlled by DESCEN'I
He REG 1 switch is closed.

PROPUL:
.IEi[trP/

PRESS
DISP-FI,AGS
(panel 16)

LMPrs
28-vdc
bus

DESCENT He REG 2 switch

OPEN

Center

CLOSE

Selects inputs to normally closed,
latching solenoid-operated helium
valve upstream of secondary pres-
sure regulator.

Energizes solenoid that drives
helium va"lve to open position.

Removes solenoid excitation; valve
remains in last commanded position.

Energizes solenoid that drives
helium valve to closed position.

PROPUL:
DES He REG
(panel 11)

CDRts
28-vdc
bus

Switch is spring loaded to center
position.

Gray talkback is displayed when
valve is open.

Barber-pole talkback is displayed
when valve is closed.
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Ref Des

Name and Position Function Circuit
Breaker

Power
Source
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Panel 1

(cont)

10Ft4

1513

1 S14

DESCENT He REG 2 talkback

Gray display

Barber-pole display

Indicates helium secondary line
solenoid valve controlled by
DESCENT He REG 2 switch is open.

Indicates helium secondary line
solenoid valve controlled by DE-
SCENT He REG 2 switch is closed

PROPUL:
TEMP/
PRESS
DISP-FI,AGS
(pane1 16)

LMPIS
28-vdc
bus

ABORT pushbutton Actuated to initiate abort, using
descent engine. Reset by pressing
a second time.

STAB/CONT:
ENG CONT
(panel 11)

CDRIS
2 8-vdc
bus

Actuation of switch causes following
events to occur at appropriate
times: command signal is sent to
arm descent engine; signal is sent,
via instrumentation to telemetry, to
indicate that LM is preparing for
abort; and signal is sent to LGC and
AGS to compute and execute abort
trajectory, using abort program.
ABORT pushbutton does not enable
descent engine pressurization.

ABORT STAGE pushbutton Actuated to initiate abort, using onlv
ascent engine. Reset by prcssing a

second time.

STAB,/CONT:
ABORT
S'I'AGE
(panel 11 and
panel 16)

CDRrs
2 8-vdc
bus

LMPIS
28-vdc
bus

Actuation of switch arms the ascent
engine. The AGS enters semiauto-
matic submode. Vehicle is reorien-
ted to proper attitude. AGS con-
tinues to command engine off. -vVhen

ullage A V is attained, AGS issues
engine-on command, which initiates
staging sequence and ignites ascent
engine. When engine-on verifica-
tion is received, AGS enters attitude
hold submode for prescribed time
(1 to 10 seconds), then enters guid-
ance steering submode. WhenAVgx
falls below threshold, AGS issues
engine-off command and enters atti-
tude hold submode (So at address 400

set to zero). Ascent engine is subse-
quently cutoff (after CES delays and

ICe
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Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 1

(cont)

10s8

10 s1

thrust tail-off). AGS continues to
command engine off. (PGNS is
capable of this operation if LGC is
provided with ABORT STAGE soft-
ware. )

PRPLNT QTY MON switch

DES 1

DES 2

OFF

Selects inputs to oxidizer and fuel
quantity indicating devices in de-
scent propellant tanks.

Enables discrete outputs from
quantity gaging sensor probes of
oxidizer tank No. 1 and fuel tank
No. 1 to QUANTITY indicators.

Enables discrete outputs from
quantitv gaging sensor probes of
oxidizer tank No. 2 and fuel tank
No. 2 to QUANTITY indicators.

Removes d-c power from gaging
system; quantities are not displaycd
on QUANTITY indicators.

AC BUS B:
He PQGS

PROPUL
DISP
(panel 11)

CDRIS
1 1 5-vac
bus B

Switch permits monitoring quantity
oI oxidizer and fuel remaining in
descent tanks.

PRPLNT TEMP,/PRESS MON
switch

ASC

DES 1

DES 2

Selects inputs to propellant temper-
ature- and pressure-indicating
devices in ascent or descent propel-
lant tanks.

Connects output of temperature and
pressure sensors in ascent propel-
lant tanks to TEMP and PRESS in-
dicators.

Connects output of temperature and
pressure sensors in descent propel-
lant tank No. 1 to TEMP and PRESS
indicators.

Connects output of temperature and
pressure sensors in descent propel-
lant tank No. 2 to TEMP and PRESS

indicators.

PROPUL:
TEMP/
PRESS
DISP-FLAGS
(panel 16)

LMPrs
2 8-vdc
bus

Switch permits monitoring propel-
lant tank temperatures and pres-
SUIES.



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 1

(cont)

10 s6 HELIUM MON selector switch

OFF

DES AMB PRESS

DES SUPCRIT PRESS

ASC TEMP ].

ASC TEMP 2

ASC PRESS 1

ASC PRESS 2

Removes power from HELIUM
indicator; values are not displayed.

Connects output of pressure sensor
in descent ambient helium bottle to
HELIUM indicator.

Connects output of pressure sensor
in descent cryogenic storage vessel
to HELIUM indicator.

Connects output of temperature
sensor in ascent helium tank No. l-

to HELIUM indicator.

Connects output of temperature
sensor in ascent helium tank No. 2

to HELIUM indicator.

Connects output of pressure sensor
in manifold downstream of ascent
helium tank No, 1 and upstream of
explosive valve to HELIUM indi-
cator.

Connects output of pressure sensor
in manifold downstream of ascent
helium tank No. 2 and upstream of
explosive valve to HELIUM indi-
cator.

N/A 115-vac
bus

Switch permits monitoring super-
critical helium pressure of descent
cryogenic storage vessel, ambient
temperature or pressure of ascent
helium tanks, and ambient pressure
of descent helium bottle.
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Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

F[,emarks

Panel 2

6DS21

6D522

6DS23

6DS25

CAUTION LIGHTS

ASC HI REG (MPS)

ASC QTY (MPS)

GDA/RCCA (MPS)

PGNS (GN&CS)

Goes on if helium pressure down-
stream of regulators in ascent
helium lines exceeds 220 psia.

LTG: ANUN
DOCK/
COMPNT
(panel 11

and/or panel
16)

CDRrs
28-vdc
bus

LMPts
2 8-vdc
bus

Goes off when pressure is reduced
to nominal values.

Goes on if fuel or oxidizer in ascent
tank is sufficient for only 10-second
burn.

LTG: ANUN
DOCK/
COMPNT
(panel 11

and,/or panel
16)

CDRrs
28-vdc
bus

LMPrs
2 8-vdc
bus

Signal permits manual shutdown of
ascent engine to avoid explosive po-
tential, resulting from depletion of
lucI before oxidizer or vice vcrsa.
If light goes on, ascent engine
thrusting is not available for mid-
course correction or rendezvotrs
braking.

Lights if difference between gimbal
drive signal and gimbal response
from Y- or Z-axis trim function is
sensed and if ascent engine rough
combustion cutoff has occurred.

LTG: ANUN
DOCK/
COMPNT
(panel 11

and/or panel
16)

CDRrs
2 8-vdc
bus

LMPrs
28-vdc
bus

GDA signal is enabled only when de-
scent engine is armed and is dis-
abled after separation of ascent and
descent stages.
RCCA light is extinguished when
RCCA switch is set to oFF,/RESET.

Goes on if any of following conditions
are sensed:

(a) middle roll gimbal angle ex-
ceeds 160" (gimbal lock).

(b) IMU temperature deviates r5o
from normal.

(c) AND of RR operate and CDU
fail.

(d) AND of RR track enable and
data-not-good.

LTG: ANUN
DOCK,/
COMPNT
(panel 11

and/or panel
16)

CDRrs
28-vdc
bus

LMPrs
28-vdc
bus

Goes off when GUID CONT switch is
set to AGS or DSKY RSET push-
button is plessed.



Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

PaIIel 2

. (cont)

6D326

6DS27

6DS2 8

INVERTER (EPS)

BATTERY (EPS)

RNDZ RDR (GN&CS)

(e) AND of LR data not good and
LR antenna in descent or hover
position or data-good signal with
ambiguous antenna position sig-
naI.

(f) program alarm lailure.

(g) LGC restart.

(h) PIPA failure during non-
thrusting periods.

Goes on if a-c bus voltage is less
than 112 volts, or if a-c bus fre-
quency is less than 398 cps or ex-
ceeds 402 cps.

LTG:ANUN
DOCK/
COMPNT
(panel 11

and/or panel
16)

CDRrs
2 8-vdc
bus

LMPrs
28-vdc
bus

Light goes off when within-tolerance
conditions are restored or when AC
PWII srvitch is set to OI'F

Goes on if overcurrent, reverse
current, or overtemperature oc-
curs in any descent or ascent
battery.

LTG: ANUN
DOCK/
COMPNT
(panel 11

and/or panel
16)

CDRrs
2 8-vdc
bus

LMPrs
28-vdc
bus

Light goes off when nomina"l con-
ditions are restored, or if affected
battery is turned off.

Goes on iI RII data-not-good con-
dition occurs.

LTG: ANUN
DOCK/
COMPNT
(panel 1L

and/or panel
rb)

CDRrs
28-vdc
bus

LMPts
2 8-vdc
irus

Signal is enabled only when rendez-
vous radar selector slvitch is set to
AUTO TRACK. Light goes off when
data-good condition is restored or
RR is turned off.
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Ref Des

Name and Position Function C ircuit
Breaker

Power
Source

Remarks

Panel 2

(cont)

6DS2 9

(iDS30

6DS32

(iDSs3

6DS:]4

LDG RDII (GN&CS)

PRE AMPS (RCS)

RCS

I

HEATER

c/w PwR (cwEA)

Goes on if LR range data are not
good or if velocit5r data are not good

LTG: ANUN
DOCK/
COMPNT
(panel 11

and/or panel
16)

CDR's
2 8-vdc
bus

LNIPTS

2 8-vdc
bus

Liglrt goes off u'hcn range :rnc[ r,e-
l,rcil5 detit-guod conditiurt is
restored.

Goes on if either of two parallel
redundant -4.7-volt d-c regulated
power supplies that provide power to
RCS jet preamplifiers are out of
tolerance -

LTG: ANUN
DOCK,/
COMPNT
(panel 11

ar-rd/or panel
16)

CDR'S
2 8-vdc
bus

LMPrs
2 8-vdc
bus

Light gocs off u,hcn DES BA'IS
switch is scrt to DI,i;\DFACII r>r

ABORT pushbutton is presscd.

Goes on if pressure of helium tank
in system A or B drops below 1,700
psia.

LTG: ANUN
DOCK/
COMPNT
(pancl 11

and/or pancl
l (i)

CDRts
28-vdc
bus

LMP!s
2S-vdc
bus

Light goes off when both helium
regulator shutoff valves of affected
system are closed,

Goes on if out-of-tolerance tempera-
ture exists in RCS thruster quad, RR
assembly, LI-l antenna assembly, or
S-band steerable antenna.

LTG: ANUN
DOCK/
COMPNT
(panel 11

and/or panel

16)

CDRts
28-vdc
bus

LMP's
2 8-vdc
bus

Goes on if anj, yegulalccl porvcr
supplv fails.

LTG: ANUN
DOCK/
COl\{PNT
(>ernel 11

ancl/or panel
1 (;)

CDII'S
2 E-vclc
bus

LX{P's
2 8-vdc
bus

Light goes off rvhen norrnal polver
is restored t<; CWEA. Regulated
po\ver: +23, --9, +4, and -3 volts.



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 2
(cont)

6D536

6DSS7

6DS38

6DS39

8M4

ECS

02 QrY (ECs)

GLYCOL (ECS)

WATER QTY (ECS)

Goes on if glycol pump L or 2 fails,
C02 partial pressure exceeds
7.6 mm Hg, water separator fails,
or suit fan No. 1 fails.

LTG: ANUN
DOCK/
COMPNT

@anel 11

and/or panel
16)

CDRrs
28-vdc
bus

LMPrs
28-vdc
bus

Light goes off when glycol pump
pressure is restored, followed by
momentarily setting GLYCOL switch
to appropriate pump position; nom-
inal water separator speed is re-
stored; or suit fan No. 2 is selected.

Goes on if pressure in descent
oxygen tank drops below 135 psia,
if less-than-full pressure (less than
684 psia) occurs in either ascent
oxygen tank, or iI pressure in
ascent tank No. 1 is less than 100
psia.

LTG: ANUN
DOCK/
COMPNT

@anel 11

and/or panel
16)

CDRrs
28-vdc
bus

LMP's
28-vdc
bus

Light goes off when o2/H2O qTY
MON switch is set to C/'W RESET
momentarily. Descent tank low-
pressure signal and ascent tanks
less-than-full signals are inhibited
after staging.

Goes on if quantity of glycol in
primary coolant loop is low or if
primary-Ioop glycol temperature,
sensed at glycol water evaporator
outlet, is high.

LTG: ANUN
DOCK/
COMPNT
(panel 11

and/or panel
16)

CDRrs
2S-vdc
bus

LMP's
28-vdc
bus

Both signals are inhibited after
GLYCOL switch is set to INST (SEC)

and GLYCOL PUMP SEC circuit
breaker (panel 16) is pressed. If
lit due to high-temperature condi-
tion, goes off when nominal tem-
perature level is restored.

Goes on if quantity in descent water
tank drops below 1670 oI capacity, if
Iess-than-full condition occurs in
either ascent water tank, or if levels
in ascent tanks are unequal.

LTG: ANUN
DOCK/
COMPNT
(panel 11

and/or panel
16)

CDR's
2 8-vdc
bus

LMPrs
28-vde
trus

Light goes off rvhen O2ilHZO QTY
MON switch is set to C,/W RESET
momentarily. Descent tank low-
Ievel signal and ascent tanks less-
than-full signals are inhibited after
staging.

QUANTITY indicator Continuously indicates quantity
(percentage) of propellant remaining
for RCS

RCS: PQGS
(panel 16)

LMPrs
28-vdc
bus
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Loeatlon/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 2

(cont)

8M2

8M1

8S8

TEMP indicator Indicates temperature (+20o to
+1200 F) of fuel tanks of systems A
and B, as selected with TEMP/
PRESS MON selector switch.

RCS: TEMP,/
PRESS
DISP-FLAGS
(panel L6)

LMPi2
28-vdc
bus

Indicator consists of trvo fixed dials
and vertical movable pointers, Dis-
played information is determined by
setting of TEMP/PRIISS MON
selector switch.

PRESS indicator Indicates pressure (0 to 3,500 psia)
of helium tank, helium regulator,
and of fuel or oxidizer manifolds of
systems A and B, as selected with
TEMP/PRESS MoN selector switch.

RCS: TEMP,/
PRESS
DISP-FLAGS
(panel 16)

LMPrs
2 8-vdc
bus

Same as TEMP indicator

SYSTEM A ASC ITIIED L switch

ASC FEED 1

Center

CLOSE

Selects inputs to two latching sole-
noid-operated interconnect valves in
ascent propellant line, which control
flow of propellant from ascent pro-
pulsion tanks.

Energizes solenoids that drive
ascent propellant interconnect
valves to open position.

Removes solenoid excitation.

Energizes solenoids that drive
ascent propellant interconnect
valves to closed position,

RCS SYS A:
ASC TEED 1

(panel 11)

CDR'S
28-vdc
bus

Switch is spring-loaded to center
position. In event of RCS malfunc-
tion, ascent propulsion section can
supply propellant to 8 or 16 TCArs,
while traveling in +X-direction
(positive gts) during ascent phases,
This carr be accomplished by setting
ASC FEED 1 switch for system A or
B, or both, to ASC FEED L and

MAIN SOV switch for system A or
B, or both, to CLOSE. (ASC FEED
2 switch must be set to ASC FEED
2.)

Grav talkback is displayed when
interconnect valves are open.

Inter:connect valves remain in iast
commanded position.

Barber-pole talkback is displayed
when interconnect vafves are
closed.



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 2
(cont)

8522

8FL6

SYSTEM A ASC FEED 2 switch

ASC FEED 2

Center

CLOSE

Selects inputs to two latching
solenoid-operated interconnect
valves in ascent propellant line,
which control flow of propellant from
ascent propulsion tanks.

Energizes solenoids that drive
ascent propellant interconnect
valves to open position.

Removes solenoid excitation.

Energizes solenoids that drive
ascent propellant interconnect
valves to closed position.

RCS SYS A:
ASC FEED 2

(panel 11)

CDRIS
2 8-vdc
bus

Switch is spring-loaded to center
position. In event of RCS malfunc-
tion, ascent propulsion section can
supply propellant to 8 or 16 TCA!s,
while traveling in +X-direction
(positive gts) during ascent phases.
This can be accomplished by setting
ASC FEED 2 switch for system A or
B, or both, to ASC FEED 2 and
MAIN SOV switch for system A or
B, or both, to CLOSE. (ASC FEED
1 switch must be set to ASC FEED
1. )

Gray talkback is displayed when
interconnect valves are open.

Interconnect valves remain in last
commanded position.

Barber-pole talkback is displayed
when interconnect valves are closed.

SYSTEM A ASC FUEL talkback

Gray display

Barber-po1e display

lndicates ascent fuel interconnect
valves are open.

Indicates interconnect valves are
closed.

RCS SYS B:
TEMP,/
PRESS
DISP-FLAGS
(panel 16)

LMP'S
2 8-vdc
bus Both ascent fuel interconnect valves

must be open to obtain a gray dis-
play.

Barber-pole display can be obtained
with only one ascent fuel inter-
connect valve closed.
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 2

(cont)

8Ir L1 8

8S1 1

8FL9

SYSTEM A ASC OXID talkback

Gray display

Barber-pole display

Indicates ascent oxidizer intercon-
nect valves are open.

Indicates interconnect valves are
closed.

RCS SYS B:
TEMP,/
PRESS
DISP-FLAGS
(panel 16)

LMPrs
28-vdc
bus Both ascent oxidizer interconnect

valves must be open to obtain a
gray display.

Barber-pole display can be obtained
with only one ascent oxidizer inter-
connect valve closed,

SYSTEM A THRUSTER PAIR
QUA,D 1 switch

OPEN

Center

CLOSE

Selects inputs to two normally open,
latching solenoid-operated is olation
valves in propellant lines upstream
of TCA's, to control propellant flow
to TCA No. Iu and If.

Energizes two solenoids that drive
isolation valves to open position.

Removes solenoid excitation.

Energizes two solenoids that drive
isolation valves to closed position
and feeds signal to ACEA to inhibit
automatic operation of TCA's.

RCS SYS A:
ISOL VLV
(panel 11)

CDRts
2S-vdc
bus

Srvitch is spring loadecl to centcr
position. Isolation valvcs are used
for emergenc-\, shtttdorvn during
flight.

Gra.v talkback is displaycd rvhcn

valvcs are open.

Isolation va"lves remain in last
commanded position.

Barber-pole talkback is displayed
when isolation valves are closed.

SYSTEM A THRUSTER PAIR
QUAD 1 talkback

Gray display

Barber-pole display

lndicates condition of two isolation
valves in propellant lines upstream
of TCAIs.

Indicates two isolation valves con-
trolled by QUAD 1 switch directly
below talkback are open,

Indicates isolation valves are closed.

RCS SYS B:
TEMP/
PRESS
DISP-FLAGS
(panel 16)

L1VIPrs

2 8-vdc
bus

Gray display can be obtained with
only one isolation valve open.

Both isolation valves must be closed
to obtain a barber-pole display.
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 2

(cont)

8Sr"2

8FL1O

Red display Indicates TCA fired without an on

cbmmand,

Indicates TCA did not fire upon

command to TCA primary coil.

If TCA fails, SYSTEM A THRUSTER
PAIR QUAD l- switch is set to
CLOSE. This shuts down falled pair
of TCA!s; barber-pole is displayed
and RCS TCA warning llght goes off.

SYSTEM A THRUSTER PAIR
QUAD 2 switch

OPEN

Center

CLOSE

Selects inputs to two normally open
latching, solenoid-operated, shutoff ,

isolation valves in propellant lines
downstream of TCAts, to control
propellant flow to TCA No. IId and
IIf.

Energizes two solenoids that drive
isolation valves to open position.

Removes solenoid excitation.

Energizes trvo solenoids that drive
isolation valves to closed position
and feeds signal to ACEA to inhibit
automatic operation of TCA| s.

RCS SYS A:
ISOL VLV
(panel 16)

CDRrs
28-vdc
bus

Switch is spring loaded to center
position. Isolation valves are used
for emergency shutdown during
flight.

Gray talkback is displayed when
valves are open.

Isolation valves remain in last
commanded position.

Barber-pole talkback is displayed
when isolation valves are closed.

SYSTEM A THRUSTER PAIR
QUAD 2 talkback

Gray display

Barber-pole display

Red display

Indicates condition of two isolation
valves in propellant lines down-
stream of TCA No. IId and IIF.

Indicates two isolation valves con-
trolled by QUAD 2 switch directly
below talkback are closed.

Indicates isolation valves. are closed.

Indicates TCA fired without an on

command.

RCS SYS B:
TEMP/
PRESS
DISP-FLAGS
(panel 1-6)

LMPrs
28-vdc
bus

Gray display can be obtained with
only one isolation valve open.

Both isolation valves must be closed
to obtain a barber-pole display.

If TCA fails, SYSTEM A THRUSTER
PAIR QUAD 2 switch is set to
CLOSE. This shuts down failed pair
of TCA's; barber-pole is displayed
and RCS TCA warning light goes out.
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Loeationf
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Plnel 2

(cont)

8S15

8S16

SYSTEM A THRUSTER PAIR
QUAD 3 switch

OPEN

Center

CLOSE

Selects inputs to two normally open

Iatching, solenoid-operated, shut-
off, isolation valves in propellant
lines downstream of TCA's, to
control propellant flow to TCA No.

IIIu and IIIs.

Energizes two solenoids that drive
isolation valves to open position.

Removes solenoid excitation,

Energizes two solenoids that drive
isolation valves to closed position
and feeds signal to ACEA to inhibit
automatic operation of TCArs.

RCS SYS A:
ISOL VLV
(panel J.1)

CDR's
28-vdc
bus

Switch is spring loaded to center
position. Isolation valves are used
for emergency shutdown during
flight.

Gray talkback is displayed when
valves are open,

Isolation valves remain in last
commanded position.

Barber-pole talkback displayed when
isolation valves are closed.

SYSTEM A THRUSTER PAIR
QUAD 3 talkback

Gray display

Barber-pole display

Red display

Indicates condition of two isolation
valves in propellant lines down-
stream of TCA No. IIIu and IIIs.

Indicates two isolation valves con-
trolled by QUAD 3 switch directly
below talkback are open.

Indicates isolation valves are closed.

Lrdicates TCA fired without an on

command.

Indicates TCA did not fire upon
command to TCA primary coil.

RCS SYS B:
TEMP,/
PRESS
DISP-FLAGS
(panel 16)

LMPIS
2 8-vdc
bus

Both isolation valves must be closed
to obtain a barber-pole display.

If TCA fails, SYSTEM A THRUSTER
PAIR QUAD 3 switch is set to
CLOSE. This shuts down failed pair
of TCA's;barber-pble is displayed
and RCS TCA warning light goes out.

SYSTEM A THRUSTER PAIR
QUAD 4 switch

Selects inputs to two normally open,
latching, solenoid-operated, shut-
off, isolation valves in propellant
lines downstream of TCA!s, to con-
trol propellant flow to TCA No. IVd
and IVs.

RCS SYS A
ISOL VLV
(panel 11)

CDR's
28-vdc
bus

Switch is spring loaded to center
position. Isolation valves are used
for emergency shutdown during
flight.

8FL13



Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 2

(cont)

8FL14

8510

OPEN

Center

CLOSE

Removes solenoid excitation.

Energizes two solenoids that drive
isolation valves to closed position
and feeds a signal to ACEA to inhibit
automatic operation of TCA!s.

Grav talkback is clisplavcd r,vhen

valves are open.

Isolation valves remain in last
commanded position.

Barber-pole talkback ls displayed
when isolation valves are closed.

SYSTEM A THRUSTER PAIR
QUAD 4 talkback

Gray display

Barber-pole display

Red display

Indicates condition of two isolation
valves in propellant lines down-
stream of TCA No, IVd and IVs.

Indicates open condition of two
isolation valves controlled by QUAD
4 switch directly below status flag.

Indicates isolation valves are closed.

hrdicates TCA fired without an on
cotnmancl.

Indicates TCA did not fire upon
command to TCA primary coil.

RCS SYS B:
TENIl]/
PRtrSS
DISP-T'LAGS
(..ranel 16)

LMPts
2 8-vdc
bus

Gray displev can be obtainccl lvith
only onc isolation valve open.

Both isolation valves must be closed
to obtain a barber-pole display.

If TCA fails, SYSTEM A THRUSTER
PAIR QUAD 4 switch is set to
CLOSE. This shuts down failed pair
of TCAIs; barber-pole is displayed
and RCS TCA warning light goes out.

SYSTEM B ASC FEED 1 switch Sclccts inputs to tu'o latch-tvpe
s<il cnoicl-opcrated interconnect
valvcs in ascent propelJ.ant 1ine,
r'vhich control llow of propellant
fr:om asccnt propulsion tanks.

I],CS S\IS B:
ASC I'EED 1

@anc1 16)

LI,IP'S
2 8-vdc
bus

Switch is spring-loaded to center
position. In event of RCS malfunc-
tion, ascent propulsion section can
supply propellant to 8 or 16 TCArs,
while traveling in +X-direction
(positive gts) during ascent phases.
This can be accomplished by setting
ASC FEED-1 switch for system A or
B, or both, to ASC FEED 1 and

MAIN SOV switch for system A or
B, or both, to CLOSE. (ASC FEED
2 switch must be set to ASC FEED
2.')
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 2

(cont)

8523

ASC FEED ].

Center

CLOSE

Energizes solenoids that drive
ascent propellant interconnect
valves to open position.

Removes solenoid excitation.

Energizes solenoids that drive
ascent propellant interconnect
valves to closed position.

Gray talkback is displayed rvhen
interconnect valves are open.

Interconnect valves remain in last
commanded position.

Barber-pole taikback is displayed
when interconnect valves are closed.

SYSTEM B ASC FEED 2 switch

ASC FEED 2

Center

CLOSE

Selects inputs to two latch-type
s olenoid-operated interconnect
valves in ascent propellant line,
which control flow of propellant
from ascent propulsion tanks.

Energizes solenoids that drive
ascent propellant interconnect
valves to open position.

Removes solenoid excitation.

Energizes solenoids that drive
ascent propellant interconnect
valves to closed position.

LI\{P'S
2 8-vdc
bus

Switch is spring-loaded to center
position. In event of RCS malfunc-
tion, ascent propulsion section can
supply propellant to 8 or 16 TCArs,
while traveling in +X-direction
(positive gts) during ascent phases.
This can be accomplished by setting
ASC FEED 2 switch for system A or
B, or both, to ASC FEED 2 and

MAIN SOV switch for system A or
B, or both, to CLOSE. (ASC FEED
1 switch must be set to ASC FEED
2.\

Gray talkback is displayed when
interconnect valves are open.

Interconnect valves remain in last
commanded position.

Barber-pole taikback is displayed
r,vhen interconnect valves are closed.

RCS SYS B:
ASC FEED 2

(panel L6)



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Parrel 2

(cont)

8FL1 9

8FL8

851 3

SYSTEM B ASC OXID talkback

Gray display

Barber-pole display

Indicates ascent oxidizer intercon-
nect valves are open.

Indicators interconnect valves are
closed.

RCS SYS B:
TEMP/
PRESS
DISP-FLAGS
(panel 16)

LMPrs
28-vdc
bus Both ascent oxidizer interconnect

valves must tle open to obtain a
gray display.

Barber-pole display can be ob-
tained with only one ascent oxidizer
interconnect valve closed.

SYSTEM B ASC FUEL talkback

Gray display

Barber-pole display

Indicates ascent fuel interconnect
valves are open.

Indicates interconnect valves are
closed.

RCS SYS B:
TEMP/
PRESS
DISP-FLAGS
(panel 16)

LMPis
28-vdc
bus Both ascent fuel interconnect

valves must be open to obtain a
gray dlsplay.

Barber-pole display can be obtained
with only one ascent fuel intercon-
nect valve closed.

SYSTEM B THRUSTER PAIR
QUAD 1 switch

OPEN

Center

CLOSE

Selects inputs to two normally open,
Iatching, solenoid-operated, shutoff ,

isolation valves in propellant lines
upstream of TCArs, to control pro-
pellant flow to TCA No. Id and Is.

Energizes two solenoids that drive
isolation valves to open position.

Removes solenoid excitation.

Energizes two solenoids that drive
isolation valves to closed position
and fcccls signal to ACEA to inhibit
automatic firing of TCArs.

RCS SYS B:
ISOL VLV
(panel 16)

LMPrs
28-vdc
bus

Switch is spring loaded to center
position. Isolation valves are used
for emergenc-y shutdown during
flight.

Gray talkback is displayed when
valves are open.

Isolation valves remain in last
commanded position.

