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CHANGE INFORMATION

This handbook is subject to continuous change or revision, on a priority basis,
to reflect current Lunar Module or mission changes, or to improve content or
arrangement. The content and the changes are accounted for by the List of
Effective Pages, and the following means:

Record of Publication: The publication date of each basic issue and each change
issue is listed below as a record of all editions.

Page Change Date: Each page in this handbook has space for entering a change
date. The latest publication date will be entered in this space each time a page
is changed from the basic issue.

COMMENTS

NASA Comments: NASA comments or suggested changes to this handbook should
be directed to M. E. Dement, Flight Crew Support Division, Spacecraft Operations
Branch, Building No.4, MSC 2101 Webster Seabrook Road, Houston, Texas 77058.

GAC Comments: GAC comments or suggested changes to this handbook should be
directed to the Product Support Department, LM Publications Section.

RECORD OF PUBLICATION

The issue of the Apollo Operations Handbook - LM, Volume 1, dated 15 December
1968, is the basic issue. Subsequent changes will be issued to maintain informa
tion current with all active Lunar Modules. This record will reflect the publica
tion date of all changes.

Basic Date

15 December 1968
1 February 1970

Change Date

15 March 1969
15 June 1969
15 September 1969
15 June 1970
1 April 1971

1 April 1971 o E
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SPACECRAFT

SECTION 1

SPACECRAFT

INTRODUCTION

This section includes descriptions of the LM, the LM - SLA - S-IVB connections, the
LM-CSM interfaces, and LM stowage provisions. The Apollo-saturn space vehicle configuration is
shown in figure 1-1.

1.1 LM CONFIGURATION. (See figure 1-2.) I

The LM is designed for manned lunar landing missions. It consists of an ascent stage and a
descent stage; the. stages are joined together at four interstage fittings by explosive nuts and bolts.
Subsystem continuity between the stages is accomplished by separable interstage umbilicals and hard
line connections.

Both stages function as a single unit during lunar orbit, until separation is required. Stage
separation is accomplished by explosively severing the four interstage nuts and bolts, the interstage
umbilicals, and the water lines. All other hardlines are disconnected automatically at stage separation.
The ascent stage functions as a single unit to accomplish rendezvous and docking with the CSM. The.
overall dimensions of LM are gi¥en in figure 1-3. Station reference measurements (figure 1-4) are
es tablished as follows:

• The Z- and Y-axis station reference measurements (inches) start at a point where
both axes intersect the X-axis at the vehicle vertical centerline: the Z-axis extends
forward and aft of the intersection; the Y-axis, left and right. The point of inter
section is established as zero.

• The +Y-axis measurements increase to the right from zero; the -Y-axis measure
ments increase to the left. Similarly, the +Z - and - Z-axis measurements increase
forward (+Z) and aft (- Z) from zero.

• The X-axis station reference measurements (inches) start at a design reference
point identified as station +X200.0oo. This reference point is approximately 128
inches above the bottom surface of the footpads (With the landing gear extended);
therefore, all X-axis station reference measurements are +X-measurements.

1.2 ASCENT STAGE.

1. 2. 1 GENERAL DESCRIPTION.

The ascent stage, the controicenter and manned portion 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, which has an approximate overall
volume of 235 cubic feet. The cabin is climate controlled, and pressurized to 4. 8±<>. 2 ps ig , Areas
other than the cabin are unpressurized.

1. 2. 2 STRUCTURE. (See figure 1-5.)

The ascent stage has six structural areas: crew compartment, midsection, aft equipment
bay, thrust chamber assembly (TeA) cluster supports, antenna supports, and thermal and micro
meteoroid shield.
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• 1. 2. 2.1.1 Control and Display Panels. (See figure 1-7.)

The crew compartment has 12 control and display panels: two main display panels
(1 and 2) that are canted forward 10°, two center panels (3 and 4) that slope down and aft 45° towards
the horizontal, two bottom side panels (5 and 6), two lower side panels (8 and 12), one center side panel
(14), two upper side panels (11 and 16), and the orbital rate display - earth and lunar (ORDEAL) panel
aft to panel 8.

Panels 1 and 2 are located on each side of the front face assembly centerline, at eye level.
Each panel is constructed of two O. 015-inch-thick aluminum-alloy face Sheets, spaced 2 inches apart
by formed channels. The spacer channels are located along the sheet edges; additional channels, inboard
of the edge channels, reinforce the sheets. This forms a rigid box-like construction with a favorable
strength-to-weight ratio and a relatively high natural frequency. Four shock mounts support each panel
on the structure. Panel instruments are mounted to the back surface of the bottom and/or to the top
sheet of the panel. The instruments protrude through the top sheet of the panel. All dial faces are
nearly flush with the forward face of the panel. Panel 1 contains warning lights, flight indicators and
controls, and propellant quantity indicators. Panel 2 contains caution lights, flight indicators and
controls, and Reaction Control Subsystem (RCS) and Environmental Control Subsystem (ECS) indicators
and controls.

Panel 3, immediately below panels 1 and 2, spans the width of these two panels. Panel 3
contains the radar antenna temperature indicators and engine, radar, spacecraft stability, event timer,
RCS and lighting controls.

Panel 4 is centered between the flight stations and below panel 3. Panel 4 contains attitude
controller assemb~y(ACA)and thrust translation controller assembly (TTCA) controls, inertial
subsection indicators, and LM guidance computer (LGC) indicators and controls. Panels 1 through 4
are within easy reach and scan of both astronauts.

Panel 5 and 6 are in front of the flight stations at astronaut waist height, Panel 5 contains
lighting and mission timer controls, engine start and stop pushbuttons, and the X-translation pushbutton.
Panel 6 contains abort guidance controls.

Panel 8 is at the left of the Commander's station. The panel is canted up 15° from the
• horizontal; it contains controls and displays for explosive devices, audio controls, and heater controls.

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 circuit
breakers can be seen when they open.

Panel 12 is at the right of the LM Pilot's station. The panel is canted up 15° from the
horizontal; it contains- audio, communications, and communications antennas controls and displays.

Panel 14, directly above panel 12, is canted up 36.5° from the horizontal. It contains
controls and displays for electrical power distribution and monitoring.

Panel 16, directly above panel 14, has tour 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.

The ORDEAL panel is immediately aft of panel 8. It contains the controls for obtaining
LM attitude, with respect to a local horizontal, from the LGC.

1. 2. 2.1. 2 Forward Hatch. (See figure 1-8.)

The forward hatch is in the fron1:4ace assembly, just below the lower display panels. The
hatch is approximately 32 inches square; it is hinged to swing inboard on quick-release hinge pins
when opened. A cam latch assembly holds the hatch in the closed position; the assembly forces a lip,
around the outer circumference 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 handle is provided on both sides of the hatch, for 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.
A lockpin in a plate over the latch can be withdrawn to release the latch in an emergency. The cabin
relief and dump valve can also be operated from outside the LM.
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1.2.2.1 Crew Comparbnent. (See figures 1-5 and 1-6.)

The crew comparbnent is the frontal area of the ascent stage; it is 92 inches in diameter
and 42 inches deep. This is the flight station area; it has control and display panels, armrests, body
restraints, landing aids, two front windows, a docking window, and an alignment optical telescope (AOT).
Flight station centerlines are 44 inches apart; each astronaut has a set of controllers, and armrests.
Circuit breaker, control, and display panels are along the upper sides of the compartment. Crew pro
vision storage space is beneath these panels. The main control and display panels are canted and cen
tered between the astronauts to permit sharing and easy scanning. An optical alignment station, between
the flight stations, is used in conjunction with the AOT. A portable life support system (PLSS) donning
station is also in the center aisle, slightly aft of the optical alignment station.

The crew comparbnent shell is cylindrical and of semimonocoque construction. It is a
fusion-welded and mechanically fastened assembly of aluminum-alloy sheet and machined longerons.
The shell has an opening for the docking Window, above the Commander's flight station. The front face
assembly of the crew compartment has two triangular windows and the forward hatch. Two large struc
tural beams extend up the forward side of the front face assembly; they support the structural loads
applied to the cabin structure. The lower ends of the beams support the two forward interstage mounts;
the upper ends are secured to additional beam structure that extends across the top of the crew compart
ment shell and aft to the midsection structure. The crew comparbnent deck measures approximately
36 by 55 inches. It is constructed of aluminum honeycomb bonded to two sheets of aluminum alloy. Non
flammable Velcro pile strips, which contact hooked Velco material on the astronaut boots, are bonded to
the deck surface. Handgrips, recessed in the deck, aid the astronauts during egress and ingress through
the forward hatch. Perforated glass-reinforced plastic covers the ceiling above the flight stations. A
handrail, with five green radio luminescent disks attached to it, is bolted to the left-hand structural beam
of the front face assembly.

AFT EQUIPMENT BAY

THERMAL AND
MICROMETEOROID SHIELD

CREW COMPARTMENT TCA CLUSTER SUPPORTS
)OOLM6·IJ

Figure 1-5. Ascent Stage Structure Configuration
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Figure 1-7. Cabin Interior (Looking Forward) I

1.2.2.1.3 Windows. (See figures 1- 9 and 1- to.)

Two triangular windows in the front face assembly provide visibility during descent, ascent,
and rendezvous and docking phases of the miss ton, Both windows have approximately 2 square feet of
viewing area; they are canted down to the side to permit adequate peripheral and downward visibility. A
third (docking) window is in the curved overhead portion of the crew compartment shell, directly above
the Commander's flight station. This window provides visibility for docking maneuvers. All three win
dows consist of two separated panes, vented to space environment. The outer pane is made of Vycor
glass with a thermal (multilayer blue-red) coating on the outboard surface and an antireflective coating
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on the inboard surface. The inner pane is made of strucn.ral glass. It is sealed with a Raco seal (the
docking Window inner pane has a dual seal) and has a defr., coating on the outboard surface and an anti
renective coating on the inboard surface. Both panes are ool ted to the Window frame through retainers.

All three windows are electrically heated to -~'"'event fogging. The heaters for the
Commander's front window and the docking window rece» their power from 115-volt a-c bus A and the
Commander's 28-volt d-e bus, respectively. The heater -,·r the LM Pilot's front window receives power
from 115-volt a-c bus B. The heater power for the Com-o ander-s front window and the docking window
is routed through the AC BUS A: CDR WIND HTR and HE.°TERS: DOCK WINDOW circuit breakers,

• respectively; for the LM Pilot's front window, through tr» AC BUS B: SE WIND HTR circuit breaker.
These are 2-ampere circuit breakers, on panel 11. The >.. mperature of the windows is not monitored
with an indicator; proper heater operation directly affect" r ew visibility and is therefore visually
determined by the astronauts. When condensation or fre,,'. appears on a window, that window heater is
turned on. It is turned off when the abnormal condition c.sappears. When a window shade is closed,
that window heater must be off.

• 1.2.2.2 Midsection. (See figures 1-5 and 1-11.)

The midsection structure is a ring-stiffenec ,'::mimonocoque shell. The bulkheads consist
of aluminum-alloy, chemically milled skin with fuston-welce-r Iongerons and machined stiffeners. The mid
section shell is mechanically fastened to flanges on the major vtructural bulkheads at stations +Z27. 00 and
-Z27.00. The crew compartment shell is mechanically secu d to an outboard flange of the +Z27. 00 bulkhead.
The upper and lower decks, at stations +X294. 643 and+X23;;. ::(10, respectively, are made of alummum-alloy,
integrally stiffened and machined. The lower deck provides ructural support for the ascent stage engine.
The upper deck provides structural support for the dockinc .nnel and the overhead hatch.

Two main beams running fore and aft, Integ: with those above the crew compartment,
are secured to the upper deck of the midsection; they sup" " the deck at the outboard end of the docking
tunnel. The aft ends of the beams are fastened to the aft . kliead (-Z27. 000), which has provisions for
bolting the tubular truss members that support both aft i: 'stage fittings. Ascent stage stress loads
applied to the front beam are transmitted through the tw: ams on the upper deck to the aft bulkhead,
and, through the aft interstage support members, to the nga , The combination of beams, bulkhead,
and truss members forms a cradle around the cabin ass' iy; it takes up all the stress loads applied
to the ascent stage. Two canted beam assemblies, secui to the bottom of the lower deck and to the
forward and aft bulkheads, form the ascent stage engine partrnent , The engine support ring truss
members are bolted to the lower deck.

1 April 1971Change Date_-=-~;:::..::::....::..:....:...=-- _1970
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Figure 1- 9. Front Window
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The right side of the midsection contatns rr-ost of the ECS controls and most of the heat
transport section water glycol plumbing. Valves for cpcration of the ECS equipment are readily

• accessible from the crew compartment. The left side ,,; the midsection contains flight data file,
a portable life support system (PLSS), and other cre'.'":'·rovisions stowage. Guidance, Navigation
and Control Subsystem (GN&CS) electronic units that do "(,I require access by the astronauts are located
on the midsection aft bulkhead. These units include a L~~ plidance computer , a coupling data unit, a
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power and servo assembly, and a signal conditioner assembly. nCS propellant tanks are installed be
tween the midsection bulkheads, on each side, external to the basic structure of the midsection. The
ascent engine propellant tanks are mounted in the midsection, beneath the RCS tanks.

A ring at the top of the ascent stage is compatible with the clamping mechanisms in the
CM. This ring is concentric with the X-axis, which is also the nominal centerline of thrust of the ascent
and descent engines. The drogue portion of the docking mechanism is secured below this ring during
the docking operation to mate with the CM- mounted probe. It is also stored in this area when storage is
required out of the crew compartment.

1.2.2.2.1 Docking Tunnel (See figure 1-11.) •
The docking tunnel, at the top centerline of the ascent stage, is 32 inches in diameter and

16 inches long. The lower end of the tunnel is welded to the upper deck structure; the upper end is
secured to the main beams and the outer deck. The tunnel is used for transfer of astronauts and equip
ment to the LM from the CM and for transfer of the LM astronauts and equipment to the CM. This
tunnel is compatible with its counterpart in .the CM when in the docked configuration; it allows for astro
naut transfer, without exposure to space, in a pressurized or unpressurized extravehicular mobility
unit (EMU).

1.2.2.2.2 Overhead Hatch. (See figure 1- 12. )

The overhead hatch is directly above the ascent engine cover, on the X-axis. Provisions
for crew transfer through this hatch are based upon a head-first passage. Handgrips in the aft section
of the docking tunnel aid in crew and equipment transfer. An off-center latch adjacent to the forward
edge of the hatch, can be operated from either side of the hatch. The hatch is opened from within the
cabin by rotating the handle approximately 90 0 counterclockwise; by turning the handle 90 0 clockwise, to
open the hatch from outside the LM. A maximum torque of 35 inch-pounds is required to disengage the
latching mechanism to open the hatch. The hatch is secured 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 lip near the outer circumference of the hatch enters the seal,
ensuring a pressure- tight contact. Normal cabin pressurization forces the hatch lip into its seal. To
open the hatch, the cabin must be depressurized through the cabin relief and dump valve; the latch is
then unfastened.

DOORHANOlE CABIN
RELIEF AND DUMP

VALVE HANDlE

HATCH
IN OPEN POSITION

Figure 1-12. Overhead Hatch
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1.2.2.3 Aft Equipment Bay. (See figure 1-5.)

The aft equipment bay, aft of the - Z27. 000 bulkhead, is unpressurized. The main support
ing structure of the bay consists of tubular truss members bolted to the aft side of the - Z27. 000 bulk
head. The truss members, used in a cantilever type of construction, extend aft to the equipment rack.
The equipment rack assembly is constructed of a series of vertical box beams, supported by an upper
and lower Z-frame. The beams have integral cold rails that transfer heat from the electronic equip
ment mounted on the equipment racks. The cold rails are mounted vertically in the structural frame,
which is supported at its upper and lower edges by the truss members. A water-glycol solution (coolant)
flows through the cold rails.

Two oxygen tanks and two gaseous helium tanks are secured with supports and brackets to
the truss members, the - Z27. 000 bulkhead, and the equipment rack. Support mountings and brackets
are secured to the aft side of the -Z27.000 bulkhead, for valves, plumbing, Wiring, ECS components,
and propellant tanks that do not require a pressurized environment.

1.2.2.4 Thrust Chamber Assembly Cluster Supports. (See figure 1-5.)

Aluminum-alloy tubular truss members for external mounting of two forward thrust cham
ber assembly (TCA) clusters are bolted to both sides of the front face assembly and to the crew compart
ment shell. 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 - Z27. 000 bulkhead.

1.2.2.5 Antenna Supports. (See figure 1-5.)

The ascent stage provides mounting accommodations for an S-band steerable antenna, two
VHF antennas, two S-band in-flight antennas, and a rendezvous radar antenna. The S-band steerable
antenna has tubular truss members; the main truss is mounted on top of the right side of the midsection.
One VHF antenna is mounted on the top left side of the stage, forward of the +Z27.00 bulkhead; the
other one is mounted on the top right side, aft of the - Z27. 00 bulkhead. One S- band in-flight antenna is
mounted on the front face assembly; the other one, on the aft equipment bay rack. The rendezvous
radar antenna is mounted on the upper beams of the crew compartment.

1.2.2.6 Thermal and Micrometeoroid Shield. (See figure 1-5.)

The entire ascent stage structure is enveloped with a thermal and micrometeoroid shield,
which combines either a blanket of multiple layers of aluminized polyimide sheet (Kapton H-film) and
aluminized polyester sheet (mylar) with a sandwich of inconel skin, inconel mesh and nickel foil or a
polyimide blanket with a single sheet of aluminum skin. The blanket panels, formed in various shapes
and sizes, consist (outboard to inboard) of 15 layers of 0.0005-inch-thick H-film, 10 layers of 0.00015
inch- thick mylar, and a single layer of 0.0005- inch- thick H-film. In a few ascent stage areas that have
different thermal-protection requirements, the number of layers in a blanket panel varies slightly. Out
board to inboard, the sandwich comprises a 0.0015-inch-thick inconel skin and one or more layers of
inconel mesh alternated with 0.0005- inch- thick nickel foil. The number of inconel mesh and nickel foil
layers in a sandwich and the thickness of the aluminum skin vary considerably at different areas of the
vehicle, depending on the duration and intensity of RCS thruster plume impingement at those areas. The
combined thermal and rnicrometeoroid shield is mounted on low-thermal-conductive supports (standoffs),
which keep it at least 2 inches from the main structure. Where subsystem components are mounted
external to the ascent stage basic structure, the standoffs are mounted to aluminum frames that sur
round the components. The aluminum or tnconef'skin (the outermost material) serves as a micro
meteoroid bumper; the sandwich and blanket material serve as thermal shielding. Where the blankets
meet, the mating edges are sealed with mylar tape. Vent holes are provided in the blanket.

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 20 layers of H-film are installed. H-film has an insulating capability up
to +1,000° F. Additional H-film blankets are also used In other areas of the ascent stage that will be
subjected to temperatures in excess of +350° F. During earth prelaunch activities, various components
and areas of the ascent stage must be readily access ible , Access panels in the outer skin and insulation
provide this accessibility.
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1.3 DESCENT STAGE.

1. 3. 1 GENERAL DESCRIPTION.

The descent stage is the unmanned portion of the LM. The descent stage structure provides
attachment and support points for securing the LM within the spacecraft Lunar-Module adapter (SLA).

1. 3. 2 STRUCTURE. (See figure 1-13.) •
The descent stage is constructed of aluminum-alloy, chemically milled webs. It consists

of two pairs of parallel beams arranged in a cruciform, with a deck on the upper and lower surfaces.
The beam webs are at stations +Y27.000, -Y27.000, +Z27.000, and -Z27.000. The lower deck is at
station +X131. 140; the upper deck, at station +X196.000. The ends of tOO beams are closed off by end
closure bulkheads at stations +Z81.000, -Z81.000, +Y81.000, and -Y81.000. Joints are fastened with
standard mechanical fasteners. A four-legged truss (outrigger) at the ends of each pair of beams serves
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. Fittings on the +Y27.000 and -Y27.000 beams,
at station +Z65. 906, serve as the forward attachment points for the ascent stage. Fittings on the -Z27. 000
beam, at stations +Y65. 000 and -Y65.000, serve as the aft attachment points for the ascent stage.

Compartments f; :med by the descent stage structural arrangement house equipment re
quired 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. Descent engine oxidizer tanks are housed in the fore and the aft compartments between the
+Y27.000 and -Y27.000 bc.uus; descent engine fuel tanks, between the +Z27.000 and -Z27.000 beams in
the side compartments.

QUADRANT •

UADRANT 2

OUTRIGGER (.)

END ClOSUlE
BULKHEAD

3OOlM10-3

Figure 1-13. Descent Stage Structure Configuration •
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respectively. The supporting trusses for these deflectors i

1. 3. 2.1 Thermal and Micrometeoroid Shield.

The entire descent stage structure is enveloi
which combines multiple layers of aluminized mylar and H,·
In areas where micrometeoroid protection is required, one
used as skin. The shield is mounted on low-thermal-condu
inch away from the main structure. A titanium blast shield
engine compartment, above the thermal shield, deflects the
the descent engine compartment.

The bottom of the descent stage, and the eng
temperatures due to radiation from the descent engine. A\
blanket of alternate layers of nickel foil and Fiberfax outsrc
the bottom of the descent stage from engine heat. A titaniu:
layers of nickel foil and Fiberfax under an outer blanket of
flange-like ring of columbium backed with a fibrous insular:
extenston and joined to the base heat Bhield by an annular b
arrangement permits engine gimbaling, but prevents engine

1. 3.2.2 Landing Gear. (See figure 1-14.)

The landing gear provides the impact attenua
surface, prevents tipover, and supports the LM during lunc
attenuated to load levels that preserve the structural integr i

stowed in a retracted positton: it remains retracted until tt:
DEPLOY switch on panel 8. The landing gear uplocks are
deployment mecharusm extend the landing gear. Once exte
in place by two downlock mec narusma.

The landing gear is of the cantilever type: it
outriggerB that extend from the ends of the descent stage S'

front, rear and both sides of the LM. Each leg assembly c
secondary struts, an uplock assembly, two deployment anc
The left, right and aft footpad each have a lunar-surface s
forward leg assembly.

, descent stage its octagon shape are
.ton of the +Z27.000 and - Y27.000 beams,
the -Z27. 000 and +Y27. 000 beams,

toving Vehicle (LRV) or a Mobile Equip
eous oxygen disconnect.

.unar surface experiment packages
to the ALSE P. A fuel cask for UBe with

.adrant thermal blanket and micro-
11y on additional structure below the
ne - Y27. 000 beam.

-nt helium tanks, the descent engine
nd interstage hardltne dtsconnects.

ole cutter, pyro relay battery, and
vaste management container, and the
mounted externally to quadrant 4.

itrol relay assembly are mounted

'er, helium, water, and gaseous oxygen
stage includes a thermal and micro-

JUr plume deflectors, to divert the plume
re truss mounted to the descent stage.
iadrant 1) and the MESA (quadrant 4),
been modified.

'ith a thermal and micrometeoroid shield,
with an outer skin of 0.002-inch H-film.

. r of black-painted O.00125-inch inconel is
supports, which keep it at least one-half

ured to the upper side of the descent
ent engine exhaust out of, and away from

ompartment, are subjected to very high
heat shield, composed of titanium with a
nd a blanket of H-film inside, protects
ield with a thermal blanket of multiple

.m protects the engine compartment. A
s attached directly to the engine nozzle
'B of 25-layer H-film. This bellows
t from leaking into the engine compartment.

required to land the LM on the lunar
,iY and lunar launch. Landing impact is

the LM. At launch, the landing gear is
mrnander operates the LDG GEAR
explostvely released and springs in the

each landing gear assembly is locked

ists of four leg assemblies connected to
.ral beams. The legs extend from the
s of a primary strut, a footpad, two
.lock mechanism, and a truss assembly,

probe. A ladder Is affixed to the
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PROBI; ASSEMBlY

PROBE IN GEAR
STOWED POSITION

Figure 1-14. Landing Gear

1. 3. 2. 2. 1 Primary Strut.

The upper end of the primary strut attaches to the descent stage outrigger fitting; the lower
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 compression loads only.

1.3.2.2.2 Footpad.

The footpad assures minimal penetration of the lunar surface. It has a diameter of 37
inches and can pivot at the end of UlE! primary strut. A lunar-surface sensing probe is attached to each
footpad except the forward one.

1. 3.2.2.3 Secondary Struts.

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 honeycomb for shock
attentuatlon, These struts absorb compression and tension loads.

1. 3. 2. 2. 4 Uplock Assembly.

The uplock assembly for each landing gear assembly comprises a fixed link and an explosive
cutter device containing two end detonator cartridges. The fixed link, attached between the descent stage
structure and the primary strut, restrains the landing gear in its retracted (stowed) position. The cutter
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device is pinned to the fixed link. Setting the LDG GEAlt DEPLOY switch to FIRE activates the
electrical circuit that fires the high-explosive charge in the end detonator cartridges. The resulting
detonations impel cutter blades that sever the fixed link, f',~rmitting the deployment mechanism to fully
extend the landing gear. Either cartridge supplies suffic 1":11 energy to sever the fixed links.

1.3.2.2.5 Deployment and Downlock Mechanism.

Each deployment and downlock mechanism \('\'0 for each landing gear assembly) consists of
two spring-loaded devices and connecting linkage, which deploy and then lock the landing gear.

The deployment portion of the mechanism eonsists of a spring and linkage (a link and a cam
idler crank). The linkage is attached between descent stage structure and the landing gear deployment
truss. One end of the spring is attached to the linkage; t!',,: other end is coiled around a roller attached
to descent stage structure. After the uplock assembly Ilxed link is severed, the spring coils up, pulling
on the linkage and indirectly on the deployment truss to f·J1J.y deploy the landing gear.

The down lock portion of each deployment ant. downlock mechanism consists of a spring
loaded latch (With an integral cam follower) attached to descent stage structure, a latch roller on the
deployment truss, and two independent electrical switches in a single case. When the landing gear is
retracted, the latch is held open because the cam follower rests on the cam of the cam idler crank. As
the landing gear deploys, the cam rotates and, at full deployment, the cam follower drops off the cam
ramp, allowing the spring to snap the latch over the latch roller. This secures the roller against a
stop on the structure. Simultaneously with the latching motion, the electrical switches are actuated, to
change the LDG GEAR DEPLOY talkback from a striped (0 a gray indication. The indication, reflecting
the deployed and locked gear condition occurs if at least one of the two switches in each downlock device
has actuated. An external visual indication that the landing gear is deployed and locked is also pro
vided. A red luminescent stripe is painted on the lock latch and on the deployment truss. These stripes
become aligned when the landing gear assemblies are down and locked. The stripes can be seen, day or
night, from as far away as 100 feet; they serve as an indication that can be checked from the CM.

1. 3. 2. 2. 6 Lunar-Surface Sensing Probe.

The lunar-surface sensing probe attached to the left, right, and aft landing gear footpads is
an electromechanical device. The probes are retained in the stowed position against the primary strut
until landing gear deployment. During deployment, mechanical interlocks are released, permitting spring
energy to extend the probes below the footpad. At lunar contact (just before landing gear impact), two
mechanically actuated switches in each probe energize the LUNAR CONTACT lights to advise the crew to
shut off the descent engine. Each probe has two indicator plates, which, when aligned, indicate that the
probe is fully extended.

1. 3. 2. 2.7 Ladder.

The ladder affixed to the primary strut of the forward leg assembly has rungs and railings.
It extends from the forward end of the platform to the end of the strut's outer cylinder. The ladder is
used to climb to and from thehatch during extravehicular activity on the lunar surface.

1. 3. 2. 3 Platform.

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

1.4 LM - SLA - S-IVB CONNECTIONS.

At earth launch, the LM is within the SLA, "".ich is connected to the S-IVB booster. The
SLA has an upper section and a lower section. The outrtcg ers, to which the landing gear is attached,
provide attachment points for securing the LM to the SLA i,'wer section. The LM is mounted to the SLA
support structure on adjustable spherical seats at the apex cd each of the four outriggers; it is held in
place by a tension holddown strap at each mounting point. Fefore the LM is removed, the upper section
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of the SLA is explosively separated into four segments. These segments, which are hinged to the lower
section, fold back and are then forced away from the SLA by spring thrusters. The LM is then explo
sively released from the lower section.

1.5 LM-CSM INTERFACES.

A ring at the top of the ascent stage provides a structural interface for joining the LM to
the CM. The ring, which is compatible with the clamping mechanisms in the CM, provides 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 CM-mounted probe. See figure 1-15 for orientation
of the LM to the CSM.

1. 5. 1 CREW TRANSFER TUNNEL.

The crew transfer tunnel (LM-CM interlock area) is the passageway created between the
LM overhead hatch and the CM 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 and the LM are pressurized from the CM.

1. 5. 1. 1 .Final Docking Latches.

Twelve latches are spaced equally about the periphery of the CM docking ring. They are
placed around and within the CM tunnel so that they do not interfere with probe operation. When
secured, the latches ensure structural continuity and pressurization between the LM and the CM, and
seal the tunnel interface.

100lM~57

CREWMAN OPTICAL
ALiGNME"'" SIGHT

LM -Y-AXIS

LM COAS LINE
OF SIGHT POST LM

PITCHOVER POSITION +Y-AXIS

LM ACQUISITION
AND ORIENTATION

LIGHT (TYP)

STANDOFF CROSS AND
ALIGNMENT STRIPS

(LM- ACTIVE DOCKING
ALIGNMENT TARGET)

STANDOFF CROSS
(CSM-ACTIVE DOCKING

ALIGNMENT TARGET)

CREWMAN OPTICAL
ALIGNMENT SIGHT

Figure 1-15. LM-CSM Reference Axes
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1. 5. 1. 2 Umbilical.

An electrical umbilical, in the LM portion of the tunnel, is connected by an astronaut to
the CM. This connection can be made without drogue removal,

1. 5. 1. 3 Docking Hatches.

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

1. 5. 1. 4 Docking Drogue.

The drogue assembly is a conical structure with provisions for mounting in the LM portion
of the crew transfer tunnel. The drogue may be removed from either end of the crew transfer tunnel
and may be temporarily stowed in the CM or the LM, during Service Propulsion System (SPS) burns.
One of the three tunnel mounts contains a locking mechanism to secure the installed drogue in the tunnel.

1. 5. 1. 5 Docking Probe.

The docking probe provides initial CM-LM coupling and attenuates impact energy imposed
by vehicle 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 retraction system, an extension latch, a preload torque shaft, probe
electrical umbilicals, and electrical circuitry. The assembly may be folded for removal and stowage
from either end of the transfer tunnel.

The probe head is self-centering. When it centers in the drogue the three capture latches
automatically engage the drogue socket. The capture-latches can be released by a release handle on
the CM side of the probe or by depressing a probe head release button from the LM side, using a special
tool stowed on the right side stowage area inside the cabin.

1. 5. 1. 6 Docking Aids.

Visual alignment aids are used for final alignment of the LM and CSM, before the probe
head of the CM makes contact with the drogue. The LM +Z-axis will align 50° to 70° from the CSM
-Z-axis and 30° from the CSM +Y-axis. The CSM position represents a 180° pitchover and a counter
clockwise roll of 60° from the launch vehicle alignment configuration.

An alignment target is recessed into the LM so as not to protrude into the launch con
figuration clearance envelope or beyond the LM envelope. The target, at approximately stations
- Y46. 300 and - ZOo 203, has a radioluminescent black standoff cross having green radioluminescent disks
on it and a circular target base painted fluorescent white with black orientation indicators. The base is
17.68 inches in diameter. Crossmembers on the standoff cross will be aligned with the orientation in
dicators and centered within the target circle when viewed at the intercept parallel to the X-axis and
perpendicular to the Y-axis and Z-axis.

1.6 STOWAGE PROVISIONS.

The LM has provisions for stowing crew personal equipment. The equipment includes such
items as the docking drogue; navigational star cffarts and an orbital map, umbilicals, a crewman's

• medical kit; a lunar extravehicular visor assembly (LEVA) for each astronaut, a special
multipurpose wrench (tool B); spare batteries for the PLSS packs, and other items. For a
detailed list of crew personal equipment, refer to paragraph 2. 11.
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Table 2. J-I. Control j.Icctrontcs Section - Suromarv of Modes of Attitude Control (contj
---------- -

Outdurn-e Manual Attitude Manual Translation i\ltiturle Engine Gimbal
Signals Control Control Damping Control Bemarks

-- -----~._----
-_..

Abort guidance Astronaut COIll- Translation com- No rate damp- No AGS control Same as (or automatic mode
~1F;THtls tnter rupted mends angular mande along LM Ing in axis (AGS control), except that
on individual-axis acceleration axes hy on-and-off selected attitude commands for selected

.L. basis. through on-and- Itr-tng of thruster-s axis are directly applied to Res
off firing of when TTCA ts moved secondary coils
thrusters (two- out of detent
jet operation
direct to
sccondarv
coils):

r

--- -h -----
,,\~ ttl he s and

Mode Posittons

I !llrl<\ ~1(1)l CO!'<IROL AGSs....
I !\IIOorArrIlOLD

(.1 ID ( 0'.; r s w - AG~

I

A,fllnD~(ONlIlOl H
. ]'!H'II, and YAW.sw -

, I UIIl t selt'c ted on indivtdunJ"""""

)
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'fable 2.1-1. Contr-ol Hccu-omc s Sccuon - Sununarv of i\I"de~ cf AtlituJe Contrul

r----- --~---~~--_.----------r--------------,--·-----------------,--- ------~-- .~. -,-- . ~

I
MoJc

Swi tches and
Positions

Guidance
Signalt>

Manual Altitude
Contr-ol

Manual 'I'ranalau on
Cuntrul

Attitude
IJallllling

t.ngine GimLal
Courrot Hc ma r ks

Autonrartc
(pUNS
control)

MOUE CONTHOL: PGNS sw 
AUTO
GUlD CO NT sw - PGNS
ATTITUDE CONTHOL: HOLL,
lJlTl:H. and YAW sw-
MODE CONT (normally)

Automatic etecr-uu;
and truuetauon are
performed by LGC
commands to jet
drtvera.

N/A
(See remu rka
for manual
over-r-Ide)

Linear trunalatton uf
l.M by cn-und-otf
f1rill~ of uu-uster s
when TTeA it! moved
out of detent

Accomph she.I
in LGC

Pitch ami ful! gilillJal
commands from LGC
applied to DrCA

All lhruti\..t:r conuuands [rum LGe gv
di rccu , to pr-Imary pr eampune r s.
Attitude control Iuncuon it! over'
ridden by operating ACA to hardov~r

position, the r eby commanding 00

and-off four- jet operatton through
secondar-y cot Is of thruster sclenoio
vulves . -Xeaxl s translation is
obtained by comrnandmg fuur-jct
opera lion du-ect to !les secondar ,
coi l s , IJ\ pr e s smg -X THAr-;SI.
pu:>hLutlun 0Il pane l S.

Attttudc
hlJld
\l'l;NS
CUllt!"ol)

!\lOin: C0NTBOL: PGN~ ~w 

AT'!' HOLD
Otun CUN'!':;w - P(;NS
AT'ITI'l1l1l: CO:\TIH1!.: IWI.1.,
PITCII, and YA\\i sw -
l\HHH l:UNT (lIul'maUy)

Stahth r.ation in
eccompli sbed by
I.Ge (:0111l11:1I1I.J:;

tu Jet drtver s.

AllihHk rate
l'ClIlllll:.lnd:> arc
I'roplJl·tiullal to
I\.('A tlisplacc'
mcu t. 1.1\1 atti
tude is lido! to
vu lUI' when At'A
ts r-eturned to
delelll.

Linear tr anslution of
Lto.l by on-nnd-uff
fil'ill~ (If thru:itel'~

when TTCA b muvcd.

Accomplished
in LUC

I'itt'h und roll ~iltlLa!

cunununds fndll Lee
upplf cd to lJLCA

Same a s fur aut"matic I\lUl.k (PC!'s
cunlr,)I). Mrni nru m irupul se Illude
b madc availa[dl' b\ enterrug corn
mand illt\! IJSt'. Y. In tfu s 1110ll(', I.l;l
(:<Jlllllli.lW..Is "Ill' lil'S pul ee each un.e
Al'A IS moved past L 5- uormnall \
Irom detent .

Auuuuauc
(;\GS
1.:1J1l11'(1)

t.101H: CUNTHUL: AGS sw 
AUTO
Li l.lll) cot-n sw - /\(;S
ATTITUDE CUN'I'J!U1," HOLl.,
PITCIJ, and YAW,;w-
MODI< CON'!'

Autumatic steering
stgna!s from AUS
are sent to ct-:s ttl
c ummand cbungcs
in LM attitude.

NI A
(Sec rcmu rka
fOI" 1Il:.lIlU:L!

overrtdc)

Lin cur Lran slut iuu uf
1.1\1 by "n-and-of{
firing uf thrusters
when TTCA is 111Oved,

Hate ~}T(>

tiig-llals SUIll
med with
steer-ing
sigllals

l'itl:h and r(,11 I!,llllb:.il

conuuunds derived
Irom ATCA summed
e rror channels

.. \ll t hrust e r- commanes gu rhr-uug h

ATeA Jet ee lect logic and PHi\t, Atti
tude contr-ol function is overridden by
operating ACA 10 harduve r pcstucn ,
thereby commanding on-and-off four
jet operation through secondary ccrls
uf thruster solenoid val v es and bypu as
tng jet select logtc . PRM's, and jer
drivers, ...x-axrs translation is obtained
by (:olllillandillgluur-Jctupt::IMdlIOJI dir-ect
lu HeA seconda rv corl s. by prel:l:;ill~

. X T/{A:-OSI. l,u:>hlJuU{;n, ;: lOr.f Jet lJ!'
,'1';(11011 Ull slIIj.\lc axrs IJIHil::; uptrona l

fUI' pilch ur roll and x-trunstaucn ..... ith
nu M I'S power . High and low gain r-ate

"depends on ascent/descent condtucn.

Atliludl'
huld
(M;S
conu-o l]

MODI·: l'UNTUOL AU:::; sw 
ATT 1I01.(J
GU L1) CONT Sw - MjS
ATTITUDE CUNTHOL HOLL,
PITCH, and YAW BW -

MODE CONT

Automatic xta-
Li li z.ation :;iKna!.:.,
which matntam
LM attitude.

Applied altitude
rutc commands
are pr-cport iunal
to ACA d.lsl'lace
ment. LM aUi
tude is held lo
al.-quired value
when ACA is re
turned to detent.

'J'I'allslilliull cum
ruauds al'lIl~ I.M
axe,; hy on-ami-on
firing of thrusters
when TTCA is
muved out of
detent

[{atl' ~)'l"u

signuls SUtll

mud ..... ith
stabiliza.tion
:;igna}:;

Pitch and roll l!,imLJal
commands deri v cd
[r-em ATl.'A summed
error channels

Same as for automatic mode (AGS
cout r-olj. High and 10.... gain rate
depends on ascem/uescem condiuon.

Pulse •- I Abort guidance
~igJlals inlerrllpt~1

I 011 tndivh.lual-axis
L; HOLL basi:;.

Translation I,;OIll
nlandl:i along LM
axes Ly on-and-off
firing of thrusters
when TTCA is movcJ
uut of de lent

No rate damp
ing III a...'\is
l:lelecteJ

No AGS control S<!.mt:: a:; for autorn&tic mode
(AGS control)
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2.1. 3.5 General Operation of the Control Electronics

The PGNS, in conjunction with the CES, prov.
tion, and descent or ascent propulsion maneuvers. Autorm
with manual inputs. As backup for PGNS control, the AGS,
if the PGNS malfunctions. Table 2.1-1 contains a sumrnar

antomatic control of LM attitude, transla
contr-ol can be overridden by the astronauts,
,plemented by manual inputs, can be used
the CES modes of attitude control.

2. 1. 3. 5. 1 Attitude Control, (See figure 2.1-17.)

LM attitude is controlled by X, Y, and Z axes
automatic, attitude hold, pulse, direct, and hardover (man"
modes are selected with the MODE CONTROL: PGNS or AI
ATTITUDE CONTROL: ROLL, PITCH, and YAW switches.

nere are five modes of attitude control:
-ver rtde). The automatic and attitude hold
''\'itch; the pulse and direct modes, with the

Automatic Mode. The automatic mode provides fully autom
the LGC generates the required thruster commands and ro
ATCA provide thruster, on and off commands to selected RC
the abort guidance mode, roll, pitch, and yaw attitude erro
the ATCA. These error signals are passed through Iimite r
from the RGA, demodulated, passed through selectable dear
PRM's and jet driver amplifiers, which fire the RCS jets.
to correct the attitude errors. In the primary and abort guo
attitude control about all three LM axes by initiating hardov

attitude control. During PGNS control,
them to the ATCA. The jet drivers in the
rirnary solenoids for attitude changes. In
gnals are generated in the AGS and sent to
nd then are combined with damping signals
nd circuits, jet select logic circuits,

c jet select logic determines which jets fire
..ce modes, the astronaut can override,
zommands with the ACA.

Attitude Hold Mode. This is a semiautomatic mode, in whi.
change at an angular rate proportional to ACA displacemen' ,
detent (neutral) position. In the primary guidance mode, ra
ment are sent to the LGC. The LGC operates on these con:
in the ATCA to command rotation rates by means of the thr»
neutral position, LM rotation stops and the LGC maintains ~

with the ACA in the neutral position, LM attitude is held by
is moved out of the detent position, the attitude error signa:
mands proportional to ACA displacement are processed in t:
the desired vehicle rate is achieved. When the ACA is retu:
reduced to zero and the AGS holds the LM in the new attituc-;

c.ther astronaut can command an attitude
:.M attitude is held when the ACA is in the
.ommands proportional to ACA displace
nds and provides signals to the jet drivers
crs, When the ACA is returned to the
aew attitude. In the abort guidance mode,
:\DS of AGS error signals. When an ACA
rom the AGS are set to zero. Rate com
ATCA, and the thrusters are fired until
:1 to the detent position, the vehicle rate is

Pulse Mode. The pulse mode (minimum impulse control) is ·'iected by a DSKY entry (verb 76) when the
PGNS is in control and operating in the attitude hold mode. :. minimum impulse control, the LGC
commands a minimum impulse burn for each movement of ti .\.CA beyond 2.5° of the detent position.
The ACA must be momentarily returned to the detent positto oetween each impulse command. The
maximum rate at which minimum impulses can be command: IS approximately five per second. In this
mode, the astronaut performs rate damping and attitude stee, .ng, When the AGS is in control, the pulse
mode is an open-loop mode. It is selected on an individual- ,5 (roll, pitch, and yaw) basis by setting
the appropriate ATTITUDE CONTROL switch (ROLL, PITCH ':l' YAW) to PULSE. When the pulse mode
is selected, automatic attitude control about the selected axi: is disabled and a fixed train of pulses is
generated when the ACA is displaced. To change attitude in :,,;5 mode, the ACA must be moved past 2.5°
from detent; this commands acceleration about the selected ..··;:5. To terminate LM rotation, an opposite
acceleration about the same axis must be commanded.

Direct Mode. The direct mode is also an open-loop acceler:
axis basis by setting the appropriate ATTITUDE CONTROL:
Automatic AGS attitude control about the selected axis is di s
are routed to the RCS secondary solenoids when the ACA is
tinuously until the ACA is returned to the detent position.

.on mode. It is selected on an individual
':!ch (ROLL, PITCH or YAW) to DIR.
:'.'<1 and direct commands to two thrusters
-r-laced 2. 5°. The thrusters fire con-

Hardover Mode. In an emergency, the ACA can be displace
to command an immediate attitude change about any axis. T,
the RCS secondary solenoids to fire four thrusters. This m. '
control mode.

., the maximum limit (hardover position)
displacement applies signals directly to

-uver can be implemented in any attitude
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Initial conditions for AGS operation require that the AGS STATUS switch be set to STANDBY, I.
then to OPERATE. The time between closing the circuit breakers and setting the AGS STATUS switch to
OPERATE should be 40 minutes; for at least the last 25 minutes, the switch should be set to STANDBY.
Degraded performance is available after 10 minutes in the standby mode. When the AGS STATUS switch
is set to 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 angle changes. Complete AEA capability is
afforded when the switch is set to OPERATE. In the operate mode, the AEA enters a core-priming
routine that ensures that the memory is properly magnetized.

AGS operations are performed mainly through two DEDA addresses: 400 and 410. (Refer
to Apollo Operations Handbook, Volume II, paragraph 4.4 for AGS selector logic list.) Address 400 is •
the AGS submode selector; address 410, the guidance routine selector. The selected routine is computed
every 2 seconds, regardless of the submode selected. The AGS does not respond to orient the LM in
accordance with the routine selected, unless DEDA address 400 (mode selector) is set to +00000 (attitude
hold), +10000 (guidance steering), or +20000 (Z-axis steering).

When the LM is under full AGS control, the engine-on signal cannot be generated unless the
guidance steering submode is selected. The engine-on signal is automatically generated after ullage has
been sensed for three (DEDA-accessible constant) consecutive computer cycles (2 seconds per cycle).
The AGS recognizes ullage to have occurred when the average acceleration in the +X-direction exceeds
0.1 fps2. (The 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 cannot cause the AGS to sense that
ullage has occurred.

When the LM is not under full AGS control (neither the ABORT nor ABORT STAGE push
button has been pressed, or the MODE CONTROL: AGS switch is not set to AUTO, or the GUID CONT
switch is not set to AGS), the AGS issues engine commands (on or oft) that duplicate actual engine
operation.

Under full AGS control, the ascent or descent engine is automatically commanded off 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 maintains 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 O. 1 fps2, the desired thrust direction is fixed
in inertial space (a form of attitude hold). If this were not done, the LM desired attitude might go
through an undesirably wide excursion in an attempt to achieve perfect velocity cutoff conditions. Large
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 descent stage is staged (when the AGS is in control) by pressing the ABORT STAGE
pushbutton. The staging sequence begins only when engine-on commands are issued. During a thrusting
maneuver, the staging sequence begins immediately upon pressing the ABORT STAGE pushbutton (assum
ing that all panel controls that transfer control of the LM to the AGS have been set properly). The AGS
senses sufficient average thrust acceleration throughout the staging maneuver to maintain ullage. When
the AGS receives verification from the CES that the ascent engine is on, the AGS automatically enters the
attitude hold submode, After a prescribed interval, between zero and 10 seconds (DEDA-controlled,
presently set at 1 second), the AGS automatically enters the normal guidance steering submode.

When the PGNS controls the LM (GUm CONT switch set to PGNS), the AGS is in the followup
mode. Manual control of the LM by the astronauts (MODE CONTROL: PGNS switch set to 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 routing engine commands (on or oft) in accordance with ascent or
descent engine operation and provides zero attitude control error signals. The AGS provides attitude
error signals (corresponding to the AEA guidance solutions) for the FDAl's when the PGNS is in control,
the MODE CONTROL: PGNS switch is set to AUTO, the ATTITUDE MON switch is set to AGS, and the
RATE/ERR MON switch is set to LDG RDR/CMPTR.
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Figure 2.1-14. Abort Guidance Path - Simplified Block Diagram

The abort guidance path operates in the automatic mode or the attitude hold mode. In the
automatic mode, navigation and guidance functions are controlled by the AGS; stabilization and control
functions, by the CES. In the attitude hold mode, the astronaut uses his ACA to control vehicle attitude.
The ACA generates attitude-rate, pulse, direct, and hardover commands. The attitude-rate and pulse
commands, AEA error signals, RGA rate-damping signals, and TTCA translation commands are applied
to the ATCA. The ATCA processes these inputs to generate thruster on and off commands.

In the attitude hold mode, pulse and direct submodes 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 thrusters
are directly controlled by the ACA. The astronaut can also control vehicle attitude in any axis by moving
the ACA to the hardover position. In addition, the astronaut can override translation control in the
+X-axis with a +X-axis translation pushbutton. Pressing the pushbutton fires all four +X-axis thrusters.

~

2.1. 3. 3 General Operation of Primary Guidance and Navigation Section. (See figure 2.1-15.)

This discussion of PGNS operation is limited to astronaut interface with the PGNS, because
PGNS operation is dependent upon the LGC program in process and upon the mission phase. The astro
naut can perform optical sightings, monitor subsystem performance, load data, select the 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 by the LGC.

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 hand con
trollers permit manual changes or computer-aided manual changes in attitude or translation. The PGNS
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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 and off commands for the descent and ascent
engines, throttle commands and trim commands for the descent engine, and on and off commands for the
thrusters.

Control of the vehicle, when using the primary guidance path, ranges from fully automatic 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 vehicle 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
thruster commands that correspond to the mode of operation selected via the DSKY. These commands
are applied to the primary preamplifiers in the ATCA, which routes the commands to the proper thruster.
When the astronaut releases the ACA, the LGC generates commands to hold this attitude. If the astro-
naut commands four-jet direct operation of the ACA by going to the hard over position, the ACA applies •
the command directly to the secondary solenoids of the corresponding thruster.

In the' automatic mode, the LGC generates descent engine throttling commands, which are
routed to the descent engine via the DECA. The astronaut can manually control descent engine throttling
with his TTCA. The DECA sums the TTCA throttle commands with the LGC throttle commands and
applies the resultant signal to the descent engine. The DECA also applies trim commands, generated by
the LGC, to the GDA's to provide trim control of the descent engine. The LGC supplies on and off com
mands for the ascent and descent engines to the S&C control assemblies. The S&C control assemblies
route the ascent engine on 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 generated by the astronaut, using his TTCA.
These commands are routed, through the LGC, to the ATCA and on to the proper thruster.

2. 1. 3. 2 Abort Guidance Path. (See figure 2.1-14.)

The abort guidance path comprises the AGS, CES, and the selected propulsion section. The
AGS performs all inertial navigation and guidance functions necessary to effect a safe orbit or rendezvous
with the CSM. The stabilization and control functions are performed by analog computation techniques,
in the CES.

The AGS uses a strapped-down inertial sensor, rather than the stabilized, gimbaled sensor
used in the IMU. The ASA is a strapped-down inertial sensor package that measures attitude and acceler
ation with respect to the vehicle body axes. The ASA-sensed attitude is supplied to the AEA, which is a
high-speed, general-purpose digital computer .that performs the basic strapped-down system computations
and the abort guidance and navigation steering control calculations. The DEDA is a general-purpose
input-output device through which the astronaut manually enters data into the AEA and commands various
data readouts.

The CES functions as an analog autopilot when the abort guidance path is selected. It uses
inputs from the AGS and from the astronauts to provide the following: on, off, and TTCA throttling com
mands for the descent engine; gimbal commands for the GDA's to control descent engine trim; on and off •
commands for the ascent engine; sequencer logic to ensure proper arming and staging before engine
startup and shutdown; on and off commands for the thrusters for translation and stabilization, and for
various maneuvers; jet-select logic to select the proper thrusters for the various maneuvers; and modes
of vehicle control, ranging from fully automatic to manual.

The astronaut uses the TTCA to control descent engine throttling and translation maneuvers,
The throttle commands, engine on and off commands from the S&C control assemblies, and trim com
mands from the ATCA are applied to DECA. The DECA applies the throttle commands to the descent
engine, the engine on and off commands to the descent engine latching device, and the trim commands to
the GDA's. The S&C control assemblies receive engine on and off commands for the descent and ascent
engines from the AEA. As in the primary guidance path, the S&C control assemblies route descent engine
commands to the DECA and apply ascent engine on and off commands directly to the ascent engine.
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The Communications Subsystem (CS) interfaces directly with the GN&CS when the astronaut
uses a push-to-talk switch on his ACA. When the switch is pressed, the ACA issues a d-c signal that
enables an audio center in the signal-processor assembly of the VHF/AM communications. This
enabling signal allows the audio signals from the microphones to be processed by the CS. Automatic re
mote control of the LGC is provided through use of a digital uplink assembly (DUA). Uplink commands
from MSFN, processed by the DUA, are used for program control. The CS interfaces indirectly with the
GN&CS, using VHF/AM communications for voice uplink commands. It also interfaces with a tone
generator in the CES. The generator, enabled by a command from the master alarm circuit of the
Instrumentation Subsystem (IS), issues a l-kc tone to the astronaut headsets as an indication of a sub
system malfunction.

2.1.2.5

2.1.2.6
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GN&CS - CS Interface.

GN&CS - EDS Interface.

II
•

The GN&CS interfaces with the Explosive Devices Subsystem (EDS) by supplying a descent
engine on signal to the supercritical helium explosive valve and an ascent engine on signal, which initiates
the staging sequence. When the descent engine is operated for the first time, the MASTER ARN! switch
(panel 8) is set to ON so that the supercritical helium explosive valve is blown when the descent engine on •
signal is issued. All other normal pressurization and staging sequences are initiated by the astronauts.

During an emergency situation, the ABORT STAGE pushbutton when pushed, shuts down the
descent engine and pressurizes the APS, blowing the helium tank explosive valves that are selected by the
ASC He SEL switch (panel 8). After a time delay, the GN&CS generates an ascent engine on signal which
initiates the staging sequence as the ascent engine begins to fire. Upon completion of staging, a stage
status signal is routed from the EDS deadface switch to the ATCA and to the LGC. This signal automati
cally selects the power deadband for RCS control during ascent engine operation.

2.1. 2. 7 GN&CS - IS Interface.

The Instrumentation Subsystem (IS) senses GN&CS physical status data, monitors the
GN&CS equipment, and performs in-flight checkout. The data signals are conditioned by the signal
conditioning electronics assembly (SCEA) and supplied to the pulse-code-modulation and timing
electronics assembly (PCMTEA) and the caution and warning electronics assembly (CWEA). The
PCMTEA changes the input signals to a serial digital form for transmission to MSFN. The CWEA checks
the status of the GN&CS by continuously monitoring the information supplied by the SCEA. When an out
of-limits condition is detected by the CWEA, the CWEA energizes one or more of the caution and warning
lights associated with the GN&CS.

The LGC interfaces directly with the IS to supply a 1. 024-mc primary timing signal for the
PCMTEA. This timing signal is used in generating timing and sync signals required by other sub
systems. The IS supplies the LGC with telemetry data start and stop commands and sync pulses for
clocking out telemetry data. It also supplies the AEA with telemetry stop commands and sync pulses.

2.1,3 FUNCTIONAL DESCRIPTION.

The GN&CS comprises two functional loops, each of which is an independent guidance and
control path. The primary guidance path contains elements necessary to perform all functions required
to complete the lunar mission. If a failure occurs in this path the abort guidance path can be substituted.

~

2.1. 3.1 Primary Guidance Path. (See figure 2.1-13.)

The primary guidance path comprises the PGNS, CES, LR, RR, and the selected propulsion
section required to perform the desired maneuvers. The CES routes flight control commands from the
PGNS and applies them to the descent or ascent engine, and/or the appropriate thrusters.

The IMU, which continuously measures attitude and acceleration, is the primary inertial
sensing device of the vehicle. The LR senses slant range and velocity. The RR coherently tracks the
CSM to derive LOS range, range rate, and angle rate. The LGC uses ACT star-sighting data to align •
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Throttle commands to the descent engine are generated automatically by the LGC under
• program control, or manually with a TTCA. The TTCA can be used to override LGC throttle commands.

The AGS cannot throttle the descent engine. Throttle commands cause the throttle actuator of the
descent engine to change the position of the flow control valves and vary the injector orifice of the
engine. Changing the position of the flow control valves changes the quantity of fuel and oxidizer metered
into the engine and thus changes the magnitude of engine thrust.

The GN&CS generates trim commands to tilt the descent engine to control the direction of
the thrust vector. The descent engine is tilted about the LM Y-axis and Z-axis to compensate for the
offset of the center of gravity due to fuel depletion during descent engine operation. The thrust vector is

• controlled by the LGC with the aid of two GDA's. The GDA's are pinned to the descent engine and the
LM structure along the Y-axis (roll) and Z-axis (Pitch). When actuated, the GDA's extend or retract a
screwjack-actuated arm that tilts the engine to attain the desired thrust vector. Thrust vector control
for the ascent engine is achieved through firing of selected upward-firing TCA's.

2. 1. 2. 2 GN&CS - RCS Interface.

The GN&CS provides on and off commands to the 16 TCA's (referred to as thrusters or jets)
to control LM attitude and translation. In the primary mode of operation (PGNS in control), the LGC
generates the required commands and sends them to the proper jet drivers in the CES. The jet drivers
send selected on and off commands to the RCS primary solenoids. In the secondary mode of operation

• (AGS in control), the AGS supplies the CES with attitude errors. The ATCA in the CES uses these
inputs to select the proper thruster for attitude and translation control.

• The thrusters are controlled manually with an ACA and a TTCA. The ACA pro-
vides attitude commands and the TTCA provides translation commands to the LGC during the
primary mode of operation and to the ATCA during the secondary mode of operation. The ACA
can fire the thrusters directly during the pulse, direct, and hardover modes, bypassing the LGC or AEA, ~.

• and the ATCA. The four downward-firing thrusters may be fired by pressing the +X TRANSL pushbutton
(panel 5). The on and off commands supplied to the thruster take the form of a step function. The dura
tion of the signal determines the firing time of the selected thruster, which ranges from a pulse (less than
1 second) to steady-state (1 second or longer).

Each thruster contains an oxidizer solenoid valve and a fuel solenoid valve which, when open,
pass propellant through an injector into the combustion chamber, where ignition occurs. Each valve
contains a primary (automatic) solenoid and a secondary (direct) solenoid, which open the valve when
energized. On and off commands from the ATCA are applied to the primary solenoids; the direct
commands are applied to the secondary solenoids.

GN&CS - EPS Interface.

The Electrical Power SUbsystem (EPS) supplies primary d-c and a-c power to the GN&CS.
This power originates from six silver-zinc batteries (four in the descent stage and two in the ascent

• stage). An additional battery has been added in the ascent stage for LM 10 and subsequent. The descent
batteries feed power to the buses during all operations, before staging. Immediately before staging
occurs, ascent battery power is switched on and descent battery power is terminated. A deadface relay
circuit deadfaces the descent batteries when normal staging occurs. Under emergency conditions, when
the ABORT STAGE pushbutton is pressed, a pow~r switchover command, which initiates deadfacing
automatically, is routed to the E PS. The 28-volt d-c battery power is routed through an inverter to pro
vide 115-volt, 400-cps ac to the GN&CS equipment. Refer to paragraph 2.1. 3. 6 for a functional descrip
tion of power distribution.

2.1. 2. 4 GN&CS - ECS Interface.

The Environmental Control Subsystem (ECS) provides thermal stability for the temperature-

I sensitive electronic equipment of the GN&CS. The electronic equipment (except the IMU) is mounted on
cold plates and rails through which ECS coolant (ethylene glycol-water solution) is routed to remove heat.
To cool the IMU, the coolant flows through its case. The heat that is removed from the equipment is
vented overboard by the ECS sublimators.
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Figure 2,1-12. Alignment Optical Telescope Axes

this involves setting the ENG ARM switch to the desired position. Depending on the switch •
setting, a discrete is generated in the CES to enable the START pushbutton (panel 5) for ascent engine
operation or to operate actuator isolation valves for descent engine operation, Under abort or emergency
conditions, the ABORT and ABORT STAGE pushbuttons (panel 1) are used to perform the arming function. •

When the PGNS is in control, on and off commands are generated automatically by the I
LGC under program control, or manually with the START pushbutton (panel 5) and stop push-
buttons (panels 5 and 6). With the AGS in control, on and off commands are generated automatically by
the AEA (an abort guidance computer) under specific routines, or manually with the START and •
stop pushbuttons. The on and off commands actuate pilot valves, which hydraulically open or
close the fuel and oxidizer shutoff valves. Under emergency conditions, the ascent engine ignition
sequence may also be automatically completed through use of the ABORT STAGE pushbutton. If •
the ascent engine-on command from either computer is lost, a memory circuit in the CES keeps issuing
the command to the ascent engine.

The descent engine receives on and off commands, throttle commands, and trim commands
from the DECA. The ignition sequence commands for the descent engine are generated automatically •
or manually in a manner similar to that of the ascent engine. On and off commands are routed from
either computer (dependent on the guidance mode selected), or the START and stop pushbuttons, through
the DECA to actuate the descent engine pilot valves.
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Figure 2.1-11. LM Vehicle and GN&CS Axes

2. 1. 1. 5. 3 IMU Axes.

The lMU axes are defined by the three gimbal axes. These axes are designated as outer
gimbal axis (OGA), middle gimbal axis (MGA), and inner gimbal axis (IGA). The gimbal axes are defined
when the gimbal angles are 0°; they are as follows: the OGA is parallel to the X-axis, the MGA is paral
lel to the Z-axis, and the lGA 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 0°.

Inertial Reference Integrating Gyro Axes. The inertial reference integrating gyro (IRIG) axes, designated
Xg, Yg, and Zg, are parallel to the LM vehicle axes. If the attitude of the stable member is changed with
respect to inertial space, the gyro senses the change about its axis and provides an error signal to the
stabilization loop of the lMU.

Pulse Integrating Pendulous Accelerometer Axes. The pulse integrating pendulous accelerometer (PIPA)
• axes, designated Xa, Ya, and Za, are parallel to the LM body-axes. Velocity changes are measured

along the PIPA axes.

2. 1. 1. 5. 4 Alignment Optical Telescope Axes. (See figure 2. 1-12. )

• 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 0 above the vehicle Y-Z plane. The AOT 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. All
six positions (forward, right, right rear, rear, left rear, and left) are used for star sightings. The
forward (F), or zero, detent position places the LOS in the X-Z plane, looking forward and up as one
would look from inside the LM. The right (R) and right rear (RRJ detent positions place the LOS 60° and
120°, respectively, to the right of the X-Z plane. Similarly, the left (L) and the left rear (LRJ detent
positions place the LOS 60° and 120°, respectrsely, to the left of the X-Z plane. The rear (CL) detent
position places the LOS in the X-Z plane, looking aft as one would look from inside the LM. In addition,
the C L position (180° from the F position) is the stowage position. .Each position maintains the LOS at
45° from the LM + X-axis.

2.1.2

2.1.2.1

SUBSYSTEM INTERFACES. (See figure 2.1-2.)

GN&CS - MPS Interfaces.

The GN&CS provides a sequence of commands to the Main Propulsion Subsystem (MPS) to
control the ascent and descent engines. For ignition to occur, the engine must first be armed. Normally,

15 June 19702.1-18
GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM

Page Mission LM Basic Date 1 February 1970 Change Date_~~~~~---------



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA.

The ATCA routes the RCS thruster on and off commands from the LGC to the thrusters, in
the primary control mode. During abort guidance control, the ATCA acts as a computer in determining
which RCS thrusters are to be fired. •
2.1.1.3.4 Rate Gyro Assembly. •

The RGA supplies the ATCA with damping signals to limit vehicle rotation rates and facili
tates manual rate control during abort guidance control.

2.1. 1. 3. 5 Descent Engine Control Assembly. •
The DECA processes engine-throttling commands from the astronauts (manual control) and

the LGC (automatic control), gimbal commands for thrust vector control, preignition (arming) commands,
and on and off commands to control descent engine operation.

The DECA accepts engine-on and engine-off commands from the S&C control assemblies,
throttle commands from the LGC and the TTCA, and trim commands from the LGC or the ATCA.
Demodulators, comparators, and relay logic circuits convert these inputs to the requtred descent engine
commands. The DECA applies throttle and engine control commands to the descent engine and routes
trim commands to the gimbal drive actuators.

2.1. 1. 3. 6 Gimbal Drive Actuators. •
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.

2.1.1.3.7 Ascent Engine Arming Assembly. •
The AEAA provides a means of arming and firing the ascent engine under remote control.

Under remote control, MSFN can select PGNS or AGS control of ascent engine firing through uplink com
mands processed by the Communications Subsystem. The AEAA performs this function by duplicating
the functions of the ENG ARM and GUID CONT switches (panel 1), using relay logic.

2.1. 1. 3.8 S&C Control Assemblies. •
The three S&C control assemblies are similar assemblies. They process, switch, and/or

distribute the various signals associated with the GN&CS.

2.1. 1. 4 Orbital Rate Display - Earth and Lunar.

The ORDEAL provides an alternative to the attitude display, in pitch only. When selected,
the ORDEAL produces an FDAI display of computed local vertical attitude during circular orbits around
the earth.

2.1. 1. 5 LM Vehicle, and Guidance, Navigation, and Control Subsystem Axes. (See figure 2.1-11.)

Several sets of axes are associated with the LM and the GN&CS. Each set is a three-axis,
right-hand, orthogonal coordinate system. Figure 2.1-11 shows the relationships of various sets of axes
when the IMU gimbal angles are 0°.

2.1. 1. 5. 1 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-axis is perpendicular to the X-Z plane.

2. 1. 1. 5. 2 Navigation Base Axes.

The navigation base (NB) is mounted to the LM structure so that a coordinate system is
formed by its mounting points. The YNB axis is parallel to the vehicle Y-axis. The XNB axis is parallel
to the vehicle X-axis. The ZNB axis is perpendicular to the XNB- YNB plane and parallel to the vehicle
Z-axis.
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Figure 2.1-9. ACA Manipulations

2. 1. 1. 3. 2 Thrust/Translation Controller Assemblies. (See figure 2.1-10.)

The TTCA's control LM translation in any axis; they are functionally integrated translation
and thrust controllers. The astronauts use these assemblies to command vehicle translations by firing
RCS thrusters and to throttle the descent engine between 10% and 92. 5% thrust magnitude. The con
trollers are three-axis, T-handle, left-hand controllers, mounted with their longitudinal axis approxi
mately 45° from a line parallel to the LM Z-axis (forward axis).

A lever on the right side of the TTCA enables the astronaut to select either of two control
functions: (1) translation control in the Y-axis and Z-axis, using the RCS thrusters, and descent engine
throttling to control X-axis translation and (2) translation control in all three axes, using the RCS thrusters.
Due to the TTCA mounting position, vehicle translations correspond to astronaut hand movements when
operating the controller. Moving the T-handle to the left or right commands translation along the Y-axis.
Moving the T-handle inward or outward commands translation along the Z-axis. Moving the T-handle
upward or downward commands translation along the X-axis, using the RCS thrusters, when the select
lever is in the down position. When the lever is in the up position, upward or downward movement 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, using the •
RCS thrusters.

2. 1. 1. 3. 3 Attitude and Translation Control Assembly.
..

The ATCA controls vehicle attitude and translation by issuing on-off commands to the RCS
thrusters. In primary guidance control, attitude and translation commands are generated by the LGC
and applied directly to jet drivers within the assembly. In the abort guidance path, the ATCA receives
translation commands from a TTCA, rate-damping signals from the RGA, and attitude rate commands
and pulse commands from the ACA. The ATCA combines attitude and translation commands in its logic
network to select the proper thruster to be fired for the desired translation and/or rotation.
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The guidance computational section provides trajectory computation and selection, steering
computation, and midcourse-correction computation. This computational section receives data relating to
the CSM state vector and the LM state vector from the LGC in other external source through the AGS input

I selector logic. The state vector is the vehicles attitude and velocity for a given mission time. Body
referenced steering errors are received from the stabilization and alignment computational section, for
trajectory computation. The LM abort guidance problem consists of solving the equations of the selected
guidance maneuver, including steering, attitude, and engine control computations. Outputs of the guidance
computational section, through the output select logic circuits, include engine on and off signals to the
CES, and velocity to be gained (selectable by DEDA readout). .

2.1. 1. 3 Control Electronics Section. (See figure 2. 1- 8. )

The CES processes attitude and translation signals when operating in the primary guidance
mode or the abort guidance mode.

When operating in the primary mode, the CES converts RCS commands to the required
electrical power to operate the RCS solenoid valves. The CES 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 axis. The CES accepts LGC and manual engine on and off commands and routes them to the
MPS to fire or stop the descent or ascent engine. The CES accepts LGC and manual thrust commands to
throttle the descent engine (10% to 92. 5% of maximum thrust). The CES also provides manual attitude
and translation commands to the LGC.

When operating in the abort guidance mode, the CES accepts attitude error signals from the

l AGS, or manual attitude rate commands from the attitude hand controller or rate-damping signals from a
gyro assembly, and fires the RCS thrusters to achieve attitude control. The CES accepts manual transla
tion commands and fires the appropriate thrusters to accelerate the LM in the desired direction. The
CES automatically gimbals the descent engine for trim control in accordance with signal polarity. The
CES accepts AGS and manual engine on and off commands and routes them to the descent or ascent engine.
The CES accepts manual throttle commands to control descent engine thrust and accepts manual rota-

I tional , low-amplitude acceleration, open-loop commands.

The CES comprises two attitude controller assemblies (ACA's), two thrust/translation con
troller assemblies (TTCA's), an attitude and translation control assembly (ATCA), a rate gyro assembly

I (RGA), descent engine control assembly (DECA), two gimbal drive actuators (GDA's), an ascent engine
arming assembly (AEAA), and three stabilization and control (S&C) control assemblies.

2. 1. 1. 3. 1 Attitude Controller Assemblies. (See figure 2.1-9. )

The ACA's are right-hand pistol grip controllers, which the astronauts use to command
changes in vehicle attitude. Each ACA is installed with its longitudinal axis approximately parallel to the
X-axis. Each ACA supplies attitude rate commands proportional to the displacement of its handle, to the
LGC and the ATCA; an out-of-detent discrete each time the handle is out of its neutral position; and a
followup discrete to the AGS each time the controller is out of detent. A trigger-type push-to-talk switch
on the pistol grip handle of the ACA is used for communication with the CSM and ground facilities.

As the astronaut uses his ACA, his hand movements are analogous to vehicle rotations.
Clockwise or counterclockwise rotation of the controller commands yaw right or yaw left, respectively.
Forward or aft movement of the controller commands vehicle pitch down or up, respectively. Left or
right movement of the controller commands roll left or right, respectively.