Barber-pole talkback is displa.yed
when isolation valves are closed.
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 2

(cont)

8FL11

8S14

8FLI2

SYSTEM B THRUSTER PAIR
QUAD 1 talkback

Gray display

Barber-pole display

Red display

Indicates condition of tlvo isolation
valves in propellant lines dor.vn-

stream of TCA No. Id and Is.

Indicates two isolation valves con-
trolled by QUAD 1 switch directly
below talkback are open.

Indicates isolation valves are closed

Indicates TCA fired without an on
command.

Indicates TCA did not fire upon
command to TCA primary coil.

RCS SYS B:
TEMP/
PRESS
DISP-FLAGS
(panel 16)

LIVIPrs
2 8-vdc
bus

A gray display can be obtained with
only one isolation valve open.

Both isolation valves must be closed
to obtain a barber-pole displav.

If TCA fails, SYSTEM A THRUSTEE
PAIR QUAD 1 switch is set to
CLOSE. This shuts down failed pair
of TCA,s; barber-pole is displayed,
and RCS TCA warning Iight goes out.

SYSTEM B'IHRUSTER PAIR
QUAD 2 switch

OPEN

Center

CLOSE

Selects inputs to two normally open,
latching, solenoid-operated, shutoff .

isolation valves in propellant lines
downstream of TCAts, to control
propellant flow to TCA No. IIu and
IIs.

Energizes two solenoids that drive
isolation valves to open position.

Removes solenoid excitation.

Energizes two solenoids that drive
isolation to closed position and
feeds signal to ACEA to inhibit
automatic firing of TCAts.

RCS SYS B:
ISOI, VI,V
(panel 16)

LMPrs
2 8-vdc
bus

Switch is spring loaded to center
position. Isolation valves are
closed during lunar-stay shutdown;
they are used for emergency shut-
down during flight.

Gray talkback is displayed when
valves are open,

Isolation va^lves remain in last
commanded position.

Barber-pole talkback is displayed
when isolation valves are closed.

SYSTEM B THRUSTER PAIR
QUAD 2 talkback

Indicates condition of two isolation
valves in propellant lines down-
strearn of TCA No. IIu and IIs.

RCS SYS B:
TEMP,/
PRESS
DISP-FLAGS
(panel 16)

LMPrs
28-vdc
bus



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Flemarks

Panel 2

(cont)

8S1 7

8FL1 5

Gray display

Barber-pole displa5,

Red displav

Indicates two isolation valves con-
trolled by QUAD 2 switch directly
below talkback are open,

Indicates isolation valves are closed

Indicates TCA lired without an on
command-

Indicates TCA did not fire upon
command to TCA primary coi1.

A gray dispiay can be obtained with
only one isolation valve open.

Both isolation valves must be closed
to obtain a barber-pole displa.y.

If TCA fails, SYSTEM A THRUSTER
PAIR QUAD 2 switch is set to
CLOSE. This shuts down failed pair
of TCA's; barber-pole is displayed,
and RCS TCA warning light goes out.

SYSTEM B THRUSTER PAIR
QUAD 3 switch

OPEN

CLOSE

Selects inputs to two normally open,
latching, solenoid-operated, shutoff ,

isolation valves in propellant lines
downstream of TCAts, to control
propellant flow to TCA No. IIId and
IIIf.

Energizes two solenoids that drive
isolation valves to open position.

Removes solenoid excitation.

Energizes two solenoids that drive
isolation valves to closed position
and feeds signal to ACEA to inhibit
automatic firing of TCA!s.

RCS SYS B
ISOL VLV
(panel 16)

LMPrs
28-vdc
bus

Switch is spring loaded to center
position. Isolation valves are used
for emergency shutdown during
fl ight.

Grav talkback is displayed when
valves are open.

Isolation valves remain in last
commanded position.

Barber-pole talkback is displayed
when isolation valves are closed.

SYSTEM B THRLTSTER PAIR

QUAD 3 talkback

Gray display

Barber-pole display

Indicates condition of two isolation
valvos in propell.ant lines dorvn-
stream of TCA No. IIId and IIIf.

Indi.cates tlvo isolation valves con-
trolled by QUAD 3 switch directly
below talkback are open.

Indicates isolation valves are closed

RCS SYS B:
TEMP/
PRESS
DISP-FLAGS
(panel 16)

LMPrs
2 8-vdc
bus

A gray display can be obtained rvith
only one isolation valve open.

Both isolation valves must be closed
to obtain a barber-pole display.
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Location/
ReI Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 2

(cont)

8FLl6

Red display Indicates TCA fired without an on

command.

Indicates TCA did not fire upon
command to TCA primary coil.

If TCA fails, SYSTEM A THRUSTEI]
PAIR QUAD 3 switch is set to
CLOSE. This shuts down failed pair
of TCAis; barber-pole is displayed,
and RCS TCA warning light goes out.

SYSTEM B THRUSTER PAIR

QUAD 4 switch

OPEN

Center

CLOSE

Selects inputs to two normally open,

latching, solenoid-operated, shutoff ,

isolation valves in propellant lines
downstream of TCA's, to control
propellant flow to TCA No. IVu and
IVf .

Energizes two solenoids that drive
isolation valves to open position.

Rcmoves solenoid excitation.

Energizes two solenoids that drive
isolation valves to closed position
and feed signal to ACEA to inhibit
automatic firing of TCAis.

RCS SYS B:
ISOL VLV
(panel 16)

LMP's
2 8-vdc
bus

Switch is spring Ioaded to center
position. Isolation valves are used
for emergency shutdorvn during
flight.

Gray talkback is displayed when
valves are open.

Isolation valves remain in last
commanded position.

Barber-pole talkback is displayed
when isolation valves are closed.

SYSTEM B THRUSTER PAIR
QUAD 4 status flag

Gray display

Barber-pole display

Red display

Indicates condition of two isolation
valves in propellant lines down-
stream of TCA No. IVu and IVf.

Indicates bwo isolation valves con-
trolled b5, QUAD 4 switch directly
below talkback are open.

Indicates isolation valves are closed

Indicates TCA fired without an on
command.

Indicates TCA dld not fire upon
command to TCA primary coi1.

RCS SYS B:
TEMP/
PRESS
DISP-FLAGS
(panel 16)

I,MPIS
2 8-vdc
bus

A gray display can be obtained with
only one isolation valve open.

Both isolation valves must be closed
to obtain a barber-pole display.

If TCA fails, SYSTEM A THRUSTEF
PAIR QUAD 4 switch is set to
CLOSE. This shuts down failed pair
of TCAIs; barber-pole is displayed,
and RCS TCA warning light goes out.

8S1 8



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 2

(cont)

8S19

8520

tEMP/PRESS MoN selector switch

He

PRPLNT

FUEL MANF

OXID MANF

Selects inputs to propellant tem-
perature- and pres sure-indicating
devices for systems A and B.

Connects outputs of systems A and B
helium tank pressure transducer to
PRESS indicator.

Connects outputs of systems A and B
fuel tank temperature sensors and

helium manifold pressure transducer
to TEMP and PRESS indicators.

Connects outputs of systems A and B

fuel manifold pressure transducer
to PRESS indicator.

Connects outputs of systems A and B
oxidizer manifold pressure trans-
ducer to PRESS indicator.

RCS SYS B:
TEMP/
PRESS
DISP-FLAGS
(panel 16)

LMPts
28-vdc
bus

Switch permits monitoring systems
A and B propellant temperature and
pressure.

Oxidizer temperature will be ap-
proximately the same as fuel
temperature.

Pointers on TEMP indicator go to
lowest graduation mark, because
manifold temperature is not sensed.

Pointers on TEMP indicator go to
Iowest graduation mark, because
manifold temperature is not sensed.

CRSFD switch

OI)EN

Center

CLOSE

Selects inputs to two latching,
solenoid-operated fuel and oxidizer
crossfeed valves in crossfeed piping
a?rangement behveen systems A and
B.

Energizes two solenoids that open
crossfeed valves.

Removes solenoid excitation.

Energizes two solenoids that close
crossfeed valves.

RCS SYS B:
CRSFD
(panel 16)

LMPrs
28-vdc
bus

Switch is spring loaded to center
position. If system A or B mal-
functions, its related MAIN SOV

switch is set to CLOSE, and CRSFD
switch is set to OPEN. This opens

crossfeed valves and permits fuel
and oxidizer to flow from operative
system to thrust chambers of both
systems. CRSFD talkback displays
status of crossfeed valves.

Gray talkback is displayed when
crossfeed valves are open.

Crossfeed valves remain in last
commanded position.

Barber-pole talkback is displayed
when crossfeed valves are closed.
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 2

(cont)

8FL17

8S7

8FL5

CRSFD talkback

Gray display

Barber-pole display

Indicates fuel and oxidizer cross-
feed valves controlled by CRSFD
switch are open.

Indicates fuel and oxidizer crossfeed
valves are closed.

RCS SYS B:
TEMP,/
PRESS
DISP-TLAGS
(panel 16)

LMPrs
28-vdc
bus Both crossfeed valves must be open

to obtain gray display.

Barber-pole display can be obtained
with only one crossfeed valve
closed.

SYSTEM A MAIN SOV switch

OPEN

Center

CLOSE

Selects inputs to two latching,
solenoid-operated, main shutoff
valves in propellant lines down-
stream of propellant tanks.

Energizes solenoids that drive
propellant main shutoff valves to
open position.

Removes solenoid excitation.

Energizes solenoids that drive
propellant main shutoff valves to
closed position.

RCS SYS A
MAIN SOV
(panel 11)

CDRrs
2 8-vdc
tlus

Switch is spring loaded to center
position, These valves are nor-
mally open; if system A or B mal-
functions, propellant flow to mal-
functioning system is interrupted by
setting corresponding switch to
CLOSE.

Gray talkback is displayed when
main shutoff valves are open.

Main shutoff valves remain in last
commanded position.

Barber-pole talkback is displayed
when main shutoff valves are closed

SYSTEM A MAIN SOV talkback

Gray display

Barber-pole display

Indicates propellant main shutoff
valves controlled SYSTEM A MAIN
SOV switch is open.

Indicates propellant main shutoff
valves are closed.

RCS SYS B:
TEMP,/
PRESS
DISP-FLAGS
(panel 16)

LMPrs
2 8-vdc
bus A gray display can be obtained with

only one main shutoff valve open.

Both main shutoff valves must be

closed to obtain barber-pole dis-
play.



Function Circuit
Breaker

Power
Source

FlemarksLocation/
Ref Des

Name and Position

Switch is spring loaded to center
position. These valves are nor-
mally open; if system A or B mal-
functions, propellant flow to mal-
functioning system is interrupted by
setting corresponding switch to
CLOSE.

Gray talkback is displayed when
main shutoff valves are open.

Main shutoff valves remain in last
commanded position.

Barber-pole talkback is displayed
when main shutoff valves are
closed.

RCS SYS B

MAIN SOV
(panel 16)

LMPIS
2S-vdc
bus

SYSTEM B MAIN SOV switch

OPEN

Center

CLOSE

Selects inputs to two latching,
solenoid-operated, main shutoff
valves in propellant lines down-
stream of propellant tanks.

Energizes solenoids that drive
propellant main shutoff valves to
open position.

Removes solenoid excitation.

Energizes solenoids that drive
propellant main shutoff valves to
closed position.

A gray display can be obtained with
only one main'shutoff valve open.

Both main shutoff valves must be

closed to obtain a barber-pole
display.

RCS SYS B:
TEMP/
PRESS
DISP-FLAGS
(panel 16)

LMPIS
28-vdc
busIndicates propellant main shutoff

valveS controlled by SYSTEM B

MAIN SOV switch are open.

Indicates main propellant shutofl
valves are closed,

SYSTEM B MAIN SOV talkback

Gray display

Barber:pole display

STAB/CONT:
AELD
(panel 11 and
panel 16)

CIlRts
2 8-vdc
bus

LX,IP's
2 8-vdc
bus

Ijnables rough combustlon ctttolT
lrsscnr bly.

Applics power to rough combustion
cutofl assernblv.

Removes lror,",cr frclm rough conr-
bustion cut<ff asscmbl.1,.

RCCA switch

OT'F/RESET

ENABLE

Panel 2

(cont)
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 2

(cont)

7M3B

7M3A

7MzB

7M1

7M5B

ENVIRONMENTAL CONTROL

TEMP indicator

SUIT oF scale

CABIN oF scale

PRESS indicator

SUIT PSIA scale

CABIN PSIA scale

PART PRESS C02 indicator

GLYCOL indicator

TEMP scale

Displays suit circuit temperature
(degrees Fahrenheit) sensed at suit
outlet.

Displays cabin interior temperature
(degrees Fahrenheit) sensed at
cabin fan inlet.

ECS: DISP
(panel 16)

LMPrs
28-vdc
bus

Displays suit circuit pressure
(psia) sensed downstream of suit
gas supply connectors.

Displays cabin interior pressure
(psia) sensed bv aneroid sensoa on

cabin pressure sensor switch,

ECS: DISP
(panel 16)

LMPrs
28-vdc
bus

Displays partial p
dioxide content of

ressure of carbon
gas in ARS.

ECS: DISP
(panel 16)

LMPrs
28-vdc
bus

Displavs glycol temperature
(degrees Fahrenheit) in primary
coolant loop. However, following
failure of primary loop and selec-
tion of secondary coolant pump, with
GLYCOL selector switch and GLY-
COL PUMP SEC circuit breaker,
indicator displays secondary coolant
loop temperature.

ECS: DISP
(panel 16)

LMPIS
2 8-vdc
bus

7M2A



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 2

(cont)

7M5A

7M4B

7xn4A

9M3

PRESS scale

QUANTITY inailato.

02 scale

H2O scale

Displays glycol pump discharge
pressure (psia) in primary coolant
loop. However, following failure
of primary loop and selection of
secondary coolant pump with GLY-
COL selector switch and GLYCOL
PUMP SEC circuitbreaker, indi-
cator displays secondary glycol
pump discharge pressure.

Displays quantity of oxygen (percent)
remaining in descent oxygen tank or
either ascent oxygen tank, as se-
lected with O2/H2O QTY MON
switch.

Displays quantity of water (percent)
remaining in descent watcr tank or
either ascent water tank, as se-
lected with O2/H2O QTY MON
switch.

ECS: DISP
(panel 16)

LMPi s
28-vdc
bus

X-Pointer indicator Displays forward and lateral veloc-
ities, lateral velocities only, or
rendezvous radar LOS elevation and
azimuth angular rates, depending
upon setting of RATE,/ERR MON
switch and MODE SEL switch.

If LIGHT
DISPLAYS
X-PNTR
(panel 16)

LMP's
28-vdc
bus

Forward and lateral velocities are
coincident with LM Z and Y bodv
axis velocities when PGNS drives
display. When LR drives display,
forward and lateral velocities are
coincident with LM Z and Y axes
(from hi-gate point to touch-down).
When AGS drives display, lateral
Y-axis velocity only is displayed.
When RR is selected, LOS rates
are displayed.
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Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 2

(cont)

9I\46

6S3

9S7

Flight director attitude indicator
GDAI)

Displays total vehicle attitudes,
attitude rates and attitude errors,
or vehicle attitude, attitude rates,
and RR shaft and trunnion angles,
depending on setting of RATE/ERR
MON switch.

Setting ATTITUDE MON switch
selects PGNS or AGS as source of
vehicle total attitude and attitude
errors displayed on FDAI. Sha.ft

and trunnion angles are displayed
by pitch and yaw error needles,
respectively, when fIATE/ERR
MON switch is set to RNDZ RADAR,

AC BUS B
SE TDAI
(panel 1L )

FLT DISP:
EVENT
TIMER/
SE TDAI
(panel 16)

CDRrs
1 1 5-vac
bus B

LMPrs
2 8-vdc
bus

Attitude rates displayed are al-
ways obtained from CES rate gYro

assembl.y.

MASTER ALARM pushbutton/light

Audible tone

Lights flash when any caution or
warning light goes ou.

Initiated in conjunction with
MASTE R ALARM pushbutton/light
and caution,/warning array light(s).

LTG:
MASTER
ALARM
(pane1 16)

I,MP'S
2 8-vdc
bus

Pressing Commanderts or LM
Pilotts pushbutton extinguishes both
MASTER ALARM lights and ter-
minates audible tone, but has no

effect on caution or warning light(s),

RATE,/ERR MON Switch

RNDZ RADAR

Selects inputs for FDAI and X-
pointer indicator.

Shaft and trunnion angles from the
RR are displayed by pitch and yaw

error needles of FDAI; LOS azimuth
and elevation rates are displayed on

X-pointer indicator (illuminating
LOS AZ and LOS ELEV).

N/A N/A When switch is set to LDG, RDR/
CMPTR, data input is dePendent

upon settings of MODE SEL and

ATTITUDE MON switches.



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 2

(cont)

9510

753

LDG RDR,/COMPTR Vehicle attitude errors (PGNS or
AGS as selected with ATTITUDE
MON switch), are displa.yed b.y FDAI
error needles. Foru,'ard and lateral
velocities from the LR (PGNS or
AGS as selected with MODE SEL
switch) are displayed on the X-
pointer indicator (illuminating LAT
VEL and FWD VEL).

AGS provides only lateral velocity
data.

ATTITUDE MON switch

PGNS

AGS

Selects input for FDAI total attitude
display and input for attitude error
needles during landing.

LM total attitude signals, after
conditioning by GAS'IA, are fed to
FDAI ballr LGC attitude error sig-
nals are fed to FDAI pitch, roll, and
yaw error needles.

AGS LM total attitude signals are
fed to FDAI ball; AGS attitude error
signals are fed to FDAI pitch, roll,
and yaw error needles,

N/A N/A The input is dependent on u,hethcr
PGNS or AGS is controlling system.

GLYCOL selector switch

PUMP 1

PUN{P 2

INST/(SEC)

Selects either circulatiug prump in
primary coolant loop, or circulaling
pump in secondary coolant loop.

Activates glvcol pump No. 1

Activates glycol pump No. 2

Activates glycol instrumentation.

ECS:
GLYCOL
PUMP 1 and
ECS:
GLYCOL
PUMP 2

(panel 1L )

ECS:
GLYCOL
PUMP SEC
(panel 16)

CDR's
2 8-vdc
bus

LMP'S
2 8-vdc
bus

Pump failure causes GLYCOL
component caution light and ECS

caution light to go on.

GLYCOL component caution light and

ECS caution light go off when glycol
pump No. 2 is activated.

If gl-vcol pump No. 2 fails, both
Iights will go on. Pressing ECS;

GLYCOL PUMP SEC circuit breaker
activates secondary gl.ycol pump and

extinguishes ECS caution light.
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Loeation/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 2

(cont)

7DS3

7DS6

7DS7

7S1

7D51

GLYCOL component caution light Goes on to indicate failure of active
glycol pump.

ECS:
GLYCOL
PUMP 1

and GLYCOL
PUMP 2

(panel 11)

CDRrs
28-vdc
bus

Light goes out when pump is re-
selected and normal pressure is
restored.

CO2 component caution light Goes on to indicate that CO2 partial
pressure in suit circuit exceeds 7.6
mm Hg or if CO2 CANISTER SEL
valve is set to SEC.

ECS: CO2
SENSOR
(panel 16)

LMPrs
28-vdc
bus

Light goes off when primary
canister is replaced with unsaturat-
ed canister, COz CANISTER SEL
valve is set to PRIM, and CO2
partial pressure is restored to
within-tolerance condition.

H2O SEP component caution light Goes on to indicate low-speed con-
dition or failure (stoppage) in
selected water separator.

ECS: DISP
(LMPrs
circult
breaker
panel)

LMPrs
2 8-vdc
bus

Light goes off when other water
separator is selected with H2O SEP
SEL valve and water separator
comes up to desired speed.

SUIT FAN selector switch

OFF

1

2

Selects suit fan to circulate breath-
ing oxygen in suit circuit.

Shuts off all power to suit fans.

Selects fan No. 1 for operation.

Selects fan No. 2 for operation.

ECS: SUIT
FAN.I
(panel 11)

ECS: SUIT
FAN 2

(panel 16)

CDRrs
28-vdc
bus

LMPrs
2 8-vdc
bus

Failure of suit fan No. 1 causes
SUIT FAN component caution light
and ECS caution light to go on.

Selection of fan No. 2 and return of
normal A P across the fans, ex-
tinguishes both lights.

SUIT FAN component caution light Lights to indicate low AP across
suit fan assembly, due to malfunction
of operating suit fan.

ECS: SUIT
FAN AP
(LMPts
circuit
breaker
panel)

LMPrs
28-vdc
bus

Light goes off when SUIT FAN
switch is set to other fan. However,
Iight goes on if newly selected fan
does not develop proper A P with-
in approximately 25 seconds, or
when failure occurs in selected fan.



Circuit
Breaker

Power
Source

RemarksLocation,/
Ref Des

Name and Position Function

N/A N/Aoz/Hzo QTY MoN selector switch

C,/W RESET

DES

ASC 1

ASC 2

Selectso for monitorlng on QUAN-
TITY indicator, quantities remain-
ing in descent or ascent oxygen and

water storage tanks.

Routes signal to CWEA to extinguish
02 QTY caution light or WATER
QTY caution light if on.

Descent oxygen tank pressure is
displayed on 02 QUANTITY indicator
and quantity remaining in descent
water tank is displayed on H2O

QUANTITY indicator.

Ascent oxygen tank No. 1 pressure
is dlsplayed on 02 QUANTITY indi-
cator and quantity remaining in as-
cent water tank No. 1 is displayed on
H2O QUANTITY indicator.

Ascent oxygen tank No. 2 pressure
is displayed on 02 QUANTITY indi-
cator and quantity remaining in
ascent water tank No. 2 is displayed
on HrO QUANTITY indicator.

Panel 2

(cont)
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Normally set to ENABLE. If ENG
GMBL caution light goes on, astro-
naut must set switch to OFF.

ENG GMBL switch

OFF

ENABLE

Enables or disables engine gimbal
drive capability.

Gimbal trim signals are enabled to
displace descent engine along Y and
Z axes-

Power to the GDArs is removed,
disabling the gimbal drive capabil-
itv.

AC BUS A:
DECA
GMBL
(panel 11)

CDRrs
l-15-vac
bus

Switch is utilized to keep valves
open if DECA power fails.

Circuit is completed through nor-
mally closed contacts of ABORT
STAGE switch.

DES ENG CMD OVRD switch

ON

OFF

Sqnplies alternate source of 28-vdc
toUescent engine shut-off valves.

Applies.2S-vdc to descent engine
shut-off valves.

Removes 28-vdc from valves

STAB/CONT:
ABORT
STAGE
(panel 11)

STAB,/CONT:
ABORT
STAGE
(panel 16)

CDRts
28-vdc
bus

LMPrs
28-vdc
bus

Because antenna cannot be driven to
its first position by LGC and it is
necessary to check out completely
two-position capability and provide
override of position drive signal if
LR antenna interface fails, DES and

HOVER positions are used.

DES

HOVER

LDG ANT switch

AUTO Enables LGC to position LR antenna
as function of mission phase.

Drives antenna to first position used
before hover point.

Drives antenna to its second position
for final landing phase.

N/A N/A

Panel 3

158

1S15

1 7S5
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Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Flemarks

I ean.t:
| (cunt1

17M1

17DS1

1 756

1 758

SIGNAL STRENGTH indicator Displays LR and RR data for test
and flight operations, respectively,
as selected with TEST/MONIToR
switch.

PGNS: SIG
STR DISP
(panel 11)

CDR!s
2 8-vdc
bus

RENDEZVOUS RADAR NO TRACK
light

Light goes on to indicate that RR has

broken track (data not good) in any
one of three tracking modes.

N/A N/A

RADAR TEST switch

RNDZ

OFF

LDG

Provides testing capability of both
radars

Initiates test circuitry. RR per-
formance is checked by monitoring
SIGNAL STRENGTH indicator after
appropriate setting of TEST/
MONITOR switch.

Disables testing capability.

Initiates test circuitry. LR per-
formance is checked by monitoring
SIGNAL STRENGTH indicator after
appropriate setting of TEST/
MONITOR switch.

N/A N/A

In this test mode, altitude/range
meter displays appropriate test
value.

TEST,/MONITL)Il selector srvitch

ALT XMTR

VEL XMTR

Selects LR or RR test data or flight
performance datafor monitoring on
SIGNAL STRENGTH indicator.

Provldes altitudc rar-rgc transmitter
porvcr outpnt for display on SIGNAL
S'I'It.llNG'f II indicator during test and
flight operations.

Provides velocity transmitter power
output for display on SIGNAL
STRENGTII indicator during test and
flight operations.

N/A N/A

C C (
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 3

(cont)

1752

AGC

XMTR PWR

SHAT'T ERR

TRUN ERR

Provides AGC during RR testing.
Specific value of receiver signal
strength should be displayed on
SIGNAL STRENGTH indicator; how-
ever, during flight operations signal
varies.

Provides specific value of transmit-
ter power output for display on
SIGNAL STRENGTH indicator during
flight operations.

During test, shaft angle error sig-
nals are displayed as needle fluctua-
tions with equal amplitude on SIG-
NAL STRENGTH indicator, During
flight operations, these error sig-
nals are displayed as needle fluctua-
tions, usually of unequal amplitude,
that represent smoothness of servo
tracking.

Same as for SHAFT ERR position,
except trunnion angle errors are
displayed,

SLEW RATE sr,vitch

HI

LO

Provides two rates for manually
slewing radar antenna with SLEW
switch.

Selects high slew rate for quick
coarse adjustments to guicle antcnna
in direction of target.

Selects lolv slew rate for accurately
peaking SIGNAL STRENGTH indi-
cator, enabling subsequent initiation
of auto track through rendezvous
radar mode selector switch with as-
surance that main lobe lock will be
achieved.

N/A N/A

Hrgn slew rale rs / /sec.

Lorn, slew rate is 1. 33o/sec



Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 3

(cont)

1 7S1

1 7S3

SLEW switch

UP

RIGHT

DOWN

LEFT

Slews trunrrion or shaft servos, or
both, positioning RR antenna for
manual acquisition of target and sub-
sequent automatic tracking,

Slews shaft servos to up position,
positioning RR antenna for manual
acquisition of target and subsequent
automatic tracking.

Same as for UP position, except
that slewing is to right position.

Same as for UP position, except
that slewing is to down position.

Same as for UP position, except
that slewing is to left position.

N/A N/A Two antenna slew rates are available
using SLEW RATE switch.

Target acquisition is determined
from SIGNAL STRENGTH indicator
and auto track mode is enabled with
rendezvous radar mode selector
switch.

RR anterma alignment along LM axis
can be determined from FDAI pitch
and yaw error needles when RATE/
ERR MON switch is set to RNDZ
RADAR.

RENDEZVOUS RADAR mode
selector switch

AUTO TRACK

SLEW

LGC

Enables control of RR antenna drive.

Maintains track by comparing re-
ceived radar signals from three
channels; errors are used to drive
radar servos.

Enables manual control of RR
antenna drive with SLEW switch.

LGC automatically drives antenna
towards target.

N/A N/A

Once target is acquired, radar
automatically maintains track and
NO TRACK light goes off.
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Por.ver

Source
Remarks

Panel 3

(cont)

11S2

11S7

1151

DEAD BAND switch

MAX

MIN

Provides Ia-rge-amplitude limit
cycle for attitude control system, to
conserve RCS fiel during coasting
flight.

Provides narrow deadband for
periods during which accurate man-
ual control is required.

N/A N/A

Switch is rrol fiur<-:tional when PGNS
is in use.

For maximum deadband, r,vhich is
5', FDAI error needle scaling is
+L4.4".

During nrain engine thrusting, min-
imum deadband is always operating,

For minimum. deadband, which is
3", FDAI error needle scaling is
+1.70.

GYRO TEST ROLL switch

ROLL

PITCH

YAW

Selects FDAI rate gyro to be tested
in roll axis.

Selects FDAI rate gyro to be tested
in pitch axis.

Selects FDAI rate gyro to be tested
in yaw axis.

N/A N/A

Switch is associated with GYRO
TEST POS RT switch.

GYRO TEST POS RT switch

POS RT

OFF

NEG RT

Enables test signal to be applied to
rate gyro selected with GYRO TEST
ROLL switch.

Selected rate gyro output displaces
FDAI rate needles and indicates 50/
second vehicle attitude rate.

No test signal is produced.

Produces effects opposite to those
of POS RT position.

N/A N/A



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 3

(cont)

11S+

11s3
11Ss

ATTITUDE CONTROL ROLL,
PITCH, and YAW switches

MODE CONT

PULSE

DIR

Used in conjunction with MODE
CONTROL switch to establish at..
titude control in roll, pitch, and yaw.
Normally these switches are set to
MODE CONT while PGNS is in
control.

Enables use of proportional mode of
ACA when MODE control selector
switch is set to ATT HOLD and PGNS
is controlling. When MODE CON-
TROL selector switch is set to
AUTO, LGC supplies attitude com-
mands to maneuver LM. Under AGS
control, function of MODE CONT
positions are the same manner as

when PGNS is controlling.

Under PGNS control this position is
inoperative. Under AGS control, the
PULSE and DIR positions differ only
in how RCS thrusters fire.

When PULSE is selected, two jets in
selected axis fj.re at constant pulsed
rate as long as ACA is displaced
more than one-fourth of full throw.
PULSE and DIR positions provide
open loop acceleration. Rates pro-
duced must be nulled to zero by in-
ducing opposite acceleration com-
mand. Attitude is not maintained
automatically until switch is returned
to MODE CONT.

Under PGNS control, when MODE
CONTROL selector switch is set to
ATT HOLD or AUTO, DIR mode can
be used in any axis. Each switch
must be set to DIR independently.
Displacing ACA one-fourth of full

N/A N/A
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Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

throw. As in PULSE position, open

Ioop acceleration is provided; it
must be nulled in as during pulse
operation.

Panel 3

(cont)

1156 MODE CONTROL selector switch

ATT HOLD

OFF

Affects outputs of ACAi s, TTCA' s
and LGC.

Establishes the following conditions :

(a) Limits operation of the ACA!s
to the hardover position.

(l) Enables two-jet direct attitude
control in axis, selected with
ATTITUDE CONTROL switches.

(c) Disables translation outputs of
TTCATS and LGC attitude com-
mands.

In this mode, astronauts can com-
mand angular rates proportional to
displacement of ACArs. Mode is
functional with either PGNS or AGS

controlling operation. When ACA is
out of detent, ATTITUDE CONTROL
switches set to MODE CONT, and
AGS in control, attitude loops are
opened and axis transducers are
compared to rate gyro outputs to
provide proportional commands.
While maneuvering, attitude synchro-
nizers follow as attitude changes.
When ACA is returned to detent, at-
titude synchronizers clamp and the
attitude loop is closedto holdattitude.

If PGNS control is selected, astro-
nauts can command attitude rates
proportional to ACA displacement,
and attitude is held rvhen ACA is

N/A N/A Switch is associated with ATTITUDE
CONTROL switches and GUID CONT
switch,

TTCA throttle commands are not
affected. LGC and AGS engine-off
signals are not enabled; engine must
be manually turned off.

When ATTITUDE CONTROL switches
are set to PULSE or DIR, following
attitude command capabilities re-
sult: With GUID CONT switch set to
AGS, proportional rate commands
are disabled for those ares for which
PULSE or DIR was selected. With
GUID CONT srvitch set to PGNS and
one or more ATTITUDE CONTROL
switches set to PULSE, attitude hold
mode is not affected. With GUID
CONT srvitch set to PGNS and one or
more ATTITUDE CONTROL switches
set to DIR, ACA displacement of one"

fourth of fuII throw causes continuous
two-jet firing for selected axes,
without rate feedback interfering
with LGC command signals.



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 3

(cont)

18M1

18S10

AUTO

returned to detent. When a pro-
grammed minimum impulse mode
command (entered via DSKY) is in
effect, moving ACA out of detent in
any axis commands a pulse to ap-
plicable RCS jets. No attitude or
attitude tale stabilization is provided
in this mode.

With GUID CONT switch set to AGS,

attitude error signals are sent to
CES from AGS. In CES, these at-
titude error signals are passed
through limiter, which limits angular
rate and combines error signals with
rate gyro damping signal. Resultant
signals control firing of ItCS jets
through selectable deadband, logic,
pulse modulators, and jet driver
amplifiers. Rate commands from
ACA remain active in this mode;
attitude disturbances occur if ACA is
displaced inadvertentl.y. When GUID
CONT switch is set to PGNS, rate-
compensated steering errors are
generatecl by LGC arrd on-off com-
mands are fed to jet drivers. RCS
translation outputs of TTCATs are
enablecl.

TTCA and ACa hardover outputs are
not affected.

When one or more ATTITUDE CON-
TROL s'lvitches are set to PULSE or
DIR, the following attitude command
capabilities and limitations result.
With GUID CONT switch set to AGS,
proportional rate commands are
disabled for those axes for rvhich
PULSE or DIR was selected. With
GUID CONT switch set to PGNS and
one or more ATTITUDE CONTROL
switches set to PULSE, attitude hold
mode is not affected. With GUID
CONT srvitch set to PGNS and one or
more ATTITUDE CONTROL switches
set to DIR, conflicting commands
from LGC result when ACAIs are
displaced one-fourth of full throw.

TEMP indicator Displavs tcmperature of radar
antenna assemblies RCS quads or
S-band antenna as selected with
TEMP MONITOR selector switch.

HEATERS:
DISP
(panel 16)

LMPrs
28-vdc
bus

TEMP MONITOR selector switch Selects temperature of antennas and

RCS quads for monitoring.
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 3

(cont)

9511

RNDZ

LDG

QUAD 1

QUAD 2

QUAD 3

QUAD 4

S.BAND

Selects temperature of RR antenna
for monitoring.

Selects temperature of LR antenna
for monitoring.

Selects temperature of RCS quad I
for monitoring.

Selects temperature of RCS quad II
for monitoring.

Selects temperature of RCS quad III
for monitoring.

Selects temperature of RCS quad IV
for monitoring.

Selects temperature of S-band and
antenna assembly for monitoring.

HEATERS:
RNDZ RDR
STDBY and

RNDZ R.DR
opR
(panel 11)

IIEATERS:
LDG RDII,
(panel 11 )

HEATERS:
RCS A/B-1:
QUAD 1

QUAD 2

QUAD 3

QUAD 4
(panel 11)

HEATERS:
RCS SYS

A/B-2l.
QUAD 1

QUAD 2

QUAD 3

QUAD 4
(panel 16)

CDRrs
28-vdc
bus

CDRrs
2 8- vdc
bus

CDRis
2 8- vdc
bus

LMP'S
28-vdc
bus

EVENT TIMER RESET,/COUNT
switch

RESET

UP

DOWN

Controls direction in which EVENT
TIMER indicator counts.

Resets EVENT TIMER indicator to
zeto.

EVENT TIMER indicator counts up
from 0 minutes 0 seconds to 59
minutes 59 seconds, returns to zero,
and again begins counting up.

EVENT TIMER indicator counts down
from preset time to 0 minutes 0 sec-
onds, returns to 59 minutes 59 sec-
onds, and again counts down,

FLIGHT
DISPLAYS:
EVENT
TIMER,/
SE FDAI
(panel 16)

LMPIS
2 8- vdc
bus



Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 3

(cont)

9 512

gst 3

9S14

EVENT TIMER TIMER CONT switch

START

STOP

Starts and stops EVENT TIMER in-
dicator.

Starts EVENT TIMER indicator
counting in direction selected with
RESET/COUNT switch.

Stops EVENT TIMER indicator

FLIGHT
DISPLAYS
EVENT
TIMER,/SE
FDAI
(panel 16)

LMPts
28-vdc
bus

Srvitch is spring loaded to center
oosition.

EVENT TIMER SLEW CONT MIN
switch

TENS

Center

UNITS

Provides slewing function for EVENT
TIMER indicator.

Slews tens-column digit of MIN col-
umns at rate of two digits per second
as long as switch is held in this
position.

Disables slewing function.

Slews units-column digit of MIN
columns at rate of two digits per
second as long as switch is held in
this position.

FLIGHT
DISPLAYS:
EVENT
TIMER/SE
FDAI
(panel 16)

LMPrs
2 8- vdc
bus

Switch is spring loaded to center
position.

EVENT TIMER SLEW CONT SEC

switch

TENS

Center

UNITS

Provides slewing function for EVENT
TIMER indicator.

Slews tens-column digit of SEC col-
umns at rate of two digits per second
as long as switch is held in this posi-
tion.

Disables slewing function.

Slews units-column digit of SEC col-
umns at rate of two digits per seconcl
as long as switch is held in this posi-
tion.

FLIGHT
DISPLAYS:
EVENT
TIMER,/SE
FDAI
(panel 16)

LMPIS
2 8-vdc
bus

Switch is spring loaded to center
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Locationf
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 3

(cont)

1154
1155
1156
11S7

16S9

16 56

RCS SYS A/B-2 QUAD 1, QUAD 2,

QUAD 3, and QUAD 4 heater
switches

AUTO

OFF

MAN

Control the system 2.heaters within
applicable quad of RCS engines.

Enables automatic temperature con-
trol of each engine in a quad,

Interrupts 28-vdc to the heaters.

Bypasses automatic temperature
control and continuously maintains
2S-vdc on each engine in a quad.

HEATERS
RCS SYS

A/n-zz
QUAD 1

QUAD 2

QUAD.3
QUAD 4
(panel 16)

LMPrs
28-vdc
bus

Heater system 1 provides automatic
control of RCS engine temperatures.
This system has no override cap-
ability. When QUAD switches are
set to AUTO, engine injector tem-
peratures are maintained at 120

+8o tr'. If temperature of any quad

exceeds 128o F, HEATER caution
light goes on.

SIDE PANELS switch

ON

OFF

Permits control of lighting on LM
Pilofls side panels, independently of
lighting of forward panel.

Enables on/off control of LM Pilofls
side panel integral lights.

Connects side panel integral lights to
INTEGRAL OVERRIDE switch and
INTEGRAL control on panel 5.

Disconnects side panel integral
lights from INTEGRAL control and
INTEGRAL OVERRIDE switch on
panel 5.

AC BUS A:
INTGL LTG
(panel 11)

CDRrs
1 1 5-vac
bus

FLOOD OVHD/FWD S$,itch

ALL

OFF

OVHD/FWD

Energizes crew compartment flood-
lights.

Energizes all floodlights.

Deenergizes all floodlights

Energizes two overhead and two
forward floodlights.

LTG: FLOOD
(panel 16)

LMPrs
2 8-vdc
bus

Floodlight power source is indepen-
dent of that used for integral lighting

Overhead floodlights are fitted with
rotatabie reflectors.



Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Flemarks

Panel 3

(cont)

1 6R4

16S2

16510

tr'LOOD OVHD/FWD control

DIM to BRIGHT

Controls the brightness of the LM
Pilot's overhead and forward flood-
lights.

Controls intensitv level of flood-
lights continuously from dim to
bright.

LTG: FLOOD

@anel 16)
LMPrs
28-vdc
bus

Control operates only when FLOOD
OVHD/FWD switch (panel 16) is set
to OVHD,/FWD or ALL, and the
overhead hatch is closed. If over-
head hatch is open, FLOOD OVHD/
FWD switch is bypassed and FLOOD
OVHD,/FWD control enabled.

EXTERIOR LTG switch

DOCK

OFF

TRACK

Controls docking and tracking lights

Energizes docking lights.

Deenergizes docking and tracking
lights.

Energizes tracking light to full
(1007o) brightness.

LTG: ANN/
DOCK/
COMPNT
(panel 11 and
panel 16)

LTG: TRACK
(panel 16)

CDRrs
2 8-vdc
bus

LMPrs
28-vdc
bus

LAMP/TONE TEST selector switch

OFF

ALAII,M/TONE

c/w t

ENG PB C/W 2

c/w 3

c/w 4

COMPNT

Performs tests as indicated below.

All test functions are inactive.

Tests lamps in MASTER ALARM
pushbuttons, and tests audible
warning tone.

Tests lamps in first bank of warning
lights on panel 1.

Tests lamps in engine START and
STOP lights and in second balk of
warning lights on panel 1.

Tests lamps in first bank of caution
lights on panel 2.

Tests lamps in second bank of cau-
tion lights on panel 2.

Tests lamps in component caution
and lunar contact lights.

LTG:
MASTER
ALARM
(panel 16)

LMPrs
28-vdc
bus

OFF position is at each end of
switching sequence to permit setting
switch to OFF without recycling
through all test positions.
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Location,/
Ref Des

Nanre and Position Function Circuit
Breaker

Power
Source

Flemarks

ACA/4 JET switch (CDR end LMP)

ENABLE

DISABLE

Enables isolation of 28 volts dc if
short occurs in ACA.

Enables normal operation of ACA.

Disables four-jet direct attitude con-
trol function (hardover position) of
ACA.

STAB/CONT
ATT DIR
CONT
(panel 1L)

CDRrs
28-vdc
bus

The nominal position of this switch
is ENABLE.

TTCA/TRANSL switch (CDR and
LMP)

ENABLE

DISABLE

Enables isolation of 28 volts dc if
short occurs in TTCA.

Enables normal operation of TTCA.

Disables translation control function
of TTCA.

STAB,/CONT
ATCA (AGS)

(panel LG)

LMPrs
28-vdc
bus

The nominal position of this switch
is ENABLE.

UPLINK ACTY condition indicator
(white)

White condition indicators signify computer status;
yellow condition indicators describe various cautions
associated with the GN&CS.

N/A N/A

NOTE

Indicates that uplink is being re-
ceived by LGC.

Is energized by first character of
digital uplink message received by
LGC. If light is not turned off by
end of uplink transmission, the as-
tronaut should extinguish light when
transmission is complete by pres-
sing RSET pushbutton.

TEMP condition indicator (yellow) Indicates that stable member tem-
perature has exceeded its limits by
14o F. (Nominal operating tempera-
ture +130.8o F).

N/A N/A PGNS caution light also goes on.

Panel 4

3DSl

3DS8

1 S20

1522

1 521

1 S23

.U

b52
ln



Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Panel 4
(cont)

3DS5

3DS9

3DS6

3D51O

3DS7

3D511

NO ATT condition indicator (white) Indicates that ISS is not suitable for
use as attitude reference.

N/A N/A Indicator lamp goes on when LGC is
in operate mode and there is no
inertial reference, during coarse
align if ISS is off or IMU is caged.

GIMBAL LOCK condition indicator
(ye11ow)

Indicates that middle gimbal has
driven through angle greater than
+70" or -70o from its zero position.

N/A N/A When middle gimbal angle exceeds
+85o or -85o from its zero position,
LGC automatically commands coarse
align mode in ISS to prevent gimbal
oscillation. NO ATT condition indi-
cator and PGNS caution light then
go on.

STBY condition indicator (white) lndicates that LGC is in standby
condition.

(

N/A N/A Indicator lamp is deenergized if LGC
is in operate mode.

PROG condition indicator (yellow) Indicates that program check has
failed.

N/A N/A Indicator is controlled by computer
program. PGNS caution light goes
on.

KEY REL condition indicator
(white)

Indicates that intcrnal program has
attempted to use DSKY and found it
busy due to independent operator
action.

N/A N/A Indicator is modulated by flash sig-
nal.

RESTART condition indicator
(yellow)

Indicates one or more oli the follow-
ing abnormal operations :

Word has been transferred incor-
rectly from memory-parity lail.

LGC is in endless control loop -
TC trap.

LGC has been interrupted for
30 msec - RUPT lock.

Alarm has been generated by
program control.

N/A N/A
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Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 4
(cont)

3D514

3DS12

3DSl5

3M1

OPR ERR condition indicator (white) Indicates that astronaut has per-
formed an improper sequence on the
DSKY.

N/A N/A Goes out when RSET pushbutton is
pressed.

TRACKER condition indicator
(yellow)

lndicates RR CDU failure or im-
proper data from RR or LR.

N/A N/A When RR or LR are on, indicator
lamp is energized if:

RR CDU fine error greater than
1. 0 vrms occurs

RR CDU coarse error greater
than 2.5 vrms occurs

RR read counter limit cycles at
rate greater than 160 cps

RR CDU analog-to-digital con-
version fails

RR CDU +14-vdc supply decreases
to 50", of nominal

RR data-not-good discrete occurs
during LGC data read sequence

LR altitude data-not-good dlscrete
or LR velocity data-not-good
discrete occurs during LGC data
read sequence,

COMPTR ACTY condition indicator
(white)

Indicates that LGC is in program
other than dummy job and that LGC
is not in standby mode (LGC ls
processing data. )

N/A N/A

PROG display indicator Indicates program is being processed
by LGC.

N/A N/A



Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 4
(cont)

3M2

3M3

3M4
3M5
3M6

BS3

3M

355

356

VERB display indieator Indicates verb code entered at key-
board or commanded by LGC.

N/A N/A

NOUN display indicator Indicates noun code entered at key-
board or commanded by LGC.

N/A N/A

DATA display registers trdicate numerical data entered at
keyboard or commanded by LGC.
Sign is associated only with decimal
data.

N/A N/A The three data display registers are
designated H, P, R3 from top to
bottom of DSKY.

VERB pushbutton (momentary) Conditioirs LGC to interpret next
two numerical characters as verb
code and extinguishes verb numerical
display.

N/e N/A

NOUN pushbutton (momentary) Conditions LGC to interpret next hvo
numerical characters as noun code
and extinguishes noun numerical
display.

N/A N/A

CLR pushbutton (momentary) Used during data loading to blank
data register being used; loading can
then be resumed.

N/A N/A First component load verbs are
cleared by pressing CLR pushbutton
once. Second and third component
load verbs are cleared by pressing
the pushbutton twice or three times,
as required. The data registers
clear in R3, R2, Rl order.

PRO pushbutton (momentary) Comma-nds LGC to proceed without
DSKY inputs. Also commands LGC
to enter standby mode if pressed
when program is in progress.

N/A N/A
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 4
(cont)

3S7

3S8

3510
thru
351 I

3S21

3520

KEY REL pushbutton (momentary) Releases DSKY to LGC for use with
internal sequences.

N/A N/A Operator should release DSKY b.y

pressing pushbutton when he is
temporarily finished with DSKY.

ENTR pushbutton (momentary) Informs LGC that assembled data
are complete and that requested
function is to be executed. Used in
two ways: to execute the VERB/
NOUN code appearing on the VERB
and NOUN displav and to acpept data
just loaded and appearing in data dis-
play registers (R1, R2, RB).

N/A N/A

RSET pushbutton (momentary) Turns off DSKY condition indicator
after condition has been corrected.

N/A N/A

0 through 1"0 pushbuttons
(momentary)

Enter numerical data, noun codes,
and verb codes into DSKY displays

N/A N/A

+ and - pushbutton (momentary) Inform LGC that following nlrmerical
data are deeimal and indicate sign
of data.

N/A N/A

3S9
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Locationf
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Panel 5

1s5

153

152

1S1"2

9S1 I

DES RATE switch

+

Permits establishing LM rate of
descent under PGNS control in fixed
increments. Each switch actuation
provides a discrete pu1se, changing
the rate of descent by 1 fps.

Decreases rate of descent by 1 fps
in the +X direction.

Increases rate of descent by 1 fps in
-X direction.

N/A N/A Response to switch commands is
monitored on the altitude rate scale
of the Range/Range Rate; Alt/Alt
Rate indicator.

Plus sign denotes increase in engine
thrust

Minus sign denotes decrease in
engine thrust.

Engine STOP pushbutton Provides discrete stop signals to
descent and ascent engines, inde-
pendent of sctting of ENG ARM
switch.

STAB,/CONT
ENG ARM
(panel 16)

LMPrs
2S-vdc
bus

Pushbutton is pressed on lunar
landing, after LUNAR CONTACT
lights go on. When pressed, push-
button remains pressed and illumi-
nated (red). It is reset by pressing
it again.

Engine START pushbutton Permits immediate manual firing of
descent or ascent engine, depending
upon setting of ENG ARM switch.

STAB,/CONT
ENG START
OVRD
(panel 11)

CDRrs
2 8-vdc
bus

When pressed, pushbutton remains
pressed and illuminated (red). Ac-
tuation of either engine STOP push-
button interrupts override function,
the engine stops, and the START
pushbutton light goes out.

+X TRANSL pushbutton
(momentary)

When held pressed, switch provides
four-jet translation in +X-direction
bv energizing RCS direct (secondary)
coils. Upon release of pushbutton,
signal is removed from coils, ter-
minating jet firings.

STAB/CON'T'
ATT DIR
CONT
(panel 11)

CDR'S
2 8-vdc
bus

MISSION TIMER:

TIMER CONT switch

START

Provides discrete signals to MIS-
SION TIMER indicator.

Enables indicator to count upward
from number preset with SLEW
CONT switches-

FLIGHT
DISPLAYS:
MISSION
TIMER
(panel 11)

CDRrs
2 8-vdc
bus

q

Remarks



Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 5

(cont)

9522

9S21

STOP

RESET

SLEW CONT HOURS switch

TENS

Center

UNITS

SLEW CONT MIN switch

TENS

Center

UNITS

Stops and holds indicator count until
START or RESET is selected.

Resets indicator to zero

Provides slewing function for
HOURS columns of MISSION TIMER
indicator.

Slews tens-column digit of HOURS
columns at rate of two digits per
second as long as switch is held in
this position.

Disables slewing function.

Slews units-column digit of HOURS
columns at tate of two digits per
second as long as switch is held in
this position.

FLIGHT
DISPLAYS:
MISSION
TIMER
(panel 11)

CDRrs
28-vdc
bus

Hundreds-column digit of HOURS
columns is also controlled by the
tens position, at rate of one digit per
5 seconds.

All digits change ln increasing
direction.

Provides slewing function for MIN
columns of MISSION TIMER indi-
cator.

Slews tens-column digit of MIN
columns at, rale of two digits per
second as long as switch is held in
this position.

Disables slewing function.

Slews units-column digit of MIN
columns al rate of two digits per
second as long as switch is held in
this position.

FLIGHT
DISPLAYS:
MISSION
TIMER
(panel 1J-)

CDRrs
28-vdc
bus

A11 digits change in increasing
direction.
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 5

(cont)

9S20

1654

1655

SLEW CONT SEC switch

TENS

Center

UNITS

Selects inputs to MISSION TIMER
indicator.

Slews tens-column digit of SEC
columns at rate of two digits per
second as long as switch is held in
this position,

Disables slewing function.

Slew units-column digit of SEC

columns at rate of tlvo digits per
second as long as switch is held in
this position.

FLIGHT
DISPLAYS:
MISSION
TIMER
(panel 11)

CDRts
28-vdc
bus

OVERRIDE ANUN switch

ON

OFF

Provides full voltage bypass of C,/w
array and component caution light
portion of ANUN/NUM control.

Bypasses ANUN/NUM control and
applies 5 volts dc directly to an-
nunciators of C,/W array, to com-
ponent caution lights, and to incan-
descent illuminated pushbuttons.

C/W array and component caution
lights are controlled with ANUN/
NUM control.

N/A CDR!s
28-vdc
bus

OVERRIDE NUM switch

ON

OFF

Provides full voltage override of
brightness control of numeric por-
tion of ANUN/NUM control.

Supplies full power (115 volts ac)
directly to integrally illuminated EL
numerics and time-shared displays.

Disconnects full power; EL numeric
readouts are controlled with ANUN,/
NUM control.

AC BUS B:
NUM LTG:
(panel 11)

CDRrs
1 1 5-vac
bus

Portion of autotransformer asso-
ciated with numeric readouts is
disconnected from circuit.
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 5

(cont)

1 653

16 51

1 6R1

OVERRIDE INTEGRAL switch

ON

OFF

Supplies fuII voltage to,low-level
integrally illuminated EL markings
and. displays.

Disconnects INTEGRAL control
from power circuit and applies 115
volts ac directly to EL markings and
displays.

Disconnects 115-volt a-c power.
Low-level integrally illuminated EL
markings and displays are controlled
with INTEG RAL control.

AC BUS A:
INTGL LTG:
(panel 11)

CDRts
11 5-vac
bus

FuIl voltage is 115 volts ac, 400 cps.

SIDE PANELS switch

ON

OFF

Perrnits control of EL lighting on

Commanderts side panels, indepen-
dently of lighting of forward panel.

Per:mits regulation of CDR's side
panel EL lighting with INTEGRAL
control and OVERRIDE INTEGRAL
switch.

Disconnects INTEGRAL control, and

OVERRIDE INTEGRAL switch from
their respectivc cir:cuits.

CDR's
1 15-vac
bus

FLOOD OVHD/FWD control

DIM to BRIGHT

Controls the brightness of the

Commanderts overhead and forward
floodl.ights.

Controls intensity level of floodlights
continuouslv from dim to bright.

LTG: IILOOD
(panel 16)

LMPrs
2 E-vdc
bus

Control operates only when FLOOD
OVHD/FIVD switch (pane1 16) is set
to OVHD,/FWD or ALL, and the
overhead hatch is closed. If over-
head hatch is open, FLOOD OVI{D/
FWD switch is blpassed and ILOOD
OVHD/FWD control enabled.

C e

AC BUS A:
INTGL LTG:
(panel 11)
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Location/
Ref Des

Name and Position Function C ircu it.
Breaker

Power
Source

Remarks

Panel 5

(cont)

1 6R2

1 6R3

ANUN/NUM control Regulates brightness of a.11 annun-
ciators except C/W PwR in C,/w
array, component caution lights,
EL numeric readouts, incandescent
illuminated pushbuttons, and time-
shared displays (temoorary).

LTG: NUM
(panel 11)

CDRIS
115-vac
bus

IJ either portion of ANUN/NUM con-
trol fails, separate override switch
provides maximum voltage for an-
nunciators and component caution
lights (ANUN OVERRIDE switch) artd

for EL numeric readouts (NUM

OVERRIDE switch). Maximum volt-
age supplied on BRIGHT position:
5 volts dc for annunciators and
component caution lights; 115 volts
ac for numeric readouts.

INTEGRAL control Regulates brightness of low-level
integrally illuminated E L markings
and displays from DIM to BRIGHT,

LTG:
INTGL
(panel 11)

CDRrs
1 1 5-vac
bus

If control fails or brightness range
is inadequate, control may be b.y-
passed with INTEGRAL OVERRIDE
switch.
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Name and Position Function Circuit
Breaker

Power
Source

Remarks

Provides discrete stop signals to
descent and ascent engines, inde-
pendent of setting of ENG ARM
switch.

Engine STOP switch STAB,/CONT
ENG ARM
(panel 16)

LMP's
2 8-vdc
bus

Pushbutton is pressed on lunar
landing, after LUNAR CONTACT
lights go on, When pressed, push-
button remains pressed and illu-
minated red. It is reset by pressing
it again.

AGS STATUS switch

STANDBY

OPERATE

OFF

Enables astronauts to place AGS
in any one of three states.

No power is supplied to AGS. Sup-
plies power to ASA heaters.

Applies full power to entire ASA
and then places AEA in warmup
mode.

Applies full power to ASA and AEA,

STAB/CONT:
AEA
(panel 16)

STAB,/CONT:
ASA
(panel 16)

LMP's
2 8-vdc
bus

OPR ERR condition indicator
(white)

Goes on if astronaut presses incor-
rect num'ber of pushbuttons for
operation treing performed, if + or -
keys are not pressed first in enter-
ing data, and if "8tr or "9" is used
in entering address (which is limited
to octal digits).

N/e N/A If too few pushbuttons are pressed,
indicator goes on after ENTR or
READOUT pushbutton is pressed.
If too many pushbuttons are pressed,
indicator goes on before ENTR or
READOUT pushbutton is pressed.
Indicator goes off when CLR push-
button is pressed.

Address indicator Displays digits that identify AEA
computer address selected by
astronaut via kevboard.

N/A N/A Three octal digits must be set on
this indicator, using keyboard, be-
fore each DEDA operation.

N/A Five-digit numeric indicator and +
and - indicator. Data to be entered
are selected by astronaut via key-
board. Updating rate of any chang-
ing data selected for readout is
limited to two times per second.

Location/
Ref Des

Panel 6

154

7251.7

12DS1

12M1

12M2 Data indicator Displays data to be entered into AEA
computer address displayed on ad-
dress indicator. Displays data se-
lected for readout from AEA com-
puter location identified on address
indicator, if READOUT pushbutton
is pressed,

N/A

t
6,

m



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Ilemarks

Panel 6

(cont)

12 51

thru
725t2

12 513

12 515

125T4

12S16

Keyboarcl pushbuttons Enable astronauts to load shilt
register with necessary values (0

through 9) and signs (+ and -) to be

transferred to AEA.

STAB,/CONT
AEA
(pane1 16)

LMPrs
28-vdc
bus

Pressing pushbuttons successively
fills address and data indicators in
order, from left to right.

CLR pushbutton (momentary) Erases all numerals displayed on

address and data indicators and

cancels effect of HOLD switch.

N/A N/A When pressed, switch extinguishes
OPR ERR indicator lamp.

READOUT pushbutton (momentary) Enables astronauts to call up AEA
computer data from address set up

on address indicator, for display on
data indicator.

N/A N/A

ENTR pushbutton (momentarv) Enables astronauts to enter data
(set up on data indicator) into AEA
computer at address set up on
address indicator.

N/A N/A Address and data indicators are
cleared for immediate reuse when
AEA computer has accepted data.

HOLD pushbutton (momentary) Enables astronauts to irlterrupt up-
dating of any continuously changing
clata dispiayed on data indicator.

N/A N/A In-formation displayecl on data indi-
cator remains unchanged until push-
button is pressed again, enabling
display of present value of data and

continuance of updating.
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

CDRrs
2 8-vdc
bus

DES PROPULSION FUEL VENT
switch

OPEN

CLOSE

Center

Enables venting of descent fuel and
of helium pressurization section.

Energizes fuel vent valve to open
position.

FueI vent val.ve remains in last

Energizes fuel vent valve to closed
position.

selected position.