The ACA's are also 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 move the designated landing
site incrementally along the Y-axis and Z-axis.

15 June 19702.1-12
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The ASA consists of three strapped-down pendulous accelerometers, three strapped-down
gyros, and associated electronic circuitry. The accelerometers and gyros (one each for each vehicle
axis) sense body-axis motion with respect to inertial space. The accelerometers sense acceleration
along the vehicle orthogonal axis. The gyros and accelerometers are securely fastened to the vehicle X,
Y, and Z axes so that motion along or around one or more axis is sensed by one or more gyros or
accelerometers.

2. 1. 1. 2. 2 Data Entry and Display Assembly. (See figure 2.1-7.)

The DEDA (panel 6) is used by the astronauts to select the desired mode of operation. insert the •
desired targeting parameters, and monitor related data throughout the mission. Essentially, the DEDA
consists of a control panel to which electroluminescent displays and data entry pushbuttons are mounted
and a logic enclosure that houses logic and input-output circuits.

2. 1. 1. 2. 3 Abort Electronics Assembly.

The AEA is a general-purpose, high-speed, 4, 096-word digital computer that performs
basic strapped-down guidance system calculations and the abort guidance and navigation steering calcula
tions. The computer uses a fractional two's complement, parallel arithmetic section, and parallel data
transfer. The AEA has three software computational sections: stabilization and alignment, navigation,
and guidance.

The stabilization and alignment computational section computes stabilization and alignment
on generation of mode signals by the DEDA. These mode signals (attitude hold, guidance steering,
Z-axis steering, PGNS-to-AGS alignment, lunar align, gyro and accelerometer calibration, and body
axis align) determine the operation of the stabilization and alignment computational section in conjunction
with the navigation and gutdance computational sections. The body-referenced steering error signals and
total attitude sine and cosine signals are used to control the FDA!. 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 from the ASA. via
AEA input logic circuits, to calculate LM position and velocity in the inertial reference frame. The
navigation computational section supplies total velocity, altitude, and altitude-rate data, and lateral
velocity data in the LM reference frame, to the output logic circuits. Velocity data are routed to the
DEDA, altitude-rate data are routed to the ALT RATE indicator (panel 1), and lateral velocity data are I
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.

(CODE OR READOUT)

.u.----!-------"- MOMENTARY CONTROL
PUSHBUTTONS

OPERATORERROR~
STATUS LIGHT (WHITE) ======

,------:==-::=-==-=--=
I O'R ERR

KEYBOARD SWITCHES
(MOMENTARY PUSHBUnONS)

Figure 2.1-7. Data Entry and Display Assembly - Pictorial
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DISPlAY DISPlAY
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Figure 2.1-5. Display and Keyboard Assembly

The AGS provides steering commands for three steering submodes: attitude hold, guidance
steering, and acquisition steering. The attitude hold sub mode maintains the vehicle attitude that exists
when the submode is entered. In the guidance steering submode, the AEA generates attitude commands •
to orient the LM X-axis so that it lies along the direction of the thrust vector. In the acquisition steering
submode, the AEA generates attitude commands to orient the LM Z-axis along the estimated line of sight •
(LOS) between the LM and CSM.

The AGS outputs an engine-on or engine-off command during all thrusting maneuvers. If the
PGNS is in control, the command is a followup of the signal produced by the PGNS. If the AGS is in control'l
the engine-on command can be routed only after the appropriate switches are set and the ullage maneuver
has been performed. When proper velocity-to-be-gained are achieved, an engine-off command is issued.

The AGS uses RR angle information and accepts range and range-rate information from the
RR for updating LM navigation so that the LM Z-axis is toward the CSM, or for midcourse correction..
These data are manually inserted into the AEA by the astronaut by using the DEDA.

The AGS automatically aligns the strapped-down inertial system of the ASA by computing
the direction cosines that relate the LM body axes to the desired inertial coordinate system. It also
provides in-flight gyro and accelerometer ca,libration to compensate for fixed non-g gyro drift, and
telemetry data for MSFN through the IS.

2.1. 1. 2. 1 Abort Sensor Assembly.

The ASA, by means of gyros and accelerometers, provides incremental attitude information
around the vehicle X, Y, and Z axes and incremental velocity changes along the vehicle X, Y, and Z axes.
Data pulses are routed to the AEA, which uses the attitude and velocity data for computation of steering
errors. The ASA is mounted on the navigation base above the astronauts' heads, between the crew com
partment and the thermal and micrometeoroid shield.
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Figure 2.1-4. Alignment Optical Telescope

2.1,1. 1. 10 Display and Keyboard. (See figure 2.1-5.)

• Through the DSKY, the astronauts can load information into the LGC, retrieve and display
information contained in the LGC, and initiate any program stored in memory. The astronauts can also
use the DSKY to control the mooing of the ISS. The exchange of data between the astronauts and the LGC
is usually initiated by an astronaut; however, it can also be initiated by internal computer programs.

The DSKY is located on panel 4, between the Commander and LM Pilot and above the for
ward hatch. The upper half is the display portion; the lower half comprises the keyboard. The display
portion contains five caution indicators, six status indicators, seven operation display indicators, and
three data display indicators. These displays provide visual indications of data being loaded in the LGC,
the condi tion of the LGC, and the program being used. The displays also provide the LGC with a means
of displaying or requesting data.

2.1. 1. 2 Abort Guidance Section. (See figure 2.1-6. )

The AGS consists of an abort sensor assembly (ASA), abort electronics assembly (AEA),
and a data entry and display assembly (DEDA). The ASA performs the same function as the IMU; it

• establishes an inertial reference frame. The AEA, a htgh-speed, general-purpose digital computer, is
the central processing and computational device for the AG';. The DEDA is the input-output device for
controlling the AEA.

Navigation is performed 1# the AGS through w:egration of the equations of motion and
substitution of instantaneous LM velocity for the variables. The AGS decodes the PGNS downlink data
to establish LM and CSM position, velocity, and associates: rime computations. This Information is
used to initialize or update the AGS navigational computattc.is upon command from the DEDA. The AGS
solves the guidance problems of five distinct guidance rout) ,,·s: orbit insertion, coeUiptic sequence

• initiate, constant delta (~) altitude, terminal phase inittatc and change in LM velocity (external ~V).
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2.1.1. 1. 4 Pulse Torque Assembly.

The PTA supplies inputs to, and processes outputs from, the inertial components in the ISS. •
2. 1. 1. 1. 5 Power and Servo Assembly.

The PSA contains power supplies for generation of internal power required by the PGNS,
and servomechanisms and temperature control circuitry for the IMU.

2.1. 1. 1. 6 Signal Conditioner Assembly.

The SCA provides an interface between the PGNS and the Instrumentation Subsystem (IS).
The SCA preconditions PGNS measurements to a 0- to 5-volt d-c format before the signals are routed to
the IS.

2.1. 1. 1. 7 Alignment Optical Telescope. (See figure 2.1-4.)

The AOT, an L-shaped periscope, is used by the astronaut to take angular measurements of
celestial objects. These angular measurements are requrred for orienting the platform during certain
periods while the vehicle is in flight and during prelaunch preparations while on the lunar surface.
Sightings taken with the AOT are transferred to the LGC by the astronaut, using the CCRD assembly.
This assembly also controls the brightness of the telescope reticle pattern.

2. 1. 1. 1. 8 Computer Control and Reticle Dimmer Assembly. (See figure 2.1-5.)

The CCRD assembly is mounted on an AOT guard. The MARK X and MARK Y pushbuttons are
used by the astronauts to send discrete signals to the LGC when star sighting's are made. The REJECT
pushbutton is used if an invalid mark has been sent to the LGC. A thumbwheel on the assembly adjusts
the brightness of the telescope reticle lamps.

2. 1. 1. 1. 9 LM Guidance Computer.

The LGC is the central data-processing device of the GN&CS. The LGC, a control computer
with many of the features of a general-purpose computer, processes data and issues discrete control sig
nals for various subsystems. As a control computer, it aligns the IMU stable platform and provides RR
antenna drive commands. The LGC also provides control commands to the LR and RR, the ascent and
descent engines, the RCS thrusters, and the cabin displays. As a general-purpose computer, it solves
guidance problems required for the mission. In addition, the LGC monitors the operation of the PGNS.

The LGC stores data pertinent to the ascent and descent flight profiles that the vehicle must
assume to complete its mission. These data (position, velocity, and trajectory information) are used by
the LGC to solve flight equations. The results of various equations are used to determine the required
magnitude and direction of thrust. The LGC establishes corrections to be made. The vehicle engines are
turned on at the correct time, and steering commands are controlled by the LGC to orient the vehicle to a
new trajectory, if required. The ISS senses acceleration and supplies velocity changes, to the LGC, for
calculating total velocity. Drive signals are supplied from the LGC to the CDU and stabilization gyros in
the ISS to align the gimbal angles in the IMU. Position signals are supplied to the LGC to indicate I
attitude changes.

The LGC provides antenna-posttrcning signals to the RR and receives, from the RR channels
of the CDU, antenna angle information. The LGC uses this information in the antenna-positioning calcula
tions. During lunar-landing operations, star-sighting information is manually loaded into the LGC, using
the DSKY. This information is used to calculate IMU alignment commands. The LGC and its programming
help meet the functional requirements of the mission. The functions performed in the various mission
phases include automatic and semiautomatic operations that are implemented mostly through the execution
of the programs stored in the LGC memory.
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The optical subsection (OSS) is used to determine the position of the vehicle using a catalog
of stars stored in the computer and celestial measurements made by an astronaut. The identity of
celestial objects is determined before earth launch. The AOT is used by the astronaut to take direct
visual sightings and precise angular measurements of a pair of celestial objects. The computer sub
section (CSS) uses this data, along with prestored data, to compute position and velocity and to align the
inertial components. The OSS consists of the AOT and a computer control and reticle dimmer (CCRD)
assembly.

The CSS, as the control and data-processing center of the vehicle, performs all the guidance
and navigation functions necessary for automatic control of the flight path and attitude of the vehicle. For
these functions, the GN&CS uses a digital computer. The computer is a control computer with many of
the features of a general-purpose computer. As a control computer, it aligns the stable platform. and
positions both radar antennas. It also provides control commands to both radars, the ascent engine, the
descent engine, the RCS thrusters, and the vehicle cabin displays. As a general-purpose computer, it
solves guidance problems required for the mission. The CSS consists of a LM guidance computer (LGC)
and a display and keyboard (DSKY), which is a computer eon! 1:'01 panel.

2. 1. 1. 1. 1 Navigation Base.

The navigation base is a lightweight (approximately 3 pounds) mount that supports, in
accurate alignment, the IMU, AOT, and an abort sensor assembly (ASA).

2. 1. 1. 1. 2 Inertial Measurement Unit.

The IMU is the primary inertial sensing device of the vehicle. It is a three-degree-of
freedom, stabilized device that maintains an orthogonal, Ine r tially referenced coordinate system for
vehicle attitude control and maintains three accelerometers in the reference coordinate system for
accurate measurement of velocity changes. The IMU contains a stable platform, gyroscopes, and
accelerometers necessary to establish the inertial reference.

The stable platform serves as the space-fixed reference for the ISS. It is supported by
three gimbal rings (outer, middle, and inner) for complete freedom of motion. Three Apollo inertial
reference integrating gyroscopes (IRIG's) sense attitude changes: they are mounted on the stable platform,
mutually perpendicular. The gyros are fluid- and magnetically-suspended, single-degree-of-freedom
types. They sense displacement of the stable platform and generate error signals proportional to dis
placement. Three pulse integrating pendulous accelerometers (PIPA's) (fluid- and magnetically-sus
pended devices) sense velocity changes.

2. 1. 1. 1. 3 Coupling Data Unit.

The CDU converts and transfers angular information between the GN&CS hardware. The unit
is an electronic device that performs analog-to-digital and digita.l-fo-analog conversion. The CDC
processes the three attitude angles associated with the inertial reference and the two angles associated
with the RR antenna. It consists of five almost identical channels: one each for the inner, middle, and
outer gimbals of the IMU and one each for the RR shaft and trunnion gimbals.

The two channels used with the RR interface between the RR antenna and the LGC. The LGC
calculates digital antenna position commands before acquisition of the CSM. These signals, converted to
analog form by the CDU, are applied to the antenna drive mechanism to aim the antenna. Analog
tracking-angle information, converted to digital form by the unit, is applied to the LGC.

The three channels used with the IMU provide int erfaces between the IMU and the LGC and
between the LGC and the AGS. Each of the three IMU gimbal angle resolvers provides its channel with
analog gimbal-angle signals that represent vehicle attitude. 'I'he CDU converts these signals to digital
form and applies them to the LGC. The LGC calculates attitude or translation commands and routes
them through the CES to the proper thruster. The CDU conve rts attitude error signals to 800-cps analog

• signals and applies them to the flight director attitude indi cato r (FDAI). Coarse- and fine-alignment
commands generated by the LGC are coupled to the IMU thr-ough the CDU.
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The PGNS provides the navigational data required for vehicle guidance. These data include
line-of-sight (LOS) data from an alignment optical telescope (AOT) for inertial reference alignment, sig
nals for initializing and aligning the AGS, and data to the astronauts for determining the location of the
computed landing site.

The AGS is primarily used only if the PGNS malfunctions. If the PGNS is functioning
properly when a. mission is aborted, it is used to control the vehicle. Should the PGNS fail, the lunar
mission would have to be aborted; thus, the term "abort guidance section." Abort guidance provides only
guidance to place the vehicle in a rendezvous trajectory with the CSM or in a parking orbit for CSM-active
rendezvous. The navigation function is performed by the PGNS and the Radar Subsystem, but the naviga
tion information also is supplied to the AGS. In case of a PGNS malfunction, the AGS uses the last navi
gation data provided to it. The astronaut can update the navigation data by manually inserting RR data
into the AGS.

The AGS is used as backup for the PGNS during a vehicle mission abort. It determines the
vehicle trajectory or trajectories requtred for rendezvous with the CSM and can guide the vehicle from
any point in the mission, from separation to rendezvous and docking, including ascent from the lunar
surface. It can provide data for attitude displays, make explicit guidance computations, and issue com
mands for firing and shutting down the engines. Guidance can be accomplished automatically, or man
ually by the astronauts, based on data from the AGS. When the AGS is used in conjunction with the CES,
it functions as an analog autopilot.

The AGS is an inertial system that is rigidly strapped to the vehicle rather than mounted on
a stabilized platform. Use of the strapped-down inertial system, rather than a gimbaled system, offers
sufficient accuracy for lunar missions, with savings in size and weight. Another feature is that it can be
updated manually with radar and optical aids.

The CES processes Reaction Control Subsystem (RCS) and Main Propulsion Subsystem
(MPS) control signals for vehicle stabilization and control. To stabilize the vehicle during all phases of
the mission, the CES provides signals that fire any combination of the 16 RCS thrusters. These signals
control attitude and translation about or along all axes. The attitude and translation control data inputs
originate from the PGNS during normal automatic operation, from two hand controllers during manual
operations, or from the AGS during certain abort situations.

The CES also processes on and off commands for the ascent and descent engines and routes
automatic and manual throttle commands to the descent engine. Trim control of the gimbaled descent
engine is also provided to assure that the thrust vector operates through the vehicle center of gravity.

These integrated sections (PGNS, AGS, and CES) allow the astronauts to operate the vehicle
in fully automatic, several semiautomatic, and manual control modes.

2. 1. 1. 1 Primary Guidance and NaVigation Section.

The PGNS includes three major subsections: inertial, optical, and computer. (See figure
2.1-3.) Individually or in combination they perform all the functions mentioned previously.

The inertial subsection (ISS) establishes the inertial reference frame that is used as the
central coordinate system from which all measurements and computations are made. The ISS measures
attitude and incremental velocity changes, and a5sists in converting data for computer use, onboard dis
play, or telemetry. Operation is started automatically by a guidance computer or by an astronaut using
the computer keyboard. Once the ISS is energized and aligned to the. inertial reference, any vehicle
rotation (attitude change) is sensed by a stable platform. All inertial measurements (velocity and attitude)
are with respect to the stable platform. These data are used by the computer in determining solutions to
the guidance problems. The ISS consists of a navigation base, an inertial measurement unit (IMU), a
coupling data unit (CDU), pulse torque assembly (PTA), power and servo assembly (PSA), and signal
conditioner assembly (SCA).
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2.1

2.1. 1

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM.

INTRODUCTION. I
The primary function of the Guidance, Navigation, and Control Subsystem (GN&CS) is

accumulation, analysis, and processing of data to ensure that the vehicle follows a predetermined flight
plan. The GN&CS provides navigation, guidance, and flight control to accomplish the specific guidance
goal. To accomplish guidance, navigation, and control, the astronauts use controls and indicators that.
interface with the various GN&CS equipment. (See figure 2.1-1.) Functionally, this equipment is con- •
tained in a primary guidance and navigation section (PGNS), an abort guidance section (AGS), and a con-
trol electronics section (CES). (See figure 2.1-2.)

The PGNS provides the primary means for implementing inertial guidance and optical navi
gation for the vehicle. When aided by either the rendezvous radar (RR) or the landing radar (LR), the
PGNS provides for radar navigation. The PGNS, when used in conjunction with the CES, provides auto
matic flight control. The astronauts can supplement or override automatic control, with manual inputs.

The PGNS acts as a digital autopilot in controlling the vehicle throughout the mission. Nor
mal guidance requirements include transferring the vehicle from a lunar orbit to its descent profile,
achieving a successful landing at a preselected or crew-selected site, and performing a powered ascent
maneuver that results in terminal rendezvous with the CSM.
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Priority Control. The priority control establishes a processing priority for operations that are performed
by the LGC. Priority control is related to the sequence generator in that it controls the instructions to
the LGC. The priority control processes input-output information and issues order code and instruction
signals to the sequence generator and a 12-bit addresses to the central processor.

Input-Output Interfaces. The input interface receives signals from the PGNS and other sources. (Refer
to table 2.1-3.) 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 their assigned destinations. The input and output circuits of the LGC include storage and
gating devices, which are referred to as input-output channels.
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The interrupt instruction control forces execution of the interrupt instruction by sending the interrupt
order code signal to the sequence generator, and the 12- bit address to the central processor. There are
10 addresses, each of which accounts for a particular function that is regulated by the interrupt instruc
tion control. The interrupt instruction control links the DSKY, telemetry, and time counters to the
program. The interrupt addresses are transferred to the central processor by read control pulses from
the sequence generator. The input-output circuits are the source of the DSKY, telemetry, and time
counter inputs. The interrupt instruction control has a built- in priority chain which allows sequential
control of the 10 interrupt addresses. The decoded addresses from the central processor control the
priority operation.

Channel No.2. This channel is the quotient (Q) register of the LGC.

The priority control consists of start, interrupt, and counter instruction control circuits. The start
instruction control circuit initializes the LGC if the program works itself into a trap, if a transient power
failure occurs, or if the interrupt instruction control is not functioning properly. The LGC is initialized
with the start order code signal, which not only commands the sequence generator to execute the start
instruction, but resets other circuits. When the start order code signal is being used, issued, a stop
signal is sent to the timer. This signal stops the time pulse generator until all essential circuits have
been reset and the start instruction has been initiated by the sequence generator.

The counter instruction control is similar to the interrupt instruction control in that it units input-output
functions to the program. It also supplies 12-bit addresses to the central processor and instruction sig
nals to the sequence generator. The instruction signals cause a delay (not a interruption) in the program
by forcing the sequence generator to execute a counter instruction. The addresses are transferred to the
central processor by read control pulses. The counter instruction control also has a built- in priority of
the 29 addresses it can supply to the central processor. The priority is also controlled by decoded
counter address signals from the central processor. The counter instruction control contains an alarm
detector, which produces an alarm if an incremental pulse is not processed properly.

Outputs from the LGC are placed in the output channels and are routed to specific systems through the
output interface circuits. The operation is identical with that in the central processor. Data are written
into an output channel from the write lines and read out to the interface circuits under program control. I
The downlink word is also loaded into an output channel and routed to the IS by the downlink circuits. The
output timing logic gates synchronization pulses (fixed outputs) to the PGNS. These are continuous outputs,
since the logic is specifically powered during normal operation of the LGC and during standby.

Channel No. 1. This channel is the L-register of the LGC.

Most input and output channels are flip-flop registers. Certain discrete inputs are applied to individual
gating circuits, which are part of the input channel structure. Input data are applied directly to the input
channels; there is no write process as in the central processor. However, the data are read out to •
the central processor under program control. The input logic circuits accept inputs that cause interrupt
sequences within the LGC. These incremental inputs (acceleration data from the PIPA's, etc) are applied
to the priority control circuits and, subsequently to associated counters in erasable memory.

Channel No.3. This channel is the high-order scaler. The channel furnishes a 14- bit
positive number whose least significant bit has a weight of 5.12 seconds. The maximum content of the
register is 23.3 hours.
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Priority Control. The priority control establishes a processing priority for operations that are performed
by the LGC. Priority control is related to the sequence generator in that it controls the instructions to
the LGC. The priority control processes input-output information and issues order code and instruction
signals to the sequence generator and a 12- bit addresses to the central processor.

Channel No.2. This channel is the quotient (Q) register of the LGC.

Channel No. 1. This channel is the L-register of the LGC.

The counter instruction control is similar to the interrupt instruction control in that it units input-output
functions to the program. It also supplies 12-bit addresses to the central processor and instruction sig
nals to the sequence generator. The instruction signals cause a delay (not a interruption) in the program
by forcing the sequence generator to execute a counter instruction. The addresses are transferred to the
central processor by read control pulses. The counter instruction control also has a built-in priority of
the 29 addresses it can supply to the central processor. The priority is also controlled by decoded
counter address signals from the central processor. The counter instruction control contains an alarm
detector, which produces an alarm if an incremental pulse is not processed properly.

The interrupt instruction control forces execution of the interrupt instruction by sending the interrupt
order code signal to the sequence generator, and the 12-bit address to the central processor. There are
10 addresses, each of which accounts for a particular function that is regulated by the interrupt instruc
tion control. The interrupt instruction control links the DSKY, telemetry, and time counters to the
program. The interrupt addresses are transferred to the central processor by read control pulses from
the sequence generator. The input-output circuits are the source of the DSKY, telemetry, and time
counter inputs. The interrupt instruction control has a built-in priority chain which allows sequential
control of the 10 interrupt addresses. The decoded addresses from the central processor control the
priority operation.

The priority control consists of start, interrupt, and counter instruction control circuits. The start
instruction control circuit initializes the LGC if the program works itself into a trap, if a transient power
failure occurs, or if the interrupt instruction control is not functioning properly. The LGC is initialized
with the start order code signal, which not only commands the sequence generator to execute the start
instruction, but resets other circuits. When the start order code signal is being used, issued, a stop
signal is sent to the timer. This signal stops the time pulse generator until all essential circuits have
been reset and the start instruction has been initiated by the sequence generator.

Most input and output channels are flip-flop registers. Certain discrete inputs are applied to individual
gatingcircuits, which are part of the input channel structure. Input data are applied directly to the input
channels; there is no write process as in the central processor. However, the data are read out to •
the central processor under program control. The input logic circuits accept inputs that cause interrupt
sequences within the LGC. These incremental inputs (acceleration data from the PIPA's, etc) are applied
to the priority control circuits and, subsequently to associated counters in erasable memory.

Input-Output Interfaces. The input interface receives signals from the PGNS and other sources. (Refer
to table 2. 1-3.) 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 their assigned destinations. The input and output circuits of the LGC include storage and
gating devices, which are referred to as input-output channels.

Outputs from the LGC are placed in the output channels and are routed to specific systems through the
output interface circuits. The operation is identical with that in the central processor. Data are written
into an output channel from the write lines and read out to the interface ctrcutts under program control. I
The downlink word is also loaded into an output channel and routed to the IS by the downlink circuits. The
output timing logic gates synchronization pulses (fixed outputs) to the PGNS. These are continuous outputs,
since the logic is specifically powered during normal operation of the LGC and during standby.

Channel No.3. This channel is the high-order scaler. The channel furnishes a 14-bit
positive number whose least significant bit has a weight of 5.12 seconds. The maximum content of the
register is 23.3 hours.
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Timer. The timer generates the timing signals required for operation of the LGC. It is the primary
source of timing signals for all subsystems.
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Sequence Generator. The sequence generator executes the instructions stored in memory, processes
instruction codes and produces control pulses that regulate data flow of the LGC. The control pulses
control the operations assigned to each instruction and the data stored in memory.
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External inputs through the write amplifiers include the contents of the erasable and fixed memory bank
registers, all interrupt addresses from priority control, control pulses associated with specific arithme
tic operations, and the start address for an initial start condition. Information from the input and output
channels is placed on the write lines and routed to specific destinations within or external to, the central
processor.

Central Processor. The central processor performs all arithmetic operations required of the LGC,
buffers all information coming from and going to memory, checks for correct parity on all words coming
from memory, and generates a parity bit for all words written into memory. The central processor
consists of flip-flop registers; write, clear, and read control logic; write amplifiers; a memory buffer
register; a memory address register; a decoder; and parity logic.

processor, where it is decoded and processed. A number of key codes are required to specify an address
or a data word. The program initiated by a key code also converts the information from the DSKY key
board to a coded display format. The coded display format is transferred by another program to an
output channel ofthe LGC and sent to the DSKY for display. The display is a visual indication that the key
code was properly received, decoded, and processed by the LGC.

The control pulse generator receives 12 time pulses from the timer. These pulses occur in cycles and
are used for producing control pulses in conjunction with the instruction commands. There are five types
of control pulses: read, write, test, direct exchange, and special purpose. Information in the central
processor is transferred from one register to another by the read, write, and direct exchange control
pulses. The special purpose control pulses regulate the operation of the order code processor. The test
control pulses are used within the control pulse generator. Branch test data from the central processor
change the control pulse sequence of various functions.

The sequence generator consists of an order code processor, a command generator, and a control pulse
generator. The sequence generator receives order code signals from the central processor and priority
control. These signals are coded by the order code processor and supplied to the command generator.
Another set of control pulses are used for gating the order code signals into the sequence generator at the
end of each instruction. The command generator decodes the input signals and produces instruction
commands which are supplied to the control pulse generator.

Primarily, the central processor performs operations dictated by the basic instructions of the program
stored in memory. Communication within the central processor is accomplished through write ampli
fiers. Data flow to or from memory to the registers, between individual registers, or into the central
processor from external sources. Data are placed on the write lines and are routed to a specific register
or to another part of the central processor under control of the write, clear, and read logic. This logic
accepts control pulses from the sequence generator and generates signals to read the contents of a
register onto the write lines and to write the contents into another register of the central processor or
another area of the LGC. The particular memory location is specified by the contents of the memory
address register. The address is fed from the write lines into this register, the output of which is
decoded by the address decoder logic. Data are subsequently transferred from memory to the memory
buffer register. The decoded address outputs are also used as gating functions within the LGC.

Page 2.1-70

The master clock frequency, generated by an oscillator, is applied to a clock divider logic circuit. The
clock divider logic divides the master clock frequency into gating and timing pulses at the basic clock

• rate of the LGC (1, 024 kpps). This basic clock rate is also applied to a scaler and a time pulse generator.
The scaler further divides the output of the clock divider logic into pulses and signals which are used for
gating, for generating rate signal outputs, and for accumulating time. The time pulse generator produces
a recurring set of time pulses which define a specific memory cycle during which access to memory and
data flow take place within the LGC.
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The time 6, 5, 3, and 4 interrupt conditions are internal interrupts initiated by the LGC.
The first key interrupt is initiated when a DSKY pushbutton is pressed. A mark signal, indicating a
sighting, initiates the second key interrupt. The uplink interrupt indicates completion of an uplink word.
The radar interrupt is generated when a complete radar work is received. As the ACA is moved out of
detent the hand controller interrupt is initiated.

Real time, which is used in solving guidance and navigation problems, is maintained within
the LGC, in the main time counter of memory. The main time counter provides a 745. 65-hour (approxi -,
mately 31 days) clock. Incremental pulses are produced in the timer and sent to priority control to
increase the main time counter. The LGC clock is synchronized with ground elapsed time (GET) which
is "time zero" at launch. The LGC time is transmitted once every second by downlink operation for com
parison with the GET of MSFN.

The downlink operation of the LGC is asynchronous with respect to the IS. The IS supplies
all the timing signals necessary for the downlink operation. (Refer to paragraph 2. 1. 2 for interface
discussion. )

Data pertaining to the flight, which include real time, acceleration, and IMU gimbal angles,
are stored in memory locations called counters. The counters are updated as soon as new data becomes
available. Data inputs to priority control are called incremental pulses. Each incremental pulse pro
duces a counter address and a priority request. The priority request signal is sent to the sequence
generator as an order code. The control pulses produced by the sequence generator transfer the counter
address to memory through the write lines of the central processor. The control pulses also enter the
contents of the addressed counter into the central processor.

The uplink word from MSFN via the digital uplink assembly (DUA) is supplied as an incre
mental pulse to priority control. As this word is received, priority control produces the address of the
uplink counter in memory and requests the sequence generator to execute the instructions that perform
the serial-to-parallel conversion of the input word. When the conversion is completed, the parallel word
is transferred to a storage location in memory by the uplink priority program. The uplink priority
program also retains the parallel word for subsequent downlink transmission. Another program converts
the parallel word to a coded display format and transfers the display information to the DSKY.

Incremental transmissions occur in the form of pulse bursts from the output channels to
the CDU, the gyro fine alignment electronics, and the radars. The number of pulses and the time
at which they occur are controlled by the LGC program. Discrete outputs originate in the output channels
under program control. These outputs are sent to DSKY and other subsystems. A continuous pulse train
at 1. 024 me originates in the timing output logic and set as a synchronization signal to the timing elec
tronics assembly in the IS.

Before a priority program can be executed, the current program must be interrupted. The
contents of the program counter and any intermediate results contained in the central processor should
be preserved. The priority control produces an interrupt request signal, which is sent to the sequence
generator. The signal, acting as an order code, executes as instruction that transfers the contents of the
program counter and any intermediate results to memory. The interrupt request signal also transfers
the priority program address from priority control to the central processor and, then, to memory through
the write lines. As a result, the first basic instruction word of the priority program is entered into the
central processor, from memory, and execution of the priority program begins. The last instruction of
each priority program restores the LGC to normal operation, provided no other interrupt request is
present, by transferring the previous contents of the program counter and intermediate results from their
storage locations in memory back to the central processor.

LMA790-3-LM
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Through the DSKY, the astronaut can load information into the LGC, retrieve and display
information contained in the LGC, and initiate any program stored in memory. A key code is assigned
to each keyboard pushbutton. When a DSKY pushbutton is pressed, the key code is produced and sent to
an input channel of the LGC. A signal is also sent to priority control, where the signal produces the
address of a priority program stored in memory and a priority request signal. The priority request
signal is sent to the sequence generator. This results in an order code and initiates an ins truction for
interrupting the program in progress and for executing the key interrupt No. 1 priority program stored
in memory. This program transfers the key code temporarily stored in an input channel, to the central
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flight data that are displayed to assist the astronaut during various phases of the mission are as follows:
total LM attitude, attitude errors, altitude and altitude rate, forward and lateral velocities, and percen
tage of descent engine thrust commanded by the LGC. I

Total attitude is generated from the IMU gimbal angles. With the ATTITUDE MON switch
(panel 1) set to PGNS, the IMU gimbal angles are routed to the gimbal angle sequencing transformation
assembly (GASTA). The GASTA transforms the gimbal angles into signals of the proper configuration of
total attitude. The total attitude signals are applied to the FDA! sphere for direct astronaut readout. The
FDA! also displays roll, pitch, and yaw rates and errors. The FDA! rate indicators monitor the rate of
change of angular position. When the RATE/ERR MON switch (panel 1) is set to LDG RDR/CMPTR, the
FDA! error indicators indicate the deviation between the programmed and actual attitude. The FDA! rate
indicators are fed from the CES rate gyros; the pitch, yaw, and roll attitude errors are supplied from the
LGC through the CDU.

•

The astronauts can select the LR, 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 (panel 1).

Forward and lateral velocities are displayed on the X-pointer indicator. The indicator
receives velocity signals from the LGC via the CDU when the MODE SEL switch is set to PGNS. The
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 THRUST indicator (panel 1) 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 attitude and translation control and for pro
pulsion control (descent and ascent engine). Commands from the LGC are routed through the CES to the
RCS thrusters and to the ascent and descent engines for proper flight control.

2. 1. 3. 4 General Operation of Abort Guidance Section. (See figure 2.1-16.)

Control of the LM by the AGS depends on the settings of various cabin switches and on DEDA
entries. Attitude control, using the RCS, must be under mode control [ROLL, PITCH, and YAW
ATTITUDE CONTROL switches (panel 3) set to MODE CONT.]

For the AGS to effect guidance steering (not merely attitude hold) and engine control, the
GUID CONT switch must be set to AGS and the MODE CONTROL: AGS switch must be set to AUTO. For
nominal DPS operation, the ENG ARM switch is set to DES and the engine START pushbutton 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 the descent stage attached, the ABORT STAGE pushbutton
(panel 1) is pressed to arm the ascent engine ....

The MODE SEL, ATTITUDE MON, and RATE/ERR MON switches (panels 1 and 2) are used
to monitor AGS maneuvers. When these switches are set as indicated in figure 2.1-16, the FDA!'s
X-pointer indicators, and the ALT and ALT RATE indicators display the information required to monitor
AGS operations.

The AGS STATUS switch (panel 6) provides power to the AGS when the AC BUS B: AGS and
STAB/CONT: ASA and AEA circuit breakers are closed. With the AGS STATUS switch set to OFF,
closing the ASA circuit breaker causes the ASA to be in a temperature-controlled condition. Closing the
AEA circuit breaker causes power to be applied to the AEA. Closing the AGS circuit breaker applies
15-volt (rms), 400-cps power to the AGS power supply.

2 1-27
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2.1. 3.5.2 Translation Control. (See figure 2.1-17.)

Automatic and manual translation control are available in all three axes, using the RCS.
Automatic control consists of thruster commands from the LGC to the jet drivers in the ATCA. These
commands are used for translations of small velocity increments and for ullage settling before ascent or
descent engine ignition after coasting phases. Manual 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 guid
ance mode, only manual control is available. Control consists of on and off commands from a TTCA to
the jet selected logic in the ATCA. The voltage is sufficient to satc.ute the PRM's and provide control
of the thrusters. RCS thrust (+X-axis) is available when the +X TRi\NSL pushbutton is pressed. The
secondary solenoids of the four downward-firing thrusters (BID, A2D, B3D, A4D) are energized as long
as the +X TRANSL pushbutton is pressed.

II

2.1. 3. 5.3 Descent Engine Control. (See figure 2.1-18.)

Descent engine control accomplishes major changes in LM velocity.

Ignition and Shutdown. Descent engine ignition is controlled by the PGNS and the astronaut through the
CES. Before ignition, the engine must be armed by setting the ENG ARM 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 C1 V reaches a predetermined value. The astronauts
can command the engine on or off, using the engine START (panel 5) and stop pushbuttons.

Throttle Control. Descent engine throttle (thrust) can be controlled by the PGNS and/or the astronauts.
Automatic throttle (increase/decrease) signals from the LGC are sent to the DECA. The analog output of
the DECA comrols descent engine thrust from 10% to maximum thrust (92. 5%). In the automatic mode
(THR CONT switch set to AUTO), the astronauts can use the TTCA' s to increase descent engine thrust.
When the THR CONT switch is set to MAN, the astronaut has complete control over descent engine thrust.
If a TTCA is used for throttle control, X-axis translation capability is disabled.

Trim Control. Descent engine trim is automatically controlled 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 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 +60 or _60 from the X-axis.
GDA's are activated during periods when descent engine is armed.

2. 1. 3. 5.4 Ascent Engine Control. (See figure 2. 1-19. )

Ascent engine ignition and shutdown can be initiated by the PGNS, AGS, or the astronaut.
Automatic and manual commands are routed to the S&C control assemblies. These assemblies pr-ovide
logically ordered control of LM staging and engine on and off commands. The S&C control assemblies
provide a positive command for fail-safe 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 commanding LM staging and ascent engine ignition. The time delay ensures that descent
engine thrusting has completely stopped before the LM is staged.

2. 1. 3. 6 Power Distribution. (See figure 2.1-20.)

Each section of GN&CS receives its power independently of the other sections, from the
CDR's and the LMP's buses through the circuit breakers on panels 11 and 16, respectively. The flight
displays associated with the GN&CS receive power from CDR's a-c and d-c buses. When power is sup
plied to a particular display, a power-on indicator is energized. For the X-pointer, THRUST, RANGE,
and RANGE RATE indicators, the power-on indicator IS a lamp; for the FDAl's. talkbacks are used. The •
MISSION TIMER and the EVENT TIMER do not have power-on indicators.
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2. 1. 3. 6. 1 PGNS Power Distribution.

The LGC receives 28-volt d-e primary power from the PGNS: LGC/DSKY circuit breaker.
• The primary power is used by power supplies within the LGC to develop +14- and +4-volt d-c power.

These outputs are used for logic power within the LGC. The +14-volt d-c power supply also provides an
input to the DSKY power supplies. The +4-volt d-c power supplies (2) of the LGC provide power for the
standby and operate modes of LGC operation.

The standby mode of operation is initiated by pressing the PRO pushbutton on the DSKY,
after keying the appropriate setup command (verb-noun combination). During standby, the LGC is put
into a restart condition and the +4- and +14-volt d-c supplies are switched off. This places the LGC in
a low-power mode in which only the LGC timer and a few auxiliary assemblies are operative. The DSKY

I power supply receives +28- and +14-volt dc and an 800-pps sync from the LGC. The power supply de
velops 275-volt, 800-cps power for the DSKY electroluminescent displays.

The power and servo assembly (PSA) receives input power from the PGNS: LGC/DSKY,
IMU STBY, and IMU OPR circuit breakers. The input voltage is 27. 5±2. 5 volts de, with transient limits
between 24.0 and 31. 8 volts de. In addition to the d-c input from the EPS, the PSA power supplies re
quire clock pulses (800 pps, 3.2 kpps, and 25.6 kpps) from the LGC. The PSA power supplies are as
follows:

• 28-volt, 800-cps, ±1% power supply

• 28-volt, 800-cps, 00 ¢ , ±5% power supply

•
• 28-volt, 800-cps, _90 0 ¢ , ±5% power supply

• -28-volt d-c power supply

• 28-volt, 3, 200-cps power supply

The 800-cps power supplies provide the PGNS with 1%, 5% _900 ¢ , and 5% 0 0 rp power. The
• 28-volt, 800-cps, 1% power supply provides the IMU resolver excitation, servoamplifier demodulator

reference, a reference signal to the FDAI's, a reference to the coupling data unit, RR resolver excitation,
and ACA excitation. The 28-volt, 800-cps, 5% power supply provides the _900 and 00 excitation power for
the gyro wheels, the lMU blowers, PIP fixed heater power, and bias heater power. The -28-volt d-e
power supply provides negative d-e inputs to the a-c amplifiers used in the inertial loops and power to the
three gimbal servoamplifiers in the stabilization loops and to the pulse torque assembly power supply to
generate -20 volts de for use in accelerometer loops. The 28-volt, 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 power

• supply provides excitation voltages (2 and 4 volts) for signal ducosyn signal-generator excitation and for
magnetic suspension winding excitation for the torque and signal ducosyns of the IRIG's and PIPA's. The
3, 200-cps output is also used as a reference for the demodulator of the gimbal servoamplifier in all
modes of operation, except the coarse-alignment mode.

The pulse torque assembly (PTA) derives input power from the PSA when the IMU operate
command is generated. The PTA power supply is synchronized by a 12. 8-kpps clock pulse from the LGC.

I
The PTA power supply provides +20 volts de to the three binary current switches in the PIPA loops and
+120 volts dc to the binary current switch and Q-c differential amplifier in the fine-alignment electronics
associated with the stabilization loops of the IMU. The PTA also provides three separate +28-volt d-e
precision voltage references to each of the three PIPA d-e differential amplifiers.

The CDU power supplies (+4 and +14 volts de) receive 28 volts, 800 cps, and +28 volts dc

I(IMU operate signal) from the PSA, and a sync pulse from the LGC. The power supplies provide a reg
ulated output voltage for use in the CDU logic circuitry. Under full load conditions, the +4-volt d-e power
supply is required to provide +4 volts de ±1%, at 2. 5 to 3. 0 amperes.
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The signal conditioner assembly (SCA) receives its operating power from the PSA. The I·
operating power includes IMU operate and IMU standby +28 volts dc used for B+ voltage in the SCA
circuits, and reference voltages consisting of 800-cps and 3, 200-cps 1% feedback voltage from the IMU.
Three additional reference voltages (2.5 volts dc for bias, an 800-cps square wave, and a 3, 200-cps
square wave) are generated in the SCA.

The AOT receives U5 volts ac for illumination of the reticle, from the AC BUS A and the
AC BUS B: AOT LAMP circuit breakers. The heaters in the AOT receive power from the CDR's d-c
bus through the HEATERS: AOT circuit breaker.

2. 1. 3. 6. 2 AGS Power Distribution.

All power (ac and de) required by the ASA is provided by the ASA power supply, which
receives 28-volt d-c power from the STAB/CONT: ASA circuit breaker (panel 16). The power supply
provides regulated 28 volts dc for current regulators, +12 volts de to bias amplifiers in the accelerom
eters, +4 volts dc for use in a frequency countdown subassembly and the gyros, -12 volts dc for use in
the gyros, -6 volts dc for use as bias for the gyros, and -2 volts dc for use as bias in the frequency
countdown subassembly. A-C voltages are provided for the accelerometer gyros and pulse torquing
servoassemblies by 28-volt, 800-cps inputs from the ATCA.

The AEA uses two power supplies. One operates in the standby and operates modes. It
supplies power to clock countdown circuits and for the three integrating registers of the input-output
subassembly. The other power supply operates in the operate mode and supplies power to the remainder
of the AEA. These power supplies receive 28-volt d-c power from the STAB/CONT: AEA circuit
breaker (panel 16) and U5-volt, 400-cps power from the AC BUS B: AGS circuit breaker (panel U).
They also receive 28-volt, 800-cps power from the ATCA power supply for synchronization. The operate
power supply provides -2, +4, +6, +13.5, +14, -13.5, and -18 volts de,

The DEDA operating power consists of +4 and -2 volts de supplied by the operate power
supply of the AEA.

2. 1. 3. 6. 3 CES Power Distribution.

The CDR's and LMP's 28-volt d-c buses and the CDR's U5-volt a-c bus supply power to the
CES. The ACA receives 28-volt d-c power from the CDR's bus for two-jet direct control through the I
STAB/CONT: ATT DIR CONT circuit breaker. D-C excitation from the ATCA is used by the ACA to
generate pulse commands. Proportional rate commands are generated from a 28-volt, 800-cps signal
from the ATCA. This input signal to the ACA is also used by the TTCA during AGS control, for gener-
ation of throttle commands. During PGNS control, the PSA supplies the excitation voltage for the TTCA.
The TTCA receives ±15 volts de via an S&C control assembly from the ATCA power supply for the gener
ation of translation commands. The STAB/CONT: ATT DIR CONT circuit breaker also provides power
for the secondary coils of the TCA's during the direct mode and when the +X TRANSL pushbutton is used. •

The ATCA primary power supply receives 28 volts dc from the LMP's bus through the •
STAB/CONT: ATCA circuit breaker. When the ATCA/AGS circuit breaker is on and GUID CONT switch
is set to AGS and the MODE CONTROL: AGS switch is set to ATT HOLD or AUTO, the thruster drivers •
are enabled. When the BAL CPL switch is set to ON, the 28 volts from the circuit breaker enables the
four upward-firing thrusters. Power from the circuit breakers is also used to test the RGA, using the
GYRO TEST switches (panel 3).

The ATCA primary power supply provides regulated +15, -15, and +4. 3 volts de for the
ATCA and other GN&CS equipment, and +6 and -6 volts de for the ATCA only. The power supply is
synchronized by a 1. 6-kpps signal (square wave) to generate a regulated 28-volt, 800-cps, 1. output
and a regulated, isolated, 28-volt, 800-cps, 30 output for RGA gyro spin motor excitation. Single
phase is also supplied for AEA signal reference excitation. If the synchronizing pulses are lost, the power
supply runs free at 800 cps ±1%. Another ATCA power supply uses the 28-volt d-e input to generate re-
dundant -4.7 volts de for use within the ATCA, for jet solenoid driver bias. Also, 28-volt, 800-cps •
power is supplied to the RR as "backup" power and to the IS and the rate displays as reference.
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The STAB/CONT: DECA PWR circuit breaker supplies +28 volts de to the descent engine
control circuit in the DECA. When the descent engine is armed, this input power is routed to the actua
tor isolation valves of the descent engine. The power supply of the DECA consists of a reference power
-upply and an auxiliary power supply. The reference supply receives +15 and -15 volts de from the

. 3-volt d-c ATCA power supply. D-C active regulators in the reference supply convert the +15 and -15
volts dc to +6 and -6 volts dc, respectively. The 6-volt outputs of these regulators are very stable; they
are used as a source for a voltage divider, which supplies the reference voltages to the comparators.

The auxiliary power supply receives 400-cps power from the CDR's a-c bus through the AC
BUS A: DECA GMBL circuit breaker. The power supply rectifies and filters the a-.c power to supply
+22 and -22 volts dc for the DECA manual throttle circuit and +22 volts dc for the power failure time
delay circuit. During an ATCA power failure, the auxiliary power supply provides +6 volts de to the
descent engine control circuit and enables full thrust of descent engine. In addition, +22- and -22-volt
d-c reference voltages are used for a power failure monitor circuit in the DECA. The +15- and -15-volt
d~c inputs to the reference power supply are also connected with the +22- and -22-volt d-c inputs,
respectively, to supply the manual throttle circuit if the 22-volt d-e supplies fail.

Power from the STAB/CONT: DES ENG CONT circuit breaker enables the engine control
circuits in the DECA. This power is interrupted when the ABORT STAGE pushbutton is used or when the
ABORT or STOP pushbuttons are used. The STAB/CONT: ENG START OVRD, AELD (2), ABORT
STAGE (2) ENG ARM, and DES ENG OVRD circuit breakers are used in conjunction with the relay logic
of the DEC\ and S&C control assemblies to accomplish ascent or descent engine control.

The GASTA receives 115 volts ac from the CDR's a-c bus through the AC BUS A: GASTA
circuit breaker and 28 volts de from the CDR's d-e bus through the FLIGHT DISPLAYS: GASTA circuit
breaker. These two inputs energize the computer servo in the GASTA.

2. 1. 3. 6. 4 ORDEAL Power Distribution.

The ORDEAL receives 115 volts ac from the CDR's a-c bus through the AC BUS B: ORDEAL
circuit breaker and 28 volts dc from the CDR's d-c bus through the FLIGHT DISPLAYS: ORDEAL circuit
breaker. The 115-volt a-c power lights the ORDEAL panel and drives the resolvers. The d-e power is
used for switching.

2.1. 3. 6. 5 800-cps Synchronization Loop. (See figure 2.1-21.)

Because the CES uses 800-cps analog signals as a reference, the various assemblies must
be synchronized. In the primary guidance mode, the ACA's and TTCA's receive 28-volt, 800-cps

I signals from the PSA of the PGNS. The proportional attitude commands to the LGC are either
in phase or 180 0 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 the ATCA are now synchronized with the ATCA power supply. The AGS and RGA receive 28-volt,

1
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. In turn, the ATCA it
self is synchronized to the clock (1,600 pps) of the PCMTEA; however, it can run free as its own source
should this synchronizing pulse be lost.

2.1.4

2. 1. 4. 1

MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

Primary Guidance and NaVigation !ection - Inertial Subsection.

The ISS comprises the navigation base (NB), IMU, the coupling data unit (CDU), the pulse
torque assembly (PTA), the power and servo assembly (PSA), and the signal conditioner assembly (SCA).
(See figure 2. 1- 22. )

ISS operation can be initiated automatically by the LGC, or manually by the astronaut using
DSKY entries to command the LGC to select the various operating modes. The ISS status or mode of
operation can be displayed on the DSKY, as determined by a computer program. The IMU furnishes the
inertial reference; it consists of a stable member with three degrees of freedom, stabilized by three inte
grating gyros. The stable member must be aligned with respect to the reference coordinate system each
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Figure 2.1-21. BOO-cps Synchronization Loop

time the ISS is powered up. The stable member must be realigned during flight because it may deviate
from its alignment, due to gyro drift. Also, the crew may desire a new stable member orientation. The
alignment orientation may be that of the CSM or that defined by the thrusting programs within the LGC.
Sighting of two stars is required for in-flight fine alignment. The stable member is aligned after the LGC
processes sighting data that have been combined with the known IMU angles and supplies gyro-torquing
signals to the IMU.

Once the ISS is energized and aligned to an inertial reference, LM rotation is about the girn
baled 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 mea- •
surements are displayed to the astronaut by the flight director attitude indicator (FDAI), and angular
changes of the inertial reference are sent to the LGC.

Desired LM attitude is calculated in the LGC and compared with the actual gimbal angles. A
difference 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 PIPA's,
which are mounted on the stable member with their input axes orthogonal. The resultant signals (velocity
changes) from the accelerometer loops are supplied to the LGC, which calculates the total LM velocity.
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Figure 2.1-22. Inertial Subsection - Functional Diagram

2. 1. 4. 1. 1 Navigation Base. (See figure 2.1-23.)

The navigation base is a lightweight mount that supports, in critical alignment, the IMU,
ASA, and AOT. It consists of a center ring with four legs that extend from either side. The IMU is
mounted to the ends of one side of the four legs. The AOT and the ASA are mounted to the opposite ends
of the legs. The navigation base is bolted to t~ LM structure above the astronauts' head, with three
mounting pads on the center ring. An electrical grounding strap is attached to the center ring and to the
LM structure.

2.1. 4. 1. 2 Inertial Measurement Unit. (See figure 2.1-24.)

The IMU uses three Apollo 25-inertial reference integrating gyros (IRIG's) to sense changes
in stable member orientation, and three 16-pulse integrating pendulous accelerometers (PIPA's) to sense
velocity changes. The 25-IRIG's are fiuid- and magnetically-suspended, single-degree-of-freedom
gyros with a 2. 5-inch-diameter case. The 16-PIPA's are fluid- and magnetically-suspended, pendulum
type devices with a 1. 6-inch-diameter case. 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
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Figure 2.1-23. Navigation Base
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Figure 2. 1- 24. IMU Gimbal Assembly
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middle gimbal. All three gimbals are spherical, have 360 degrees of freedom, and are positioned by
torque rn: . rs. The IMU also consists of a failure-detection assem and a temperature control assem-
bly. The complete IMU weighs ac.rroximately 42 pounds.

Inertial Reference Integrating Gyros. The IRIG's are the sensing elements of the IMU stabilization loon.
The three gyros are mounted on the stable member, with their input axes mutually perpendicular. An.
change in the attitude of the LM changes the attitude of the stable member and is sensed by one or more

I of the gyros. The gyros convert this displacement into an error signal, which is amplified and fed to the
IMU gyro-torquing loop. The gyro-torquing loop repositions the stable member until this error signal is
nulled and the original attitude of the stable member is reestablished.

The gyros tend to maintain their attitude with respect to inertial space. If a gyro is forced to rotate about
• the input axis (which is perpendicular to the wheel spin axis), it responds with a torque about the out

put axis (which is perpendicular to the spin and input axes). The spin axis is displaced from its normal
(null) alignment with the spin reference axis by an amount equal to the angle through which the output axis
has rotated. The spin reference, input, and output axes are always mutually perpendicular.

The construction of the mIG's is similar to that of conventional single-degree-of-freedom gyros. The
mIG's consist of a wheel assembly, spherical (sealed) float, cylindrical case, single generator ducosyn,

I and torque generator ducosyn. The gyroscopic wheel, mounted within the sealed float on a shaft per
pendicular to the axis of the float, spins on preloaded ball bearings. The wheel is driven by a
hysteresis synchronous motor in an atmosphere of helium, which prevents corrosion of the ferrous parts
and provides good transfer of heat. The helium in the float is at 'a pressure of one-half atmosphere. The
torque generator ducosyn is mounted on one end of the float shaft; the signal generator ducosyn is mounted
at the other end.

The space between the float and the case is filled with a suspension and damping fluid. This fluid is
maintained at the same density as the float, thereby suspending the float with respect to the case and re
moving the friction between the float pivot and bearing. The fluid density is kept equal to the density of
the float by maintaining the gyro and its fluid at the proper temperature. The fluid also damps the float
oscillations with respect to the case. The space immediately surrounding the float is entirely filled with
fluid. Most of the nonfunctional space within the gyro case is consumed by damping blocks which assist
in the control of the damping coefficient.

The ducosyns consist of a separate magnetic suspension assembly and a separate transducer microsyn
mounted as a single unit. Each ducosyn contains two separate stators, which are mounted to the case,
and two separate rotors, which are mounted on a common ring on the float assembly. The signal gen
erator ducosyn is mounted, in the mIG's, on the positive output-axis end of the float to provide magnetic
suspension. The transducer microsyn provides an electrical analog signal proportional to the position of
the float. A torque generator ducosyn is mounted on the negative output-axis end of the float to provide
magnetic suspension. The transducer microsyn converts an electrical error signal into torque about the
output axis. The mIG magnetic suspension assembly and the primary of the signal generator require
4-volt, 3,200-cps, single-phase excitation. In addition to the magnetic and fluid suspension, the mIG's
have a set of pivots and bearings on the output axis.

Pulse Integrating Pendulous Accelerometers. The PIPA's are the sensing elements of the IMU acceler
ometer loops. The three accelerometers are mounted with the !RIG's on the stable member, with their
input axes mutually perpendicular. Any change in LM velocity is sensed by one or more of the acceler
ometers. The PIPA's route the change in velocity through the accelerometer loops to the LGC. The
LGC, in turn, issues accelerometer drive signals to torque the PIPA's back to their null position.

The PIPA is basically a pendulum-type device consisting of a cylinder with a pendulous float pivoted with
respect to a case. The axis of tile pivot defines the output axis. The space between the pendulous float
and the case is filled with fluid. A signal generator ducosyn is mounted on the positive end of the output
axis to provide magnetic suspension and output signals indicative of rotational position of the float. A
torque generator ducosyn also acts as a transducer to convert torque signals, in the form of electrical
pulses, into mechanical torque about the output axis. A 2-volt rms, 3,200-cps, 1'" excitation is required
for the PIPA magnetic suspension and the primary winding of the signal generator.
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The float body is a cylinder of beryllium, which is fitted to a shaft on which the float pivots. The rotors
of the ducosyns are mounted on the ends of the float body. The complete float assembly is in the main
housing assembly and the space serves as both a fluid suspension for the float and as a viscous damping
gap for the fluid. The main housing contains a bellows assembly to take up the expansions and contrac
tions of the fluid during heating. The end housings contain the ducosyn stators and the pivot bearing.
The magnetic suspension units have tapered stator poles and a tapered rotor so that magnetic suspension
forces are developed in both the axial and radial directions. The main housing assembly is completely
covered by a case, which provides magnetic shielding and hermetically seals the unit. Heating coils
between the main housing and case heat the suspension fluid to the proper temperature. All electrical
signals are routed through the torque generator end of the case.

•

When an acceleration is sensed along the input axis of the accelerometer, the float rotates from the null
position. This rotation is sensed by the signal generator ducosyns, The reference excitation voltage of
the signal generator is synchronized with the LGC clock, which is the reference for all GN&CS and loop
timing.

The output of the secondary of the signal generator ducosyn consists of two amplitude-modulated, sup
pressed-carrier signals: one of zero phase; the other, 7Tphase. These two 180 0 out-of-phase signals
are phase-shifted 45 0 from the reference excitation (by the effect of a resistor in series with the secondary I
Winding) and amplified by a preamplifier mounted on the stable member.

Inner Gimbal Assembly. The inner gimbal (IG), referred to as the stable member, is free to rotate 360 0

about its axis. The stable member is machined from a solid block of cold-pressed and sintered beryl
lium; holes for mounting the mIG'S, PIPA'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 (lX 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 Gimbal Assembly. The middle gimbal (MG) is suspended by two intergimbal assemblies inside the
outer gimbal. The MG supports the inner gimbal. Each intergimbal assembly provides 360 degrees of
freedom. However, to avoid gimbal lock, rotation is restricted within +85 a and -85 ". Each intergimbal I
assembly contains a duplex-pair ball bearing (one fixed; one floated) and a 40-contact slipring for routing
electrical inputs and outputs. A multispeed transmitter resolver, .nounted 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 (OG) is similar to the MG; it is suspended inside the supporting
case by two intergimbal assemblies. Each intergimbal 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 (lX and 16X) is mounted on the negative end of the OGA. A d-c torque motor is mounted on the
opposite end of the axis. Two thermostatically controlled axial-flow blowers mounted in the outer gimbal
walls move air from the vicinity of the middle gimbal to the walls of the case, where heat is carried
away by water-glycol solution circulating through passages in the case.

IMU Case. The IMU case is a spherical enclosure, which supports 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 sclutien is circulated to dissipate heat generated by inertial
components and electronic modules. Two quick-disconnect fittings connect the coolant passages to the
primary coolant loop of the ECS heat transport section.

IMU Temperature Control Assembly. (See figure 2.1-25.) The IMU temperature control assembly
maintains the temperature of the three IRIG's and three PIPA'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 consumption. Heat is removed by convection, conduction, and radia
tion. The natural convection, used during the IMU standby mode, is changed to blower-controlled forced
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Figure 2.1-25. IMU Temperature Control

convection during IMU operating modes. Forced convection between the middle gimbal and the water
glycol-cooled gimbal case is shown in figure 2.1-26. The IMU is sealed to maintain internal air pressure
at 1 atmosphere to provide the required natural and forced convection. The temperature control assem
bly consists of a temperature control circuit, a blower control circuit, and "a temperature alarm circuit.

The temperature control circuit applies the required nominal heat (+.130° ±4 OF) to the inertial components.
This circuit includes six IRIG end-mount heater!l\ three PIPA end-mount heaters, a temperature control
thermostat assembly 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 addi
tional PIPA end-mount heaters; 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 de,

The blower control circuit removes heat, as required, to maintain heat balance. 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 blowers on and off, as necessary. The blowers

• are turned off when temperature exceeds +139°±0.2°F; they do not operate durtng the IMU standby mode.
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Figure 2.1-26. IMU Forced Convection Cooling

The temperature alarm circuit monitors the temperature control assembly. The alarm circuit contains
an alarm thermostat !or hl~h-temperaturesensing (>+134°:ill. 2 0 F), an alarm thermostat for low-temper- I
ature sensing «+126 ±D.2 F), and a temperature alarm module that provides a discrete to the LGC
durmg normal- temperature operation (+126

0
to +134°:ill. 2 0 F). When an out-of-limit temperature occurs

the TEMP Iight on the DSKY goes on.

lMU Failure-Detection Assembly. The IMU failure-detection circuits monitor the 800-cps phase B power
supply, 3, 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 an IMU failure signal to
the LGC. The LGC processes the failure signal and routes it through the DSKY as an ISS warning indica
tion to the warning indicators on panel 1. An lMU temperature out-of-limit condition routes a signal
through the LGC to the DSKY to turn on the TEMP condition indicator.

2.1. 4.1. 3 Coupling Data Unit. (See figure 2.1-27.)

The CDU performs analog-to-digital conversion, digital-to-analog conversion, moding, and
failure detection. It is a sealed container, which encloses 34 modules of 10 types. The 10 types of
modules make up five almost identical channels: one each for the inner, middle, and outer gimbals and
one each for the RR shaft and trunnion gimbals. Several CDU modules are shared by all five channels.

Analog-to-Digital Conversion. Analog signals are received by the CDU from the lMU or the RR IX and
16X resolvers. The magnitude of these signals is indicative of the degree of angular displacement.

The five channel inputs are phase-shifted and attenuated by the switching logic and coarse-fine mixing
circuit. The signals are used as an input to an error-detector circuit. The error detector monitors the •
phase and amplitude of the 800-cps error output of the mixing and attenuation circuit. The phase of the
signal determines whether the digital signal to be generated is positive or negative. The amplitude of the
signal determines whether the digital pulses, equivalent to 20 arc seconds of gimbal displacement, are
generated at 800 pps or 12.8 kpps. The digital pulse train is the input to a 16- bit binary read counter.

~

The read counter, with binary stages designated as 20 to 215, counts the pulse train generated by the rate
select and up-down logic circuitry. The 20 (least significant) bit output is transmitted to the LGC as a
gimbal angle change (~6C> equivalent to 40 arc seconds. This is the only information pertaining to gimbal
angles or angle changes that is transmitted from the CDU to the LGC. During the ISS coarse-alignment
mode of operation, a ~6g of 160 arc seconds per pulse is transmitted from the 22 output stage to the error
counter of the CDU. The two stages (20 and 25) and the remainder of the read counter permit accumula
tion of the gimbal angle, with the least significant bit equivalent to 20 arc seconds of gimbal angle and the
most significant bit (215) equivalent to 180 0 of gimbal displacement. The read counter can accumulate a
total gimbal angle of 359 059'40'. The contents of the read counter are not accessible for readout or dis
play at any time.
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The primary function of the read counter is to provide the incremental l/J angles to be used in the coarse-
• fine mixing and switching logic for mechanization of the trigonometric identity sin (8-l/J). When the read

counter has accumulated value "'equal to the angle ¢>, 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.

Digital-to-Analog Conversion. The error counter, a nine-bit (20 to 28) counter, is used primarily in the
conversion of digital data to its analog equivalent. With only one exception, coarse alignment, the error
counter is operated solely from ~GC 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 BOO-cps ladder network of the
digital-to-analog converter are opened or closed. As the ladder switches are closed, an BOO-cps analog
signal, whose amplitude is proportional to the contents of the error counter and whose phase is deter
mined 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 error display mode,
the BOO-cps signal is used without conversion to de, If the error counter contents are indicative of an
LGC-calculated forward and lateral velocity signal, the BOO-cps, 0- or TT-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:

• ISS CDU zero

• ISS error-counter enable

• RR CDU zero

• RR error-counter enable

• ISS coarse alignment

• Display inertial data (DID)•

• The DID command is routed to the LGC and the CDU moding section by setting the MODE SEL switch to
PGNS. The LGC discretes are buffered and processed, by the moding section, to the proper logic levels
and timing for use in other sections of the CDU. The CDU zero discrete resets the read counter to zero.
Upon termination of the discrete, the read counter again accumulates the number of pulses equivalent to
the actual gimbal angle. The CDU zero discrete, besides being used in the CDU, is sent to the AGS to
initialize the PGNS angle input registers and ~tart accumulation of PGNS alignment signals.

Failure Detection. Failure-detection circuits monitor CDU circuitry for malfunctions. The failure
detection circuits monitor ISS CDU channel performance and RR CDU channel performance; they operate
identically for both. Upon detection of an out-of-tolerance condition, an ISS CDU failure or RR CDU

I failure discrete is issued to the LGC. The ISS CDU failure discrete causes the LGC to issue a failure dis
crete to the caution and warning electronics for display. A RR CDU failure discrete causes the TRACKER
condition indicator on the DSKY to go on.
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The PTA consists of 17 electronic modular subassemblies mounted on a common base.
There are four binary current switches. One furnishes torquing current to the three IRIG's and the other
three furnish torquing current to the three PIPA's. The four d-c differential amplifier and precision
voltage reference subassemblies regulate torquing current supplied through the binary current switches.

2.1. 4. 1. 4
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Pulse Torque Assembly. I

The three a-c differential amplifier and interrogator subassemblies amplify accelerometer
signal generator signals and convert them to plus and minus torque pulses. The gyro calibration module
applies plus or minus torquing current to the IRIG's when commanded by the LGC. The three PIPA cali
bration modules compensate for the differences in inductive loading of accelerometer torque generator
windings and regulate the balance of plus and minus torque. A pulse torque isolation transformer couples
torque commands, data pulses, interrogate pulses, switching pulses, and synchronizing pulses between
the LGC and PTA. Power for the other 16 subassemblies is supplied by the pulse torque power supply.

2.1. 4. 1. 5 Power and Servo Assembly.

The PSA provides a central point for the PGNS amplifiers, modular electronic components,
and power supplies. The PSA is on the cabin bulkhead behind the astronauts. It consists of 14 subas
semblies mounted 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. During flight, this permits
pressurization of the PSA to remain at 15 psi.

The three gimbal servoamplifiers supply the torquing signals for the IMU gimbals. IMU
moding is accomplished by the relay module. A -28-volt d-c power supply supplies power to the gimbal
servoamplifiers and pulse torque power supply. The PSA contains one amplifier and one automatic
amplitude control, filter, and multivibrator subassembly for the 3, 200-cps, 1% power supply. The ampli
fier supplies 28 volts, 3,200 cps, to the ducosyn transformer on the stable member and to the gimbal
servoamplifiers; the automatic amplitude control, filter, and multivibrator subassembly regulates ampli
fier operation.

An amplifier and an automatic amplitude control, filter and multivibrator subassembly is
also associated with the 800-cps power supply. This amplifier supplies 28 volts, 800 cps, for IMU re
solver excitation and provides a reference signal for an 800-cps, 5% amplifier, which in turn provides a
reference for another 800-cps, 5% amplifier. These two amplifiers, 90° apart in phase, supply 28 volts,
800 cps, for the lMU blowers, gyro wheels, and the PIPA heaters. The IMU load compensation subas
sembly provides power-factor correction for 800-cps, 1%, and 5% supplies. The 28-volt IMU operate
power from the CDR's 28-volt d-e bus is filtered by the PGNS supply filter subassembly.

I

The IMU auxiliary subassembly indicates to IS an out-of-tolerance condition of 3, 200-cps; I
the 28-volt, 800-cps, 1%; and the 28-volt, BOO-cps, 5%; and the gimbal error signals; provides IMU
turn-on moding discretes; and indicates IMU temperature out-of-tolerance condition to GSE through the
umbilical of the launch tower (LUT).

2.1.4.1.6 Signal Conditioner Assembly.

The SCA preconditions PGNS measurements to a 0- to 5-volt d-e format before the signals
are routed to the IS. There are three types of SCA output signals: PB, PU, and PD. The PB type
are preconditioned analog signals derived from a bipolar signal. The PU type are preconditioned analog
signals derived from a unipolar signal. The 1?D type are preconditioned bilevel discretes. The PB type
identifies signals that are referenced to the 2. 5-volt d-e bias supply. The SCA consists of four signal
conditioning modules, which are listed, with signal description and telemetry number, in table 2.1-2.
The SCA is mounted piggyback on the PSA.

The gimbal resolver signal-conditioning module conditions the inner, middle, and outer
gimbal resolver sine and cosine signals.

The IRIG and PIPA signal-conditioning module conditions the inner, middle, and outer
gimbal IRIG error signals and the X-, Y-, and Z-PIPA error signals. This module also generates a
3,200-cps, square-wave reference signal required to operate the SCA circuits.
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Table 2.1-2. Signal Conditioner Assembly - Signal-Conditioning Modules

Signal-Conditioning
Module Signal Description

Telemetry
No.

•

Gimbal resolver

IlliG and PIPA

CDU, PIPA temper
ature, and 2. 5-vdc
bias

Radar resolvers and
120-volt PIPA supply

Sine of IG IX resolver output

Cosine of IG IX resolver output

Sine of MG IX resolver output

Cosine of MG IX resolver output

Sine of OG IX resolver output

Cosine of OG IX resolver output

IG IlliG error

MG IlliG error

OG IRIG error

X-PIPA signal generator output

Y-PIPA signal generator output

Z-PIPA signal generator output

3,200 cps, 28-volt supply

Pitch CDU digital-to-analog output

Yaw CDU digital-to-analog output

Roll CDU digital-to-analog output

IMU standby/off

PIPA temperature

LGC operate

PCM 2. 5-vdc TM bias

IMU 2B-volt, BOO-cps, 1'k
Sine of RR shaft IX resolver output

Cosine of RR shaft IX resolver output

Sine of RR trunnion IX resolver output

Cosine of RR trunnion IX resolver output

120-vdc pulse torque reference

GG2112V

GG2113V

GG2142V

GG2143V

GG2172V

GG2I73 V

GG2107V

GG2137V

GG2I67V

GG2001 V

GG202I V

GG2041 V

GG1331 V

GG2219V

GG2249V

GG2279V

GG1513X

GG2300T

GG1523X

GGI110V

GGI20I V

GG3304 V

GG3305V

GG3324V

GG3325V

GGI040V

The CDU, PIPA temperature, and 2. 5-volt d-c bias signal-conditioning module conditions
the pitch, roll, and yaw CDU digital-to-analog converter outputs, the PIPA temperature sensor signal,
ISS 28-volt standby power, and 800-cps 1% amplifier output. This module also supplies the 2. 5-volt d-e
bias for the bipolar measurements.

The radar resolvers and 120-volt PIPA supply signal-conditioning module conditions the sine
and cosine signals from the shaft and trunnion IX resolvers of the RR antenna assembly, and the 120-volt
output of the pulse torque power supply. This mOdule also supplies an 800-cps, square-wave reference
signal to the SCA circuits.

2. 1. 4. 1. 7 Inertial Subsection - Functional Loops.

There are seven functional loops: three stabilization loops, a gyro-torquing loop, and three
accelerometer loops. The three stabilization loops maintain the stable member rotationally fixed with
respect to inertial 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.
The gyro-torquing loop permits introduction of external driving signals into the stabilization loops during
closed-loop conditions. The three accelerometer loops measure the acceleration of the stable member

15 June 19702.1-54
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along three orthogonal axes and integrate these data to determine velocity. The LGC uses the velocity
data to compute LM trajectory. The accelerometer loops also generate torquing signals for torquing t.-e
PIPA's back to a null position after sensing an acceleration. I
Stabilization Loops. (See figure 2. 1- 28.) When the stabilization loops hold the stable member inertia:
referenced, any movement of the stable member is sensed by one or more of the three IRIG's. This re
sults in an IRIG-signal-generator, 3,200-cps, error-signal output, which is proportional to the rotation of
the gyro about its input axis. This error signal is then amplified by a preamplifier, which is an integral
part of the IRIG assembly. The Y-gyro error signal passes directly to the associated gimbal servoampli
fier through the normally closed contacts of the coarse-alignment relay. The X- and Z-gyro error signals
are resolved about the IGA by the gyro error resolver before being introduced to the associated gimbal
servoamplifiers. The servoamplifier current output is fed to the appropriate gimbal torque motor to re
store the stable member to its original reference position. As the stable member is returned to its origi
nal reference position, the movement sensed by the IRIG is opposite in direction but equal in magnitude to
the disturbance input; the result is precession of the float. Due to precession, the float returns to its null
position. Because no signal-generator output is then present, the loop is nulled and no further drive sig
nals are applied until another disturbance is introduced.

Resolution 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 0°, 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 errors to the ap
plicable gimbal servoamplifier.

When the stabilization loops are initially energized. the stable member is referenced to the LM axes by
driving the gimbals with an error signal inserted at the coarse-alignment input to the gimbal servoampli
fiers (coarse-alignment relay energized). IT 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 sig
nals are disconnected from the gimbal servoamplifiers. Instead, 800-cps error signals are injected
through the coarse-alignment relay to torque the gimbals to apprnximately 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',; with pulses originating at the LGC and processed through the pulse torque or fine-alignment elec
tronics loop. The stable member is then aligned and the stabilization loops hold it in this final position.

Gyro-Torquing Loop. (See figure 2.1-28.) Using a torque generator to torque the IRIG floats, it is pos
sible 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:

• Enable the torquing electronics

• Select the gyro to be torqued

• Select the direction of torquing

• Control the amount of torque applied.

The three IRIG's are sequentially torqued 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-e differential amplifier and precision voltage refer
ence module, and a pulse 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 amount; a specific amount of IMU gimbal rotation is
provided. The number or torque (set) pulses applied to the current switch determines how long the torqu
ing 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 after torquing, the LGC issues no-torque (reset) pulses to the current switch,
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which enables constant current to flow along a dummy path external to the HUG's. This reduces transients
when 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-e differential amplifier, the pulse
torque power supply, and a current regulator in the binary current switch.

Accelerometer Loops. (See figure 2.1-28.) The three accelerometer loops are identical. The pulse
torque power supply provides +20, -20, and +120 volts dc and +28 volts dc, regulated, to all the loops.

The PIPA signal generator outputs are two 3, 200-cps error signals, which are of opposite phase and pro
portional 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 phase; they are
fed to the interrogator circuitry, 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 pendu
lums back to null) and pulses that represent velocity changes. The velocity pulses are generated by pro
viding data pulses from the LGC such that the velocity outputs are positive or negative increments of ve
locity. 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 cur
rent 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 PIPA. The torquing current is fed to the PIPA torque generator through a load
balancing 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 PIPA torquing occurs at all times, even during ~

periods of no acceleration. This torquing continuously moves the pendulums an equal amount in the posi-
tive and negative directions; as a result, an equal amount of positive or negative velocity pulses are sent
to the LGC. When an acceleration is sensed, more of one type of pulse is generated. This unbalance
produces either positive or negative ~ V pulses. which are routed to the LGC PIPA counter to be accumu-
lated as LM velocity changes.

2.1. 4.1. 8 Inertial Subsection - Modes of Operation. (See figure 2.1-29.)

Except for the IMU cage 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 (panel 1) is set to
ON. The inertial reference mode is entered automatically whenever the ISS is not in another mode. The
COU logic receives from the LGC the following discrete commands:

• ISS COU zero

• ISS error-counter enable

• Coarse-align enable

• RR CDU zero
~

• RR error-counter enable

• Display inertial data (OID) (program-controlled).

The ISS COU zero, ISS error-counter enable, and ISS coarse-align enable discretes control three identical
channels in the ISS portion of the COU. The RR COU zero, RR error-counter enable, and OID discretes
control the RR shaft and trunnion channels in the RR portion of the COU. All discretes, except RR COU
zero, are used for moding operations. In addition to the LGC-COU discietes, the LGC issues a torque
enable command to the gyro-torquing loop for initation of the fine-alignment mode.
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IMU Turn-On Mode. The IMU turn-on mode initializes ISS operation by driving the IMU gimbals to zero ._
and clearing and inhibiting the CDU read and error counters. The IMU turn-on mode (program controlled) ..
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 enable. The LGC also issues the turn-on delay complete discrete
to the ISS after 90 seconds.

When IMU power is applied to the ISS, the LGC receives an ISS power-on discrete and a turn-on delay re
quest. The LGC responds to the turn-on delay request by issuing the CDU zero and coarse-align enable
drscretes 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
and error counters of the CDU. The ISS power (2S volts de) 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 contacts of the energized cage relay to the coil of the coarse-alignment re
lay, energizing the coarse-alignment relay. The contacts of the energized coarse-alignment relay switch
the gimbal servoamplifier reference from 3,200 cps to SOO cps and close the IMU cage loop through the
contacts of the energized cage relay.

The coarse-alignment relay is held energized by the CDU coarse-align discrete and the contacts of the
energized cage relay. The IMU gimbals drive to the zero reference position, using the sine output of the
IX gimbal resolvers (sine 6 ).

After 90 seconds, the LGC issues the ISS turn-on delay complete discrete, which energizes the turn-on
control relay. The energized turn-on control relay locks up through its own contacts. Energizing the
turn-on control relay removes the turn-on delay request and deenergizes the cage relay, removing the
sine II 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 stabiliza
tion loops close. The pulse torque power supply inhibit signal prevents accelerometer torquing during the
90-second delay.

After the 90-second delay, the LGC program removes the CDU zero and coarse-align enable discretes.
allowing the ISS to go to the inertial reference mode (coarse-alignment relay deenergized), or it can re
move the CDU zero discrete and provide an error-counter enable discrete while maintaining the coarse
align enable discrete. The latter combination of discretes defines the coarse-alignment mode of opera
tion.

Coarse-Alignment Mode. The coarse-alignment mode enables the LGC to align th~ IMU rapidly to a de
sired position, with limited accuracy. In this mode, the LGC issues two discretes to the CDU: coarse
align enable and ISS error-counter enable.

The coarse-align enable discrete is routed through the CDU, where it provides a ground pat~ .to the
coarse-alignment relay, energizing the relay. The energized relay opens the gyro preamplifler output,
replaces the normal 3, 200-cps reference with an SOO-cps reference, and routes the SOO-cps coarse
alignment error output from the CDU digital-to-analog converter to the gimbal servoampltfier through the
deenergized contacts of the IMU cage relays. This drives the gimbal until the coarse-allgnment signal 1S

zero volts rms. The coarse-align enable discrete and error-counter enable discrete are also accepted by
the CDU logic as moding commands, enabling the error-counter and permitting transfer of .:lllg angles
from the read counter to the error counter.

After the logic circuitry in the CDU has been set up to accept commands from the LGC, the LGC begins
transmitting positive or negative gimbal drive .cornmands (pulse trains at 3,200 cps). These pulses, each
equivalent to a gimbal angle change ( .:ll/d of 160 arc seconds, are accumulated in the error counter. The
first .:lllc pulse determines the direction in which the error counter is to count and provides a polarity
control to the digital-to-analog converter of the CDU. The polarity control provides an in-phase or an
out-of-phase analog reference. An SOO-cps analog Signal, whose amplitude is dependent on the error
counter content and the polarity of the input command ( .:lllc), is then generated. This signal is the SOO
cps coarse-alignment error output from the digital-to-analog section; it is routed to the gimbal servo
amplifier, causing the gimbal to drive in the direction commanded by the LGC.
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The changing gimbal angles are dete. by the error-r'otector circuits in the CDU. These detected
errr r s permit a pulse train, at 6, 40( ps , to inc reas " read counter. The ':;creasing read counter
nul .ie sine and cosine voltage inputs to the e r ror-«. tor circuits from th. 'U IX and 16X resolvers.

As tIl:: read counter is being incremented, one output of the counter, representmg a 40-arc-second-per
pulse increase in gimbal angle, is routed to the LGC. Another output of the 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 aBc. If aBc is positive, the error counter
counts up and the aBg from the read counter decreases the counter. For each counter pulse into the error
counter, the total content decreases. This decreases the digital-to-analog converter output and, there
fore, the rate of drive. When the number of digital feedback 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 35° per second. This
is due to degenerative feedback provided within the CDU mechanization.

Fine-Alignment Mode. (See figures 2.1-28 and 2.1-29.) The fine-alignment mode allows the LGC to
position the IMU accurately to a predetermined gimbal angle, closer than 40 arc seconds of CDU toler
ance, since each gyro-torquing pulse is equal to O.615 arc second of displacement. The LGC does not
issue any discretes to the CDU during this mode of operation; therefore, the read counter circuitry re
peats the changing gimbal angles exactly as was done in the coarse-alignment mode. The LGC keeps
track of the gimbal angle 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 de to
the binary current switch, a differential amplifier, and a 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, to flow. 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 I
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 pulse 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 command
angle. The LGC receives inputs from the CDU read counter that indicate a 40-arc-second-per-pulse
change in gimbal angle.

The number of torquing pulses sent from the LGC to the torquing electronics is computed 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. 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 aBg pulses are not used for feedback.

The fine-alignment pulses generated by the LGC are issued in bursts 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.

Attitude Error Display Mode. The attitude error display mode permits the LGC to display attitude errors,
in analog form, to the astronaut. In this mode; 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 routed through logic to the LGC, which
is then aware of the current LM attitude.

A digital autopilot program (DAP) has a computed desired attitude associated with current time and LM
position. The difference between the desired and actual values is attitude error. The attitude error is
converted to aBc 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 of pulses commanded.
The contents of the error counter are converted to an BOO-cps error signal by the digital-to-analog con
verter. The phase of the digital-to-analog converter output depends on whether the input command is a
positive or negative.
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The BOO-cps attitude errors have a maximum amplitude of 5 volts rrns , zero or 1T phase. They are dis
played by the FDA! attitude error needles. Digital feedback from the read counter to the error counter is
disabled during this mode of operation; only the LGC-generated t:.8c commands increase or decrease the
error counter. Total LM attitude can also be displayed in the FDA!. This information is taken from the
gimbal angle IX resolver sine and cosine windings. Pitch, yaw, and roll can be displayed from the inner .
outer, and middle gimbals, respectively, after being processed by the GASTA.

I
•

Display Inertial Data Mode. The DID mode is program controlled, This mode is initiated by setting the
MODE SEL switch (panel 1) 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 recognition of the input discrete, issues a DID discrete to the CDU. This energizes the
same DID relay, completing the interface between the CDU digital-to-analog converter and the X-pointer
indicators (panels 1 and 2). 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; 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 count
ers repeat the gimbal angle changes and provide ~8g 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 converted 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 in
creased or decreased only by the LGC.

For forward and lateral velocity display, the LGC receives positive and negative pulses from the ISS ac
celerometer loops and velocity data from the LR. On the basis of calculations derived from this informa
tion, the LGC increments the CDU RR error counters with t:.8c 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 affected 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 ALT RATE in
dicators (panel 1) 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.

IMU Cage Mode. The IMU cage mode is an emergency mode that enables the astronauts to recover a
tumbling IMU by setting the gimbals to zero, and to establish an inertial reference. This mode can also
be used to establish an inertial reference when the LGC is not activated. The IMU cage mode is initiated
by holding the IMU CAGE switch to ON for sufficient time (5 seconds maximum) to allow the IMU gimbals
to settle at the zero position. The IMU gimbal zeroing can be observed on the FDA!. If the mode is com
manded to recover a tumbling IMU after the IMU turn-on mode is completed or to establish an inertial
reference with the CSS in standby or off, holding the IMU CAGE switch to ON drives the IMU gimbals to
zero. When the switch is released, the ISS enters the inertial reference mode.

Holding the IMU CAGE switch to ON energizes the cage and coarse-alignment relays, which apply the sine
8 signals to the gimbal servoamplifiers, and sends an lMU cage discrete to the LGC. Releasing the
switch deenergizes the cage and coarse-alignment relays. When the coarse-alignment relay is deener
gized. the stabilization loops are closed. The LGC. upon receiving the lMU cage discrete, stops issuing
discretes.

The IMU cage mode should not be used indiscriminately. The mode is intended only as an emergency re
cover function for a tumbling IMU. During the IMU cage mode, the lMU gimbal rates are sufficient to
drive the gyros into their rotational and radial stops due to the lack of CDU rate limiting.
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Gimbal Lock Mode. The gimbal lock mode provide. .ie astronauts with an indication of a large middle
gimbal angle and disables the stabilization loop when gimbal lock occurs. An indication is also provided
to notify the astronauts that the inertial reference is lost. When the magnitude of the middle gimbal angle
exceeds +700 or _70 0

, the LGC turns on the GIMBAL LOCK condition light on the DSKY. The light goes
off as soon as the middle gimbal angle is less than +700 or _700

• If the magnitude of the middle gimbal
angle increases to +850

, the LGC turns on the NO ATT condition light on the DSKY, indicating that the
inertial reference is lost, and issues the coarse-alignment discrete to the CDU, which opens the stabiliza
tion loop and allows the stable member to be referenced to the LM. The astronauts can leave this mode
by requesting the coarse-alignment mode via a DSKY entry.

Inertial Reference Mode. Inertial reference is considered a mode of ISS operation during any period
after IMU turn-on is completed and the stabilization loops are closed (coarse-alignment relay deener
gized) without any gyro-torquing occurring. The IRIG's hold the stable member inertially referenced,
and the reference can be displayed on the FDA! from the gimbal angle IX resolver sine and cosine outputs.
The ISS is considered 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 counters continu
ously 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.

2.1. 4.2 Primary Guidance and Navigation Section - Optical Subsection.

The AOT is used by the astronaut to take direct visual sightings and precision angular

I measurements of a pair of celestial objects. These measurements are transferred to the LGC by the
CCRD. The LGC uses this angular information along with the prestored data to compute the LM posi
tion and velocity and to perform the fine alignment of the IMU stable member. The AOT can be set
to six positions; it has a manually rotated reticle with an angular display.

2.2.4. 2. 1 Alignment Optical Telescope.

The AOT, mounted on the navigation base to provide a mechanical alignment and a common
reference between the AOT and IMl'. is a unity-power, periscope-type device with a 60 0 conical field of
view. The AOT has a movable shaft axis (parallel to the LM X-axis) and a line-of-sight axis (approxi
mately 45 0 from the X-axis).

• The AOT is essentially an L-shaped device approximately 36 inches long, and consists of an
upper section and an eyepiece. Structural components, such as housing and mounts, are machined from
beryllium; spacers and similar parts are made of aluminum. A pressure strain seal is used to seal the
cabin from space environment.

The AOT optics (figure 2.1-30) consists of two sections: shaft optics and eyepiece optics.
The shaft optics section is a -5 power complex that provides a 60 0 field of view. The eyepiece optics
section is a +5 power complex that provides shaft and trunnion angle measurements.

The inner housing, which is part of the upper section and rotates within an outer housing,
contains the components of the shaft optics section. Objective and relay lenses and a prism are centrally
aligned and axially located within the inner housing.

The relay lens assembly is positioned near the bottom of the inne r housing with the objective
lens assembly above it. The head prism and it1; mounting form the uppermost part of the objective lens
assembly and protrude through the top of the outer housing.

The objective lenses, consisting of six spherical lens elements and one aspherical element,
focus the image at the eyepiece side of the aspherical field lens. The aspherical field lens collects the
light rays and transmits them to the relay lenses. Image diameter at the first focal plane is approxi
mately 6 x 10-4 inches. The relay lens assembly transfers and focuses the image at the second focal
plane located at the AOT reticle. The aperture between the lens cells functions as a field stop, limiting
the field of view to 60 0

• The head prism is fixed in elevation, with the center of its field of view 450

above the Y-Z plane. The prism collects light from a 60 0 segment of the celestial sphere and refracts it
to the prism hypotenuse. The light reflects from the hypotenuse, emerges from the output face of the
prism, and impinges on the first element of the objective lens assembly.
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Figure 2.1-30. Alignment Optical Telescope - Optical Schematic

The eyepiece optics section is the assembly through which the astronaut views the images of
the stars on the reticle. The eyepiece optics consists of a glass window, a mirror, the reticle, and the
eyepiece lenses. The glass window is mounted between the relay lens assembly and the eyepiece optics
provides a seal between the two assemblies. The mirror, mounted between the window and the eyepiece
optics at an angle of 45°, reflects the image Iror» the relay lenses into the eyepiece lenses. The reticle
is at the second focal plane, coincident with the ;mage and concentric with the AOT optical centerline.
The reticle is positioned between two plano-plano glass disks. The reticle pattern is etched on one disk
and covered by the other for protection. The disks are clamped together and mounted to a gear train,
which drives the reticle counter.

The AOT reticle pattern consists of crosshairs and a pair of Archimedes spiral lines. The
vertical crosshair, an orientation line designated the Y-line, is parallel to the LM X-axis when the
reticle is at the 0° reference position. Actual lv , the vertical crosshair (upper quadrant) is a pair of
radial lines that facilitate accurate superimposition of target stars between them. The horizontal cross
hair, designated the X-line, is perpendicular to the orientation line. The pair of spiral lines are one
turn spirals, originating from the center of the reticle and terminating at the top of the vertical crosshair.

Ten miniature red lamps mounted .i round the reticle prevent false star indications caused by
imperfections in the reticle and illuminate the rencle pattern. Stars will appear white, reticle imperfec
tions, red. Heaters prevent fogging of the mi r ro r due to moisture and low temperatures during the mis
sion. The AOT mirror heaters receive ope ratm.r power through the HEATERS: AOT circuit breaker
(panel 11). This power is applied 30 minutes be n.re initally using the AOT and is then left on for the
remainder of the mission.

A reticle control enables manual rot.it.ion of the reticle for use in lunar surface alignments.
A counter on the left side of the AOT, provides .inuular readout of the reticle rotation. The counter reads
in degrees to within ±O.02° or ±72 seconds. The .naxirnum reading is 359.98°, then the counter returns
to 0°. Interpolation is possible to within ±O.01 ,
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A rotatable eyeguard is fastened to the end of the eyepiece section. The eyeguard is axially
adjustable for head position. It is used when the astronaut taks sil' 19s through the AOT with his face-
plate open. This eyeguard is removed when the astronaut takes sigi.ngs with his faceplate closed; a
fixed eyeguard, permanently cemented to the AOT, is used instead. The fixed eyeguard prevents marring
of the faceplate when pressed against the eyepiece.

A high-density filter lens, supplied as auxiliary equipment, prevents damage to the astro
naut's eyes due to accidental direct viewing of the sun or if the astronaut chooses to use the sun as a
reference. The filter mounts on a threaded portion of the fixed eyeguard,

2.1. 4.2.2 Computer Control and Reticle Dimmer Assembly.

The CCRD is mounted on the AOT guard. A thumbwheel on this control box enables the
astronauts to adjust the brightness of the AOT reticle lamp when star-sighting. MARK X and MARK Y
pushbuttons, also on this assembly, are used by the astronauts to send discrete signals to the LGC when
star-sighting for an IMU in-flight alignment. The REJECT pushbutton is used if an invalid mark discrete
has been sent to the LGC. The assembly routes heater power to the AOT and supplies reticle lamp power.
The reticle-dimming .circuit consists of a thumbwheel-controlled potentiometer (which protrudes from
one side of the CCRD), two diodes, a control transistor, and a transformer.

2. 1.4. 2. 3 Optical Subsection Operation.

The OSS is used for manual star sightings, which are necessary for accurate determination
of the 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 2.1-31.) For in-flight sightings, the AOT 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 crosshairs. When the star image is coin-
cident with the Y-line, the astronaut presses the MARK Y pushbutton; when it is coincident with the X-line,
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 the MARK X or MARK Y 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.

Crossing of a reticle crosshatr line by the star image defines a plane containing the star. Crossing of
the other reticle crosshair line defines another plane containing the same star. The intersection 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 accuracy of the sightings. Upon completion of the second star sightings, the LGC calculates the
orientation of the stable member with respect to a predefined reference coordinate system•

• Lunar Surface Sightings. On the lunar surface, the LM cannot be maneuvered to obtain a star-image
crossing on a reticle crosshair line. The star can be selected in any detent position (F, R, RR, CL,
LR, or L) of the AOT. The astronaut, using the manual reticle control knob, adjusts the reticle to
superimpose the target star between the two radntl lines on the reticle. The angle (star shaft angle, AS\
displayed on the AOT counter is then inserted into the LGC by a DSKY entry. The astronaut next rotate"
the reticle until the same target star is superimposed between the two spiral lines on the reticle. This
provides a second angular readout (reticle angle, AR,), which is inserted into the LGC by a DSKY entry.
The AOT detent position and the star code numbers are also inserted into the LGC. The LGC can now
calculate the angular displacement of the star from the center vf the field of view by computing the dif
ference between the two counter readings. Due to the characteristics of the reticle spiral, this angle
(AR - AS) is proportional to the distance of the star from the center of the field of view. Using this
angle and the proportionality equation, the LGC can calculate the trunnion angle (AT). At least two star
sightings are required for determination of the inertial orientation of the stable member.
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Figure 2.1-31. Alignment Optical Telescope - Reticle Pattern

Primary Guidance and Navigation Section - Computer Subsection.

A_JOOlM~_10

The CSS is the control and processing center of the PGNS. It consists of the LGC and the
DSKY. The CSS processes data and issues discrete outputs and control pulses to the PGNS, AGS, CES,
and to other LM subsystems.

2. 1. 4. 3. 1 LM Guidance Computer. (See figure 2.1-32.)

The LGC contains a timer, sequence generator, central processor, priority control, an
input-output section and a memory. The main functions of the LGC are implemented through execution of
programs stored in memory. Programs are written in a machine language called basic instructions. A
basic instruction can be an instruction word or a data word. All words for the LGC are 16 bits long.

In memory, data words contain a parity bit, 14 magnitude bits, and a sign bit. A binary 1 in
the sign bit indicates a negative number; a binary O. a positive number. Instruction words contain a 12
bit address code and a three-bit order code. Normally, the address code represents the location of a
word in memory or the central processor. The order code defines the data flow within the LGC, and the
address code selects the data that is to be used for computations. The order code represents an opera
tion to be performed on the data whose location IS represented by the address code. The order code of
each instruction is entered into the sequence generator, which controls data flow and produces a different
sequence of control pulses for each instruction. Each instruction is followed by another instruction. To
specify the sequence in which consecutive instructions are to be executed, the instructions are normally
stored in successive memory locations. The address of the instruction to be executed next is derived by
adding the quantity one to the address of an instruction being executed. Execution of an instruction is
complete when the order code of the next instruction is transferred to the sequence generator and the
relevant address is in the central processor.
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The central processor performs arithmetic operations and data manipulations on information
accepted from memory, the input channels, and priority control. Arithmetic operations a,e performed
using the binary 1's complement numbering system. The central processor performs all operations under
the control of pulses generated by the sequence generator.

All words read out of memory are checked for the correct parity, and a bit is generated
within the central processor for all words written into memory. The LGC uses odd parity; an odd number
of binary l's including the parity bit is associated with all the words stored in memory. The central
processor also supplies data and control signals through the output channels and provides interface for
the various subsystems.

The LGC operates in an environment in which many parameters and conditions change in a
continuous manner. The LGC, however, operates in an incremental manner, operating only one param
eter at a time. Therefore, for the LGC to process the parameters, the LGC hardware is time shared.
The time sharing is accomplished by assigning priorities to the LGC processing functions. These
priorities are used by the LGC so that it processes the highest priority processing function first. Time
sharing is implemented by one of the following:

• Counter interrupt (a hardware function)

• Program interrupt (a hardware and program control program)

• Program-controlled processing (program control function).

Each of the foregoing has a relative priority with respect to each other; also within each
there are a number of processing functions, each having a priority level relative to the other processing
functions within the group. Most of the processing performed by the LGC is in the program controlled
processing category. During this processing the LGC 18 controlled by the program stored in the LGC
memory.

The counter interrupt processing has the highest priority functions. A counter interrupt
input that requires processing causes the processing of either program-controlled function or interrupt
to be suspended. After processing the counter interrupt, control is returned to the processing that was
suspended. Program interrupts are the next highest priority type of processing. This type of process
ing causes suspension of any program controlled processing. A program interrupt cannot interrupt or
suspend the processing of a counter interrupt or the processing of another program interrupt, but an
inhibit, initiated through program action, can be set so that the program interrupt processing cannot
interrupt the program-controlled processing. Program-controlled processing is the lowest priority type
of processing. Any counter interrupt or program interrupt processing causes the program-controlled
processing to be suspended. The LGC has 10 program interrupt conditions. These interrupts, in order
of priority, are as follows:

• Time 6 interrupt (T6 RUPT)

• Time 5 interrupt (T5 RUPT)

• Time 3 interrupt (T3 RUPT)

• Time 4 interrupt (T4 RUPT)~

• Key interrupt No. 1 (KYRPT 1)

• Key interrupt No. 2 (KYRPT 2) or Mark interrupt (MKRPT)

• Uplink interrupt (UPRUPT)

• Downlink interrupt (DNKRPT)

• Radar interrupt (RADRPT)

• Hand controller interrupt (HNDRPT).
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Channel No. 30. This input channel consists of 15 bit positions and uses inverted logic.

Bit position No.2 informs the LGC that staging has occurred. This signal is generated
in the Explosive Devices Subsystem.

Channel No. 15. This input channel has five bit positions. Whenever a pushbutton on the
DSKY is pressed, a five-bit code is entered into this channel.

•
•

•

•
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Bit position No.3 informs the LGC that the crew has armed the ascent or descent
engine by setting the ENG ARM switch to the appropriate position.

Bit position No. 1 informs the LGC that an abort, using the descent engine, has been
commanded. This position is filled by either crewman pressing the ABORT pushbutton.

Channel No. 13. The first four bits of this channel are associated with the radars. The
content of bit positions No. 1 through 3 defines which data are to be supplied by the radars to the LGC.
(Refer to table 2.1-4.) Bit position No.4 contains the radar data strobe. When a "1" has been entered
into bit position No.4 simultaneously with the necessary selection bits in bit positions No. 1 through 3,
the LGC starts to transmit one of the six control signals. While the control signal is being transmitted,
a sync pulse is also transmitted. When the radar receives the sync pulses, it sends data pulses to the
LGC. Bit positions No. 12 through 14 are program interrupt priority control commands. Bit position
No.6 is not used.

Channel No.7. The channel is the fixed, external memory register. It is associated with
selection of word locations in the fixed memory. The channel has three bit positions.

Channel No. 5 and 6. These output channels have eight bit positions and are associated with
the RCS thrusters. The channel outputs are used for LM translation and rotation. The thruster com
mands from the channels are fed to preamplifiers of the jet drivers in the CES. The driver amplifier
outputs are fed to the RCS to provide required control. The alphanumeric designation in the "bit position"
columns indicates which of the 16 thrusters is controlled by that bit. A logic 1 in any of the bit positions
causes the appropriate thruster to be fired.

Channel No.4. This channel is the low-order scaler. The channel furnishes a 14-bit
positive number whose least significant bit has as a weight of 1/3200 second. The maximum content of
the register is 5.12 seconds.

Channel No. 12. This output channel contains the discrete commands that are used by the
PGNS. Bit positions No. 13 and 14 contain the discretes issued to the radar section.

Channel No. 11. All the information in this channel is routed to the DSKY condition indi
cators. If bit positions No. 1 through 7 contain a logic 1, the appropriate indicator goes on. Bit positions
No. 13 and 14 contain the on-off commands for the ascent or descent engine (dependent on the setting of
the ENG ARM switch).

Channel No. 10. The information in this channel is routed to the DSKY, which illuminates
the various electroluminescent displays associated with the DSKY.
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Channel No. 14. Bit positions No. 6 through 15 are associated with the ISS. CDU drive
signals (bit positions No. 11 through 15) are generated when the bit position contains a logic 1. More than
one of these signals can be generated simultaneously. Bit positions No.7 and 8 select a gyro to be torqued
positively or negatively and then applies a 3, 200-cps signal to the appropriate gyro. The appropriate
signal is determined by the configuration of bits No. 7 through 9. If bit positions No. 6 and 10 are a logic
1, a 3, 200-cps pulse train is routed to the gyro electronics specified by bit positions No.7 through 9.
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Channel No. 16. This input channel has five bit positions. If a MARK pushbutton on the
AOT is pressed, a logic 1 is entered into bit positions No.3, 4, or 5. This initiates an interrupt routine

I within the LGC. Bits No. 6 and 7 receive discretes from the DES RATE switch (panel 5), commanding
an increase or decrease in the rate of descent.
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9 10 11 12 13 14 15 Channel

1
2
3
4

5

6

7

Relay bit 9 Relay bit 10 Relay bit 11 Relay Relay Relay Relay 10
address 1 address 2 address 3 address 4

t Test connect Caution Engine-on Engine-off 11
outbit reset command command

+ Pitch trim - Pitch trim + Roll trim - Roll trim LR position RR auto track ISS turn-on 12
command or enable complete

RHC Test Enable Reset Reset Reset Enable T6 13
r read alarms standby trap trap trap interrupt

Gyro Gyro Shaft angle Trunnion angle 8Z CDU 8yCI?U exCDU 14
minus activity CDU drive CDU drive dnve dnve drive

15

I 16

I
IMU G&N control IMU cage IMU CDU IMU failure ISS turn-on Temperature 30
operate of S&C failure request in limits

lOn +y-translation - y-translation +Z-translation - Z-translation Attitude hold Automatic ACA out of 31
stabilization detent

,ct Gimbal off Apparent 32
gimbal fail

LR range Block Uplink Downlink PIPA LGC Oscillator 33
low scale uplink too fast too fast failed. alarm

34

,
35
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Table 2.1-3. LGC Input-Output Channel Assignments

Bit Positions

2 3 4 5 6. 7 8 9

U RCS MD RCS A3U RCS B3D RCS B2U RCS A2D RCS AIU RCS BID
on on on on on on on

A RCS B4F RCS AIF RCS A2A RCS B2L RCS A3R RCS MR RCS BIL
on on on on on on on

FE 5 FE 6 FE 7

it 1 Relay bit 2 VEL caution Relay bit 4 ALT caution Relay bit 6 Relay bit 7 Relay bit 8 Relay bit 9
lamp lamp

ning CMPTR UPLINK ACTY TEMP caution KEY REL VERB/NOUN OPR ERR Test connect Test connect
anelI) ACTY lamp status lamp lamp status lamp flash status lamp outbit outbit

R RR error- Horizontal Coarse-align Zero IMU IMU error- DID + Pitch trim
counter enable vel low scale enable CDU counter enable enable

Radar b Radar a Radar Inhibit Block inlink Downlink Enable RHC
(Refer to table 2. 1-4. ) activity uplink word order RHC counter read

Altitude Altitude Thrust Gyro enable Gyro b Gyro a Gyro
rate indicator indicator drive minus

Key 2 Key 3 Key 4 Key 5

Mark X Mark Y Mark Positive rate Negative rate
REJECT of descent of descent

Stage verify Engine Abort Automatic DID RR CDU IMU
armed Stage throttle failure operate

.ti on - Elevation + Yaw - Yaw + Azimuth - Azimuth +X-translation -X-translation +Y-translatio
(LPD) (LPD) (LPD)

D and RCS A3U and RCS B4U and RCS B3D and RCS BID and RCS AlU and RCS B2U and RCS A2D and Gimbal off
i Ied, A3R failed. B4F failed. B3A failed. BI L failed. Al F failed. B2L failed. A2A failed.

RR power on RR range RR data LR data LR position LR position LR velocity LR range
automatic low scale good good No.1 No.2 data good low scale

rst of two words

cond of two words
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Channel Name 1 2

1 L-register
2 Q-register
3 SCaler 2
4 Scaler 1

5 Pitch RCS B4U RCS A4D
Yaw on on

6 Roll RCS B3A RCS B4F
on on

7 F EXT
register

10 DSKY Relay bit 1 Relay bit 2

11 DSKY ISS warning CMPTR
light (panel 1) ACTY lamp

12 GN&CS Zero RR RR error-
discretes CDU counter enable

13 LGC Radar c Radar b
discretes (Refer to table 2. 1-4.

14 IMU Outlink Altitude
discretes activity rate

15 Main Key 1 Key 2
DSKY

16 Navigation
I
!

30 GN&CS Abort Stage verify
discretes

31 Translation + Elevation - Elevation
and rotation (LPD) (LPD)

32 Impulse RCS A4D and RCS A3U and
A4R failed. A3R failed.

33 Optics RR power on
(LGC) automatic

34 Downlink 1 First of two words

35 Downlink 2 Second of two words
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Bit position No.4 informs the LGC that an abort, using the ascent engine, has been
commanded.

Bit position No. 6 requests the LGC to supply forward and lateral velocity signals to
the X-pointer indicators.

Bit position No. 7 contains a logic 1 when a failure has occurred in a radar CDU channel.

Bit position No. 9 contains a logic 1 when the IMU is in the operate mode.

Bit position No. 10 informs the LGC that PGNS is in control of the LM.

Bit position No. 11 indicates that the IMU cage condition exists in the ISS.

Table 2.1-4. Channel 7 Radar Fixed Extension Bits

Bit position No. 12 indicates that a failure has occurred in an inertial CDU channel.

Bit position No. 13 indicates that a malfunction has occurred in the IMU stabilization
loop.

Bit position No. 14 indicates that the ISS has been turned on or commanded to be
turned on.

Bit position No. 5 informs the LGC that it is in control of descent engine throttle.

Bit positions No. 3 and 4 indicate positive and negative yaw manual input commands,
respectively, from the ACA.

Bit positions No. 5 and 6 indicate positive and negative roll manual input commands,
respee tively, from the ACA. These bits are used for azimuth changes when the LPD
is used.

Bit position No. 15 indicates that the stable member temperature has not exceeded its
design limits.

Bit positions No. 1 and 2 indicate positive and negative pitch manual input commands,
respee tively, from the ACA. These bits are used for elevation changes when the
landing point designator (LPD) is used.

Function Bit 1 Bit 2 Bit 3
a b c

RR range rate 0 0 0

RR range 0 0 1

LR Vx 1 0 0

LR V 1 0 1
Y

LR Vz 1 1 0

LR range 1 1 1

Channel No. 31. This input channel has 15 bit positions and uses inverted logic.

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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Bit position No. 15 informs that LGC that the ACA is out of detent.

Bit position No. 14 indicates that the C ES is operating in the automatic mode.

Bit position No. 8 indicates that the LR velocity trackers have locked on.

•
•

•

•

•

This signal is
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Bit position No. 9 indicates that the LR scale factor is on low seal
implemented by the LR at approximately 2,500 feet.

Bit position No. 14 indicates an LGC internal malfunction.

Bit position No. 13 indicates failure in an accelerometer loop.

Bit positions No. 11 and 12 indicate that PGNS telemetry rate is too high.

Bit position No. 10 is used to inhibit reception of data via uplink. This signal is
always in the logic 0 state.
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Bit positions No. 7 through 12 indicate positive and negative X-, Y-, and Z-translation
commands from the TTCA. These signals command LM translation by on-and-off
firing of the thrusters, under LGC control.

Bit positions No. 4 and 5 indicate that the RR and LR range trackers have locked on.

Bit positions No. 6 and 7 indicate the position of the LR antenna.

Bit position No. 15 indicates that the LGC oscillator stopped.

Channel No. 33. This input channel has 15 bit positions and uses inverted logic.

Bit position No. 2 indicates that RR power is on and the RR mode selector switch
(panel 3) is set to LGC.

Bit position No. 3 indicates that the RR scale factor is on low scale. This signal is
implemented automatically by the RR at a range of less than 50 nautical miles.

Channel No. 32. This input channel has 15 bit positions and uses inverted logic.

Bit positions No. 1 through 8 inform the LGC of a thruster pair shutoff, so that the
LGC immediately ceases to command the thruster pair on and compensates for its loss.

Bit position No. 9 informs the LGC that the descent engine pitch and roll gimbal drive
actuators have been shut off by the astronaut.

Bit position No. 10 informs the LGC that the DECA has detected an apparent failure of
the pitch or roll trim loop.

Bit position No. 13 indicates that the CES if operating in the attitude hold mode.

Both memories contain magnetic-core storage elements. In the erasable memory, the storage elements
form a core array; in the fixed memory, the storage elements form three core ropes. The erasable
memory has a density of one word per 16 cores; the fixed memory, eight words per core. Each word
is located by an address.

Memory. Memory provides the storage capability for the LGC; it is divided into two sections: erasable
memory and fixed memory. The erasable memory has a storage capacity of 2,048 words; the fixed
memory, 36,864 words. The erasable memory is a random-access, destructive- r eadout storage device.
Data stored in the erasable memory can be altered or updated. The fixed memnr; .S a nondestructive
storage device. Data stored in the fixed memory are unalterable, because the data are hardwired and
readout is nondestructive.
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Channels 34 and 35. These outputs channels provide 16- bit words, including a parity bit,
for downlink telemetry transmission.

•



Displays and Indicators. There are two types of displays on the DSKY: control displays and data displays.
Each display can display any decimal character or remain blank. The indicators on the DSKY are re
ferred to as condition lights; they represent various PGNS operating conditions. Each control display
(VERB, NOUN, and PROG) can display two decimal characters or remain blank. The VERB and NOUN

•

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 blank. Each of the 11 condition lights on the DSKY is labeled with the PGNS condition it repre
sents; it goes on if that condition occurs. The condition lights and the conditions they represent are
described in section 3.
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• In the fixed memory, addresses are assigned to instruction words to specify the sequence in which they
are to be executed; blocks of addresses are reserved for data, such as constants and tables. Information
is placed into the fixed memory permanently by weaving patterns through the magnetic cores. Informa
tion is written into assigned locations in the erasable memory with the DSKY, uplink, or program
operation.

•
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Alarm-Detection Network. The alarm-detection network consists of temperature, voltage, scaler, double
frequency scaler oscillator, memory clamping, and the warning filter and integrator circuits. The
alarm-detection network monitors LGC operation. If an LGC failure is detected, a failure signal is
routed to the DSKY for display. An LGC power failure is also displayed by the LGC warning light (panel 1).

The address in the S-register energizes the fixed memory cycle timing when a location in the fixed
memory is addressed. Pulses sent to the fixed memory cycle timing produce the strobe signals for
the read and sense functions. The selection logic receives an address from the write lines and a decoded
address from the S-register, and produces selection signals for the core rope. The content of a storage
location in the fixed memory is strobed from the fixed memory sense amplifiers to the erasable memory
sense amplifiers and then entered into the memory buffer register of the central processor.

Both- memories use a common address register (S-register) and an address decoder in the central proc
essor. When the S-register contains an address pertaining to the erasable memory, the erasable
memory cycle timing is energized. Pulses sent to the erasable memory cycle timing then produce strobe
signals for the read, write, and sense functions. The erasable memory selection logic receives an
address and a decoded address from the central processor and produces selection signals, which permit
data to be written into, or read out from, a selected storage location. When a word is read out from a
storage location in the erasable memory, the location is cleared. A word written into the erasable
memory, through the memory buffer register in the central processor, by a write strobe operation. A
word read from a storage location is applied to the amplifiers. The amplifiers are strobed and the
information is entered into a buffer register of the central processor. The memory buffer register re
ceives information from both memories.

Keyboard. The DSKY keyboard is used to insert or read out LGC data. The keyboard consists of 10
numerical pushbuttons (0 to 9), two sign pushbuttons (+ and -), and seven instruction pushbuttons (ENTR,
CLR, VERB, NOUN, RSET, PRO, and KEY REL). All the pushbuttons, except the PRO pushbutton,
have five-bit codes associated with them; they convey information to the LGC. The PRO pushbutton is
hardwired into the LGC power supplies.

2.1. 4. 3. 2 Display and Keyboard Assembly. (See figure 2. 1-33.)

The DSKY consists of a keyboard, display panel, condition indicators, 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 also control ISS moding, The DSKY display panel provides visual indi
cations 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.
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Relay Package. The relay package consists of a relay matrix and decoding circuits.

2.1. 4. 3. 3 Manual Operation of DSKY.
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ENTRNOUNVERB

The operator of the DSKY can communicate with the LGC by pressing a sequence of push
buttons on the DSKY keyboard. Except for the PRO pushbutton, each pushbutton pressed inserts a five
bit code into the LGC. The LGC responds by returning a code, which controls a 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 DSKYconsists of verb and
noun codes. (Refer to Apollo Operations Handbook, Volume II, paragraph 4.4 for DSKY verb and noun codes.)
The verb code indicates what action is to be taken (operation). The noun code indicates to what this action is
applied (operand). Verb and noun codes may be originated manually or by internal LGC sequence. Each
verb or noun code contains two numerals. The standard procedure for manual operation involves pressing
a sequence of seven pushbuttons:

A single noun code refers to a group of 1-, 2-, or 3-component members. The verb code deter
mines which component member of the noun group is processed. For instance, there are five differentload
verbs. Verb 21 is required for loading the first component of whatever noun is used therewith; verb 22
loads the second component of the noun; verb 23, the third component; verb 24, the first and second com
ponent; and verb 25, all three components. A similar component format is used for the display and
monitor verbs.

The inputs entered from the keyboard, as well as other information, appear on the displays after proc
essing by a program. Display of information is accomplished through the relay matrix. A unique code
for the characters to be displayed is formed by 15 bits from output channel No. 10 in the LGC. Bits No.
12 through 15 are decoded by the decoding circuits and, along with bits No. 1 through 11, energize
specific relays in the matrix, causing appropriate characters to be illuminated. The information dis
played is the result of a key code punched in by the astronaut, or is LGC-controlled information. The
display characters are formed by electroluminescent segments, which are energized by a voltage from
the power supply, routed through relay contacts. Specific inputs from the PGNS are also applied,
through the LGC, to certain relays in the matrix through output channel No. 10 of the LGC. The re
sulting relay-controlled outputs are caution signals to the PGNS.
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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 NOUNpushbutton 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 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, 1, ENTR Pressing the ENTR pushbutton advises the LGC
that it should perform the operation called for by the verb and noun codes. An alternative 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 NOUN display operates in the same manner.

Pressing the VERB pushbutton blanks the VERB code display 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 (VI
and V2). Each numeral of the code is displayed by the VERB display as the pushbutton is pressed. TheNOUN
pushbutton operates the same as the VERB pushbutton, for the NOUN display and noun code register.
Pressing the ENTR pushbutton starts the operation called for by the displayed verb-noun combination. 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.

A noun code can refer to a group of LGC erasable registers, a group of counter registers, or
it may serve merely as a label. A label noun does not refer to a particular LGC register; it conveys informa
tion by its noun code number only. The group of registers to which a noun code refers may be a group of one,
two,orthreemembers. These members are generally referred to as 1-, 2-, or3-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 noun tables.

•
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After the ENTR pushbutton is pressed, the VERB and NOUN displays stop flashing and remain on, dis
playing the entered verb-noun combination. As the various pushbuttons are pressed (while 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 entered, it is temporarily stored in intermediate buffers. It is
not placed into its final destination as a specified address noun code until the final ENTR pushbutton is
pressed.

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 word; 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. If decimal format is used for any component of a multicomponent load verb,
it must be used for all components of that verb. Mixing of octal and decimal data for different components
of the same load verb is not permissible. (If such data are mixed, the operator error alarm is initiated.)
The ENTR pushbutton must be pressed after each data word. This tells the program in progress that the
numerical word entered is complete.

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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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 the data display registers. Decimal
data are identified by a plus or minus sign preceding the five digits. If a decimal format is used for load
ing data of any component members of a multi component 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 permis
sible. If data are mixed, the OPR ERR condition light goes on.

Data Loading. Some verb-noun codes require additional data to be loaded. If additional data are required
after 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 all information asso
ciated with the verb-noun code is loaded.

"Machine address to be specified" nouns allow any 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 loads 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) pushbutton may be used to remove it.
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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 (RI, R2, R3) not used remain unchanged unless blanked by deliberate program action.

Monitor verbs update displayed data once a 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 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).

In multicomponent load situations, the appropriate single component load verbs are flashed one at a time .
The LGC always instructs the operator through a loading sequence. The operator (or the internal pro
gram) initiates the sequence by selecting VERB, 25 (load 3 components of), (any noun will do), ENTR.
The verb code is changed to 21 (load first component 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 (load second component). Flashing continues while the second data word is loaded. When
the ENTR pushbutton is pressed, the verb code is changed to 23 (load third component); the flash continues
while the third data word is loaded. 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.

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 identified by lack of a sign entry),
it is rejected and the operator error (OPR ERR) condition light goes on.
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• The decimal display and monitor verbs are used with mixed nouns.

Correcting Erroneous Data. The CLR pushbutton is used to remove errors in Rl, R2, or R3 during data
loading. This allows the astronaut to begin loading again. Use of the CLR pushbutton does not affect the
PROG, NOUN, or VERB displays.

• An input code other than those that are defined is received from the keyboard.

• A no-load 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-load nouns.)

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

Program Selection. Verb 37 is used to change the program. Keying VERB, 37, and ENTR blanks the
NOUN display; the verb code flashes. The two-digit program code is then loaded. For verification pur
poses, the program code 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.

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

To correct errors for second and third component load verbs, the CLR pushbutton is used. The first
pressing of the CLR pushbutton clears the register being loaded. Consecutive pressing clears the regis
ters above the register being loaded, until Rl is cleared.

• The component number of the verb exceeds the number of the components in the
noun.

To correct errors for single-component load verbs, the CLR pushbutton clears the register 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.

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

Release of Display and Keyboard System. The display and keyboard system program can be used by in
ternal LGC programs. However, any operator keyboard action (except reset) makes the system program
unavailable (busy) to internal routines. The operator has control of the 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 release the system for internal use when he
has temporarily finished with it. This is done by pressing the KEY REL pushbutton.

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

If an internal program attempts to use the system, but finds that the operator has used it and not yet re
leased 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 display' and keyboard panel.
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e . 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 made. When the light goes on, recycling to the beginning of the loading sequence is required.
Only 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:

----------
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• Octal data are loaded a "decimal only" noun.

Display. The appropriate operator response to a flashing display (verb-noun combination) is as follows:

• Correct the data and perform the appropriate load-verb sequence. Upon pressing
the ENTR pushbutton, the internal sequence proceeds normally.

•

•
•
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• Loaded decimal data numerically exceed the maximum permitted by the scale factor
associated with the appropriate component of the noun.

• Decimal data are loaded an "octal only" noun.

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

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

• When loading with the hours, minutes, and seconds scale, the minutes exceed 59,
the seconds exceed 59.99, and the total exceeds 745 hours 39 minutes 14.55 seconds.

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

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

• Proceed, or proceed without data, by pressing the PRO pushbutton. This indi
cates acceptance of the displayed data and a desire for the internal sequence to
continue normally.

• Terminate by keying VERB, 34, ENTR.

2.1. 4. 3. 4 DSKY Operation Under LGC Control.

The principles of DSKY operation by the internal LGC sequences are the same as those de
scribed for manual operation of the DSKY. DSKY operation by the internal LGC sequences encompasses
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 operation requests that the operator
load data. The please-perform operation requests an action by the operator, who then notifies the LGC ./
that he has complied. The please-mark operation requests that the operator press MARK pushbutton on
the AOT for an optics sighting.

• Octal and decimal data are mixed in multicomponent load verbs. (All data words
loaded for a given noun must be all octal or all decimal. )
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LGC-initiated verb-noun combinations are displayed as static or flashing displays. A static
display identifies data displayed only for operator information; no operator response is required, If the dis
played verb-noun combination flashes, appropriate operator response is required, as dictated by the
verb-noun combination. In this case, the internal sequence is interrupted until the operator responds
appropriately, then the flashing stops and the internal sequence resumes. A flashing verb-noun display
must receive only one of the proper responses; otherwise, the internal sequence that instructed the
display may not resume.

Data Loading. When data are to be loaded, the VERB and NOUN displays flash. The flashing occurs
whether data loading is initiated by LGC or by the operator. The appropriate register (R1, R2, or R3)
is blanked in anticipation of data loading. Data are loaded a- five-numeral words; they are displayed
numeral-by-numeral in one of the registers as loaded.
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Abort Guidance Section.

Abort Sensor Assembly. (See figure 2.1-34.)

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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2.1. 4. 4

2. 1. 4. 4. 1

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

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 sen
sors are aligned with the three LM reference axes. The assembly also includes pulse torque servo
amplifiers (one associated with each sensor), a frequency divider, temperature control amplifiers, and
a power supply.

• Terminate by keying VERB, 34, ENTR.

The LGC is preprogrammed to display a mode number or program number on the DSKY
in response to initiation of a program. This display remains on until the sequence of events for the
specific mission phase, as dictated by the program, is completed.

The astronaut may also be required, or may wish, to perform specific submodes (routines)
during a program. The PGNS routines are used by most LGC programs, to perform the required input and
output functions. (Refer to Apollo Operations Handbook, Volume II, paragraph 4.4 for PGNS routines. ) •
Through these routines, the LGC can command various guidance modes, display and accept information
from the DSKY and radar, provide for telemetry inputs and outputs, control positioning of the RR antenna
and the IMU stable member, and remain cognizant of the PGNS and LM subsystem operations. Only the
ISS of the PGNS operates under specific modes when the PGNS is used. These modes of ISS operation are
listed and defined in paragraph 2.1. 4. 1. 8.

• Load the desired data. After the final entry, the internal sequence proceeds
normally.

• Terminate by keying VERB, 34, ENTR.

2.1. 4. 3.5 Primary Guidance and Navigation Section - Modes of Operation.

• Proceed, or proceed without data, by pressing the PRO pushbutton.

Please Perform. The operator must respond to a "please perform" request. With this request, the verb-noun
combination flashes and the internal sequence is interrupted. The "please perform" verb (50) is usually used
with the "checklist" noun (25) and an appropriate checklist code number in Rl. (Refer to Apollo Operations I
Handbook, Volume II, paragraph 4.4 for checklist codes.) The appropriate response is as follows:

• Press the ENTR pushbutton to indicate that the requested action has been performed.
(The internal sequence continues normally.) Proceed without data by pressing
the PRO pushbutton. The operator chooses not to perform the requested action,
but desires the internal sequence to continue with the previous data.

The "please perform" verb is also used with the "change of program" noun and "engine-on enable" 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.

The PGNS is considered to be in an operational mode upon initiation of a program by the astronauts
or MSFN. When operating under one of the various programs, the LGC automatically computes r equired mission
parameters, commands the PGNS and the other sections and subsystems, and displays pertinent data to the astro
naut and MSFN (via downlink). (Refer to Apollo Operations Handbook, Volume II, paragraph 4. 4 for PGNS pro- I
grams.) For operational compatibility, the astronauts and/or MSFN can initiate, modify, or interrupt the
automatic program sequences. In certain cases, the programs are initiated by a previous program.

.--------
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Figure 2.1-34. Abort Sensor Assembly - Block Diagram
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Primary Structure. The primary structure is formed by two machined castings, which support a float
and a pickoff and torquer. Two sapphire ends tones in the primary structure support the float pivots.
Part of the primary structure is filled with a high-density viscous fluid that supports the float and com
pletely fills the space between the primary structure and the float. A bellows at one end of the primary
structure expands and contracts with changes in gyro temperature to prevent damage to primary struc-
ture. The float provides structural support for the gyro spin motor and wheel, and a frictionless support
for the output pickoff. The specific gravity of the viscous fluid in the gyro changes with changes in
temperature; for this reason, the temperature of the gyros must be closely maintained. An advantage of
flotation is viscous damping, which provides an integrating action that makes the gyro float less sus- I
ceptible to vibration and shock along its input axis and cushioning of the float against shock and vibration
along its output axis.

•
•

•

•
•
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The ASA operates on a current pulse torquing principle to rebalance the output from its
sensors. The three gyros sense angular rates about the LM orthogonal axes and the three accelerom
eters sense accelerations along the same axes. These motions are converted to pulses proportional to
the sensed motion. These pulses are routed to the AEA for further processing. 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 proportional to the acceleration. Pulses generated in the
accelerometers are used by the AEA in measuring velocity increments. The output of each gyro and
accelerometer is applied to a pulse torque servoamplifier. The pulse torque servoamplifiers used
quantized time-modulated feedback to torque-balance their associated gyro or accelerometer. The
servoamplifiers consists 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 calibration method uses the PGNS as a refer
ence to determine the drift-compensation parameters for the ASA gyros. Calibration 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 tempera
ture control subassembly maintains the internal ASA temperature at +120° F, with external temperatures
between +30° and +130° 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 +30° F to approxi
mately +116° F in 40 minutes. The ASA must warm up for at least 25 minutes (warmup 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-e analog to
heater driver electronics that maintain the required heater power constant. The constant heater power
permits a uniform temperature rise within the ASA. The fine temperature control circuit controls the
temperature after ASA temperature reaches +116° F. The fine temperature control circuit can raise the
temperature 4° F and maintain this operating temperature within 0.2° F .

Accelerometers. Each accelerometer is used in a closed servo loop in which the sensing mass (pendulum)
is displaced by acceleration along the input axes. Fluid between the pendulum and housing provides damp
ing for the servo loop.

An inductive pickoff device of the accelerometer detects pendulum displacement. This displacement
produces an a-c error signal, which is fed to a pulse torquing servoamplifier, where it is demodulated
and changed to a d-c voltage. The d-c voltage is fed to a pendulum torquer, which produces a force equal
and opposite to the acceleration force. The pendulum torquer output returns the pendulum to its null
position. A d- c voltage proportional to acceleration is obtained from a precision resistor in series with
the pendulum torquer. This d-c voltage is a direct measure of acceleration.

Gyros. (See figure 2. 1-35.) The gyros are of the single-degree-of-freedom type; they can process in
only one phase of three orthogonal axes. The spin axis is the axis of rotation for the gyro spin motor.
For any force exerted at right angles to the spin axis (in the plane of the input axis), a precession occurs
because the gyro flywheel resists changes in the position of the plane in which it developes its angular
momentum. The developed opposing force acts in a third plane and tends to cause rotation of the gyro
float. Therefore, for any rotation about the gyro input axis, force is developed to cause rotation about
the gyro output axis. Each gyro comprises two major assemblies: a primary structure and a spin motor
assembly.
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MOTOR ASSEMBLY

PRIMARY STRUCTURE

JOOlMA-260
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•
Figure 2. 1-35. Abort Guidance Section - Gyro Assembly

Each gyro has thermistors mounted on its case to sense temperature. Thermistor resistance is
5, 376±100 ohms at a nominal gyro temperature of +120

0 F; the temperature gradient, 112 ohmsrF at
120 0 F. The thermistor leads are routed to the ASA test connector.

The pickoff and torquer are installed in one end of the primary structure. The pickoff is an air-core
differential transformer that has a four-pole primary and a two-pole secondary winding. The torquer is
an eight-pole, D'Arsonval- type torque generator. •

•
•

15 June 19702.1-86

The pickoff can be considered as a transformer that has a stationary primary winding and a rotatable
secondary winding. The primary, attached to the primary structure, is excited by a 22-volt, 8-kc signal
from the ASA power supply. The secondary consists of an unexcited winding within the torquer core; the
secondary rotates with the float. Because of its position relative to the excited primary, no voltage is
induced in the secondary when the float is in its null position. When the float is rotated in either direction,
the relative position of the secondary to the excited primary changes and the excited primary induces an
a-c voltage in the secondary. The magnitude of this voltage is proportional to the amount of float dis
placement, and its phase is indicative of the direction of float displacement. This voltage is phase-de
modulated by pulse torquing servoamplifier electronics, quantized, and converted to a torquing signal that
is fed back to the torquer to return the float to the null position. The current flowing in the torquer,
which is attached to the float and rotates with it, sets up a magnetic field that reacts with the field pro
duced by a permanent magnet attached to the primary structure. The reaction between the magnetic field
produced in the torquer coil and the magnetic field produced by the permanent magnet creates sufficient
torque to return the float to its null position. Heat produced by current flow through the torquing coil
adversely affects temperature-sensitive components of the gyro. The resultant errors appear in the
output as displacing forces, which are minimized by the forced limit cycle mode. The forced limit cycle
mode keeps the average heat around the gyro equal, which enables gyro drift to be predictable.

Spin Motor Assembly. The spin motor assembly is a four-pole, synchronous, hysteresis motor that is
housed within the float. The assembly includes a wound-pole stator secured to the gyro float by stator
shaft supports. Three-phase excitation of the stator produces a rotating magnetic field. The motor
maintains at synchronous speed any load that it can accelerate from a dead standstill. The float chamber
housing is filled with helium, which carries heat away from the motor. Each gyro has an auxiliary
inductive pickoff near its motor. The pickoff is excited by a small magnet on the flywheel, each time the
magnet passes the pickoff; for each revolution of the motor flywheel, a pulse is induced in the pickoff.
The output from the pickoff is routed to the test connector so that, during test, motor velocity can be
measured.
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• 64-kpps, I-microsecond signal

1-kc Ramp Signal. The 1-kc ramp signal provides the basic timing functions for the dither signal used to
retorque the accelerometers and gyros. This signal is applied to all pulse torquing servoamplifiers.

Late Blanking Gate (61 to 64 Blocking Gate). The late blanking gate is a pulse that occurs at the end of
each forced limit cycle and whose width is equal to the width of three quanta periods (approximately 46.8

I
I

2.1-87

• 1-kc utility pulse.

• 8-kpps synchronizing signal

• 1-kc ramp signal

• Early blanking gate (0 to 3 blocking gate)

• Late blanking gate (61 to 64 blocking gate)

• 400-pps signals

Early Blanking Gate (0 to 3 Blocking Gate). The early blanking gate is a pulse that occurs at the start
of each forced limit cycle and whose width is equal to the width of three quantized pulses (approximately
46.8 microseconds). The early blanking gate provides a quanta-limiting function when the dither signal
duty cycle is three or less pulses wide, to prevent occurrence of 0% duty cycle. A 0% duty cycle is
equivalent to maximum negative torque acting on the sensors and produces scale factor nonlinearities,
which are suppressed by a three-pulse limit. When the dither signal duty cycle is three or less pulses
wide, the limiting function is enabled. Less than three pulses from a gyro pulse torquing servoamplifier
represents an angular displacement about the gyro input axis of (3 - 32) x 103 x 8.805 x lOA, or approxi
mately _25.6 0

• Three or less pulses from an accelerometer pulse torquing servoamplifier represents an
angular displacement about the accelerometer input axis of (3 - 32) x 103 x 3. 125 x 10-3, or approximately
-90.625 fps.

64-kpps, I-Microsecond Signal. The 64-kpps, 1-microsecond-wide signal is the fundamental digit or bit
representing the quantized analog signals from the gyros or accelerometers. These pulses (hereinafter
called quanta) are gated through the pulse torquing servoamplifiers by a time-modulated signal produced
in the gyro or accelerometer torquing loops. The number of quanta permitted as outputs from each pulse
torquing servoamplifier during each forced limit cycle is dependent on the magnitude and direction of the
force displacing the gyro or accelerometer sensors and the time this force is acting. If a force providing
a 50 0 per second displacement of the referenced axis acts for one-half second, the gyro output magnitude •
indicates a total change of 2.5 0 in the angular position of the referenced axis. Similarly, if a force
providing an accelerometer displacement equivalent to 5 fps acts for one-half second, the magnitude of
the accelerometer output indicates a change in speed of 2. 5 fps along the referenced axis.
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Frequency Countdown Subassembly. The frequency countdown subassembly controls timing functions.
It receives a I-microsecond pulse, with a repetition rate of approximately 7.8 microseconds (128 kpps),
as the basic clock signal from the AEA. The subassembly processes these l -rmcrosecond pulses to
generate signals for control of the timed functions of the other assemblies in the ASA. The following
seven fundamental signals are generated by the frequency countdown subassembly:
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For the gyros and their respective pulse torquing servoamplifiers, after algebraic manipulation of the
nominal quanta count of 32 pulses per limit cycle, each quantum has the weight of 0.00088049 0

• For the
accelerometers and ther respective pulse torquing servoamplifiers, each quantum has the weight of
0.003125 fps. Thus, for a positive output angle of 2.'5 0

, the referenced gyro pulse torquing servoampli
fier provides a total of 18, 840 pulses (out of a possible maximum of 30,500) during the one- half second
that the force acts on the gyro input (or reference) axis. For an output velocity of +2.5 fps, the refer
enced accelerometer pulse torquing servoamplifier provides 16,800 pulses (out of a possible maximum of
30,500) during the one-half second that the displacing force acts on the accelerometer sensitive axis. For
a gyro-sensed negative output angle of 2.5 0

, the gyro pulse torquing servoamplifier provides a total of
13,160 pulses (out of a possible minimum of 1,500). For a velocity of -2.5 fps, the accelerometer pulse
torquing servoamplifier provides 15,200 pulses (out of a possible minimum of 1,500).

•
•

•

•
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• The +28- volt d- c power is used by the current regulators and budget drivers in
each pulse torquing servoamplifier.

• The +4-volt d-c power is used in the frequency countdown subassembly and the
pulse torquing servoamplifiers to bias logic integrated circuit modules.

• The -12-volt d-c power is used as bias voltage in the pulse torquing servo
amplifiers.

microseconds). The late blanking gate is used to prevent a 100% duty cycle. The output from a gyro
pulse torquing servoamplifier represents an angular displacement of (61 - 32) x 103 x 8.805 x 10- 4, or
approximately +25.6 0

• When the duty cycle is more than 61 pulses wide, the output from an accelerom
eter pulse torquing servoamplifier represents a velocity of (61 - 32) x 103 x 3.125 x 10-3, or +90.625
fps ,

Fast Warmup Controller. The fast warmup controller provides heater power to bring the ASA up to
operating temperature within the allotted warmup time. The controller comprises a thermal sensor, two
flat-pack resistive networks, four transistor matched pairs, two zener diodes, and three ordinary diodes.
Three heater control transistors and three heaters mounted on the controller housing are also part of the
fast warmup circuitry. The thermal sensor senses the internal ASA temperature and provides a propor
tional d-c analog to the regulation and heater driver electronics that maintain the total fast warmup power
constant.
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• The +12-volt d-c power is used to bias the amplifiers in the accelerometers and
to bias integrated circuit amplifiers in the pulse torquing servoamplifiers.

400-pps Signals. The 400-pps signals generated in the frequency countdown subassembly are used to
develop the gyro spin motor drive. There are four of these signals: one primary and three secondary.
The primary signal is developed from the basic 8-kc synchronizing signal and is used as a reference for
comparing the secondary signals. The three secondary signals are a 400-pps signal 180 0 out of phase
with the reference (antireference), a 400-pps signal 90 0 out of phase with the reference (quandrature),
and a 400-pps signal 180 0 out of phase with the quadrature signal (antiquadrature). All these signals are
applied to the ASA power supply for further signal processing.

1-kc Utility Pulse. The 1-kc utility pulse has a 50% duty cycle at the forced limit cycle rate. This pulse
triggers the ramp generator in the ASA, and synchronizes test equipment to the forced limit cycle period
during test.

8-kpps Synchronizing Signal. The 8-kpps synchronzing signal synchronizes the dc-to-dc converter in the
ASA power supply. The converter contains a Royer oscillator, which drives the main output power stage
of the converter. When power is applied, the oscillator free-runs at approximately 6 kc , When the d-c
outputs come up to the proper voltage, power is supplied to the frequency countdown subassembly, which
then provides an 8-kpps synchronizing signal for the oscillator. The oscillator then drives the main
power stage of the converter at an 8-kc rate. Use of a separate oscillator driver and a power output
stage reduces the starting power requirements.

Fine Temperature Controller. The fine ten: perature controller maintains ASA operating temperature at
a nominal 120 0:tO. 2 0 F. For maximum operating efficiency, the controller is directly supplied with
28-volt d-c power from the LM primary power source. The controller has two thermal sensors, which
sense ASA internal temperatures and provide a proportional d-e analog to the detecting electronics. The
controller provides switched, rather than continuous, power to the activate temperature heaters. It
comprises four transistor matched pairs, three resistive flat-pack networks, two integrated circuit
amplifiers, and a unijunction transistor operated as a ramp generator. A transistor matched pair and a
single transistor used as a heater control device, mounted on the housing, are also part of the fine tem
perature controller.
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Power Supply. All a-c and d-c power required by the ASA is provided by its power supply, which receives
28- volt primary power and synchronizing signals from the frequency countdown subassembly. In addition
to the d-c voltages for use by ASA subassemblies, other d-c voltages are produced by the power supply
for its internal use. The a-c voltages are used by the accelerometers, gyros, and pulse torquing servo
amplifiers. The subassemblies of the ASA that use a-c and d-c power are as follows:



2.1-89
GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM

Mission LM Basic Date 1 February 1970 Change Date Page_-=::..;;:,.~,-- _

The AEA consists of a memory subassembly, a central computer, an input-output subas
sembly, and a power subassembly.

• The 29-volt, 400-cps, three-phase power is used to drive the gyro spin
motors.
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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 an X-coordinate and a Y-coordinate; it refers
to the core at that location in all 18-bit planes .

The cycle time of the memory is 4 microseconds. The addresses of the temporary storage locations
are 0 through 37778; the addresses of the permanent storage locations, 40008 through 77778.

The memory core stack is divided into two sections: temporary memory (2,048 words) and permanent
memory (2,048 words). The temporary memory stores replaceable instructions and data. Temporary
results may be stored in this memory and may be updated as necessary. Checkout routines may be loaded
during checkout and subsequently discarded. Each core in the temporary memory is threaded by an
X-selection Winding, a Y-selection winding, a sense winding, and an inhibit winding. All windings,
except the inhibit winding, are single turn. There are 18 sense and inhibit windings. They thread all
cores in a single bit plane. Each bit phase has an associated sense amplifier and inhibit driver. In
the permanent memory, each core is threaded by a sense winding and Y-selection winding. The inhibit
winding in the permanent memory is omitted and the X-selection winding passes only through cores that
represent zeros. The sense windings, Y-selection windings, and sense amplifiers are common to the
temporary and permanent memories.

• The - 6-volt d- c power is used as bias voltage in the pulse torquing servo
amplifiers.

• The 22-volt, 8-kc power is used to excite the pickoffs in the gyros.

• The -2-volt d-c power is used as bias in the frequency countdown subas
sembly and to bias logic integrated circuit modules in the pulse torquing
servoamplifiers.

• The 6.3-volt, 8-kc power is used by the demodulators in the pulse torquing
servoamplifiers.

• The 1. 5-volt, 8-kc power is used to excite the pickoffs in the
accelerometers.

2.1. 4. 4. 2 Abort Electronics Assembly. (See figure 2.1-36.)

The binary state of a core is read by applying equal pulses to the X and Y drive lines that cross the de
sired bit. This applies an effective full-select current +Is to the selected core and drives it to the 1
state. All other cores threaded by the pulsed X and Y drive lines receive +1s/2. If, while reading, the
selected core is changing from the 0 state to the 1 state, a signal is present across the sense winding.
This signal is read by the .sense amplifier as a O. If the core is in the 1 state at the start of reading, no
signal appears across the sense winding. Absence of a signal is read by the sense amplifier as a 1. In
the permanent memory, a selected core that is threaded by both an X-selection and a Y-selection winding
switches from the 0 state to the 1 state and is, therefore, read as a O. A selected core that is not
threaded by an X-selection receives only a pulse of +Is/2 and is thereby always read as a 1.

When a bit is read, the core is left in the 1 state. To achieve nondestructive readout, the word read
must be written back into the memory. When writing, equal pulses (-Is/2) are applied to the X- and
Y-selection lines. Because the polarity of these selection currents is opposite to that used in reading,
the X- and Y-drivers must be bidirectional. Applying -Is/2 to an X- and Y-selection line causes the

•
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Program Counter. The program counter is a 12-bit ripple counter, that is loaded from the least signif
icant 12 bits of the data bus by execution of a transfer instruction. The program counter holds and
generates instruction addresses in sequence.

Memory Register. The memory register (M-register) is an 18-bit static register, which is loaded from
the memory cores or the data bus. 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 from 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 A-register (accumulator) holds the multiplicand
during multiplication, the dividend during division, the addend during addition, and the minuend during
subtraction. The A-register is loaded by clearing it, then adding the contents of the M-register to it.

selected bits to switch to the 0 state. If a 1 is to be written in the temporary memory, +Is/2 is applied
to the inhibit line simultaneously with pulsing of the X and Y lines. The inhibit current pulse overlaps
the X- and Y-selection currents to preclude partial switching of the selected core to the 0 state.

Address Register. The address register is a 12-bit static register that is loaded under AEA control,
from the least significant 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 ripple counter that is used for operand-address modi
fication. 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 text 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.