PROPUL:
DES He
REG VENT
(panel 11)

DES PROPULSION FUEL VENT
talkback

Barber-pole display

Gray display

Indicates position of descent fuel
vent valve.

Indicates fuel vent valve is latched
open.

Indicates fuel vent valve is latched
closed.

PROPUL:
TEMP,/
PRESS
DISP-FLAGS
(panel 16)

LMPrs
28-vdc
bus

CDR's
2 8-vdc
bus

DES PROPULSION OXID VENT
switch

CLOSE

OPEN

Center

Enables venting of descent oxidizer
and of helium pressurization sec-
tion.

Energizes oxidizer vent valve to
open position.

Oxidizer vent valve remains in last
selected position.

Energizes oxidizer vent valve to
closed position.

PROPUL:
DES He
REG VENT
(panel 11)

Panel 8

1 0s9
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Name and Position Function Circuit
Breaker

Power
Source

Flemarks

Panel 8

(cont)

1OFL6

257

2S6

DES PROPULSION OXID VENT
talkback

Gray display

Barber-pole display

Lrdicates position of descent oxidizer
vent valve.

Indicates oxidizer vent valve is
latched open.

Indicates oxidizer vent valve is
latched closed.

PROPUL:
TEMP,/
PRESS
DISP-FLAGS
(parel 16)

LMPrs
28-vdc
bus

DES PRPLNT ISOL VLV switch

FIRE

SAFE

Actuates descent fuel ald oxidizer
compatibility valves to permit am-
bient helium to pressurize fuel and

oxidizer tanks.

Removes power from descent fuel
and oxidizer compatibility valves.

ED: LOGIC
PWR A
(panel 11)

ED: LOGIC
PWR B
(panel 16)

CDRrs
28-vdc
bus

LMPts
28-vdc
bus

Swftch is locked in, and spring
loaded to, SAFE position.

After valve actuation, fuel and
oxidizer tank pressures are dis-
played on PRESS indicator on panel 1

MASTER ARM switch

ON

OFF

Enables actuation of all LM explo-
sive devices by actuating redundant
relays that route power to EDS
buses.

Removes all power from relays

ED: LOGIC
PWR A
(panel 11)

ED: LOGIC
PWR B
(panel 16)

CDRrs
28-vdc
bus

LMP's
28-vdc
bus

Switch is locked in both positions

DES VENT switch

FIRE

SAFE

Activatcs dcsccnt propulsion propel-
lant tanks and hclium pressurization
section srluib valvcs.

Activates squil-r v:rlvcs.

Removes power from squib valves

ED: LOGIC
PWR A
(panel 11)

ED: LOGIC
PWR B
(panel 16)

CDRrs
28-vdc
bus

LMP's
28-vdc
bus

Switch is locked in, and spring
loaded to, SAFE position.
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Breaker
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Flemarks

Panel 8

(cont)

253

2 510

2FL1

252

ASC He SEL switch

TANK I.

BOTH

TANK 2

Selects isolation valve of ascent
helium tank No. L for firing.

Selects isolation valves nf both
ascent helium tanks for firing.

Selects isolation valve of ascent
helium tarik No. 2 for firing.

ED: LOGIC
PWR A
(panel 11)

ED: LOGIC
PWR B
(panel 16)

CDRrs
28-vdc
bus

LMP!s
28-vdc
bus

Switch is locked in all positions

LDG GEAR DEPLOY switch

FIRE

SAFE

Actuates explosive devices that
release stowed landing gear.

Removes power from landing gear
explosive devices.

ED: LOGIC
PWR A
(panel 11)
and
ED: LOGIC
PWR B
(panel 16)

CDRrs
2 8-vdc
bus

LMPrs
2 8-vdc
bus

Switch is locked in, and spring-
loaded to, SAFE position. When all
four landing gear assemblies are
deployed, positive feedback of land-
ing gear deplo5rment is provided by
LDG GEAR DEPLOY talkback.

LDG GEAR DEPLOY talkback

Gray display

Barber-pole display

Indicates landing gear assemblies
are deployed.

Indicates landing gear assemblies
are stowed.

ED: LDG
GEAR FLAG
(panel 11)

CDRrs
2 8-vdc
bus

All four landing gear assemblies
must deploy to generate this
telemetry code.

He PRESS RCS switch

FIRE

SAFE

Actuates helium isolation valves
that permit helium flow from RCS
helium tanks to pressurize RCS.

Removes power from valves.

ED: LOGIC
PWR A
(panel 11)

and
ED: LOGIC
PWR B
(panel 16)

CDRrs
28-vdc
bus

LMPrs
2 8-vdc
bus

Switch is locked and spring-Ioaded
to SAFE position.

Positive indication of helium isola-
tion valves actuation is provided b.y

RCS PRESS indicator @anel 2).



'Location/
: Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 8

(cont)

251

2M

255

He PRESS DES START switch

FIRE

SAFE

Fires ambient helium isolation and
propellant compatibility valves that
permit helium from descent ambient
helium tank to prepressurize descent
'propulsion 

section.

Removes power from valves.

ED: LOGIC
PWR A
(panel 11)
and
ED: LOGIC
PWR B
(panel 16)

CDRrs
2 8-vdc
bus

LMPrs
2 8-vdc
bus

Switch is locked in, and spring-
loaded to, SAFE position.

Positive indication of valve assembly
actuation is provided by MAIN PRO-
PULSION PRESS indicator (FUEL
and OXID scales).

He PRESS ASCENT switch

FIRE

SAFE

Fires isolation valve of helium tank
or tanks selected with ASC He SEL
switch, to pressurize ascent pro-
pulsion section.

Removes power from valves.

ED: LOGIC
PWR A
(panel 11)
and
ED: LOGIC
PWR B
(panel 16)

CDRts
28-vdc
bus

LMPrs
28-vdc
bus

Switch is locked in, and spring-
loaded, to SAFE position,

Positive indication of isolation va.lves

firing is provided by MAIN PRO-
PULSION PRESS indicator (FUEL
and OXID scales).

STAGE switch

FIRE

SAFE

Actuates bxplosive devices that
separate descent and ascent stages

Removes power from explosive
devices.

ED: LOGIC
PWR A
(panel 11)
and
ED: LOGIC
PWR B
(panel 16)

CDR!s
28-vdc
bus

LMPts
28-vdc
bus

Switch iS locked in, and spring-
loaded to, SAFE position.

Switch is used only when staging is
desired without firing ascent engine.

STAGE SEQ RELAYS SYS A
component caution light

Indicates that EDS bus A is armed. ED: LDG
CI]AII FLAG
(panel 11)

CDRrs
28-vdc
bus

Light goes on after MASTER ARM
switch is set to ON. If light goes on

before MASTER ARM switch is set
to ON, ED RELAYS caution light
also goes on.
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Breaker

Power
Source
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Name and Position

CDRrs
28-vdc
bus

Light goes on after MASTER ARM
switch is set to ON. If light goes on

before MASTER ARM switch is set
to ON, ED RELAYS caution light
also goes on.

Indicates that EDS bus B is armed. ED: LDG
GEAR ELAG
(panel 11)

STAGE SEQ RELAYS SYS B
component caution light

CDRrs
28-vdc
bus

LMPrs
2 8-vdc
bus

If staging relays (K2) trip before
MASTER ARM switch is set to ON,

STAGE SEQ RELAYS SYS A ANd

SYS B componentcautionlights go on.

Setting STAGE P.XLAY switch to
RESET, resets staging relays (K2)

and extinguishes the component
caution lights.

Energizes reset coil of staging
relays (K2)

Deenergizes reset coil of staging
relays (K2)

ED: LOGIC
PWR A
(panel 11)

ED: LOGIC
PWR B
(panel 16)

STAGE RELAY switch

RESET

OFF

CDRIS
audio
center

N/AS-BAND TR srvitch

S-BAND T/R

OFF

S-BAND RCV

Enables routing received S-band
audio to headset amplifier, and

microphone amplilier outputs to
l)MI, for S-hand lrrnsmission.

Inhibits routing of S-band transmit-
tcr irncl receivcr outputs through
CDIlrs auclio control center.

Enables routing received S-band
audio to headset amplifier.

CDR'S
audio
center

N/AS-band VOLUME thumbwheel Permits continuous adjustment
level of received S-band audio fed
to headset amplifier.

Panel 8

(cont)

15AR14

15ASr.

2D32

2DS8



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 8

(cont)

15AS3

1 5AR1 7

15AS4

15.q.56

ICS T,/R switch

ICS T,/R

OFF

ICS RCV

Enables routing microphone ampli-
fier outputs to LMPrs headset ampli-
fier through intercom bus and audio
from intercom bus to CDRrs headset.

Inhibits intercom capability

Enables routing audio from intercom
bus to CDRrs headset.

N/A CDRrs
audio
center

ICS VOLUME thumbwheel Permits continuous adjustment of
level of audio fed from intercom bus
to headset amplifier.

N/A CDRrs
audi.o

center

Relay switch

RXLAY ON

REI,AY OFF

Enables voice conference capability
with CSM and MSFN or with EVA
and MSFN. Received VHF from
CSM and EVA may be routed to
MSFN via S-band transmitter.

Inhibits conference capability

N/A Premod-
ulation
processoT LMP's and CDR!s relay switches

should not be set to RELAY ON
simultaneously.

Appropriate Communications sub-
svstem switches are used to estab-
Iish the desired relay mode.

VOX switch

ICS/XMTR

ICS

PTT

Enables VOX control circuit in
CDRrs audio center to key intercom
and selected transmitter (s).

Enables VOX control circuit in
CDRts audio center to key intercom.

Disables VOX control circuit in
CDRIs audio center.

N/A CDRrs
audio
center

Selected transmitters are keyed only
with push-to-talk (PTT) switches.

All keying is accomplished with
PTT switches.
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Name and Position Function Circuit
Breaker

Power
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Panel 8

(cont)

15ARS

15AS5

15AS2

154R12

1 5AS9

VOX SENS thumbwheel Permits continuous adjustment of
VOX sensitivity circuit threshold.

N/A CDR!s
audio
center

AUDIO CONT switch

NORM

BU

Selects CDRrs audio center and
microphone cireuit.

Selects LMP's audio center and
microphone circuit for use by
Commander.

COMM: CDR
AUDIO

COMM
LMP
AUDIO

CDRrs
28-vdc
bus

LMPIs
28-vdc
bus

VHF A switch

T/a

OFF

RCV

Enables routing received VHF A
audio to headset amplifier, and
microphone amplifier outputs to
VHF A transmitter for transmission.
VOX keying voltage is routed to
VHF A transmitter.

Inhibits routing VHF A transmitter
and receiver outputs through
Commanderts audio center.

Enables routing received VHF A
audio to headset amplifier.

N/A CDRrs
audio
center

VHF A VOLUME thumbwheel Permits continuous adjustment of
level of received VHF audio
(channel A) fed to headset amplifier.

N/e CDRrs
audio
center

VHF B switch

T/R Enables routing received VHF B
audio to headset amplifier, and
mlcrophone amplifier outputs to VHF

N/A CDRrs
audio
center

Flemarks
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Name and Position Function Circuit
Breaker

FL,emarkS

Panel 8

(cont)

15AR13

1 5AR15

1 6514

OFF

RCV

B transmitter for transmission,
VOX keying voltage is routed to VHF
B transmitter,

Inhibits routing VHF B transmitter
and receiver outputs through CDRts
audio center.

Enables routing received VIIF B

audio to headset amplifier.

VHF B VOLUME thumbwheel Permits continuous adjustment of
level of received VHF audio (channel

B) fed to headset amplifier,

N/A CDRts
audio
center

MASTER VOL thumbwheel Permits continuous, simultaneous
adjustment of all audio output levels
from headset amplifier.

N/A CDRts
audio
center:

COAS switch

OVHD

OFF

FWD

Energizes COAS corurectors in
docking windows.

Applies 28 volts dc to overhead
docking window COAS connector.

Removes power from docking
window COAS connectors,

Applies 28 volts dc to forward
docking window COAS connector

LTG: COAS
(panel 11)

CDRrs
28-vdc
bus

e I e

Power
Source
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Flemarks

Panel 11

4CBr52

4 CB1 69

4C8226

4 C8203

4C8214

4CB2L0

4C8200

4 CB1 86

AC BUS B circuit breakers

SE WIND HTR (2 amperes)

HeIPQGS PROPUL DISP
(2 amperes)

S-BD ANT (2 amperes)

ORDEAL (2 amperes)

AGS (2 amperes)

AOT LAMP (2 amperes)

SE FDAI (2 amperes)

NUM LTG (2 amperes)

BUS TIE INV 2 (5 amperes)

Applies a-c power to LMP's window
heater.

N/A 115-vac
bus

Applies a-c power to HELIUM
indicator and to OXIDIZER and
FUEL QUANTITY indicators.

N/A 115-vac
bus

Applies a-c power to S-band
sterrable antenna electronics as-
sembly.

N/A 11 5-vac
bus

Applies a-c power to earth- or
Iunar-stay resolvers through
EARTH-LUNAR switch.

N/A 11 5-vac
bus

Applies a-c power to AEA outputs
to FDAI

N/A 11 5-vac
bus

Applies a-c po\Mer to AOT lamp N/A 11 5-vac On*off control for AOT lamp.

Applies a-c power to LMP's FDAI N/A 11 5-vac
bus

Applies a-c power to all numeric
(digital displays) DSKY displays,
RCS oxidizer and fuel displays,
event and mission timers, MPS
oxidizer and fuel displays, DEDA
address and data displays.

N/A 11 5-vac

Connects inverter No. 2 to a-c bus
B through INVERTER switch.

N/A 1 1 5-vac
bus

4C834
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z
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Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 11

(cont)

4C81 85

4C824

4C823

4C827

4CBr44

4C8202

4CB.212

4C8206

4CB.207

4CB2rr

BUS TIII INV 1 (5 amperes) Connects inverter No. 1 to a-c bus
B through INVERTER switch.

N/A 1 1 5-vac
bus

AC BUS A circuit breakers

BUS TIE INV 2 (5 amperes)

BUS TIE INV 1 (5 amperes)

AC BUS VOLT (2 amperes)

CDR WIND HTR (2 amperes)

TAPE RCDR (2 amperes)

AOT LAMP (2 amperes)

RNDZ RDR (2 ampeles)

DECA GMBL (2 amperes)

INTGL LTG (2 amperes)

Connects inverter No. 2 to a-c bus
A through INVERTER switch.

N/A 115-vac
bus

Connects inverter No. 1 to a-c bus
A through INVERTER switch.

N/A 1 1 5-vac
bus

Provides a-c bus voltage and fre-
qucncy characteristics to IS for
display and telemctry purposes.

N/A 115-vac
bus

Applies a-c power to CDRrs
window heater.

N/A 1 L 5-vac
bus

Applies a-c power to DSEA tape
drive motors.

N/A 115-vac
bus

Applies a-c power to AOT lamp N/A 1 15-vac
bus

On-off control for AOT lamp.

Applies a-c power to RR power
supply.

N/A 115-vac
bus

Applies a-c power to GDArs within
DECA.

N/A 115-vac
bus

Applies a-c power to low-level
integral lighting; e. 9., talkbacks,
indicators, and displays.

N/a 11.s-vac
bus

0l
oq
o

C.,
I
(o
o

a
a

r{
B
C/9

tr
o9oil
ZA
H

B8E
FrfS>
i,, Id j
>t3
38+
eaf,(Xlxts

!F*
>a
#E

o
X

td
t0
a
o
UhJql>
aZ

td
F

.H

z
d

E
F(

ts
(o
OJ
@

o
A)

0q
o
U
!0+
o

eaC e C



e e ee (

.)g
O'F.
<b
Ee:
Ht{>ir5-r
>t3
z= )-uoi
ee,
f/lxF

EF*iZ
#E

o
X

rJ

z
tr
r{

3
o(t
C

F
?
(,

ld
a
o
U
lD

o

e{

z

H

ts
(O
O)
@

o
D)

oq
(D

Up
,o

H

gq
o

C/J
I
(o

Location/
Ref Des

Name and Foeition Frrnction Circuit
Breaker

Power
Source

Remarks

Panel 11
(cont)

4CB204

4C8201

4 C8209

4C872

4CB,61

4 CB62

4C863

RNG/RNG RT; ALT,/ALT RT
(2 ampercs)

GASTA (2 amperes)

Applies a-c power to rangeT/altitude
indicaror.

N/A 1 1 5-vac
bus

Applies a-c power to GASTA. N/A 115-vac
bus

Applies a-c power to CDRrs FDAI. N/A 1 1 5-vac
bus

RCS SYS A circuit breakers

MAIN SOV (5 amperes)

QUAD 4 TCA (15 amperes)

QUAD 3 TCA (15 amperes)

QUAD 2 TCA (15 amperes)

QUAD 1 TCA (15 amperes)

Applies d-c power to RCS system A
main oxidizer and fuel shutoff valves
through SYSTEM A MAIN SOVswitch.

N/A Main shutoff valves control propel-
lant flow between RCS tanks and

RCS TCA|s.

Applies d-c power to primary
of oxidizcr and fuel valves of
system A, quad IV TCArs.

coils
RCS

N/A CDRIS
2 8-vdc
bus

TCA secondary coil power is applied
when ACA is pushed to hard stop or
when +X TRANSL pushbutton is
pressed.

Applies cl-c power to prim;rry coils
of oxidizer and fuel valves oI RCS
system A, quad IlI TCA'S.

N/A CDRf s

2 8-vdc
bus

TCA secondary coil power is applied
when ACA is pushed to hard stop or
when +X TRANSL pushbutton is
pressed.

Applies d-c power to primarv coils
of oxidizer and fuel valves of RCS
system A, quad II TCA!s.

N/A CDRis
2 8-vdc
bus

TCA secondary coil power is applied
when ACA is pushed to hard stop or
when +X TITANSL pushbutton is
pressed.

Applies d-c power to primary coils
of oxidizer and fuel valves of RCS
system A, quad I TCA!s.

N/A CDR's
2 8-vdc
bus

TCA secondary coil power is applied
when ACA is pushed to hard stop or
when +X TRANSL pushbutton is
pressed.

li

CDR TDAI

CDRis
28-vdc
bus

4C86O



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 11
(cont)

4C867

4CB23t

4CB51

4C8168

4 CB1 59

4C8133

4C8123

ISOL VLV (5 amperes)

ASC FEED 2 (5 amperes)

ASC FEED 1 (5 amperes)

Applies d-c power to RCS system A
oxidizer and fuel isolation valves,
through SYSTEM A THRUSTER PAIR
switches.

N/A CDR's
2 8-vdc
bus

Applies d-c power to RCS system A
ascent fuel and oxidizer interconnect
valves, through SYSTEM A ASC
FEED 2 switch.

N/A CDRrs
28-vdc
bus

Interconnect valves permit propel-
lant flow from ascent tanks to RCS
tanks. SYSTEM A ASCENT FEED 1

switch must be set to ASCENT
FEED 1.

Applies d-c power to RCS system A
ascent fuel and oxidizer interconnect
valves, through SYSTEM A ASC

FEED 1 slvitch.

N/A CDRrs
2 8-vdc
bus

Intcrconnect valves permit propel-
Iant flow from ascent tanks to RCS

tanks. SYSTITM A ASCENT FEED 2

sr,vitch must bc set to ASCENT FEED
2.

FLIGHT DISPLAYS circuit breakers

THRUST DISP (2 amperes)

MISSION TIMER (2 amperes)

X-PNTR (2 amperes)

RNG/RNG RT; ALTIALT RT
(2 amperes)

Applies d-c power to TIIRIIST indi-
cator power supply and to part of
auxiliary switching relay box through
THR CONT switch.

N/A CDRrs
28-vdc
bus

Applies d-c power to MISSION
TIMER.

N/A CDRrs
2 8-vdc
bus

Applies d-c power to CDRrs X-
Pointer indicator, and to parts of
auxiliary relay switching box through
RATE/ERR MON ANd MODE SEL
switches.

N/A CDRIS
28-vdc
bus

Applies d*c power to RANGE,/RANGE
RATE or ALT/ALT RATE indicator.

N/A CDR's
2 8-vdc
bus
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Location/
Ref Des

Name and Positiot.t Function Circuit
Breaker

Power
Source

Remarks

Panel 11

(cont)

4 CB88

4C897

4 C81 88

4C8227

4C874

4CBt56

4 C81 55

GASTA (2 amperes)

CDR FDA] (2 amperes)

COAS (2 amperes)

OITDEAL (2 amperes)

Applies d-c power to GASTA. N/A CDRrs
2 8-vdc
bus

Applies d-c power to CDR's FDAI
and to parts of auxiliary switching
relay box through RATE/ERR MON
and ATTITUDE MON switches.

N/A CDRrs
28-vdc
bus

Applies d-c porver to forrvard or
overhcad optical alignment sight
via COAS switch.

N/A CDRrs
2 8-vdc
bus

Applies d-c power to ORDEAL
panel lighting circuits via LIGHT-
ING switch.

N/A CDRrs
2 8-vdc
bus

PROPUL: DES He REG,/VENT
circuit breaker (5 amperes)

Applies d-c porver to latching helium
solenoid valves No. 1 and 2, through
DESCENT He REG switches No. 1

and 2, and to fuel and oxidizer vent
valves DES PROPULSION FUEL
VENT and OXID VENT switches.

N/A CDRrs
2 8-vdc
bus

HEATERS circuit ]:reakers

RNDZ RDR STBY
(7.5 amperes)

ITNDZ R-DR OPIT
(5 amperes)

Applies d-c power to rendezvous
radar heater control circuit to
maintain temperature of cr-vstal
oven.

N/A CDRrs
28-vdc
bus

Applies d-c power to RR radar
heater control circuit which main-
tains temperature of antenna gyros,
and to rendezvous radar electronics
assembly.

N/A CDRIS
2 8-vdc
bus
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Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 11

(cont)

4C8157

4C8273

4CBr29

4C8131

4C83

4CB81

4CB4O

LDG RDlt (5 amperes)

AOT (2 amperes)

DOCK WINDOW (2 amperes)

Applies d-c power to heater control
circuit in LR electronic assemblv.

N/A CDRrs
2 8-vdc
bus

Applies d-c power to AOT heaters N/A CDRrs
2 8-vdc
bus

Applies d-c power to docking winclow
heater.

N/A CDIlts
2 8- vdc
bus

INST: SIG CONDR 1 circuit breaker
(2 amperes)

Applies d-c power to power buffers
and conditioners in signal conditioner
electronic replaceable assemblies
of IS.

N,/A CDRIS
2 8- vdc
bus

STAB/CONT circuit breakers

ABORT STAGE (5 amperes)

ATCA (PGNS) (2 amperes)

ABLD (7.5 amperes)

Applies d-c power to abort stage
electronics through ABORT STAGE
switch.

N/A CDRrs
28-vdc
bus

Applies d-c power through GUID
CONT switch to select PGNS, and
redundant bias por,r,er to ATCA. AIsc
applies d-c power through MODE
CONTROL switch to ATCA primary
preamplifiers to be used by PGNS
for attitude control.

N/a CDRrs
28-vdc
bus

Applies d-c power to system A of
AELD/S.

N/A CDRts
28-vdc
bus
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Panel 11

(cont)

4 CBSO

4C859

4CB106

4C869

4CBt49

ENG CONT (2 amperes)

ATT DIR CONT (15 amperes)

DNG START OVRD
(2 amperes)

DECA PWR (20 amperes)

Applies d-c power for automatic
switching from wide deadband to
narrow deadband with descent engine
on, for automatic switching from 2

to 4 jets with engine on, to CES for
analog control of GDA when using
AGS, to disable auto thrust control
when using AGS, to reset engine
START switch, and applies redun-
dant power for manual engine stop
when staging.

N/A CDRrs
28-vdc
bus

Applies d-c power to ACArs, for
direct firing of RCS jets, and to +X
TRANSL pushbutton for direct firing
of jets ID, IID, IIID and IVD.
ROLL, PITCH, oT YAW ATTITUDE
CONTROL switch, when set to DIR,
enables direct firing in selected
a.\is,

Applics d-c power to enginc START
switch and redundant d-c power to
ENG ARM switch.

N/A CDRrs
2 8-vdc
bus

ENG ARM switch derives primary
d-c power from STAB,/CONT: ENG
ARM circuit breaker (panel 16).

Applies d-c power to DECA for de-
scent engine-on function, and to
activate trim fail circuit.

N/A CDRrs
28-vdc
bus

ED circuit breakers

LDG GEAR FLAG
(2 amperes)

Applies d-c power to IS to provide
control of LDG GEAR DEPLOY
flag.

N/A CDR's
2 8-vdc
bus



Location/
ReI Des

Name and Position Function Circuit
Breaker

Power
Source

Panel 11

(cont)

4C876

4CBl46

4C8221

4C8220

4C8279

4CP218

4C8138

4C8107

LOGIC PWR A (2 amperes) Applies d-c power to ASCENT He

PRESS, ASC He SEL, DES PRESS,
LDG GEAR DEPLOY, MASTER
ARM,, STAGE, RCS PRESS, ANd

ABOKT STAGE Switches.

N/A CDRIS
2S-vdc
bus

LTG: ANUN DOCK/COMPNT
circuit breaker (2 amperes)

Applies alternate d-c power to cau-
tion and warning annunciators,
component caution lights, docking
lights, and LUNAR CONTACT lights

N/A CDR'S
2 8-vdc
bus

HEATERS RCS SYS A/B-1. circuit
breakers

QUAD 4 (2 amperes)

QUAD 3 (2 amperes)

QUAD 2 (2 amperers)

QUAD 1 (2 amperes)

Applies d-c power to section No. 1

engine heaters of quad 4, systems
A and B.

N/A CDRIS
2 8-vdc
bus

Applies d-c power to section No. 1

cngine heaters of quad 3, svstems
A ancl B,

N/A CDR'S
2 8-vclc
bus

Applies d-c power to section No. 1

engine heaters of quad 2, systems
A and B.

N/A CDRrs
2 8-vdc
bus

Applies d-c power to section No. 1

engine heaters of quad 1, systems
A and B.

N/A CDR'S
2 8-vdc
bus

ECS circuit breakers

SUIT FAN 1 (15 amperes)

CABIN FAN f (5 amperes)

Applies cl-c power to suit fan No. I
(suit circuit assembly) through
SUIT FAN switch.

N/A CDRIS
2 8 -vdc
bus

Applies d-c power to cabin fan No. 1

through ECS relay box.
N/A CDR's

28-vdc
bus
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Location/
Ref Des

Name and Position Function C ircu it
Breaker

Power
Source

Remarks

Panel I 1

(cont)

4C8141

4CB1t7

4C8277

4C8228

4 C81 37

4 C81 36

4CBt62

GLYCOL PUMP 2

(5 amperes)

GLYCOL PUMP 1

(5 amperes)

GLYCOL I)UX,IP AUTO
TRNFR (2 amperes)

Applies d-c power to glycol pump

No. 2 through GLYCOL PUMP
switch.

N/A CDRrs
2 8-vdc
bus

Applies d-c power to glycol pump
No. L through GLYCOL PUMP
switch.

N/A CDR'S
2 8-vdc
bus

Energizes transfer relay to auto-
matically switch pumps when low
A V develops.

N/A CDRrs
2 8-vdc
bus

COMM circuit breakers

UPDATA LINK (5 amperes)

SEC S-BD XMTR/RCVR
(5 amperes)

SEC S-BD PWR AMPL
(7.5 amperes)

VHF B XMTR (2 amperes)

When closed, data uplink is enabled;
when opened voice uplink is enabled.

N/A CDRIS
2 E- vdc
bus

Applies d-c power to power supply
in S-band section of CS through
XMTR/RCVR switch. Also applles
backup d-c power through XMTR/
RCVR switch for BU voice/emer-
gency key.

N/A CDRrs
2 8-vdc
bus

Applies d-c power to power supply
No. 2 in S-band power amplifier
assembly.

N/A CDRIS
2 8-vdc
bus

Applies d-c power to VHF B trans-
mitter-receiver, and to exciter-
power amplifier and modulator in
VHF B transmitter through VHF B
XMTR switch.

N/A CDRrs
2 8-vdc
bus
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Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Flemarks

Panel 11

(cont)

4C887

4CB86

4C8754

4 CB1 05

4C829

4CBt22

4 C81 61

VHF A RCVR (2 amperes)

CDR AUDIO (2 amperes)

Applies d-c power to VHF A IF and

audio amplifier in VHF A receiver
through VHF A RCVR switch.

N/A CDR'S
2 8-vclc
bus

Applies d-c power to regulated powet
supply in CDRrs audio center, to
CDR|s microphone amplifier through
CDR!s AUDIO CONT switch (NORM

position) , and to LMP's microphone
through LMP's AUDIO CONT switch
(BU position).

N/A CDRrs
28-vdc
bus

PGNS circuit breakers

SIG STR DISP (2 amperes)

LDG RDR (10 amperes)

ITNDZ RDR (15 amperes)

LGCIDSKY (7.5 amperes)

IMU STBY (5 amperes)

Applies d-c power to radar SIGNAL
STRENGTH indicator.

N/A CDRts
28-vdc
bus

App).ies d-c power and acts as on-off
switch to LR power supply.