The memory operates in three modes: read-restore, read-clear, and clear-write. At the beginning of a
memory cycle, the central computer supplies the memory with an initiate-memory-cycle signal, a mode
signal, and an address. Address information is in a 12- bit address register in the central computer.
Decoding is performed within the memory. The address register always contains the address location at
the beginning of a memory cycle. During the read-restore mode, the contents of the location specified
by the address register are read from the memory into the memory register (M-register). The read
restore mode is used for the temporary and permanent memories. The read-clear mode is similar to the
read-restore mode, except that the information is not restored to the memory. This mode applies only
to the temporary memory and when it is unnecessary to restore information after reading. In the clear
write mode, the contents of the M-register are written into the location specified by the address register.
The word to be written is transferred into the M-register during the second microsecond of the memory
cycle.

The system log ic is such that only O's can be written into the memory. The 1 state is brought about by
inhibiting the writing of O's. Therefore, the cores of the word selected must be set to the 1 state before
information can be written into the cores. This core setting is accomplished by performing the read
operation, which sets all cores to the 1 state, before the write operation. No inhibit current is required
in the permanent memory because all cores that were in the 0 state can be restored to 0 by applying X
and Y write currents (-1s / 2 each). Cores that were in the 1 state remain l's because they were subjected
to a total current of only -1s / 2.

Central Computer. The central computer comprises an address register (L-register), a memory
register (M-register), an index register (X-register), a program counter (P-register), cycle counter
(C-register), an operation code register, adder, accumulator (A-register), 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.
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Data Bus. The data bus consists of gates through which data (up to 18 bits in parallel) may transfer from
one register to another. A typical transfer consists of 18 bits of data from the A- register to the M
register. When this occurs, the timing and control logic generates two control signals. The first control
signal gates all 18 bits of the A-register onto the data bus for 2 microseconds (some data bus transfers
take 3 microseconds); at the same time, the second control signal gates the contents of the data bus into
the clocked set input of the 18 M-register flip-flops. At the end of the second microsecond, the M-regtster •
is clocked and the information transfer is complete.

•
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Multiplier-Quotient Register. The multiplier-quotient register (Q-register) is an 18-bit two-way shift
register that communicates, in parallel, with 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
low-order end of the A-register. 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. The input-output subassembly consists of special registers, counters,
amplifiers, and gates, which operate independently of the central computer, except when specifically
accessed by a particular input or output order. There are four basic types of registers in the input
output subassembly: integrator, ripple counter, shift, and static. These registers operate independently
of the central computer, except when they are accessed during execution of an input or output instruc
tion. All transfers of data tables 2.1-5 and 2.1-6 between the central computer and the input-output
registers are in parallel. The PGNS Euler angles are accumulated in three integrator registers, each
of which consists of a 15-flip-flop shift-register, a half-adder/subtractor, and control logic. The
registers shift 15 bit positions at 512 kc upon receipt of each new pulse input, to serially add or subtract

Accumulator. The accumulator is an 18-bit static register (A-register). It communicates, in parallel,
with the adder and the data bus, and serially with the Q-register for shifting operations such as
multiplication, division, and double-length shift.. The accumulator holds the results of most arithmetic
operations; it is used to communicate with the ..rput or output registers.

For several transfers from the data bus, both true and complement information is gated into the receiving
register. However, for transfers into the P-register only selected true signals are gated; therefore, this
register must always be cleared to D's before receiving new information For transfers into X-, C-, and
M-registers, only selected complement signals are gated; these registers must be cleared to l's before
receiving new information. Information transfer into most registers is via the clocked set- reset inputs at
the appropriate clock time; however, the three registers (C, P, and X) connected as ripple counters are
loaded from the data bus via the flip-flop direct set-reset inputs.

Timing. Timing is controlled by an eight-bit register and a three-bit register. These registers produce
the timing signals required to control all operations of the central computer.

Adder. The arithmetic section is designed around an 18-bit, 3-microsecond parallel adder. Two 18-bit
registers (the A-register and M-register) furnish the inputs to the adder. The adder changes
the contents of the A-register by adding or substracting information (true or complement data, respec
tively) from the M-register. Three microseconds are requir-ed for the carry to propagate and the
correct sum to be available at the adder outputs after the M-register information is gated into the adder.
At the end of the 3-microsecond period, the sum is clocked into the A-register, replacing its previous
contents (augend). A one-bit shift (either left or right) may be implemented simultaneously by gating the
output of the adder into adjacent bits of the A-register. The data bus is not used to interconnect the
adder with the A-register or M-register.
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Operation Code Register. The operation code register is a five-bit static register that is loaded under
software-control, from the five most significant bits of the data bus. The register holds the five-bit
order code during its execution.

Cycle Counter. The cycle counter is a five-bit counter that controls shift instructions and certain long
orders. The counter is loaded from the six least significant bits of the M-register.

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
Mission LM Basic Date 1 February 1970 Change Date 15 June 1970 Page_---=~--"'''__ _

•
•

•

•

•



Nomenclature Routing Signal Description Remarks

AGS telemetry stop ISS to AEA 50-pps signal; indicates completion
of telemetry shift for one digital word

I AGS telemetry shift ISS to AEA 51. 2 kpps (burst of 24 pulses, 50
pulses times per second); shifts telemetry

I data out of AEA

2S-volt, SOO-cps CES to AEA Sinusoidal excitation for digital-to- ±0.5 vrms and ±1%
reference analog converters in AGS frequency accuracy

Automatic CES to AEA Discrete used to put AEA in auto- Definitions:
matic submode 1 - Ground

o - Open circuit

Abort CES to AEA Discrete indicating abort but that Definitions:
staging has not occurred 1 - Ground

o - Open circuit

Follow-up CES to AEA Discrete used to put AEA in followup Definitions:
submode 1 - Ground

o - Open circuit

Abort stage CES to AEA Discrete indicating abort and that Definitions:
staging is initiated 1 - Ground

o - Open circuit

PGNS alignment PGNS to AEA Digital pulse train (64 kpps maxi- Gimbal angles are used
signals: mum), denoting negative and positive during PGNS-to-AGS

-tJ.8 +to 8 angular increments of three PGNS alignment, to define the
-to y, +to y, gimbal angles inertial reference frame.
-to</> , +to </>

CDU zero PGNS to AEA 51. 2-kpps pulse train used to reset Definition:
PGNS angle input registers On - Application for

300 milliseconds
(minimum)

PGNS telemetry PGNS to AEA 50-pps signal indicating termination
downlink stop of PGNS telemetry downlink shift

operation

PGNS telemetry bit- PGNS to AEA 51. 2-kpps pulse train used to shift Burst of 40 pulses with
synchronizing pulse in PGNS telemetry downlink data period of 20 milliseconds

each

AGS initialization PGNS to AEA 51. 2-kpps signal comprising 40-bit Burst of 40 pulses with
(downlink data) words; used to initialize AGS period of 20 milliseconds

navigation each

Descent engine on Descent Discrete indicating state of descent Definitions:
engine to AEA engine 1 - Ground, engine on

o - Open circuit,
engine off

Ascent engine on Ascent engine Discrete indicating state of ascent Definitions:
to AEA engine 1 - Ground, engine on

o - Open circuit,
engine off

Page 2.1-94
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Table 2.1-5. Abort Electronics Assembly - Input Signal Characteristics
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Table 2.1-6. Abort Electronics Assembly - Output Signal Characteristics

one from the previous count. The counting is inhibited momentarily when an input transfer to the A
register via the data bus is required. The registers are reset to zero by a 51. 2-kc pulse input on
the CDU zero line. Data from the ASA gyros and accelerometers are accumulated in six 11-bit flip-flop
ripple counters. The inputs to these counters are inhibited when they are accessed by the central com
puter; they are reset to 0 after each access. The four-bit DEDA register, the 18-bit input telemetry
register, the 24-bit output telemetry register, and the 15-bit register that is time shared for altitude and
altitude rate are all implemented as shift registers. The first three of these registers are asynchronous
(shifted by an external shift clock); the other one has associated shift controls and generates shift clocks
in the AEA. In each case, shifting is inhibited during parallel access by the central computer. All the
other registers are static flip-flop registers. The D/A registers are loaded in parallel, via the data
bus, from the A-register. The discrete register is changed by setting or resetting a specific flip-flop
within the register with a specific output order (unique address); the A-register is not involved in
changing the discrete register.
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The integrator registers are up-down counters that serially add or subtract one count per pulse input.
Each integrator register consists of an input buffer section, a shift control section, and a 15-bit shift
register section with half-adder and control logic. The input buffer section synchronizes incoming PGNS
pulses with the AEA clock and provides temporary storage for one pulse. The shift control section allows
the register to shift the appropriate number of times for each pulse input from the input buffer.

Integrator Registers. Three integrator registers accumulate PGNS angles 8, tI>, and of. The PGNS angles
are represented by asynchronous pulse train signals, with a frequency range of 0 to 6.4 kpps, Each
integrator register has two input lines: one for positive pulses and one for negative pulses. These reg
isters operate during the standby mode, when the central computer logic is off.

Combinations of certain individual input-output addresses can be made, within an input or output instruc
tion, to facilitate setting or resetting a group of registers or c.scretes. Only addresses that have the
same most significant octal character can be combined. To combine one or more addresses, each
address (excluding the most significant character) is added numerically. For example, combining the
addresses of all six 11- bit counters would result in an address of 617. An input instruction with the
address 617 would reset all the counters.

Nomenclature Routing Signal Description Remarks

Total attitude signals: AEA to FDAl 0- to 15-vrms, 400-cps, sinusoidal Scale factor: 30 milli-
sine a, cosine Q, signals for total attitude display volts per step
sine P, cosine P,
sine ~, cosine ~ Computation rate: 25

times per second

Altitude signal (h) AEA to displays 64-kpps signal with word frequency Resolution: 2.3 feet per
of >five times per second, used bit (15-bit word)
for altitude display

Altitude rate AEA to displays 64-kpps signal with word frequency Resolution: least signi-
signal (Ii) of > five times per second, used ficant bit 0.5 foot per

for altitude display second (14 bits plus sign)

Lateral velocity AEA to displays D-C analog (-5 to +5 vdc) , dynamic Resolution: 25 mv/fps
(Vyb) range -200 to +200 feet per second

Shift, pulses for h AEA to displays 64 kpps
andh

Attitude error signals AEA to CES 0- to 4.5-vrms, SOO-cps, sinusoidal, Resolution: 300 milli-
EX, Ey, EZ and displays body-referenced, altitude error volts per degree -1:5% with

signals for steering and display _70' to +7S' range
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The telemetry word list comprises a 50-word block of data. (Refer to table 2.1-7.) Each output telem
etry word comprises 24 bits (a six-bit identification (ID) code followed by an 18-bit central computer
word).

Input Counters. Six input counters accumulate ASA gyro and accelerometer data. These data (AVx, AVy,
AVz, AQ, AR, and AP) are represented by pulse trains with a frequency range of °to 64 kpps. These

pulses are asynchronous to the AEA. The input consists of an input buffer section and an 11-bit ripple
counter with control logic.

•
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Output Telemetry Register. The output telemetry register, a 24- bit output register, outputs telemetry
serial data or GSE serial data. The telemetry data word is 24 bits long; the GSE data word, 18 bits long.
Telemetry and GSE cannot use the register simultaneously. A 1 in the output data is represented by a
pulse; a 0, by lack of a pulse. Each data word is shifted out with the most significant bit first. Data in
the register are shifted out by asynchronous, externally controlled, shift pulses at a rate of 51. 2 kkps ,
Twenty-four shift pulses are sent for telemetry data; 18, for GSE data. The external control sends a stop
pulse to the output telemetry register when all shift pulses have been sent.

The identification code represents the sequential position of the telemetry word in the word list
(018 to 628). The data "equation symbol" are the same as those used in the AGS software program. The
central computer word contains codes or numeric data. The numeric data are in binary 2's complement
format. The most significant bit (bit No. 0) is a sign bit (0 for positive data; 1 for negative data). The
remaining bits are numbered (1 through 17), from most significant to least significant.

Output Discretes. There are 11 output discrete flip-flops in the AEA. Each discrete can be used inde
pendently of the others. Except for the two DEDA discrete flip-flops, all the output discrete flip-flops
are set and reset by different addresses. The DEDA output discrete flip-flops are automatically reset by
the hardware; they cannot be reset by the program. The DEDA discrete flip-flops are clock-set by the
appropriate output instructions, and clock-reset 1 microsecond later. These discretes output a single
pulse, nominally I-microsecond wide, each time the flip-flop is set. The test mode failure output dis
crete is automatically set if the 20-millisecond timing pulse occurs during any instruction other than the
delay instruction. The engine-on output discrete flip-flops are automatically reset during the power turn
on sequence. The altitude and altitude rate output discretes have a common reset address. These dis
cretes are used for internal control of the altitude-altitude rate register. They enable the desired serial
data and shift pulse output lines. The GSE output discretes are used to gate out a 128-kpps pulse train.
The ripple carry inhibit output discrete is used internally to test the adder carry mechanism.

DEDA Register. The DEDA register is a four-bit input-output register, which receives or sends four
bits of serial data. A 1 in the serial data is represented by a pulse; a 0, by lack of a pulse. Data are
shifted in or out by asynchronous, externally controlled, shift pulses at a rate of 64 kpps, These input
shift pulses are gated out as data pulses when the DEDA register is in an output mode. Bits No.1 through
4 of the DEDA Register are transferred to bits No.1 through 4 of the accumulator during an input instruc
tion and loaded with bits No. 14 through 17 of the accumulator during an output instruction. The DEDA
register consists of a shift pulse buffer section and a four-bit shift register with control logic.

Altitude-Altitude Rate Register. The altitude-altitude rate register is a 15-bit output register. It is used
to output, serially, altitude and altitude rate data. A 1 in the output data is represented by a pulse; a 0,
by lack of a pulse. There are separate output data and output shift pulse lines for the altitude and altitude
rate. An output discrete selects the data and shift pulse lines to be used. Before data are entered into
the register, the output discrete corresponding to the desired output must be set.

Downlink Telemetry Register. The downlink telemetry register is an 18-bit input register. It receives
a serial 40-bit PGNS downlink telemetry word. The first 18 bits are retained in the register. The 40-bit
word is shifted into the register by externally controlled shift pulses at a rate of 51. 2 kpps. These shift
pulses are asynchronous to the AEA. A 1 in the input data is represented by a pulse (coincident with a
shift pulse); a 0, by lack of a pulse. A stop pulse from the external control indicates the end of a trans
mitted word. The register is used by GSE to enter data into the central computer, but cannot be used by
GSE and telemetry simultaneously. An 18- bit word is used by the GSE. The regis ter consists of a shift
pulse buffer section and a 18- bit shift register section with shift control logic. The shift pulse buffer
section synchronizes the input shift pulses with the AEA and provides a delay between data pulses received
and shift pulses received.



'.
•

LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

Clock Countdown Subassembly. The clock countdown subassembly develops 512-kpps, 128-kpps, and
64-kpps and 50-pps timing signals from the 1. 024-mc system clock. The clock countdown subassembly
consists of a toggle flip-flop, three counter sections, and associated gating.

Power Subassemblies. Two independent power supplies are associated with the central computer. One
functions in the standby and operate mode; it supplies power to clock-countdown circuits and to three in
tegrating registers. The other power supply functions only in the operate mode; it supplies power to the
remainder of the central computer. The outputs of the latter power supply are available in sequence so
as not to compromise the memory, monitors the input voltage and output voltages and provides a control
Signal (PS13). The control signal is true if the central computer is in the operate mode, the input voltage
is at least 20 volts dc and all output voltages are at the proper levels.

Table 2.1-7. Abort Electronics Assembly - Telemetry Word List

••

•

2.1-97
GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM

Mission LM Basic Dati' 1 February 1970 Change Date 15 June 1970 Page__=-- _

Lunar Least
Word ID Code Equation Binary Significant
No. (Octal) Symbol Scaling Bit Weight Unit Description

1 01 041 - - DEDA readout mode flag; 1 in sign bit indicates DEDA
processing is in readout mode.

2 02 DD - - - Most recent DECA data word in computer units

3 03 038 - - - DEDA clear mode flag; 1 in sign bit indicates DEDA
processing is in clear mode.

4 04 all

5 05 a 12
1 2-16 - Row No. 1 of direction cosine matrix

6 06 a13

7 07 ADST - - - Octal address associated with most recent DEDA
communication

8 10 a 31

9 11 a 32
I 2-16

- Row No. 3 of direction cosine matrix

10 12 a
33

11 13 h 25-3
2

8
feet LM altitude above mean earth (lunar) surface

12 14

13 15 1:. 25-3
2

8
feet Components of LM inertial position

14 16

15 17 EONSI0 - - - Engine-on indicator and GUlD CONT switch

16 20

17 21 .!c 25-3
28 feet Components of CSM inertial position

18 22

19 23 r f
25-3

28
feet Predicted value of LM radius at completion of current

guidance routine, except in external tJ.v

20 24 «.

21 25 tJ.Vy 3 2-14
Ips Compensated incremental velocity components accumu-

lated per 20 milliseconds along X-, Y-, or Z-body-axis
22 26 tJ.V by corresponding X, Y, or Z accelerometerz
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Table 2.1-7. Abort Electronics Assembly - Telemetry Word List (cont)
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Lunar Least
Word ID Code Equation Binary Significant
No. (Octal) Symbol Scaling Bit Weight Unit Description

23 27 t 2
1 2-16 sec Least significant half of AGS absolute time

24 30 <lax

25 31 <lay -6 2-16 rad Compensated incremental components per 20 milli-
seconds of vehicle rotation about X-, Y-, or Z-body-

26 32 <laz axis, measured by X, Y, or Z gyro.

27 33 T B 9 2-8 sec Time to LM engine burnout

28 34

29 35 Y.. 13 2-2 fps Components of present LM inertial velocity vector

30 36

31 37 "'8T 17 1 - Ullage counter for telemetry

32 40

33 41 Y..c 13 2-2 fps Components of CSM inertial velocity vector.
34 42

35 43 h 13 2-2 fps LM altitude rate

36 44 AV G
13 2-2 fps Magnitude of velocity to be gained for existing

guidance mode

IV
P O I

13

I
2-2 Ifps

lpredicted velocity to be gained in CDR burn

37 45 VT 13 2-2 fps Total velocity to rendezvous in TPl

38 46 S12T 3 - - 812 for telemetry

IT
AO

I

18

I

2 1sec ITime from nominal CSI burn to CDR burn correspond-
ing to best cost function for this computing cycle

39 47 \gC 18 2 sec Time from present to TPI maneuver

40 50

41 51 ~bD 1 2-16 - Components along X, Y, and Z inertial axes of unit
vector commanding desired pointing direction for LM

42 52 X-body-axis

43 53 t l 18 21 sec Most significant half of AG8 absolute time

44 54 8 0 0 - - - Function selector by which subrnode logic is selected
via DEDA

45 55 {j'S - - - Discretes that make up discrete word one

46 56 IAr
I

23

!
28 Ifeet IDifferential LM-CSM altitude after CDR burn

qld 23 28 feet Transfer orbit perifocus altitude in TPI

47 57 qLT 23 28 feet Perifocus altitude of present LM orbit

48 60

49 61 Y..d 13 2-2 fps Sensed velocity increments along LM body-axis

50 02



DEDA operation involves the display; shift register; bit, digit, and cycle counters; a data
transfer sequencer; pushbutton entry, and data-AEA transfer.
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II

Data Entry and Display Assembly. (See figure 2.1-37.)2.1. 4. 4. 3

The CLR, ENTR, and READOUT pushbuttons, when pressed, engage two separate, isolated switches,
each of which routes a signal. When the CLR pushbutton is pressed, one signal clears the display; the
other is routed to the AEA, preparing it for an entry or readout operation. When the ENTR or READOUT
pushbutton is pressed, one signal prepares the DEDA for information transfer; the other, triggers the

Data Transfer Sequencer. The data transfer sequencer consists of a two-step counter and flip-flops that
buffer and control data transferred from the central computer. The sequencer controls the timing of shift
pulses and information bits transferred to or from the central computer and provides control for shifting
the contents of the shift register during the transfer.

Bit, Digit, and Cycle Counters. The bit counter is a six-bit ripple counter. The counter accumulates
the number of clock pUlses gated to the shift register and, in conjunction with the digit and cycle counter,
controls positioning of digit codes in the shift register as they are entered with the pushbuttons. The
bit counter also controls the transfer sequence as information is transferred to or from the central
computer. The digit counter, a five-bit shift register counter that is incremented on the final count of
the bit counter, detects operator errors. Error's arise when pushbuttons are pressed out of sequence,
while entering data into the shift register. Such errors cause the OPR ERR light to go on. The cycle
counter is a four- bit shift register whose main purpose is to control the cycling of inputs to the shift
register.

Startup. To place the central computer in operation, the operator sets the AGS STATUS switch from
STANDBY to OPERATE. The power subassemblies then apply power to the central computer in a pre
determined sequence. When all operate voltages are at their nroper levels, power supply signal PS13
remains 0 for at least 10 microseconds. During this 10-mic.i3econd period, certain initial conditions
are established in the central computer. These conditions ar such that the central computer automat
ically accesses an instruction from a predetermined memory location. Central computer operation then
continues under normal program control.

Display. The three most significant digit positions (1, 2, and 3) of the shift register are decoded to form
the address display. The next position (4) is decoded to form the sign display. The remainder of the
digit positions (5, 6, 7, 8, and 9) are decoded to form the data display. The decoded digit for each
numeric display provides an output for each segment of the display. The display segments for each digit
are activated, via drivers, by outputs from the decoding logic associated with the respective four-bit digit
positions of the shift register. The all l's code in any digit position of the shift register deactivates the
decode outputs, blanking the digit display.

Shift Register. The shift register accumulates and holds all information entered with the pushbuttons
or transferred from the central computer for display. The shift register contains 36 bits comprising
nine digits. Codes presented from the pushbuttons are entered directly into the four least significant bits
of the register and positioned for display. Address and data bits transferred from the central computer
are entered into the least significant bit position of the register. Address and data bits to be transferred
to the central computer are taken from the most significant bit position of the register.

Shutdown. The central computer shuts down if the power supply input voltage drops below 20 volts dc; it
restarts automatically when the proper input voltage is restored. If the central computer shuts down
after reading from memory, but before restoring memory, information is lost. This is prevented by
completing the current memory cycle while preventing initiation of additional memory cycles during
shutdown. When the power supply input voltage is restored (20 volts dc) and the current memory cycle
is completed, the central computer is ready to go through its startup sequence.

Pushbutton Entry. To enter data with the pushbuttons, the CLR pushbutton must be pressed. This action
sets the entire shift register, which blanks the display and resets the digit, bit, and cycle control
counters, and operator error logic circuits. A flip-flop that enables the keyboard (Pushbutton) control
logic is also set. This flip-flop is reset when the ENTR or READOUT pushbutton is pressed.

•
•

•
•

•
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r-----.--,--.-

SHIFT CLOCK
TO AEA

DATA OUTPUT
TO AEA

SHIFT-IN DISCRETE
(PULSE) FROM AEA

SHlfT·OUT DISCRETE
(PULSE) FROM AEA

L. _
Figure 2.1-37. Data Entry and Display Assembly - Detailed Block Diagram

SWITCH. { ENTER
CLOSURE READOUT-+------i

DISCRETES HOlD -+------i
TO AEA CLEAR-1"-----(,----.----...1

AEA SIGNAL GROUND--f---------'

DATA MASTER CLOCK
FROM AEA (128 KPPS)
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start of AEA command operation. If the CLR, ENTR, or READOUT pushbuttons are not pressed far
enough to actuate both switches, only one signal is routed instead of two and the resulting incomplete
operation depends upon which switch closes.
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To display a word within the central computer, the three-octal-digit address of the word is entered into
the shift register and the READOUT pushbutton is pressed. The central computer responds by sending
shift- in discretes, which transfer the address digits to the central computer. The central computer then
sends a series of shift-out discretes. Each shift-out discrete sets a control flip-flop, which enables the
shift register to enter bits transferred from the central computer .

If pressing the ENTR or READOUT pushbutton results in an operator error or if either pushbutton is
pressed during an operator error condition, the central computer recognizes the error by detecting 1's
in positions that normally contains D's. Pressing the CLR pushbutton resets the operator flip-flop.

Data-AEA Transfer. Upon entering nine digits into the shift register with the pushbuttons, and visual
verification that an operator error condition does not exist, the ENTER pushbutton may be pressed to
start the data transfer sequencer. The central computer responds to the enter signal by sending a shift- in
discrete to the DEDA. This discrete sets a flip-flop, which initiates data transfer to the central com
puter. Data are transferred in a two-step operation controlled by the data transfer sequencer. During
the first step of the shift-in sequence, the most significant bit of the shift register is gated with a 1
microsecond-wide clock pulse and fed to an output circuit. During the second step of the shift- in sequence,
a shift pulse is fed to the central computer, the contents of the shift register are shifted one bit position,
and the bit counter is incremented by one.

As the pushbuttons are pressed, binary-coded-decimal (BCD) signals are fed to gates, which, in parallel,
set or reset the four least significant flip-flops of the shift register. These gates are controlled by the
pushbutton strobe, a delayed pulse generated in the keyboard control logic. The pushbutton strobe also
sets bit counter enable flip-flop and cycle control flip-flop. The bit counter enable flip-flop enables a
gate, which feeds clock pulses to the shift register. When clock pulses add up to 31, as counted by the
bit counter, another gate is enabled. This gate resets the bit counter enable flip-flop on the next clock
(pulse 32), terminating the shift register clocks, and enables a clock pulse that is fed to the digit counter,
incrementing the counter by one.

Digit codes entered into the shift register are positioned in their proper location by the cycle counter as
the register is clocked. The first digit is positioned in the most significant end of the shift register, the
second digit in the next most significant digit location, and so on until the ninth (last) digit is entered.
The cycle counter positions the digit codes by enabling gates, which cause the information in the shift
register to circulate out of the most significant end into the eighth digit position in the register while hold
ing the current pushbutton input in the least significant digit position. At a time determined by the current
state of the digit and bit counters, a gate that resets the cycle control flip-flop to allow the current input
to shift through the register, behind the information previously entered, is enabled.

Each shift- in discrete results in four cycles of the data transfer sequencer or transfer of one digit. The
central computer sends shift- in pulses until the entire word is transferred. As the contents of the reg
ister are shifted from the most significant end, 1's are shifted into the least significant end. The display
is blank after all digits have been transferred. Because of the data transfer sequencer four-cycle
operation, the address digits, which are coded in three bits (octal), and the sign digit, which is coded in
one bit, are alloted four bits in the shift register. The extra bits are used to provide redundant codes
for blanking the respective displays or detection of an operator error by the central computer.

During the first step of the shift-out sequence, a shift pulse is fed to the central computer, which trans
mits a data bit back to the DEDA. The DEDA stores the data bit in a buffer flip-flop. During the second
step, the buffered data bit is shifted into the least significant bit of the shift register as the register
contents are shifted one bit position. Simultaneously, the bit counter is incremented by one. As for
shift-in discretes, the data transfer sequencer cycles four times for each shift-out discrete; the computer
must send a shift-out discrete before transfer of each digit.

The central computer may continually update the DEDA display by sending repeated sequences of nine
shift-out discretes with accompanying data. Pressing the HOLD pushbutton stops the central computer
from sending shift-out discretes after the next full word has been transferred to the DEDA; the contents

.---------
•

•

•

•



This operation enters the word into the AEA and blanks the address and data
displays.

Data Readout. The sequence of operations for reading the contents of an AEA memory cell is as follows: •

• Press and release CLR pushbutton.

• Press and release CLR pushbutton.

• Press and release three consecutive numerical pushbuttons.

•
•

•

•

This operation initializes the DEDA and blanks all lighted characters. The
CLR pushbutton must always be pressed before any readout.

• Press and release pushbutton that corresponds 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 Apollo Operations Handbook, Volume II,
paragraph 4.4 for DEDA inputs (addresses).

• Press and release ENTR pushbutton.

• Verify entry by comparing electroluminescent display with desired address and
desired numerical value.

DEDA Operation.

2.1-102

This operation identifies the address (octal) of the AEA memory word location
into which the data are to be inserted. The AEA will not process data with an
octal address larger than 704.

This operation clears the DEDA and blanks all lighted characters. The CLR
pushbutton must always be pressed before any DEDA entry.

of the shift register remain unchanged. Pressing the READOUT pushbutton causes the central computer
to resume sending shift-out discretes; the contents of the shift register change accordingly. In this mode
of operation, pressing the READOUT pushbutton does not cause an operator error.

LMA790-3-LM
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The following paragraphs contain the operating procedures for the DEDA, using the front
panel pushbuttons and electroluminescent readouts. Before performing these procedures, the appro
priate cabin switches must be set to the on position, the AC BUS B: AGS (panel 11) and STAB/CONT:
AEA and ASA circuit breakers (panel 16) must be closed, and the AGS STATUS switch (panel 6) must
be set to OPERATE.

DEDA operation is initiated by pressing the CLR pushbutton. This enables data entry 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 is pressed. If the CLR, ENTR, or READ
OUT pushbutton is not pressed to the full extent of its travel, the OPR ERR light may go on or a condition
may develop in which no action occurs. No false information is sent to, or readout of, the AEA when
this occurs. However, the step(s) must be repeated. (Refer to the pushbutton-entry discussion in para
graph 2.1. 4. 4. 3.)

Data Insertion. The sequence of operations for inserting data into the AEA via the DEDA is as follows:

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
Page_----"'c:....::......::.c~ Mission LM Basic Date 1 February 1970 Change Date 15 June 1970
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Operator Error. The OPR ERR light on the DEDA display panel goes on if the operator makes any of the
following errors:

••...
•
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Press and release three consecutive numerical pushbuttons.

This operation identifies the address of the AEA memory core location from
which data are to be extracted. The address is in octal form; it must not
exceed the number 704. If a number larger than 704 is entered into the
address, the DEDA readout will be extinguished when the READOUT
pushbutton is pressed. Refer to Apollo Operations Handbook, Volume II,
paragraph 4.4 for data that are DEDA-accessible from the AEA.

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 by pressing the HOLD pushbutton. This value is held on the
display until the READOUT pushbutton is pressed (at which time the displayed
quantity is updated twice per second) or until the CLR pushbutton is pressed
(at which time the DEDA is initialized for the next command and the displays
are blanked).

The 8 or 9 pushbutton is pressed while loading the address portion of the word .

• Press and release READOUT pushbutton.

• Verify entry by comparing electroluminescent address with desired address.

•

• More than nine pushbuttons have been pressed since the last pressing of the
CLR pushbutton.

• Three pushbuttons are not pressed and the READOUT pushbutton is pressed.

• The + or - pushbutton is not pressed in the fourth position of the nine-digit word.

• The + or - pushbutton is pressed in other than the fourth position.

• Nine pushbuttons are not pressed and the ENTR pushbutton is pressed.

• READOUT pushbutton is pressed after more than three digits are entered.

• A quantity is being read out and the ENTR pushbutton is pressed.

•

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 decimal quantity being entered or

•

r ead out. If a position variable has a quantization of 100 feet, then 42,300 feet is entered or displayed as
+00423.

.r------------
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+40000 - Memory test failure

+30000 - Logic test failure

+10000 - Test successfully completed

•
•

•

•

•
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Abort Guidance Section - Self-Test Routine.

Initialization comprises two functions: navigation initialization, and time initialization.

Abort Guidance Section - Initialization Function.

2.1. 4.4.5

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 re
initiated. The error indicator is reset or testing reinitiated by entering +00000 in address 412. The
astronauts need not monitor DEDA address 412 periodically, because the AGS warning light (panel 1) pro
vides a visual indication of an error. However, as part of the AGS turn-on procedure, the DEDA check
should be performed as a partial check of AGS warning light and computer operation.

+70000 - Logic and memory test failure.

Ephemeris data from the LM and CSM are inputs for initialization. These inputs are initialized automati
cally 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.

+00000 - Test not completed

The self-test routine continuously checks that the computer logic and memory are functioning
properly. DEDA address 412 is used, in conjunction with the test, to indicate test results to the astro
nauts and to allow resetting of error indicators. If a readout of address 412 on the DEDA is performed,
the following outputs are possible:
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The following operator errors do not cause the OPR ERR light to go on.

Address values greater than 704, used for program 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.

• If an octal quantity is entered with a digit greater than 7 or if 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.

• If a number greater than 704 is entered into the address portion of the DEDA
and the READOUT pushbutton pressed, the DEDA is blanked.

• If a number greater than 704 is entered into the address portion of the display
along with other numbers, the DEDA exhibits an odd display when the ENTR
pushbutton is pressed. The numbers shift and several entry slots are blanked.

Navigation Initialization. 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 gen
erated and may be displayed via the DEDA upon request.

2.1. 4. 4. 6
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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 and 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 2.1-8.

Table 2.1-8. PGNS Downlink Data Update Sequence

Initialization DEDA
Sequence Description Address

1 Identification word 414

2 LM X-position, AGS coordinates 240

3 LM Y-position, AGS coordinates 241

4 LM Z-position, AGS coordinates 242

5 LM epoch time (most significant) 254

6 LM X-velocity, AGS coordinates 260

7 LM Y-velocity, AGS coordinates 261

8 LM Z-velocity, AGS coordinates 262

9 LM epoch time (least significant) 254

10 CSM X-position, AGS coordinates 244

11 CSM Y-position, AGS coordinates 245

12 CSM Z-position, AGS coordinates 246

13 CSM epoch time (most significant) 272

14 CSM X-velocity, AGS coordinates 264

15 CSM Y-velocity, AGS coordinates 265

16 CSM Z-velocity, AGS coordinates 266

17 CSM epoch time (least significant) 272

The sequence of the 17 words occurs at a basic rate of 50 words per second. The sequence is not inter
rupted. The word formats of the 17 downlink words are as follows:

Bit No. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

In Word X X X X X X 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 I, 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 is 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 I-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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• Attitude hold

• Z-body-axis steering

• Guidance steering

•
•

•

•
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Attitude Hold. The attitude hold submode generates steering commands to maintain the LM in the inertial
attitude that existed when the attitude hold mode was first entered. Attitude hold can be entered by setting
the MODE CONTROL: AGS switch to ATT HOLD or by using address 400 on the DEDA and entering
+00000. Once the attitude hold mode is established, it can be released by causing the followup signal to
be issued (GUID CONT switch set to PGNS or MODE CONTROL: AGS switch set to ATT HOLD and ACA
in manual control) or by entering other than +00000 into DEDA address 400. The preferred method is to
set the MODE CONTROL: AGS switch to ATT HOLD and orient the LM to the desired attitude, using the
ACA. Reentering the attitude hold mode causes the LM to maintain the attitude that exists when the mode
is reentered.

All active steering modes couple attitude errors about the LM body axes to the autopilot (CES). The magni
tudes of the angular errors are limited to +15 0 and _15 0

• The autopilot attitude turning rates are limited
to +lOo/second and -100/second about the Y-body-axis and +5° /second and -5°/second about the X-body
axis and Z-body-axis, except after staging, with the DEAD BAND (panel 3) switch set to MAX. At that
time, no rate limiting exists. AGS steering in no way protects the PGNS platform against gimbal lock.
In the following discussions it is assumed that the GUID CONT switch is set to AGS, the LM is in orbit
(lunar surface flag is not set), and the PITCH, YAW, and ROLL switches are set to MODE CONT.
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The AGS has two major modes of operation: inertial reference and alignment. These modes
are selected via the DEDA after 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.

2. 1. 4. 4. 7 Abort Guidance Section - Modes of Operation.

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 becomes 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).

Time Initialization. Initialization of AGS absolute time consists of entering an absolute time of zero into
memory. This is accomplished by keying 377 on the DEDA. AGS absolute time is not limited to zero,
except by procedures. A time tag, referred to as epoch time, is associated with each state vector. Pri
mary system time, referred to as ground elapsed time (GET) is referenced to the time of lift-off. There
fore, 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 seconds; the AEA clock, approximately 0.26 million seconds.
This disparity requires a procedure for modifying the epoch time transmitted from the LGC to the AEA at
initialization. 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.

Inertial Reference Mode. When the AGS is in the inertial reference mode, it provides attitude error in
formation and engine commands (on and off), which are used for vehicle stabilization and/or for directing
vehicle abort. The inertial reference mode is always in one of the following submodes:

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 LMvelocity 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 automatically
set back to the attitude hold submode, as indicated by the DEDA display (414+00000). Manual initial
ization of CSM ephemeris data is identical with that for the LM, except for the address codes.
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• DEDA address 623+10000

• DEDA address 623+00000

The LM Z-body-axis can be controlled as follows:

I

2.1-107

The LM Z-body-axis is driven parallel to a plane determined by its guidance
steering unit vector Wb (DEDA entries 514, 515, or 5161. This mode is normally
used to maintain S-band communication during lunar orbit insertion. Unit vector
Wb is entered in octal form and is nominally defined before the mission.

X-axis override

The Z-body-axis can be oriented to any desired position about the thrust axis by
setting the ATTITUDE CONTROL: YAW switch to PULSE or Dill and by means
of the ACA.

•

When the ascent engine is used, equations that compensate for the cant of the engine should also be used.
DEDA address 411 should be entered with a value of +10000 before entering AGS guidance steering, to
achieve desired orientation of the thrust axis. When the ascent engine is burned, the thrust direction is
selected by the AEA, regardless of the value of the address 411 entry.

LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

If the AGS is in the guidance steering submode (DEDA address 400 is +10000 and the MODE CONTROL:
AGS switch is set to ATT HOLD), the AGS issues engine-on or engine-off commands that agree with the
existing status of the engine being used. If the AGS issues engine-on commands and the MODE CONTROL:
AGS switch is set to AUTO, attitude hold mode is entered by setting address 400 to +00000 via the DEDA.
This causes engine-off commands to be generated.

The LM Z-body-axis is driven parallel to the CSM orbit plane. If the +X-body-axis
points ahead of the local vertical (posigrade), the Z-axis is below the local hori
zontal. If the +X-body-axis is behind the local vertical the Z-axis is above the
local horizontal. If the X-body-axis is vertically upward, the Z-body-axis will be
pointed horizontally forward. If the X-body-axis is pointed vertically downward the
Z-body-axis will be directed horizontally opposite to the direction of motion.

Guidance Steering. The address for ordering guidance steeri.ng is 400; the entry is +10000. The guidance
steering submode orients the LM so that the LM thrust vector points in the desired direction for achieving
the objective of the selected guidance routine. The LM X-body-axis orientation also depends upon which
engine is used. The RCS engines are assumed to thrust along the body axes. If the descent engine is
used, the thrust vector is assumed to be along the +X-body-axis. If the ascent engine is used, the thrust
vector is assumed to be displaced from the LM +X-body-axis by an amount equal to the nominal cant of the
ascent engine. Because of thrust alignment errors, the actual thrust vector will not lie exactly along the
nominal direction. Small velocity errors at engine cutoff may result. These errors, sensed by the AGS,
can be removed through axis-by-axis thrusting (tiV residual removal).

The AEA correction for the cant of the ascent engine is achieved by two octal constants (one for pitch and
one for roll). The constants are preprogrammed into the central computer, but are DEDA-accessible so
that they can be changed during the mission. The pitch constant is entered with the address 566. The
value of the constant, entered in octal units of radians, should be positive if the engine causes a thrust
acceleration component along the +Z-body-axis. Similarly. the yaw component is entered in octal form
in units of radians via address 602. The sign of the value entered should be positive if the cant of the
engine causes a thrust acceleration component along the +Y-axis direction .

The gain in the Ex channel decreases toward zero as the +X-body-axis approaches a perpendicular orien
tation with respect to the specified plane. If +00000 is entered in address 623 and the X-body-axis is
perpendicular to the CSM orbit plane, the gain in the yaw steering channel is zero for any orientation of
the Z-axis. This situation is typical for earth-orbit missions, during which large out-of-plane maneuvers
are performed. By specifying a unit vector Wb (X-axis) not normal to the CSM orbit plane and by enter
ing +10000 into address 623, yaw steering control can be maintained.
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• DEDA address 507+00000

• DEDA address 507+10000

• CSI, CDR, external liV •
•

•

•
•
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Orient the Z-body-axis in the desired thrust direction (used to perform small
thrusting maneuvers along the Z-body-axis).

Z-Body-Axis Steering. This submode is entered via the DEDA, using the address 400 and entering +20000.
No DPS or APS thrust can be accomplished in this mode. The following options are available for specify
ing the desired direction of the Z-body-axis.

Orient the Z-body-axis toward the estimated direction of the CSM (used during
rendezvous radar acquisition).

Orbital rate pitch steering maintains the LM X-body-axis along the local horizontal, using the external
Ii V guidance routine and the guidance steering submode. The AGS can maintain the LM at any attitude
in a local vertical coordinate frame during free flight. The X-inertial-axis can also be maintained, using
the CSI guidance routine and the guidance steering submode, because the CSI maneuver is horizontal.
This procedure is ideal for use between the orbit insertion phase and the CSI maneuver phase because the
desired calculations (CSI) are performed simultaneously. If the calculated CSI maneuver is a retrograde
maneuver, the +X-body-axis points backwards and the Z-body-axis points along the local vertical and not
toward the lunar surface.

If the AGS is in a direct transfer guidance routine and in the guidance steering sub
mode, the vehicle orients itself to the desired attitude in inertial space and remains
fixed in inertial space. When absolute time exceeds the TPI burn time tigC, as
would be the case for a midcourse maneuver when the rendezvous problem has not
been retargeted, the guidance solution is in real time and LM attitude conforms to
the changing solution.

• Direct transfer (TPI and Midcourse)

Before initiation of these maneuvers, the desired attitude of the LM is established
in the local horizontal coordinate system. Before the CSI maneuver, if the CSI
computations are being performed and if the AGS is in the guidance steering sub
mode, the LM is oriented so that the X-body-axis is maintained horizontal and
parallel to the CSM orbit plane.
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Prethrust steering is guidance steering (address 400 contains +10000) that is performed before ullage is
sensed and thrusting, to orient the LM for the burn. Prethrust guidance steering is implemented by set
ting the GUID CONT switch to AGS, the MODE CONTROL: AGS switch to AUTO, and the ATTITUDE CON
TROL: PITCH, YAW, and ROLL switches to MODE CONT, and entering +10000 into address 400. The
AGS then orients the LM to the particular guidance mode selected (address 410). AGS steering orientation
of the LM, before the engine burn, falls into two categories:

The guidance steering submode controls three steering operations: prethrust steering, orbitial rate
pitch steering, and open steering.

Page 2.1-108

During open steering, the AGS is in control and the ATTITUDE CONTROL: PITCH, YAW, and ROLL
switches are usually set to MODE CONT. Any channel can be overriden by setting the switch for that
channel to PULSE or DIR. In some instances, manually orienting one LM axis more than 90° from the
desired direction (AGS-computed) can cause the LM to rotate through large angles about the two AGS
controlled axes. In attitude hold and guidance steering, X-axis override can be accomplished through any
desired angle. In Z-body-axis steering, Z-axis override can be accomplished through any desired angle.
If manual override of any other steering channel is desired, the attitude excursion about that axis should
be limited to less than 90° from the desired orientation computed by the AGS.
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Maintain an inertial reference frame and provide total attitude signals for display

Maintain the attitude error signals to the CES at zero (If automatic and followup
discretes are present, error signals are computed.)

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

• At the completion of a maneuver when the engine is commanded off because the
conditions for issuing engine-on commands are no longer satisfied, the program
automatically returns to the attitude hold submode.

•

•

•
•

•
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• The program shall be held in the attitude hold submode when the abort stage discrete
is present, from the time the ascent engine-on discrete is first received until a
preselected time thereafter. The preselected time shall have a minimum range of
o to 10 seconds.

Complete Control State. The flight program and the AGS are in the complete control state when the
followup discrete is absent and either the abort discrete or the abort stage discrete is present. In this
state, attitude error signals computed in accordance with the particular submode in which the program is
operating are used for attitude control and for display. If the automatic discrete is absent, the program
is in the attitude hold submode. If the automatic discrete is present, any submode is permissible, except
as follows:

When the system is in the attitude control state, the program issues an engine-on command every 40
milliseconds if the program is in the inertial reference mode and either the descent engine-on discrete or
ascent engine-on discrete is present. Otherwise, the flight program issues an engine-off command every
40 milliseconds.

Attitude Control State. The flight program and the AGS are in the attitude control state when the followup
discrete, the abort discrete, and the abort stage discrete are absent. In this state, attitude error signals
computed in accordance with the particular submode in which the program is operating are used for
attitude control and for display. If the automatic discrete is absent, the program is in the attitude hold
submode. If the automatic discrete is present any submode is permissible.

• Command the engine on if the ascent engine-on signal or the descent engine-on
signal is present, and command the engine off otherwise.

The flight program and the AGS are in the followup state when the followup discrete is present. If the
automatic discrete is present, the attitude error signals computed in accordance with the particular sub
mode in which the program is operating are displayed. If the automatic discrete is absent, attitude error
signals are set to zero.

In the followup state, the program issues an engine-on command every 40 milliseconds if the program is
in the inertial reference mode and either the descent engine-on discrete or ascent engine-on discrete is
present. Otherwise, the flight program issues an engine-off command every 40 milliseconds.

In either option, with the Z-axis pointed in the desired direction, the X-body-axis is ~ri~nted parallel to
the CSM orbit plane. If the +Z-body-axis is pointed ahead of the LM, the +X-body-ax1S 1S above the local
LM horizontal plane. If the Z-body-axis is behind the LM, the +X-body-axis is below the local horizontal
plane. The gain in the roll channel (Z-axis) decreases toward zero as ~he +Z-axis a~p~oaches a perpe~

dicular orientation with respect to the CSM orbit plane. When perpendicular , the gam 10 the roll steermg
channel is zero for any orientation of the +X-axis. In this submode, the X-body-axis can be manually con
trolled by setting the ATTITUDE CONTROL: ROLL switch to PULSE or DIR and operating the ACA.

• Inertial Reference States. These states comprise followup, attitude control, and complete control.

Followup State. In the followup state, the AGS can perform the following functions:

•
•

•

•



•
•

•

•
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Note:
Xi, Yi and Ii are the
inertial reference axis.

MIDDLE
GIMBAL AXIS

(SECOND ROTATION)

lM+Z

Zi

Figure 2. 1-38. Euler Angles

Yi J---
INNER

GIMBAL AXIS
(FIRST ROTATION)

Either the ullage condition has been satisfied or the ascent engine has been burned
while the LM is on the lunar surface.

•
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Fir$t rotation 6 about inner gimbal axis
Second rotation t/J about middle gimbal axis
Third rotation t/J about outer gimbal axis

Lunar Alignment Submode. The AEA is aligned so that the computational inertial reference axes (Xi, Yi'
Zi) coincide with the axes of a selenocentric coordinate frame with the X-axis along the lunar local vertical

OUTER
GIMBAL AXIS

(THIRD ROTATION)

!ep lM+X
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'i'he ullage condition is satisfied when the accumulated sensed velocity increments along the X-body-axis
have exceeded a specified threshold in each consecutive 2-second computation cycle for three cycles. The
ullage condition is reset and the count restarted if the accumulated sensed velocity increment along the
X-body-axis falls below the specified threshold in anyone 2-second computation cycle.

PGNS-to-AGS Alignment Submode. This 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)j it should
only be entered when the PGNS is operative.

• Either the magnitude of velocity to be gained exceeds a specified threshold or the
projection of velocity to be gained along the X-body-axis is in the +X-body-axis
direction and exceeds the nominal ascent engine cutoff velocity impulse.

Alignment Mode. Alignment consists of initializing the AEA to obtain an attitude reference to a desired
inertial reference. The AGS causes the attitude error signals to the CES to be reduced to zero during the
alignment mode. In response to an alignment submode instruction (a DEDA entry), the inertial reference
frame is aligned to a reference frame of the three alignment submodes: PGNS-to-AGS alignment, lunar
alignment, and body-axis alignment.
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The PGNS-to-AGS alignment submode aligns the AGS direction cosines to the attitude reference determined
by PGNS Euler angles 6, "', and ¢. (See figure 2.1-38.) The lunar alignment submode uses the local
vertical sensed by the Yand Z accelerometers and a previously stored azimuth angle (~L), which is up
dated for lunar stay (subsequent missions) by the correction factor <l s , for an attitude reference frame.
The body-axis alignment submode uses current LM attitude as the attitude reference.

When in the complete control state and the vollowing four conditions are simultaneously satisfied, the
program issues an engine-on command every 40 milliseconds. Otherwise, the flight program issues an
engine-off command every 40 milliseconds.

• The automatic discrete is present.

• The AGS submode selector has been set to guidance steering, via the DEDA.



Calibration. Calibration of the gyros and accelerometers comprises the following:
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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.

•

• Calibration requires 302 seconds. Completion can be verified by reading out
DEDA address 400. At completion of calibration, the readout automatically returns
to +00000 (attitude hold).

• Lunar surface gyro calibration

• In-flight accelerometer calibration only.

• In-flight gyro and accelerometer calibration

• After alignment, 400+60000 via the DEDA is entered.

• If the PGNS is operative, PGNS-to-AGS alignment is performed. If the PGNS is in
operative, lunar alignment is performed. The alignment must result in a Y-inertial
axis that is within 10° (half cone angle) of the lunar north polar axis.

After lunar touchdown, 413+10000 should be entered via the DEDA. This entry stores AGS attitude for
possible future lunar alignment, sets the AEA lunar surface signal, and inhibits accelerometer calibra
tion. The procedure for lunar surface gyro calibration is as follows:

Lunar Surface Gyro Calibration. This calibration is automatically selected by program control when
calibration is selected via the DEDA. This program provides for gyro calibration, to update gyro fixed
drift compensation while the LM is on the lunar surface. Lunar surface calibration requires that lunar
alignment has immediately preceded it. The program then stores the existing transformation matrix to
provide a reference attitude. The input angular increment is compensated by the calibration equations to
remove the lunar rotation rate. The angular errors of the AGS indicated attitude (as defined by the trans
formation matrix) with respect to the reference attitude are computed and used to maintain the AGS atti
tude alignment with the stored reference attitude, and to correct the gyro drift compensation. The gyro
calibration routine provides updated values of lKl, lK6, and lKl1. (Refer to table 2.1-9.)

Body-Axis Alignment Submode. For the body-axis alignment (orbital alignment) submode, the AGS inertial
reference frame is made coincident with the LM axes. Body-axis alignment is achieved by keying 400
+50000, and ENTR on theDEDA. To terminate this submode, the LM Pilot keys 400+00000 on the DEDA.
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• (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 veloc
ity increments from the ASA Y-accelerometer and Z-accelerometer are used to determine the local
vertical with respect to the instantaneous LM coordinates .

•

The LM azimuth angle with respect to the CSM orbit plane at lunar touchdown is determined by storing,
upon command of the DEDA, the AGS azimuth reference as defined by appropriate elements of the trans
formation matrix. An azimuth correction angle is subtracted from the stored reference to compensate
for the affects of lunar rotation during lunar stay and for any CSM plane changes. The azimuth correction
angle (.H), which updates the inertial Z-axis direction, is inserted via the DEDA (address 547) before
lunar alignment. This factor is provided to the astronauts via voice link.

----------
•

•
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Table 2.1-9. Abort Guidance Section - Calibration Compensations

Equation
Symbol Address Description

1K1 544 X-gyro drift compensation coefficient

1K6 545 Y-gyro drift compensation coefficient

1Kll 546 Z-gyro drift compensation coefficient

1K19 540 X-accelerometer bias compensation coefficient

1K21 541 Y-accelerometer bias compensation coefficient

1K23 542 Z-accelerometer bias compensation coefficient

In-Flight Gyro and Accelerometer Calibration. This calibration is automatically selected by the flight
program when calibration is selected via the DEDA, and provides in-flight calibration to update gyro fixed
drift compensation. This calibration takes place during free fall with the program in the calibrate, lunar
surface flag absent, and the LM in the attitude hold steering submode. The gyro drift calibration uses the
PGNS IMU Euler angles as reference. The program automatically selects PGNS-to-AGS alignment during
the first 2-second cycle, to provide initial alignment of the AGS to the IMU. For the remainder of the
calibration period, the program computes the angular errors of the AGS indicated body-axes (as defined
by the transformation matrix) with respect to the PGNS indicated body-axes (as defined by the IMU Euler
angles). The angular errors are multiplied by an appropriate gain factor and added to the AGS compen
sated angular increments, causing the AGS attitude reference (transformation matrix) to remain aligned
to the IMU reference. Simultaneously, the accumulated error signals are multiplied by another gain
factor and added to the gyro drift compensation so that, in steady state, the compensation is equal to the
gyro drift.

In-flight calibration of the accelerometer static bias compensation takes place concurrently with in-flight
gyro calibration. The accelerometer velocity increments accumulated during free fall are multiplied by
an appropriate gain factor and added to the accelerometer bias compensation so that the compensation is
equal to the accelerometer bias. Accelerometer calibration provides updated values of lK19, lK21, and

• lK23. (Refer to table 2.1-9.) In-flight calibration aligns the AGS; therefore, it is not necessary to
follow in-flight calibration with a PGNS-to-AGS alignment. In-flight gyro and accelerometer calibration
should not be performed when the PGNS is inoperative. Instead, in-flight accelerometer calibration only
should be performed. The procedure for in-flight gyro and accelerometer calibration when the PGNS is
operative and attitude rotation rate is less than O. 10 per second is as follows:

• Set MODE CONTROL: AGS switch to ATT HOLD.

• Enter 400+60000 via the DEDA.

Calibration requires 302 seconds. Completion can be verified by reading out DEDA
address 400. At completion of calibration, the readout returns to +00000 (attitude
hold).

In-flight Accelerometer Calibration Only. This procedure is performed when the PGNS is inoperative.
In-flight accelerometer calibration only does not affect AGS alignment. The procedure for in-flight
accelerometer calibration only is as follows:

• Set AGS switch to ATT HOLD.

• Inhibit the RCS by setting the PITCH, ROLL, and YAW switches to Dffi. The ACA
must be left in detent (no manual control).

•

•

•
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Table 2.1-10. Abort Guidance Section - Guidance Routines

2.1-113

Function

'ever, it takes 302 seconds for readout
itude hold),

Engine and steering commands are generated to establish appropriate
LM-CSM phasing TP1 time.

Engine and steering commands are generated to drive LM into orbit
that is coelliptic with CSM.

Engine and steering commands are generated to drive LM to specified
orbit injection conditions.

Engine and steering commands are generated to cause LM to be on
CSM intercept trajectory .

AGS evaluates various direct transfer rendezvous solutions , Astronauts
select desired solution. Thrusting is not performed with this routine.

Engine and steering commands are generated to perform externally
specified thrust maneuver.
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Enter 400+70000 via the DEDA

Calibration is completed in 32 seconds. !
of DEDA address 400 to return to +00000

• Coelliptic sequence initiation (CSI)

•

• Terminal phase initiation (TPI)

• Constant delta altitude (CDR)

• External ti V.

• Orbit insertion

The AGS program contains the following guidance routines:

Abort Guidance Section - Guidance Routines.2, 1. 4.4.8

Orbit Insertion Routine. The orbit insertion routine provides attitude commands and engine-off commands
to obtain predetermined cutoff conditions. These conditions are defined by the Iol.lowing targeting param
eters entered into the AEA via the DEDA:

The routines are selected, using the DEDA. Refer to table 2.1-10 for the address and func
tion 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. Navigation 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.
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Address
and Code Routine

410 + 00000 Orbit insertion

410 + 10000 CSI maneuver

410 + 20000 CDH maneuver

410 + 30000 TP1 search

410 + 40000 TP1 execute

• 410 + 50000 External ti V

•
•

•

•
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The AGS time of the CSI routine is one targeting condition for the CSI maneuver. This entry is made by
using DEDA address 275. Time to go until the CSI maneuver can be obtained by reading out address 313
on the DEDA.

Coelliptic Sequence Initiation Routine. Coelliptic rendezvous is initiated by the CSI burn, followed by a
CDR maneuver. The magnitude of the CSI burn is computed so that, after the CSI and CDR maneuvers,
the LM arrives at the desired TPI time with the desired LOS angle to the CSM. The CSI and CDR
maneuvers are computed in the AGS X-Z inertial plane. The CSI routine computes the magnitude of the
horizontal velocity increment (parallel to the CSM orbit plane) required to satisfy targeting conditions.

The final maneuver of the coelliptic flight plan sequence is the TPI maneuver, nominally a burn that
places the LM on a direct intercept trajectory with the CSM. The maneuver is initiated when the angle
of the LM-CSM line of sight with respect to the local horizontal is at a preferred value. The TPI
routine computes and controls this maneuver; it may also be used for implementing subsequent midcourse
correction maneuvers.

• TPI (terminal phase initiate) maneuver.

• CDR (constant z h) maneuver
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• CSI (coelliptic sequence initiate) maneuver

In the nominal coelliptic flight plan, the LM is placed in an orbit coelliptic with that of the CSM by
executing the CSI maneuver, then the CDR maneuver. In both of these maneuvers, the horizontal com
ponent of thrust is maintained parallel to the estimated CSM orbit plane. The CSI and CDR routines
compute and control these maneuvers. An additional capability is provided for removing out-of-plane
velocity in the CSI and CDR maneuvers, by using the external ~V routine for control. To enable this, the
required incremental velocities computed by both the CSI and CDR routines are automatically furnished
to the external ~V routine to target, in advance, the in-plane components of the burn.

Coelliptic Flight Plan Rendezvous Guidance. When the principal foci of two orbits are coincident and
when the products of the length of the semimajor axis and eccentricity of each orbit are equal, the orbits
are considered to be coelliptic. This implies that when the two orbits are coplanar, they have coincident
centers and vacant foci. The guidance routines are based on the assumption that deviations from co
planarity are small. Coelliptic orbits have an essentially constant differential altitude (constant A h).

The attitude commands provide yaw steering of the LM into the CSM orbit plane by the time the cutoff
conditions are attained. The capability of steering out a wedge angle of up to 2 0 is provided (assuming
sufficient ~V). When the velocity to go to cutoff (~Vg) reaches a preselected threshold, updating of the
command attitude is terminated. The engine is commanded off when ~Vg reaches the nominal ascent
engine tailoff velocity threshold and the total velocity to go is less than 100 fps.

• Altitude rate at burnout; DEDA address 423.

• Insertion altitude; DEDA address 347

• Magnitude of the horizontal component of inertial velocity at burnout; DEDA
address 507

The flight program contains a set of guidance routines for calculation of powered maneuvers required for
the LM to execute a coelliptic flight plan for rendezvous with the CSM. This flight plan nominally calls
for three powered maneuvers:
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After the CSI maneuver has converged to a solution, the time from the CSI to CDR can be obtained by
using address 373 on the DEDA. Time until CDR (when less than 136 minutes) can also be obtained by

I using address 313. Other times available in the CSI routine are listed in the DEDA output list. (Refer
to Apollo Operations Handbook, Volume II, paragraph 4.4, addresses 274, 275, and 377).
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The angle that the projection of the LM-CSM LOS on the X-Z inertial plane makes with the LM local
horizontal at the desired TPI time (positive, measured clockwise from the local horizontal forward of the
LM when looking in the direction of the +Y-inertial-axis) is another targeting condition.

The CDH burn is performed at tt.e time determined by the CSI routine. This time is the predicted time
of LM arrival at the first or second crossing of the LM orbit line of apstdes , following the CSI burn. A
DEDA input (416+10000) specifies whether the 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 (rf) is nearly zero at CSI coast, it is possible that the subsequent coast orbit would be
circular. Selection of first or second apstdal 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 following parameters:

• CSI iteration error

• Time from CDH to TPI

• Predicted differential altitude in the co elliptic orbit

• Predicted coelliptic burn ti V magnitude

• Sign and magnitude of predicted horizontal (CSI) ti V

• Predicted time from CSI to CDH.

The CSI routine provides a real-time commanded attitude. The CSI horizontal ti V solution is valid at
CSI time (tif;A). When real time (t) becomes greater than tigA' the CSI routine is computed in real time.

Constant Delta Altitude. The CDH routine computes, in real time, attitude commands and velocity incre
ment 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 solution is computed for future time, predicted during the CSI routine, until real time exceeds
the predicted burn time. The solution is thereafter 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
275, 310, and 377 are timing quantities available in this mode .

In a nominal mission, the CDH maneuver is assumed to occur after the CSI maneuver; therefore,
targeting is accomplished automatically for the CDH maneuver by the CSI computations. The event
timer is set by using the quantity T ti (after the CDH routine is entered), which is the time to go until the
CDH maneuver, if T ti does not exceed 136 minutes. The times of interest during the CDH maneuver are
listed in table 2.1-11.
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Table 2.1-12. Time (Minutes) of Interest for TPI Search Routine

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 the desired LOS will be achieved and,
thus, when to perform the maneuver, a direct transfer search guidance routine is available in the AGS
(DEDA entry 410+30000). During this routine, the astronauts determine total velocity required to
rendezvous, and perform the TPI maneuver based upon achieving a desirable value (TBD) of total
velocity. The alternate direct transfer guidance routine (DEDA entry 410+40000) is used to actually
perform the maneuver.

This routine is used in the coelliptic rendezvous scheme, Iol.lowing 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.
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Table 2.1-11. Time (Minutes) Quantities Available in CDH Mode

During mission planning, the object is to determine when direct transfer should occur. This determina
tion 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.

There are two modes that can be used for the TPI maneuver. Tables 2. 1-12 and 2.1-13 define the time
quantities of interest in each mode.

Terminal Phase Initiation Routine. The TPI maneuver begins the direct transfer to rendezvous. There
are two direct transfer routines: one, primarily for mission planning (TPI search); the other, for
performing the maneuver (TPI execute). The latter routine can also be used for mission planning if
desired. In general, the routines are used together, in sequence, to perform the TPI maneuver.

Address Quantization Equation Symbol Description

310 0.01 Tfl Time to go until CDH maneuver

275 0.1 Tc Time from CDH to nominal TPI maneuver
predicted during CSI

275 0.1 Jl Nominai time of TPI maneuver (targeting
quantity)

313 0.01 Tpe r g Time to perifocus of present LM orbit

377 0.1 t AGS computer time

I

Address Quantization Equation Symbol Description

310 0.01 Tfl Input quantity. TPI search assumes TPI to
occur in T fl minutes.

373 0.1 tigC AGS computer time of TPI maneuver;
output quantity.

307 0.01 J6 Input quantity. Time from TPI to intercept
(assuming no burns after TPI).

311 0.01 T r Time to go until intercept; output quantity

313 0.01 Tpe r g Time to perifocus of present LM orbit

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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Table 2.1-13. Time (Minutes) of Interest for TPI Execute Routine
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Table 2.1-12. Time (Minutes) of Interest for TPI Search Routine (cont)

Abort Guidance Section - Descent or Ascent Engine and Thrust Chamber Assembly Bur

Epoch times input to the AEA via the DEDA are in units of minutes with a quantization level of 1/10
minutes or 6 seconds. Epoch data used in the AGS for navigation updates via the DEDA must be valid at
a multiple of 1/10 minute. If not, position errors of three miles for lunar missions could result due to
roundoff of epoch time via the DEDA.

Address Quantization Equation Symbol Description

377 0 ..1 t AGS computer time

306 0.01 .r4 Time increment prior to rendezvous at
which node is created

312 0.01 J3 Stable orbit offset

When the LM is under AGS control during coasting flight, the AGS can fire the descent l'

ascent engine or thruster(s). The AEA is programmed in such a manner that translational thrust is applied

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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2.1.4.4.9

Address Quantization Equation Symbol Description

373 O. I tigC Either input quantity or quantity obtained
from TPI search mode. This is AGS
computer time of the TPI maneuver.

310 0.01 TA Time to go until TPI maneuver; output
quantity.

307 0.01 fi Input quantity. Time from TPI to intercept
(assuming no burns after TPI).

311 0.01 Tr Time to go until intercept; output quantity .

313 0.01 Tper g Time to perifocus of present LM: orbit

377 0.1 t AGS computer time
306 0.01 .r4 Time increment prior to rendezvous at

which node is created

312 0.01 J3 Stable orbit offset

External AV Routine. The external 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 thereafter until the AEA is switched from the external 1:>. V, the external 1:>. V
components remain fixed in inertial space. If the external AV routine (DEDA entry 410+50000) is
initiated early or late, the desired orbit at cutoff if: 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
1:>.V routine. A fictitious velocity-to-be-gained vector is entered via the DEDA to obtain the desired
attitude.

•
•

•

.---------



Before in-orbit maneuvers, the astronauts choose which TCA(s) will be used. The AGS must
be informed, via the DEDA, of the decision to fire the ascent engine, so that steering transients will not
occur at the start of the burn. Before AGS-controlled orientation to the desired thrust attitude, the fol- •
lowing DEDA selection should be entered or verified:

in certain nominal directions. (Refer to table 2.1-14.) The nominal cant angle used by the AGS is con
trolled by two constants in the AEA computer (DEDA-accessible in octal):

Regardless of the selection, the AEA assumes the canted thrust direction whenever the
APS-on discrete is received. (See figure 2.1-39.)

•
•

•
•

STEERING

Figure 2.1-39. Canted Thrust Selection Logic
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Engine Direction of Thrust Assumed by AEA

Descent +X-body-axis

Ascent Canted. Cant angle data are used by AEA to
account for canted thrust direction.

TCA The ±X, ±Y, ±Z thrust chamber assemblies
assumed to thrust along ±X-, ±Y-, ±Z-body-
axes, respectively.
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Table 2.1-14. Abort Guidance Section - Translational Thrust

• 4K7 - Cant angle (radians) of thrust vector in the pitch plane. DEDA address 566.
Positive sign indicates thrust vector is canted from the +X-body-axis
toward the +Z-body-axis.

• 4K8 - Cant angle (radians) or thrust vector in the yaw plane. DEDA address
602. Positive sign indicates thrust vector is canted from the +X-body
axis toward the +Y-body-axis.

- ADDRESS + 00000 APS DISCRETE APS OFF AEA ASSUMES

411 (82)
NONCANTED

THRUST VECTOR

+ 10000 APS ON

AEA ASSUMES CANTED THRUST VECTOR IN I
STEERING EQUATIONS I

• DPS or RCS: DEDA entry 411+00000

• APS: DEDA entry 411+10000.

TO
STEERING

LOGIC
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Descent or Ascent Engine Burn. To prepare for an engine burn under AGS control, the following con
ditions are required:

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
Mission LM Basic Date 1 February 1970 Change Date Page 2.1-119

Velocity To Be Gained. For the engine-on discrete to be issued to the CES, one of the following conditions
must be met:

• Condition No. 5 - +10000 must be entered into DEDA address 400. This enables
the engine-on signal and guidance steering.

• Condition No. 8 - The AEA recognizes whether the sensed velocity change per
2-second compute cycle equals or exceeds 0.2 fps in the +X-body-axis direction
for three consecutive compute cycles.

Ullage. Before an engine can be fired, the AGS must sense ullage. Ullage must be supplied manually by
pressing the + X TRANSL pushbutton until the engine fires. The condition governing the AEA recognition
of ullage is as follows:

• Condition No. 7 - The component (sign and magnitude) of the velocity-to-be-gained
vector must exceed the engine tailoff t>. V value (currently +2.1 fps).

• Condition No. 6 - The magnitude of the velocity-to-be-gained vector, as computed
in the AEA, must exceed 100 feet per second.

• Condition No. 3 - The ABORT pushbutton must be pressed. -This 'arms the DPS.

• Condition No. 4 - The ABORT STAGE pushbutton must be pressed. This arms
the APS.

Conditions No.1, 2, and 5 are sufficient for the AGS to assume control and orient the LM with the
selected guidance routine. However, to fire the descent or ascent engine additional conditions (conditions
No. 6 or 7, and 8 must be met).

• Condition No. 1 - Th UID CuNT switch must be set to AGS. This removes the
followup signal to the t.GS.

• Condition No.2 - The MODE CONTROL: AGS switch must be set to AUTO. This
transmits an auto discrete to the AGS and removes the AGS from attitude hold.

Satisfaction of Ullage Condition Due To Angular Accelerations. The maximum distance between the ASA
and the LM center of gravity is approximately 10 feet in the +X-body-axis direction and 5 feet in the
+Z-body-axis direction. There is effectively no displacement in the Y-body-axis direction. Because
the ASA is offset in the Z-direction, angular accelerations about the pitch axis could- cause the ullage
condition to be satisfied. The required angular acceleration is slightly greater than 10

/ second2 and must
exist for a minimum of 6 consecutive seconds.

If the sensed velocity increment drops below 0.2 fps on a 2-second compute cycle, an engine-off discrete
is sent to the CES. Before the engine can be fired again, the AGS must again establish the ullage
recognition condition. During the powered-flight abort staging sequence, the sensed velocity accumulated
over any 2-second period will exceed 0.2 fps; therefore, ullage is maintained and the AEA generates
continuous engine-on signals.

If all conditions for engine burn, except the ullage condition, are satisfied and the LM is to be reoriented
through a large angle under AGS control, the engine STOP pushbutton must be pressed until LM reorienta
tion has occurred, to avoid sending the engine-on command.

.---------

•

•

•

•



2. 1. 4. 4.10 Abort Guidance Section - Thrust Termination.

• At maneuver time, use the TTCA to null the DEDA reading.

Conditions for descent or ascent engine burn are as follows: •

•

•

•

•
GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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• When ClVgx equal zero, reduce thrust to zero.

• The ABORT or ABORT STAGE pushbutton must be pressed. This provides for
attitude hold at the end of the burn.

• The engine STOP pushbutton must be pressed. This inhibits the engine-on
discrete.

• DEDA address 500 must be selected for ClVgx readout.

• The ATT/TRANSL must be set to the desired number of jets (2 or 4).

LMA790-3-LM
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• Conditions No.1, 2, and 5 must be established in sufficient time for the LM to
orient to the desired thrust attitude.

• To fire the descent engine, conditions No.1, 2, 3, 5, 8, and either or both 6
and 7 are sufficient.