N,/A CDR's
2 8-vdc
bus

Applies d-c power and:rcts as on-off
switch to IIR electrr.rnic assermbly,

N/A CDR's
2 8- r,dc

bus

Applies d-c power and acts as on-off
switch to LGC power supply, CDU,
PTA, and PSA.

N/A CDRrs
28-vdc
bus

Applies d-c power and acts as on-off
switch to PGNS power and servo as-
sembly (PIPA and IRIG heaters. )

N/A CDRrs
28-vdc
bus

Serves as on-off switch for tempera-
ture alarm thermostat. Is used in
conjunction with temperature signals
generated in IMU and PSA.
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Breaker
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Source

Remarks

I Panel 11

| (cont)

4CBT24

4CB1 E

4CF.z6

4CBtU,

4CBZO

4Cru

4C88

IMU OPR (20 amperes) Applies d*c power and acts as on-off
switch to IMU, PIPA and IRIG pre-
amplifiers and excitation, and PSA
gimbal servo amplifiers,

Applies d-c power to IMU CAGE
switch.

NIA CDR?S

28-vdc
bus

EPS circuit breakers

BAT FEED TIE
(100 amperes)

BAT F]'I'D TIE
(100 ampcres)

CROSS TIE-BAL LOADS
(30 amperes)

CROSS TIE-BUS
(100 amperes)

XLUNAR BUS TIE
(50 amperes)

DES ECA CONT (5 amperes)

Ties battery No. 3 (clescent) and

battery No. 5 (ascent) lbackup mode)
to CDRis d-c bus.

N/A N/A

Ties batter.y No. 4 (descent) and

battery No. 6 (ascent) (normal
modc) to CDR's d-c bus.

N/A N/A

'Iies CDR's fccder/bus system to
LMPrs d-c bus through LMP's
CROSS'IIII-RAL LOAiIS circuit
breaker.

N/A CDRts
28-vdc
bus

Ties CDRts feeder/ bus system to
LMP's d-c bus through LMP's EPS:
CROSS TIE-BUS circuit breaker.

N/A CDRIS
28-vdc
bus

Ties CDRrs d-c bus translunar loads
to LM single-point ground,

N/A N/A

Applies d-c power to low- and high-
voltage contact coils in ECA No. 1

a.rrd 2 through HI VOLTAGE and
LOW VOLTAGE switches.

N/A CDRts
28-vdc
bus
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L,ocation/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 11

(cont)

4C81O

4C86

4CB1 5

4C1372

4CB.22

4Cil36

4C835

4C8229

DES ECA (2 amperes)

ASC ECA CONT (5 amperes)

ASC ECA (2 amperes)

INV 1 (30 ampercs)

DC BUS VOLT (2 amperes)

Applies d-c porver to power supplies
of both descent ECA!s.

N/A CDRrs
2 8-vdc
bus

Applies d-c power to normal and

backup contact coils in ECA No. 3

and 4 through NORMAL FEED and
BACK UP FEED switches.

N/A CDRrs
2 8-vdc
bus

Applies d-c power to power supplies
of both ascent ECAts.

N/A CDRts
2 8-vdc
bus

Applies d-c power to inverter No. 1

for generation of 115-vo1t, 400-cps
a-c power, through INVERTER switch,

N/A CDRrs
2 8-vdc
bus

Applies d-c power to IS for condi-
tioning to monitor CDR's d-c bus
voltage.

N/A CDRIS
2 8-vdc
bus

Permits monitoring through caution
and warning, pulse-code-modulation
(telemetry), and voltmeter sections.

EARTH ORBIT circuit breakers

SLA/LEM ANT TRNIIR B
(5 amperes)

SLA/LEX{ ANT TRNFR A
circuit breaker (5 ampercs)

R,/D INST A circuit breaker
(40 amperes)

Applies d-c por,ver to secondarv
SLA,/LE\{ antenna transfer srvitch.

N/A CDRrs
2 8-vdc
bus

Applies d-c power to primary SLA/
LEM antenna switch.

N/A CDRIS
2 8-vdc
bus

Applies d-c power to DFI power and
control box.

N/A CDR's
28-vdc
bus
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Name and Position Function C ircuit
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Source

Remarks

Panel 11

(cont)

I 951

1 9S2

4 C81 81

SLA
attach-
ment
point

C-BAND PWR switch

ON

OFF

Selects tracking function for trans-
mission via C-band transponder.

Activates C-band transponder
cir cuitry.

Deactivates C-band transponder
circuitry.

R/D INST A
and
R/D INST B

LM
2 8-vdc

R/D TLM CALIBRATE
switch

ON

OFP

Selects calibrating function of DFI.

Activates calibration circuitry,
(Twelve seconds completes one
calibration cycle. )

Deactivates calibration circuitry

R/D INST A
and
R/D INST B

LM
2 8- vdc

R,/D INST B circuit breaker
(40 amperes)

Applies d-c power to DFI power and
control box,

N/A CDRrs
2 8-vdc
bus

SLA,/LEM antenna transfer
switches

Automatic make-before-break
switch that provides communications
via SLA antennas before SLA sepa-
ration and via LEM antennas after
SLA separation.

SLA/LEM
ANT TRNFR
A and SLA,/
LEM ANT
TRNFR B

LM
2 8-vdc
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 12

1 5BS1

158R14

1 5BS3

15BR?

S-BAND T,/R switch

S-BAND T/R

OFF

S-BAND RCV

Enables routing received S-band
audio to headset amplifier, and
microphone amplifier outputs to
PMP for S-band transmission.

Inhibits routing S-band transmitter
and receiver outputs through LMP's
audio center.

Enables routing received S-band
audio to headset amplifier.

N/A LMPrs
audio
center

S-band VOLUME thumbwheel Permits continuous adjustment of
level of received S-band audio fed to
headset amplifier.

N/A LMP's
audio
center

ICS T,/R switch

ICS T,/R

OFF

ICS RCV

Enables routing microphone ampli-
fier oufuuts to CDRrs headset am-
plifier through intercom bus, and
audio from intercom bus to LMPrs
headset.

Inhibits intercom capability.

Enables routing audio from intercom
bus to LMPrs headset.

N/A LMPrs
audio
center

ICS VOLUME thumbwheel Permits continuous adjustment of
Ievel of audio fed from intercom bus
to headset amplifier.

N/A LMPrs
audio
center

!
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Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 12
(cont)

15I]S4

1 5BS5

15856

1 5BR8

Re1av switch

RELAY ON

RELAY OFP

Enables voice conference capability
between CSM and earth, or with
EVA and MSFN. Received VHF
from CSM and EVA may be routed
to MSFN via S-band transmitter.

Inhibits conf erence capability

N/A Premod-
ulation
proces-
sor

LMPfs and CDRrs relav switches
should not be set to RELAY ON
simultaneously.

Appropriate Communications Sub-
system switches are used to estab-
lish the desired relav mode.

AUDIO CONT switch

NORM

BU

Selects LMP|s audio center and
microphone circult.

Selects CDRrs audio center and
microphone circuit for use by LMP

COMM: SE
AUDIO
(panel 16)

COMM: CDR
AUDIO
(panel 11)

LMP's
2 8-vdc
bus

CDRrs
28-vdc
bus

VOX switch

ICS/XMTR

ICS

PTT

Ilnables VOX control circuit in
LMPIs audio center to key intercom
and selected transmitter (s).

Enables VOX control circuit in
LMP's audio center to kev intercom

Disables VOX control circuit in
LMPrs audio center.

N/A LMPrs
audio
center

Selected transmitters are keyed only
with push-to-talk (PTT) switches.

A11 keying is accomplished wlth PTT
switches.

VOX SIINS thumbwheel Pcrmits continuous adjustment of
VOX sensitivity circuit threshold.

N/A LMPrs
audio
center
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Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 12
(cont)

1 5BS2

158R12

1 5BS9

1 5BRl 3

VHF A switch

"t/x

OFF

RCV

Enables routing received VHF A
audio to headset amplifier, and

microphone amplifier outputs to
VHF A transmitter for transmission.
VOX keying voltage is routed to VHF
A transmitter

Inhibits routing VHF A transmitter
and receiver outputs through LM
Pilot's audio center.

Enables routing received VHF A
audio to headset amplifier.

N/A LMPrs
audio
center

VHF A VOLUME thumbwheel Permits continuous adjustment of
level oI received VHF audio
(channel A) fed to headset amplifier.

N/A LMPrs
audio
control
center

VHF B switch

r/n

OFF

Enables routing received VHF B
audio to headset amplifier, and

microphone amplifier outputs to
VHF B transmitter for transmission.
VOX keying voltage is routed to
VHF B transmitter.

Inhibits routing VHF B transmitter
and receiver outputs through LMPrs
audio center.

Enables routing recelved VHF B
audio to headset amplifier.

N/A LMPrs
audio
center

VHF B VOLUME thumbwheel Permits continuous adjustment of
Ievel of received VHF audio (channel
B) fed to headset amplifier.

N/A LMPts
audio
center

RCV



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 12
(cont)

I 355

1 3S8

13S2

MASTER VOL thumbwheel Permits continuous, simultaneous
adjustment of all audio output levels
from headset amplifier.

N/A LMPIS
audio
center

MODULATE switch

PM Enables PM control circuit in SPA
and disables frequency modulator in
S-band transmitter.

Enables FM control circuit and dis-
ables phase modulator and range gate
amplifier in S-band transmitter.

N/A SPA Normal setting of this switch is PM.
Normally, FM setting is used for
video transmissions.

XMTR/RCVR switch

PRIM

OFF

SEC

Applies 28-volt d-c power to primary
S-band transmitter-receiver power
supply (dc-to-dc converter No. 1).

Interrupts d-c power to S-band
transmitter-receiver power supplies

Applies 28-volt d-c power to
secondary S-band transmitter-
receiver power supply (dc-to-dc
converter No. 2).

COMM: PRIM
S.BD XMTR,/
RCVR
(panel 16)

COMM: SEC
S-BD XMTR,/
RCVR
(panel 11)

LMPrs
28-vdc
bus

CDRr s
28-vdc
bus

Enables S-band power amplifier.

Enables S-band power amplifier.

PWR AMPL switch

PRIM

OFF

Enables power supply No. 1 of S-
band power amplifier (minimum of
18.6 watts).

Inhibits both S-band power-amplifier
power supplies,

N/A S-band
power
amplifier

S-band power amplifier is enabled
only if XMTR/RCVR switch is set to
PRIM or SEC.

Primary power to power supply No. l
is provided by LMPrs 28-vdc bus
through COMM: PRIM S-BD PWR
Alr4PL circuit breaker.
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Location/
Ref Des

Name and Position Functiou Circuit
tsreaker

Power
Source

Remarks

Panel 12
(cont)

1356

1 3S4

SEC Enables power supply No, 2 of S-
band power amplifier (minimum of
14,8 watts).

Primary power to power supply No.

2 is provided by CDRts 28-vdc bus
through COMM: SEC S-BD PWR
AMPL circuit breaker.

FUNCTIONS VOICE switch

VOICE

OFF

VOICE BU

Applies 24 volts dc to 1..25 mc con-
trol circuit in SPA.

Disables all S-band voice trans-
mission.

Enables phase modulator section of
S-band transmitter (regardless of
setting of MODULATE switch) to
transmit voice directly on S-band
baseband, bypassing PMP.

N/A SPA

Audio modulates 1.25-mc subcar-
rier and is routed to selected S-band
transmitter', phase modulated or
frcquency modulated.

Ranging or television function is
interrupted in this position.

FUNCTIONS PCM switch

PCM

OFF

KEY

Enables 1.O24-mc data control
circuit in SPA.

Disables telemetry subcarrier
transmission.

Applies 28 volts dc to emergency
key circuit in SPA. PTT switches
on ECS umbilicals are enabled to
serve as Morse code keyers for
emergency transmissions.

N/A SPA

Selects PM mode; automatically
interrupts all other S-band modes of
operation.



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 1 2

(cont)

1 3S1

1 357

1351 0

13R10

13S12

FUNCTIONS RANGE switch

RANGE

OFF/RESET

TVICWEA ENABLE

Enables selection of ranging or TV
functions for S-band transmission.

PM transmitter retransmits re-
ceived coded pseudorandom noise
signals to MSFN.

Inhibits range data transmission.

Enables FM transmitter to transmit
TV data and enables CWEA logic for
:S-BAND RCVR caution light.

N/A S-band
trans-
mitter
receiver
assembly

VHF A XMTR switch

ON

OFF

Applies 28-volt d-c power to VHF
A transmitter power supplv.

Interr:upts cl-c power to VHF A
transmittcr powcr supply.

COMM: VHF
A XMTR
(panel 16)

LMP!S
2 8- vdc
bus Transmitter frequencv is 29(i. 8 mc

VHF A RCVR switch

ON

OFF

Applies 28-volt d-c power to +20'
volt regulator in VHIr A rccciver.

Interrupts d-c power to VHF A
receiver.

COMM: VHF
A RCVR
(panel 11)

CDRrs
2 8-vdc
bus Receiver frcquency is 296.8 mc,

SQUELCH VHF A thumbwheel Adjusts threshold level of received
VHF A audio signal.

N/A VHF A
receiver

VHF B XMTR switch

VOICE Applies 28-volt d-c power to VHF B
transmitter power supply and acti-
vates data mute circuit.

COMM: VHF
B XMTR
(panel I1 )

CDRrs
28-vdc
bus Transmitter frequency is 259.7 mc.
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Name and Position Function Circuit
Breaker

Power
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Panel 1.2

(cont)

1351 5

13R15

1 353

OFF

DATA

Interrupts d-c power to VHF B
transmitter.

Applies 2S-volt d-c power to VHF B
transmitter power supply and acti-
vates voice mute circuit.

TELEMETRY PCM switch must be
set to LO (1,600-bits-per-second
data rate).

VHF B RCVR switch

ON

OFF

Applies 2S-volt d-c power to +20-
volt regu'lator in VHF B receivcr.

Interrupts d-c power to VHF B
receiver.

COMM: VHF
B RCVR
(panel 16)

LMP!s
2 8-vdc
bus Receiver frequency is 259.7 mc.

SQUELCH VHF B thumbwhecl Adjusts threshold level of received
VHF B audio signal.

N/A VHF B
receiver

TELEMETRY BIOMED switch

LEFT

OFF

RIGHT

Applies d-c power to Commander's
suit power supply for EKG monitor-
ing and enables direct baseband .

' voice/biomed transmission, phase
. modulated or frequencv modulated.

Interrupts d-c power to Commanderts
and Systems Engineerrs suit power
supply.

Applies d-c power to LMP's suit
power supply for EKG monitoring
and enables direct baseband voice/
biomed transmission, phase modu-
lated or frequency modulated.

COM: PMP
(panel 16)

LMPrs
28-vdc
bus

With this switch set to OFP and with
FUNCTIONS VOICE switch set to
VOICE BU, biomedical data trans-
mission is interrupted, but voice
intelligibility is increased because
oI additional speech-p rocessing.
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Panel 12
(cont)

13S13

13S11

13FI,1

14 53

TELEMETRY PCM switch

HI

LO

Enables puls e-code-modulation
programmer high-speed gates.

Disables high-speed gates; data rate
is 1.,600 bits per second.

N/A PCM
pro-
grammer

Low bit rate permits data transmis-
sion to CSM.

RECORDER switch

ON

OFF

Applies key supply voltage to VOX
control circuit of DSEA,

Interrupts key supply voltage to
DSEA.

N/A LMPrs
audio
center

RXCORDER TAPE talkback

GraY display

Barber-pole clisplay

Indicates tape in DSEA is moving and
that voice is being recorded.

Indicates tape is not moving.

N/A DSEA

TRACK MODE switch

AUTO

OFF

SLEW

Applies a-c and d-c power to steer-
able antenna electronics power sup-
ply. Antetrna is enabled to track
received MSFN signal automatically.

Interrupts a-c and d-c power to
steerable antenna electronics power
supply.

Applies a-c and d-c power to steer-
able antenna electronics power sup-
plv. Antenna is positioned with
PITCH and YAW controls through
s-l.nchro trans mitters.

AC BUS B:
S_BD ANT
(panel 11)

COMM: S-BD
ANT
(panel 16)

CDRrs
1 1 5-vac
bus

LMPrs
28-vdc
bus
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Panel 12

(cont)

t4B.2

14M3

14M4

14M1

14 56

PITCH control Positions S-band steerable antenna
in pitch axis through synchro trans-
mitter

AC BUS B:
S-BD ANT
(panel 11)

CDRrs
1 1 5-vac
bus

Control has range of -?5o Lo +2250

PITCH indicator Displays pitch angle of S-band
steerable antenna.

COMM
DISP
(panel 16)

LMPrs
28-vdc
bus

Antenna pitch limits are 255o above
and ?5" below plane parallel to
LM Y-Z plane.

YAW control Positions S-band steerable antenna
in vaw axis through svnchro trans-
mitter.

AC BUS B:
S-BD ANT
(panel 11)

CDR's
1 1 5-vac
bus

Control has range oI -75o to -75o.

YAW indicator Displays yaw angle of S-band steer-
able antenna.

COMM:
DISP
(panel L6)

LMP's
28-vdc
bus

Antenna yaw limits are 75o to left
and 75" to right of plane parallel to
LM Y-Z plane.

SIGNAL STRENGTH indicator Displays intensity of S-band signals
received from MSFN, When peaked,
it indicates that S-band steerable
antenna is pointing at earth. Also '

indicates which of the two omni
antennas is providing best commu-
nications link to MSFN.

COMM:
DISP
(panel 16)

LMP's
2 8-vclc
bus

Used in conjunction with PITCH and
YAW controls to establish contact
with MSFN.

VHF selector switch

1,/PLSS TEST

2

EVA

Selects VHF antenna No. 1 and, if
hardline connection is made to
PLSS, provides fortest of EVAvoice
and telemetry transmission.

Selects VHF antenna No. 2.

Position is not wired for LM 3.
(Used for VHF communications be-
tween EVA and LM during lunar
stay. )

N/A Selectecl
trans-
mitter or
antenna

Switch is spring loaded and has lock
mechanism. To change switch set-
ting, switch firstmust be pulled out.

14 81
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Panel 12

(cont)

1455 S-BAND selector switch

1

2

SLEW

LUNAR STAY

Selects S-band antenna No. 1.

Selects S-band antenna No. 2.

Selects S-band steerable antenna

Position is not used for LM 3.
(Selects S-band erectable antenna for
use during lunar stay. )

N/A Selected
trans -
mitter or
antenna

Srvitch is spring loaclcd and h:rs lock
mechanism. 'fo change srvitch sct-
ting, s$,itch first must be pulled out.
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Ref Des
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Breaker

Power
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Panel 14

4D52

4M2

4 NI3

4DSl

4517

4 515

DC BUS FAULT component caution
light

Indicates a short in either a bus or
a feeder line-

LTG: ANUN/
DOCK/
COMPNT
(panel 11 and
panel 16)

CDR's
2 8-vdc
bus

LMPrs
2 8-vdc
bus

VOLTS indicator Displays voltage of each of six EPS
batteries, CDR| s and LMP's d-c
buses, a-c bus and the EDSbatteries
depending on setting of POWER/
TEMP MON switch.

EPS: DISP
(panel 16)

LMP'S
2 8-vdc
bus

Green band (35.8 to 37.7 volts dc)
on VOLTS indicator is equivalent to
112 to 118 volts ac. Range is 20 to
40 volts dc;62.5 to 125 volts ac.

AMPS indicator Indicates current florving through
e:rch of six EPS batteries and the
EDS batteries, depending on setting
of POWER/TEMP MON srvitch.

EPS: DISP
(panel 16)

I,MP'S
2 8-vdc
bus

Range is 0 to 120 amperes. Amper-
age of descent batteries (No. 1, 2,
3, and 4) is obtained by halving
indicator reading.

BAT FAULT component caulion
light

Goes on rvhen any malfunctioning
batterl is selectecl ri,ith POWER/
'f EX,IP \{ON su,itclr.

LTG: ANUNz/
DOCK
COMPNT
(panel 16)

LMP's
2 8-vdc
bus

ED VOLTS switch

BAT A

OFF

BAT B

Selects voltage monitoring of EDS
batteries.

Selects monitoring EDS battery A.

Disables voltage monitoring function.

Selects monitoring EDS battery B.

p611tBIl/TENI1, llON selector su,itch
must be set to FID/OFI'.

POWER/TEMP MON selector. switch Enables monitoring of voltage and
current of the six EPS batteries,
tlvo EDS batteries, monitoring of
a-c and d-c bus voltage, ancl isola-
tion of malfunctionlng batterv (over-
current, reverse-curr:ent, and over-
temperature condition).

EPS: DISP
(panel 16)

LMPIS
2 8-vdc
bus

When lit indicates reversc-current,
overcurrent or overtemperaturc,
condition of any one of six EPS bat-
teries.



Location/
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Name and Position Function Circuit
Breaker
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Source

RenrarkS

Panel 14
(cont)

4 S14

EDlOFr,'

BAT 1

BAT 2

BAT 3

BAT 4

BAT 5

BAT 6

CDR BUS

AC BTTS

SE BUS

Enables voltage monitoring of EDS
batteries.

Selects battery No. 1 to be monitored
on AMPS and VOLTS indicators, and
on BAT FAULT component caution
light.

Same as for BAT 1 position, except
display is for battery No. 2.

Same as for BAT 1 position, except
display is for battery No. 3.

Same as for BAT 1 position, except
display is for battery No. 4.

Same as for BAT 1 position, except
display is for battery No. 5.

Same as for BAT 1 position, except
displav is for battery No. 6.

Voltage of CDRrs d-c bus is dis-
played on VOLTS indicator,

Voltage of a-c bus is displayed on
VOLTS indicator.

Voltage of LMP's d-c bus is dis-
pla.yed on VOLTS indicator.

Indicator reading within green band
indicates operating voltage of a-c
bus (112 to 118 volts ac) is at proper
Ievel.

INVER.TER switch

OFF

Controls application of a-c power to
a-c bus.

Interrupts a-c inverter power is
during space flight.

EPS: INV 1

(panel 11)
and
EPS: INV 2
(panel 16)

CDRrs
2 8-vdc
bus

LMPIS
2 8- vdc
bus

A-C bus voltage is clispl.a.yed on

VOLTS indicator when POWER/
TEMP MON switch is set to ACl
BUS.
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l-':rne1 1.1

(r'oni)

451

455

1

2

Inverter No. 1 supplies power to
a-c bus.

Inverter No" 12 supplies power to
a-c bus.

SE BAT 1 Hi VOLTAGE switch

ON

Center

OITF/ilESE1'

Controls high-voltage output from
descent battery No, 1 to feeder line.

Connects high-voltage battery tap to
line.

Retains status of last initiated
switch position.

Disconnects high-voltage batter.y tap
from line.

EPS: DES
ECA CONT
(panel 11

and/or
panel 16)

CDRts
2 8-vdc
bus

LMP! s
28-vdc
bus

Before selccting f)Ii positio:r" riiir.'

RESET posilion rnust he selecleti sl
that ECA c:ontactors aLe rcsel,
thereb.y enabling batter.t' power i1p-

ptrica.tion t., l.MPrs cl-c bus. [n

cvcnt o[ ovrricurrent, ECA No. ]
tul<r.:- lr.tt.terr N,r. I r,f[ linc'.

SE BAT 1 grat,/III talkback is
displayed.

SE BAT 1 barber-pole talkback
is displayed.

SE BAT 1 LOW VOLTAGE switch

ON

Center

OFT/RESET

Controls low-voltage output from
descent batterv No. 1 feeder line

flonnccts low-voltage liattcr.y tap to
line.

Retains status of last initiated
switch position.

Disconnects low-voltage battery tap
from line.

EPS: DES
ECA CONI'
(panel 11

and/or
panel 1 6)

CDIt's
2 8-vdc
bus

LMPts
28-vdc
bus

Before selecting ON position, OFF/
RESET position must be selected so

that ECA contactors are reset,
thereby enabling battery-power ap-
plication to LMP's d-c bus. In
event of overcurent, ECA No. 1

takes battery No. 1 off line.

SIi BAT 1 gi:l\,/LO talkbeck is
clisplayeci.

SE BAT 1 ba.rber-polc talkback is
displaved.
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Breaker
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Panel 14

(cont)

4FLI

452

4S6

SE BAT 1 talkback

Gray /Hl display

Grav/t-o display

Barbcr-po1e display

Indicates descent batterv No. 1 is on

line with high voltage tap.

Indicates descent battery No. 1 is on
line lvith low voltage tap.

Indicates descent battery No. 1 is off
line.

EPS: DISP
(panel 16)

LMP'S
2 8-vdc
bus

SE BAT 2 HI VOLTAGE srvitch

ON

Center

OFF/RESET

Controls high-voltage output from
descent battery No. 2 to feeder line

Connects high-voltage battery tap to
1ine.

Retains status of last initiated
switch position.

Disconnccts high-voltage battery tap
from linc.

EPS: DES
ECA CONT
(panel 11

and/ot:
panel 16)

CDRrs
2 8-vdc
bus

LMPrs
28-vdc
bus

Before selecting ON position, OFP/
RESET position must be selected so
that ECA contactors are reset,
thereby enabling battery-power ap-
plication to LMPrs d-c bus. In
event of overcurrent, ECA No. 1

takes battery No. 2 off line.

SE BAT z gray/I1I talkback is
displayed.

SE BAT 2 barber-pole talkback is
displayed.

SE BAT 2 LOW VOLTAGE slitch

ON

Controls low-voltage output from
descent battery No. 2 to feeder line.

Connects low-voltage batterv tap to
line.

BPS: DES
ECA CONT
(panel 11

and/or
panel 16)

CDRrs
28-vdc
bus

LMPrs
2 8-vdc
bus

Before selecting ON position OFF/
RESET position must be selected so
that ECA contactors are reset,
thereby enabling battery-power ap-
plication to LMPis d-c bus. In event
of overcurrent, ECA No. 1 takes
battery No. 2 off line.

SE BAT 2 gray/LO talkback is
displayed.

CC e e
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Power
Source

Remarks

Panel 14
(cont)

4FL2

453

4S7

Center

OFF/RESET

Retains slatus of last initiated
switch position.

Disconnects low-voltage battery tap
from line.

SE BAT 2 barber-pole talkback
is displayed.

SE BAT 2 talkback

Gtay/H\ display

Gtay/Lo display

Barber-pole display

Indicates descent battery No. 2 is
on line wlth high voltage tap.

Indicates descent batterv No. 2 is
on line with 1ow voltage tap.

Indicates descent battery No. 2 is
off line.

EPS: DISP
(panel 16)

LMPrs
28-vdc
bus

CDR BAT 3 HI VOLTAGE switch

ON

Cer-rter

OFF,/RESET

Controls high-voltage output from
descent battery No. 3 to feeder line.

Connects high-voltage battery tap to
line.

Retains status of last initiated
switch position.

Disconnects h-igh-voltage battery tap
from line.

EPS: DES
ECA CONT
(panel 11

and/or
panel 16)

CDRrs
2 8-vdc
bus

Before selecting ON position, OFF/
RESET position must be selected so
that ECA contactors are reset,
thereby enabling batterl,-power ap-
plication to CDRrs d-c bus. In event

of batterv overcurrent, ECA No. 2

takes battery No. 3 oI[ line.

CDR BAT 3 gray/Hl talkback is
displayed.

CDR BAT 3 barber-pole talkback
is displayed.

CDR BAT 3 LOW VOLTAGE SwitCh Controls low-voltirge output from
descent battery No. 3 to feeder line

EPS: DES
ECA CONT
(panel 11

and/or
panel 16)

CDRrs
2 8-vdc
bus

LMP's
2 8- vdc
bus

Before selecting ON position, OFF/
RESET position must be selected so

that ECA contactors are reset,
thereby enabling battery-power ap-
plication to CDR's d-c bus. In evenl

of overcurrent, ECA No. 2 trips
battery No, 3 off line.

Name and Position



Location,/
Ref Des

Name and Position Function Power
Source

Remarks

Panel 14
(cont)

4V

4S8

ON

Center

OFF/RESET

Connects low-voltage battery tap to
line

Retains status of last initiated
switch position.

Disconnects low-voltage battery tap
from 1ine.

CDIi BAT 3 grav/LO talkback is
displa-ved.

CDR BAT 3 barber-pole talkback is
displayed.

CDR BAT 4 HI VOLTAGE switch

ON

Ccnter

OFF/RESET

Controls high-voltage output from
descent battery No. 4 to feeder line.

Connects high-voltage battery tap to
I ine.

lletlLirrs strtus of last initiated
srvitcli posi.tion.

I)isconr)ccts high-voltage batterv
tap lrom Iinc.

EPS: DES
ECA CONT
(panel 11

and,/or
panel 16)

CDR!s
28-vdc
bus

LMPrs
28-vdc
bus

Before selecting ON position, OFF,/
RESET position must be selected so

that ECA contactors are reset,
thereby enabling battery-power ap-
plication to CDRrs d-c bus. In event
of overcurrent, ECA No. 2 takes
battery No. 4 off line.

CDR BAT + gray/HI talkback is
displayed

CDR BAT 4 barber-po1e talkback is
displayed.

CDR BAT 4 LOW VOLTAGE switch

ON

Center

OITF/ITESET

Controls low-voltage output from
descent battery No. 4 to feeder line.

Connects low-voltage hattery tap to
line.

Iletains sLatus of last initiated
srvitch positicm.

Dis connccts low-voltage battery tap
f norn li nc,

EPS: DES
ECA CONT
(panel 11

and/or
panel 16)

CDR's
2 8-vclc
bus

I,MPIS
28-vdc
bus

Befor:e selecting ON position, 0FF/
ITESET position must be selcctcd so

that ECA contactors are reset,
thcrcb5,' enabling battery-por,ver ap-
plic':rtion to CI)RIs d-c bus. ln event
of. ovorcurrent, ECA No" 2 takes
batter.y No. 4 off line.

CDIi BAT 4 grar'./LO trlkback is
displayed.

CDR BAT4 l;arber-pole talkba.ck is
displayed.
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 14
(cont)

4FIA

4S9

4FL9

CDR BAT 4 talkback

Grav/HI display

Gt:ay/ro display

Barber-pole displav

Indicates descent battery No. 4 is on

line with high voltage tap.

Indicates descent battery No. 4 is on

line with low voltage tap.

Indicates descent battery No. 4 is
off line.

EPS: DISP
(panel 16)

LMIrrs
2 8-vdc
bus

DES BATS switch

CONNECT

Center

DEADFACE

Enables interruption of power from
descent batteries to ascent stage.

Applies power from descent bat-
teries to ascent stage.

Retains status of last initiated
switch position.

Energizes deadface relays, isolat-
ing descent batteries on ascent stage
side of staging guillotine.

EPS: ASC
ECA CONT
(panel 11

and./or
panel 16)

CDIils
2 8-vdc
bus

LMPrs
2 8-vdc
bus

Switch is lever locked to center po-
sition. Momentary actuation of
switch sets latching relays in de-
scent ECArs. Descent batteries are
normally connected to ascent stage.

DES BATS grav talkback is dis-
played.

DES BATS barber-pole talktrack is
displayed.

DES BATS talkback

Gray display

Barber-poIe displa-v

Indicates whether descent stage
deadface has been accomplished.

Indicates descent batteries are
connected to ascent stage.

Indicates descent batteries are
disconnected and deadfaced.

EPS: DISP
(panel 1-6)

LMPIS
2 8-vdc
bus



Locationf
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Flemarks

Panel l-4

(cont)

451 0

4FL5

4511

BAT 5 NORMAL SE FEED switch

ON

Center

OFF/RESET

Controls connections of ascent bat-
tery No. 5 to LMP's bus.

Connects ascent battery No. 5 to bus

Retains status of last initiated
switch position.

Disconnects ascent battery No. 5

from bus; resets respective ECAcon-
tactors for overcurrent protection.

EPS: ASC
ECA CONT
(panel lL
and/or
panel 16)

CDRrs
2 8-vdc
bus

LMP'S
2 8-vdc
bus

Switch is spring loaded to center po-
sition. Respective ECA controls
battery connection to LMP!s d-c
bus; disconnects this battery in
event of overcurrent.

BAT 5 NORMAL SE FEED gray
talkback is displayed.

BAT 5 NORMAL SE FEED talkback
is displayed.

BAT 5 NORMAL SE FEED
talkback

Grav display

Barber-po1e display

Indicates ascent batterv No. 5 is
connected to LMPrs bus,

Indicatcs ascent battery No. 5 is
disconnected from LMPrs bus.

EPS: DISP
(panel 16)

LMPIS
28-vdc
bus

BAT 6 NORMAL CDR FEED
switch

ON

Center

OIIF,/RESET

Contr<-rls connection of ascent bat-
terv No. 6 to CDR's bus.

Connects ascent battery No. 6 to
bus.

Retains status of last initiated
switch positio,r.

Disconnects ascent battery No. 6

from bus; resets respective ECA
contactors for overcurrent protec-
tion.

CDRrs
2 8-vdc
bus

LMPIS
2 8-vdc
bus

Switch is spring loaded to center po-
sition. Respective ECA controls
battery connection to CDII's d-c bus;
disconnects this battery in event of
overcurrent.

BAT 6 NORMAL CDR FEED gray
talkback is displayed.

BAT 6 NORMAL CDR FEED
barber-pole talkback is displaved.
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Location/
Ref Des

Name and Position
Circuit
Breaker

Power
Source

Remarks

Panel 14
(cont)

4FL6

4St2

4FL7

BAT 6 NOR]VIAL CDR FEED
talkback

Gray display

Barber-pole display

Indicates ascent battery No. 6 is
connected to CDR!s bus.

Indicates batter.y No. 6 is discon-
nected from CDR's bus.

EPS: DISP
(panel 16)

LMPIS
2 8-vdc
bus

BAT 5 BACK UP CDR FEED
switch

ON

Center

OFF/RESET

Controls connection of battery No. 5

to CDRts bus.

Connects ascent battery to bus

Retains status of last initiated
switch position.

Disconnects ascent batterv No. 5

from line; resets respective ECA
contactors for overcurrent protec-
tion.

EPS: ASC
ECA CONT
(panel 11

and/or
panel 16)

CDRrs
28-vdc
bus

LMPIS
28-vdc
bus

Switch is spring loaded to center po-
sition. Respective ECA controls
battery connection to CDRrs d-c bus;
disconnects this battery in event of
overcurrent. If battery No. 6 or
battery No. 5 feeder line fails, this
switch is set to ON.

BAT 5 BACK UP CDR FEED gray
talkback is displayed.

BAT 5 BACK UP CDR FEED
barber-pole talkback is displ.ayed

BAT 5 BACK UP CDR FEED
talkback

Gray display

Barber-pole display

Indicates ascent batter.y No. 5 is
connected to CDR's bus,

Indicates ascent l:atter.y No. 5 is
disconnected from CDR!s bus.

EPS: DISP
(panel 16)

LMPrs
28-vdc
bus

Function



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel 14

(cont)

4S13

4FL8

BAT 6 BACK UP SE FEED
switch

ON

Center

OFF,/RESET

Controls connection of ascent bat-
tery No. 6 to LMPIs bus.

Connects ascent battery No. 6 to
bus.

Retains status of last initiated
switch position.

Disconnects ascent battery No. 6

from line; resets respective ECA
contactors for overcument protec-
tion"

EPS: ASC

ECA CONT
(panel 11

and/or
panel 16)

CDRrs
2 8- vdc
bus

LMP's
28-vdc
bus

Switch is spring loaded to center po-
sition. Respective ECA controls
batteryconnection to LMPt s d-c bus;
disconnects this battery in event of
overcurrent. If battery No. 5 or
batterv No. 6 feeder line fails, this
switch is set to ON.

BAT 6 BACK UP SE FEED gray
talkback is displayed.

BAT 6 BACK UP SE FEED
barber-pole talkback is displayed.

BAT 6 BACK UP SE FEED
talkback

Grav display

Barber-pole display

Indicates ascent battery No. 6 is
connected to LMPts bus.

Indicates ascent battery No. 6 is
disconnected from LMP!s bus.

EPS: DISP
(panel 16)

L1\{Prs
2 8-vdc
bus
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Location,/
Ref Des

Ilame and Posif.ion Functiou Circuit
Breaker

I-.)ower

Soilrce
Remarks

Fanel 16

4C81.26

4CBL34

4C852

4C8237

4C849

4CM,

4CW4

ilLT DISP cir',;'.iit breakers

EVENT TI}{I,R/FDAI
{2 arnperes)

X-PNTR (2 amperes)

Applies d-c power to EVENT TIMER
a.nri to LMP's ITDAI and parts of
auxiliary srvitching relay box,
through RATE,/ERR MoN and AT-
TIT{.IDE MON switches.

N/A LMPrs
2 8*vdc
bus

Applies d-e power to LMPrs X-
Pointer indicator and to parts of
auxiliary relay switching box through
RATE/ERR MON switch.

N/A LMP's
2 8-vdc
bus

RCS SYS B circuit hreakers

ASC FEED t (5 amperes)

ASC PEED 2 (5 amperes)

ISOL VLV (5 amperes)

QUAD 1 TCA (15 amperes)

QUAD 2 TCA (15 amperes)

Applies d-c power to RCS system B
ascent fuel and oxidizer interconnect
valves, through SYSTEM B ASC
FEED l- switch.

N/A LMPrs
28-vdc
bus

Interconnect valves permit propel-
lant flow from ascent tanks to RCS
tanks.

System B ASCENT FEED 2 switch
must be set to ASCENT FEED 2.

Applies d-c power to RCS system B
ascent fuel and oxidizer interconnect
valves through SYSTEM B ASC
FEED 2 switch.

N/A LMPrs
2 8-vdc
bus

Interconnect valves permit propel-
lant flow from ascent tanks to RCS
tanks. S.ystem B ASCENT FEED 1

switch must be set to ASCENT
FEED 1.

Applies d-c power to RCS system B
oxidizer and fuel isolation valves
through SYSTEM B THRUSTER
PAIR switches.

N/A LMPrs
28-vdc
bus

Applies d-c power to oxidizer and
fuel valves of RCS system B, quad

I TCAts.

N/A LMPIs
28-vdc
bus

Applies d-c power to oxidizer and
fuel valves of RCS system B, quad
II TCArs.

N/A LMPrs
28-vdc
bus



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Flemarks

Panel 16
(cont)

1CH3

4CM2

4CB54

4CB5O

4CBI27

4C873

4C8103

4C832

QUAD 3 TCA (15 amperes)

QUAD 4 TCA (15 amperes)

CRSFD (5 amperes)

TEMP/PRESS DISP-FLAGS
(2 amperes)

PQGS DISP (2 ampencs)

MAIN SOV (5 amperes)

Applles d-c power to oxidizer and
fuel valves of RCS system B, quad

III TCArs.

N/A LMPIS
2 8- vdc
bus

Applies d-c power to oxidizer and
fuel valves of RCS system B, quad

IV TCA'S.

N/A LMPIS
2 8-vdc
bus

Applies d-c power to oxidizcr and
fuel crossfeed valves through
CRSFD srvitch.

N/A LMPIS
2 8-vdc
bus

Applies d-c power to REACTION
CONTROL TEMP and PRESS indi-
ctrtors and to RCS talkbacks.

N/A LMPrs
2 8-vdc
bus

Applies d-c power to RCS svstem A
and B pressure-volume-temperature
(PVT) system.

N/A LMPIS
2 8-vdc
bus

Applies d-c power to RCS system B
mtrin oxldizcr and fuel shutoff valves
through SYSTtrM B MAIN SOV

switch.

N/A LMPIS
2 8-vdc
bus

PROPUL circuit breakcrs

TEMP/PRESS DISP-FLAGS
(2 amperes)

PQGS (2 amperes)

Applies d-c power to MAIN PRO-
PULSION TRMP and PRESS indi-
cators and to ASCENT and DESCENT
He REG talkbacks.

N/A LMP!S
28-vdc
bus

Applies d-c power to propellant
quantity gaging system (PQGS) con-
trol unit through PRPLNT QTY MON
switch.

N/A LMP'S
2 8-vdc
bus
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Locatior.r/
Ref Des

Name and Positi.on Function Circuit
Breaker

Power
Source

Remarks

Panel 16
(cont)

4 C853

4C8L28

4 C81 60

4C8748

4CBt47

4C875

4C828

ASC FIe Reg (5 amperes) Applies d-c power to latching helium
solenoid valves No. 1 and 2 through
ASCENT He REG switches.

N/A LMPrs
2 8-vdc
bus

LTG circuit breakers

FLOOD (5 amperes)

TRACK (15 amperes)

ANUN/DOCK COMPNT
(2 amperes)

MASTER ALARM
(2 amperes)

Applies d-c power to cabin flood-
lights through FLOOD switch.

N/A LMP's
2 8- vdc
bus

Applies d-c power to tracking light
electronic assembly.

N/A LMPIS
2 8-vdc
bus

Applies alternate d-c power to
caution and rvarning annunciators,
component caution lights, docking
lights, and LUNAR CONTACT Iights

N/A LMPts
2 8-vdc
bus

Applies d-c power to MASTER
ALARM lights and master alarm
tonc generators.

N/A LMPrs
2 8- vdc
bus

ED: LOGIC PWR B circuit breaker
(2 amperes)

Applies d-c power to ASCENT He
PRESS, ASC He SEL, DES PRESS,
LDG GEAR DEPLOY, MASTER
ARM, RCS PRESS, and ABORT
STAGE switches.

N/A LMPrs
28-vdc
bus

STAB,/CONT circuit breakers

AEA (10 amperes) Applies main d-c power and acts as

on-off switch to AGS.
N/A LMP's

2 8-vdc
bus



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Flemarks

Panel 16
(cont)

4C879

4CB4I

4C882

4CR2

1 C8230

4 CR233

ENG ARM (2 amperes)

ASA (20 amperes)

AELD (?.5 amperes)

ATCA (7.5 ampcrr:s)

AIIOR'f STAGII (2 a.rnpcrcs)

ATCA (ACS) (2 ampercs)

i)IlS EN{; ()VttD (10 amperes)

Applies d-c porver to IiNG ARM
switch for arming ascent or descent
engine.

N/A LMPTS
28-vdc
bus

Applies d-c power and acts as on-off
switch to ASA.

N/A LMPIS
2 8-vclc
bus

Applics d-c power to system B of
AIlLD,/S.

N/A LMPIS
28-vdc
bus

Applics cl-c power to ATCA porver
s upply.

N/A LMPIS
28-vdc
bus

Alrplics rl-c lrorvcr to abont stage
olcctrot.iit:s lhrough AilOllT STAGE
su,i1.t'lr.

N/A LX{P's
2 E-vdc
bus

.r\lrlrlicrr; cl-c potver through GUII)
(l()N'l' suiitch to select AGS, and bias
por.vr.r' lo ,A'l'LlA. Also applies cl-c
pou'r'r' l.hlough MOIIFI CIONTROL and
Ll,'\1, (rl,t, su,itchr.ls to A'IC.{ prinrar5,
yrr'<,1 rrrr I rJ i I i.c r s .

N/A LMP's
2 8-vdc
I:us

Alrlilics rctluncllLnt d-c pou,er to dc-
sccnt <'nginc tctu:ttor valvcs.

N/A l,NiIP'S
2 8-vrlc
br-rs
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Location/
Ref Des

Name and Position Functior-r Circuit
Breaker

Power
Source

Panel 16
(cont)

4C899

4C81.32

4CBt25

4C81

4C8234

4C8235

4 CB1 53

INST circuit breakers

CWEA (2 amperes)

STG SENSOR (2 amperesl

PCM/TE (2 amperes)

SIG CONDR 2 (2 :rmperes)

Applies d-c power to CWBA.

Applies d-c power to all precondi-
tioned transducers throughout LM.

N/A

N/A

LMPrs
2 8-vdc
bus

LMP's
28-vdc
bus

Applies d-c power to PCMTEA. N/A LlIPrs
2 8-vdc
bus

Applies d-c power to power buffers
and conditioners in SCEITA's.

N/A LMPrs
2 8-vdc
bus

ECS circuit breakers

SUIT FLOW CONT
(2 amperes)

SUIT/CABIN REPRESS
(2 amperes)

Applies d-c power to LMPIs and
CDR!s SUIT ISOL valves.

N/A LMPIS
2 8-vdc
bus

SUIT ISOL valves afford torn suit
protection to the astronauts. If
suit pressure falls below 3.1 psia,
SUIT ISOL valves close, CABIN
REPITESS valve opens. and remains
open until cabin pressure is 4.1
psia or greater.

Applies d-c power to CABIN RE-
PRESS valve.

N/A LMP's
28-vdc
bus

COMM circuit breakers

DISP (2 amperes) Applies d-c power to SIGNAL
STRENGTH indicator, and to PITCH
and YAW indicators.

N/A LMP's
28-vdc
bus

Remarks
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Location/
Ref Des

Name and Position Circuit
Breaker

Power
Source

Remarks

Panel 16
(cont)

4 CB85

4 C811I)

4C8114

4CB:JO

4C8111

4C81 10

4 C8102

SE AUDiO (2 amperes)

VHF A XMTR (2 amperes)

VHF B RCVR (2 amperes)

PRIM S-BD PWR AMPL
(7.5 amperes)

PRJM S-BD XMTR/RCVR
(5 amperes)

S-BD ANT (2 amperes)

PMP (2 amperes)

Applies d-c power to regulated power
supply in LMP's audio center, to
LMPrs microphones amplifier
through LlVIP's AUDIO CONT switch
(NORM position), and to CDR's
microphone through CDRis AUDIO
CONT switch (BU position).

N/A LMP'S
2 8-vdc
bus

Applies d-c power to VHF A trans-
mitter-receiver ald to exciter-power
amplifier and modulator in VHF A
transmitter through VHF A XMTR
switch.

N/A LMPrs
28-vdc
bus

Applies d-c power to VHF B IF and
audio amplifier in VHF B receiver
through VHF B RCVR switch.

N/A LMPrs
28-vdc
bus

Applies d-c power to power supply
No. 1 in S-band power amplifier
assembly.

N/A LMPrs
2 8-vdc
bus

Applies cl-c porver to por,vel supply
in S-bancl scction of CS through
XNITIt/ltCVR switch.

N/A LMPrs
2 8- vdc
bus

Applies d-c power to S-band steer-
able antenna power supply through
TRACK MODE switch.

N,/A LMPrs
28-vdc
bus

Applies d-c power to LMPrs and
CDR's communications umbilical as-
semblv through TELEMETRY
BIOMED switch and to PMP power
supply.

N/A LMP'S
2 8-vdc
bus
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

Panel I 6
(cont)

4C81.04

4C8740

4 CB96

4C898

4C8108

4 CIl109

4C8113

4 C 8119

TV (2 amperes) Applies d-c porver to television cam-
era (CFE) porver supply.

N/A LMPrs
28-vdc
bus

ECS circuit breakers

DISP (2 amperes)

GLYCOL I)UMP SEC
(5 amperes)

PRIM GLYCOL EVAP FLOW
(5 amperes)

CABIN FAN 2 (5 amperes)

CABIN FAN CONT
(2 ampercs)

CABIN REPRESS
(2 amperes)

SUIT FAN 2 (15 amperes)

Applics d-c pou,er to PART PI1ESS

C02, ENVIITONMIJNTAL CONTROL
TEMP, and PRESS, GLYCOL TENIP,
and QUANTITY inclicators.

N/A LMPrs
2 8-vdc
bus

Applies d-c power to backup glycol
pump in coolant recirculation as-
semblv.

N/A LMP'S
2 8-vdc
bus

Applies d-c power to solenoid valve,
that controls flow of water from
water manifold to primary water
boiler, via PRIM EVAP FLOW #2

switch.

N/A LMPts
2 8-vdc
bus

Applies d-c power to cabin fan No. 2

through ECS relay box.
N/A LMPts

2 E-vdc
btts

Applies d-c power to ECS 02 pres-
sure regulator valves (PRESS REG A
and PRESS REG B).

N/A LMPIS
2 8- vdc
bus

Applies d-c power to cabin repres-
surization emergency 02 valve
(CABIN REPRESS).

N/A LMP's
2 8-vdc
bus

Applies d-c power to suit fan No. 2

(suit circuit assemblv) through SUIT
FAN switch.

N/A LMP!S
2 8-vdc
bus



Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Fiemarks

Panel 16
(cont)

4 CB1 20

4CB7t2

4C884

4C8222

4CB.223

4C8224

4C8225

4C868

SUIT FAN A P (2 amperes)

DIVERT VLV (2 amperes)

CO2 SENSOR (2 amperes)

Applies d-c power to fan differential
pressule sensor,

N/A LMPrs
28-vdc
bus

Applies d-c power to suit circuit
diverter valve.

N/A LMPrs
2 8- vdc
bus

Applies d-c power to CO2 sensor ln
suit circuit assembly.

N/A LMPrs
28-vdc
bus

HEATERS: RCS SYS A/B-2 circuit
breakers

QUAD 1 (7.5 amperes)

QUAD 2 (7.5 amperes)

QUAD 3 (7.5 amperes)

QUAD 4 (7.5 amperes)

DISP (2 amperes)

Applies d-c power to section No. 2

engine heaters of quad I, systems A
and B.

N/A LMPrs
28-vdc
bus

Applies d-c power to section No. 2

engine heaters of quad II, systems A
and B.

N/A LMPrs
28-vdc
bus

Applics d-c power to section No. 2

enginc heaters <-rf quad III, systems
A and B.

N/A LMPts
2 8- vdc
bus

Applies d-c power to section No. 2

engine heaters of quad IV, systems
A and B.

N/A LMPrs
28-vdc
bus

Applies d-c power to HTR CONI
TEMP indicator.

N/A LMPrs
2 8-vdc
bus
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Location/
R.ef fics

Nanre lnd Position Firnction Circuit
Breaker

Power
Source

Remarks

Pa.nel tG

icont )

4C831.

4C833

4CB16

4C821

4C813

4C81,4

4CB7

4C811

S-BD ANT {5 amperes) Applies cl-c no'rer to four heaters in
S-hancl steerable antenna electronics
assembl.y.

N/A LMPIS
28-vdc
bus

CAMR: SEQ circuit breaker
i2 amperes)

Applies d-c power to sequ€nce
camera electrical outlet"

N/A LMPrs
2fi-vdc
bus

E"FS circuit br:eakers

DISP (2 amperes)

DC RLI-q V()LT (2 amperes)

INV 2 (30 amperes)

ASC ECA (2 amperes)

ASC ECA CONT (5 amperes)

DES ECA (2 amperes)

Applies d-c porver to AMPS and
VOLTS indicators and to subs.ystem
talkbacks.

N/A LMPrs
28-vdc
bus

Applies d-c power to IS for condition-
ing to monitor LMPis d-c bus volt-
age.

N/A LMPIS
28-vdc
bus

Permits monitoring through caution
and warning, pulse-code-modulatior
(telemetry), and voltmeter sections,

Applies d-c power to inverter No. 2

for generation of 11S-volt 400-cps,
a-c, power, via INVERTBR switch.

N/A LMPts
28-vdc
bus

Applies c1-c power to power supplies
of both ascent ECA's.

N/A LMPrs
28-vdc
bus

Applies d-c power to normal and
backup contact coils in ECA No. 3

and 4 through NORMAL FEED and
BACK UP FEED switches.

N/A LMPrs
28-vdc
bus

Applies d-c power to power supplies
of both descent ECA!s.

N/A LMPrs
2S-vdc
bus
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Location/
ReI Des

Name and Position Function Circuit
Breaker

Power
Source

R€marks

Panel 16

(cont)

4CBg

4CB5

4CB19

4CB1 83

4 C825

4C877

DES ECA CONT (5 amperes)

XLUNAR BUS TIE
(50 amperes)

CROSS TIE-BUS
(100 amperes)

CROSS TIE-BAL LOADS
(30 amperes)

BAT FEED TIE (100 amperes)

BAT FEED TIE (100 amperes)

Applies d-c power to low- and high-
voltage contact coils in ECA No. 1

and 2 through HI VOLTAGE and LOW
VOLTAGE switches.

N/A L1\rIP's
2 8- vdc
bus

Ties LMPrs d-c bus translunar loads
lo LM single-point ground.

N/A N/A

Ties LMPrs feeder/bus system to
CDR's d-c bus through CDRrs EPS:

CROSS TIE-BUS circuit breaker.

N/A LMPrs
2 8- vdc
bus

Ties LMP!s feeder/bus system to
CDR's d-c bus through CDRrs EPS:
CROSS TIE-BAL LOADS circuit
breaker.

N/A LMPrs
2 8- vdc
bus

Tics descent battery No. 1 and ascent
battcry No. 6 ftackup mode) to LMPrs
d-c bus.

N/A N/A

Iies descent batterv No. 2 and ascent
catterv No. 5 (normal mode) to LMPrs
l-c bus.

N/A N/A
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Remarks

ECS

7H8

7H3

7H4

SUIT GAS DIVERTER valve

PUSH-CABIN

PULL-EGRESS

Permits gas in suit circuit down-
stream of flow control valves to flow
into cabin.

Prevents gas in suit circuit from
passing into cabin.

ECS: DIVERT
VLV
(panel 16)

LMPIS
28-vdc
bus

Valve has provisions for automatic
closure b.y signal from cabin pres-
sure sensor when cabin pressure
drops below 4.0 psia. Valve also
closes automatically when PRESS

REG A and PRESS REG B valves are
set to EGRESS.

Enables suit circuit to maintain
oxygen level of cabin within limits

CABIN REPRESS valve

MANUAL

AUTO

CLOSE

Permits unregulated oxygen flow to
cabin from oxygen manifold.

Enables CABIN REPRESS valve to
respond to inputs from cabin pres-
sure switch and suit circuit Iow
pressure sensor.

Prevents oxygen flow from oxvgen
manifold to cabin.

ECS: CABIN
REPRESS
(panel 16)

LMPrs
28-vdc
bus

CABIN PRESS indicator provides
positive feedback of results of
CABIN REPRESS va"lve actuation.

AUTO mode is disabled if PRESS
REG A and PRESS REG B valves are
set to EGRESS or if one valve is set
to EGRESS and other valve is set to
CLOSE.

Valve opens fully when cabin pres-
sure drops below 4. 6 psia; it closes
when pressure rises past 4, 8 psia,
Valve opens when suit circuit pres-
sure drops to 3.12+0.18 psia; it
closes when pressure rises past
4.1 psia.

PLSS FILL valve

OPEN

CLOSE

Permits oxygen flow to primary oxy-
gen storage tank in PLSS.

Prevents oxygen flow to tank.

N/A N/A

Power
Source



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

ECS
(cont)

7Hl
7H2

7Hl5

7H27
7tr1

PRESS REG A and PRESS REG B
valves

DIRECT 02

CABIN

EGRESS

CLOSE

Permits unregulated oxygen flow to
suit circuit.

Permits regulated oxygen flow to
suit circuit to maintain 4. 8*0. 2

psia.

Permits regulated oxygen flow to
suit circuit to maintain 3. 8+0.2
psia.

Prevents oxygen flow to suit circuit.

N/A N/A SUIT PRESS indicator prouides pos-
itive feedback of results of PRESS

REG A and PRESS REG B valve
actuation. Both valves must be set
to CABIN or EGRESS, simulta-
neouslv, to accomplish desired pres-
sure regulation.

DIRECT 02 position is selected if
both suit fans do not supply oxygen
to suit circuits.

CABIN position is selected during
normal ptessurizcd-ssbltl opcra-
tions.

EGRESS position is selected during
egress operations and when cabin is
unpressurized.

CLOSE position is selected only r,vhen

one PRESS REG valve fails open.

DES 02 valve

OPEN

CLOSE

Permits oxygen flow from descent
oxygen tank to oxygen control valves

Prevents oxygen flow from descent
oxvgcn tanl< to oxygen control valves

N/A N/A

ilI ASC 02 and #2 ASC 02 valves

OPEN

CLOSE

Permits full oxygen flow from ascent
oxygen tank to oxygen control valves.

Prevcnts oxygien flow from a.scent
oxygerl tank to oxygen control valves

N/A N/A Mechanical interlock in system pre-
vents ascent oxygen flow to descent
tanl<, If descent oxygen tank does
not close, interlock override per-
mits opening of ASC 02 valve after
staging. DES 02 valve must be set
to CLOSE.
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Location,/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

ECS
(cont)

7II6
7H7

7H18

7H16

7Hl4

SUI'I ISOL valves

SUIT DISCONN

SUIT FLOW

Controls flow of oxygen to space
suit.

Disconnects suit from oxygen supply.

Connect suit to oxygen supply

ECS: SUIT
FLOW CONT
(panel 16)

LMP's
2 8-vclc
bus

SUIT ISOL valves afford the astro-
nauts torn suit protection. If suit
pressure falls below 3.1 psia, valves
close, disconnecting suits from at-
mosphere revitalization section.
CABIN REPRESS valve, which is
operated by the same lor.r' pressure
sersor as are the SUIT ISOL valves,
opens, and remains open until cabin
pressure rises above 4,1 psia.

SEC EVAP FLOW valve

OPEN

Provides emergency means of cool-
ing suit circuit.

Controls water flow to suit circuit
water evaporator and to secondary
water boiler when heat rejection by
suit circuit heat exchanger is in-
adequate.

Prevents water flow to boiler

N/A N/A Glycol temperature is read on

GLYCOL TEMP indicator.

CLOSE position is selectecl for nor-
mal operation.

PRIM EVAP FLOW No. 2 valve

OPEN

CLOSE

Backup valve that controls water
flow from the water manifold to the
primary water boiler.

Permits water (backup) flow to
primary water boiler.