• The ABORT STAGE pushbutton must be pressed. The AGS will issue an engine-on
discrete igniting the ascent engine.

• The submode must be guidance steering (DEDA entry 400+10000).

• The AEA guidance routine must be orbit insertion (DEDA entry 410+00000).

• To fire the ascent engine, conditions No.1, 2, 4, 5, 8, and either or both 6
and 7 are sufficient.

• The GUID CONT switch must be set to AGS; the MODE CONTROL: AGS switch, to
AUTO.

Lunar Surface Lift-Off. On the lunar surface ullage is automatically generated and the orbit insertion
guidance routine generates a large value of velocity to be gained. To ascend to orbit insertion, the
following are required:

Manual Engine Operation. If an engine is fired by pressing the engine START pushbutton, it can only be
shut down by pressing the engine STOP pushbutton (unless fuel depletion or staging occurs first). If the
engine is manually fired, the AGS will not shut it down. When an engine is manually fired, the astronauts
can monitor Cl Vgx (quantized at 1 fps) via DEDA address 500 and press the engine STOP pushbutton when
ClVgx is near zero.

When the LM is under PGNS control, the AGS outputs engine-on or engine-off discretes,
which are followups of the actual engine condition. These discretes are inhibited when the GUID CONT
switch is in the PGNS position. When the LM is under AGS control, the engine-off discrete is sent to the
CES when the velocity-to-be-gained magnitude falls below the threshold value.

Thrust Chamber Assembly Burns. TCA translation can be used with AGS steering control when the
following are performed:



Table 2.1-15. Abort Guidance section - Thrust Directions

• Address 400 does not contain the value +10000.

• Monitor, via the DEDA, the velocity-to-be-gained magnitude in the appropriate
thrust direction. (Refer to table 2.1-15.)

I

2.1-121

Terminate thrust manually With the TTCA when velocity to be gained (along the
appropriate axis) is zero.

•

DEDA (Least Significant Digit)

Quantity* DEDA Address Units Lunar Mission

t:.Vgx 500 fps 0.1

t:.Vgy 501 fps 0.1

t:.Vgz 502 fps 0.1

*These quantities are computed every 40 milliseconds and updated on the DEDA display
every half second.
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• Ullage recognition signal (less than 0.2 fps sensed t:.V in a 2-second computer
cycle) is lost.

Ascent or Descent Engine. When the AGS sends an engine-off discrete to the CES, the ascent or descent
engine thrust automatically terminates, provided the engine was not turned on by pressing the engine
START pushbutton. Under AGS control, the engine-off discrete is generated if any of the following
conditions occur:

Attitude Hold. If the MODE CONTROL: AGS switch is set to ATT HOLD during an AGS-controlled
powered maneuver, the AGS is placed in an engine followup mode. The existing LM attitude and the
engine-on discrete to the CES are maintained; an engine-off discrete is inhibited by the MODE CONTROL:
AGS switch. The astronauts can assume manual attitude control by moving the ACA out of detent. When
this option is used, thrust must be manually terminated. Returning the ACA to the detent position and
setting the MODE CONTROL: AGS switch to AUTO allows the AGS to resume guidance control; thrust
terminates when the velocity-to-be-gained magnitude has decreased to the threshold established for
engine shutdown.

Thrust Chamber Assemblies. The following procedure applies to each axis individually ifaxis-by-axis
translation is being performed (LM in attitude hold) or to the X-body-axis if AGS steering is used:

• Velocity-to-be-gained magnitude is equal to or less than 100 fps and the component
of the velocity-to-be-gained vector resolved along the +X-body-axis is equal to or
less than 2. 1 fps.

LMA790-3-LM
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In the AGS steering mode, the LM is placed in attitude hold when thrust terminates. If the thruster burn
has continued long enough (longer than 6 seconds) for the ullage recognition signal to be generated in the
AEA, the AGS switches to attitude hold when t:.Vgx is equal to, or less than, 2.1 fps. If the burn is too
short for ullage recognition or if thrusting along the Z-body-axis, the AGS orients the LM +X-body-axis
along the direction of the residual t:.V vector after thrust termination. This could produce an undesired
LM rotation in an attempt to align the +X-body-axis along the residual t:.V vector.

•
•

•

•

•



• Provides a switch for the push-to-talk function, required for communications.

The ACA performs the following functions:

2. 1. 4. 5. 1 Attitude Controller Assemblies. (See figure 2. 1-40.)

•
•

•

•
•
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Control Electronics Section2.1. 4. 5

• Supplies a followup discrete to the AEA each time the ACA is out of detent, when
the AGS is in control and operating in the attitude hold mode. The followup dis
crete is present at all times.

• Supplies an out-of-detent discrete each time the ACA handle is out of the neutral
position

• Supplies low amplitude pulse rotational acceleration open loop commands to ATCA/
RCS during AGS control

• Supplies attitude rate commands proportional to ACA handle displacement, to the
LGC and ATCA

• Supplies 2-jet direct operation under AGS control, through the RCS secondary
coils

• The GUm CONT switch must be set to AGS; the MODE CONTROL: AGS switch, to
AUTO.

In addition, in the AGS steering mode, when velocity to be gained is less than 15 fps and the sensed eN in
the +X-body-axis direction exceeds 0.2 fps in a 2-second computer cycle, the kEA ceases updating the
desired thrust direction. To avoid undesired LM rotations, the procedure for performing TCA burns of
less than 15 fps when AGS steering is used is as follows:

LMA,790-3-LM
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• il.Vgx must be monitored via DEDA address 500.

• The maneuver must be performed with the +X TRANSL pushbutton.

• DEDA entry 400+10000 (guidance steering) must be verified.

• Immediately preceding the maneuver (Within 10 seconds), the MODE CONTROL
switch must be set to ATT HOLD.

• Provides for 4-jet direct operation, which is available at all times, through the
RCS secondary coils as a manual override.

The ACA is used for closed-loop proportional rate commands in the attitude hold mode and
for open-loop acceleration commands in the pulse, direct, and hardover modes. (See figure 2. 1-41.)

For ACA proportional control, a 28-volt, 800-cps signal is applied to the primary coil of
three proportional transducers. The secondary voltage of each transducer is proportional to ACA dis
placement about its input axis (one each for the roll, pitch, and yaw axes). When ACA displacement
exceeds 0.5

0

, 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 if the MODE CONTROL: PGNS switch is set to ATT HOLD.

• TCA thrusting must be terminated when il.Vgx is zero.

If the option to perform a Z-body-axis thruster burn with the LM Z-body oriented in the desired thrust
direction is chosen (DEDA entries 400+20000 and 507+10000), set the MODE CONTROL: AGS switch
to ATT HOLD when velocity to be gained along the Z-body-axis is less than 15 fps.
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ROlL AND YAW
PIVOTAL POINTS

YAW AXIS

NEUTRAL POSITION OF
GRIP ABOUT PITCH AXIS

PITCH PIVOTAL POINT

~ ROll AXIS

+X·AXIS

W~: SOFT STOP

HARD STOP
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+Z·AXIS ---

PUSH.TO· TALK SWITCH•
•

2.1. 4. 5. 2 Thrust/Translation Controller Assemblies. (See figure 2.1-42.)

A pair of detent switches and a pair of limit switches are located about each TTCA axis; a
nonlinear potentiometer is located along the longitudinal axis. (See figure 2. 1-43.) The detent switches

The other set of contacts sends a proportional secondary voltage to the LGC or the ATCA. The output
gradient voltages are 0.28 volt/degree of displacement (I0 to 11°). Positive rotation commands
generate in-phase voltage; negative commands, 180° out-of-phase voltage.

2.1-123

Figure 2.1-40. ACA - Angular Displacements
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Either astronaut's TTCA can be used for manual control of LM translation in any axis, de
pending on the setting of the THROTTLE-JETS select lever. The THROTTLE position is selected for
translation control, using the descent engine and the thrusters; JETS, for translation control, using
only the thrusters.

During attitude control (ATTITUDE CONTROL: ROLL, PITCH, or YAW switch 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 2.5°. When the AGS is in control and the pulse mode is selected for a given axis
(ATTITUDE CONTROL: ROLL, PITCH, or YAW switch set to PULSE), positive or negative d-c voltages
are applied to the plus and minus switches of the ACA. When the ACA is displaced 2.5° or more from
neutral, a positive or negative d-c voltage is applied to the ATCA. A positive voltage commands a posi
tive acceleration (pulsed) about the selected axis; a negative voltage commands negative acceleration.
With the ATTITUDE CONTROL: ROLL, PITCH, or YAW switch set to DIR, 28 volts dc is applied to two
RCS secondary solenoids when the ACA is displaced more than 2. 5° .

In any attitude control operation, if the ACA is moved 12° or more in any axis (hardover
mode), the ACA activates four thrusters via the secondary coils. With either the MODE CONTROL:
PGNS or AGS switch set to ATT HOLD and the ATTITUDE CONTROL: ROLL, PITCH, and YAW switches
(one or more) set to MODE CONT, the ACA can command LM attitude changes about the selected axis or
about as many as three axes simultaneously.

•
•

•
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• Supplies regulated SOO-cps, three-phase and single-phase power to the RGA, and
reference SOO-cps, single-phase power to the FDAI's, AGS, IS, and the RR backup •
servo transducer's (manual mode)

2.1. 4.5.3 Attitude and Translation Control Assembly. (See figure 2.1-44.)

•

•

+Z·AXIS

FRICTION
CONTROL

THRonLE-JETS
SELECT LEVER

Figure 2.1-42. TTCA - Angular Displacements

10% THRUST JL-l_L-JETiMOiPE-f:~i~ti~~~~t-l~
POSITION

• Supplies regulated d-c power to the DECA, ACA, TTCA, and S&C control assem
blies and internal d-c power to the ATCA

• Accepts externally generated ground discretes at the primary jet drivers pre
amplifiers during the digital autopilot (DAP) mode

THROnLE SOFT STOP
POSITION (50.6% THRUST)
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• Under automatic attitude hold control, conditions the thruster commands from
the LGC

The ATCA performs the following functions in the pr-imary guidance mode:

When the AGS is controlling the vehicle, the limit switches issue on and off translation
commands directly to the RCS jet logic and driver circuitry. The nonlinear potentiometer 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.

provide a discrete to the LGC when the astronaut operates the TTCA O.25 inch out of its detent (neutral)
position. The discrete commands the LGC to issue translation change commands in accordance with
the TTCA motion.

The ATCA processes signals from the ACA, TTCA, RGA, and AEA in the AGS mode and
from the LGC in the PGNS mode. The ATCA provides control of LM translation and rotation in all three
axes, using the thrusters. Automatic and manual control are available in the primary guidance and
abort guidance modes.

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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Figure 2. 1-43. Thrust/Translation Controller Assembly - Functional Diagrams
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Figure 2.1-44. Attitude and Translation Control Assembly - Simplified Block Diagram
(Attitude Hold and Auto Modes)
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• Accepts and processes mode-changing external signals to effect changes in rate gain
due to changes in vehicle inertial (during APS or DPS operations), a change in
deadbands (manually set), and a change in two-jet - four-jet rotation commands, but.
dependent upon engine propulsion modes.

•
•

•

•
•
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The ATCA performs the following functions in the abort guidance mode:

• Accepts BOO-cps attitude error signals, rate command signals, and rate gyro
signals for the purpose of generating on and off thruster commands

• Sums, amplifies, limits, demodulates, and deadband attitude and rate (command
and gyros) signals to produce vehicle rotation commands.

• Determines, by combination of rotation and translation commands in the logic
circuitry, the appropriate pulse ratio modulators and jet solenoids to be
energized. Proper thruster selection provides the desired rotation and trans
lation.

• Accepts external open-loop, low-level rotation commands directly at the logic net
works (pulse mode)

• Provides trim signals to the DECA

• Provides d-c voltages to the ACA, TTCA, DECA, and the control panel, and
internal d-c voltages to the ATCA

• Provides synchronized BOO-cps, three-phase power to the RGA and BOO-cps single
phase power to the ACA, TTCA, RGA, AGS, FDAl's, IS (during manual mode
only), and RR backup servo transducers

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 PGNS, but
automatic manual steering and translation commands from the jet selection logic are inhibited.
Regulated d-e power and the synchronized BOO-cps power are still supplied from the ATCA. In this
functional mode, the ATCA electronically switches the thruster command ground discretes from the
LGC to provide driving power for RCS jet solenoid actuation and provides vehicle rotation rates to the
FDAl's. In the abort guidance mode, only the abort preamplifiers are enabled and thruster signals from
the pulse ratio modulators are switched to 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 switch is set to OFF,
the four abort preamplifiers that control the upward-firing thrusters (AIU, B2U, A3U, and B4U) are dis
abled, if necessary, to optimize conditions during ascent engine firing.

In the ibort guidance mode, pitch, roll, 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 5°/sec in roll 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 signals from the RGA. In the attitude
hold mode, with an ACA out of detent, 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 roll 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 +0.3° roll and pitch; 0.4° to +0.4° yaw). If the ascent or descent engine is
turned on, the narrow deadband is automatically selected. When the engines are turned off, the deadband
depends upon the setting of the DEAD BAND switch.

In the automatic and attitude hold modes, the attitude error signals from the deadband cir
cuits are routed to the logic summing amplifiers, which drive the proper pulse ratio modulator (PRM) and
reaction jet driver. In the pulse mode, d-c voltages from the ACA's are directly routed to the
logic summing amplifiers. Using one summing amplifier to drive one thruster 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 thrusters. Roll, pitch, and X-axis translation are controlled by the vertical
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Rate Signal Summation Amplifier. The attitude error and rate and ACA signals are a-c summed and
amplified before demodulation by the amplifier, because they are all synchronized to the 800-cps power
source. Amplification and summing at this point helps to minimize error caused by drift.

The ATCA consists of an attitude error signal conditioner-limiter, rate signal summation
amplifier demodulator-filter network, deadband circuits, jet select logic, pulse ratio modulators, and
solenoid driver preamplifiers and jet solenoid drivers. (See figure 2.1-45.)

•
•

•

•
•

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
Mission LM Basic Date 1 February 1970 Change Date 15 June 1970Page 2. 1-130

Pulse Ratio Modulators. The PRM's accept the net output signal + or - of the logic network d-c
summing amplifiers. The eight PRM's consists of a zero crossover detector, an absolute value cir
cuit, output gating, and the PRM circuit. The PRM's accept d-c analog signals from the thruster selec
tion logic, detect the polarity, and route the pulsed output to the proper jet driver. The zero crossover
detector detects the polarity of the d-c input, and provides enabling signals to the appropriate gates
when the inpu signals exceed the threshold level (0.5 volt). In this manner simultaneous thrusting of
opposing jets is prevented. Because the PRM circuit operates on positive inputs only, the absolute
value circuit is required, to invert negative inputs and pass positive inputs to the PRM. The outputs
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.

The eightPRM's generate pulses, whose width and frequency vary accordingtothe input volt
age, to control the duty cycle of the thrusters. 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 thrusters,
depending on the polarity of the input voltages to the PRM. When the pulse is applied, the jet drivers,
which act as solid-state switches, supply a groundpath tothe solenoid coil of the thruster. This action
completes an electrical path for the solenoid coil, and the thrusterfires for the duration of the PRM pulse.

Demodulator-Filter Network. A keyed demodulator is used to convert summed and amplified error sig
nals to de, The synchronized 800-cps power source of the ATCA is used for the demodulator reference.
An active filter is used to obtain 12-db/octave attenuation for frequencies above 18 cps. The filtered roll
and pitch signals are routed to the DECA for descent engine trim.

Deadband Circuits. Either of two deadband circuits can be selected manually with the DEAD BAND
switch. 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 per-iods when
the ascent or descent engine is thrusting. In addition to the manual capability, an automatic minimum
deadband override is provided for use during ascent or descent engine thrusting.

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 conditioner-limiter before summa
tion with the rate gyro signal. Limiting the attitude error prevents command of excessive vehicle rates
during narrow deadband operation only subject to ascent or descent conditions. The limiting action of
the limiter is eliminated during wide deadband operation.

Jet Select Logic. (See figure 2.1-46.) For any combination of analog rotation and translation signal
inputs to the ATCA, this logic provides signals to the proper thrusters (tables 2.1-16 and 2.1-17).

.. Maximum moment control of four jets for combinational commands occurs whenever they are commanded.
When the ascent or descent engine is thrusting, the ascent engine latching device of an S&C control as
sembly automatically puts the logic in four-thruster roll and pitch operation. In four-thruster operation,
the logic corrects roll or pitch errors with four thrusters. This provides additional attitude gain to
compensate for possible engine thrust-vector misalignment. The X TRANSL switch (panel 1) enables
the astronauts to command four-thruster X-axis translation to provfde additional thrust capability along
the vehicle X-axis.

thrusters ; yaw, Y-axis translation, and Z-axis translation, by the horizontal thrusters. The eight summing
amplifiers combine the attitude signals and translation commands from the TTCA an.d appl.y the result~t
signals to eight PRM's. Logic circuitry determines whether two or four thruster.s (J~ts) f.lre for X-axIS
translation, pitch, and roll, as well as, the net number of jets activated by ~omblllat.lOn signals. Al.so,

I manual operation of two or four jets in X-translation and pitch or roll on a single-axis basis IS possible,
using ATCA.
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Table 2.1-16. ReS Jet Select Logic - Rotational Maneuver

*Alternatlve two-Jet pcltcies when a P rotational Jet fails.
**1fone U or V rotational jet fails, the other jet completes rotation.

B A B A A B B A B A A B A B A B
4 4 4 4 3 3 3 3 2 2 2 2 1 1 1 1

Maneuver U D F R U D A R U D A L U D F L

«P (Yaw left), four-jet X X X X
two-jet Alternating pulses between A4R, B2L & AIF, B3A

-P (Yawright), four-jet, X I X I X I X
two-jet Alternating pulses between B4F, A2A & BIL, A3R

+P (Alternative)*, two-jet X X
X X
X X

X X
X X

X X

-P (Alternative) *, two-jet X X
X X

X X
X X

X X
X X

+U (Pitch up, roll right)**, two-jet X X

- U (Pitch down, roll left)>, two-jet X X

+V (Pitch down, roll right)**, two-jet X X

-v (Pitch up, roll left)**, two-jet X X

Solenoid Driver Preamplifiers and Jet Solenoid Drivers. Thirty-two solenoid driver preamplifiers ac
cept 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 2B-volt
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 thrusters by pro
viding 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 rotation logic inputs cause one or two of the
vertical thrusters to fire and oppose the engine thrust. To prevent this 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 OFF provides two- thruster roll and pitch error corrections without opposing the
engine thrust.

2.1. 4. 5. 4 Rate Gyro Assembly. (See figure 2.1-47. )

The RGA senses pitch, roll, and yaw rates and applies the BOO-cps rate signals to the ATCA.
The ATCA uses the BOO-cps rate signals to rate-damp the attitude control loop when the AGS is in control.
Rate signals are displayed on the FDAI from monitor points at the ATCA inputs.

The RGA consists of three single-degree-of-freedom rate gyros mounted so that they sense
vehicle roll, pitch, and yaw rates. Each gyro can measure input rates from _25 0 to +25

0
per second;

each has self-test features. Each rate gyro senses a rate of turn about its input axis, which is perpendic
ular to the spin and output axes. This rate of turn is dependent on the gimbal position of the gyro. An
analog output (rate of turn) is obtained from the stator-rotor pickoff, which is positioned by the precession

• of the gimbal. The pickoff voltages are continuously fed to the FDAI rate indicators and the ATCA. In
abort guidance, these rate signals are effective in damping vehicle rates.

Three-phase, 26-volt, BOO-cps power generated in the ATCA is applied to the ~otor of e~ch
gyro. Pickoff excitation (28-volt, BOO-cps power generated in the ATCA) is applied to the prunary coil
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PGNS or ATCA signals to position the GDA's to control engine trim

Table 2.1-17. ReS Jet Select Logic - Translational Maneuver

•

2. 1-135

The DECA processes four descent-engine-controlling outputs, as follows:

2.1. 4. 5. 5 Descent Engine Control Assembly. (See figure 2.1-48. )

• Engine-throttling commands from the astronauts (manual) and the PGNS (automatic)

of a microsyn pickoff. The secondary coil picks off an 800-cps voltage proportional to the precession of
the gyr 'nd, hence, proportional to the LM rate about the gyro input axis (0.140 vrms/deg/sec).
Polar-I: ,3 arranged so that an in-phase pickoff voltage indicates a positive rate; a 180 0 phase pickoff •
voltage, a negative rate.

The self-test capability consists of a spin motor rotation test and a self-test torquer (gim
bal torquer). The self-test torquer applies torque to the movable gimbal. When 28 volts de is applied to
windings L1 and L2, the secondary of transformer T1 should pick off a voltage equivalent to a 5°/sec
rotation. The direction of torquing is reversed by changing the polarity of the d-c voltage.

*Y- and Z-track translations are commanded when conventional Y or Z two-jet translations are not
available (jet failure). Tacking alternations are performed every 0.1 second.

B A B A A B B A B A A B A r A B
4 4 4 4 3 3 3 3 2 2 2 2 1 1 1 1

Maneuver U D F R U D A R U D A L U D F L

+X-Translation, four-jet X X X X
two-jet X X

X X

-X-Translation, four-jet X X X X
two-jet X X

X X

+Y-Translation X X

- Y-Translation X X

+Z-Translation X X

-Z-Translation X X

+U (+Z & +Y) Translation X X X X.
-U (-Z & -Y) Translation X X X X

+V (+Z & - Y) Translation X X X X

-v (-Z & +Y) Translation X X X X

+Y-Tack Translation* Alternating pulses between B2L. B4F & A2A, B2L
Alternating pulses between B1L, A1F & B1L, B3A

- Y-Tack Translation* Alternating pulses between A4R. B4F & A4R, A2A
Alternating pulses between A3R. B3A & A3R. A1F

+Z-Tack Translation* Alternating pulses between B3A, A3R & B3A, BlL
Alternating pulses between A2A, B2L & A2A. A4R

-Z-Tack Translation* Alternating pulses between B4F, MR & B4F. B2L
Alternating pulses between A1F. A3R & AlF, B1L

e

e

e---------

e _

e
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Engine arm commands to actuate the fuel and oxidizer isolation valves in the
descent engine

On and off commands to control descent engine ignition and shutdown (figure 2.1-51)

• Issues GDA operation and DC supply failure notification to IS

•

•

Figure 2.1-47. Rate Gyro Assembly - Schematic and Vector Diagram

2.1-136

To initiate manual throttle commands only, the THR CONT switch (panel 1) must be set to
MAN. (See figure 2. 1-49.) During manual throttle control, LGC throttle commands are interrupted and
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Figure 2.1-48. Descent Engine Control Assembly - Simplified Block Diagram
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only manual commands are displayed on the THRUST indicator. Manual throttle commands 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 10% command. These commands drive a nonlinear circuit
that provides the desired thrust level. With nonlinear thrust levels, more resolution is obtained at the
lower levels. (Sef' figure 2.1-52.) Once the nonlinear region of the TTCA is reached, the TTCA should
be displaced to its hard stop to prevent erratic descent engine operation.

To apply automatic throttle commands to the descent engine, the THR CONT switch must be
set to AUTO. The automatic commands appear on two separate lines (throttle increase and throttle
decrease) as 3,200-cps pulse inputs to an integrating d-c counter (up-down counter). Each pulse corre
sponds to a 2. 7-pound thrust increment. Throttle increases can drive the counter up to 12 volts, which,
when combined with the TTCA fixed 10% output in the descent engine throttle servoamplifier, corresponds
to 92.5% thrust. During automatic throttle operation, the LGC-commanded thrust is summed with the

•
•

•

•

•
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Figure 2.1-49. Descent Engine Control Assembly - Throttle Control Diagram

FROM
LGC

+ 2BVDC-----..,-

In the primary guidance mode, the LGC provides automatic trim control (see figure 2.1-50).
When the LGC determines the required descent engine trim it provides a train command to the DECA, on

output of the TTCA. When the TTCA is in its minimum position, the LGC-commanded thrust is summed
with the fixed 10% output of the TTCA. When an active TTCA is displaced from its minimum position,
the amount of manual thrust commanded is summed with the LGC -cornmanded 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 92.5%. Automatic thrust commands
desired by the LGC are always 10% of thrust lower than required to compensate for the TTCA fixed
output.
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Figure 2. 1-51. Descent Engine Control Assembly - Engine Control Diagram
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a positive trim line or a negative trim line for the roll or pitch axis. The trim command is routed by
a malfunction logic circuit and to a power-switching circuit, which applies 115-volt, 400-cps power to
the proper GDA. The power-switching circuit is 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 logic circuit. The malfunction logic generates a trim failure signal that removes the 400-cps

".:,"



• The transducer fails.

• The 400-cps motor fails.

• The GDA is not moving in the commanded direction.

II
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Figure 2.1-52. Throttle Control vs TTCA Displacement
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In the abort guidance mode, roll and pitch trim signals are received from the roll 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 malfunction logic, which controls the power-switching
circuits as in the primary guidance mode.

• The malfunction circuitry fails.

• The 400-cps motor rotates without a command.

power from the power-switching circuit. The signal is generated, and routed to the LGC and the
IS, if any of the following conditions exist:

2.1. 4. 5. 6 Gimbal Drive Actuators. (See figure 2.1-53.)

There are two GDA's. 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 +6° or _6° along the Y-axis and Z-axis. •

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 (7.5 volts per inch) ±10% 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.

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEMS
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2. 1. 4. 5. 8 S&C Control Assemblies.

The S&C control assemblies contain three similar assemblies. One of the assemblies
also processes automatic and manual ascent or descent engine on and off commands. The circuits

•
•

•

•
•
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Figure 2. 1-53. Gimbal Drive Actuator
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POSITION TRANSDUCER

2.1-142

GEAR TRAIN

2.1. 4. 5. 7 Ascent Engine Arming Assembly. (See figure 2.1-54.)

All the relays are energized by inputs from the DUA. The select commands (select 1,
2, 3, or 4) determine which pair of relays are to be energized to close the bridge circuit. The set
commands (set 1 or 2) energize the relays designated by the select command. The reset commands
deenergize the bridge circuit.

The AEAA is used in conjunction with the digital uplink assembly (DUA) of the CS. The
DUA decodes the VHF (450-mc) uplink commands and routes control commands to the AEAA and program
control commands to the LGC. The program control commands instruct the LGC to initiate the APS
burn program. At the same time, control commands are routed to the AEAA to arm the ascent engine.
These commands energize a bank of relays, which, when energized, short the contacts of the ENG ARM
switch. This arms or enables the ascent engine ignition circuits within S&C control assemblies No. 1
and 2.

Normally, the PGNS is used to fire the ascent engine. Another bank of relays is used to
keep PGNS in control. Through the normally closed contacts of these relays, the GUID CONT switch
is shorted to the PGNS position. MSFN can select AGS control by energizing these relays. When
energized, they short the contacts of the GUID CONT switch to the AGS position. Remote AGS program
control is achieved with the followup facility of the LGC. Control of the LGC program is performed by
MSFN; the LGC, through the followup facility, instructs the AEA as to what functions it is performing.
The AEA then follows the LGC by issuing the same commands. These commands from the AEA are
present at all times, but are not used until relay K8 is energized. When K8 is energized, the LGC out
puts are terminated and the outputs of the AEA are used.

The relay logic consists of two bridging circuits that use four relays each (figure 2.1-55).
One bridge circuit (relays Kl, K2, K3, and K4), when energized, shorts the contacts of the ENG ARM
switch to the ASC position. The other bridge circuit (relays K5, K6, K7, and K8), when energized,
shorts the contacts of the GUm CONT switch to the AGS position. The contacts of relays K5, K6,
K7, and K8 are normally closed when the relays are deenergized. This conditions shorts the contacts
of the GUID CONT switch across the PGNS position.

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
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Figure 2.1-54. Ascent Engine Arming Assembly - Functional Diagram
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3 pounds

10 inches

14 inches

PERFORMANCE AND DESIGN DATA.

Oribital Rate Display - Earth and Lunar. (See figure 2.1-57.)

Leg length (approx)

Weight

Diameter

Navigation base

2.1.5

2.1. 4. 6
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2. 1. 4. 5. 9 Gimbal Angle Sequencing Transformation Assembly. (See figure 2.1-56.)

The ORDEAL is an electromechanical device that contains a pair of resolvers, one for
each FDAl. The resolvers are driven by a stepper motor, at the orbital rate selected with the
ALT SET control on the ORDEAL panel. They may be switched directly into the pitch total attitude
channels of the FDAl's.

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 asc- "1t
engine is ignited, the engine-on command starts the staging sequence, using the Explosive Devic,
Subsystem. The S&C control assemblies contain a memory circuit that maintains the ascent eng." 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 iginition and shutdown.

The resolvers provide a display of LM attitude with respect to a local horizontal refer
enece 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 channel 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 earth (Ii).

The performance and design data for the GN&CS sections are given in tables 2.1-18
through 2.1-21.

Table 2.1-18. Primary Guidance and Navigation section - Performance and Design Data

The GASTA operates in conjunction with the FDAl's. The GASTA conditions the analog
gimbal angle signals from the IMU before they are applied to the FDAl's to drive the FDAl sphere.
The GASTA converts 26-volt, 800-cps signals from the IMU"to 15-volt, 400-cps signals. The signals
from IMU must be routed through the GASTA for conditioning. Because the AGS has its own GASTA
(or conditioning) function, its gimbal angle signals are routed directly to the FDAl's.

The ORDEAL is used after obtaining the LM attitude with respect to the local horizontal,
from the LGC. The selected FDAI (Commander's or LM Pilot's) 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.
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Table 2.1-18. Primary Guidance and Navigation section - Performance and Design Data (cont) •
Inertial measurement unit

Weight (approx)

Diameter

Temperature

42 pounds

12.5 inches

TBS •Alignment optical telescope

Number of detent positions 6

Field of view

Counter readout 000.00° ro 359.98°

Counter resolution ±36 arc seconds

•

•
•

TBS

3-3/8 inches

3 pounds

20 pounds

2-1/2 inches

5

2-1/2 inches

4-3/8 inches

5.5 inches

8.875 inches

2.675 inches

23.5 inches

11 inches

15 pounds

11.33 inches

13 inches

2.1-146

Depth

Height

Pressure

Weight

Height

Depth

Number of channels

Width

Width

Weight

Depth

Weight

Width

Height

Width

Height

Pulse torque assembly

Computer control and reticle dimmer assembly

Power and servo assembly

Coupling data unit
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Figure 2.1-56. Gimbal Angle Sequence Transformation Assembly Schematic Diagram
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Figure 2. 1- 57. Orbital Rate Display - Earth and Lunar - Schematic Diagram
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Table 2.1-18. Primary Guidance and Navigation Section - Performance and Design Data (cont)

•
Coupling data unit (cont)

Depth

Weight

LM guidance computer

20 inches

35 pounds

Computer type Automatic, electronic, digital, general-purpose, and
control

Internal transfer Parallel (all bits simultaneously)

Memory Random access

Erasable Coincident-current core; 2, 048-word capacity

Fixed Core rope; 36, 864-word capacity

Word length 16 bits

Number system Binary l' s complement - for manipulation

•
Circuitry type

Machine instructions

Regular

Involuntary

Peripheral

Flat pack, NOR micrologic

56 total

42 total

9 total - associated with counter interrupts and program
interrupts

5 total (for ground testing only)

Program interrupt options 10 total

Counter Irr .nt options 29 total

Memory eye time 12 microseconds

Add time 24 microseconds

Telemetry

Uplink

Synced from PCM

Up to 1,000 bits/second

Downlink Telemetry start and end pulses at 50 or 10 pps

Positive (positive dc ~ binary 1; 0 volts ~ binary 0)•
Basic clock oscillator

LGC power supplies

Logic

Parity

2,048 mc

One +4-volt switching regulator

One +14-volt switching regulator

Odd

Operated from 28-volt
d-c input power

2.1-151
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•
•

•

•
•

15 June 1970

+4, +15, +28, and -15 volts dc

20±4 cps

+57 0 to +970 F

Zero: 0 to 0.5 volt dc
One: +3 to +5 volts de

5 microseconds

+2.5 to -2.5 vrms

800 cps

Single- and three-phase, 800 cps

O. 050 per second

4.096 words

_25 0 to +250 per second

128 kpps

TBS

1, 024±2 pps

28±4 volts dc , 90 watts
115±2.3 volts ac, 400 cps, ±5%, 3.5 watts

128 kpps

18 bits per memory word

Conduction through mounting flanges

00 to +160 0 F

Attitude error, command rate, and rate gyro output

115 vrrns

1. 0 watt (single phase)
40 watts (de)

18 watts (maximum; three-phase)

8.5 watts (maximum; three-phase)
1. 5 watts (de)

Table 2.1-19. Abort Guidance Section - Performance and Design Data

2.1-152

Sensitivity

Input rate frequency

D-C input power nominal voltage

Input power

Steady-state voltage limits

A-C input power nominal voltage

Input range

Transient power

Operating temperature range

Temperature range

Steady-state power

Starting power

Input signals

Operating frequency

Cooling

Descent engine control assembly

Table 2.1-20. Control Electronics Section - Performance and Design Data

Primary power

LMA790-3-LM
APOLLO OPERATIONS HANDBOOK
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AEA and DEDA logic levels

Number of bits

DEDA clock

Cycle time

ASA temperature range

ASA clock

AEA memory

AEA temperature range

Rate g)TO assembly

AEA clock

Attitude and translation controller assembly

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
Page__=..;....'---=:..:.::~__ Mission LM Basic Date 1 February 1970 Change Date _--=.:::-::.;=:....;:;~'--_
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5 watts (maximum)

27.6 watts (maximum)

5 watts (maximum)

7.9 watts (maximum)

3 watts (maximum)

6 watts (maximum)

28 volts. 800 cps

Proportional transducer

0.28 volt/degree

28 volts, 800 cps

Proportional transducer

35 watts

5.5 pounds

115±2.5 vrms , single phase, 400 cps

28±3 volts

+2 to -2 inches ±5%

+6 0 to -6 0 ±5%

0.2°/sec ±10%

5.0 cps (maximum)

115±2.5 vrms, single phase, 400 cps

4 watts at 0.9 power factor (minimum)

4 watts

10 to 310 nm (calibrated in 5-nm steps)

A-C power consumption (steady-state
average)

Steady-state average

Transient peak

Steady-state

A-C power consumption

Transient peak

Steady-state average

D-C power consumption

A-C power

Total power consumption

Transient

Stroke

Gimbal position

Gimbal rate

Frequency of operation

Power consumption

AC

DC

AC

DC

Gimbal drive actuator

Range of orbital altitude

Attitude controller assembly

Operating power

Type of sensor

Displacement

Thrust/translation controller assembly

Operating power

Type of sensor

Table 2.1-21. Orbital Rate Display - Earth and Lunar - Performance and Design Data

Attitude and translation controller assembly (cont)

Table 2.1-20. Control Electronics Section - Performance and Design Data (cont)

Operating power

Weight

LMA790-3-LM
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Operating temperature range
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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

1 2.1. 6. 2 through 2.1. 6. 5.

General.

OPERATIONAL LIMITATIONS AND RESTRICTIONS. •
•

•

•
•

LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA
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• The IMU, ASA, and LGC must not be placed in their operate modes until after 15
minutes of sublimator operation. If this requirement is not observed, erroneous
and changing IMU, ASA, and LGC outputs occur during temperature cycling.

• Before and during all eN maneuvers, narrow deadband operation must be used to
achieve proper control of the thrust vector, for trajectory accuracy. Failure to
comply with this procedure produces an unacceptable level of uncertainity in the
trajectory.

• The AGS must be updated to the PGNS within 5 minutes before any burn, to minimize
error due to drift. In addition, the time from first star fix to completion 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.

• For accurate updating of AGS state vectors, using the RR, the separation distance
between the LM and the CSM must not exceed 100 nrn,

• IMU fine alignment must be completed at some time prior to any main engine burn,
the elapsed time between alignment and the engine burn is dictated by the allowable
burn dispersions. A fine alignment must be performed 20 minutes prior to the
powered descent and ascent to and from the lunar surface. The time from the first
star fix to completion of the IMU alignment must not exceed 10 minutes. These
times are established to compensate for stable member drift, which would result in
an unacceptable level of error in thrust vector alignment.

• The IMU requires an operating time of 30 minutes, for temperature stabilization,
after switching from standby to operate. The first 90 seconds are required by the
IMU gyros, to acquire synchronous rotor speed; the remaining time is for temper
ature stabilization. If the IMU is used during this time, scale factor changes
resulting from varying temperature cause degraded attitude data.

• A gimbal lock condition exists if the outer and inner gimbals come within 20 0 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
during 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, which places itself in the cage mode at initial IMU operate turn-on,
will not disengage cage automatically.

• The AOT field of view must cover a suitable starfield, because LGC programming
for IMU alignment is based on specific star requirements. IMU alignment will be
inadequate if this requirement is not observed.

Primary Guidance and Navigation Section.

The operational limitations and restrictions for the PGNS are as follows:

Page 2.1-154
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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. II

•
• 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 damage 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 orientation No. I (shaft
angle of -77. 2 0

, trunnion angle of 0°).

2.1.6.3

• During initial turn-on of the PGNS, the LGC and DSKY power must be turned on at
least 20 seconds before the CWEA is turned on. Failure to observe this restriction
could result in a false alarm condition (LGC warning).

Abort Guidance Section. •
The operational limitations and restrictions for the AGS are as follows:

•
2.1.6.4

• At least 25 minutes must be allowed for ASA warmup, to stabilize the inertial
components, otherwise, operation is degraded.

• AEA operation is terminated automatically if its power subassembly d-c input
voltage drops below 20 volts de.

• The ASA gyro rate must not exceed 25°/second; otherwise, output is degraded.

• The AGS update for PGNS/AGS alignment must be completed within 5 minutes
before any burn. The time from the first star sighting to the completion of AGS
alignment must not exceed 90 minutes for powered descent and ascent to and from
the lunar surface. (Earth orbital mission times are a function of mission re
quirements.) Exceeding or not following these restrictions will result in degraded
data stored in AEA which will cause trajectory anomalies.

Control Electronics Section. •
The operational limitations and restrictions for the CES are as follows:

2. 1-155

• The static operating load limit for the GDA is 2,900 pounds.

• The TTCA provides control over the throttle magnitude, from 10% to 92.5 % of
maximum thrust.

• Linearity of thrust commanded must be ±5% over the entire throttling range.

• When the ascent engine is on, RCS +X-thrusters are used only for pitch and roll
control (and therefore add to tN), except as needed when large commands 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 predetermined time based on prelaunch
center-of-gravity predictions. If -X-thrusters are used, excessive fuel consumption
results because a portion of the tN provided by the ascent engine is cancelled while
overcoming the unbalance created by the center-of-gravity offset.

• Before and during tN maneuvers minimum (narrow) deadband is commanded. If
this restriction is not followed, an uncertainty in trajectory will result.

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM
Basic Date 1 February 1970 Change Date 15 June 1970 Page__=.:...=-.;:.= _Mission LM
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Orbitial 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 circular orbit. If this re
striction is not observed, FDAI pitch displays are degraded.

• The ORDEAL is limited to altitudes between 10 and 310 run. If these limits are
exceeded, outputs are degraded. •

•

•
•2. 1-156
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During the landing phase and subsequent rendezvous phase, the LM uses radar navigational
techniques to determine distance and velocity. Each phase uses a radar designed specifically for that phase
(rendezvous radar (RR), landing radar (LR». Both radars inform the astronaut and the computer
concerning position and velocity relative to acquired target. During lunar landing, the target is the
surface of the moon; during rendezvous, the target is the Command Module.

•
•

2.2

2.2.1

LMA 790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

RADAR SUBSYSTEM.

INTRODUCTION.

•
2.2.1.1 Rendezvous Radar and Transponder.

The RR, operated in conjunction with a RR transponder in the CSM, is used to acquire and
track the CSM before and during rendezvous and docking. (See figure 2.2 -1.) When the primarynaviga
tion and guidance section (PGNS) is in control (normal operation), the RR provides the PGNS and cabin
displays with line-of-sight (LOS) range and range rate data, and LOSangle and angle rate data with respect
to the CSM. If PONS fails, the astronauts furnish these data to the abort guidance section (AGS). The I
RR LOS is defined as the line-of-sight direction between the CSM target and the RR antenna. The RR
also tracks the CSM target during the coasting and descent engine burn phases of the mission to supply
tracking data for any required abort maneuver.

During the rendezvous phase, RR performance is evaluated by comparing RR range and range
rate tracking values with Manned Space Flight Network (MSFN) tracking values. A large deviation from
the MSFN tracking values indicates a gross error in the RR range and range rate data. Data pertaining
to the RR shaft- and trunnion-axis angles and the inertial measurement unit (IMU) gimbal angles are also
transmitted to MSFN for comparison with like ground-tracking data.

The RR transponder, a radar receiving and transmitting target, increases the RR maximum
usage range capabilities by reducing the RR transmitting power losses versus range from fourth to
second power as compared to skin-track radar. By providing the RR with a discrete radar transmitting
signal to acquire and track, the transponder makes the CSM appear to the RR as the only object in its
field of view. On acquiring the RR signal illuminating the CSM, the transponder side-steps the RR three
tone, phase-modulated carrier frequency down 40.8 me to 9792 me and then transmits the phase-coherent
9792-mc carrier frequency for acquisition by the RR. The three-tone modulation of the transponder
transmitted signal is kept phase-coherent with the RR-transmitted signal received by the transponder.

The RR provides LOS range, range rate, and antenna angular data to the LM guidance com
puter (LGC) and to the LM cabin displays. By entry via the data entry and display assembly (DEDA), the
abort electronics assembly (AEA) is supplied with range and range rate data for a computer-controlled
(LGC or AEA) rendezvous of the LM and CSM.

The RR, when search-sweeping or tracking and locked on to the RR transponder in the CSM,
is a continuous-wave coherent system, which uses phase-lock techniques in the radar and in the trans
ponder. When operating with the LGC, the RR derives range, range rate, and shaft and trunnion angle

2.2.1. 2 Landing Radar.

The LR pr-ovides the PGNS and the astronauts with slant range and velocity data for control
of descent to the lunar surface. Based on these data, the PGNS calculates control signals for LM rate of
descent, hovering at low altitudes, and soft landing at the selected lunar site. The LR is activated at
approximately 50,000 feet above the lunar surface and remains activated until touchdown. In the nominal I
descent trajectory, slant range data are available to the PGNS at approximately 40,000 feet (no less than
25,000 feet); velocity data, at approximately 35,000 feet (no less than 18,000 feet).

2.2.2 SUBSYSTEM INTERFACES.

The Radar Subsystem interfaces with the Guidance, Navigation, and Control Subsystem
(GN&CS), Instrumentation Subsystem (IS) and Electrical Power Subsystem (EPS).

2.2.3 FUNCTIONAL DESCRIPTION.

•
•

2.2.3.1 Rendezvous Radar. (See figure 2.2-2.)

2.2-1Page__....::.c....:::....~ _
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RENDEZVOUS

RADAR ANTENNA

CSM
-Z·AXIS

CSM + CSM
+Y·AXIS +X·AXIS

CSM
+Z·AXIS

•

Figure 2.2-1. LM Rendezvous Radar and CSM Target Orientation

data and routes these data to the LGC. The AEA state vector is automatically updated by range and range
rate data from the LGC or by manually inserting this data via the DEDA. Range is determined by meas
uring the time delay between the transmitted signal and the received signal. Range rate is determined by
measuring the two-way Doppler shift of the carrier signal received from the transponder. The RR has
an unambiguous range capability from 80 feet to 400 nm and a range rate capability from -4,900 to
+4,900 fps.

Range and range rate data are accepted by the LGC only upon program demand. The CDU
continuously receives the shaft and trunnion angles, converts them to digital form, and sends these data
to the LGC upon program demand. In addition to the RR outputs to the LGC, range and range rate are
displayed in the cabin. The shaft and trunnion angles and angle rates are indicated as elevation and

I azimuth angles by the FDAI and as pitch and yaw rates by the X-pointer indicator on panels 1 and 2. The
azimuth indication is derived from the trunnion angle; the elevation indication, from the shaft angles.
The angle rates are derived from the gyro torquer currents.

The RR consists of an antenna assembly and an electronics assembly. The antenna assembly
multiplies the 102. 425-mc carrier signal generated in the electronics assembly by 96, to obtain the
9832. 8-mc transmitter signal. In free flight, the LGC computes the LOS angle to the CSM and then points
the LM +Z-axis to the CSM target. The LGC designates the RR antenna angles, pointing the RR antenna
to the target, so that the 9832. 8-mc transmitter signal can be acquired by the transponder.

The transponder sweeps ±104 kc about its nominal 9792-mc transmitter frequency until the

I
RR 9832. 8-mc (plus Doppler) signal is detected. Concurrent with automatic detection, the transponder
halts the frequency sweep and acquires the RR transmitter signal by phase-locking to the carrier fre
quency. The transponder side-steps the RR transmitter signal 40.8 me to 9792 mc (plus Doppler) and
transmits that signal for acquisition by the RR.

The RR search -sweeps until it acquires the transponder -transmitted signal, then locks on to the
I 9792 -rnc plus Doppler carrier frequency. At this time, the radar angle-tracking loop is closed between the RR

•
•2.2-2
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Figure 2.2-2. Rendezvous Radar - Block Diagram
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The electronics assembly furnishes crystal-controlled signals, which drive the RR trans
mitter and provide a reference for processing the return signal. The electronics assembly also supplies
servo drive signals for antenna positioning and angle tracking. The frequency synthesizer subassembly
develops the carrier frequency (102.425 me), which is multiplied, by 96, to 9832.8 me (X-band) in a multi
plier chain in the antenna assembly and phase modulated by three tones (200 cps, 6.4 kc , and 204.8 kc).
The tones are generated by a reference generator in the range tracker. The receiver subassembly pro
cesses the three 40. 8-mc IF preamplifier outputs in three separate channels. The three 40. 8-mc IF I
signals (sum, trunnion, and shaft) are converted into 6. 8-mc IF signals. The sum signal (6. 8-mc IF) is
fed to the range tracker subassembly.

I
I

3QOlM ....J04

2.2-5Page__---'~:._;'--__

Figure 2.2-3. Rendezvous Radar Antenna Assembly

GYROS

TRUNNION AXIS
DRIVE MOTOR

AND RESOLVERS

The RF signal passes through a polarization diplexer to a comparator, which processes the
RF signal to develop sum and difference signals. The sum signal represents the sum of energy received
by all feedhorn ports (A+B+C+D). (See figure 2.2-3.) The difference signals, representing the differ
ence in energy received by the feedhorn ports, are processed along two channels: a shaft-difference
channel and a trunnion-difference channel. The shaft-difference signal represents the vectoral sum of
the energy received by the vertically adjacent ports (A+D)-(B+C) of the feedhorn. The trunnion-difference
signal represents the vectoral sum of the energy received by the horizontally adjacent ports (A+B)-(C+D)
of the feedhorn. The comparator outputs are heterodyned with the transmitter frequency (9832. 8 me) to
obtain three 40. 8-mc IF signals. The sum channel (reference), trunnion channel, and shaft channel of
the preamplifiers amplify their respective IF signals, which are then routed to the receiver subassembly
of the electronics assembly.
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and the transponder. The RR modulates its transmitted 9832. 8-mc signal with range tones. The trans
ponder demodulates the RR-transmitted signal and modulates its 9792-mc (plus Doppler) signal with the
range tones phase-coherent with the range tones present on the received RR-transmitted signal.

The transponder signal is received by a four-port feedhorn. The feedhorn, arranged in a
simultaneous lobing configuration, is located at the focus of a Cassegrainian antenna. (See figure 2.2 -3. )
If the transponder is directly in line with the RR antenna boresight, the transponder signal energy is
equally distributed to each port of the feedhorn. If the transponder is not directly in line, the signal
energy is unequally distributed among the four ports.

HYPERBOLIC
SECONDARY REflECTOR

SUPPORT STRUTS (4)

SHAFT AXIS RESOLVER

RADAR SUBSYSTEM
Mission LM Basic Date 1 February 1970 Change Date 1 April 1971

PARABOLIC
PRIMARY REflECTOR

SHAFT·AXIS DRIVE MOTOR•
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The RR operates in three modes: automatic tracking, slew (manual), and LGC control. The
RENDEZVOUS RADAR selector switch (panel 3) is used to select the mode of operation.
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Slew Mode. The slew (manual) mode is selected by setting the RENDEZVOUS RADAR selector switch to
SLEW. This mode enables an astronaut to slew the antenna manually to a position for acquisition of the
CSM.

•
•

•

•
•
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The sum signal output of the receiver subassembly is also fed to the frequency tracker sub
assembly. 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. The frequency tracker subassembly
detects the Doppler frequency by continuously comparing the received frequency, after it has been con
verted 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 received frequency plus
Doppler frequency by means of an automatic phase-lock loop. Any change in Doppler frequency results
in a corresponding change in VCO frequency. 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 because it would cause inaccuracies. Therefore, the loop that controls the VCO
frequency encompasses part of the receiving circuits. A feedback loop removes the Doppler frequency
from the ranging and antenna-positioning circuits, but maintains the VCO at the received frequency
(6.8 mc ± Doppler frequency).

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 antenna positioning, initiates automatic tracking
once the CSM transponder is acquired, and controls change in antenna orientation. When this mode is

The range tracker sequentially compares the phase of the 200-cps, 6.4-kc, and 204. 8-kc
return modulations with the phase of the reference signals from a reference counter, to provide range
tnfor rrrtton to the signal data converter. This operation cannot take place until the frequency tracker has
locke, :) and the LGC has issued an auto track enable signal so that the range tracker can lock up.
Cornpa.uson of the phase of the return and reference signals provides unambiguous ranging from 80 feet
to 400 nm. The range output is fed to the LGC and to the cabin displays.

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 shaft and trunnion channels with the sum channel signal. The
resultant error signals drive the antenna, thus maintaining track.

After double conversion to 1. 7 mc in the receiver, the trunnion- and shaft-difference signals
are demodulated, using the sum signal as a reference. The trunnion- and shaft-difference (pointing error)
signals obtained are used to torque gyros, which then provide trunnion- and shaft-axis servo drive signals
for correcting antenna pointing errors. The position of the transponder with respect to the RR boresight
determines the antenna pointing error signals generated. With the RR boresight facing above or below
the transponder, a shaft pointing error signal is generated only in the shaft angle error detector. With

• the RR boresight facing to either side of the transponder, a trunnion pointing error signal is generated.
An AGC loop in the receiver subassembly makes the output of the angle error detector dependent on the
antenna angle error only, and independent of signal amplitude. The output of the angle error detector
causes the motor of the antenna trunnion and shaft to position the antenna so that the boresight is aligned
with the CSM.

A gyro-stabilization loop compensates for vehicle angular motion. When tracking the trans
ponder, RR antenna attitude indicates the direction of the transponder with respect to the LM. Resolvers
transform the antenna-to-LM vehicle angles into electrical signals, which are fed to the LGC through the

• coupling data unit (CDU). When the antenna is in antenna orientation No. I, angular data are also routed
to the LM displays.

2.2.3.1.1 Modes of Operation.



The LGC positions the radar antenna at an angle such that its transmitted continuous-wave
radiation can be received at the transponder. When the antenna is within 0.5° of the LGC-estimated
direction to the transponder (a total maximum antenna pointing error of 2.5°), the LGC provides an auto
track-enable signal that initiates the tracking function. The antenna boresight may be as much as 2.5°
off the target LOS due to cumulative mechanical, electrical, and LGC programming errors. After the
frequency tracker has locked up with the transponder carrier frequency, the RR angle-tracks the trans- I
ponder target. During tracking, the RR supplies shaft and trunnion angles to the LGC via the CDU
analog-to-digital converters.

LMA 790-3-LM
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selected, the RR sends a RR power-on/LGC discrete to the LGC. Automatic control of RR search and
acquisition is provided by the PGNS, which transmits LGC-derived slewing commands to position the RR
antenna.

•
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General Operation. (See figure 2.2-4.)2.2.3.1.2

Setting the RADAR TEST switch to RNDZ implements the RR self-test. The TEST/MONITOR
switch and the SIGNAL STRENGTH indicator (panel 3) provide readout of the test parameters for AGC,
transmitter power, and shaft- and trunnion-angle errors. Shaft- and trunnion-angle rates are read on the
X-pointer indicator; angles, on the FDAI. The range and range rate self-test parameters are monitored
on the RANGE and RANGE RATE indicators. The astronauts can monitor antenna temperature, using the
TEMP MONITOR switch and the TEMP indicator on panel 3. If antenna temperature exceeds the tempera
ture limits (_54° to +148° F), the CWEA turns the HEATER caution light (panel 2) on .

The RR angle-tracking loop cannot be completed until the transponder is phase locked to the
RR signal and the RR receiver is phase locked to the transponder signal. In the RR, lock-on to the
transponder signal (9792 me) activates ranging modulation and the ranging tracking error is nulled within
11 seconds after the RR locks on to the transponder signal or after the LGC issues the auto-track-enable
discrete, whichever is completed last. After range and range rate lock-on are completed, the RR issues
a data-good discrete to the LGC. The NO TRACK light (panel 3) is extinguished. Range and range rate
data are now available to the LGC and to cabin displays. Besides shaft and trunnion angles, angle rate
data are available to cabin displays.

If the target is lost during LGC mode tracking, the NO TRACK light goes on, indicating that
the RR is not locked on to the CSM. A no-track signal supplied to the caution and warning electronics
assembly (CWEA) causes the RNDZ RDR caution light (panel 2) to go on. The PGNS takes control and
positions the antenna to regain acquisition and automatic tracking. The acquisition sweep generator in the
frequency tracker begins to sweep and continues sweeping until acquisition is achieved and angle tracking
is restored. When ranging circuits in the electronics assembly achieve lock-on, the data-good discrete
is restored, allowing range and range rate from the electronics assembly to be accepted by the LGC and
routed through the RNG/ALT MON switch (set to RNG/RNG RT) to the RANGE and RANGE RATE indica
tors (panel 1).

With the RENDEZVOUS RADAR selector switch set to SLEW, the RR is operated in the slew
mode, using the SLEW and SLEW RATE switches (panel 3). With the SLEW RATE switch set to HI, the
slew rate is a nominal 7° per second; with the switch set to LO, the slew rate is a nominal 1. 3 ° per
second. The astronaut can slew the antenna in the desired direction by holding the SLEW switch in the
required position (UP, DOWN, LEFT, or RIGHT) and using the proper slew rates for the periods of time
required. When automatic tracking is desired, the RR must be placed in the automatic-tracking mode or
LGC mode.

RADAR SUBSYSTEM
Mission LM Basic Date 1 February 1970 Change Date 1 April 1971

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 shaft angle signals are applied to the pitch error needle and the trunnion angle
signals are applied to the yaw error needle. The SHFT/TRUN ~ switch provides the desired scaling
factor (±5° or ±500) for the resolver outputs. With the RATE/ERR MON switch set to RNDZ RADAR, the
shaft and trunnion rates, corresponding to RR boresight angular rates, are routed through the X-POINTER
SCALE switch (panels 1 and 3) for display on the X-pointer indicator (panels 1 and 2): the ELEV RT and
AZ RT placarding on the indicators are illuminated. The setting of each X-POINTER SCALE switch
determines the scaling and whether the X. 1 or Xl. 0 placarding on the associated indicator is illuminated.

•
•

•

•

•
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Antenna Orientation No. 1. This orientation is used for transponder tracking during rendezvous operation.
With reference to the +Z-axis, orientation No. I provides LOS operational shaft coverage from _70° to
+60 0 and LOS operational trunnion coverage from _55° to +55 0

•

In the LGC control mode, the antenna is automatically reoriented from antenna orientation
No. I to antenna orientation No. IT by LGC-programmed slewing commands. This antenna reorientation
involves a specific combination of single-axis, alternate shaft and trunnion slewing to move the antenna to
within the desired region. Dual-axis control commences after the antenna reaches the desired region.

•
•

•

•
•1 April 1971Change Date _~=:...::;:.-=...:....:..::.__

Antenna Orientation. (See figures 2.2-5 and 2.2-6.)

Rendezvous Radar Transponder.

2.2-8

2.2.3.1. 3

2.2.3.2

RADAR SUBSYSTEM
Page Mission LM Basic Date 1 February 1970--------

The attitude of the antenna axis with respect to the LM axes depends on its antenna orienta
tion. There are two types of antenna orientation: antenna orientation No. I and antenna orientation No. IT;
both can be manually initiated by the astronauts by display and keyboard (DSKY) entries. The operational
and mechanical limits for antenna orientation No. I and II are depicted in figures 2.2 -5 and 2.2 -6, re
spectively. The RR antenna performs within the operational limits with optimum accuracy and minimum
degradation. The operational limits are the LGC program limits and operational slewing limits. For
antenna orientation No. I and II, the antenna mechanical limits are the shaft and trunnion mechanical
coverages, stated in boresight angular degrees, from one hardstop to the other hardstop. The shaded
areas on the vector diagrams of the figures denote the mechanically restricted areas in boresight angles.
The actual mechanical limits are 90° from the boresight mechanical limits. The hardstops act against the
trunnion and shaft axis; they prevent damage to the RR antenna and LM body.

Antenna Orientation No. II. This is an overhead orientation, used during lunar stay and subsequent
ascent. With respect to the +Z-axis, orientation No. IT provides LOS operational shaft coverage from
+45 0 to +155°. LOS operational trunnion coverage from _55 0 to +55° is with respect to the -Z-axis.
In orientation No. IT, the antenna is rotated 180° about the trunnion axis from orientation No. I to obtain
the required angle coverage.

The PGNS gains control of the RR antenna when the LGC receives the RR power-on/LGC
discrete. This signal is initiated, with the PGNS: RNDZ RDR circuit breaker closed, by setting the
RENDEZVOUS RADAR selector switch to LGC. The LGC initializes the control loops by sending the zero
RR-CDU discrete to the CDU (RR channels). This discrete clears the read counters in the trunnion and
shaft 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
error counters. The LGC then begins sending pulses representative of positioning angles to the digital
to-analog converters , 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. Positioning data are obtained from the
resolver signals. These data are applied to the analog-to-digital converter in the CDU, which converts
the positional angles to digital pulses and then routes these pulses to the LGC.

In positioning the antenna to LOS with respect to the CSM, the LGC commands a maximum
slew rate of 7° per second until the antenna boresight is within 7° of LOS with the CSM target. Within
7° of LOS, the LOS slew rate decrease (in degrees per second) is equal to the angular error decrease
(in degrees) between the antenna boresight and the LOS with respect to the CSM. The slew rate decreases
and then terminates when the RR acquires the CSM target.

The RR transponder consists of an electronics assembly (figure 2.2-7) and an antenna
assembly (figure 2.2-13). The electronics assembly contains the following functional subassemblies:
microwave, receiver, carrier lock loop, tone-modulation detector, and power supply. The transponder

I
antenna receives the 9832. 8-mc (plus Doppler) phase-modulated signal transmitted from the RR. The
received signal is routed through a waveguide to the microwave subassembly. A unidirectional circu
lator in the microwave SUbassembly transfers the received signal to a mixer, where it is mixed with
an internally generated 9792-mc (plus Doppler) signal. The output of the mixer is the difference fre
quency of 40. 8 mc , which is fed to the receiver subassembly. This difference frequency contains the
range tone phase modulation.
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The receiver subassembly mixes the 40. s-mc signal generated in the carrier lock loop sub
assembly, to provide a range tone phase modulated difference frequency of 6. 8 mc. This signal is applied.
to a coherent detector in the tone modulator detector subassembly, along with a 6. 8-mc reference signal
from a veo in the carrier lock loop subassembly. Range tones are extracted by coherent demodulation.
After the range tones are demodulated, they are filtered, amplified, and sent to a phase modulator in the
microwave subassembly. Simultaneously, the phase modulator receives a 9792 -rnc unmodulated signal
derived, by frequency multiplication, from the 6. 8-mc reference signal in the carrier lock loop sub
assembly.

•

•
•

•

•
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The phase modulator of the microwave subassembly modulates the transponder transmitter

19792- mc (plus Doppler) signal with the same range tones, from the tone modulation detector subassembly,
that are being demodulated from the received RR signal. The modulated range tones are kept phase
coherent with the range tones of the received RR signal. The transponder phase-modulated transmitter
signal goes through a circulator to the antenna, where it is propagated for interception by the RR.
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The transponder operates in three basic modes: transponder, beacon, and self-test.

General Operation. (See figure 2.2-8.)
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2.2.3.2.1

Self-Test Mode. The self-test mode enables the astronauts to check transponder performance. The self
test mode is initiated by application of an external self-test signal. This test verifies frequency lock-on
and AGe response at a simulated 200-nm range. A self-test oscillator (figure 2.2-7) in the microwave
subassembly provides a 40. 8-mc test signal for the first mixer preamplifier. When the 40. 8-mc test
signal is applied, the first mixer stage is bypassed. When the self-test mode is not used, the self-test
oscillator is deenergized.

After it is energized and placed in operation, the transponder operates automatically in
conjunction with the RR. Transponder turn-on, monitoring and self-test capabilities are provided by the
eSM cabin controls and indicators. Figure 2.2-8 shows transponder signal flow through switches and
indicators and the location of these switches and indicators in the eSM cabin.

Beacon Mode. The transponder is in this acquisition mode when it is operational and no signal is received
from the RR. A sweep generator and an acquisition logic portion of the carrier lock loop subassembly
cause a frequency sweep scan of ±104 kc about the transponder nominal frequency (9792 mc). When the
transponder antenna receives RR-transmitted signals that exceed minimum signal strength, a threshold
detector in the carrier lock loop subassembly provides a d-c level to stop the sweep generator and permit
tracking.

Transponder Mode. The transponder operates in this mode while it is receiving RR transmitter signals.
In this mode, the transponder provides a continuous-wave, phase-modulated signal whose frequency

I is 40.8 me lower than that of the RR-transmitted signal. The transponder phase-modulating tones are
the same as the RR phase-modulating tones: 200 cps, 6.4 kc, and 204. 8 kc.
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To place the transponder in operation, the RNDZ XPNDR FLT BUS circuit breaker is closed,
then the RNDZ XPNDR switch is set to HEATER. This action feeds 28 volts dc to the oven in the tone
modulation detector subassembly. The oven heats the 204.8- and 6. 4-kc band-pass filters to the oper
ating temperature (+160° F). A minimum waiting time of 15 minutes is necessary before the RNDZ
XPNDR switch is set to PWR. This waiting time prevents degradation in RR range accuracy due to •.t •.

temperature. With the switch set to PWR, 28 volts dc is routed to the power supply subassembly.

At the output of the microwave assembly, a power monitor provides a d-e readout propor
tional to transmitter output power. The SYSTEM TEST switches (S1 and S2) and the EYSTEM TEST d-c
voltmeter permit monitoring transmitter power, AGC, and frequency lock. The proper d-c voltage
readouts for those parameters are:

SYSTEM TEST Switch (S2) Parameters D-C Voltage Readout

Position A Transmitter power 1. 0 to 5.0 volts

Position B AGC 1. 0 to 4.5 volts

Position C Frequency lock 4.0 to 5.0 volts

Frequency unlocked 0±0.8 volts

The astronauts use the RNDZ XPNDR TEST SW switch to initiate the self-test enable signal
for transponder self-test. This signal energizes a self-test oscillator in the microwave subassembly
(figure 2.2-7) and bypasses the first mixer stage. The astronauts then verify transponder performance
by using the SYSTEM TEST switches and SYSTEM TEST d-e voltmeter to monitor for the proper d-c
voltage indications, as designated in the preceding paragraph.

The LR senses the velocity and slant range of the LM relative to the lunar surface by means
of a three-beam Doppler velocity sensor and a radar altimeter. Coordinate velocities are calculated
from the measured Doppler shift along three beams of microwave energy, as is the Doppler shift of the
radar altimeter beam. The radar altimeter is Doppler corrected and the output slant range is used by
the LGC to derive LM altitude from the lunar surface. Slant range is calculated from the frequency
deviation difference between the altimeter transmitted and received signals, resulting from the frequency
modulation of the transmitted signal and the time delay between the transmitted and received signals.
Velocity and range data are made available to the LGC as lfi-bit binary words; the nominally forward and
lateral velocity data, to the LM displays as d-e analog voltages; and the slant range and vertical velocity
(range rate) data, to the LM displays as pulse-repetition frequencies (PRF).

• 2.2.3.3 Landing Radar. (See figure 2.2-9.)

•
•

The LR, located in the LM descent stage, consists of an antenna assembly and an electronics
assembly. The antenna assembly contains two interlaced phased arrays which transmit four velocity and
two altimeter beams. Four broadside arrays receive the reflected energy of the three desired velocity
beams and the one desired altimeter beam; there is one broadside array for each desired received radar
beam. The electronics assembly searches, tracks, processes, converts, and scales the Doppler and
CW/FM returns, which provide the velocity and slant range information for the LGC and the LM controls
and displays.

During lunar descent, the LR antenna assembly transmits four velocity beams (10.51 gc)
and two altimeter beams (9.58 gc) to the lunar surface. Three separately received velocity beams con
tain three Doppler velocities with Doppler sign sense. Mixing the received three velocity beams With a
portion of the velocity transmitter power, extracts three separate Doppler audio-frequency (AF) spectrum
signals (D1, D2, and D3). The Doppler sign sense is preserved by a single sideband mixing technique.
The received altimeter beam is compared by mixing with a portion of the altimeter transmitter power to
extract a range frequency (FR) with Doppler (D4) and Doppler sign sense. The Doppler is subtracted
later, leaving Doppler-eompensated range frequency. The altimeter receiver is blanked during the
transmit and receive times of modulator flyback. The LM altitude is derived from the Doppler-compen
sated range frequency.
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In the acquisition mode, frequency trackers in the electronics assembly use 1, 200-cps, low
pass filters to scan wide-band, AF spectrum signals (Dl, D2, D3, and 04) for four separate narrow-band
spectrums. These spectrums correspond to the frequency power spectrums along the centers of the
received veloct: and altimeter beams. When each of the frequency trackers acquire these narrow-band
Doppler and altr.ueter frequencies, they go into the tracking mode and the LGC receives velocity and
range data-good discretes.

By adding and scaling in accordance with antenna coordinate velocity formulas, the velocity
data computers within the electronics assembly compute the antenna coordinate velocities (Vxa, Vya, and
Vza) from the Doppler frequencies on the three returning velocity beams. The term Vxa represents alti
tude rate or vertical velocity; Vya, lateral velocity; and Vza, approximate forward velocity.

When all Doppler velocity frequency trackers are locked to the discrete Doppler frequencies
on the three returning velocity beams,Dl, D2, and D3, velocity data good occurs and the antenna coordi
nate velocities, in PRF form, are gated to the signal data converter. The lateral and forward velocities
(Vya and Vza, respectively) are now also available to the X-pointer indicator (panels 1 and 2) as d-c
analog voltages. The altitude rate (Vxa) is now also available to the ALT RATE indicator as a PRF. By
use of radar-data select commands and a readout command, the LGC supplies the PRF counting periods
and causes the signal data converter to shift out, in sequence, the Vxa, Vya, Vza, and range data as
separate 15-bit serial binary words.

•
When LM altitude drops to 2,500 feet or less, the electronics assembly frequency trackers

switch to narrow-band filters for tracking. An altitude mode control signal increases the frequency
deviation rate of the transmitted altimeter signal (9.58 gc) from ±4 mc to ±20 mc. A low-altitude PRF
(range frequency) is gated to the ALT indicator and a low-altitude scale factor discrete is sent to the LGC.
Using the LOG ANT switch on panel 3, the antenna can be manually positioned to antenna position No. 1
(descent) or antenna position No.2 (hover). With the switch set to AUTO, the LGC automatically com
mands the antenna to antenna position No.2 when the LM goes through a pitch-up maneuver at an altitude I
of about 7500 feet.

Antenna temperature, altimeter and velocity sensor power, and other parameters are moni
tored with LM displays. A LR self-test is initiated with a LM control. The self-test command enables
simulated velocity Dopplers (9.6 kc) and simulated range (19.2 kc), Correct LR performance is then I
determined from the correct LR output values of slant range and coordinate velocities, as monitored on
LM displays and via the LGC input.

2.2.3.3. 1 Signal Processing. (See figure 2.2-10.)

•

The LR extracts the positive and negative Doppler shifts from the returning velocity beams
and the range frequency ± Doppler from the returning altimeter beam. The LR processes the beam
Doppler shifts (Dl, D2, and D3) to derive the LR antenna coordinate velocities (Vxa, Vya, and Vza) data.
In processing the range frequency ± Doppler, the LR compensates for the ± Doppler. These velocity
and range (altitude) data are made available to the LGC as 15-bit serial binary words; the velocity data,
to the LM displays as d-e analog voltages; and the range rate data, to the LM displays as PRF. The slant I
range to the indicator is scaled by cos 15° to give nearly true LM-to-Iunar-surface altitude when the LR
.i ntenna is in position No.2 (hover).

In the antenna assembly, the velocity sensor oscillator multiplier (VSOM) generates a
109. 479-mc signal, which is multiplied by 96 and power-amplified to produce the 10. 51-gc velocity beam
(200 milliwatts minimum) that is propagated by a multiple-waveguide phased array to the lunar surface.
Three separate broadside arrays receive three reflected velocity beams, each conveying a positive or
negative Doppler shift. The rc;eived Doppler (Fl±Dl) is mixed at the balanced mixer with a continuously
sampled, transmitted fundamental frequency (Fl) to extract the AF Doppler shift with Doppler sign sense.
At the balanced mixer output, a quadrature pair retains the Doppler sign sense of the returned velocity
beam signal by a single sideband technique by having one path at 0° reference with respect to the other I
path (±900). When there is a closing Doppler velocity, the ±90° path leads the 0° reference path by +90°.
At the balanced mixer outputs, AF Doppler shifts with Doppler sign sense are proportional to the opening
or closing velocity between the LM and the lunar surface along the centers of the velocity beams.e _
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The oscillator/modulator and altimeter transmitter multiplier develops the 9. 58-gc fre
quency-modulated altimeter beam (175 milliwatts minimum) that is propagated to the lunar surface by a
multiple-waveguide phased array. The altimeter broadside array receives the reflected altimeter beam.
At a balanced mixer, the received signal is compared with a sampled transmitted signal to obtain the

I
frequency difference. This frequency difference without Doppler is proportio.nal to the time difference
between transmitted and received signals due to a sawtooth frequency modulation on the transmitter.
The slant range is derived from this time difference. Therange converter cancels the undesired
Doppler, leaving Doppler-eompensated range frequency PRF as a tracker output.

The three velocity Doppler shifts (D1, D2, and D3) with Doppler sign sense, and the altimeter
range frequency with Doppler (D4) and Doppler sign sense, are applied to dual AF amplifiers. At rela
tively high altitudes, the dual AF amplifiers provide 88-db gain. When signal strength becomes excessive,
usually due to low altitudes, the 33-db gain amplifiers are switched out and the frequency trackers only
receive signals with 55-db gain.

Each Doppler velocity sensor (DVS) Irequency tracker acquires and then tracks AF Doppler
frequencies to obtain an average Doppler frequency corresponding to a Doppler shift at the velocity beam
power spectrum center. The Doppler-shift frequency is superimposed on a 614. 4-kc subcarrier for
processing by a velocity data converter. Each frequency tracker functions in an acquisition loop or a
tracking loop. The acquisition loop sweeps the tracking loop to within its acquisition (pull-in) capability.
When the Doppler signal plus noise (s+N) exceeds the out-of-band noise factor (N) by 3 db, the frequency
tracker locks on to a narrow band of Doppler frequencies corresponding to the velocity beam center. It
also provides a tracker lock-on (TL) signal to determine LR operational status. The tracking loop,
basically a narrow-band AFC circuit, smoothes and tracks the Doppler-shift frequency corresponding to
the Doppler power spectrum at the velocity beam center. Doppler sign sense is retained and the fre
quency tracker output is a pure sinusoid, at 614.4 kc ± Doppler offset frequency (FC±D1), (FC±D2), and
(FC±D3). When the Doppler velocity frequency trackers achieve tracker lock-on, tracker lock-on dis-

I
cretes enable a velocity data-good (VDG) LR output discrete. When any velocity frequency tracker is
not locked on, a velocity data-no-good (VDNG) LR output discrete is enabled. When the range frequency
tracker is not locked on to the frequency shift of the returned altimeter beam, or when either of the
velocity beams needed for altimeter doppler correction is not locked on, the range data good (RDG) dis
crete is disabled, and the range data-no-good (RDNG) LR output discrete is enabled.

A frequency tracker may have a false tracker lock-on due to locking on a minor lobe of
another beam. This condition is referred to as cross-lobe lock-on. The astronauts determine whether
the LR data displayed are authentic by comparing these data with expected values. The LGC also con
ducts a reasonableness test on all incoming LR data. In both cases, the LR data consists of LM altitude
and velocity components: forward velocity (Vza), lateral velocity (Vya}, and altitude rate (Vxa). If the
LGC reasonableness test fails, an LGC alarm notifies the astronauts. An astronaut can force the fre
quency trackers back into the acquisition loop (forced search) by setting the RADAR TEST switch to LDG
for 2 seconds. In forced search, all trackers are forced to perform a search sweep, after which they
reacquire their respective spectrums.

From the DVS frequency trackers, each Doppler offset frequency is applied to a converter
in the velocity data (VD) converter subassembly. From the Doppler offset frequency, the converter
removes the subcarrier (center frequency), synchronizes and multiplies the Doppler offset frequency by
four to retain the quadrature phases, indicates Doppler sign sense and, based on Doppler sign sense,
provides an output to computers within the VD computer subassembly. From each converter output, a
Doppler signal (4D<0 or 4D>0) goes to the computers within the VD computer subassembly. The notation
4D>0 means four times Doppler offset frequency with positive Doppler (closing velocity); the notation
4D<0, four times Doppler offset frequency with negative Doppler (opening velocity).

When a frequency tracker output becomes less than 1. 47 kc (Doppler frequency), a bandwidth
control circuit switches the frequency tracker to its narrow band-pass frequency operation (tracking) by
switching the low-pass filters from 1200 cps to 500 cps. When an altitude mode control discrete indicates

l
a slant range less than 2,500 feet, the altimeter scale factor is increased by a factor of five and the band
width control circuits switch all the frequency trackers to their narrow band-pass frequency operation.
The altimeter scale factor and the frequency trackers are switched again into their high altitude mode of
operation if the LR slant range exceeds 2,800 feet.

From the 4D<0 and 4D>0 signals, VD computers obtain the velocity beam Doppler products
(D1, D2, and D3) with Doppler sign sense. The computers convert these Doppler products into antenna

•

•
•

•
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The LR is first turned on and self-tested for 5 minutes during LM checkout before separa
tion from the CSM. The self-test is accomplished by activating the LR with the PGNS: LDG RDR circuit
breaker, waiting 2 minutes for adequate warmup, and setting the RADAR TEST switch on panel 3 to LDG.
A self-test command activates self-test circuits, which apply simulated Doppler signals (9.6 kc) to the
LR velocity sensors and simulated lunar range signals (19.2 kc) to the altimeter sensor. After processing
by the antenna and electronics assemblies, these simulated self-test signals are monitored for expected
LM simulated forward and lateral velocities, with the X-pointer indicators, and for expected LM simu
lated altitude and altitude rate, with the ALT and ALT RATE indicators. The self-test values are also at I
the LGC input and that interface is checked on DSKY display by inputing suitable verbs and nouns.

2.2.3.3.2 General Operation. (See figure 2.2-11.)

If the range frequency tracker fails to lock on, the velocity data-no-good or range data-no
good discrete are sent to the PCMTEA and are telemetered to MSFN. Antenna temperature data are also
telemetered.

•
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Altimeter transmitter and velocity transmitter power is monitored hy setting the TEST/
MONITOR selector switch to ALT XMTR and VEL XMTR and observing the SIGNAL STRENGTH meter.
A half-scale reading indicates an acceptable minimum power-output level. LR antenna temperature is
monitored by setting the TEMP MONITOR selector switch to LDG and observing the TEMP indicator for
an indication within the operating temperature range of +500 to +150°F.

To monitor the LM simulated forward and lateral velocities with the X-pointer indicator on
panel 1, switches on panel 1 are set to the following positions: MODE SEL to LDG RADAR, RATE/ERR
MON to LDG RDR/CMPTR, and X-POINTER SCALE to m MULT or LO MULT. The m MULT position
provides a 200-fps scale and lights the XI0 multiplier placard on the X-pointer indicator. The LO MULT
position proVides a 20-fps scale. To monitor altitude and altitude rate, the RNG/ALT MON switch on
panel 1 is set to ALT/ALT/RT and the MODE SEL switch is left at LDG RADAR.
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Using the LM controls and indicators, the astronauts Can monitor the LM velocities, LM
altitude, and LR transmitter power and temperature; apply power to heat the antenna and power to the LR;
initiate LR self-test; and place the antenna in position No. 1 (descent) or 2 (hover). The LR self-test
permits operational checks of the LR without radar returns from external sources.

coordinates velocities Vxa, Vya, and Vza. With the velocity frequency trackers locked on, the VDG dis
cretes gate the lateral (Vya) and forward (Vza) velocities, in d-e voltage form, to the X-pointer indicators;
the altitude rate (Vxa), as a PRF with altitude rate sign sense, to the ALT RATE indicator. The altitude
rate sign sense conveys positive or negative Doppler velocity. The VDG discretes also gate the Vxa, Vya,
and Vza, as PRF, to the signal data circuits of the signal data/range converter subassembly.

The HEATERS: LDG RDR circuit breaker (panel 11) is closed at the launch pad and left
closed for the mission duration. This circuit breaker activates an antenna temperature control, which
applies power to antenna heaters to protect antenna components against the spatial cold when power is not
applied to the LR. Closing the PGNS: LDG RDR circuit breaker applies power to the LR power supply
and removes heater power from the antenna. The activated LR furnishes the antenna with 30 watts mini
mum of dissipated power.

From the range frequency converter output, the altimeter beam (D4) frequency is applied to
range converter circuits of the signal data/range converter subassembly. When discretes TLI and TL2
are present, these circuits use the computed PRF Doppler along D4 to cancel the Doppler, leaving
Doppler-compensated range frequency as a PRF. The range converter circuits derive the Doppler along
D4 by adding the Doppler frequencies Dl and D2 and dividing them by two, then multiplying the resultant
average by 15/16 because the altimeter and velocity transmitter frequencies (and thereby their Doppler
frequencies for any given velocity) are in a ratio of 15/16.

•

•

•

•

•



2.2.3.3.3 Antenna Positions.

The pedestal motor is controlled in the same way by the limit switches when the LR antenna
is commanded manually by setting the LOG ANT switch to DES or HOVER.

I

•

•

•
•
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The LR antenna position command energizes a DSKY relay solenoid, thereby applying an
antenna position No. 2 discrete to a pedestal motor switch, which switches a pedestal motor driver to the
position No. 2 activate command line. From the antenna pedestal motor driver, a current-amplified sig
nal is routed through a closed cam-limit switch to drive the tilt-actuator motor. The driven motor tilts
the LR antenna to position No.2. .
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When the antenna reaches either position, a cam mechanism cuts off the motor drive signal
by opening that positions activate command switch. In addition, the drive signal now causes a closed
circuit to exist across the motors armature, acting as a dynamic brake. In either antenna position limit,
only a drive signal out of that position is accepted by the circuit set up by the limit switch contacts. In
addition, either position causes an indication discrete to be sent to the LGC, which uses this discrete to
transform radar data into inertial coordinates for guidance computations.

The LH antenna is oriented to position No. 1 (descent) or 2 (hover). Position No. 1 orients
the antenna boresight 24° with respect to the LM X-axis. In position No.2, the antenna boresight is
parallel to the LM X-axis. The antenna pivots on its Y-axts which is at a 6° angle with respect to the LM
Y-axis. The angle between the antenna bore sight and the altimeter beam is 20.4 0. (See figure 2.2-12.)

After a successful LR self-test, the LR is dec, 'lvated and the RADAR TEST switch is set to
OFF. The LR is placed in operation a few minutes prior t , .owered descent and remains operational
until lunar touchdown.

LR raw data can be displayed as a cross-check and/or if a problem occurs in the PGNS
coordinate transformation. When touchdown is accomplished, the LR is deactivated by opening all LR
circuit breakers.

When the LM reaches an altitude of 500 feet or less, the astronauts initiate manual control
(P66) for the remainder of the descent to the lunar surface. The LR may drop lock during this phase of
the mission, due to a zero Doppler. At a preselected minimum altitude (usually 50 feet), LR data to the
LGC is inhibited. During this critical phase of the mission, the altitude and velocity data on the LM
displays is inertially derived by the LGC from the state vector which has been updated by LR data.

LR slant range data is available to the LGC and on the ALT indicator at or above 25,000 feet.
At or above 18,000 feet, the forward (Vza) and lateral (Vxa) velocities are available to the LGC and on the
X-pointer indicators.

In the nominal mission, the LDG ANT switch (panel 3) is set to AUTO and the LGC controls
the antenna position. For test or override purposes, the LR antenna position may be controlled manually.
Antenna position No. 1 is selected by setting the LOG ANT switch to DES; antenna position No.2, with the
switch set to HOVER. With the switch set to AUTO, the LGC commands the antenna to position No.2 at
the LM pitchover point on the descent trajectory, at about 7,800 feet.
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Figure 2.2 -11. Landing Radar - Functional Flow Diagram
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Figure 2.2-12. Landing Radar - Antenna Beam Configuration

I
2.2.3.3.4 Antenna Beam Configuration. (See figure 2.2-12.)

The antenna beam configuration provides the LR with velocity Doppler and range information
relative to the LM and the lunar surface. The Doppler shift along each velocity Doppler beam (Dl, D2,
and D3) is directly proportional to velocity along the beam between the LM and the lunar surface. A
closing velocity beam conveys positive Doppler sense; an opening velocity beam, negative Doppler sense.
By linearly frequency-modulating the altimeter beam carrier frequency, the frequency difference between
the transmitted and received altimeter beams becomes the range frequency with Doppler component. The
Doppler component is removed later, leaving a Doppler-compensated range frequency, which is propor
tional to the beam transit time.

Regardless of whether the LR antenna is in position No. 1 or 2, the beam angle relationships
remain the same between the received altimeter and velocity beams and the antenna boresight. By using
formulas based on these beam angle relationships, the LR derives the LR antenna coordinate velocities
Vxa. Vya, and Vza.
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Above 2,500 feet, the altimeter X-band (9.58 gc) microwave energy has a frequency-deviation
range of ±4 me; below 2,500 feet, a frequency-deviation range of ±20 me. Transmitter microwave energy
samples are continuously mixed with the return energy. The resultant frequency difference (range fre
quency) is proportional to a sawtooth frequency-deviation rate, and two times the distance to the lunar
surface. The altimeter frequency tracker is blanked for a period which includes the transmit and receive
times of the sawtooth sweep retrace.

(

The Doppler velocity sensor (DVS) transmitting array, consisting of parallel waveguide with
parallel H-plane slots, forms and propagates the DVS microwave energy into four beams symmetrically
positioned about the antenna boresight or beam group center. Only beams 1, 2 and 3 have corresponding
receiver arrays, hence the fourth beam is not used and is not shown in figure 2.2-12. There are only
three DVS receiving arrays, which are aligned to the three DVS beams. The DVS transmitting array was
designed to obtain precisely the desired beam angles shown in figure 2.2-12. These beam angles deter
mine the vector angle of the velocity measured by the beam, and in the resolution of those vector velocities
into antenna coordinate velocities, is a factor in determination of scaling accuracy. Each of the three
DVS two-way beam widths is 3.66° E-plane and 7.33° H-plane. The DVS E-plane is parallel to the
antenna Y axis.

(

The altimeter transmitting array, consisting of parallel waveguides with angular E-plane
slots, forms and propagates the altimeter microwave energy into two beams symmetrically positioned about
a center which is 1. 9 degrees tilted aft from the antenna boresight or electrical beam group center. The
altimeter transmitting array is part of the same structure or assembly as the DVS transmitting array,
with the waveguides of each running in the antenna Y-axis direction and alternately interlaced in the
antenna Z-axis direction. Only one altimeter beam has a corresponding receiver array, hence the other
is not used and is not shown in figure 2.2-12. The altimeter transmitting array is structurally design
positioned to obtain precisely the desired beam angle shown in figure 2.2-12. This beam must be located
in the plane formed by DVS beams 1 and 2 and must bisect the angle made by those beams, because the
Doppler correction for the altimeter beam is obtained from the sum of beams 1 and 2 Dopplers, which
represents a Doppler vector in that position. The altimeter beam angles are used by the LGC in the
computation of LM altitude from LR slant range output. The altimeter two way beam width is 7. 5°
E-plane and 3. go H-plane. The altimeter E-plane is parallel to the antenna Y-axis. (
2.2.3.4 Radar Power Distribution.

The RR and LR receive 28-volt d-e power for the antenna heaters from the HEATERS: LDG
RDR, RNDZ RDR STBY, and RNDZ RDR OPR circuit breakers (panel 11).

The RR receives power from the CDR's d-e and a-c buses through the PGNS: RNDZ RDR
and the AC BUS A: RNDZ RDR circuit breakers (panel 11), respectively. The 28-volt d-e power applied
to the RR power supply subassembly, provides regulated outputs of +26, +25, +12, -12, +6, and +4.3 volts de.

I The 115-volt a-c power drives the antenna assembly gyro spin motors and supplies the gyro pickoff
excitation.

The LR receives 28-volt d-e power from the CDR's d-e bus through the PGNS: LDG RDR
circuit breaker (panel 11) for its low-voltage d-e power supply. The regulated outputs of the power
supply are +25.3 volts de for the altimeter and the velocity sensor; for the other functional areas of the
LR, +25, -25, +4, and -2 volts de.

Refer to figure 3-3 for additional circuit breaker information.

2.2.4 MAJOR COMPONENT/FUNCTIONAL DESCRIPTION

2.2.4.1 Rendezvous Radar.

2.2.4.1.1 Antenna Assembly. (See figure 2.2-3.)

The RR antenna is an amplitude-comparison, simultaneous-Iobing , directional device that
provides accurate angle and angle 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 hyperbolic secondary reflector located to reflect the feedhorn-radiated RF

1 April 19712.2-26
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energy back to the primary reflector. Use of the hyperbolic reflector uniformly illuminates the parabolic
reflector with RF energy and results in tho formation of a narrow, highly directional beam. The antenna
operates in the X-band region of the mic rvvave spectrum and possesses an overall power gain of 32 db.
The signal radiated from the antenna is c. cularly polarized to minimize sign: losses due to variations in I.I

attitude that occur between the LM and C5M. The antenna beamwidth is nom» :y 3.5 0
•

The antenna pedestal and base of the antenna assembly are mounted on the external struc
tural members of the LM. The antenna pedestal supports the shaft-axis members, including the shaft
resolver and servomotor. The trunnion axis is perpendicular to, and intersects, the shaft axis, which
supports the trunnion-axis members through the trunnion resolver and servomotor. The antenna re
flectors and the microwave and RF electronics components are assembled at the top of the trunnion axis.
This assembly is counterbalanced by the trunnion-axis rotating gyroscope package, mounted below the
shaft axis. Both groups of components, mounted opposite each other on the trunnion axis, revolve about
the shaft axis. This balanced arrangement enables balanced driving torques and reduces the servo re
quirements and weight. The microwave, radiating, and the gimbaling components, and other internally
mounted components, have flexible cables that connect the outboard antenna components to the inboard
electronics assembly. A flexible cable wrap-up system is used at the trunnion- and shaft-bearing joints.

The RR shaft- and trunnion-axis resolvers transmit angular position to the LGC via the
CDU RR channels. The LGC uses these angle position data in conjunction with range and range rate to
update the state vector. The RR also provides data to LM cabin displays for use by the astronauts in
evaluating the rendezvous phase of the mission.

2.2.4.1.2 Electronics Assembly. (See figure 2.2-2.)

The electronics assembly consists of the following subassemblies: receiver, frequency
synthesizer, frequency tracker, self-test, antenna control amplifier, range tracker, signal data con
verter, and instrumentation converter.

Receiver Subassembly. The receiver subassembly is an amplitude-comparison, triple-conversion,
three-IF-channel unit that generates shaft and trunnion error signals for an antenna servo loop when
angle- tracking the target with the radar antenna. It also functions as an intermediate signal path for
received signals, which are used by the frequency tracker and range tracker. An AGf:, loop in the re
ceiver subassembly maintains 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 shaft-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 a second local-oscillator signal. The second local-oscillator
frequency ~s obtained by heterodyning the frequency tracker VCO output and a reference frequency. This
produces 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 accom
plished at fixed carrier frequencies.

Frequency Synthesizer Subassembly. The frequency synthesizer subassembly supplies the other RR
subassemblies and the antenna assembly with coherent reference frequencies, which provide extreme
accuracy and a high degree of stability. Multiplying and dividing circuits, local oscillators, amplifiers,
and mixers are used in the frequency synthesizer to provide five output frequencies whose functions and
destinations are listed in table 2. 2-1.

The frequency synthesizer subassembly contains two oscillators. One oscillator operates at 102.425 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 transmitter frequency (9832.8 me), The other oscillator
produces a frequency of 1. 7 mc. Multiplication and division of this frequency provides the other fre
quencies required for RR operation. (The 1. 7-mc oscillator is controlled in frequency by comparison of
its 102.425- me output with the 102.425- me oscillator. )

2.2-27
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Table 2.2-1. Frequency Synthesizer - Output Frequencies

Frequency (me) Function Destination

5.1 Third mixer excitation Receiver

6.8 Reference signal Frequency tracker and range
tracker

7.0125 Doppler bias mixer excitation Frequency tracker

27.2 Second mixer reference Receiver

102.425 Transmitter excitation Antenna assembly, multiplier chain

(

Frequency Tracker Subassembly. The frequency tracker subassembly is a phase-lock loop that detects,
acquires, and phase-tracks the received signal in the receiver subassembly sum channel. In addition,
the frequency tracker provides Doppler frequency and sense outputs, and frequency lock-on indication.

The frequency tracker phase-locks a VCO with the return signal. A sweep circuit varies the VCO fre
quency across the expected Doppler frequency range (-100 to +100 kc). The presence of a carrier signal
within the locking range, when sensed through a narrow (1 kc) filter by a threshold circuit, stops the
sweep and permits the VCO to phase-lock. The phase detector has a 6. 8-mc reference signal, supplied
by the frequency synthesizer subassembly. An error signal from the receiver subassembly drives the
VCO to a frequency, which, when mixed with a 27. 2-mc signal at the receiver second IF oscillator pro
duces a 1. 7-mc signal that passes through the 1-kc filter. The VCO, which is tracking the Doppler-shifted
carrier and is used as a local oscillator, removes the Doppler frequency shift from all signals in the
succeeding IF stages. The sweep generator stops sweeping the VCO when the acquisition logic and the
threshold detector produce a frequency tracker lock-on discrete. When this discrete and the auto-track
enable discrete are present together, the range tracker subassembly and the auto angle track circuits are
enabled.

Self-Test Subassembly. The self-test subassembly is used to perform a qualitative test to verify proper
operation of the RR electronics. The test provides range, range rate, and angle error data for a simu
lated 200-nm signal. Basically, the self-test subassembly provides a means of inserting, into the antenna
assembly, signals that simulate RF inputs to the RR. Range rate information is contained in a fixed IF
offset of 10 kc, corresponding to a velocity of 500 fps. Range information is placed on the crystal oscil
lator frequency by a varactor phase modulator driven by three-tone phase shifters. Angle error informa
tion is simulated by square-wave phase modulation of the difference channel signals, which switches the
phase of the difference channels between 90 0 and 270 0 with respect to the sum channel signal.

The self-test circuits are enabled when the RADAR TEST switch is set to RNDZ. The RANGE and RANGE
RATE indicators should read approximately 195 nm in range and approximately -500 fps in range rate and
the antenna should be driven in alternate directions, as indicated by the FDAI error needles.

Antenna Control Amplifier Subassembly. The antenna control amplifier subassembly contains amplifiers
for driving the antenna shaft- and trunnion-axis servomotors, amplifiers for driving the gyro torquer
coils, and voting logic for switching between the redundant and primary gyros in the event of a malfunction
of the pair of gyros in use. The amplifiers, in conjunction with the antenna components and receiver
subassembly, form inner and outer closed loops for each axis. The inner (stabilization) loop maintains
the antenna boresight axis fixed in inertial space in the presence of vehicle motion, as sensed by the gyros.
The outer (tracking) loop further maintains the antenna boresight on the target, using the tracking error
signals from the receiver. In the designate mode, the tracking loop is open and LGC-designated antenna I,

"
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position data, or manual slew dat are accepted by the subassembly. The LGC designates the antenna
boresight to the target, and suppt.es an automatic tracking enable signal for the RR when within 0.5° 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. I
Allowing for a 1° error in the computer LOS with respect to the actual LOS to the CSM and a 1° boresight .
error for the RR-to-IMU alignment, the total misalignment is limited to 2.5°, which is adequate to pre- .
vent an antenna side-lobe lock-on. (The first sidelobe stable tracking point is 6° off boresight.) The
antenna then continuously tracks the target by maintaining the monopulse receiver angle error signals at
null. The antenna may also be manually slewed, at either of two selected LOS 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 AUTO TRACK.

The antenna shaft 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 and 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 circuits, 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 circuit determines
whether the active pair contains a failed gyro by comparing the outputs of the gyros, three at a time. If
a failure or degradation occurs in the pair in use, the other pair is automatically switched into the
antenna-stabilizing network.

For certain types of gyro failure, and when slewing or designating at high angular rates, the voting logic
can switch to the pair containing the failed gyro. This results in loss of angle control, and unpredictable
antenna motion.

A RR GYRO SEL switch permits manual override of the gyro voting logic. The switch is on the AOT
guard. The AUTO position permits normal voting operation. Setting the switch to PRIM or SEC selects
the primary or secondary pair of gyros, respectively, without voting operating. Normally, the switch
is set to PRIM; in case of suspected gyro malfunction, it is set to SEC.

Range Tracker Subassembly. The range tracker subassembly determines the range to the transponder by
measuring the relative phase delay between the tones that modulate the transmitted and the received sig
nals. The transponder reply signal, after undergoing dual frequency conversion in the RR antenna
assembly and receiver subassembly is applied as a 6. 8-mc signal to the coherent detector of the range
tracker subassembly. This signal is demodulated in the coherent detector, which uses a 6. 8-mc quad
rature reference. The individual sine-wave range tone signals are extracted from the receiver noise by
use of band-pass filters. The range phase delay, proportional to range, is measured independently on
each of the three tone 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 refer
ence square waves is adjusted until they have matching phase with respect to each of the received signals.
The phases match when each reference square wave is in quadrature with the phase of the corresponding
received tones. The reference square waves are digitally produced 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 tone phase detectors, by incremental range pulses
obtained from a voltage-to-PRF converter. Above 50.6 nm, the converter is controlled by weighted in
tegration of two of the three phase-detector error signals; below 50.6 nm, by one of the error signals.

Signal Data Converter Subassembly. (See figure 2.2-13.) The signal data converter subassembly con
sists of a computer interface board and an input-output amplifier board; it provides the electricalinterface
between the RR and the LGC for range and range rate data. It also supplies 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 control logic. Depending on the control signals from the
LGC, the computer interface board provides either range or range rate data to the LGC.
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Figure 2.2-13. Rendezvous Radar Digital Data Transfer - Functional Flow Diagram

The LGC requests range data by sending strobe pulses on three lines 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 into the register. After a strobe interval of 80 milliseconds (read time),
the LGC sends a burst of readout pulses on a third line to obtain the data. In this operation, the range
data are transferred automatica.lly 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:

• Reset pulses to clear the 15- bit binary counter

• Range rate pulse to control the duration of the counting period

• Transfer pulses to activate the 15-bit transfer logic.

The range data routed to the LGC can have either of two different scale factors. Range low-scale factor
switching is automatically implemented by the RR at ranges of 50.58 nm or less. The RR has an 18-bit
accumulator (counter) for transferring range data to the 15-bit shift register. Only 15 of 18 bits are gated
to the shift register, to be sent to the LGC. At ranges greater than 50.58 nm, the 15 most significant bits
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are transferred. At ranges less than 50.58 nm, the 15 least significant bits are transferred. The range
scale factor determines whether the 15 least significant bits or 15 most significant bits from the counter
are gated to the shift register. 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 9.38 feet/bit; the high-scale factor, 75.04 feet/bit. RR scale factor switching does not occur dur- '-'
ing range data transfer. II
Instrumentation Converter Subassembly. The instrumentation converter subassembly provides the follow
ing signals, which are obtained as outputs from a power monitor converter and data-no-good/no- track
converter.

• Transmitter power output to cabin display (SIGNAL STRENGTH indicator on
panel 3)

• Data-no-good signal to telemetry

• No-track signal to cabin display (NO TRACK light on panel 3).

The instrumentation converter subassembly consists of a power monitor converter and a data-no-good
and no- track converter. The power n.. nitor converter output indicates the RR transmitter power output.
A d-c analog voltage from a direction", coupler and diode rectifier in the antenna assembly is chopped by
a 20-kc square wave, amplified, and demodulated. The d-c analog signal is filtered and then routed to
the SIGNAL STRENGTH indicator, where it indicates RR transmitter power output.

The data-no-good and no-track converter monitors the signal data converter subassembly for a data-no
good condition. A data-no-good condition exists when either range or range rate lockon is missing. This
converter generates data-no-good and no-track signals upon detection of a data-no-good condition. Routed
to the IS, the data-no-good signal enables the lighting of the RNDZ RDR caution light (panel 2) and the
telemetering of the no- track condition to MSFN. The no- track signal also enables the lighting of the
RNDZ RADAR: NO TRACK light.

2.2.4.2 Rendezvous Radar Transponder.

2.2.4.2.1 Antenna Assembly. (See figure 2.2-14.)

The transponder antenna assembly is mounted tilted 15° from the normal to the surface of
the Service Module. The antenna assembly, located close to the transponder electronics assembly, is
approximately 159 inches forward of the Service Module aft section, with CSM-axis coordinates of 40°
from +Z-axis, 50° from +Y-axis, and 75° off +X-axis. The antenna, a wide-angle-of-coverage horn,
has an on-axis gain of approximately +7 db. Out to the limits of antenna coverage (±600), the antenna
gain is never less than 0 db.

The antenna part of the assembly consists of a Y-type, two-porthole, waveguide horn with
a circular ground plane. The antenna is protected by, and isolated from, an aluminum-phosphate radome
connected to a cork- insulated fiberglass housing mounted on the Service Module fairing. The radome and
housing protect the antenna from dust and thermal and abrasive blastoff effects. The radome composition
permits optimum microwave reception and transmission with minimum deterioration of signal strength
and characteristics.

The antenna is coupled, by waveguide sections, to the transponder electronics assembly. A
waveguide flange connects the antenna base to an antenna waveguide flexible adapter. A coupling flange
connects the flexible adapter to a waveguide transmission line.

2.2.4.2.2 Electronics Assembly. (See figure 2.2-7.)

The electronics assembly consists of the following subassemblies: microwave, receiver,
carrier lock loop, tone-modulation detector, and power supply.

Microwave Subassembly. The microwave subassembly couples the antenna to the receiving and trans
mitting circuits of the transponder. A circulator in the microwave subassembly permits dual use of the
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Figure 2. 2-H. Transponder Antenna Assembly

antenna for both transmitting and receiving without significant leakage of the transmitted signal into the
receiver circuits. The signals transmitted from the RR are routed through the circulator to the mixer.
The circulator permits signal transfer in the direction of the mixer only. The mixer combines the re-
ceived signal with a 9792-mc signal developed in the X96 frequency multiplier. The mixer output, a (
40.8-mc IF signal, is amplified by a preamplifier and routed to the receiver subassembly. The X96 ,
frequency multiplier develops the 9792-mc signal by multiplying the 102-mc output of the carrier lock
loop subassembly by 96. The 9792-mc signal is used as the carrier frequency for the transponder trans-
mitter signal. The 9792-mc signal is applied to the three-tone phase modulator, where the range tones
from the originally received signal are phase-modulated onto the newly generated transponder carrier

• signal (9792 mc plus Doppler); this signal is transmitted for RR acquisition.

The modulated output of the three- tone phase modulator is coupled to the antenna waveguide through the
circulator. The modulated transmitted energy enters one port of the circulator, whose magnetic and RF
fields cause it to be rotated clockwise to the output port and out to the antenna.

When enabled, the self-test circuit applies 12 volts de to an oscillator. The oscillator provides a 40. 8-mc
test signal, which is applied to the preamplifier of the first mixer. This self-test signal takes the place
of the 40.8- me output of the mixer and is used to self-test the receiver subassembly.

Receiver Subassembly. The 40. B-rnc IF signal from the microwave subassembly is amplified by the first
IF amplifier and applied to the second mixer. The amplifier output is mixed with a 34-mc signal from the
carrier lock loop subassembly to produce a 6. 8-mc output.

The 6. 8-mc signal is routed through an 8-kc band-pass filter to produce a narrow-band signal and through
a 200-kc band-pass filter to produce a wide-band signal. The narrow- and wide-band signals are both fed (
to the threshold detector of the carrier lock loop subassembly to permit comparison of the noise levels of \
the two signals. The 6. 8-mc IF signal is also routed to the tone-modulation detector subassembly through
an output buffer and gating circuit.

The receiver subassembly also provides an AGC loop for the transponder electronics assembly. The
AGC loop comprises the preamplifier of the first mixer in the microwave subassembly and the first IF
amplifier in the receiver SUbassembly. The narrow-band output of the 8-kc band-pass filter is passed,
through a 1-kc filter, to the AGC amplifier and detector. By filtering out the noise, the narrow-band
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filter assures that AGC response is mostly determined by the received signal level. The AGC loop main
tains the 6.8-mc receiver output signal constant despite the va .ion of the signal input from the RR.

Carrier Lock Loop Subassembly. The acquisition logic and sweep generator circuit produces a sawtooth I
output, which sweeps the VCO linearly with time. By use of a difference amplifier, the lock-up and .. ;
threshold detector compares the respective signal power of a 6. 8-mc wide-band (100 kc) signal with a
l-kc limited-band signal (+10 db) extracted from the wide-band signal. When the signal power of the
±500-cps signal (l-kc limited-band signal) exceeds that of the 6. 8-mc wide-band signal, a stop-sweep
signal is sent to the acquisition logic and sweep generator. The sweep generator stops its linear-timed,
sawtooth sweep of the VCO. The VCO phase positioning is now controlled by error signals generated by
the modulator, which derived these signals by comparing the veo output with the 6. 8-mc narrow-band
signal. The difference amplifier switches in a notch filter to remove the 200-cps phase modulation from
the error signal. The error signal enables a relay to produce the VCO tune signal. Through the acquisi-
tion logic and sweep generator, the veo tune signal drives the VCO phase positioning to make and keep the
VCO output phase-coherent with the 6. 8-mc narrow-band signal.

The lock-up detector also compares the 6. 8-mc narrow-band signal with the output of the VCO. When the
two signals are phase-locked, the detector produces a frequency lock-on discrete, which is used to gate
the 6.8- me signal out of the receiver subassembly. The 6.8- me output of the VCO is used as a reference
signal in the tone-modulation detector subassembly. This 6. 8-mc signal is also multiplied by five in a
frequency multiplier to produce a 34-mc signal, which is routed to the second mixer in the receiver sub
assembly and to the X3 frequency multiplier. The 102-mc output of the X3 frequency multiplier is applied
to the microwave subassembly.

Tone-Modulation Detector Subassembly. Routed from the output buffer and gate (receiver SUbassembly),
the 6. B-mc signal, with RR-transmitted Doppler and three tones, is compared with the 6. 8-mc reference
signal at the coherent detector (tone-modulation detector subassembly). The coherent detector uses the
reference signal to ensure that the transponder transmitter signal will be frequency-coherent with the RR
transmitter signal. The output of the coherent detector is routed to three parallel band-pass filters and
amplifier and phase-adjust circuits, one each of 200 cps, 6.4 kc, and 204.8 kc, The 6.4- and 204. 8-kc
tone filters are in an oven whose temperature is controlled to 160 0 ±10 F to stabilize tone phase shift.
Each strip of circuits filters, amplifies and phase-adjusts its respective tone before it is routed to the
phase modulator in the microwave subassembly.

Power Supply Subassembly. The power supply subassembly provides all the secondary power (+25, +12,
and -12 volts de) required by the transponder electronics assembly.

2.2.4.3 Landing Radar.

2.2.4.3.1 Antenna Assembly. (See figure 2.2-15.)

The LR antenna assembly is mounted on an antenna pedestal, which is bolted to the underside
of the descent stage. In antenna position No. 2 (hover), the antenna transmitting and receiving arrays face
directly downward; the antenna is parallel to the plane formed by the LM Y-LM Z-axis. Two interlaced •
transmitting phased arrays propagate cross-polarized (90 0 out of phase) velocity (10.51 gc) and altimeter
(9.58 gc) microwave energy to the lunar surface. Four receiving broadside arrays (DVS beams No.1, 2,
and 3,and the altimeter beam) are each structurally positioned so their maximum-gain direction coincides
with the center of the corresponding transmitted microwave beam. To effect this cross-polarization, the
velocity sensor transmitting and receiving arrays have E-wall slots in their multiwaveguides, and the
altimeter transmitting and receiving arrays have H-wall slots in their multiwaveguides. A nonabsorptive
finish, thermal blanket, and external thermal shield partially protect the antenna assembly against the
effects of the descent engine plume and the thermal conditions of space.

Inside the antenna assembly, four pairs of microwave mixers, four pairs of audio-frequency I
preamplifiers, a velocity sensor transmitter, an altimeter transmitter, and a frequency modulator are
mounted on a platform underneath the interlaced transmitting arrays. Specially cut waveguide sections,
phase shifters, isolators, and waveguide couplers provide optimum matching , minimize VSWR, and obtain
proper phase relationships between the transmitters and transmitting phased arrays and between the four
microwave mixers and the four receiving arrays. At the back of each receiving array and at right angles
to its parallel waveguides, a coupling waveguide is positioned to collect received microwave energy equally
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Figure 2.2-15. Landing Radar Antenna Assembly

from each of the multiple waveguides. The microwave energy is routed through specially cut waveguide
sections to a microwave, quadrature-pair balanced mixer. Phase shifters and isolators within the wave
guide sections maintain the 0°/90° phase relationships and thereby retain the Doppler velocity sign sense
of the received microwave energy. At a dual preamplifier (figure 2.2-10), this Doppler sign sense is
further retained by quadrature-pair lines (0° and ±900). When the received microwave energy conveys
a closing Doppler velocity, the ±90° line leads the 0° line by +90°. A microwave leveler, between the
altimeter transmitting array and the altimeter transmitter multiplier, minimizes amplitude modulation
of the frequency-modulated transmitter signal by smoothing the amplitude fluctuations.

The antenna pedestal has a tilt mechanism for tilting the antenna to either of two positions
and an electrical interface between the antenna assembly and the LR electronics assembly. On command
initiated by the LGC or the LDG ANT switch, a tilt-actuator motor moves the antenna to position No. 1
(descent) or 2 (hover). In the descent position, the antenna group beam center is tilted 24 ° with respect
to the LM X-axis; in the hover position, it is parallel to the LM X-axis. During a lunar-landing mission,

• the antenna is initially set to the descent position for the descent phase. When the LM pitchup maneuver
occurs, the LGC commands the antenna to the hover position. The antenna remains in the hover position
until lunar touchdown.

Quadrature-Pair Balanced Mixers. (See figure 2.2-10.) Three quadrature-pair balanced mixers remove
the AF Doppler components with Doppler sign sense from the three received velocity beams. At the
balanced mixers, the received velocity beam signals (D1, D2, and D3) are mixed with a continuously
sampled, transmitted velocity beam signal (10.51 gc) to extract the AF Doppler shifts and Doppler sign

15 June 1970Change Date _-=- _2.2-34
RADAR SUBSYSTEM

Page Mission LM Basic Date 1 February 1970-------



(

LMA 790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

sense. The three balanced mixer outputs go to three dual AF preamplifiers. At each of the three bal
anced mixer outputs, a quadrature pair reta.ins the Doppler sign sense of the returned velocity beam
signal; the AF Doppler frequency with Doppler sign sense is proportional to the opening or closing
velocity between the LM and the lunar surface along the center of the received velocity beam.

One quadrature -pair balanced mixer extracts the range frequency with its A F Doppler shift. The received
altimeter signal is compared with a continuously sampled, transmitted altimeter beam signal (9.58 gc)
to obtain the beam frequency which is routed to a dual AF preamplifier. At the mixer output, a quad
rature pair retains the Doppler sign sense. The range frequency, which is obtained by subtracting the
AF Doppler shift from the beam frequency, is proportional to the time difference between the received
and transmitted altimeter beams.

Dual Audio- Frequency Amplifiers. (See figure 2.2-10.) The Doppler audio spectrum paired signals from
the balanced mixers are applied to dual audio-frequency amplifiers. Each pair of amplifiers amplifies
the Doppler-paired signals to obtain a total gain of 88 db at low received signal levels. Because excessive
signal strengths at low altitudes may overdrive the frequency tracker, a threshold detector monitors the
output level of the 55-db gain amplifiers. When the 55-db gain signals exceed 300 millivolts, a switched
AGC action cuts out the 33-db gain amplifiers. A low-gain discrete notifies the frequency tracker of the
lowered amplitude condition.

Velocity Sensor Oscillator/Multiplier. (See figure 2.2-10.) The velocity sensor oscillator/multiplier •
transmits a continuous-wave, 10. 51-gc signal through a three-beam, electronically tilted phased array.
An oscillator generates a 104. 478-mc fundamental frequency, which is power-amplified and frequency
multiplied by a multiplier-varactor chain to produce the 10.51-gc transmitter signal (200 milliwatts
minimum power). The transmitter signal is applied to the velocity sensor phased array through a direc
tional coupler and specially cut waveguide sections. A sample of transmitter power is picked off and
then routed through a power monitor for display by the SIGNAL STRENGTH indicator. Low-power
transmitter signals are routed from 20-db directional couplers to three velocity sensor microwave
mixers, where they function as local-oscillator signals for RF-to-AF conversion. Each resulting audio
frequency Doppler component is proportional to the Doppler velocity along the corresponding received
beam.

Altimeter Transmitter/Multiplier. (See figure 2.2-10.) The altimeter transmitter/multiplier consists
of a power amplifier and amultiplier-varactor. The altimeter oscillator/modulator applies a sawtooth,
frequency-modulated, 99. 79-mc signal, which is swept at a 130-cps repetition rate, to the transmitter.
The 99. 79-mc signal is power -amplified and then frequency-multiplied by the multiplier-varactor chain to
produce a 9. 58-gc transmitter signal (175 milliwatts minimum power), which is applied to the altimeter
phased array through a microwave leveler, a directional coupler, and specially cut waveguide sections.

The microwave leveler minimizes amplitude fluctuations, to prevent unwanted amplitude modulation of
the frequency-modulated transmitter signal. The 9. 58-gc transmitter signal frequency deviation is ±4 me
at LM altitudes in excess of 2,500 feet; ±20 mc, at 2,500 feet and less. A sample of transmitter power is
picked off and then routed through a power monitor for display by the SIGNAL STRENGTH indicator. A
low-power transmitter signal (9.58 gc) is fed from a directional coupler to a quadrature-pair balanced
mixer, where it is continuously compared and mixed with the received altimeter signal. The resulting
frequency difference, between the transmitted and received signals, is the range frequency, which is
proportional to the sawtooth frequency-deviation rate and twice the distance to the reflecting surface. An
RF- to-AF conversion also results in an audio-frequency Doppler component, which is proportional to the
velocity along the received altimeter beam. This unwanted Doppler component is subsequently cancelled,
leaving a Doppler-compensated range frequency. The LM altitude is derived from the Doppler-compen
sated range frequency.

Altimeter Oscillator/Modulator. (See figure 2.2-10.) The altimeter oscillator/modulator generates
sawtooth, frequency-modulated, 99. 78-mc average center-frequency signals swept at a 130-cps repetition
rate. The frequency-deviation rate is ±41. 6 kc (nominal) at LM altitudes in excess of 2,500 feet; ±208 kc
(nominal), at 2,500 feet and less. This frequency-modulated signal (14 milliwatts nominal) is applied to
the altimeter transmitter/multiplier.

Oscillator circuits develop 130-cps square waves, which are applied to a sawtooth generator. The saw
tooth-generator outputs are linear sawtooth waveforms, with a sweep time of 7,000 microseconds and a
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flyback time of 700 microseconds. Through a switch attenuator, a VCO is swept by sawtooth waveforms
of suitable voltage amplitude. An AFC loop minimizes the VCO center-frequency drift. The VCO output
is power -amplified and frequency-multiplied to become the frequency-modulated, 99. 79-mc average center
frequency.

An altitude mode control signal applied to the switch attenuator determines whether the VCO center fre
quency is swept at a high or low frequency-deviation rate. A high frequency-deviation rate is initiated

Iwhen the LM altitude is 2,500 feet or less. A blanking signal to the range frequency tracker blanks for (
a period including the sawtooth-generator transmitter and receiver flyback times (7,000 microseconds
and 700 microseconds, respectively).

Antenna Pedestal. (See figure 2. 2-15.) The antenna pedestal serves as the electrical and mechanical
interface between the antenna assembly and the LM. It also positions the antenna in either of its two
operating positions (descent and hover). Antenna positioning is performed by a tilt-actuator (d-c revers
ible) motor controlled manually with the LDG ANT switch, or automatically by an LGC command if the
switch is set to AUTO. The AUTO position is the normal mission position; it allows the LGC to switch
the antenna from the descent position to the hover position at the optimum altitude for the descent trajec
tory being used.

A position is selected by application of +28 volts on the appropriate control line. A limit switch,
which opens when the antenna reaches the selected position, removes power from the actuator. Travel
time to either antenna position is less than 10 seconds. In each antenna position, a spring-tension, 400
pound preload prevents the antenna from vibrating off its selected position. The 10-second travel time

• is necessary to traverse the 24 0 angle and because of this stressed preload. Nominal power drain is
15 watts during this travel time. Antenna-position indication is provided by a separate set of switch
contacts, which is located in the antenna pedestal. The indication provided by the switch contacts is
used to generate an antenna position No. 1 or 2 discrete to the LGC.

Antenna Heaters and Temperature Control. (See figure 2.2-10.) The antenna assembly, designed for a (/
temperature range of 0 0 to 185 0 F, is mounted off a surface whose temperature can vary from _260 0 to
+260 0 F during translunar and lunar-or bital periods. An external thermal shield, thermal blankets, and -.
a nonabsorptive finish partially protect the antenna from spatial temperature extremes. When the LR is
operating, sufficient heat is dissipated to maintain antenna temperature within +55~ and +150

0 F.

When the LR is not operating, an antenna temperature controland antenna heaters maintain antenna tem
perature within +55 0 to +70 0 F. The antenna heaters are cal-rod heating elements that are imbedded in
the antenna transmitting-array support structure. With the HEATERS: LDG RDR circuit breaker closed
and the PGNS: LDG RDR circuit breaker open, +28 volts de is applied to the antenna heater control,
which then furnishes heater power (through a power amplifier) to the antenna heaters. Using thermistors
to monitor antenna temperature and controlling switch circuits, the antenna heater control switches in the
power amplifier to apply power to the heaters when antenna temperature drops below +550 F; it switches
out the power amplifier when antenna temperature exceeds +70 0 F.

To assure accurate LR frequency tracking when first turned on, the monitored antenna temperature when
the LR is not operating must not be less than +50 0 F and should not exceed +70 0 F. With the LR turned on,
the antenna temperature must be within +500 and +150 0 F to assure velocity and range data accuracy.
When the PGNS: LDG RDG circuit breaker is closed, the LR is activated and antenna heater power is
turned off. An antenna temperature sensor provides antenna temperature signals to the TEMP indicator
(panel 3).

2.2.4.3.2 Electronics Assembly. (See figure 2.2-10.) \.
The electronics assembly contains four frequency trackers, a velocity data converter sub

assembly, a velocity data computer subassembly, and a signal data/range converter subassembly. The
electronics assembly provides the LGC and LM displays with inputs that correspond to the range along
the altimeter beam and antenna coordinate velocities with respect to the LM axes.

Doppler Velocity Frequency Trackers. Three Doppler velocity frequency trackers convert the broadband
outputs of the dual AF preamplifiers (antenna assembly) to discrete AF Doppler components. Using a
variable oscillator and narrow-band, low-pass filters, each frequency tracker acquires and tracks the
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to the centroid of the Doppler power spectrum which corresponds to the center of the returned velocity I
beam. The resultant Doppler audio frequency is superimposed on a 614.4-kc subcarrier for further
processing by a converter within the velocity data converter subassembly. Doppler sign sense represen-
tative of opening or closing velocity is interpreted and preserved through the frequency trackers, and a I
VDG discrete is sent to the LGC, when all the Doppler velocity frequency trackers are locked on to the .
discrete Doppler audio frequencies at the centers of the received velocity beams. Each Donpler velocity
frequency tracker scans, acquires and tracks the AF Doppler component at the center of tJ;~orrespond-

ing velocity beam.

Range Frequency Tracker. The range frequency tracker operates in a manner similar to that of the
Doppler frequency trackers. From a dual A F preamplifier, this frequency tracker receives a broadband
output containing a range frequency with AF Doppler component. The frequency tracker scans, acquires,
and tracks the centroid of these frequencies, which corresponds to the center of the returned altim- I
eter beam. When the frequency tracker is locked on and tracking and the two rear velocity beam
trackers are tracking, a RDG discrete is sent to the LGC. The range frequency with AF Doppler com
ponent is sent to a range frequency converter.

Velocity Data Converter Subassembly. The velocity data converter subassembly contains three velocity
data converters, a range converter, a reference frequency generator, a bandwidth control circuit, and
logic gates. From the Doppler velocity frequency trackers, each Doppler offset frequency with quadra
ture phases of 0 0

, 90 0, 180 0, and 270 0 is applied to a converter in the velocity data converter subas
sembly. The converter removes a 614. 4-kc subcarr ier from the Doppler offset frequency, synchronizes
and multiplies the Doppler offset Irequency by four to retain the quadrature phases, indicates Doppler
sign sense, and, based on Doppler sign sense, provides an output to computers within the velocity data
computer subassembly. From each of three converter outputs, a Doppler signal (4D>0 to 4D<0) goes to
the computers within the velocity data computer subassembly. The expression 4D >0 denotes four times
the Doppler offset frequency with positive Doppler (closing velocity); 4D <0, four times the Doppler offset
frequency with negative Doppler (opening velocity).

The range frequency converter operates in a manner similar to that of the velocity data converters. From
the range frequency tracker, the range frequency converter receives a range frequency and a Doppler off
set frequency with quadrature phases of 0°, 90°, 180°, and 270°. The range frequency converter
removes the center frequency and then routes the range frequency with Doppler frequency to range con- I
verter circuits of the signal data/range converter subassembly.

The bandwidth control circuit, basically a frequency comparator, switches all the Doppler velocity fre
quency trackers to narrow band-pass operation (tracking) when an altitude mode discrete indicates an
altitude of 2,500 feet and less. When a Doppler velocity frequency tracker output is less than 1. 47 kc
(Doppler frequency), the circuit switches the frequency tracker to narrow band-pass operation by switch
ing the low-pass filters from 1,200 cps to 500 cps.

Logic gates monitor tracker lock-on discretes from the four frequency trackers (three Doppler velocity,
and range). When all the Doppler velocity frequency trackers are locked on, discretes TL1, TL2, and
TL3 enable a VDG discrete to the LGC. When the range frequency tracker is locked on and discretes
TL1 and TL2 are present, the RDG discrete is enabled and routed to the LGC. The reference frequency
generator provides all the reference frequencies necessary for LR operation.

Velocity Data Computer Subassembly. The velocity data computer subassembly consists of three com
puters, which compute antenna coordinate velocities Vxa, Vya, and Vza from the discrete Doppler
components with Doppler sign sense (4D <0 and 4D>0) received from the Doppler velocity frequency
trackers. With these velocity frequency trackers locked on, VDG discretes gate the lateral (Vya) and
forward (Vza) velocities, in d-c voltage form, to the X-pointer indicators; the altitude rute (Vxa) , as a
PRF with altitude rate sign sense, to the ALT RATE indicator. The altitude rate sign sense conveys
positive or negative Doppler velocity. The VDG discretes also gate Vxa, Vya, and Vza, as PRF, to the
signal data circuits of the signal data/range converter subassembly.

Signal Data/Range Converter Subassembly. The signal data/range converter subassembly consists
of signal data and range converter circuits and an altitude mode switch. From the range frequency
converter output, the range frequency with Doppler (D4) is applied to the range converter circuits. •
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When discretes TL1 and TL2 are present, these circuits use a computer quantity Vxa' to cancel the Dop-

I pIer, leaving Doppler-compensated range frequency in pulse-train form. The range converter circuits
drive Vxa' by adding the Doppler products D1 and D2 and multiplying the sum by 15/16. The range fre
quency, as PRF, is applied to the altitude mode switch circuit and to the signal data circuits. When the
range PRF is equivalent to 2,500 feet or less, a low-altitude PRF is gated to the ALT indicator. A
mode (M) discrete changes the altimeter oscillator/modulator frequency-deviation range from ±4 me to
±20 me. The discrete switches the frequency trackers to narrow band-pass operation. The M discrete
also enables a range low-scale factor discrete to the LGC.

The signal data circuits convert the radar data, in PRF form, into the LGC Ifi-bit format. An LGC
strobe command enables the signal data circuits to read out particular radar data (Vxa, Vya, Vza, or
range). For lateral velocity (Vya), LGC strobe command Vya strobes input gates to gate in the Vya
pulse train, allowing 80 milliseconds to be counted into a 15-bit counter. On LGC readout command,
the Vya data in a shift register is read out in serial binary form to the LGC. Upon receiving the Vya

I
data, the WC subtracts a number equal to O. 80 x CF to extract the velocity and its polarity. The
velocity is multiplied by its scale factor to convert to lateral velocity in feet per second. Five 80
millisecond samples are averaged to obtain one smoothed 400-millisecond value to be used for state vec
tor computation update.

(

2.2.5 PERFORMANCE AND DESIGN DATA.

2.2-3.
The performance and design data for the Radar Subsystem are given in tables 2.2-2 and

Table 2.2-2. Rendezvous Radar and Transponder - Performance and Design Data

Rendezvous radar

Radar transmitted frequency 9832.8 me

Radar received frequency 9792.0 me + Doppler

Radiated power 300 mw (nominal)

Antenna design Cassegrainian

Angle-tracking method Amplitude monopulse

Antenna diameter 24 inches

Antenna gain 32 db (nominal), 31.5 db at beam center, 28.0 db at 2 0 off
boresight

Antenna beamwidth (3-db points) 4.0 0

Antenna side-lobe level -13 db adjacent to main lobe

Gyroscopes Four (two redundant)

Modulation Phase modulation by three tones: 200 cps, G.4 kc , and
204.8 kc

Receiver channels Reference, shaft (pitch), and trunnion (yaw)

Receiver noise figure 10 db (maximum)

Receiver intermediate frequencies 40.8, G.8, and 1. 7 me

Maximum range (unambiguous) 405 nm

Minimum range 80 feet

1 April 1971Change Date -'-- _2.2-38
RADAR SUBSYSTEM

Page Mission LM Basic Date 1 February 1970--------



(

LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

Table 2.2-2. Rendezvous Radar and Transponder - Performance and Design Data (cont) •
Rendezvou. ,dar (cent)

Range accuracy Bias: ±500 feet or 0.05%, whichever is greater, for
ranges> 50.6 nm
±120 feet for ranges < 50.6 nm

Random (3eT): 80 feet or 1% for ranges between 80 feet
and 5 nm

300 feet or 1/4% for ranges between 5 and 400 nm

Range data output 15-bit serial format

Range scale factor

400 to 50.6 nm

50.6 nm to 80 feet

75.04 feet/bit

9.38 feet/bit

Range rate +4,900 to -4,900 fps

Range rate scale factor 19.91 pps/fps

Range rate accuracy ±1 fps, 3 a random
±1 fps, bias

Complete acquisition time (range
and range rate)

15 seconds

Angular accuracy

Range

400 nm

300 nm

200 nm

5nm

2 nm

1 nm

80 feet

Maximum error (mr)
Random Bias

5.3 8

5. ( 8

4.8 8

4.7 8

8.7 8

10 8

10 8

Angle rate accuracy

Range Maximum error

400 nm 0.4 mr/sec

100 nm to 80 feet 0.2 mr/sec

Transponder

Antenna 4-inch Y-horn, linearly polarized, 12-inch interconnecting
waveguide

•
Transmitted frequency 9792 me (RR frequency 9832.8 mc x 240/241)

Received frequency 9832.8 mc ± one-way Doppler

Coherence ratio 240/241

2.2-39Page -'-':.....:'-"-__
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Table 2.2-2. Rendezvous Radar and Transponder - Performance and Design Data (cont)

(,

Transponder (cont)

Radiated power 300 mw

Antenna coverage

Acquisition time

160 0 by 105 0 (fixed position on CSM)

1. 8 seconds with 98% probability, with -123-db signal
at antenna (range: 400 nm)

(
Intermediate frequencies

First IF 40.8 mc

Second IF 6.8 mc

Modulation PM by three tones (200 cps, 6.4 kc, 204.8 kc)

Range 80 feet to 400 nm

Weight 16.0 pounds

Input power 75 watts

Heater 20 watts (maximum)

• Table 2.2-3. Landing Radar - Performance and Design Data

Velocity sensor Continuous-wave, three-beam

Radar altimeter CW/FM

•
Altitude capability

Velocity capability

40,000 feet

Acquisition at 24, OOO-foot altitude

,Weight (approx) 43.5 pounds

Power consumption 125 watts dc (nominal)
147 watts de (maximum - with tilt mechanism operating)
132 watts de (maximum - steady-state)

Heater power consumption 63 watts dc (maximum) at 28 volts dc

Altimeter antenna

Type Planar array, space-duplexed

Gain (two-way) 50.4 db

RF power 100 mw (minimum)

Beamwidth (two-way) 3. 9
0 E-plane

6.5 0 H-plane

Velocity sensor antenna

Type Planar array, space-duplexed

Gain (two-way) 49.2 db

15 June 1970Change Date _2.2-40
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Table 2.2-3. Landing Radar - Performance and Design Data •
Velocity ser.sor antenna (cont)

RF power

Beamwidtlr (two-way)

200 mw (minimum)

3.67° E-plane
7.34 ° H-plane

I
Transmitter

Velocity sensor frequency 10.510 kmc ±5 me

Altimeter frequency 9.580 kmc ±5 me

Warmup time 1 minute

FM sweep duration 0.007 second

Acquisition time

Velocity sensor 12 seconds (maximum)

Altimeter 12 seconds (maximum)

Primary power 25 to 31. 5 volts de (nominal)
3.5 to 6.5 amperes

Electronics assembly temperature range _200 to +110° F

2.2.6

2.2.6.1

OPERATIONAL LIMITATIONS AND RESTRICTIONS.

Rendezvous Radar. I
The operational limitations and restrictions for the RR are as follows:

• For accurate updating of AGS state vectors, using the RR, the separation distance
between the LM and the CSM must not exceed 100 nm ,

• The RR antenna must be positioned for minimum interference with the alignment I
optical telescope (AOT) when performing inertial measurement unit (IMU) alignment;
otherwise, the RR occults a large portion of the AOT field of view. The minimum
position for the RR antenna is orientation No. I (shaft angle of -77.2 0, trunnion angle
of 0°).

• If the RR antenna has been unstowed (for instance, to use the AOT), it cannot be
restowed from inside the LM.

• The HEATERS: RNDZ RDR - OPR circuit breaker (panel 11) must be closed 2.5
hours before the RR is used. If the RR temperature is not increased from survival
heating level to operating heating level, the RR may be inoperative or its per
formance may be degraded.

• Mechanical movement of the RR shaft cannot exceed +68° and _148° referenced to
the X-axis, due to mechanical stops. Trunnion-axis movement is restricted from
_70 0 to _110° about the +Z -axis.

• When switching the RR antenna from orientation No. I to orientation No. II, 35 to
45 seconds must be allowed for slewing the antenna.

2.2-41Page _
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• Manual operation of the RR antenna is only available in orientation No. 1. If this
restriction is not observed, readout of antenna angles is impossible, because dis
play of RR antenna angles is restricted to orientation No. 1.

(

I

• 2.2.6.2

• 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 the RR, if operational limitation is (,0
not adhered to.

• Before any LGC-controlled 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.

• During RR-IMU bias determination, the LM-CSM LOS must be within 30° of the
LM +Z -axis. If this requirement is not observed, computation of required /:;.V
corrections is degraded, resulting in excessive use of the RCS.

• If electromagnetic interference (EMI) in system is identified as caused by the track
ing light (regular pulses on audio channel or pulses at approximately 1 pps on
SIGNAL STRENGTH meter), the tracking light may be turned off until acquisition
of data is complete.

• While on the moon, the RR antenna should be pointed away from the lunar surface,
with the antenna boresight approximately parallel to the X-axis. This is required
only for a landing near the sub-solar point. Exceptions to this are when the RR is
tracking the CSM and during AOT operation. Possible damage to the RR due to
thermal overload will result in degraded performance if this restriction is not
observed. The antenna assembly temperature should not be allowed to exceed 75° F (,'"
when power is off.

Landing Radar.

The operational restrictions and limitations for the LR are as follows:

• The LR must be allowed to warm up for 1. 5 minutes for temperature stabilization;
otherwise, degraded and changing output will result.

• The LR must be operated within a specific mission timeline; otherwise, the compo
nents will overheat and degraded operation or possible loss of the LR will result.

2.2-42 15 June 1970
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MAIN PROPULSION SUBSYSTEM.

2.3.1 INTRODU CTION.

The Main Propulsion Subsystem (MPS) consists of the descent propulsion section (DPS)
(figure 2.3-1) and the ascent propulsion section (APS). Each section is complete and independent of the
other and consists of a liquid-propellant rocket engine with its own propellant storage, pressurization,

( and feed components. The DPS provides the thrust to control descent to the lunar surface. The APS I
\ provides the thrust for ascent from the lunar surface. In case of mission abort, the APS and/or DPS can

place the LM into a rendezvous trajectory with the CSM from any point in the descent trajectory; there is
a deadman zone immediately above the lunar surface, where abort cannot be accomplished. 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 propellant remaining in the descent stage.

A·300LM"j·172
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Figure 2.3-1. Descent Propulsion Section - Component Location
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(
Both propulsion sections use identical hypergolic propellants: a 50-50 mixture, by weight,

of hydrazine (N2H4) and unsymmetrical dimethylhydrazine (UDMH) as the fuel; nitrogen tetroxide
(N204), as the oxidizer. The injection ratio of oxidizer to fuel is approximately 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 propellant shutoff valves, to the engine injectors. The
DPS uses supercritical helium for propellant pressurization; the APS uses ambient gaseous helium. The
primary reason for using supercritical helium is the weight saving. Both the descent and ascent engine
assemblies consist of a combustion chamber, where the propellants are mixed and burned; an injector
that determines the spray pattern of the propellants injected into the combustion chamber; and propellant
control valves and orifices that meter, start, and stop propellant flow to the engine upon command. The
descent engine, which is larger and produces more thrust than the ascent engine, is throttleable for
thrust control and is gimbaled for thrust vector control. The ascent engine is neither throttleable nor
gimbaled. Redundancy of vital components in both propulsion sections provides a high reliability factor.

·(

Before starting the descent or ascent engine, proper propellant settling must be established.
This is accomplished by moving the LM in the +X-direction to cause the propellants 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 +X-translation is accomplished by operating the
Reaction Control Subsystem (RCS) downward-firing thrust chamber assemblies (TCA's). Two or all
four downward-firing TCA's can be selected, depending upon whether RCS propellant conservation (two
TCA's) or a shorter RCS firing time (four TCA's) is the major consideration.

2.3.2 DESCENT PROPULSION SECTION INTERFACES. (See figure 2.3-2.)

The DPS receives 28-volt d-e and U5-volt a-c primary power through the Commander's
and LM Pilot's buses of the Electrical Power Subsystem (EPS). The outputs of the DPS pressure and
temperature transducers and liquid-level sensors are processed in the Instrumentation Subsystem (IS)
and are transmitted via the Communications Subsystem (CS) to MSFN: The IS also processes the DPS
caution and warning and display signals. The Explosive Devices Subsystem (EDS) opens explosive valves
in the DPS to enable propellant tank pressurization and venting.

The Guidance, Navigation and Control Subsystem (GN&CS) issues automatic on and off
commands, gimbal drive actuator commands, and thrust level commands to the descent engine, The
automatic on and off commands and thrust level commands can be overriden manually. 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 S&C control assembly when an astronaut sets the ENG ARM
switch (panel 1) to DES or when he presses the ABORT pushbutton (panel 1) preparatory to starting a
mission abort program, using the descent engine. 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. If DECA power
fails, the DES ENG CMD OVRD switch (panel 3), in the ON position, will supply an alternate voltage
source to keep the engine firing. The engine remains on until the engine-off command is received from
the automatic guidance equipment. The astronauts can also generate engine on and off commands
manually; these commands override the automatic commands. A manual start is accomplished (after
propellant tank pressurization with ambient helium) by arming the descent engine and pressing the START
pushbutton (panel 5). Either astronaut can shut off the descent engine by pressing his STOP pushbutton
(panels 5 and 6) or by pressing the ABORT STAGE pushbutton (panel 1). An abort-stage command results
in immediate descent engine shutdown, automatically followed by ascent propellant tank pressurization,
and enabling of circuitry for stage separation and ascent engine firing. Stage separation and ascent engine
firing occurs when the ascent engine-on command is issued.

(
\

(

•

1 April 1971Change Date -'- _2.3-2

Descent engine throttling is controlled by the LGC or the astronauts. The throttling-range
limitations are from minimum thrust (approximately 10% of 10,500 pounds) to approximately 65% and
full throttle (approximately 92. 5%). The range between 65% and 92. 5% is a transient region that cannot
be used for extended periods because excessive engine erosion occurs in this zone. Under normal condi
tions, the engine cannot be operated in the transient region because automatic throttle com-
mands above 65% automatically 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

MAIN PROPULSION SUBSYSTEM
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Figure 2.3-2. Descent Propulsion Section - Interface Diagram
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After setting the MASTER ARM switch (panel 8) to ON, the DES PRPLNT ISOL VLV switch

(panel 8) is set to FIRE to open the fuel and oxidizer compatibility valves. The DES START He PRESS
switch (panel 8) is then set to FIRE, opening the ambient helium isolation explosive valve. Ambient
helium flows from 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

Before earth launch, the propellant tanks are only partly pressurized, so that the tanks will
be maintained within a safe pressure level under the temperature changes that can occur between the time
the tanks are loaded and launch. Before initial engine start, the ullage space in each propellant tank re
quires additional pressurization. This initial pressurization (prepressurization) is accomplished with am
bient helium. (Supercritical helium cannot be used because the helium circulating through the fuel/helium
heat exchanger may freeze the fuel before 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), when
set to AMB PRESS, to the HELIUM indicator (panel 1) to enable the astronauts to check the status of the
bottle before initial engine start. The propellant tanks are prepressurized by opening explosive valves
in the ambient helium line and in the lines leading to the fuel and oxidizer tanks. The valve in the am-

•

bient helium line prevents helium flow from the storage bottle before prepressurization. The compati
bility valves in the lines leading to the fuel and oxidizer tanks prevent propellant vapors from degrading
the upstream components due to prolonged exposure before pressurization.

•
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Pressurization Section. (See figure 2.3-3. )

DESCENT PROPULSION SECTION FUNCTIONAL DESCRIPTION.

MAIN PROPULSION SUBSYSTEM
Mission LM Basic Date 1 February 1970 Change Date 15 June 1970

2.3.3

2.3.3.1

analog output of the DECA controls descent engine thrust. In the automatic mode, the thrust/translation
controller assemblies (TTCA's) can be used by the astronauts to increase descent engine throttle (over
riding the automatic throttle command); the TTCA's cannot be used, however, to decrease the throttle
command. (Refer to paragraph 2.3.3.3.1.) In the manual throttle mode, the astronauts have complete
control over descent engine thrust.

Functionally, the DPS can be subdivided into a pressurization section, a propellant feed
section, and an engine assembly.
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The DPS consists of an ambient helium bottle and a cryogenic helium storage vessel with
associated helium pressurization components; two fuel and two oxidizer tanks with associated feed com
ponents; and a pressure-fed, ablative, throttleable rocket engine. The engine can be shut down and
restarted, within operational limitations and restrictions (paragraph 2.3.6), as required by the mission.
At the fixed full-throttle position, the engine develops a nominal thrust of 9,870 pounds; it can also be
operated within a nominal range of 1,050 to 6,800 pounds of thrust.

The primary guidance and navigation section (PGNS) of the GN & CS, or the AGS, auto
matically controls descent engine gimbal trim, 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 each
gimbal axis, to the DECA. These signals operate power control circuitry, which drives the two gimbal
drive actuators (GDA's). In AGS operation, Y- and Z-axis error signals from the attitude and translation
control assembly (ATCA) are sent to the DECA to drive the GDA's. The GDA's tilt the descent engine
along the Y-axis and Z-axis a maximum of 6° from the center position. Tne ENG GMBL switch (panel 3)
permits removing GDA power to interrupt the tilt capability if the ENG GMBL caution light (panel 2) goes
on, indicating a malfunction.

The DPS modes of operation are discussed in detail in paragraph 2. 1. 3. 5. The control
circuitry is shown in figure 2. 1. 18.

The engine is mounted in the center compartment of the descent stage cruciform; it is
suspended, at the throat of the combustion chamber, on a gimbal ring that is part of the engine assembly.
The gimbal ring is pivoted in the descent stage structure, along an axis normal to that of the engine pivots.
The engine can be tilted up to +6° or -6°, by means of the GDA's, to ensure that the thrust vector passes
through the LM center of gravity.•

•
•
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Downstream of the fuel/helium heat exchanger, the helium flow continues through a filter
that traps debris from the explosive valve, then the pressurization 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 is in series with a pressure regulator in the secondary leg.
The pressure of the helium flowing through the primary leg is reduced by the pressure regulator to the
nominal pressure (245 psia) required to pressurize the propellant tanks. If this regulator fails open or
closed, pressure at the helium manifold increases or decreases accordingly beyond acceptable limits
(rises above 260 psia or drops below 220 psia) and the DES REG warning light (panel 1) goes on. When
a caution or warning light goes on, a signal is routed from the caution and warning electronics assembly.
(CWEA) in the IS to light the MASTER ALARM pushbutton/lights (panels 1 and 2) and to provide a 3-kc tone
in the astronaut headsets. Pressing either MASTER ALARM pushbutton turns off both lights and terminates
the tone, but has no effect on the caution or warning light. (The DES REG warning light is inhibited •
before initial descent engine arming. It will go off when normal pressure is restored when the CWEA . /

MAIN PROPULSION SUBSYSTEM
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of the normally closed helium isolation solenoid valve and flows through the secondary pressv re regulator
where pressure is reduced to approximately 245 psi. The regulated ambient helium then e the pro-
pellant tanks to provide the normal ullage pressure.