Shuts off water flow

N/A N/A

WATER TANK SELECT valve N/A N/A During prelaunch, c<loling is accom-
ptished bv l"r'eorr jacl<et in primarv
coolant system loop, After crerv
transfer, PRINI EVAP FLOW No. 2

valve is opened, pelrmittiug rvater
from descent tanl< to flow to primalv
water boilcr if WATflIt TANK SE-
LECT valve is set to DES.

CLOSE



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

FlemarkS

ECS
(cont)

7H13

7H26

DES

ASC

SEC

Selects descent water tank to provide
water for primar_y water boiler, and

for DES H2O valve for period be-
tween earth launch and staging.

Selects Lroth ascent rvater tanks to
provide water for primarv water
boiler and for ASC H2O valve.

Prevents water flow from water
tanks to primary water boiler.

Diverts a1I water from water separa-
tors to secondary water boilers.

Ruptures water isolation valve disk,
thus replenishing emergency coolant
system loop with water backup.

Safety trigger near WATER TANK
SELECT valve must be tripped man-
ually before setting valve to SEC.

ASC I{2O valve

OPEN

CLOSE

Controls water flow for drinking and

food preparatiou

Supplies water to water hose assem-
blv.

Prevents water flow to watcr hose
assembly.

N/A N/A Water quantity is monitored by H2O

QTY indicator on panel 2.

DES HrO valve

OPEN

CLOSE

Controls water flow, from descent
water tank, for drinking, food pre-
paration, and firefighting.

Supplies water to water hose assem-
blv.

Prevents water flow to water hose

assembly.

N/A N/A Water quantity is monitored by H2O

QTY indicator otr panel 2.
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

ECS
(cont)

7'H22

7Hr7

7H19

SUIT TEMP valve

DECR COLD

INCR HOT

Permits regulation of suit circuit
temperature by varying rate of glycol
flolv to suit regenerative heat ex-
changer.

N/A N/A MocluliLting laucet control

Decreases glycol flow to suit re-
generative heat exchanger to de-
crease suit circuit gas temperature,

Increases glvcol flow to suit re-
generative heat exchanger to increase
suit circuit gas temperature,

CABIN GAS ITETURN VAIVe

OPEN

AUTO

EGRESS

Provides for return of cabin gas to
suit circuit under normal opcrations
or provic'les suit circuit integrit.y
under lapid cabin dccompression.

Permits cabin gas to feed back to
suit circuit for revitalization.

Permits gas flow into, but not out of,
suit circuit.

Closes valve, ensuring suit circuit
integrity during unpressurized-
cabin operations.

N/A N/A

COZ CANISTER SEL valve

PRIM

SEC

Permits suit circuit gas to be filtered
through primary LiOH canister,
thereby removing CO2 and noxious
gases from suit circuit gas.

Permits suit circuit gas to be filtered
through secondary LiOH canister to
permit replacement oI prima15
canister.

N/A N/A
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Flemarks

ECS
(cont)

7H9

7H23

7H24

SUIT CIRCUIT RELIEP valve

OPEN

AUTO

CLOSE

Prevents overpressurization of suit
circuit and space suit.

!'ully opens valve, overriding AUTO
mode.

Permits valve to operate by aneroid
device in response to suit circuit
pressure.

Fully closes valve, overriding AUTO
mode.

N/A N/A Positive feedback of suit circuit
pressure is provided by SUIT PRESS
indicator,

Valve is fully open when suit pres-
sure is 4.7 psia or greater; fully
closed when suit pressure is less
than 4.3 psia.

PRIMARY CO2 CANISTER VENT
pushbutton

When button is pressed, gas in
canister is vented, facilitating re-
moval of canister from suit circuit.

N/a N/A Momentary puslrbutton; associated
with primary LiOH canister.

PRIMARY CO2 CANISTER

OPEN

CLOSE

Opens cover for removal of CO2
cartridge.

Closes cover after replacement of
cartridge.

N/e N/A Aftr.rr setting CO, CANISI'EIt SIi L
VAIVC ttI SEC, PRII,IARY CANISTER
is set to OPEN, to remove cartridge,

Setting valve to CLOSE places pri-
mary CO2 canister back onstream.

SECONDARY C02 CANISTER

OPEN

CLOSE

Opens cover for removal of CO2

cartridge.

Closes cover after replacement of
cartridge.

SECONDARY CO, CANISTER vent
pushbutton

When button is pressed, gas in can-
ister is vented, facilitating removal
of canister from suit circuit.

N/A N/A Momentary pusirl-rnttonl as sociatecl
with secondarr. Liofl ctrnister.
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Lacatlan/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

ECS
(cont)

7H10

7H12

7H11
7H20

WATER SEP SEL valve

PI]SH-SEP 1

PUSH-SEP 2

Permits selection of either of two
separators that separate condensed
moisture from gas and vents this
water to primary water boiler.

Selects separator No. 1.

Selects separator No. 2.

N/A N/A

Normallv separator No, 1 is on linc.

CABIN TEMP valve

NORIli

MAX C(}L)L

MAX HEAT

Regulates cabin temperature through
adjustment of tempcrature of glycol
supplied to cabin heat exchanger.

Glycol temperature is adjusted auto-
matically to maintain cabin gas at
70"a5o F.

Diverts glycol of lower temperature
into coolant flow.

Diverts higher temperature glycol
into coolant flow.

N/A N/A Cabin temperature is monitored bv
CAIIIN llll\{{r indicator.

Morlulating laucet control.

Cabin relief and dump valves

DUMP

Provides means for automatic cabin
depressurization and cabin prcssure
relief.

Overrides AUTO position and per-
mits astronaut to dump cabin pres-
sure -

N/A N/A Trigger on cabin relief and dump
valve lever on cabin side of hatch
must be squeezed to unlock lever.
before valve can be set to another
position. Valve also has trvo-posi-
tion PULL TO DUMP control lever
on exterior side of hatch. Exterior
lever is spring loaded to "in" posi-
tion. Pulling and holding lever out
for approximately 90 seconds dumps
cabin pressure. rrOut" position is
comparable to DUMP position of in-
terior lever: "in" position of ex-
terior lever is comparable to AUTO
position.

I



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Ft,emarks

ECS
(cont)

7g

AUTO

CLOSE Overrides AUTO position to close
and lock relief valve so that no gas

can escape during fallure in AUTO
mode.

Aneroid sensor valve causes valve
to open at pressure of 5.8 psia or
greater, bleeding excess cabin pres-
SUIE.

PRIM EVAP FLOW switch

OPEN

CLOSE

Controls water flow from water
manifold to primary r,vater boiler

Permits water flow to primary
water boiler.

Shuts off water flow to primary
wat.er boiler.

ECS: PRiM
GLYCOL
EVAP FLOW
(panel 16)

LMP'S
2 8-vdc
bus

Srvitch is spring loaded to center
position.

Switch is set to OPEN when LM is
first manned to permit water feed to
primarv water boiler.
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Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

AOT

3H3

3523

3525

3R1

3FI1

3H2

Eyepiece adjust lever Moves evepiece toward, or away
from, eye of observer for focusing

N/A N/A

MARK X pushbutton (momentary) Provides signal to LGC, indicating
that navigation star is aligned on
X-hairline of reticle.

N/A N/A

MARK Y pushbutton (momentary) Provides signal to LGC, indicating
that navigation star i.s aligned on
Y-hairline of reticle.

N/A N/A

REJECT pushbutton (momentary) Provides signal to LGC, erasing
mark-X or mark-Y signal previously
entered into LGC. New mark-X or
mark-Y signal may be entered into
LGC after mark-R REJECT pUsh-
button is pressed.

N/A N/A

Reticle illumination control Controls brlghtness of reticle i1lu-
mination-

AC BUS B:
AOT LAMP
(panel 11 )

CDRIS
1 1 5-vac
bus

Reticle control Rotates reticle to superimpose
spiral on target star, to zero the
AOT counter, and to superimpose
x-hairline on target star.

N/A N/A

Azimuth control

LR

L

F

R

Rotates AOT prism to cover five 60"
sectors, from left rear to right rear.

Rotates prism to left rear position.

Rotates prism to left position.

Rotates prism to front position.

Rotates prism to right position.

N/A N/A Image rotates as prism rotates

llight position (R) and right rear po-
sition (RR) are not usable at present.

H

3S24
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Location/
Ref Des

Name and Position Function Power
Source

Remarks

AOT
(cont)

3M7

RR

CL

AOT indicator

Rotates prism to right rear position.

Stores prism under protective cover.

Indicates position (in degrees) of
reticle.

N/e N/A Four-place digital display. Extreme
right digit is for tenths of a degree.

ACA

1A1
tA2

1 5AS10
158S10

Attitude control assembly Either astronaut can command vehi-
cle attitude changes manually, using
his ACA. ACA is installed with its
longitudinal axis approximately par-
allel to LM X-axis; vehicle rotations
correspond to astronaut hand move-
ments in operating ACA. Clockwise
or counterclockwise rotation of ACA
about its longitudinal axis commands
vehicle yaw right or yaw left about
LM X-axis. Forward or aft move-
ment of ACA commands vehicle pitch
down or pitch up, respectively, about
LM Y-a-xis. Left or right movement
of ACA commands roll left or roll
right about LM Z-axis.

STAB/CONT:
ATT DIR
CONT
(panel 11)

CDRrs
28-vdc
bus

Push-to-talk swit'ch I(eys intercom and/or selected
transmitters.

N/A N/A Located on ACA control grip.

TTCA

1X1
1X2

'Ihrust/translation controller The thrust/tlanslation controller is,
functionally, an integrated transla-
tion ancl thrust controller used to
command vehicle translations by re-
action control jet firing, and to
throttle the descent engine between
IOI|| and 92. 57o maximum thrust mag-
nitude. It is athree-a,ris, tee-handle,

N/A N/A
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Location/
Ref Des

Name and Positlon Function Circuit
Breaker

Power
Source

Fl,emarks

TTCA
(cont)

1Hl
LH2

1H3
7H4

left-hand controller. Vehicle trans-
latlons correspond approximately to
astronaut movement of the tee-handle.
Leftward or rightward movement
commands translation along LM Y-
axis; inward or outward movement
commands translation along LM Z-
axis; upward or downward movement
command$ translation along LM X-
axis.

Throttle/jets select lever

JETS

THROTTLE

Lever mounted on TTCA affords
integrated thrust and translation
control capability.

Provides RCS X-axis translation
capability.

Provides Y-axis translation by vary-
ing thrust magnitude of descent
engine.

N/A N/A Regardless of lever position, con-
troller has translation command
capability along the Y-axis and Z-
axis.

Throttle friction controller Varies force reqnired to move tee-
handle upward or downward. Con-
troller is operative when
THROTTLE/JETS select lever is set
to THROTTLE.

N/A N/A Force required to move tee-handle
varies from minimum of 0.25 to
1.0 pound to maximum of 2.5 to 3. 5

Pounds.

ORDEAL

9523

FDAI switches

ORB RATE

L

INRTL

Determines type of total attitude to
be displayed on FDAIrs.

Selects inputs to CDR's FDAI.

Enables CDR's FDAI to display total
attitude with respect to local horizon-
tal reference frame.

Enables CDRrs FDAI to display total
attitude with respect to IMU.

N/A N/A



Location/
Ref Des

Name and Position Function Circuit
Breaker

Power
Source

Remarks

OR]]EAL
(cont)

9524

9525

9Rl

9S26

2

ORB RATE

INRTL

Selects input to LMP's FDAI.

Enables LMP's FDAI to display total
attitude with respect to local horizon-
tal reference frame.

Enables LMP|s FDAI to display total
attitude with respect to IMU.

N/A N/A

EARTH-LUNAR switch

EARTH

PWR OFF

LUNAR

Used in conjunction with ALT SET
control, inserts appropriate scale
factor into OITDEAL electronics.

Supplies proper scale factor to
ORDEAL electronics when LM is in
earth orbit.

Removes ac and dc power from
ORDEAL.

Same as EARTH position, except
that scale factor applies to lunar
orbit.

FLT DISP
ORDEAL
(ac)
(panel 11)

FLIGHT
D]SPLAYS:
ORDEAL
(panel 11)

CDRrs
1 1 5-vac
bus

CDR! s
28-vdc
bus

Srvitch is always set to either
LUNAIT or OFF.

ALT SET control Inserts LM orbital altitude into
ORDEAL.

N/A N/A Control can be set from 10 to 310

nautical miles.

LIGHTING switch

BRT

OFF

DIM

Controls the brightness of the
ORDEAL EL panel lighting.

Selects bright light level.

Turns off panel lighting.

Selects dim light leve1.

FLIGHT
DISPL,AYS
ORDEAL
(panel 11)

CDRrs
2 8-vdc
bus
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Location/
Ref Des

Name and Position Function C ircuit
Breaker

Power
Source

Remarks

ORDEAL
(cont)

9S.27

9S2 8

MODE switch

OPR/SLOW

HOLD/FAST

Inserts and maintains proper angular
offset into FDAIrs.

When used with UP and DOWN posi-
tions of the SLEW switch, permits
slewing the FDAI at 10X orbital rate
in plus or minus direction. Used
for fine adjustment.

When used with UP and DOWN posi-
tions of SLEW switch, permits
slewing FDAI at 200X orbital rate in
plus or minus direction. Used for
coarse adjustment.

N/A N/A

SLEW switch Slews pitch indication on FDAI in
plus (UP position) or minus (DOWN
position) at rale dependent on setting
of MODE switch.

When switch is set to center position
and MODE switch is set to OPR/
SLOW, ORDEAL slews at orbital
rate and FDAI displays total attitude
with respect to local reference
frame.
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i\

l
I

L

L

INSTRUMENT BEHAVIOR

INSTRUMENT TRANSDUCER CONDITIONER INSTRUMENT SIGNAL LINE

OPEN SHORT OPEN SHORT PWRTAILURE OPEN SHORT

X-Pointers (9M2, gMS) Zero or random Last position Off scale Zero Last position Last
position

Zeto

FDAITS (9M1, 9M6)

-I

a-- Last position

I

I
I
DC - Flag
AC - Last

I I I 
Position

DC - Flag
AC - Last
position

DC - Flag
AC - Last
position

Mission Timer (9M12)
Event Timer (9M11)

Last position Continues Counting
I

Helium Indicator (10M1)
Propulsion Quantity

Indicator (10M5)
<- Numeric Zero No clock pulse

random
Blank Blank

Thrust Indicator (9M7) Zero or random Zero thrust <0
cmd in man-
ual - 10 in
automatic

Last
position

Last
position

Last position. May move
with vibration

Range/Altitude
Indicator (9M9)

I

Last position

I I

MPS Temperature
and Pressure Indi-
cators (10M3, 10M4)

RCS Temperature
Pressure and

Quantif Indicator
(8M1, 8M2, 8M4)

Zero ot random Zero Random Zero Flast position--->

ECS Temperature
and Pressure Indi-
cators (7M2, 7M3)

Random
Off bottom
of scale Random

off
bottom of
scale

lr
Flast position -----+rl

ECS Part Press CO2,
Glycol, and Quantity
Indicators {7i$.tr1, 7M4,
7M5)

Zeto or random Zeto

I

Last position

Radar and Antennas
Signal Strength
Indicators (14M1,
17M1)

Zeto or random Zeto

I

Last position

Pitch and Yaw
Indicators (14M3,
L4M4)

Low end of scale or random
point on scale

VOLTS Indicator
(41\{2)

Below 20 or
random point
on scale

Below 20 or
bottom of
scale

lr
{-- Last position

Ir
AMPS Indicator

(4M3) Zero Zeto

ll

<-- Last position
Ir

i

Mission LM 3 Basic Date 1 January 1968 Change Date Page 3-L47 /3-L48
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ABBREYIATION LIST

A-,/D

AAP
abe

ae

AEA
,qEAJ\
ALLU

AFC
AGC
AGS
ALT
a mi)

,:lN'I

"'!:iLEi
:ioT
APS
Air.s
..r^s.a
Aan

ASD
.lt.irI

ASSY
ATA
-4TCA.
,-! t tvl

i), ]

--ii'.llC
A.I.j].

,l lJ
.Ifi:_

;tE:i

i. :il;:i
I:DX"I

i.)Erq

!b

Lnl
CtB
CMPTl1.
COAS
{.jOr\!.},1

C^.iiliI:
CONDTa
CON1"

cont
cos

",V!,.:PT,

a'il S

CPS
CRSFD
CS

CSI
CSM
CSS

CT
CW
c/w
CWEA
CX

D/A
DAP
db
dc
DCA
DECA
DECR
DEDA
DEG
DEMOD
DES
DET
DFI
DFR
DID
DIF
DISP
DIST
DN
DPS
DRB
DSEA
DSKY

ECA
ECI
ECS
ED
EDC
EDS
EKG
EL
EMI
EMP
EMU
ENG
ENTR
EOS
EPS
ERA
ERR
EVA
EVVA
E1
EY
EZ

A

Analog-f;.r -ti).9 ital
Ahort atu-rpi.lot
Ahsolrtier
Alternaii:lg current (a-c, u. m. )

AtJitrrle eontroller assemhly
Abort electronics assembly
A,gr:ent engine arming assembly
A,, r-'cn.r engine latching der rce
Automatic frequency control
Au.tomatic gain control
Airort guida:oce section
Altihrrle
Anrperis)
A,"npli.fier
Antenna
Ansruneiator

"Alig'n:nent optic d. teleser:pe
Asoent propulsion section
Ainr*sl:here revitaliz atic.r' section
Abcrt serrsor assembJ.y
Aseent
Apoll o standard deton.ttor
Ap+ilo standard initiator"
Assembiy
Abort tiiming assemtrly
Attitude ard translation eontrol assembly
Altirneter transmitter multiplier
Attitud,e
Ar:tomatic
Anxi.iia::y

C (cont)

Cold plate section
Crosifeed
Commrmications Subsystem
Coelliptic sequence initiation mareuver
Command and Service module
Computer subsection
Control transformer
Continuous wave
caution ard warning
Caution a:rd warning electronics assembly
Control transmitter

D

Digital-to-analog
Digital autopilot
Decibel
Direct current (d-c, u. rn- )
Di$taf colunand assembly
Descent engine control assembly
Decrease
Data entry and display assembly
Degree(s)
Demodulator
Descent
Detector
Developmental Flight [rstrumentaiion
Deadface relay
Display inertial data (discrete)
Differential
Display
Distribution
Down
De scert propulsion section
Deadface relay box
Data storage electronics assembly
Display a:rd keSfooard

E

Electronic control assembly
Electrical circuit interrupter
Environmental Control Subslstem
Explosive devieg
End detonaior eartridge
Explosive Devices Subsystem
Electro-cardiograph
Electroluminescent
Electromagnetic interference
Emphasis
Extravehicular mobility urrit
Engine
Enter
Emergency oxygen system
Electrical Power Subsystem
Electronic replaceable assembly
Error
Extravehicular astronaut
Extravehicular visor assembly
X-cornponent of attitude error
Y-component of attitude error
Z-component of attitude error

ts

BAL Balsnee
1) 1 ir D",r.r^ f..

-!il 
rL-4,Y

I-,8 Band
i:riorrrei.i Biomedie al
TJ}PF.P I-.NT tsiprc'pell ant
tsl'F Band-pass filter
.BI; Bai:lnrp

C

Cir*uit; breaker
i}r:rstiint bandwidth
C..r:*rtl transponder
Ccrnstard; delta altitude maneuver
Conlmerrder
Coupli:q, data unit
Controi eiectronics section
Center rf gravity
Ci::r:uit
Ctreiu'

Conrputer
Crewman opti-sal aligramert sight
Commimications
Cor.-apsrator
Conditinner
Control
Contirruotl
Cosirre
Carhx dioxitle
Coupie
Cj,*Ie;,; per second
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LMA79O-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

fps
ft
FWD

GASTA

gc
GDA
GET
GETI
GMBL
GN&CS

GOX
GSE

GUID

F
FDAI
FDBK
FF
FITH
FM
FM/CW
FOV

LAT
LCA
LCG
LDG
LDR
LGC
LH
LiOH
LLC
LLS
LM
LMP
LOR
LOS
LPD
LPF
LR
LSO

LTG
LUT
LV

MAN
MANF
max
mc
MDF
MFC
MGA
min
MISC
mm
MOD
MON
MPS
MPX
MSD
msec
MSFN
usec
mv
mw

NB
NC
nm
NO
No.
NORM
NRZ
Nzfu
NcO,

F
$

Falrenheit
Flight director attitude indicator
Feedback
FIip-flop
Fire in the hole
Frequency modulation
Frequency-modulated continuous rrave
Field-of-view
Foot (feet) per second
Foot (feet)
Forward

G

Gravity
Gimbal angle sequencing transformation
assembly
Gigacycle(s)
Gimba1 drive actuator
Ground elapsed time
Grormd elapsed time of ip.ition
Gimbal
Guidaace, Navigation, and Control
Subsystem
Gaseous oxygen
Grormd support equipment
Guida:rce

I

trcidental amplitude modulation
[rtercommu-nic ation system
Identification
Intermediate frequency
kurer gimbal axis
Inertial measurernent rmit
Increase
Iaverter
Interim Oxygen Purge System
Inertial reference integration g5rro

lrstrumentation Subs ystem
Inertial subsection
Isolation
Inertiat subsection
Integrated Thermal micrometeroid garment

ABBREVIATION LIST (cont)

kpps

K (cont)

Kilopu1se(s) per second

L

Lateral
Lighting control assembly
Liquid=cooled garment
Landing
LUT deadface relay
LM guidance co4puter
Left hand
Lithium hydroxide
Low-level commutators
Low-level sensor
Lunar Module
LM mission programmer; LM Pilot
Lunar orbital rendezvous
Line of sight
Landing point.des i gn ator
Low-pass filter
Landing _radar .

Least significant digit
Lighting
Launch umbilical tower
Low voltage

H/x
h
h
He
HEA
Hg
HPF
HTR
HTS
HV
Hzo

IAM
ICS
ID
IF
IGA
IMU
INCR
INV
IOPS
IRIG
IS

$s
$oL
$S
ITMG

H

Heat exchanger
Altitude
Altitude rate
Helium
High-efficiency antirefl ection
Mercury
High-pass filter
Heater
Heat traasport section
High voltage
Water

Not applicable
Navigation base
Normally closed
Nautical mile(s)
Normaliy open
Number
Normal
Nonreturn-to-zero
Hydrazine
Nitrogen tetroxide

okc Kilocycle(s)
kmc Kilomegacycle(s) O/C Overcurrent

Manual
Manifold
Maximum
Megacycle(s)
Mild detonating fuse
Main feed contactor
Middle gimbal axis
Minimum
Miscellaneous
Millimeter(s)
Modulation
Monitor
Main Propulsion Subsystem
Multiplexer
Nlost significant digit
Millisecond(s)
Manned Space Flight Network
Microsecond(s)
Mi11lvo1t(s)
Millirvatt(s)

N/A
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LMA79O-3-LM 3

APOLLO OPERAfiONS HANDBOOK
SUBSYSTEMS DATA

O (cont)

Overcurrent relay
Oxygen ca.bin pressure section
Outer gimbal axis
Operate
Operator error
Orbital rate display - earth and lunar
Oscillator
Oxygen supply and cabin pressure
control section
Optical subsection
Overtemperature
Operational test
Overboard
Overhead
Oxidizer
Oxygen

P

Part of
Peak-to-peak
Pulse amplitude modulation
Power amplifier
Pyro battery
Proportional bandwidth
Program coupler assembly
Pulse code modulation
Pulse -code -modulation ald timing
electronics assembly
Power distribution assembly
Pressure garment assembly
Primary gu.idance, navigation, and

control section
Primary guidance and navigation section
Pulse integrating pendulum
Pulsed inte grating pendulous
accelerometer
Phase
Package
Portable life support system
Phase modulation
Premodulation processor
Part of
Pulse(s) per minute
Pulse(s) per second
Propellant quantity gaging system
Program reader assembly
Program reader electronics
Pressure
Pulse repetition frequency
Primary
Pulse ratio modulator
Pseudorandom noise
Propellant
Power Supply
Power and servo assembly
Pound(s) per square inch
Pound(s) per square inch absolute
Pound(s) per square inch differential
Phase-shift keyed
Pressure transducer
Pulse torque assembly
Push-to-talk
Pressure -volume -temperature
Power

ABBREVIATION LIST (cont)

QIo
QTY
quad

Quantity indicator
Quantity
Quadrant

R

Rankine
Reverse current
Re sistance-capacitance
Rough combustion cutoff assembly
Reverse-current relay
Reaction Control Subsystem
Receiver
Relay driver
Right hand
Radar
Reference
Regulator
Resolver
Radio frequency
Rate gyro assembly
Re1ay junction box
Root mean square
Rendezvous
Range
Rendezvous Radar
Rendezvous radar electronics
Re sistance thermometer
Return-to-zero

Subsystem
Stabilization and control
Single bridgewire Apollo standard initiator
S-band power amplifier
S-band transponder
Signal conditioner
Signal-conditioning electronics assembly
Sigrral conditioner electronic replaceable
assembly
Systems Engineer
Sign al-controlled osc illator
Second(s); secondary
Select
Sensitivity
Separator
Sequence
Servoamplifier

Supercritical helium
Signal Generator
Shaft
SignaI

Sum (summing)

Sine
Spacecraft launch-vehicle adapter
Solenoid
Spin motor rotation detector
Shutoff valve
Static pressure
Signal-processing assembly
Single -pole double -throw
Speed sensor

a

OSS

o/T
OT
OVED
OVHD
OXID
o2

P/o
p-p
PAM
PA
PBAT
PBW
PCA
PCM
PCMTEA

OCR
OCPS
OGA
OPR
OPR ERR
ORDEAL
OSC

OSCPCS

R
R/C
RC
RCCA
RCR
RCS
RC\B
RD
RH
RDR
REF
REG
RES
RF
RGA
RJB
TInS
RNDZ
RNG
RR
RRE
RT
RZ

S/S
S&C
SBASI
SBPA
sBx
SC

SCEA
SCERA

SE

SCO

sec
SEL
SENS
SEP
SEQ
SERVO-
AMPL
SHe
SG

SHFT
SIG

T
/-a

sin
SLA
SOL
SMRD
SOV
SP

SPA
SPDT
SS

PDA
PGA
PGNCS

S

PGNS
PIP
PIPA

a
PKG
PLSS
PM
PMP
P/O
ppm
pps
PQGS
PRA
PRE
PRESS
PRF
PRIM
PRM
PRN
PRPLNT
PS

PSA
psi
psia
psid
PSK
PT
PTA
PTT
PVT
PWR
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I,MA?90-3-LM 3

APOLLO OPERATTONTI HANDBOOK
SUBSYSTEMS DATA

ABBREVIATION LISI (cont)

ST
STBY
sYs

I]DMH
I'HF

TAt
Tig
1\
Tp
TC
TCA
TE
TEMP
TFF
TFI
THR
TLE
TM
TPF
TPI
TPM
T/R
TRAI.[SL
TRUN
TS
TT
TTCA
TTI
TTIg
TV
TX

vco
vdc
VEL
VG
VGPS
VIIF
vLv
voL
vox
ItrPI

vrms

AV
aV-
AR

w/s
wc
wcc
wMs

XMTB
XPNDR
XTAI

4
Ah
AP
Aro

S (cont)

Strain,/teryerafrre signal conditioner
Staudby
System

T

Absolute time
Time of ignition
Trim negative
Trim positive
T'hermocouple
Thrust chamber assembly
Timing electronics equipment
Temperature
Time of free fall to 300,000 ft
fime from fig
Tlrrust
T?acking light electronics
Telemetry
Transfer phase final maneuver
Transfer phase initiation mareuver
Ttansfer phase midcourse
TraDsmitter-receiver
Translation
Ttunnion
Temperature sensor
Temperature transducer
Thrust,/translation controller assembly
Time to initiate
Time to ip.ition
Television
Telemetry transmitter

U

Unsymmetrical dimethylhydrazine
Illtrahigh frequency

v

X component of CSM velocity
] gqmFenent of CSM velocity
Z componentof CSM velocity
Volts, alternating current

h
Yz

V (cont)

Voltage-controlled oscillator
Volts, direct current
Velocity
Magnitude of velocity to be gained
Vehicle ground power supply
Very high frequency
Valve
Volume
Voice-operated rela3,
Valve position indicator
Volts root mean square
Altitude rate
Laterial velocity
Forward velocity

w

Water boiler
Weighted current
Weighted current gate
Water management section

x

Ttarlsmitter
Transponder
Crystal

Angle

Altitude diJferential
Pressure differential
Differential altitude in co-elliptic
orbit
Velocity change (differential)
Measured A V magnitude
Magnittrde of difference between position
state vectors before arrd after
incorporation of rnark data
Change in gimbal angle
Gimbal angle change command

One-speed resolver
Sixteen-speed resolver

vox
v"v
Y."
vac

a0B
60c

1X
16x
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LMA79O-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

F

DIVERTER VALVE
(MANUAL OVERRIDE)

FILLERNECK
WITH FILTER SCFEEN

-r-
\-tf

?