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 exchanger 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 period of
operation. After passing through the helium/helium heat exchanger, where it is cooled" to approximately
-300° F, the helium is routed back through the second loop of the fuel/helium heat exchanger and heated
to approximately +35 0 F before delivery to the pressure regulators.

With the supercritical helium pressurization system operating, the pressure in the cryo
genic helium storage vessel varies between 400 and 1,750 ps ia, The pressure is monitored on the
HELIUM indicator when the HELIUM MON selector switch is set to SUPCRIT PRESS. The cryogenic
storage vessel is protected against overpressurization by a dual burst disk assembly. If an excessive
heat transfer through the vessel wall increases the internal pressure above approximately 1,900 ps id,
the burst disks rupture and the entire helium supply is lost. A normally open vent relief valve between
the two burst disks protects against back pressurization of the upstream burst disk if it develops a small
leak. If a large leak develops, the vent relief valve closes and the downstream burst disk protects the
storage vessel. A thrust neutralizer at the outlet of the downstream burst disk prevents generation of
unidirectional thrust if the burst disks rupture.

The cryogenic storage vessel is isolated by an explosive valve, which is fired automatically
after an engine-on command has been given. With the ENG ARM switch (panel 1) set to DES, the engine
on command can be given manually by pressing the START pushbutton (panel 5), or it can be given auto
matically by the LGC or AGS. In either case, the MASTER ARM switch must be in the ON position to
fire the explosive valve. A delay circuit causes a 1. 3-second delay between opening of the propellant
shutoff valves and firing of the supercritical helium isolation explosive valve. This time delay prevents
the supercritical helium from entering the fuel/helium heat exchanger until fuel flow is established so
that freezing of the fuel in the heat exchanger cannot occur.
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After pressurization with ambient helium, the supercritical helium from the cryo
genic storage vessel is used to maintain ullage pressure. Supercritical helium is stored at a
density approximately eight times that of ambient helium. Because heat transfer from the out
side to the inside of the cryogenic storage vessel causes a gradual increase in pressure (approxt-

• mately 6 to 10 psi per hour, depending on ambient conditions). Only a component malfunction, a
significant time slippage, or a change in the predetermined burn profile can cause the super
critical 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 which may cause the descent engine to
operate in a blowdown mode. (The period of engine operation in the blowdown mode depends upon
the amount of ullage volume present.)
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circuit breaker is cycled, or when the ascent and descent stages separate.) Under regulator failure con
ditions, the astronauts must close the solenoid valve in the malfunctioning leg and open the solenoid valve
in the redundant leg, to restore normal propellant tank pressurization. The 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) solenoid 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 .1
helium leakage through the pressure regulators and to inhibit leaks downstream of the latching valves. )

The primary and secondary helium flow paths merge downstream of the regulators to form a
common helium pressurization manifold. Transducers monitor the manifold pressure; they provide con
tinuous telemetry signals 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 -he oxidizer tanks; the other, to the fuel tanks. Each path has a quadruple check
valve assembly in a ser i-s-parallel arrangement. The quadruple check valves isolate the upstream com
ponents from the corrosive propellant vapors and prevent hypergolic action, as a result of backflow from
the propellant 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 uniformly distribute the helium throughout the ullage 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 con
tains a relief valve assembly to protect the propellant tanks against overpressurization. The assemblies
(a burst disk in series with a relief valve) vent pressure in excess of approximately 275 psia and reseal
the flow paths after overpressurization is relieved (254 psta). Thrust neutralizers eliminate unidirectional
thrust generated by the escaping gas. To prevent leakage through single point relief valves during normal
operation, the burst disks are located upstream of the relief valves. The burst disks rupture at a pres
sure between 260 and 275 psi; the relief valves open fully at 275 psi to pass the entire helium flow from a
failed-open regulator preventing damage to the propellant tanks.

Two vent lines, in parallel with the relief valve assemblies, include an explosive valve in
series with a normally open solenoid valve for each propellant tank. The vent lines are intended for
planned depressurization of the tanks after lunar landing, when temperature rise of the supercritical
helium and heat soak-back from the engine (after shutoff) causes pressure buildup in the tanks. The I
planned venting arrangement protects the astronauts against untimely venting of the tanks through the
relief valve assemblies. The fumes are vented overboard, through the relief valve thrust neutralizers at
the fuel and oxidizer pressurization line vents. (See figure 2.3-1.) If the helium pressurization line is
open, the supercritical helium in the cryogenic storage vessel will be vented together with the propellant
tanks. The supercritical helium will vent rapidly until pressure drops to approximately 350 psia, then
the pressure remaining in the cryogenic storage vessel will decrease with the decreasing propellant tank
pressures. 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 explosive vent valves simultaneously. The MASTER
ARM switch is then set to OFF. Venting of the lines is monitored by setting the PRPLNT TEMP/PRESS
MON switch (panel 1) to DES 1 and the HELIUM MON selector switch (panel 1) to SUPCRIT PRESS. When
the OXID PRESS indicator indicates 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 dis-
play. When the FUEL PRESS indicator indicates less than 8 psia, the FUEL VENT switch is set to
CLOSE, causing the FUEL VENT talkback to provide a barber-pole display.

2.3.3.2 Propellant Feed Section. (See figure 2.3-3.)

Each pair of propellant tanks (containing like propellants) is manifolded into a common
delivery line. Balanced propellant flow is maintained by trim orifices in all propellant lines downstream I
of the tanks.

2.3-9Page__-=-"'--=- _
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Helium pressure in the propellant tanks is monitored on the FUEL and OXID PRESS in
dicators (panel 1), propellant temperature in the tanks is monitored on the FUEL and OXID TEMP
indicators. The PRPLNT TEMP/PRESS MON switch selects the set of fuel and oxidizer tanks (No. 1
or No.2) for monitoring. Each propellant tank has its own temperature transducer to supply temp
erature signals to the indicator. One pressure transducer in the fuel pressurization line and one in
the oxidizer pressurization line supply pressure signals to the indicators. Therefore, the pressure
reading remains constant regardless of whether tank No. 1 or 2 monitored. Propellant quantity re
maining in the tanks is monitored on the OXIDIZER and FUEL QUANTITY indicators (panel 1). The
PRPLNT QTY MON switch selects the set of fuel and oxidizer tanks (No. 1 or 2) for monitoring.

(

(
Pressurized helium, acting on the surface of the propellant, forces the fuel and oxidizer into

the delivery lines through a propellant retention device that maintains the propellant in the delivery lines
during negative-g acceleration (up to acceleration in excess of -2g). The oxidizer is piped directly to
the engine assembly; the fuel circulates through the fuel/helium heat exchanger before it is routed to the
engine assembly. A small bypass permits some fuel to reach the engine without flowing through the heat
exchanger. This protects against a pressure buildup should the fuel in the heat exchanger be frozen. Each
delivery line contains a trim orifice and a filter. The trim orifices provide engine interface pressure of

I approximately 222 psia at full throttle position for proper propellant use. The filters prevent debris,
originating at the explosive valves or in the propellant tanks, from contaminating downstream components.

2.3.3.2.1 Propellant Quantity Gaging System. (See figure 2.3-4. )

The propellant quantity gaging system (PQGS) enables the astronauts to continuously monitor
I the quantity of .propellants remaining in the four tanks. The PQGS is of the capacitance type. It con

sists of four quantity-sensing probes with low-level sensors, a control unit, two QUANTITY indicators,
the PRPLNT QTY MON switch, and the DES QTY warning light. During a lunar-landing mission, the
PQGS will be turned on approximately 10 seconds before engine ignition and shut off approximately.
10 seconds after engine shutdown. The continuous PQGS power-on time is limited to 45 minutes. This
limitation safeguards the thermal capability of the electronic components which, if exceeded, could result
in erroneous indications. The PROPUL: PQGS circuit breaker (panel 16) is used to apply or remove
PQGS power. The PRPLNT QTY MON switch selects a set of propellant tanks (fuel and oxidizer tanks
No. 1 or 2) to be monitored on the FUEL and OXIDIZER QUANTITY indicators. With the PRPLNT QTY
MON switch set to OFF, the QUANTITY indicators remain lit; however, the digital readouts on the indi
cators blank out. With the PRPLNT QTY MON switch set to DES 1 or DES 2 and the descent engine shut
off, the QUANTITY indicator readings remain stable until a zero-g condition develops, at which time the
readings drift and become indeterminate.

(

The low-level sensors provide a discrete signal to cause the DES QTY warning light to go
on when the propellant level in any tank is down to 9.4 inches (equivalent to 5.6% propellant remaining,
or sufficient for 116 seconds of engine burn at hover thrust (approximately 25%». The MASTER ALARM
pushbutton/light and the 3-kc tone are not activated when the DES QTY warning light is energized to
prevent distraction of the astronauts during the most critical phase of the lunar landing mission. The
PQGS has an estimated uncertainty tolerance of 1. 3% of full tank capacity for cabin display and telemetry
transmission. This tolerance is reduced to 1% in the 8% to 25% propellant quantity range where the
PQGS performs at a higher accuracy.

The quantity-sensing probes are double-walled; one probe is installed to run vertically
through the center of each propellant tank. Each probe has a 20-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 which converts them to provide the following:

• Indications of the quantity of propellant remaining in the tanks, on the QUANTITY
indicators

• Conditioned signals, corresponding to propellant quantities in each of the four tanks,
to the telemetry registers

• A warning signal when the propellant in any of the four tanks is depleted to a pre-
determined level. \

1 April 19712.3-10
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Engine Assembly. (See figures 2.3-5 and 2.3-6.)
(

Fuel and oxidizer enter the engine assembly through interface flanges on opposite sides of
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
failure. The valves open simultaneously to permit propellant flow to the engine while it is operating;
they close simultaneously to terminate propellant flow at engine shutdown. At the two upstream fuel
shutoff valves, ventur is restrict the fuel flow so that the oxidizer reaches the injector between 40 and 50
milliseconds before the fuel. This precludes the possibility of a fuel lead, which would result in rough
engine starts. Downstream 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 formed. 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 the 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, 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 connected 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 for positive start and shutdown. During shutdown,
the solenoids in the pilot valves are deenergized and the vent ports are open. The spring-loaded actua-
tors close the shutoff valves. Residual actuation fuel is vented overboard through four separate lines
that lead to vent ports at the bottom of the descent stage. (See figure 2.3-1.)

The propellant in the main fuel and oxidizer lines flows through cavitating-venturi-type
flow control valves that control propellant flow to the engine below the 65% throttle setting. Transition
from cavitation to noncavitation occurs between 70% and 80%. At full throttle, and during momentary

• transition through the full throttle to 65% range, engine throttling takes place primarily in the pintle
assembly of the injector and in the flow control valves. At approximately 70% of maximum thrust, cavi
tation 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 entirely
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, contoured,
metering pintle that is linked directly to the injector sleeve. The linkage is operated 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 throt
tled down, the pintles in the flow control valves are moved to decrease the flow control area in the
ventur is 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 decreased so that the injection
velocities and impingement angles of fuel and oxidizer are maintained at near-optimum condition for
combustion effie iency.

The injector consists of a faceplate and fuel manifold assembly with a coaxial oxidizer 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 con
tour and the injector faceplate. The fuel flows behind the face of the injector to cool the faceplate. Some
fuel, tapped off the fuel manifold is used for barrier cooling of the wall. The fuel is emitted in the form
of a thin cyclindrIcal sheet; the oxidizer, in a series of individual sprays. The oxidizer sprays break up
the fuel stream and establish the injector pattern at all thrust settings.

1 April 19712.3-12
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Figure 2.3-6. Descent Engine and Head End Assembly

The mechanical linkage that connects the pintle of the flow control valves and the injector
sleeve is pivoted about a fulcrum attached to the injector body. Throttling is controlled by the throttle
valve actuator, which 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 apertures. As com
manded thrust is reduced, the actuator reduces the flow at the flow 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.

2.3.3.3.1 Descent Engine Control.

After the engine is manually armed by setting the ENG ARM switch to DES, it can be fired
automatically or manually. Under manual control, the engine can be started and stopped by the Com-
mander 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
switch 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.
It is normally set against its hard (low) stop, where it supplies a 10% thrust command that is summed with
the LGC command. resulting in a combined thrust command to the descent engine. For example, if the
required thrust is 50%, the LGC commands 40%, which is augmented by the 10% obtained from the TTCA.
If the TTCA is moved from the hard stop, it supplies a greater portion of the combined command and the
LGC command decreases accordingly. Thus, for the required 50% thrust, the TTCA may now command
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(
20%; the LGC, 30%. If the TTCA is moved to a setting such that it commands more than the required
thrust, it overrides the automatic command (the LGC portion becomes zero) and descent engine thrust is
determined entirely by the TTCA setting.

The dual-scale CMD THRUST and ENG THRUST indicator (panel 1) displays commanded
manual or automatic thrust on the CMD scale and actual engine thrust on the ENG scale. The ENG SCdi8

input is derived from a pressure transducer in the combustion chamber, because thrust is proportional to
chamber pressure. At full throttle position the ENG scale reads 92.5% (actualfull-throttle-position thrust) .1
while the CMD scale reads between 92.5% and 100%. At all other throttle settings (10% to 65% throttling
range) the ENG and CMD scales normally display identical readings of the actual engine thrust. Display
of dissimilar readings indicates that the engine is not following the thrust commands or that transfer from
automatic to manual throttle control is in process. As shown in the example given previously, if the
TTCA is displaced from the hard stop in the automatic mode, for 50% required thrust, the TTCA may
command 20% while the LGC contributes 30%. The ENG scale of the THRUST indicator will read 50%;
however, the CMD scale (where LGC command is summed with a 10% bias) will read 40%. As the TTCA
is moved to increasing throttle settings, the CMD scale readings decrease. When the CMD scale reading
has dropped to 10%, the LGC no longer supplies any portion of the thrust command and the TTCA is in
contr-ol: At this point, a smooth transfer from the automatic mode to the manual mode is accomplished
by setting the THR CONT switch to MAN. The CMD and ENG scales will now indicate identical readings.
(For the preceding example, both pointers will align at 50%.) Very slight deviations between CMD and
ENG scale readings may occur as engine operating time increases. The deviations are due to combustion
chamber erosion, which causes chamber pressure to decay slightly.

The T/W (thrust/weight) indicator (panel 1) is used primarily to monitor X-axis accelera
tion during lunar landing and lift-off. The T/W indicator is a self-contained accelerometer that displays
instantaneous X-axis acceleration in lunar-g units (1 lunar g = 5.23 ft/sec 2). Inasmuch as a given
throttle setting provides a specific acceleration when the vehicle has a given mass, the T/W indicator
can be used 3.8 backup for the THRUST indicators to monitor engine performance.

( 2.3.4 DESCENT PROPULSION SECTION MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

2.3.4.1 Explosive Valves. (See figure 2.3-7.)

An ambient helium isolation valve, a supercritical helium isolation valve, a fuel compati
bility 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. A cartridge is fired by applying power to the initiator bridgewire for a few milliseconds. The
resultant heat fires the initiator, generating gases in the valve explosion chamber at an extremely high
rate. The gases drive the valve piston into the valve housing to open the valve by shearing a closure
disk and aligning the piston port permanently with the pressure line plumbing.

2.3.4.2 Cryogenic Helium Storage Vessel.

The cryogenic helium storage vessel is double walled; it 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 to minimize ambient heat transfer into the tank. The vessel has fill and vent ports, a burst
disk assembly, and an internal helium/helium heat exchanger. The inner tank is initially vented and
loaded with liquid helium at approximately 80 R; the fill sequence is completed by closing the vent and
introducing a high-pressure head of gaseous helium. As the high-pressure, low-temperature gas (at
approximately 14 0 R) is introduced, the density and pressure of the stored helium are increased. At
the end of pressurization, the density of the stored supercritical helium is approximately 8.7 pounds per •
cubic foot, and the final pressure is approximately 80 psi.

The burst disk assembly (figure 2.3-7A) prevents hazardous overpressurization within the ves
sel. It consists of two burst disks in series, with a normally open, low-pressure vent valve between the
disks. The burst disks are identical; they burst ata pressure between 1,881 and 1,967 psid to vent the en
tire supercritical helium supply overboard. A thrust neutralizer at the outlet of the downstream burst disk
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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 psta. It closes when the pressure exceeds 150 psia, so that,
for faster leaks, the pressure buildup will eventually rupture the downstream burst disk and all super
critical helium will be vented.

2.3.4.3 Fuel/Helium Heat Exchanger.

Fuel is routed directly from the fuel tanks to the two-pass fuel/helium heat exchanger. The I
heat exchanger transfers heat from the fuel to the supercritical helium, which is warmed to operating
temperature by flowing through the two separate heat exchanger passes. The fuel/helium heat exchanger
is of finned tube construction; the first and second helium passages are in parallel crossflow with
respect to the fuel. All parts are stainless steel; each fin is lap brazed to an adjacent fin and to the
side panels to increase structural rigidity. Helium flows in the tubes and fuel flows in the outer shell
across the bundle of staggered, straight tubes.

2.3.4.4 Helium Isolation Solenoid Valves. (See figure 2.3-8.)

These helium isolation valves are two-coil, latching, solenoid-operated valves that shut off
helium flow through one leg of redundant flow lines if the pressure regulator in the leg fails open. The
valves are actuated by the DESCENT He REG 1 and REG 2 switches (panel 1). A position indicator
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).

(

The valve poppet is part of the "open" armature and shaft assembly. When the "latch open"
coil is energized, the poppet leaves the valve seat as the "open" armature slides into the latched position,
overcoming the force of the closing spring. The latch balls become seated in the "open" armature detents
to maintain the valve open after the "latch open" coil is deenergized. To close the valve, the latch re
lease coil is energized, causing the latch armature and pin assembly to slide back, overcoming the force
of the latch spring. As the pin moves back, the latch balls drop out of the detents in the "open" armature
and the force of the closing spring pushes and maintains the poppet firmly against the valve seat. The
normally closed, internal bleed valve opens if seepage past the moving valve seals causes a pressure
buildup in the valve housing. An arc suppression circuit, consisting of two zener diodes across each coil,
eliminates the induced voltage generated when the coil is deenergized.
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Figure 2.3-8. Helium Iso r rtion So lenoiu Valve, Latched-Open Position
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Helium Pressure Regulators (See figure 2.3-9.)
(

The primary and secondary helium pressure regulators are two separate units contained in
a common housing. Each regulator is supplied from a separate helium pressurization line, but both
feed into a single outlet manifold. Each pressure regulator cons i.v s of a direct-sensing main stage and a
pilot stage. The valve in the main stage is controlled by the valve in the pilot stage, which senses small
changes in the regulator outlet pressure (Pr) and converts these changes to proportionally large changes
in control pressure (Pc). The main stage valve poppet is positioned for varying flow demands by changes (
in the control pressure acting on the main stage bellows sensor. ,

A reduction in flow demand causes a rise in the regulator outlet pressure because flow from
the regulator exceeds the new downstream demand. The rise in outlet pressure reduces the pilot valve
output, thereby reducing flow into the main stage chamber. Because the pilot stage chamber bleeds
directly into the regulator outlet line, reduced flow into the chamber causes a proportional reduction
in the control pressure, which, in turn, moves the main stage valve poppet toward the closed position.
The resultant reduced flow through the main stage valve matches the downstream demand. An increase
in the downstream demand causes a reduction in outlet pressure, which tends to open the pilot valve.
The resultant increase in control pressure causes the main stage valve poppet to open more to meet the
increased downstream demand.

The flow limiter at each regulator inlet restricts maximum flow through the regulator to
19 pounds of helium per minute so that the propellant tanks are protected if the regulator fails open.
The filter downstream of the flow limiter prevents particles, which could cause excessive leakage at
lockup or regulation malfunction, from reaching the main stage and the pilot valve seats. The
control pressure relief valve prevents control pressure from exceeding the regulator outlet pressure
by more than 150 to 200 psi, by venting main stage chamber pressure into the outlet line. This
relief valve operates only if the pilot
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Figure 2.3-9. Descent Propulsion Section - Helium Pressure Regulators
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valve fails; it does not interfere with normal pressure regulator operation. The overstroke relief valve
at the main stage bellows sensor prevents the regulated outlet pressure from overshooting its limit.

2.3.4.6 Relief Valve Assemblies. (See figure 2.3-10.)

The relief valve assemblies are downstream of the burst disk assemblies in the helium
pressurization line. The helium enters the relief valve chamber and acts against the relief valve dia-
phragm, overcoming the force of the relief valve spring and lifting the poppet off its seat. This opens the I
helium pressurization line to vent excess helium overboard. A thrust neutralizer at the outlet port pre-
vents generation of unidirectional thrust. The cylindrical filter in the relief valve chamber prevents par
ticles from lodging in the valve seat. When helium pressure drops' below the reseat pressure, the relief
valve closes to prevent further helium loss. Before burst disk rupture, the light vent spring keeps the
relief valve poppet slightly off its seat. This prevents pressure buildup in the relief valve chamber in
case of a slight burst disk leak. If the pressure in the relief valve chamber exceeds approximately 8 psi,
the force of the vent spring is overcome and the relief valve poppet closes. Pressure then continues to
build up and work against the relief valve diaphragm. When the pressure reaches approximately 260 psi,
the relief valve cracks.

2.3.4.7 Burst Disk Assemblies. (See figure 2.3-11.)

Each helium pressurization line leading to the propellant tanks has a burst disk assembly
upstream of the relief valve assembly. The function of the burst disk assembly is to protect the relief
valve from corrosion by the propellant. Between 260 and 275 psia system pressure the burst disk will
rupture, permitting the relief valve to function. When the inlet pressure reaches the burst pressure
range, the coil-spring-loaded disk assembly and the belleville spring inner support assembly, which are
connected by the burst disk, move downstream together. The disk assembly seats first and because the
burst disk cannot withstand the force on the inner support assembly, it ruptures. The disk assembly is
moved upstream by the coil spring, opening the flow passage.
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Figure 2.3-10. Descent Propulsion Section - Relief Valve Assembly
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Figure 2.3-11. Descent Propulsion Section - Burst Disk Assembly

2.3.4.8 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

I
containing like propellants is interconnected at the top, and all propellant lines downstream of the tanks
contain trim orifices, to ensure balanced propellant flow. 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
precluding inadvertent helium ingestion into the engine. Each tank outlet also has a propellant retention
device (negative-g can) that permits unrestricted propellant flow from the tank under normal pressur
ization, 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 line as
a result of a negative-g or zero-g condition or propellant vortexing; it eliminates the possibility of engine
malfunction due to helium ingestion.

2.3.4.9 Throttle Valve Actuator. (See figure 2.3-12. )

The throttle valve actuator is a passively redundant, electromechanical, linear-motion
servoactuator which moves the throttle linkage in T(·Donse to an electrical input command. Moving the
throttle linkage simultaneously changes the pos itton .': the flow control valve pintles and the injector
sleeve. Changing the position of the flow control valve pintles varies the amount of fuel and oxidizer
metered into the engine and thus changes the magnitude of engine thrust. The throttle valve actuator is
located between the fuel and oxidizer flow control valves; its housing is rigidly attached to the engine head
end and its output shaft is attached to the throttle linkage.

The actuator is controlled by three electronic channels, which power three d-c torque
motors on a common shaft. The motor shaft supplies the input to the ball screw, which converts rotary
motion to the linear motion of the throttle valve actuator output shaft (total excursion is 0.754 ± 0.01 inch).
Nonjamming mechanical stops prevent overtravel of the output shaft in the retracted and extended posi
tions. All mechanical moving parts of the actuator are within a hermetically sealed portion of the unit
(pressurized to 0.25 ps ia with a 9 to 1 mixture of nitrogen and helium). A diaphragm-type leak indicator
in the cover of the hermetically sealed portion of the actuator provides visual evidence of loss of vacuum
within the unit. Five potentiometers are ganged to the torque motor shaft through a single-stage plane
12,'v reduction gear (potentiometer drive gears). Three of these potentiometers supply position feedback
information to the three motor amplifier channels, one to each channel. One of the other two potentiom
eters provides throttle actuator shaft position data for telemetry to MSFN. the other one is a spare.
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The automatic and manual command signal input voltages are summed and fed into the non
linear shaping network to provide the nonlinear position versus command required to nullify other non
linearities in the engine and provide an overall signal that represents linear thrust versus command volt
age. This signal is summed with the voltage output of the position feedback potentiometer. If the two
voltages are of equal magnitude, but positive polarity, the error voltage is zero. If they are not equal,
a positive or negative error voltage is generated. (The error voltage is positive if the command signal
is greater; negative, if the feedback voltage is greater.) The error voltage is summed with a preset in
put from the bias network (used to trim the actuator) and is then conditioned and fed into a preamplifier.
The preamplifier output is summed with the preamplifier outputs of the other channels to control the
power amplifier that drives the torque motor (clockwise or counterclockwise). As the motor rotates the
ball screw, the position feedback potentiometer is driven by the planetary gearing. A current-limiting
circuit senses motor current and, through feedback, limits the current to 3 amperes per channel under
normal conditions. A current-cutback circuit senses motor voltage and, under conditions indicative of
power transistor failure, provides an input to the current-limiting circuit, causing it to limit the
current to approximately O. 75 ampere per channel.

(

(

The redundancy within the throttle valve actuator ensures that failure of anyone electrical
component will not cause the actuator to fail. Failure of one preamplifier channel will be nullified by the
cross coupling and high-gain feedback and will result in a negligible positioning error. Failure of a
power amplifier or torque motor circuit is detected by the current-cutback and/or current-limiting cir
cuits, and any erroneous output is reduced to a level that can be overcome by the other two channels with
out detrimental effects.

The throttle valve actuator provides a fail-safe system in the event selective malfunctions
external to the throttle valve actuator occur. If either the primary 28-volt d-c power, the command and
reference voltages, or the +15- or -15 volt reference voltage is lost, the throttle valve actuator causes
the descent engine to automatically thrust at full throttle position. If 28-volt d-c power is lost while the
descent engine is firing, the throttle valve actuator cannot sustain control, it will be driven to the full
throttle position by the hydraulic loads imposed by the propellant pressures on the flow control valves
and the inj ector. (If there are no hydraulic loads, the throttle valve actuator moves to the pos ition of
balanced mechanical loads.) Loss of the -l5-volt reference voltage causes the potentiometer feedback
voltage to drop to zero. As a result, only the positive command voltage is in control, and the throttle
valve actuator moves to the full throttle position. If the +15-volt reference voltage fails, the failure
detection circuit that monitors this voltage provides a signal that causes the throttle valve actuator to
move to the full throttle position. The power source for the command voltage is the +15 volt power
supply that supplies the input to the plus side of the throttle valve actuator reference. Therefore, loss of
the command voltage also results in loss of the reference voltage, which causes the throttle valve
actuator to move to the full throttle position. (Loss of the command voltage alone would cause the throttle
valve actuator to move to the minimum thrust position.)

2.3.4.10 Flow Control Valves. (See figure 2.3-13.)

The oxidizer and fuel flow control valves are on the side of the engine, immediately down
stream of the propellant inlet lines. They are secured to the throttle valve actuator mounting bracket.
The flow control valve pintle assemblies are mechanically linked to the throttle valve actuator by a
crossbeam.

The flow control valves are cavitating venturis with movable pintle sleeves.
Engine throttling is initiated by an electrical signal to the throttle valve actuator, commanding an in-
crease or decrease in engine thrust. Operation of the throttle valve actuator drives the crossbeam to (
a new position, thus changing the position of 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. Be-
low an appr-oximate 70% thrust setting, flow through the valves cavitates, and hydraulically uncouples
the propellant transfer system (and thereby, the flow rate) from variations in combustion chamber pres-
sure. The movable pintle sleeve, shaft-driven through the valve body, is sealed by two flexible bellows.
Shear pins in the bearing sleeves permit the valve bearings to operate in redundant 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 shafts are attached to a yoke that is driven
by the throttle valve actuator.
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Figure 2.3-13. Flow Control Valve

2. 3. 4. 11 Propellant Shutoff Valve Assemblies.

Each of the four propellant 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, downstream of the flow control valves, are exposed to the full propellant pressure
before engine firing. Propellant leakage at the valve seats is vented overboard.

2.3.4.11.1 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 deenergized, 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 110 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 off 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.

2.3.4.11. 2 Fuel and Oxidizer Shutoff Valves.

The fuel and oxidizer shutoff valves are mechanically 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 Teflon seat to assure positive sealing when the valve is
closed. All ball valves 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.

2.3.4.12 Variable-Area Injector. (See figure 2.3-14.)

The variable-area injector consists of a pintle assembly, drive assembly, and manifold as
sembly. The pintle assembly introduces the propellant uniformly into the combustion 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-optimum injector pressure
drops and propellant velocities are maintained at each thrust level. The primary function of the manifold
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Figure 2.3-14. Variable-Area Injector - Quarter Section

assembly is to distribute the fuel uniformly around the outer surface of the sleeve. Fuel enters the mani
fold assembly 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 faceplate). 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 impingement 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 forms 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, little preferential separation of oxidizer
and fuel can occur. For given propellant densities, overall mixture ratio, and injector geometry, there
is a range of propellant injection velocity ratios that result in maximum mixture ratio uniformity through
out the resultant expanding propellant spray. When they occur, the liquid-phase reactions generate gas
and vapor that atomize and distribute the remaining liquid oxidizer and fuel uniformly in all directions,
resulting in high combustion efficiency. A separate fuel manifold feeds the barrier cooling orifices to
minimize engine erosion.

2.3.4.13 Combustion Chamber and Nozzle Extension. (See figure 2.3-15.)

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 aluminized nickel foil and glass wool. A seal prevents leakage between
the combustion chamber and nozzle extension.

The nozzle extension is a radiation-cooled, crushable skirt, made of columbium with an
aluminide coating. It is attached to the combustion chamber case at a nozzle area ratio of 16 to 1 and

• extends to an exit area ratio of 54. 0 to 1.

2.3.4.14 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 control of the engine. A description of the two gimbal drive actuators is given in para
graph 2.2.4.6.

I
\
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Figure 2.3-15. Descent Engine Combustion Chamber, Nozzle Extension, and Heat Shield

2.3.5 DESCENT PROPULSION SECTION PERFORMANCE AND DESIGN DATA.

The performance and design data for the DPS are given in table 2.3-1.

Table 2.3-1. Descent Propulsion Section - Performance and Design Data

Pressurization section

Ambient helium bottle

Volume 1 cubic foot

Initial filling weight of helium 1.12 pounds

Initial helium pressure and temperature 1,600 psia at +70 0 F

Usable helium 1 pound

Proof pressure 2,333 psi

Burst pressure 2,625 psi
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Table 2.3-1. Descent Propulsion Section - Performance and Design Data (cont)

Pressurization section (c .it)

Cryogenic helium storage vessel

Nominal storage pressure and temperature

Maximum storage pressure and temperature

1,555 psia at -4000 F

1,710 psta at -3200 F (

•

•
•

Volume

Density

Initial filling pressure and temperature

Initial filling weight at charge pressure

Usable helium

5. 9 cubic feet

8.7 pounds per cubic foot

80 psia at -4500 F

51.2 pounds

49.4 pounds

Proof pressure 2,274 psia

Burst pressure 3,420 psia

Burst-disk rupture pressure 1,881 to 1,967 psid

Helium filters

Nominal filtration 5 microns

Absolute filtration 15 microns

Helium pressure regulators

Outlet pressure

Normal operation flow rate range (nominal)

245+3-3 psia at inlet pressure of 400 to 1750 psia
245+3-5 psia at inlet pressure of 320 to 400 psia

0.52 to 5.5 pounds per minute

(
\

Nominal flow rate at full throttle 5.2 pounds per minute

Inlet pressure range 320 to 1.750 psia

Lockup pressure (maximum) 253 psia at inlet pressure of 400 to 1750 psia
255 psia at inlet pressure of 320 to 400 psia

Maximum flow rate 19 pounds per minute

Quadruple check valve assemblies

•
Opening pressure

Maximum pressure drop

2 to 2. 88 paid

8.0 psi at full throttle

Relief valve assembly

Burst-disk rupture pressure 260 to 275 psi

Relief valve cracking pressure 260 psi

Full-flow pressure 275 psi

Fully open flow rate 10 pounds per minute

Reseat pressure (minimum) 254 psi
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Table 2.3-1. Descent Propulsion Section - Performance and Design Data (cont)

Propellant feed section

Propellant tanks

Capacity (each tank)

Total fuel (unpressurized)

Total oxidizer

Ullage volume (minimum)

Usable fuel

Usable oxidizer

Usable fuel and oxidizer

Unusable fuel

Unusable oxidizer

Unusable fuel and oxidizer

Nominal tank ullage pressure (at full
throttle position)

Proof pressure

Burst pressure

Nominal propellant temperature

Propellant temperature range

Engine interface inlet pressure (trim orifice
output at full throttle position)

67.0 cubic feet I
7, 577 pounds .1
12,085 pounds I
1,728 cubic inches

7,492 pounds •
11,957 pounds •
19,499 pounds •
47 pounds •
90 pounds •
137 pounds •
235 psia

360 psia

405 psia

+700 F

+50 0 to +900 F

222:2 psia

Propellant filters

Nominal filtration 40 microns

Absolute filtration 60 microns

Fuel filter rated flow 13. 3 pounds per second

Fuel filter maximum pressure drop 2 psi

Oxidizer filter rated flow 21. 2 pounds per second

Oxidizer filter maximum pressure drop 3 psi

Engine Assembly

Nominal engine thrust (full throttle)

Minimum engine thrust

Nominal combustion chamber pressure (FTP)

9,900 pounds (FTP)

1,280 pounds (12.2%)

103.4 psia

•
•
•

Engine-gimbaling capability +60 or _60 for trim control along Y-axis and
Z-axis
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Table 2.3-1. Descent Propulsion Section - Performance and Desir" Data (cont)
(

Engine Assembly (cont)

Propellant injection ratio (oxidizer to fuel) 1.6tol

I
I

Approximate weight

Overall length

348 pounds

95 inches
(

I Nozzle exit diameter 63 inches

2.3.6 DESCENT PROPULSION SECTION OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for the DPS are as follows:

• The landing gear must be deployed before descent engine firing. If not deployed,
the landing gear would be in the path of the descent engine plume and would be
damaged.

• Before descent engine starts, the RCS +X-axis thrusters must be fired 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.

•
• Propellant bulk temperatures before descent engine start must be between +50 0

and +90 0 F. If temperature limits are exceeded, the resultant rough combustion
may adversely affect engine-component performance, and ullage pressure
limitations may be exceeded.

•
I

• The descent engine must be not operated for prolonged periods in the throttling
range of 65% to 92.5%. In this range, operation of the cavitating venturis of
the flow control valves becomes unpredictable and may cause an improper fuel
oxidizer mixture ratio, which will result in excessive engine erosion and early
combustion chamber burn-through.

• The DPS must not remain pressurized longer than 3.5 days before the anticipated
termination of use. If this limit is exceeded, the pressurization section compo
nents may fail to operate because of the corrosive nature of the propellants.

•
• The descent engine combustion chamber must not be subjected to more than

1,100 seconds of engine operation. Exceeding this limitation will cause the engine
to operate with a severely charred combustion chamber, possibly resulting in
burn -through.

1 April 1971Change Date _-=-~~:...::.::...:.:=--_
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(
2.3.7 ASCENT PROPULSION SECTION INTERFACES. (See figure 2.3-16.)

The APS receives 28-volt d-c and 115-volt a-c primary power through the Commander's
and LM Pilot's buses of the EPS. The outputs of the APS pressure and temperature transducers, low-
level sensors, and valve position indicator switches are processed in the IS and are transmitted via the
CS to MSFN. The IS also processes the APS caution and warning signals. The EDS opens explosive
valves in the APS to enable propellant tank pressurization. Interconnect plumbing between the APS pro
pellant tanks and the RCS thrust chamber assembly feed lines permits the RCS to use APS propellants I
during certain mission phases, thereby conserving the RCS propellant supply.

The GN&CS issues automatic on and off commands to the ascent engine. Ascent engine
arming, ignition, and shutdown can be initiated by automatic guidance equipment (PGNS or AGS) or by the
astronauts. The automatic and manual commands are sent to the S&C control assemblies, which provide
sequential control of LM staging and engine on and off commands. The ascent engine is armed manually
by setting the ENG ARM switch to ASC or pressing the ABORT STAGE pushbutton. (Either action auto
matically shuts off the descent engine if it is firing.) After setting the ENG ARM switch to ASC (and after
initial propellant tank pressurization), the ascent engine can be started manually by pressing the START
pushbutton and stopped by pressing either STOP pushbutton. In the event of an abort-stage command while
the descent engine is firing, the S&C control assemblies provide a time delay before commanding LM
staging and ascent engine firing. This delay ensures that the descent engine has stopped thrusting before
staging occurs. To stop the ascent engine after an abort-stage start, the ABORT STAGE pushbutton must
be reset (pressed a second time) to release the switch. (This procedure is necessary because the ABORT
STAGE pushbutton disables the STOP pushbutton.) The manual commands override the commands issued
by the automatic guidance equipment.

The APS modes of operation are discussed in detail in paragraph 2. 1. 3. 5. The control
circuitry is shown in figure 2. 1. 19.

2.3.8 ASCENT PROPULSION SECTION FUNCTIONAL DESCRIPTION.

The 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. 3-17.) The engine is installed in the midsection of the ascent stage; it is canted so that the
center line is tilted 1. 5° 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 a pre
determined lunar orbit. The engine can be shut down and restarted, within operational limitations
and restrictions (paragraph 2.3.11), as required by the mission.

Functionally, the APS can be subdivided into a pressurization section, a propellant feed
section, and an engine assembly.

2.3.8.1 Pressurization Section. (See figure 2.3-18.)

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 3,050 psia at a nominal temperature of +70° F. A pressure transducer at each tank outlet port is
connected to the HELIUM indicator via the HELIUM MON selector switch. Before staging, the pres
sure transducers also supply a signal to the IS that will cause the ASC PRESS warning light to go on when
the pressure in either helium tank is less than 2,773 psia. This alerts the astronauts to identify and
isolate the faulty tank. The HELIUM MON selector switch selects the tank pressure to be displayed.
When a caution or warning light goes on, a signal is routed from the CWEA to light the MASTER ALARM
pushbutton/lights (panels 1 and 2) and to provide a 3-kc tone in the astronaut headsets. Pressing
either MASTER ALARM pushbutton turns off both lights and terminates the tone, but has no effect on
the caution or warning light. If the ASC PRESS warning light goes on because pressure in either
helium tank is less than 2,773 psia, the light goes off upon separation of the descent and ascent stage. •

Before initial ascent engine operation, the helium isolation explosive valves prevent the
helium from leaving the tanks. These valves can be opened individually or simultaneously. The propel
lants are not pressurized until shortly before initial ascent engine start. To accomplish initial pressuri
zation, the helium isolation explosive valves and the fuel and oxidizer compatibility explosive valves
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(upstream of the propellant tanks) are opened simultaneously Normally, propellant pressurization is
initiated by setting the ASCENT He SEL switch (panel 8) to T If the HE LIUM indicator shows a leak
(zero or decaying pressure) in one of the tanks, the ASCEW: ;EL switch is set so that only the ex-
plosive valve leading from the nonleaking tank opens, thus pr .ting 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 FffiE and released, firing the 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 solenoid
valve and 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 (redundant) flow path. This arrangement causes
lockup of the regulators in the redundant flow path after the propellant tanks are pressurized, while the
upstream regulator in the primary flow path maintains the propellant tanks at their normal pressure of
184 psta, 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. If 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 output pressure, 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 ill REG caution light (panel 2) to go on. This alerts the
astronauts to the fact that the failed-open regulators must be identified and the helium isolation solenoid
valve in the malfunctioning flow path must be closed so that normal pressure can be restored. The
regulator outlet pressure is sensed by redundant pressure transducers that supply inputs to the IS, for
telemetry to MSFN. One of these pressure transducers supplies the input signal to the ASC ill REG
caution light. 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 talkback above the switch will change to a barber-pole display.

(

c

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 arrange
ment in each path, isolates the upstream components 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 compatibHity explosive
valves, downstream of each quadruple check valve assembly, seal off the propellant tank inlets, isolating
the fuel and oxidizer (liquid and vapor) before initial ascent engine start. This reduces contamination
problems involving helium components and prolongs the life of the pressure regulators. The fuel and
oxidizer compatibility explosive valves are opened simultaneously with the helium isolation explosive
valves before initial engine start. The four compatibility valves are arranged so that two fuel compati
bility valves and two oxidizer compatibility valves, in parallel paths, lead to their propellant tanks. One
fuel and one oxidizer compatibility valve has dual cartridges, the other two are fired by single cart
ridges. (See figure 2.3-20.)

\

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 overpressurization. This assembly
vents pressure in excess of approximately 245 psta (relief valve cracking pressure) 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 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 regu
lators, preventing damage to the propellant tanks .

• 2.3.8.2 Propellant Feed Section. (See figure 2.3-18.)

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-level sensor in each 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 sec
onds of engine operation. The ASC QTY caution light is inhibited when the ascent engine is not operating.

2.3-30
MAIN PROPULSION SUBSYSTEM

Page_-=-'-=--='-- Mission LM Basic Date 1 February 1970 Change Date 15 June 1970



/' <, .~

o 0

ELECTRICAL POWER SUBSYSTEM
,...AC BUS 8", r- INSf -,

H./POGS SIC
P.O,UlOIS, SfNSO.

115-VAC I
OUIDHElIUM~

~~I 1--
28-VDC TRANSDUCER PWR

re II ISOl V\V

ASCENT PROPULSION SECTION

OPEN CMD

OPEN CMD

• OPEN CMD

--.. A~~:=SlEl I I ~ I )'

}-~'OT H I ,I-I TANK I
~ TANK 2 I I

,. H. PlESS ....
ASCENT

~FlItE

~
SAfE

~
OFF

MASTEl ...IM

ON

EXPLOSIVE DEVICES SUBSYSTEM

tJ:l
PJ
~.
()

E::
00'
Ul

o·

I~

,---PROPUl~
..sc ~. OI~'.'ING

UG 0 .... 0 lOG'C

'"d I Ir I
AUTO ENG-ON CMD

PJ
lGC

I I •
ENG·OFF

aq

AUTO ENG-OFF CMD

_ J J CMD

(1)

'" I IY
I I

w I
AUTO ENG-ON CMD

l-
I

AGS

cc

AUTO ENG-OFF CMD

.-.

~ PRPlNT COMPAT VlVS
I OPEN CMD

GUIDANCE, NAVIGATION. AND CONTROL SUBSYSTEM
ENG ARM

Mea l ENG ARM CMD
~OFJ .. ;;.

'"d
o
r
r-

UlO
§3ot'"
Ul'"dE::
><:M;;.
Ul::O-J
>-3;;'<0
M>-3 0
E::- I

Ul@T'
tlUlt'"
;;':J::E::

~~
tl
tJ:l

~

~
~

o
I

o

~

SCEA

REACTION CONTROL SUBSYSTEM

II I ASC QTY IPCMTEA ASC HI REG
ASC PRESS

INSTRUMENTATION SUBSYSTEM

1

~

f--. OPERATIONAL
MEASUREMENTS

T

~
OPERATIONAL

TElEMETRY TO MSFN

COMMUNICATIONS
SUBSYSTEM

IFUEL TANKII OXID TANKF¥~
PRPlNT

INTERCHANGE

I PRPlNT
SHUTOFF ACTUATOR

PilOT VlVS ISOl VlVS I
ENG·ON

CMD

}

• I

i ..

f---'

ASC ENG-ON CMD

ASC ENG-ARM CMD

0"

'''NUAl ENG-ON CMD

EXPLOSIVE VlVS
ArTIIAT10N (MO

MANUAL ENG-OFF CMD

•I..~~, •

~ I
START ABORT
STAGE PROGRAM

o
~

.-.

tl
~
(1)

"'l
(1)

rr...,
~ E::
:d ~
.-.Z
~'"d
0::0o
(,)'"d
::rC:::
PJ t'"
;:l tn
aq 
(1) 0
tl Z
PJ tn

ro§3
Ul
8l
>-3
M
E::

D·300tMA·2A)

Figure 2.3-16. Ascent Propulsion Section - Interface Diagram -



"d
I'J

(JQ
<tl

>
"d
o
r-

Ult-<
COt-<
OjO~
Ul"d>
~t"l....,
~:O<o
t"l>'P
~~w

t:J0t-
>~~
;;f;
s
8
~

OXIDIZER FILL
AND DRAIN PORT

h
AFT EQUIPMENT
BAY

/

ASCENT
, _ HELIUM TANK

ASCENT
FUEL TANK

, ., .
I'
, I

", I
II
'I

,'1
II
II
II

'I
'I;1

, I, ,
"",, .
, I
, I

, '
, I

, I
, I
, J
,I
"f' I.,

""w,
W

""

~
Ul
Ul
O·
;:l

l~~
WZ

1

ACTUATOR
gl. "d ISOLATION
(") :0 VALVES

t:JO TO ASCENT/RCS
I'J "d INTERCONNECT..... e
<tl t-<

Ul
..... Of ORIFICE
"'lZ
<tl Ulere
2 OJ
I'J Ul
'1 ><:
'< tn
..... ~
<ot"l
;3~

o
;:r

~
(JQ
<tl

t:J I FUEL TANK~
I'J.....
<tl

I
LOW,LEVEL

SENSOR

FUEL FILL
AND DRAIN PORT

A·300lM4·I02

Figure 2.3-17. Ascent Propulsion Section - Component Location

-: -<>. ..........-....,
~



LMA 790 -3 - LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

•

ENG .. I",.

~-

E.JO(JI.JrM-I1

I

[

RCS

HI Helium

JZZZ???! Oxidizer

Netes.
1. Helium tank pressure-<2,773 psio before staging.

Propellant line pressure-<120 psio after staging_
2. Burst disk rupture pressure - 238 psio

Cracking pressure - 245 psio
Full flow pressure - 250 psio
Reseat pressure - 225 psio

3. Pressures and temperatures shown ore nominal
values obtained at initial engine burn.

Signal flow

LEGEND

Fuel

(S•• not. 2)

GP0718T
FUEl TANK

TEMP

...

ASCENT ENGINE

I I

I
Figure 2.3-18. Ascent Propulsiori Section - Simplified Functional Flow Diagram

.• n" ,n,:, :" .....~n""",!:,,········· .,

EXPLOSIVE DEVICES J
ASCENT

H. "US ASC. HoISll
FIlE TANI( 1

------0'0'"
SAH TANI( 1

MASUI .... M

ON

~
0"

PT

PRESS 2

HElIUM 11S-VAC BUS

~~~rA~!.~,B,
~ t 'IOf"ULO!SI'

L-------O

~
~~~C

JPEN " BUS

---. y-- '"
--" '
:lOSE ....KENTH., "

IIGI IEC2 "C ,PROPUl...,

~"

@

2.3 -33/2.3-34Page ---::..:....:----:..:;.:...:.:..:....:----:.._=__

MAIN PROPULSION SUBSYSTEM
Mission LM Basic Date 1 February 1970 IChange Date 1 April 1971



U
APOLLO OP

SUBS

ASCENT ENGINE

THRUST- 3.500 POUNDS
cHAMaER PRESSURE _ 120 PSIA

OXIDIZER-lO-FUEl RATlO= 1.6:1

. .

~

rAe BUS B,
Hoe/I'OGS

rtOf"UlOlS'

,PROPUl.,

1..-------0

200 MICRONS :
ASS .

EXPtO!>IVE DEVICES J
AS((NT

10M ... us ASC H.sn
HIE fANI( 1

,---1\:1)-----0.0'"
UH TANK 2

CLOSE ASCINT H.