TT
il

-flr

LIST OF SYMBOLS

TEMPERATURE
CONTROL VALVE

GLYCOL PUMP

CONDENSER, REGENERATOR

OR PREHEATER

ACCUMULATOR

VENT

FILL OR DRAIN

ENGINE

MOTOR . DRIVEN
SELECTOR VALVE

MOTOR - DRIVEN
SELECTOR VALVE
WITH MANUAL OVERRIDE

AUICK- DISCONNECT COUPLING

BURST DISK

SELECTOR VALVE
(4 WAY- 2 POSTT|ON)

TANK

TANK WITH BLADDER

IEIO CYLTNDER aND PrsroN

WATER SEPARATOR

FREON BOILER

SECONDARY WATER BOILER

++ BASrc vaLVE

-a)0('- BALL vaLVE

=DG

+k

--@- 
PUMP (geor iype)

--&.- PUMP (vone typo)

trl--r*t:
:

+<h
f

=DG

MANUAL VALVE

MOTOR CONTROL VALVE

PRESSURE REGULATOR VALVE

PRESSURE REGULATOR VALVE
WITH RELIEF

RELIEF VALVE

SOLENOID VALVE

PYRO ISOLATION

PYRO GUILLOTINE
(S indiccles eeoling tubr type)

LOW.LEVEL SENSOR

)(

=fu
-#

<={

---1-E ORIFICE OR RESTRICTOR

--ffi FTLTER

-f-+- CHECK VALVE

---N- BLOWER---J

-5

HEAT EXCHANGER

AND ODOR REMOVAL

ISTER AND CARTRIDGE

WATER EVAPORATOR

3001M3 3r'0 r

FAN

-aT_;lt !!1

L
A

<--tK LreurD-LEvEL sENSoR --{f-
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LMA79O-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

LIST OF SYMBOLS (cont)

II ELECTRICALCONTACTORS
ll o.tott- LocKtNG TYPE )

--rlr- PUSHBUTToN swtrcH
.---^ 

^_ 
(MOMENTARY BREAK)

€n swtrcH (SPDT)

E
r-::::T :s-f:-:iT

:r;{?,ffi

-,7..-.-_/

NSN

.:i=:ir:ii=:ijT

EffiAE''F:lMffi

-_.---T,-

MEE',,];M

TTfrnrmrTlll'fnT

DIFFERENTIAL
PRESSURE SENSOR

GASEOUS OXYGEN

FUEL

oxrDtzER

GLYCOL- PRIMARY LOOP

GLYCOL - SECONDARY LOOP

NITROGEN

HYDROGEN

WATER

OXYGEN

HELIUM

ANTENNA

CIRCUIT BREAKER
(push-pull type)

CIRCUIT BREAKER
(suitch type)

RELAY CONTACTS

RELAY OR
SOLENOID COIL

MOMENTARY

LATCHING

CURRENT SENSOR

fLOW TRANSDUCER

E

tr

tr

tr PARTIAL. PRESSURE
SENSOR

PRESSURE TRANSDUCER

VIBRATION SENSOR

VALVE POSITION INDICATOR

VOLTAGE TRANSDUCER

LOW.LEVEL SENSOR

** 'o"*''out"*

LOGIC SYMBOLS

swlrcH a RELAY m
CONTACTS

BUS BAR

HEATER

AMPLIFIER OR DRIVER
(DC, Pre, or Buffer)

INVERTER AMPLIFIER
(lnversion symbol ls
shown on lnverled lino)

AND

NAND

OR

NOR

EXCLUSIVE OR

VARIABLE DELAY

FLIP- FLOP

SYNCHRO RESOLVER

MOTOR

CONTROL TRANSMITTER

CONTROL TRANSFORMER

Y

F
F

I

OUANTITY INDICATOR

___,!_ FUSE

SIGNAL CONOITIONER

_*.F- DIODE

SPEED SENSOR

--+I- DtoDE (zener)
TEMPERATURE PROBE

TEMPERATURE TRANSDUCER + GROUND

{ll--

+
+
)

+
+
v
E+
lot

RESISTOR

-Jfr caeacrron

-l,l- BATTERY

"-..-
oJt*-i

-....ft
oJt

d-
L

-J

<

.+ SWTTCH (Sp3T)

T pusHBUTToN swrrcH--^ ^- (MoMENTARv MAKE)

-{* swrTcH (sPsT)
-ffi CURRENT MoNITOR

lF ELEcTRTcAL coNracroRs

3001M3 3!0.2
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LMA79O-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

ALPHABETICAL INDEX

Paragraph

2.7
2.7 .4

Corrrrrrunications Subsystem
Failure Modes
Functional D escription
. Data Operation
. Ranglng and Tracki.ng . " . . . .

. Subsystem Operation
Voice Operation

2

2.
,
2.

2.
1

a

a

.).

e

o.
.r.
a

.r.

.r.

3.
.r.

o

J.
6

6.
5

I

2.
,
2.
o

2.
,
2.
,
,
,
,
2.
,
2"
,
2.
,
,
,
,
,
I
,
,
2.

7

7

7

I

7

I

I

I

7

I

7
4
I

I

7

7

I

7

7

I

7

7

7

7

1

I

2.7L
2. lL.4
2.11.4.
2.LL.4.
2.LL.4.
2.LL.4.
2.LL.4.
2.LL.4.
2. Ll.8
2. LL.8.
2. 11. 8.

2. 11.8.
2. Lt- 8.

2. 11.6
z. LL.6.
2.11.6.
2.11.6.
2.lL.7
2.LL.7.
2. tt.7 .

2.LL.1.
2.LL.7.
2. LL.7 .

2.Lt.7.

2

4

1

Lrtroduction
Major Component/Functional Description.
. Antenna Equipment

S -Band In-Flight Antennas
S -Band Steerable Antenna
VHF In-Flight Antennas

3.1
3.2
3.3
4

1

1.3
t.2
1.1
1.5
t.4
2

2.2
2.1

E lectrical Power Distribution
RF Electronic Equipment . . . . . .

. S-Band Diplexer and RF Switch

. S*Band Power Amplifier
S-Band Transmitter-Receiver Assembly . .

VHF Diplexer and RF Switch
VH F T.ransmitter -Receiver Assembly

. Signal Processing Assembly
Audio Centers
Premodulation Processor

Operational Limitations and Restrictions
. Antennas
Performance and Design Data
T elemetry Measurements

1

Crew PersonalEquipment .. o j
. Crew Life Support

EMU Waste Management System
Fecal Containment System
Waste Fluid Transfer

Food and Water
Crew Water System

2

2.2
2.L
1

1.1
1.2

b

1

1.1
2

J

5

Food Prgparation and Consumption
. Crew Miscellaneous Equipment . .

Alignment Optical Telescope Platform
In-Flight Data

4

1

2

3

1

2

3

Tool B
Window Shades

Crew Support and Restraint Equipment . . .

Armrests
Handholds
Restraint Assembly

CM Forward Hatch
Docking Aids and Tunnel Hardware

Crewman Optical Alignment Sight
Operation (COAS)

Docking Target
Drogue Assembly . .

ProieAssembly . : :.. : : : : : : : : :
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LMA?90-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

ALPHABETICAL INDEX (cont)

Crew Personal Equipment (cont)
Tunnel Hardware

Extravehicular Mobill.ty Unit
. Conrrrrunications Carrier

Extravehicular Boots .

Extravehicular GIoves

Paragraph

2.

2.

2.
,
2.
)
2.

2.
Z.

2.
)
2.

2.

2.

2.
,
,
2.

2.

2.

2.

2.

2.

2.

2.

2.

2.

2.
)
2.

otr

2.5.4
2.5.2
2. s.2.3
,q,rt

2.5.2.5.3
2.5.1
2.5.3
L. J. ). Z

otrot

.A
i.a

2
oa
,a

2.4
2. 4.2
2. 4.1
qA,

2.6
D1
otr
ORR

otra

2.5. 4
,qt

2. 5.6
2.5.1.
2.2
2.2.2
,r1.
2.2.1
1

5

5.1
trD

tro

o

ao
a1

11.

11.
11al.

11.

11.

11.
11.

11.

11.

i1.
I1.
11.

11.

11.

11.

11.
11.

11.

11.

11.
11.

11.

11.

11.

11.

11.

11.

11,

. EMU Maintenarrce Kit

. Iutesrated Thermal Micrometeoliod Garmerrt

. Extravehicular Visor Assemblv
Interim Oxygen Purge Syster-rrs
Liquid-CooIed Garment
Portable Life Support Syster.n
. Electrical Systenr
. Feedwater Loop
. Liquid Trarrspolt Loop

Oxygen Ventilating Circuit
. PLSS Donning
. Primary Oxygen System
Pres sure Garment Asser-nbIv

HeImet
Intrarrehicular GIot,es
Torso and Limb Suit

Introduction
Medical Equipment

. Umbilica1 Assembly . .

Electrical Umbilical
Oxygen Umbilical

Electrical Power Subsystem

Bio hrstr.umentation
. Emergency Medical Equipment

Personal Radiation Dosimeters
Stowage Locations

11.

11.

. Failure Modes

A-C Section
. FunctionalDescription

EPS Stages of Operation . .

. Ascent Stage Power

. Descent Stage Power (High-Voltage Taps)

. Descent Stage Power (Low-Voltage Taps) . 
". Earth Orbit-CSM/LM Power . .

, GSE - Supplied Prelaunch Power
. Stagir.rg - Normal. or Abort
Power Disrribution

. Power Monitoring
Battery Status - Monitoring Circuits
Battery Voltage - and Current - Monitoring Circuits
Malfunctioning - Battery Isolation Circuitry
Primary Bus

Introduction
Voltage - Monitoring Circuits

Major Component/Functional Description
. Ascent Stage Batteries

Ascent Stage Etectrical Control Assemblies
. Circuit Breaker and EPS Control Panels

2. 5.2.6. 4

2.5.2.5. I

,(tA

2.5.2.6.5

2.5.2.6.2
2.5.2.6.3
2.5.2.6.1
2. s.2.6.6
2.5.2. 4

2.5.2.5

2.5.2" 5.2
2.5.2.5.4

Page C-2 Mission LM 3 Basic Date 1 January 1968 Change Date

. D-C Section



LMA?90-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

ALPHABETICAL INDEX (cont)

Electrical Power Subsystem (cont)
Deadface Relay Box
Descent Stage Batteries . .

Descent Stage Electrical Control Assemblies
Inverters .

Relay Junction Box
Sensor Power Fuse Assemblies .

. Operational Limitations and Restrictions

. Performance and Design Data .

. Telemetry Measurements

Environmental Control Subsystem
. Failure Modes
. Functional Description . . .

Atmosphere Revitalization Section . .

Cold Plates and Rails
. Heat Transport Section . .

Oxygen Supply and Cabin Pressure Control Section
Water Management Section

Introduction . .

. AtmosphereRevitalizationSection

. Heat Transport Section
Oxygen Supply and Cabin Pressure Control Section

. Water Management Section
Major Compor.rent,/Functional Description

Atmosphere Revitalization S ection
. Cabin Recirculation Assembly
. Recirculation System " . . .

Heat Transport Secti.on
. Cabin Temperature Control Valve

Cold Plates
Coolant Accumulator, " .

Coolant Pumps
. Coolant Regenerative Heat Exchanger

Primary Coolant Filter
Sublimators
Suit Ternperature Control Valve

Oxygen Supply and Cabin Pressure Control Section

Paragraph

5.3.6
5.3. 1

5.3.3
5.3.7
5.3.5
5.3.9
5.6
5.5
5.7

2.

2.

2.

2.

2.

2.
2.

2.

2.

2.6
2.6.4
2.6.2
2.6.2, L

2.6.2.5
2.6.2.4
2.6.2.2
2.6.2.3
2.6. L

2.6. L. t
2.6. l. 4

2.6. L.2
2.6.1.3
2.6.3
2.6.3. 1

2.6.3. t.2
2.6.3. 1.1
2.6.3.4
2,6.3. 4. 4
2.6.3.4.8
2.6. 3.4. 1

2.6.3.4.3
2.6.3. 4.5
2.6.3.4.2
2.6.3.4.7
2.6.3.4.6
2.6.3.2
2.6.3.2.3
2.6.3.2.7
2.6.3.2.6
2.6.3.2. I
2.6.3.2.2
2.6.3.2.5
2.6.3.2.4
2.6.3. 3

2.6.3.3.2
2.6. 3. 3. 1

2.6.3.3.4
2.6.3. 3.3
2.6.6
2.6.5
2.6.7

Ascent Stage Oxygen Tanks
Cabin Pressure Switch . .

Cabin Relief and Dump Valves
Descent Oxygen Tank .

High-Pressure Oxygen Control Assembly
Oxygen Control Module
OxygenFilters....

Water Management Section
. Ascent Stage Water Tanks
. Descent Stage Water Tanks . . . .

Water Quantity Measuring Derrice
Operational Limitations and Restrictions
Performance and Design Data .

Telemetry Meastrements, . . . .

. Water Control Module
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ALPHABETICAL INDEX (cont)

Explosive Devices Subsystem
. Failure Modes
. FunctionalDescription
. Introduction
. Major Component,/FunctionalDescription

Ascent Propellant Tank Pressurization
Ascent Helium Tank Select Switch
Circuitry (EDS) .

Descent Propellant Tank Prepressurization
ED Batteries . .

Explosive Devices
Explosive Devices Relay Boxes
Initiators
Landing Gear Uplock and Cutter Assembly
Master Arm Switch
. Component Caution Lights
RCS Propellant Tank Pressurization
Stage -S eparation Components
. Circuit Interrupters (Deadface Corurectors)
. InterstageStructuralConnections
. Interstage Umbilical Cutters (Guillotine)
. Stage-Sequencing Circuits

. Operational Limitations and Restrictions

. Performance and Design Data

. Telemetry Measurements . . . .

Guidance, Navigation, and Control Subsystem
. Failure Modes
. FunctionalDescription

Abort Guidance Path
LM and Primary Guidance and Navigation Section Axes
. Alignment Optical Telescope Axes
. IMU Axes

LM Vehicle Axes
Navigation Base Axes .

Radar Antenna Axes
Primary Guidance Path

Introduction
Major ComponentT'Functional Description
. Abort Guidance Section

Abort Electronics Assembly
Abort Guidance Section - Guidance Routines
Abort Guidance Section - Modes of Operation

. Abort Sensor Assembly

. Data Entry and Display Assembly

. General Operation of the Abort Guidance Section . . .
Control Electronics Section

Attitude and Translation Control Assernbiy

Control Electronics Section - Modes of Operation
Descent Engine Control Assembly
Gimbal Angle Sequencing Transformation Assembly
Gimbal Drive Actuators

. Rate Gyro Assembly

Paraglaph

2.8
2.8.4
2.8.2
2.8.1
2.8.3
2. 8. 3. 10

2. 8. 3. 10. 1

2.8.3.2
2.8.3. 8

2.8.3.5
2.8.3.1
2. B. 3.6
2.8.3.4
2.8.3.7
2.8.3.3
2. 8.3.3. 1

2.8.3.11
2.8.3. I
2.8.3.9.3
2.8.3. 9. 1

2.8.3.9.2
2.8.3.9.4
2. 8.6
2. 8.5
2. 8.7

U

L
2.2- 2. 3

2.2.2.3. 4

2.2.2. 3.3
2.2.2.3.L
2.2.2.3.2
2.2.2.3.5

2.2.3.2.6
2.2.3.2.5
2.2.3.2. I
2.2.3.2.3
2.2.3.2.4
2.2.3.4

2.2
2.2. 4
,,,
,,,,

2.2.2. L

2.2. I
2.2.3
2.2.3.2
2.2.3.2.2

2.2.3.4.7
2.2.3. 4.3
2.2.3.4, L

2.2.3.4.10

Page C-4 Mission LM 3 Basic Date 1 January 1968 Change Date
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ALPHABETICAL INDEX (cont)

Guidance, Navigation, and Control Subsystem (cont)

. S&C Control Assemblies

. Thrust/Translation Controller Assemblies
LM Mission Programmer

Paragraph

2

Ascent Engine Arming Assembly
Digital Command Assembly . .

Orbital Rate Display - Earth and Lunar
Primary Guidance and Navigation Section
. Computer Subsection
. General Operation of the Primary Guidance and Navigation Section . . .

Inertial Subsection
. Optical Subsection.

2.2.3.4.8
2.2.3.4.2
2.2.3.5
2.2.3.5.2
2.2.3.5. I
2.2.3.6
2.2.3. I
2.2. 3. L.3
2.2. 3. t.6
2.2. 3. L. L

2.2.3. L.2
2.2.3.1.4
2.2.3.1.5
2.2.3.3
2.2.3.3.2

2

1

4

4.9
4. 14

4.3
4. 15

4. 19

4.25
4.L
4. LL

4. 10

4.8
4.4
4.5
4.26

Primary Guidance and Navigation Section Operational Modes

. Primary Guidance and Navigation Section Routines
Radar Section

Landing Radar
Rendezvous Radar

Operational Limitations and Restriction
Performance and Design Data

. Telemetry Measurements .

2

2

2

2.
2.

3.3. 1

b

5

72.2.

Instrumentation Subsystem
. Failure Modes

4.21
4. 12

4.27
4. L7

4.22
4.6

2.9
2.9. 4
2.9.2
2.9.2.
2.9.2.
2.9. L

2.9. 3

2.9. 3.

2.9.3.
2.9. 3.

2.9. 3.

2.9.3.
2.9. 3.

2.9.3.
2.9.3.
2. 9. 3.
2.9.3.
2. 9. 3.

2. 9. 3.

2. 9. 3.

2. 9. 3.
2.9.3.
2. 9. 3.
2. 9. 3.

2. 9. 3.

2. 9. 3.
2. 9. 3.

2. 9. 3.
2. 9. 3.

2. 9. 3.

2.9. 3.

2. 9. 3.
2. 9. 3.

Functional Description
. Developmental Flight Instrumentation

Introduction
Major Component,/Functional Description

" Caution and Waruing Electronics
. AGS Warning Light
. ASC HI REG Caution Light

ASC PRESS Warning Light
A,SC QTY Catuion Light .

BATTERY Caution Light
C/W PWR Caution Light.
CABIN Warning Light
CES AC Warning Light .

CES DC Warning Light .

DC BUS Warning Light .
DES QTY Warning Light
DES REG Warning Light
ECS Caution Light .

ED REI,AYS Caution Light
Heater Caution Light
GDA/RCCA Caution Light
GLYCOL Caution Light . .

Inverter Caution Light
ISS Wa.rning Light .

LDG RDR Caution Light. .

LGC Warning Light
02 QTY Caution Light
PGNSCautionLight "...
PRE AMPS Caution Light
RCS A REG and RCS B REG Warning Lights

4. 30

4.24
4. 16

4.28
4. 18

4. 13

Mission LM 3
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ALPHABETICAL INDEX (cont)

Instrumentation Subsystem (cont)
. RCS Caution Light
. RCS TCA Warning Lights
. RNDZ RDR Caution Light

S-BD RCVR Caution Light .

. SUIT/FAN Warning Light .

. WATER QTY Caution Light.
Data Storage Electronics Assembly
. Power Sqpply

. . Constant-Bandwidth Modulation Package D

. DFI Communications Equipment

Paragraph

2. 9. 3. 4. 23

2.9.3.4.7
. 2.9.3.4.20

2.9.3. 4.3L

2.9.3.3.2
2.9. 3. 3. 10

2.9.3. 4.2
2.9.3.4.29
2.9.3.5
2.9.3.5. 1

2.9.3.6
2.9. 3.6.6
2:9.3.6.8

2.9.3.3.8
2.9.3.3.5
2.9.3.3. L2

2.9.3.2.7
2.9.6
2.9.5
2. 9.7

Ninety-SegmentTime-DivisionMultiplexers .

. .Power Control and Distribution Equipment . . , . j
Proportional:Bandwidth Modulation Packages A, B, and C
Sensors
Strain/Temperature signal Conditioners . . . . . : : : : : :

Vibration Commutators .

Pulse-Code-Modulation and Timing Electronics Agsembly
Analog Multiplexer Gate Drivers

2.9.3.6. 4

2.9.3.6.2

2.9.3.3.4
2.,9. 3. 3. 6

2.9.3.3.7
2.9.3.3.9

2.9.3.3. 11

2.9.3. 1

2.9.3.2
2:9.3.2.3
2.9.3.2.4
2.9.3.2.2
2,9.3.2.1
2.9.3.2.5
2.9.3.2.6
2.9.3.2.8

2.9.3.6.7
2.9.3.6. 1.

2.9.3.6. 3

2.9.3.6.5
2.9.3.3
2.9.3.3. 1

2.9.3.3.3

o

8.3
8.1
8.2
1

9

9.7
9.1

2.3.
2:3.
'2.3.

2.3.
2,3.
2.3.
2.3.
2.3.

. Calibration . .

. .DigitalMultiplexer : : : : : :: : : : : :. : : : :. :: : : : : : : :

. High-Leve1 Analog Multiplexer and High-Speed Gates . . . .

. Oscillator Failure-Detection Circuits (No. 1, No. 2 and No.

. Output Register,and Data Transfer Buffers

. Phase-Locked Oscillator and Doublers

. Power Supply

. .Piogrammer

. Time Accumulatof and Serial Time Code Generator

. , Timing Generator
Sensing Equipment
Signal-Conditioning E lectronics Assembly

AC- to: DC Converters .

Analog Signa1 Isolating Buffer
. Attenuators

D-C Amplifiers
Discrete Signal Isolating Buffers
Frequency -te-DC Converters

.: . Phase-Sensitive Demodulators
Resistance -to-DC Converters

Operational Limitations and Restrigtiqns
. , Performance and Deslgn,Data
. TelemetryMeasurements

Main Propulsion Subsystem (APS)
. Failure Modes
. Functior.ral Description , .

Engine Assembly
Pressurization Section
Propellant Feed Section

. Introduction .

. Major Con.rponent,/Functi.onal Description
Combustion Chamber Assembly
Explosive Valves

o\

2.3
2.3.10

i

1 January 1968 Change Date
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L ALPHABETICAL INDEX (cont)

Main Proputsion Subsystem (APS) (cont)

Helium Pressure Regulator Assemblies . . .

Injector Assembly
Propellant Storage Tanks
Relief Valve Assemblies

. Valve Package Assembly
Operational Limitations and Restri.ctions
Performance and Design Data .

. TelemetryMeasurements
Main Propulsion Subsystem (DPS)

. Failure Modes
Functional Description
. Engine Assembly
. PressurizationSection
. Propellant Feed Section

Propellant Quantity Gaging System
Introduction
Major Component/Functional Description . . .

. Combustion Chamber and Nozzle Extension

. Cryogenic Helium Storage Vessel
Explosive VaIves
FIow Control Valve
Fuel/Helium Heat Exchanger
Gimbal Ring and Gimbal Drive Actuator
Helium Pressure Regulators

. Propellant Shutoff Valve Assemblies

. Propellant Storage Tanks

. Relief Valve Assemblies .

. Throttle Valve Actuator

. Variable-Area Injector .

Operational Limitations and Restrictions
Performance and Design Data
T elemetry Measurem ents

Miscellaneous
Failure Modes
Functional Description

Heating
Lighting

. Introduction

Paragraph

2.3.9.2
2.3.9.6

2.3.3. 13

2.3.3.5

0

0.4

2.3.9.4
2.3.9. 3

2.3.9.5
2.3. 12

2.3. tL
2.3. 13

2.3
2.3.4
2.3.2
2.3.2.3
2. 3.2. I

0.2.
0.1
0.3
0. 3.
0, 3.
0. 3.
0.3.
0.3.
0. 3.

10.3.
10.3.
10.6
10.6.
10.6.
10. 5
10. 7

,ct,,

2.3.2.2.1
2.3. L

2.3.3
2.3.3. t2
2.3.3.2
2.3.3. L

2.3.3.9
2.3. 3. 3

2. 3.3. 10

2.3.3.7
2. 3.3.6
2.3.3.8
2.3.3.11
2.3.6
2.3.5
2.3.1

1

1.6
1.5
1.1
L.2
1.3
t.4
2

2.1
2.2

1

2

0.2
0.2.1

0.3.
0. 3.

2.

2.
2.

2.
2.

2.

2.

2.

2.

2.
2.

2.

2.
2.

2.

2.

2.

2.

2.

2.
,
2.

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

2

Major Component,/Functional Description
. Heating

Alignment Optical Telescope Mirror Heaters
Forward and Docking Window Heaters
Landing Radar Antenna Heaters
Rendezvous Radar Antenna Heaters
RCS TCA Quad Heaters
S-Band Antenna Heaters

. Lighting
Exterior Lighting

Operational Limitations and Restricti.ons
. Heater Section

LightingSection...
, Performance and Design Data
. TelemetryMeasurements

Mission LM 3 Basic Date 1 January 1968 Change Date c-7
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ALPHABE TICAL INDEX (cont)

Reaction Control Subsystem
Failure Modes

. FunctionalDescription. . ..
Ilelium Pressurization Section

. Propellant Quantity Measuring Device . . .

. Propellant Section
Thrust Chamber Assembly
. Heaters

Thrust Chamber Assembly Failure Detection System
Introduction

. Major Component/FunctionalDescription
. Explosive Valves

Fuel and Oxidizer Tanks (RCS) . . . . . .

Pressure Regulator Assembly
Pressure Relief Valve Assemblies . . .

. Thrust Chamber Assembly
. Combustion Chamber and Nozzle

Fuel and Oxidizer Valve Assemblies
. Injector Head Assembly

Operational I.imitations and Restrictions
Performance and Design Data
Telernetry Measurements . ., .

Spacecraft Ascent Stage
. General Description
. Structure

Aft Equipment Bay
Antenna Supports . .

Crew Compartment
Control and Display Panels
Docking Tururel

. Forward Hatch

. Upper Hatch

Paragraph

2.4
2.4.4

2

2.t
2.3
2.2
2.4
2.4.2
2.4.L
1

3

3.1
3.4
3.2
3.3
3.5
3.5.3
3.5.1
3.5.2
6

5

7

2.4.
2.4.
2.4.
2.4.
2.4.
2.4.
2.4.
2.4.
2.4.
2.4.
2.4.
2.4.
2.4.
2.4.
2.4.
2.4.
2.4.
2.4.
2.4.
2.4.

t.2
t.2. L

t.2.2
L.2.2.3

t.2.2. t. L

L- 2.2.2. I
L.2.2.1.2
r.2.2.2.2

1.3.2.3
t.3.2. I
1.1
1.5
1.5.1
1.5. 1.6
1.5.1.4

L.2.2.4
L.2.2. 6

1.3
1.3.1
1"3.2
L.3.2.2
L.3.2.2.5
1.3.2.2.2
r.3.2.2.7

t
L.2.2.5
L.2.2. L

t.2.2. L.3
1.2.2.2

L.3.2.2.6
t.3.2.2. L

t.3.2.2. 3

t.3.2.2. 4

. Windows
. Midsection
. TCA Cluster Supports
. Thermal and Micrometeroid Shield . .

Spacecraft Descent Stage
General Description

. Structure
Landing Gear.
. Drive-out and Downlock Mechanisms
. Footpad.
. Ladder
. Lunar-Surface Sensing Probe
. Primary Strut .

. Secondary Struts
Uplock Assembly

Platform

Spacecraft LM 3 Configuration
Spacecraft LM-CSM Interfaces
. Crew Transfer Tunnel

Docking Aids
Docking Drogue

Page C-8 Mission LM 3 Basic Date 1 January 1968 Change Date

I

I

I

t

I

I

I

I

t

I

I

I

I
I

Thermal and Micrometeroid ShieId



LMA?9O-3-LM 3

APOLLO OPERATIONS HANDBOOK
SUBSYSTEMS DATA

L

L

L

ALPHABETICAL INDEX (cont)

Spacecra-ft LM-CSM Interfaces (cont)
Docking Hatches
Docking Probe
Final Docking Latches . . . .

Umbilicals
Spacecralt LM-SLA-S-fVB Connections . . . .

Spacecraft Stowage Provisions

Subsystem Interface
Communications Subsystem . .

. Electrical Power Subsystem 2.1.1.3, 2.1.2.3, 2.1. 3. 3,

. Environmental Control Subsystem

. Explosive Devices Subsystem 2.L.L.4, 2.L.2.5, 2.L.

. Guidance, Navigation, and Control Subsystem 2.1.1, 2.1.

. InstrumentationSubsystem .... 2.1.L.5,2.L.2.5,2.1.3.5, 2.1.4.7,2.L.5.2, 2. L. 2

LM Mission Programmer .

Main Propulsion Subsystem . .

Reaction Control Subsystem
2. 1. 1. t, 2.1.2, 2.t.3.2,
2.1.L.2, 2.1.2.2, 2.1. 3,

Paragraph

1.5.1.3
1.5.1.5
1.5. 1. 1

L.5.t.2
1.4
1.6

2.L
2.1.6
2.1.6.1
2.1.5
2.L.7
2.1. 4.1
,2. L.8
2.1.9
2.t.4.2
2. L.4.3

5,
t,
4,
6,
t,

3:4
2.1

4.

5.

4.

4.
3.

;.i
2.1
2.1
2.t
2.L

6.

L

(__
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