UGI IEG2

PRESS 1

ASC QTY

WARNING

10 SECONDS

r9ROPUl-..
OlS'flNG

OVflD lOGIC

~
~~~~C

, BUS
OPEN "
~ ...-- ,

~---:------j-----~

o
PRIMARYhPATH TO ALL MPS

TALKBACKS

LMP'S
28-VDC BUS

••

""-NT
TfMI'JI'I:US MON

AS<e OI S
!

DES 1

FUEL PRESS
FUEL TEMP

Figure 2.3-18. Ascent Propulsion

MAIN PRe
Mission LM Basic Date 1 February 1970 I (



GPOO-41P

0-::'sur(ll'..,..
0"

ISOLAI
VAL~

BIPROPEL
VAL~

'r' , • "£?'i

GPQJ1BX
H.. PRIM
VAlVE

ClOSED

He TAl'll(
NO.1
...'SS

r-PROPUl ......
OIS,/ENG

OVIO ~OGlC

PRIMARY 0

[j==:E~:!E=i=:::J=~:::r~=-t...:~~J PATH hTO ALL MPS
LMP'S TALKBACKS

28-VDC BUS

r INST-,".SE,.SOll

o
~TOALLMPS
... -~ ~. --PRESS/TEMP

LMP'S TRANSDUCERS

28.VDC BUS

RCS

(See note

•

•
•

•

•



(

LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

Helium flows into the top of 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 170 psia for proper propellant
use. The secondary path connects 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 propel-
lants, providing the APS is pressurized and the ascent or descent engine is operating when the RCS I
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 actu-
ate 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
shutdown. 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.

2.3.8.3 Engine Assembly. (See figure 2.3-19.)

(

The ascent engine is a fixed-injector, restartable, bipropellant rocket engine with an abla
tive 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 propel
lant shutoff valves (isolation and bipropellant valve assemblies) to the injector; a separate fuel path
(actuator pressure line) leads to the pilot valves, where fuel pressure actuates the propellant shutoff
valves.

Propellant flow to the engine combustion chamber is controlled by a valve package assem
bly, trim orifices, and an injector assembly. The valve package assembly consists 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 assemblies, four actuators, and four solenoid-operated
pilot valves. Inside the valve package 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
propellant shutoff valves are arranged in fuel-oxidizer pairs; each pair is operated from a single crank
shaft 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 along the shafts.

After the ascent propellants have been pressurized, the ascent engine can be started manu
ally 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 actuator 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 spools slide away from the fuel inlet ports and block the overboard vent ports. Fuel enters
the actuator chambers and extends the actuator pistons, cranking the propellant shutoff valves 90 0 to
the fully open position. The propellants now pass through the shutoff valves and trim orifices directly
to the inj ector. The orifices determine the thrust level of the engine and the mixture ratio of the pro
pellants 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 possi
bility of fuel lead, which would result ill 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 2.3-17 for
vent locations.) With the actuation fuel pressure removed, the actuator pistons are moved back by
spring pressure, causing the propellant shutoff valves to turn 90 0 to the closed position.

The ascent engine assembly has transducers and valve position indicator switches for
sensing fuel and oxidizer inlet pressures, thrust chamber pressure, and propellant shutoff valve posi
tions. The transducer outputs are converted to telemetry data in the IS. These data are transmitted to
MSFN, where they are used to monitor the performance of the ascent engine.
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Figure 2.3-19. Ascent Engine Assembly - Flow Diagram
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(
• 2.3.9 ASCENT PROPULSION SECTION MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

• 2.3.9.1 Explosive Valves. (See figure 2.3-20.)

A high-pressure helium isolation valve at each helium tank outlet, two low-pressure fuel
compatibility valves (in parallel), and two low-pressure oxidizer compatibility valves (in parallel), are
the explosive valves used in the APS. Normally, all helium isolation valves and compatibility valves ('
are opened simultaneously by a command from the EDS control and fire circuits (or from the ABORT
STAGE pushbutton on panel I), The ASC He SEL switch (normally set to BOTH) permits isolating a de-
fective helium tank by setting the switch to TANK 1 or TANK 2, thereby firing either helium isolation
valve individually. The ASC He SEL switch determines which helium isolation valves will be opened,
regardless of whether manual, automatic, or abort stage fire commands are issued. To prevent valve
failure in the 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 parallel 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 cart-
ridges. A cartridge is fired by applying power to the initiator bridgewire for a few milliseconds. The
resultant heat fires the initiator, generating gases in the valve explosion chamber at an extremely high
rate. The gases drive the valve piston into the valve housing to open the valve by shearing a closure
disk and aligning the piston port permanently with the pressure line plumbing.

• 2.3.9.2 Helium Isolation Solenoid Valves. (See figure 2.3-8. )

The helium isolation solenoid valves in the APS are identical with those in the DPS except
that they are actuated by the ASCENT He REG 1 and REG 2 switches and their position indicator switch
signal is fed to the ASCENT He REG 1 and REG 2 talkbacks. (Refer to paragraph 2.3.4.4 for a descrip
tion of the helium isolation solenoid valves.)

• 2.3.9.3 Helium Pressure Regulator Assemblies. (See figure 2.3-21.)

Each helium pressure regulator assembly consists of two individual pressure regulators
connected in series. The downstream regulator functions in the same manner as the upstream regula
tor; however, it is set to produce a higher outlet pressure so that it becomes a secondary unit that will
only be in control if the upstream regulator (primary unit) fails open.

•

PRIMARY
REGULATOR

SECONDARY
REGULATOR

r;::~~:::(:::, OUTLET

3ClOt.M+211

(

Figure 2.3-21. Ascent Propulsion Section - Helium Pressure Regulator Assembly
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Figure 2.3-20. Ascent Propulsion Section - Explosive Valves, Simplified Functional Diagram-
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Each pressure regulator unit consists of a direct-sensing main stage and a pilot stage. The
valve in the main stage is controlled by the valve in the pilot stac which senses small changes in the
regulator outlet pressure (Pr) and converts these changes to pro tonally Ian changes in control
pressure (Pc). The main stage valve poppet is positioned for va ; flow de m.c.ids by changes in the
control pressure acting on the main stage piston. A reduction i, w demand causes a rise in the regu-
lator outlet pressure because flow from the regulator exceeds th-. ,ew downstream demand. The rise in
outlet pressure decreases the pilot valve output, thereby reducing flow into the main stage chamber.
Because the main stage chamber bleeds directly into the regulator outlet line (through a fixed orifice),
reduced flow into the chamber causes a proportional reduction in the control pressure, which, in turn,
moves the main stage valve poppet toward the closed position. The resultant reduced flow through the
main stage valve matches the downstream flow demand. An increase in the downstream demand causes
a reduction in outlet pressure which tends to open the pilot valve. The resultant increase in control
pressure causes the main stage valve poppet to open, thus meeting the increased downstream demand.

The flow limiter at the outlet of the main stage valve of the secondary unit restricts maxi
mum flow through the regulator assembly to 5.5 pounds of helium per minute, so that the propellant tanks
are protected if the regulator fails open. The filter at the inlet of the primary unit prevents particles,
which could cause excessive leakage at lockup, from reaching the regulator assembly.

2.3.9.4 Relief Valve Assemblies. (See figure 2.3-22.)

Each helium pressurization line leading to the propellant tanks has a relief valve assembly
that consists of a burst disk in series with a relief valve. The redundancy within each relief valve as
sembly ensures against helium loss during normal operation and protects the propellant tanks against
inadvertent overpressurization. The burst disk is held in place by the automatic initiator assembly.
When pressure in the pressurization line exceeds approximately 226 psi, the tensile member breaks,
causing the helium pressure and the force of the initiator spring to rupture the burst disk. The helium
then enters the relief valve chamber and acts against the relief valve piston, overcoming the main poppet
spring, and lifting the poppet off its seat. This opens the helium pressurization line to vent the excess
helium overboard. A thrust neutralizer at the oulet port prevents generation of unidirectional thrust.
A filter at the inlet to the relief valve chamber prevents particles from lodging in the valve seat. When
helium pressure drops below the reseat pressure, the relief valve poppet closes to prevent further
helium loss. Before burst disk rupture, the light bleed valve spring keeps the bleed poppet slightly off
its seat. This permits a low pressure to be vented and prevents pressure buildup in the relief valve
chamber in case of a slight burst disk leak. If the leakage pressure builds up, the force of the bleed
valve spring is overcome and the bleed poppet closes. Pressure then continues to build up and work
against the relief valve piston. When the pressure reaches approximately 245 psi, the relief valve
cracks.

2.3.9.5 Propellant Storage Tanks.

The propellant supply is contained in two spherical titanium tanks. The tanks are of
identical size and construction. On 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 swiriling into the outlet port, precluding
helium ingestion into the engine. Each tank outlet also has a propellant retention device that permits
unrestricted propellant flow from the tank under normal pressurization, but blocks reverse propellant
flow (from the outlet line back into the tank) under zero-g or negative-g (better than -2g) conditions.
This arrangement ensures that helium does not enter the propellant outlet line while the engine is not
firing, thus it eliminates the possibility of engine malfunction due to helium ingestion. A low-level
sensor in each tank (approximately 4.4 inches above the tank bottom) supplies a discrete signal that •
causes the ASC QTY caution light to go on when the propellant remaining in either tank is sufficient for
approximately 10 seconds of burn time (48 pounds of fuel, 69 pounds of OXidizer minimum). •

2.3.9.6 Valve Package Assembly. (See figure 2.3-23.)

At the propellant feed section/engine assembly interface, the oxidizer and fuel lines lead
into the valve package assembly. The individual valves that make up the valve package 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,
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Figure 2.3-22. Ascent Propulsion Section - Relief Valve Assembly

and four solenoid-operated pilot valve and actuator assemblies. Each bipropellant valve assembly and
each isolation valve assembly consists 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 2.3-17.) The eight shutoff valves open simultaneously to permit propellant flow to the engine
while it is operating; they close simultaneously to terminate propellant flow at engine shutdown. The
two isolation valve assemblies are exposed to the full pressure of the propellant feed system. The four
nonlatching, solenoid-operated pilot valves control the actuation fluid (fuel) for the isolation and bipro
pellant valve assemblies. Normally, the solenoids are deenergized, and the actuation fuel is shut off by
action of the spring-loaded spools blocking the inlet ports. The back sides of the actuator chambers are
vented to eliminate fuel buildup due to leakage. When the solenoids are energized, all pilot valves are
opened and the actuation fuel enters the actuators where it acts against the spring-loaded actuator piston
to open the shutoff (ball) valves. At this point, the pilot valve spools seal off the vent port. When the
electrical signal is removed, spring action forces the valve spools to seal off the actuation fuel. The
propellant shutoff valves are closed by the return action of the actuator piston springs, and the actuation
fuel trapped in the actuator chamber and valve passages is expelled through the pilot valve vent ports .

(

• 2.3.9.7 Inj ector Assembly.

The injector assembly consists of the propellant inlet lines, a fuel manifold, a fuel (
reservoir chamber, an oxidizer manifold, and an injector orifice plate assembly. It takes longer to
fill the fuel manifold and reservoir chamber assembly. Consequently, the oxidizer reaches the com-
bustion chamber approximately 50 milliseconds before the fuel, resulting in smooth engine starts. The
injector orifice plate assembly is of the fixed-orifice type, which uses a baffle and a series of perimetef
slots (acoustic cavities) for damping induced combustion disturbances. The baffle is Y-shaped, with a
120 0 angle between each blade. The baffle is cooled by the propellants, which subsequently enter the
combustion chamber through orifices on the baffle blades. The injector assembly face is divided into two
combustion zones: primary and baffle. The primary zone uses impinging doublets (one fuel and one

15 June 19702.3-40
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Figure 2.3-23. Ascent Engine Assembly

oxidizer), which are spaced in concentric radial rings on the injector assembly face. The baffle zone
(1. 75 inches downstream from the injector face) uses impinging doublets placed at an angle to the in
jector face radius. Film-cooling of the combustion chamber wall is achieved by injecting fuel through
orifices spaced around the perimeter of the injector. Parallel orifices inject fuel parallel to the engine
centerline; canted orifices inject fuel against the chamber wall to form a film of fuel. The nominal
propellant temperature is +70 0 F as it enters the injector. The temperature range is +50 0 F to +900 F;
the fuel temperature is within 10 0 F of the oxidizer temperature. The temperature range at engine
start may be +40 0 to +500 0 F (restart at peak heat soakback), •

2.3.9.8 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
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extends from the injector to an expansion ratio of 4.6. The chamber insulator, between the ablative
material and the case, maintains the chamber skin temperature within design requirements. 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 filament winding provides the structural support
for the plastic assembly and ties the chamber and nozzle extension sections together.

ASCENT PROPULSION SECTION PERFORMANCE AND DESIGN DATA.

The performance and design data for the APS are given in table 2.3-2.

Table 2.3-2. 'Ascent Propulsion Section - Performance and Design Data

(

c
Pressurization section

Helium tank initial filling weight 6. 5 pounds per tank

Minimum usable helium weight 5. 1 pounds per tank

Helium tank initial pressure and temperature 3,050 psia at +70 0 F

Helium tank volume 3.35 cubic feet

Helium tank maximum operating pressure and
temperature

3, 500 psia at +140· F

Helium tanh proof pressure 4,650 psia at +160 0 F

Helium tank burst pressure 5,250 psia at +160 0 F

Helium filters

Absolute filtration 15 microns

Nominal filtration 5 microns

Helium pressure regulator assemblies

Primary path outlet pressure
Upstream regulator
Downstream regulator

184±4 psia
190±4 ps ia

Seeondary path outlet pressure
Upstream regulator
Downstream regulator

176±4 psia
182±4 psia

Maximum lockup pressure 203 psia

Maximum outlet flow rate (each
regulator path)

5.5 pounds per minute

Inlet pressure range 400 to 3,500 psia

Nominal helium flow rate 1. 45 pounds per minute

Quadruple check val ve assemblies

Opening pressure 2. 0 to 2.88 psid

Maximum operating inlet pressure 270 ps ia

Maximum pressure drop 4.5 psi at 2. 13 pounds per minute
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Table 2.3-2. Ascent Propulsion Section - Performance and Design Data (cont)

Pressurization section (cont)

Compatibility explosive valves operating
pressure range

Relief valve assembly

Burst-disk rupture pressure

100 to 270 ps ia

226 to 250 psia I
Relief valve cracking pressure 245 psia

Full-flow pressure 250 psia

Reseat pressure (minimum) 225 psia

Fully open flow rate (minimum) 4 pounds per minute

Propellant feed section

Propellant tanks

Capacity (each tank) 3G cubic feet

Total fuel 2, 008 pounds

Total oxidizer 3,179 pounds

Ullage volume (minimum)

Usable fuel

Unusable fuel

Usable oxidizer

Unusable oxidizer

0.5 cubic foot per tank at +90 0 F

1, 993 pounds

6 pounds

3, 190 pounds

35 pounds

•
•
•
•

Propellant temperature range +50 0 to +90 0 F

Nominal propellant temperature

Nominal ullage pressure 184 psia

Proof pressure 333 ps ia

Burst pressure 375 psia

Trim-orifice outlet pressure IG5±4 psia

Engine assembly

Propellant filters

Nominal filtration 175 microns

Absolute filtration 200 microns

Fuel flow rate 4. 3 pounds per second

Oxidizer flow rate 7. 0 pounds per second

Propellant injection ratio (oxidizer to fuel) 1. G:1
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Table 2.3-2. Ascent Propulsion Section - Performance and Design Data (cont)
(

Engine Assembly (cont)

Propellant feed section

Engine thrust 3,500 pounds

Injector iniet pressure

Steady-state operation 170 psia (
Engine start to 90% of rated thrust 0.310 second

Engine shutdown to 10% of rated thrust 0.200 second

Combustion chamber pressure 120 psia

Nominal propellant temperature at injector inlet +700 F

Approximate maximum weight 180 pounds

Overall length 47 inches

Nozzle exit diameter 34 inches

2.3.11 ASCENT PROPULSION SECTION OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for the APS are as follows:

• Propellant tank pressure before pressurization must be between 62 and 205 psia.
If these limits are exceeded during dynamic loading, structural failure in the pro
pellant tanks may result, causing loss of the LM.

• Propellant bulk temperature before ascent engine start must be between +50 0 and
+90 0 F. If the temperature limits are exceeded, the engine performance will be
degraded.

I

• 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.

• The APS must not remain pressurized longer than 24 hours before anticipated
termination of use. If this limit is exceeded, the pressure regulator assemblies
will exceed their qualified propellant exposure time.

•
• In the blow-down mode, it is not desirable that the ascent engine be operated when

chamber pressure has decayed to less than 112 psia. At a pressure of less than
114 psia, firing should be terminated unless engine operation is critical to mission
success.
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REACTION CONTROL SUBSYSTEM.

INTRODUCTION.

The Reaction Control Subsystem (RCS) stabilizes the LM during descent, helps to maintain
the desired trajectory during ascent, and controls LM attitude and translation about, or along, all axes
during hover, rendezvous, and docking maneuvers. It also provides acceleration for propellant settling
in 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 from the
ascent propulsion section (APS) of the Main Propulsion Subsystem (MPS). The 16 TCA's are arranged
in clusters of four, mounted on four outriggers that are equally spaced around the LM ascent stage. In
each cluster, two TCA's are mounted parallel to the LM X-axis, facing in opposite directions; the other
two are spaced 90° apart, in a plane normal to 'the X-axis and parallel to the Y-axis and Z-axis. (See _I
figure 2.4-1.) Four plume deflectors are attached to the descent stage, extending upward to the nozzle
of each downward-firing TCA. These deflectors are shields that prevent the downward exhaust plume
from damaging the LM structure.

The RCS consists of two parallel, independent systems (A and B), which, under normal
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, func
tioning alone, can provide complete control in all axes, with some translation effects. Moreover, if the
propellant supply of one system is depleted or fails, a crossfeed capability permits routing propellants
from the operative system to all 16 TCA's.

Fuel and oxidizer are loaded into bladders within the propellant tanks and into the mani-
fold plumbing that extends from the tanks through the normally open main shutoff valves up to the TCA •
solenoid valves. Before separation of the LM from the CSM, the TCA's are heated to their operating
temperature and the explosive valves are fired. Gaseous helium, reduced to a working pressure,
enters the propellant tanks and forces the fuel and oxidizer to the TCA's. Here, the

MAIN SHUTOFF
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+v-G::
Q System A

, SYliitem B THRUST CHAMBER
ASSEMBLV CLUSTER

+x
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Figure 2.4-1. Reaction Control Subsystem - Component Location
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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 command, its fuel and oxidizer
valve assemblies open to route the propellants through the TCA injector into the combustion

I chambers, where they impinge and ignite. Switches on panel 2 (LGC THRUSTER PAIR CMDS)
generate signals for the LGC, telemetry, and caution and warning talkbacks to indicate the
status of the thrusters.)

(

2.4.2 SUBSYSTEM INTERFACES. (See figure 2.4-2.) (
Transducer and valve position indicator switch outputs that originate in the RCS are proc

essed by the Instrumentation Subsystem (IS). The operational measurements that are monitored
throughout the mission are transmitted via the Communications SUbsystem (CS) to MSFN. The IS also
processes RCS caution 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 Devices
Subsystem (EDS). Interconnect plumbing between the TCA feed lines and the APS propellant tanks
permits the RCS to use APS propellants during certain phases of the mission, thereby conserving the
RCS supply. The RCS receives 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 an 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 description of RCS operation by the GN&CS is given in paragraph
2. 1. 3. 5. The control circuitry is shown in figure 2.1. 17.

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 transla
tion 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 di splaclng his thrust/translation controller assembly (TTCA). When
the ACA is displaced, an impulse proportional to the amount of displacement is routed to the LGC. The
LGC uses this impulse to perform steering calculations 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 display
and keyboard (DSKY) input to the LGC determines whether the LGC commands an angular rate change
proportional to ACA displacement, or a minimum impulse for each ACA displacement. When the ACA
is returned to the detent position, the LGC sends a command to hold the attitude. For translation,
displacement of the TTCA sends a discrete to the LGC, which sends a thruster-on command to selected
TCA's. When the TTCA is returned to neutral, the TCA's are turned off.

In the attitude hold mode, under AGS control, 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 steering calculations and generates the
thruster on and off 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 conserve 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 from the ACA is a manual override command, which is applied directly .
to the TCA's. The hardover output fires four TCA's simultaneously.

2.4-2

For MPS propellant-settling maneuvers, two or four downward-firing TCA's can be se
lected. Under PGNS control, the selection is manually keyed into the DSKY for routing to the LGC.
Under AGS control, the selection is made by setting the ATT/TRANSL switch (panel 1) to the 2 JETS or
4 JETS position. Under manual control, pressing the +X TRANSL pushbutton (panel 5) provides a
command to operate the four downward-firing TCA's, which continue firing until the pushbutton is
released. Firing two TCA's conserves RCS propellants; however, it requires a longer firing time to ~.
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Figure 2.4-2. Reaction Control Subsystem - Interface Diagram
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settle the MPS propellants. Before staging, firing of four TCA's may be necessary because thermal
impingement on the descent stage skin limits operating time for the downward-firing TCA's to 40 sec- •
onds.

2.4.3 FUNCTIONAL DESCRIPTION. (See figure 2.4-3.)

Functionally, each RCS system (A or B) can be subdivided into a helium pressurization
section, a propellant section, a propellant quantity measuring device, and eight TCA's. All RCS com
ponents are located in the ascent stage. Because RCS systems A and B are identical, only one system
is described.

Approximately 1 pound of gaseous helium, at a nominal pressure of 3,050 psia at +70 0 F, is
stored in the helium tank. Flow 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-temperature ratio of the helium. The sensor output is conditioned and routed to
the A or B QUANTITY indicator (panel 2), which indicates the combined (fuel and oxidizer) 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 psta, When a caution or warning light goes on, a signal is routed from the
caution and warning electronics assembly (CWEA) in the IS to light the MASTER ALARM pushbutton/
lights (panels 1 and 2) and to provide a 3-kc tone in the astronaut headsets. Pressing either MASTER
ALARM pushbutton/light turns off both lights and terminates the tone, but has no effect on the caution or
warning light.

2.4.3.1 Helium Pressurization Section.

I

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
assemblies.

Downstream of the restrictor, the flow path contains two series-connected pressure
regulators. The primary (upstream) regulator is set to reduce pressure to approximately 181 psia.
The secondary (downstream) regulator is set for a slightly higher output (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). U one regulator fails closed,
or if both regulators fail open, the downstream pressure decreases or increases beyond acceptable
limits (minimum pressure of 165 psia; maximum pressure of 218.8 psia) and the RCS A REG or RCS B
REG warning light (panel 1) goes on. (U the main propellant shutoff valves are closed, this warning
light is inhibited and does not go on, regardless of the pressure at the helium regulator manifold.)
Downstream of the pressure regulators, a helium manifold divides the flow into two paths: one leads to
the oxidizer tank; the other, to the fuel tank. Each flow path has quadruple check valves in a series
parallel arrangement to prevent backflow of propellant vapors into the helium manifold if seepage occurs
in the propellant tank bladders. The helium flows through the check valves into the propellant tanks.
A relief valve assembly at the inlet port of each propellant tank protects the propellant tank against
overpressurization. U 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 pressure drops below 212 psia, the relief valve closes, permitting normal
system operation.
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( firing the explosive helium isolation valve exceeds 100%, so that after the valve is opened and the
helium in the helium tank becomes less dense, the indicated quantity is 100%. During periods of inten
sive TCA firing, when the RCS progellants are consumed at a very high rate, the QUANTITY indicator
displays a minus error of 5% to 1010 for several minutes.

The input device of the PQMD is a Wheatstone bridge that senses pressure/temperature
(P/T) ratio. The bridge is energized by a bridge amplifier in the analog computer. The analog com
puter contains a power supply, three amplifiers, and three internal system-calibrating adjustments.
The output voltage of the piT sensor is applied to the preamplifier. The amplified signal is fed to the
output amplifier, which sums this signal with an 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 RCS SYS
B: PQGS DISP circuit breaker (panel 16). I
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Figure 2.4-4. RCS System A - Ascent Feed Interconnect Valve Arrangement
(Shown with Secondary Valves in Open Position)
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Figure 2.4-5. Propellant Quantity Measuring Device

2.4.3.4 Thrust Ch3.mber Assemblies. (See figure 2.4-6. )

The TCA clusters are enclosed in thermal shields, with the TCA combustion chamber out
board of the second rib and the nozzle protruding from the shield. The thermal shields aid in maintaining
a temperature-controlled environment for the propellant lines from the ascent stage to the TCA's,
minimize heat loss, and reflect radiated engine heat and solar heat.

Each TCA contains an oxidizer solenoid valve and a fuel 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 applied 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 2.4-7.) Each
circuit breaker controls 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 of the TCA's. When a manual override com
mand (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 opera
tion. The pulse mo::le is used for small attitude changes in the selected axis. In this mode, TCA
operation lasts for less than 1 second: the minimum pulse for TCA firing (at 21 volts) is 13 milliseconds.
In the steady-state mode, operation lasts for 1 second or longer. For a short-duration pulse (figure
2.4-8), engine thrust is just beginning to rise when the shutdown command is given, and only a very
small amount of propellant is injected into the combustion chamber. Under these conditions of minimum
impulse, the full 100 pounds of thrust cannot be achieved and TCA operation is comparatively inefficient.
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Figure 2.4-8. TCA Firing - Thrust Versus 'I'irne

If the pressure regulator in the helium pressurization section fails closed, TCA operation
continues briefly, until helium pressure drops below the acceptable limit and propellants are no longer
injected into the TCA combustion chamber. If both pressure regulators fail open, the relief valves in
the pressurization section vent the helium overboard; 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 lost until the main shutoff valves are closed and the crossfeed valves are opened to allow the
operative system to supply propellants to the TCA's of the malfunctioning system.

Initial combustion occurs in a preigniter cup which raises the main combustion chamber
pressure for satisfactory TCA ignition. Fuel and oxidizer pass through pre igniter tubes to their re
spective preigniter injection orifices. The fuel is sprayed into the preigniter cup; the oxidizer is
ejected and impinges with the fuel, causing spontaneous ignition and establishing combustion in the
preigniter cup. The main fuel flow is routed through four equally spaced holes in the side of the pre
igniter tube, to a chamber that channels the fuel to an annulus. The annulus routes fuel 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 intermediate middle ring has eight
orifices that spray fuel onto the outer wall of the preigniter cup. This fuel cools the pre igniter 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 hydraulic delay built into the injector,
ignition at these eight doublets occurs approximately 4 milliseconds later than ignition inside the pre
igniter cup.
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When the thruster-off command is given, the primary or secondary coils become de~ner

gized, releasing the armature poppets. Spring and propellant pressure return the a'! nature popr "t of
each valve to its seat, shutting off propellant flow into the injector. Propellant trapped in the in- ctor is
ejected and burned for a short time, while thrust decays to zero pounds.

(

2.4.3.4.1 Thrust Chamber Assembly Failure-Detection System. (See figure 2.4-7.)

The failure-detection system can detect thruster-on or thruster-off failures when the RCS is ('
under PGNS or AGS control. A thruster-on or a thruster-off failure produces the same indication in that it
causes the RCS TCA warning light (panel 1) to go on and the QUAD talkback associated with the failed

• TCA to provide a red display. Setting the QUAD switch to (DISABLE) isolates the malfunctioning TCA
from primary coil commands, causing the QUAD talkback to change to a barber-pole display and the
RCS TCA warning light to go off. A microswitch in the QUAD switch applies an inhibit signal to the LGC
to prevent the valves of the malfunctioning TCA from being cycled.

Thruster-On Failures. A thruster-on failure is defined as a TCA thrusting condition without an on
command from the GN&CS. If a thruster-on failure occurs, opposing TCA's fire when it becomes
necessary to nullify the effect of the failed-on TCA. For example, if TCA A4D fails on, TCA's A2D and
B4U receive on commands. A tabulation of opposing TCA's is given in figure 2.4-9.

All thruster-on commands are routed through the CWEA which detects the presence of opposing command
signals. The commands, from the jet drivers, to turn on particular TCA's are routed to the thruster
failure-detection system, where they are applied simultaneously to two AND gates in each failure
detection circuit. When a thruster-on command (command A4D, figure 2.4-7) and the opposing thruster-on
commands (commands B4U and A2D) are applied simultaneously to the AND gates, the result is an
on-failure signal that 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 to pr-ovide a red (TCA failure) display .

• Setting the related QUAD switch (SYSTEM A: QUAD 4) to (DISABLE) applies a reset signal to the flip-flop (
and counter, turning off the RCS TCA warning light. .

Thruster-Off Failures. A thruster-off failure is defined as a nonthrusting condition with an on command
from its jet driver. With an on command to TCA A4D (figure 2.4-8), 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 pressure of 10.5 psia is sensed in the combustion chamber; it
opens by the time pressure has decayed to a minimum of 3 psia. If the jet driver signal from 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. As a result, the RCS TCA warning light and the respective QUAD talkback provide a failure
indication. Under normal operating conditions, the TCA's may not respond to all individual on com
mands, if these commands (pulses) are of short duration (less than 80 milliseconds). Pulse skipping is
not critical until a number of consecutive short pulses are skipped. When six short pulses have not
produced a thruster-on response, the seventh consecutive pulse, regardless of duration or whether it
produces TCA firing or not, will cause the counter to generate a failure output. The counter output sets
the flip-flop via the OR gate, causing the RCS TCA warning light and the respective QUAD talkback to
provide a failure indication.

2.4.3.4.2 Heaters.

Thirty-two heaters are used to heat the 16 TCA's; two of the heaters are attached to each (
TCA flange. The heaters are fed by a 28-\Iolt d-e input; each heater consumes 17.5 watts at 24 volts. \
One heater of each TCA receives power from the SYS A/B-1 circuit breaker of its respective cluster; .
the other heater, from the SYS A/B-2 circuit breaker. In effect, two redundant, independently operating
heating systems are used to heat each TCA cluster. The heaters normally operate in an automatic mode,
in which redundant thermal switches (two connected in parallel for each heater) sense the TCA injector
head temperature and turn the heaters on and off, as required, to maintain TCA temperature within the
required range. The primary thermal switches are set to maintain TCA temperature at +140° ±8° F; the
redundant thermal switches are set for +147°±7° F. A 2° deadband permits the temperature to drop 2°
below the turn-on temperature.

• Page 2.4-14

REACTION CONTROL SUBSYSTEM

Mission LM Basic Date 1 February 1970 Change Date 1 April 1971



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

(
ON COMMAND SIGNALS

THRUSTER
FAILED

" ~ s ~ 0 " ..
" ~ ..

ON
0

:< ~ N a :;l
M :; ~ ~-c .. .. " " .. « " "

AIU • • •
.,0 • • •
AlF • • •.1L • • •
.2U • • ,.
A20 • • •
A2A • • • I.2L • • •
A3U • • •
030 • • •
.3A • • • +X.AXIS
A3R • • •

@~B4U • • •
A40 • • • YAW

B4, • • •
A4R • • •

...·300LM4-1~7

Figure 2.4-9. Reaction Control Subsystem - Thruster-On Failure Correction

The heaters of system A/B-l are connected directly to their circuit breakers and cycle on
and off, as required, unless the appropriate circuit breaker (HEATERS RCS SYS A/B-l: QUAD circuit
breakers on panel 11) is opened. The heaters of system A/B-2 are connected to their circuit breakers
(HEATERS: RCS SYS A/B-2 QUAD circuit 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 set to 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 thermal switches are bypassed and the heaters remain on regardless of the temperature.

The astronauts can determine the temperature of each 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 dis
connected from the electrical power supply by opening the appropriate heater QUAD circuit breaker.
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2.4.4 MAJOR COMPONENT/FUNCTIONAL DESCRIPTION. (
2.4.4.1 Explosive Valves.

The explosive valves are single-cartridge-actuated, r ma.Ily closed valves. Setting the
MASTER ARM switch (panel 8) to ON and momentarily holding the hCS He PRESS switch to FIRE com
pletes the circuit between the explosive-valve cartridge and the EDS buses. A cartridge is fired by
applying power to the initiator bridgewire for a few milliseconds. The resultant heat fires the initiator,
generating gases in the valve explosion chamber at an extremely high rate. The gases drive the valve ('
piston into the valve housing to open the valve by shearing a closure disk and aligning the piston port
permanently with the pressure line plumbing.

2.4.4.2 Helium Pressure Regulator Assembly. (See figure 2.4-10.)

The helium pressure regulator assembly consists of two individual pressure regulator units
connected in series. Both regulator units function in the same manner, however, the downstream regu
lator is set to produce a higher outlet pressure so that it becomes a secondary unit that will only be in
control if the upstream regulator (primary unit) fails open.

Each pressure regulator unit consists of a direct-sensing main stage and a pilot stage. The
valve in the main stage is controlled by the valve in the pilot stage, which senses small changes in the
outlet pressure (Pr) and converts these changes to proportionally larger changes in control pressure
(Pc), The main stage valve poppet is positioned for varying flow demands by changes in control pressure
acting on the main stage piston.

During normal RCS operation, the helium flow rate through the regulator assembly is
relatively low. Consequently, the main stage valve poppet remains closed. The pilot stage valve poppet
is held open by the pilot stage spring, permitting helium to flow into the regulator outlet line through a
fixed orifice in the main stage piston. The outlet pressure, sensed by the pilot stage bellows, acts
against the force of the pilot stage spring to maintain the regulator output at a constant preset pressure.
The flow limiter at the regulator assembly outlet port restricts maximum flow through the regulator
assembly so that the propellant tanks are protected if both regulator units fail open. The filter at the
regulator assembly inlet prevents particles, which could cause excessive leakage at lockup, from reaching
the valve seats.

2.4.4.3 Relief Valve Assemblies. (See figure 2.4-11.)

Each helium pressurization line leading to the propellant tanks has a relief valve assembly
that consists of a burst disk, a relief section, and a vent. The burst disk ensures against helium loss
while the system is under normal operating pressure; it protects the propellant tanks against overpres
surization by rupturing if the pressure reaches approximately 220 psi. During normal operation (burst
disk is intact), the vent is open. This creates a vent path that prevents pressure buildup in the relief
section in case of a slight burst disk leak. If the leakage pressure builds up to 150 psi, the action of the
vent spring is overcome and the vent poppet closes. When line pressure in the system exceeds approxi
mately 220 psi, the pressure forces the belleville spring to snap over, causing the burst disk to hit the
punch. This results in a nonfragmentation-type rupture. After the burst disk is ruptured (or after the
vent poppet closes), the helium pressure acts against the relief poppet, which cracks at approximately
232 psi. The relief poppet reseats at approximately 212 psi. The vent poppet reopens when the relief
section pressure has dropped to approximately 20 psi. The filter upstream of the relief section prevents
particles from lodging in the relief poppet seat.

2.4.4.4 Fuel and Oxidizer Tanks. (See figure 2.4-12.)

The propellants are stored in cylindrical titanium-alloy 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. Helium flows between the bladder and
the tank wall and acts upon the bladder to provide positive propellant expulsion.

1 April 19712.4-16
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Figure 2.4-11. Relief Valve Assembly
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2.4.4.5

2.4.4.5.1

Figure 2.4-12. Propellant Tank Assembly

Thrust Chamber Assembly. (See figure 2.4-6.)

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, and seat assembly. A
filter at the inlet of each valve provides final filtration of the propellants before they reach the injector.
The fuel and oxidizer valve assemblies are identical, except for the seat assemblies jmd spool assem
blies. 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, resulting in a nominal electrical fuel lead of 2 milliseconds.

The seat assembly retains the spring and armature in the cavity of the spool assembly. The
load maintains constant pressure on the armature, forcing the armature's poppet-type head into the
angled seat to form an integral seal A passage in the armature permits propellant to enter the seat-area
cavity. The spool assembly consist s of a concentric metal body with a three-hole mounting flange; it
contains two independent coils (primary and secondary) wound on a magnetic core.

2.4.4.5.2 Injector Head Assembly.

The injector head assembly provides support for the fuel and oxidizer valve assemblies, the
mounting flange for the combustion chamber seal and combustion chamber, the fuel passages to the fuel
annulus, the pressure pickup tap for ieasur ing combustion chamber pressure, and a propellant impinge
ment arrangement (eight-on-eight dc~"lets 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 oxi- r'
dizer valves and the injector head housing. The injector head assembly has four concentric rings of equally \
spaced holes on its face, and a preigniter cup.

2.4.4.5.3 Combustion Chamber and Extension Nozzle.

The combustion chamber consists of a coated molybdenum combustor. The extension
nozzle is fabricated from L 605 cobalt base alloy; eight stiffening rings are machined around its outer
surface. The combustion chamber and extension 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 as
sembly and bolts.
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2.4.5 PERFORMANCE AND DESIGN DATA.

The performance and design data for the RCS are given in table 2.4-1. The values listed
are nominal unless otherwise specified.

Table 2.4-1. Reaction Control Subsystem - Performance and Design Data

Helium pressurization section

Helium tank volume (at ambient pressure) 910 cubic inches

Helium tank initial fill pressure and temperature 3,050±50 psia at + 70
0 F

Helium weight (initial fill conditions) 1. 03 pounds

Helium tank maximum working pressure 3,500 psia

Helium operating temperature range +40 0 to + 1000 F

Helium tank proof pressure 4,650 psia

Helium tank burst pressure 5,250 psia

Helium filter efficiency 5 microns nominal
12 microns absolute

Primary regulator pressure output 181±3 psia

Primary regulator lockup pressure 188 psia maximum

secondary regulator pressure output 185±3 psia

secondary regulator lockup pressure 192 psia maximum

Flow rate through pressure regulator assembly
(single TCA operation)

0.036 pound per minute

Quadruple check valve assembly cracking
pressure

5 to 7 psid

Quadruple check valve assembly reverse
leakage rate

5 x 10-5 sec/sec of helium

Relief valve burst-disk rupture pressure 220 psia

Relief valve venting pressure 232 psia

Relief valve reseat pressure 212 psia minimum

Propellant section

Oxidizer

Oxidizer tank volume (including ullage)

Nitrogen tetroxide (N204)

2. 38 cubic feet

Oxidizer tank ullage volume 273.0 cubic inches

Oxidizer flow rate to each TCA 0.240 lb/sec

Available OXidizer in each system 194.1 pounds minimum

Oxidizer loaded in each system (tank and
manifold)

208.2 pounds
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Table 2.4-1. Reaction Control Subsystem - Performance and Design Data (cont)

Propellant section (cont)

•
•

Fuel

Fuel tank volume (including ullage)

Fuel tank ullage volume

50-50 mixture of hydrazine
(N2H4) and unsymmetrical
dimethylhydrazine (UDMH)

1.91 cubic feet

158.5 cubic inches

(

Fuel flow rate to each TCA 0.117 lb/sec

•
Available fuel in each system

Fuel loaded in each system (tank and
manifold)

99.3 pounds minimum

107 . 4 pounds

Propellant tank working pressure 176 psia

Propellant tank proof pressure 333 psia

Propellant tank burst pressure 375 psia

Propellant storage temperature range

Propellant pad pressure 50 psia

Propellant temperature

Propellant filter efficiency 5 microns nominal
18 microns absolute

Ascent feed filter efficiency 15 microns nominal
25 microns absolute

I Main shutoff valves, ascent feed
interconnect valves, crossfeed
valves:

toP oxidizer flow
toP fuel flow
Response Time

2 psi at 0.88 pound per second
2.5 psi at 0.88 pound per second
0.25 second at 250-psi inlet
pressure

Thrust chamber assembly

Engine thrust 100 pounds

Nozzle expansion ratio 40 to 1

Chamber-cooling method Fuel-film cooling and radiation

Combustion chamber pressure

Propellant injection ratio (OXidizer to fuel)

96 psia

2.05to1

I

\
Heater operating power and type 28 volts dc; resistance-wire

element

Oxidizer inlet pressure (steady state) 170±10 psia

Fuel inlet pressure (steady state) 170±10 psia

2.4-20
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Table 2.4-1. Reaction Control Subsystem - Performance and Design Data (cont)

Thrust chamber assembly (cont)

2.4.6

Approximate weight

Overall length

Nozzle exit diameter

OPERATIONAL IJMITATIONS AND RESTRICTIONS.

5.25 pounds

13.5 inches

5.75 inches

.1
The operational limitations and restrictions for the RCS are as follows:

• The RCS/APS interconnect valves must not be opened until the LM is experiencing
a force in the +X-direction (+X-axis acceleration). The interconnect valves must
be closed 10 seconds before ascent engine shutdown (except when the downward
firing (+X-axis) TCA's are to be fired beyond APS shutdown, in which case the
interconnect valves must be closed 10 seconds before downward-firing TCA shut
down). This ensures that minimum helium enters the RCS from the APS. Failure
to meet this requirement may result in erratic thrusting and possible TCA failure.

• Caution should be exercised in operating the TCA's when propellant tank temperature
is less than +40 0 F or exceeds +100° F. TCA performance outside the propellant
temperature limits has not been determined.

• If the RCS heaters have been turned off after 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 downward-firing TCA's (unstaged)
is 40 seconds. If this firing time limit is exceeded, damage to the descent stage •
thermal insulation may result.

• Maximum allowable continuous firing time for the upward-firing (-X-axis) TCA's
in clusters No.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.

• The TCA's must not be fired if cluster temperature is less than +120 0 F. If some
heaters fail, a TCA may be as cool as +85 0 F while the TEMP indicator (panel 3)
indicates +120 0 F for the cluster with the failed heaters. Firing a TCA whose tem
perature is less than +85 0 F may result in an explosion.
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Batteries in the Explosive Devices Subsystem (EDS) provide primary power to trigger LM
explosive devices. (Refer to subsection 2.8.) Other batteries supply power to operate the portable life
support system (PLSS) and scientific equipment. These batteries are in addition to those in the EPS.

Before lift-off from the lunar surface, ascent stage battery power is introduced, descent
power is terminated, and descent feeder lines are deadfaced and severed. Ascent stage battery power is
then used until after final docking and astronaut transfer to the CM.

Electrical power is distributed to LM subsystems via the LM Pilot's d-c bus, the Com
mander's d-e bus, and a-c buses A and B. A complete listing and description of the d-c and a-c circuit
breakers is in section 3. Secondary d-c power distribution is provided by two sensor-power fuse assern
blies, which supply d-c power to sensors of the Environmental Control Subsystem (ECS), Reaction
Control Subsystem (RCS), and Main Propulsion Subsystem (MPS).

I
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ELECTRICAL POWER SUBSYSTEM

INTRODUCTION.

External Power and Signal Interface. (See figure 2.5-1.)

SUBSYSTEM INTERFACES.

2.5.1

2.5.2.1

2.5.2

2.5

The EPS batteries are controlled and protected by electrical control assemblies, a relay
junction box, and a deadface relay box, in conjunction with the control and display panel. A battery •
control relay assembly adapts the lunar battery to the four descent battery control circuits. Primary
a-c power is provided by two inverters, which supply 115± 2. 5-volt, 400± O.4-cps (synced condition),
a-c power to LM subsystems. The operating frequency of the inverters is 400± 10 cps, in the nonsynced,
free- running condition.

Mission LM

The Electrical Power Subsystem (EPS), principal source of electrical power for the LM,
consists of a d-c section and an a-c section. Both sections supply operating power to respective elec
trical buses, which supply all LM subsystems through circuit breakers.

Electrical power is supplied by five batteries (one, a lunar battery) in the descent stage and I
two in the ascent stage. Two descent stage batteries (No. 1 and 4) power the LM from T -30 minutes
until after transposition and docking, at which time the LM receives electrical power from the CSM.
After separation from the CSM, during the powered descent phase of the mission, four descent stage
batteries are paralleled with the ascent stage batteries. Paralleling the batteries ensures minimum
required voltage for all LM operations. During lunar stay, specific combinations of the five descent
stage batteries can be paralleled to provide LM power.

The EPS provides the primary source of electrical power for the LM during the mission and
is the distribution point for externally generated power during prelaunch and docked operations. The EPS
interfaces with all functional subsystems of the LM. The Commander's and LM Pilot's buses supply
28 volts dc; a-c buses, A and B, supply 115-volt, 400-cps ac. Prelaunch d-c and a-c power is initially
supplied to the EPS from external ground power supplies: d-e power to the Commander's and LM Pilot's
buses and a-c power to a-c bus A. (The a-c power can be routed through circuit breakers to a-c bus B.)
Approximately 7 hours before launch, ground-supplied power is discontinued and d- c power is connected
from the launch umbilical tower (LUT) to the LM Pilot's bus via the relay junction box (RJB). The EPS
distributes internally generated d-c power from launch until LM-CSM docking, at which time LM •
power is shut down and the CSM supplies 28 volts dc to the Commander's bus. (The d-e power can be
routed through circuit breakers to the LM Pilot's bus.) Ground return is effected via the floating

•

•
•

•

•
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Ascent and descent battery main power feeders are routed through circuit breakers to the
d-c buses. From the d-e buses, d-c power is distributed through circuit breakers to all LM subsystems.

LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

translunar bus. (Ground return in the LM is generally accomplished through the metal structure, where
as ground return in the CSM is isolated from the CSM structure.) Before LM-CSM separation, all LM
internally supplied electrical power (ac and dc) is restored.
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ELECTRICAL POWER SUBSYSTEM

February 1970 Change Date 1 April 1971

FUNCTIONAL DESCRIPTION. (See figures 2.5-3 through 2.5-5.)

Internal Power Interface. (See figure 2.5-2. )

General.

2.5.3

2.5.2.2

2.5.3.1

The basic EPS power distribution is shown in figure 2.5-3. The output of each battery is
applied to an 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. Reverse-current (R/C) and overcurrent (O/C) conditions are monitored by the
ECA's. Temperature is monitored within each battery, the overtemperature (O/T) signal is enabled by
the ECA's. Each ECA battery control circuit can detect a bus 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). Only the ascent power backup contactors do not have overcurrent
protection.

Battery-generated d-c power is initially supplied to the Commander's and LM Pilot's buses
for distribution through circuit breakers. Inverter-generated a-c power is initially supplied to a-c buses
A and B for distribution to all subsystems, except the ECS and EDS. The a-c buses supply 115-volt, 400
cps, regulated power through circuit breakers. Figure 2.5-2 shows the circuit breakers associated with
specific subsystems, circuit breaker amperage ratings, and reference designations.

Mission LM Basic Date

Circuits in electrical control assemblies (ECA's) of the EPS monitor and control LM elec
trical power. The circuits route discrete output signals if operating limits are exceeded. The output
signals are fed to the Instrumentation Subsystem (IS) for conditioning before indicator, talkback, or com
ponent caution light display and telemetering. The EPS monitoring signals are representative of mal
functioning batteries, battery currents and terminal voltages, and feed line/battery status. The condi
tioned analogs of these signals are then routed from electronic replaceable assemblies (ERA's) No. 1 and
2 in the IS to the ELECTRICAL POWER portion of panel 14 for related display. In addition, primary
bus-monitoring signals are connected from the LM Pilot's and Commander's 28-volt buses and a-c bus A
to the IS for conditioning and subsequent voltage display on panel 14. Synchronization pulses (6.4 kpps)
are supplied from the pulse-code-modulation and timing electronics assembly (PCMTEA) of the IS to the
inverters to accurately control a -c output frequency. An inverter inhibit signal path is completed in the
caution and warning electronics assembly (CWEA) of the IS when the INVERTER switch (panel 14) is set I
to OFF. :

Pressing the ABORT STAGE pushbutton (panel 1) supplies an automatic abort stage command
from the Guidance, Navigation, and Control Subsystem (GN&CS) to the RJB, with a return path via the
EDS circuit interrupters. Abort staging initiates a switchover from descent d-c power to ascent d-c
power before stage separation.

Descent stage battery power (figure 2.5-4) is controlled and monitored by the descent ECA's,
which switch and apply the power to the RJB and the deadface relay box (DRB). The power feeders of
descent batteries No. 1 and 2 are routed through the RJB deadface relay to the LM Pilot's circuit breaker
panel (16). The power feeders of batteries No. 3 and 4 are routed through the DRB deadface relay to the
Commander's circuit breaker panel (11). The power from the lunar battery can be routed through the •
RJB or DRB deadface relays to the LM Pilot's or Commander's circuit breaker panel. In all instances,
this circuit arrangement provides for deadfacing all descent battery power in the event of normal staging
or abort staging situations. Ascent stage battery power (figure 2.5-5) is controlled and monitored by
the ascent ECA's, where the power is switched and applied, through power feeders, to terminal junction
points at the RJB and DRB.•

•

•

•
•
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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 lunar battery, a
battery control relay assembly, a control panel, two circuit breaker panels, and two sensor power fuse
assemblies.

Two inverters, which make up the EPS a-c section power source, supply all a-c power re
quirements of the LM. The INVERTER switch connects either inverter to the circuit breakers that supply
the a-c buses. Closing the appropriate AC BUS A and AC BUS B circuit breakers on panel 11 connects the
selected inverter to feed the a-c buses. Either inverter can supply the LM a-c load requirements.

2.5.3.2 D-C Section.

•
•

After ground facility power is disconnected, descent stage batteries No. 1 and 4 are con
nected at their LV taps. These batteries are under light load (less than 200 watts) at this time; there
fore, the LV taps (at the 17th cell of the 20-cell batteries) are used to facilitate discharge of the inherent
initial high voltage of the battery. During normal EPS operation, beginning with subsystem activation,
descent batteries No. 1 and 4 HV taps and batteries No. 2 and 3 are selected with switches on panel 14.

Power is then fed from the descent stage batteries through their associated ECA's (batteries
• No. 1 and 2 through ECA No.1, batteries No.3 and 4 through ECA No.2, and, the lunar battery through

ECA No.1 or 2) to the ascent stage via the RIB and DRB, terminating at the LM Pilot's and Commander's
d-e buses. The battery feeders are connected to the d-c buses through the 100-ampere EPS: BAT FEED
TIE circuit breakers (panels 11 and 16).

From the d-c buses, d-c power is then distributed to the LM subsystems and to the EPS in
verters through circuit breakers on panels 16 and 11. During noncritical phases of normal operation, the
30-ampere EPS: CROSS TIE BAL LOADS circuit breakers (panels 11 and 16) are closed to distribute un
balanced loads between buses so that the batteries discharge evenly. The ascent stage batteries supply
d-e power to the LM Pilot's and Commander's buses in essentially the same manner as the descent stage
batteries. The batteries are selected with the ASCENT POWER switches (panel 14). The corresponding
descent and ascent stage batteries (by respective bus) are paralleled during DPS operation, and the EPS:
CROSS TIE circuit breakers (panels 11 and 16) are opened, thereby isolating the Commander's and LM
Pilot's d-e buses.

•
• The lunar battery supplies power to input power feeders in ECA No.1 and 2. Switches

on panel 14 select the ECA that feeds the associated bus (ECA No.1 for the LM Pilot's d-c bus,
ECA No.2 for the Commander's d-c bus). The battery control relay assembly logic, in conjunction
with ECA No. 1 and 2, inhibits placing the lunar battery and battery No.2 simultaneously, on the
LMP bus, and battery No.3 and the lunar battery simultaneously on the CDR bus. The battery con
trol relay assembly logic also inhibits placing the lunar battery on both buses simultaneously.

Descent batteries No. 1 and 2 supply power to a power feeder in ECA No. 1. Descent bat
teries No.3 and 4 are connected to separate power feeders in ECA No. 2 and are jumpered to the power
feeder of the other batteries at the output of the ECA and atthe 100-ampere EPS: BAT FEED TIE circuit
breakers. Failure of battery No. 3 or 4 therefore permits the other batteries to supply both power feed
ers. A power feeder short while operating on descent battery power is detected by an overcurrent
sensing circuit in the respective ECA, which disconnects the one or two descent batteries associated with
the shorted power feeder. The d-e buses are isolated from the shorted feeder by opening the respective
EPS: BAT FEED TIE circuit breakers. During an emergency, either operating d-c bus can supply power
to the inoperative isolated bus if the EPS: CROSS TIE BUS circuit breakers (panels 11 and 16) are closed.
A similar condition, whereby a shorted feeder is automatically 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 by setting the respective BACK UP FEED switch (panel 14) to
ON, thereby permitting continued use of the battery.

•1 April 1971Change Date2.5-4
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Figure 2.5-2. Electrical Power Subsystem - Power Interface Diagram (Sheet 1 of 3)
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A-C power is provided to LM subsystems by either of two identical, redundant inverters; it

is controlled by the EPS: INV I and INV 2 circuit breakers (panel 11 and 16, respectively), the INVERTER
switch, and the AC BUS A: BUS TIE or AC BUS B: BUS TIE circuit breakers on panel 11. The EPS: !NV 1
or INV 2 circuit breaker supplies 28 volts de from the LM Pilot's or Commander's 28-volt d-c bus to the
chosen normally synced inverter, where the de is changed to 115-volt, 400-cps, a-c power (350 volt
amperes, steady-state). The INVERTER switch selects the output of either inverter and routes it to the
a-c buses via the respective AC BUS: 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 and APS engine burns. An
a-c bus voltage and frequency readout signal is supplied from a-c bus A, via the AC BUS A: AC BUS VOLT
circuit breaker (panel 11), to the IS for telemetry and caution light display. An out-of-tolerance frequency
(less than 398 cps or more than 402 cps) or a low-voltage condition (less than 112 volts ac) causes the IN
VERTER caution light (panel 2) to go on. The astronaut determines the cause of the malfunction and per
forms corrective action. The INVERTER caution light goes out when the malfunction is remedied. (When
the INVERTER caution light goes on, the MASTER ALARM pushbutton/light on panels 1 and 2 goes on
and a tone is generated for the astronaut headsets. Pressing either MASTER ALARM pushbutton/light
extinguishes the pushbutton/lights and terminates the tone.) When set to AC BUS, the POWER/TEMP ~,lON

selector switch (panel 14) selects a-c bus A for voltage display on the VOLTS indicator (panel 14); the
reading on the AMPS indicator has no significance.

2.5.3.4 Power Monitoring.

The primary a-c and d-c voltage levels, d-e current consumption, and the status of all
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 portion of panel (14). This panel has talkbacks that indicate main
power feeder status, indicators that display battery and bus voltages and battery current, and component
caution lights that are used for detecting shorted buses or main power feeder lines and for isolating a
malfunctioning battery. Availability of redundant a-c and d-c power permits the astronaut to disconnect,
substitute or reconnect batteries, feeder lines, buses, or inverters to assure a continuous electrical
supply.

2.5.3.4.1 Battery Status-Monitoring Circuits. (See figure 2.5-6.)

Talkbacks on panel 14 indicate the status of the descent and ascent batteries (on or off the
line). A DESCENT POWER talkback barber-pole display signifies that the related battery is disconnected
from its main power feeder; a gray display, showing LO, that the battery low-voltage tap is connected to the
power distribution system via the main power feeder; a gray display, that the high-voltage tap is connect
ed to the power distribution system. A DES BATS talkback gray display signifies that the descent battery
outputs are connected to the ascent stage; a barber-pole display, that these power lines are discon
nected 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

I the respective normal feed or backup feed main power feeder lines. The LUNAR BA T talkback CDR,
LMP, and barber-pole displays indicate that the lunar battery is on the CDR bus, the LMP bus, or
is off-line.

A-C Section.

•

•
•

ELECTRICAL POWER SUBSYSTEM
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When a descent battery is disconnected from its main feeder line, its related talkback
provides a barber-pole display. Setting a high-voltage (or low volt: switch (panel 14) to ON
energizes the related high-voltage (or low-voltage) MFC r .;.y in th spective ECA. The relay
contacts close, permitting a signal to pass to a signal bu stage ,SRA No. 2 of the IS. D-C
power, supplied to the buffer stage from the LM Pilot's o bus, passes to the talkback upon ar-
rival of the ECA output signal. Output closure signals of the high-voltage (or low-voltage) signal
buffer stages are connected to individual coils (in the talkback assembly), which, when energized,
activate talkbacks to display the status of the batteries. In addition, receipt of an ECA output
signal at the signal buffer stages causes an event signal to be routed to the PCMTEA, for
telemetry.

When the lunar battery is disconnected from its main feeder line in both ECA's, the
LUNAR BAT talkback provides a barberpole display. Setting the LMP LUNAR BAT switch (panel 14)
to ON, energizes the related MFC relay in ECA No. 1 and activates the LUNAR BAT talkback to
display LMP. When the CDR LUNAR BAT switch is set to ON, the related MFC relay in ECA
No. 2 is energized and the LUNAR BA T talkback displays CDR. Three conditions are associated with
batteries No. 1 and 4: high-voltage tap on the power feeder line, low-voltage tap on the power-reeder
line, and battery completely off the power feeder line. Two conditions are associated with batteries No.
2 and 3: voltage on or off the power feeder line. Three conditions are associated with the lunar battery:
voltage on the LMP or CDR power feeder line, or voltage completely off the power feeder lines.

Four conditions are associated with each ascent battery: battery on or off the normal power
feeder line (for that particular battery) and battery on or off the backup power feeder line. These con
ditions 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 activating signals are similar to that of
the DESCENT POWER talkbacks, except that each signal buffer stage output closure signal is routed to an
individual talkback and each talkback provides only two displays (gray or barber pole). Telemetry signals
are also generated within the PCMTEA for ascent battery monitoring.

2.5.3.4.2 Battery Voltage-and Current-Monitoring Circuits. (See figure 2.5-7. )

The VOLTS and AMPS indicators (panel 14) enable monitoring the terminal voltage and cur
rent 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 the 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-monitoting
circuits of only one EPS battery are described.

The positive terminal of the EPS battery is connected through a l/B-ampere fuse (in the re
spective ECA) to an attenuator in ERA No. 2 of the IS. The attenuator input signal is in the range of 0 to
40 volts de, The resultant attenuator output (0 to 5 volts dc) is an analog of the input signal. This output
is routed directly to its assigned terminal of the POWER/TEMP MON selector switch. When the switch is
set to the battery position (BAT 1 through BAT 6, and LUN for LM 10 and subsequent), 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 posi
tive 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 related current monitor coil
in its respective ECA. Each battery has an individual current monitor circuit; the lunar battery uses
current monitor circuits of battery No. 2 for the LMP bus; and current monitor circuits of battery No.3,
for the CDR bus. 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 (ass.gned
by battery number) on a deck of the POWER/TEMP MON selector switch, as are the current analogs
of all other ascent and descent batteries. When the switch is set to the battery position, 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.

I

••

Mission LM Basic Date
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The positive and negative terminals of the two ED batteries are connected to respective con
tacts 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. I in the IS. The SC output is a conditioned analog (0 to
+5 volts dc) that represents the actual ED battery terminal voltage (0 to +40 volts de), which is routed to
the ED/OFF terminal of the POWER/TEMP MON selector switch, for voltage monitoring.

2. 5. 3.4.3 Primary Bus Voltage-Monitoring Circuits. (See figure 2.5 -8. )

The Commander's d-e bus, the LM Pilot's d-e bus, and a-c bus A are monitored periodi
cally for the proper voltage level, to ensure application of adequate power to all LM subsystems. Moni
toring is accomplished by selecting the bus, with the POWER/TEMP MON selector SWitch, and reading
the associated voltage on the VOLTS indicator. The readings on the AMPS indicator have no significance.
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-e 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 112 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 CWEA and through an
isolation amplifier. The 0- to 5-volt attenuated d-e 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 pro-

• cessed through ERA No.2, the LM Pilot's d-c bus analog is connected to the LMP terminal of the
switch in like manner. The attenuated analogs of the Commander's and LM Pilot's d-e bus voltages
are fed through buffer ampltfte r s and an OR gate. If the d-c voltage on either bus drops below
26.5 volts, 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. The warning light goes off when the bus voltage
is again within limits.

A-C bus A (115 volts) is connected via the AC BUS A: AC BUS VOLT circuit breaker to a
frequency-to-dc stage and an ac -to-de stage in ERA No. 1. The d -c output signals are fed to the CWEA
and to isolation amplifiers. The amplifier outputs are fed to the PCMTEA for telemetry. A 0- to 5-volt
d-c analog signal from the ac-to-de stage isolation amplifier is sent to the AC terminal of the POWER/
TEMP 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-de converters 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. If the a-c bus A voltage is less than 112 volts, or if 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 (panel 2), causing it to go on. The INVERTER
light goes off when the a-c bus voltage and frequency are again within limits.

2.5.3.4.4 Malfunctioning-Battery Isolation Circuitry. (See figure 2.5-9. )

•
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 isolation circuitry of one battery in
ECA No. 1 is discussed.

D-C power from the related SC in the IS is supplied to the paralleled array of mal
function 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 exists, 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 light, causing it to go on. The caution light goes off when the malfunction that caused it to
go on is eliminated.

The d-c signal fed back to the SC from the ECA activates an event gate, which provides a
channeled 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 light, causing it to go on. The malfunctioning battery is identified
by the placarded switch position. The light goes off when the malfunction is corrected, or the battery is

•
•

1 April 19712.5-14
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removed from its main power feeder line by momentarily setting the respective switch (panel 14) to
OFF/RESET.

2.5.3.5.3 Lunar Orbit - CSM/LM Power. (See figure 2.5-11.)

On completion of CSM rendezvous and docking, an astronaut connects power and control
umbilical cables from the LM to the CSM. The CSM deactivates LM power and then supplies power to the
LM critical equipment, using the LM translunar negative bus. CSM/LM control logic prohibits CSM power
to the LM power distribution system while the LM descent stage batteries are on the main power feeder
lines. CSM/LM control logic is as follows:

• CSM deactivates LM power (low voltage off)

• CSM initiates CSM power to LM

• CSM deactivates CSM power to LM

• CSM initiates LM power on (low voltage on).

2.5.3.5.4 Descent Stage Power (High-Voltage Taps).

Batteries No. 1 and 4 have Hl-V and LO-V switches, and talkbacks, on panel 14. •
Batteries No. 2 and 3 have only ON-OFF/RESET switches, and talkbacks. The lunar battery has
an ON-OFF/RESET switch for the CDR and LMP bus, and a talkback that indicates which bus
is selected.

2.5.3.5.2 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 equip
ments from T-30 minutes until completion of CSM transposition and docking.

•

••

•Page 2.5-19

• GSE-vehicle ground power supply (VGPS) to LM until T-7 hours (ac and dc)

• GSE-launch umbilical tower (LUT) power to LM from T-7 hours until T-30 minutes
(de only)

• Lunar orbit - CSM/LM power

• Descent stage power (two descent batteries manually switched to high-voltage
taps and remaining descent batteries switched on)

• Descent stage power from T-30 minutes through CSM rendezvous and docking
(two descent batteries on low-voltage taps)

ELECTRICAL POWER SUBSYSTEM
Basic Date 1 February 1970 Change Date 1 April 1971

EPS Stages of Operation.

The EPS operates in seven basic stages, as follows:

2.5.3.5

• Ascent stage power (on normal main feeders)

• Staging (normal or abort)

2.5.3.5.1 GSE-Supplied Prelaunch Power. (See figure 2.5-10. )

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 onboard the LM and connected to two GSE connectors, one
under each center side console. 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 Pilot's bus through the RJB. LUT remote control includes LUT deadface relay (LDR) set and reset
commands, and LM high- and low-voltage off and low-voltage on signals. The LDR supplies power through
the LM Pilot's 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.

Mission LM

•
•

•

•
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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. De
scent battery No.2 supplies 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-e bus via ECA No.2 and the DRB.

2.5.3.5.5 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 Commander's d-e bus via ECA No.4.

(

2.5.3.5.6 Staging - Normal or Abort. (See figure 2.5-12.)

Before stage separation, the LM d-c bus loads are transferred from the descent stage
batteries to the ascent stage batteries; d-c power to the bus power distribution system is maintained
uninterrupted. 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 MFC' s
of each ascent ECA (if the ECA's have not been selected previously in the backup feed mode). After the
ascent stage battery MFC's have placed the ascent stage batteries on the line, additional abort stage re
lay 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 in
itiated manually. In manual transfer, the ascent batteries must be placed on the line before initiating
transfer with the DES BATS switch (panel 14). This is accomplished by setting the ASCENT POWER
switches (panel 14) to ON, setting appropriate DESCENT POWER switches (panel 14) to OFF/RESET, then
setting the DES BATS switch to DEADFACE. Auxiliary DFR contacts in the RJB and DRB pr-ovide direct
control of the DES BATS talkback for monitoring the deadface operation.

The desc ent batteries include the lunar battery, which is identical with descent batteries
No. 1 through 4. The low-voltage tap is used only on batteries No. 1 and 4.I

2.5.4

2.5.4.1

MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

Descent Stage Batteries. (

Each battery is composed of silver-zinc plates, with a potassium hydroxide electrolyte.
• Each battery has 20 cells, weighs 135 pounds, and has a 415-ampere-hour capacity (appr-oximately 25 amperes

at 28 volts de for 16 hours, at +80 ° F) when discharged in accordance with the nominal power profile of the mis
sion. The batteries can operate in a vacuum while cooled by an ECS cold-rail assembly to which the bat
tery heat sink surface is mounted. If one descent stage battery fails, the remaining descent stage bat
teries can provide sufficient power for a curtailed mission. Five thermal sensors monitor cell tempera
ture limits (+145° ±5° F) within each battery; they cause the BATTERY caution light to go on to alert the
astronaut to a battery overtemperature condition. The batteries initially have high-voltage characteris
tics; 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 all other normal LM operations. (Manual switchover from low
to high voltage usually occurs when the battery has discharged to approximately 90% of capacity, less than
27 volts d-c bus voltage.) 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 ultimately per
formed in the battery's respective ECA. Normally, the descent stage batteries are paralleled so that all
batteries discharge evenly. See figure 2. 5-4 for 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 (under load) - 32. 5 volts de

2.5.4.2 Ascent Stage Batteries.

The two ascent stage batteries (No.5 and 6) are identical. Each battery is composed of
silver-zinc plates, with a potassium hydroxide electrolyte. Each battery weighs 125 po~nds, and ~as a r.

o

296-ampere-hour capacity (50 amperes at 28 volts dc for 5.92 hours, at +80° F) when discharged III \

1 April 1971
ELECTRICAL POWER SUBSYSTEM

Mission LM Basic Date 1 February 1970 Change Date_-=-..:..:J"-=-.:=--.::..::...:-=----• Page 2.5-22
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accordance with the nominal power profile of the mission. The batteries can operated in a vacuum while
cooled by ECS cold rails to which the battery heat sink surface is mounted. The nominal operating tem
perature of the ascent stage batteries is approximately +80° F. Battery temperature in excess of +145°
±5° F closes a thermal sensor, causing the BATTERY caution light to go on. (The light does not go on if
the ascent battery normal MFC is open.) The astronaut then takes corrective action to eliminate the
faulty battery. Two ascent stage batteries ordinarily supply the d-c power requirement, 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, if one ascent stage battery fails, the remaining
battery provides sufficient power to accomplish safe rendezvous and docking with the CSM during any part
of the mission.

The ascent batteries do not have low-voltage taps; inherent high-voltage characteristics are
eliminated because the batteries operate with sufficient loading to bring the batteries to the proper partial
discharge voltage. Normally, the ascent stage batteries are paralleled to ensure that both batteries dis
charge evenly. See figure 2.5-5 for a functional block diagram of ascent stage battery power distribution.
The terminal voltages of an ascent stage battery are as follows:

Nominal voltage - 30. 0 volts dc

Minimum voltage (with two ascent batteries) - 28.0 volts de

Minimum voltage (with one ascent battery, abort - 27. 5 volts dc

Maximum voltage (under load) - 32.5 volts dc

2.5,4.3 Descent Stage Electrical Control Assemblies. (See figure 2.5-13. )

The two descent stage ECA' s protect and control the descent stage batteries. Each ECA has
control circuits for each battery accommodated.

• In ECA No.1, one set of control circuits (HV and LV) is used for battery No.1, one control
circuit (HV) is used for battery No.2, and one control circuit (LV) is used for the lunar battery. In
ECA No.2, one set of control circuits (HV and LV) is used for battery No.4, one control circuit (HV) (,'
is used for battery No.3, and one control circuit (LV) is used for the lunar battery.

A failure in one set of battery control circuits does not affect the other set. The primary func
tion of the ECA is to connect the related batteries or one battery to the associated main feeder line through
the LV or HV MFC's. TI1e protective circuits of the ECA automatically disconnect a descent stage battery
if an overcurrent condition exists, and cause the BATTERY caution light to go on if a battery overcurrent,
reverse-current, or overtemperature 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. Battery talkbacks (low voltage, high voltage,
and off) receive drive signals derived from ECA-supplied discrete levels processed through the IS. The
major elements in the descent stage ECA's are LV and HV MFC's, 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 MFC's are electrically interlocked to prevent closing an HV contactor when an
LV contactor is already closed, and vice versa. This prevents short-circuiting the tapped sec-

•
tions of the respective descent stage battery, this also prevents putting the lunar battery on its
associated bus when the associated HV contactor is already closed, and vice versa. The
MFC's are operated by the DESCENT POWER ON-OFF /RESET 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 MFC's.
The current monitor supplies a d-e level (proportional to battery current) to the overcurrent re
lay. Voltage in the relay circuit builds up until the close coil of the overcurrent relay is
energized (reflecting 150 to 200 amperes for approximately 13 to 100 seconds), at which time
the HV or LV contactor opens to disconnect the battery from its power feeder. The magnitude
of battery current is inversely proportional 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 sensitive to magnitude; it therefore follows the overcurrent trip charac-

• teristics. The relay must be reset manually (with the ON-OFF/RESET switches), once it is
tripped. A lockout relay (LOR) ensures that the battery cannot be turned on unless the

Change Date 1 April 19712.5-24
ELECTRICAL POWER SUBSYSTEM

• Page Mission LM Basic Date 1 February 1970
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overcurrent relay has been reset. For each overcurrent circuit, the ECA provides an alarm signal to the
caution and warning circuits in the IS, causing the BATTERY caution light to go on.

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 4 seconds. Unlike the over
current relay, the reverse-current relay does not open the related MFC's and is self -resetting when the
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 regulated dc for the
other ECA circuits.

• 2.5.4.4 Battery Control Relay Assembly.

The battery control relay assembly adapts the lunar battery to the descent electrical control
assemblies. It inhibits battery overtemperature monitoring when the lunar battery is not in use, switches
current monitor signals and malfunction indications to the appropriate monitors, and inhibits simultaneous
application of lunar battery voltage to the LMP and CDR buses. It also provides a fused circuit and con
ditioning for lunar battery voltage measurements.

2.5.4.5 Ascent Stage Electrical Control Assemblies. (See figure 2.5-14. )

The two ascent stage ECA's individually control and protect the two ascent stage batteries in
nearly the same manner as the descent stage ECA's 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 backu p main
feeder line via the normal MFC or the backup main feed contactor (BU MFC) in its respective ECA. Both
batteries are thereby connected to the primary d-c power buses. 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 protec
tion' and contact closures for indicators. The MFC's and BU MFC's in the ascent stage ECA's are manu
ally operated with the respective ASCENT POWER switches.

2.5.4.6 Relay Junction Box. (See figure 2.5-10. )

The R.TB provides the following:

• Control logic and junction points for connecting external prelaunch power (via the
LUT) to the LM Pilot's d-e bus

• Control and power junction points for connecting descent stage and ascent stage
ECA's to the LM Pilot's bus

• Deadfacing of half of 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 con
trol 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' sand
open the deadface relays. The RJB deadface relays provide on and off control of the main power feeder of

• descent batteries No.1 and 2 and, for LM 10 and subsequent, the lunar battery. These relays are opened
and closed with the DES BATS switch, or are opened automatically when the abort logic relays close. The
deadface relays in the RJB deadface half of the main power feeders between the descent and ascent stages;
the other half of the power feeders is deadfaced by the deadface relays in the DRB. The ascent stage then
provides primary d-c power to the LM.

2.5.4.7 Deadface Relay Box. (See figure 2.5-12. )

The DRB contains a deadface relay, which controls the output of descent stage batteries No.

I 3 and 4 and the lunar battery in the same manner as the RJB deadface relay controls descent stage
batteries No. 1 and 2 and the lunar battery. Because the Commander's and LM Pilot's 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.

)

Two redundant 400-cps inverters individually supply the primary a-c power r equ ired in the
LM. Inverter output is controlled by application of 28 volts de from the Commander's or LM Pilot's

2.5.4.8 Inverters. (See figure 2.5-15. )

.J
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Figure 2.5-15. Inverter No.1 - Block Diagram

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 invert
er No. 1 circuitry is discussed. The 28 volts dc is applied through an electromagnetic interference (EMI)
filter and an input filter to a de-to-de 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 400±0. 4 cps, synchronized; 400±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 the tapped transformer in the in
verter 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 115
volts ac ±1% during normal load conditions by controlling the amplitude of the de-to-de converter output.
The voltage regulator also compensates for variations in the d-c input and a-c output load.

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 circuit breaker (panel 11). When the voltage at bus A is less
than 112 volts ac , or the frequency is less than 398 cps or more than 402 cps, the INVERTER caution light
goes on. The light goes off when the malfunction is remedied.

2.5.4.9 Circuit Breaker and EPS Control Panels.

All primary a-c and d-e power feed circuits are protected by appropriately rated circuit
breakers on the Commander's and LM Pilot's buses. The two d-c buses are electrically connected by the

1 April 1971
ELECTRICAL POWER SUBSYSTEM
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main power feeder network. Functionally redundant LM equipment is placed on both d-e buses (one on
each bus), so that each bus can individually perform a mission abort during emergencies. EPS circuit
controls and monitoring displays are on panel 14. Section 3 contains a description of all EPS controls
and displays. Circuit breaker characteristics are given in table 2.5-1.

Table 2.5-1. Circuit Breaker Characteristics

D-C circuit breaker

Operating voltage

Operating voltage limit

Transient voltage limits

Ripple voltage

A-C circuit breaker

Steady-state operating voltage

Transient voltage limits

Transient voltage recovery time

28 volts

32.5 volts

50 volts above, 100 volts below,
operating voltage

Less than 1. 5 volts, peak

IIS±:.!.;") volts rms

90 to 188 volts, peak

170 milliseconds

II

2.5.4.10 Sensor Power Fuse Assemblies. (See figure 2.5-16.)

)
Two sensor power fuse assemblies, in the aft equipment bay, provide a secondary d-c bus

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 umbilical is disconnected
and K6 is deenergized. Closing the INST: SIG SENSOR circuit breaker supplies power directly to the
sensor power fuse assemblies from the LM Pilot's 28-volt d-c bus. With this circuit breaker closed,
closing the EPS: CROSS TIE circuit breaker(s) on panel 11 supplies redundant power from the Com
mander's 28-volt de bus. Each assembly comprises a positive d-c bus, negative return bus, and 40 fuses.
All sensor return lines are routed to a common ground bus.

2.5.5 PERFORMANCE AND DESIGN DATA.

The performance and design data for the EPS are given in table 2. 5-2.

Table 2.5-2. Electrical Power Subsystem - Pcr-Ior-mnnco and Design Data

A-C section

Inverter input voltage

Inverter output (with
PCMTEA sync)

Inverter output (with
internal sync)

Normal load range

Maximum overload at
constant voltage output

24 to 32 volts de

115±1.2 volts rms, 400±O.4 cps,
single phase

115±1.2 volts rms, 400±10 cps,
Single phase

o to 350 volt-amperes (at power
factors 0.65 lagging to 0.80 leading)

525 volt-amperes for 10 minutes

Mission LM Basic Date
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Table 2.5-2. Electrical Power Subsystem - Performance and Design Data (cont)

D-C section

Steady-state bus voltage limits 26.5 to 32. 5 volts de

Nominal supply bus voltage 28 volts de

Transient voltages 50 volts above or below nominal
supply voltage

Power requirements

Ascent ECA's 84 watts, momentarily during battery
switching; 10 watts, stcady-state

Desccnt ECA's 84 watts, momentarily during battery
switching; 20 watts, steady-state

EPS displays 2 watts

2.5.6 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 0 and +100° F.
If this restriction is exceeded, battery could be damaged or voltage output could go
out of specification (less than 26.5 volts dc).

• Maximum continuous inverter power output must not exceed 350 volt-amperes. De
mand can go to 525 volt-amperes for up to 10 minutes. If this limitation is ex
ceeded, inverter components could be damaged.

• Maximum CSM power to the LM during docked coast phases in approximately 296
watts peak (average is approximately 108 watts). If this restriction is exceeded,
circuit breakers in the CSM will trip, shutting off power to the LM.

• Available ascent electrical energy is 17.8 kilowatt-hours at maximum steady-state
current drain of 50 amperes per battery, at 28 volts dc ,

I • Available descent electrical energy is 58.6 kilowatt-hours maximum at steady
state current drain of 25 amper es per battery, at 28 volts dc. i

• During descent engine burns, the corresponding descent and ascent stage batteries
(by supplied bus) must be paralleled to preclude a low bus voltage due to descent
battery failure.

1 April 19712.5-30
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• Both EPS: CROSS TIE circuit breakers on panel 16 must be opened during descent
engine burns. If this restriction is not observed, a short on one bus will affect
the other bus.

;~hmtiHb
'~/nmmf

::'"?~:', ,':'c:

•

•

The EPS: CROSS TIE BAL LOADS circuit breaker on panel 11 must be closed at
all times. If this restriction is not observed, redundant power to the Instrumenta
tion Subsystem and EPS displays will not be available.

Maximum current drain on one ascent battery during ascent engine burns (abort
condition) is 104 amperes. At higher current drains, the d -c bus voltage may
drop below the low operating limit.

(

• Inverter output voltage must never drop below 110 volts ac; otherwise, the descent
engine control assembly (DECA) may become inoperative.

I
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ENVIRONMENTAL CONTROL SUBSYSTEM

2.6.1 INTRODUCTION

:Jg~
,;~:~~.;.t,
.' '~:(,i'.""'·

The Environmental Control Subsystem (ECS) provides a habitable environment for two astro
nauts while the LM is separated from the CSM, and permits the astronauts to decompress and repres
surize the cabin in accordance with mission requirements. It also controls the temperature of electronic
equipment and provides water for drinking, cooling, fire extinguishing, 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, two larger I
oxygen tanks and two larger water tanks are in the descent stage. (See figures 2.6-1 and 2.6- 2.) Power
for the ECS is supplied from the Electrical Power Subsystem. (See figures 2.6-3 and 2.6- 5.) The ECS
(figure 2.6-4) comprises an atmosphere revitalization section (ARS), an oxygen supply and cabin pressure
control section (OSCPCS), a water management section (WMS), a heat transport section (HTS), and pro
visions for supplying oxygen and water to the portable life support system (PLSS).

2.6.1.1 Atmosphere Revitalization Section.

The ARS consists of a suit circuit assembly, suit liquid cooling assembly, and steam flex I
duct leading to a vent. The suit circuit assembly is a closed-loop recirculation system that cools and
ventilates the pressure garment assemblies (PGA's); maintains a desirable level of carbon dioxide in the
atmosphere; removes odors, particles, noxious gases, and excessive moisture; enables control of the
temperature of oxygen flow to the PGA's; and, if required, automatically isolates the PGA's from the
system. The suit liquid cooling assembly circulates water and controls its temperature in the liquid-
cooled garment, circulates cabin air, when required, and removes lunar dust from the cabin during I
ascent from the lunar surface. The steam flex duct carries steam discharged from the suit circuit water
sublimator, when operating, to ambient vacuum.

( WATER TANK
(QUAD 2)

GASEOUS OXYGEN
TANK (QUAD 4)

HIGH PRESSURE
PtSS REGULATOR

FORWARD

~

",_)()OlM'O-l~
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Figure 2.6-1. Environmental Control SUbsystem - Component Location (Sheet 1 of 3)
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Figure 2.6-1. Environmental Control Subsystem - Component Location (Sheet 2 of 3)
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Oxygen circulation is maintained by centrifugal fans. Heating and cooling are accomplished
by passing the oxygen through heat exchangers, where heat is either surrendered to, or picked up from,
the coolant of the HTS. Water separators remove excess moisture after the cooling phase.

2.6.1.2 Oxygen Supply and Cabin Pressure Control Section.

The OSCPCS stores gaseous oxygen and maintains cabin and suit pressure by supplying oxy
gen to the ARS. This replenishes losses due to crew metabolic consumption and cabin or suit leakage.
There are four oxygen supplies: two, in the descent stage, provide oxygen during the descent and lunar- I
stay phases of the mission: two, in the ascent stage, during the ascent and rendezvous phases of the
mission.

2.6.1.3 Water Management Section.

The WMS supplies water for drinking, cooling, fire fighting, food preparation, and for re
filling the PLSS cooling water tank. It also provides for delivery of water from ARS water separators to
HTS sublimators 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 two descent stage tanks supply most of the water required until staging occurs. After I
staging, water is supplied by the two ascent stage tanks.

Pressure-regulated water from the tanks, along with ARS water, is delivered to the HTS I
sublimators via manually controlled shutoff valves. A manual disconnect and shutoff valves are provided •
for control and use of ascent and descent tank water for drinking, food preparation, fire extinguishing,
and PLSS refills.

2.6.1.4 Heat Transport Section.

(
The HTS consists of a primary coolant loop and a secondary coolant loop. The secondary

loop serves as a backup loop and functions in the event that the primary loop fails. A water-glycol solu
tion circulates through each loop. The primary loop provides temperature control for batteries, electron
ic equipment that requires active thermal control, and for the water that circulates through the LCG and
the oxygen that circulates through the cabin and PGS'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 required for mission abort contain two separate
coolant passages; one for the primary loop and one for the secondary loop. The secondary coolant loop,
which is used only if the primary loop is inoperative, serves only these cold plates.

In-flight waste heat rejection from both coolant loops is achieved by the primary and second
ary sublimators, which are vented overboard. A coolant pump recirculation assembly contains all the
HTS coolant pumps and associated check and relief valves. Coolant flow from the assembly is directed
through parallel circuits to the cold plates for the electronic equipment, the oxygen-to-glycol heat
exchangers, and the water-to-glycol heat exchanger in the ARS.

2.6.2 SUBSYSTEM INTERFACES.

IAn absolute pressure transducer in each descent oxygen tank feed line generates an output
proportional to tank pressure. The output is routed to the Instrumentation Subsystem (IS), where it is
conditioned to provide a telemetry signal, a caution indication, and through the 02/H20 QTY MON
selector switch (panel 2), a display on the 02 QUANTITY indicator. When descent tank 1 pressure drops •
below 135 psia (approximately 5% of capacity), a signal is routed to the 02 QTY caution light. Momentar
ily setting the 02/H20 QTY MON selector switch to C/W RESET extinguishes the light.

A pressure transducer in the fill line of each ascent oxygen tank generates an output that is
also conditioned in the IS to provide a telemetry signal, a 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 QTY caution light goes on if, before staging,
the pressure in either ascent oxygen tank is less than 684 psia (less-than-full condition). After 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.

2.6-7Page__~:..:....:c.......:.__
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2.6.3 FUNCTIONAL DESCRIPTION.

The fun: .ional description of each of the four major ECS sections is supported by a func
tional flow diagram which, to reduce complexity, does not contain electrical circuitry, Figure 2.6-5
shows all ECS electrical circuits and all ECS interfaces with the Electrical Power Subsystem (EPS) and
IS.

2.6.3.1 Atmosphere Revitalization Section. (See figure 2.6-6.)

The ARS is a recirculation system that conditions oxygen by cooling or heating, and dehumid-
ifying and deodorizing it for use within the PGS's and cabin; it also circulates water through the liquid-

I cooled garment to provide cooling during peak heat loads; during ascent from the lunar surface, it re
moves dust from the cabin atmosphere. The major portion of the ARS is within the suit circuit assembly.

In normal operation the SUIT ISOL valve is set to SUIT FLOW and conditioned oxygen flows
to the PGS's and is discharged through the return umbilical to the suit circuit. Suit circuit pressure,
sensed at a point downstream of the suits, is referenced to the oxygen regulators that control pressure by
supplying makeup oxygen to the suit circuit. The suit circuit relief valve protects the suit circuit
against overpressurization, by venting to cabin ambient.

The CABIN position of the SUIT GAS DIVERTER valve is used during pressurized-cabin op
eration, to divert sufficient conditioned oxygen to the cabin to control carbon dioxide and humidity levels.
Pulling the valve handle selects the EGRESS position to isolate the suit circuit from the cabin. The
EGRESS position is used for all unpressurized cabin operations as well as closed suit mode with pres
surizedcabin. An electrical solenoid override automatically reposrtions the valve from CABIN to EGRESS
when cabin pressure drops below the normal level or when the PH REG A or PRESS REG B valve is
set to EGRESS.

With the SUIT GAS DIVERTER valve set to CABIN, cabin discharge oxygen is returned to the
suit circuit through the CABIN GAS RETURN valve. Setting the CABIN GAS RETURN valve to AUTO en
ables cabin pressure to open the valve. When the cabin is depressurized, differential pressure closes the
valve, preventing suit pressure loss,

A small amount of oxygen is tapped from the suit circuit upstream of the PGA inlets and fed
to the carbon dioxide partial pressure sensor, which provides a voltage to the PART PRESS C02 indicator
(panel 2).

(

The primary and secondary carbon dioxide (C02) and odor removal canisters are connected
to form a parallel loop. The primary conister contains a LM-size cart.rrdge; 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 primary canister permits flow to bypass the debris trap if
it becomes clogged. Oxygen is routed to the C02 and odor removal canisters through the C02 CANISTER
SE L valve. The carbon dioxide level is controlled by passing the flow across a bed of lithium hydroxide
(LiOH); odors are removed by absorption in activated charcoal. When carbon dioxide partial pressure
reaches or exceeds 7.6 mm Hg , as indicated on the PART PRESS C02 indicator, the CO2 component
caution light and ECS caution light go on. The C02 CANISTER SEL valve is then set to SEC, placing the
secondary canister onstream. This unlocks the cover on the PRIM C02 CANISTER. The PRIM C02
CANISTER 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 C02 CANISTER
SE L valve is set to PRIM, placing the primary canister back onstream. The ECS caution light is extin
guished by the lowering of the carbon dioxide partial pressure below 7.6 mm Hg , The C02 component
caution light is on when the C02 level is above 7.6 mm Hg or C02 CANISTER SEL valve is in the SEC

Ipos ition. A flow limiter in the primary cartridge makes the flow resistance equivalent to a secondary
cartridge and maintains suit circuit oxygen flowrates compatible with the water seperator requirements.
The flow limiter is removable in flight should additional oxygen flow be desired.

From the canisters, conditioned oxygen flows to the suit fan assembly, ,,': ch maintains
circulation in the suit circuit. Only one fan operates at a time. The ECS: SUIT FA£'. i circuit breaker
is closed and the SUIT 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 P), which, through the fan condition signal con
trol, energizes the ECS caution light and SUIT FAN component caution light. 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,

1 April 19712.6-8
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the lights go on and switchover to fan No.2 is required. The ECS caution light goes off when No.2 fan is
selected and the SUIT/FAN warning light goes on. The SUIT FAN component caution light goes off when
fan No.2 comes up to speed and builds up normal differential pressure. The SUIT /FAN warning and SUIT
FAN component caution lights go off when fan No.2 differential pressure reaches 9.0 inches of water.
The fan check valve permits air to pass from the operating fan without backflow 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 sub
limator is inoperative; it is placed in operation when the secondary evaporator flow (SEC EVAP FLOW)
valve of the water control module is opened because a failure in the primary heat transport loop renders
the cooling heat exchanger inoperative. Heat transfer to the coolant in the heat exchanger reduces gas
temperature and causes some condensation of water vapor.

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 at a time. The separator is driven by the
gas flowing through it. Moisture removed from the oxygen is discharged under a dynamic head of pres
sure sufficient to ensure positive flow from the separator to the WMS. A water drain carries some water
from the separators to a surge (collection) tank outside the recirculation system.

The conditioned oxygen from the water separator is mixed with makeup oxygen from the
OSCPCS to maintain system pressure. The mixture flows through the regenerative (heating) heat ex
changer, where the temperature may be increased, to the SUIT ISOL valves. The SUIT TEMP valve on
the water control module controls the flow of coolant through the regenerative heat exchanger. Setting the
valve to !NCR 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 automatic
ally repositioned to SUIT DISC when suit circuit pressure drops to 2.9 psia minimum (they can close be
tween 2.9 and 3.4 psia), actuated by the suit circuit pressure switch. This action isolates the PGA's
from the ARS. At the same time, the CABIN REPRESS valve automatically opens, repressurizing the Co

I cabin, if the CABIN REPRESS circuit breaker is closed.

2.6.3.1.1 Suit Liquid Cooling Assembly. (See figure 2. 6-6A.)

The suit Iiquid cooling assembly assists in removing metabolic heat by circulating cool water
through the liquid-cooled garment (LCG). A pump maintains the flow of warm water returning from the
LCG through the water umbilical hoses, An accumulator in the assembly compensates for system
volumetric changes and leakage. A mixing bypass valve controls the quantity of water that flows through
the water-glycol heat exchanger for removal of heat; the remaining water is bypassed around the heat
exchanger. This bypassed (warm) water, mixed with the cool water downstream of the heat exchanger,
flows through the water umbilical hoses back to the LCG. A fan circulates cabin air through the lunar
dust filter.

2.6.3.2 Oxygen Supply and Cabin Pressure Control Section. (See figure 2. 6-7. )

The ECS descent stage oxygen supply hardware consists of the following: two descent
oxygen tanks, two high-pressure fill couplings, high-pressure oxygen control assembly, interstage
flex line, and descent stage disconnect. The descent tanks pressure transducers, part of the IS, generate
an output proportionate to tank pressure. The second descent stage oxygen tank connects to the common
oxygen feed line and branches off into a high pressure PLSS fill line that has its own pressure regulator,
overboard relief valve, interstage flex line, and descent stage disconnect. Two check valves prevent
oxygen flow from one tank to the other.

The ascent stage oxygen supply hardware consists of the following: ascent stage disconnects,
interstage flex line, oxygen module, two ascent oxygen tanks, low pressure PLSS oxygen disconnect
(GFE), and the cabin pressure switch. In addition, the high pressure PLSS fill has its own inter-stage
flex line, ascent disconnect, oxygen shutoff valve, high pressure PLSS oxygen disconnect, and a PLSS
hose. Two automatic pressure relief and dump valves, one in each hatch, protect the cabin from over
pressurization. Two ascent stage tank pressure transducers and a selected oxygen supply transducer,
part of the IS, operate in conjunction with OSCPCS.

1 April 19712.6-12
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The OSCPCS stores gaseous oxygen, replenishes the ARB oxygen, and provides refills for I
the PLSS oxygen storage tank. Before staging, oxygen is supplied from the descent stage oxygen supply.
After staging, or if the descent supply is depleted, the ascent stage oxygen tanks supply oxygen to the oxy
gen control module. The high-pressure assembly in the descent stage, and the oxygen control module in
the ascent stage, contain the valves and regulators necessary to control oxygen in the OSCPCS. Two
cabin relief and dump valves vent excess cabin pressure.

Descent tank pressure, approximateiy 2690 psia , is reduced to a level that is compatible I
with the components of the oxygen control module, approximately 900 psig, by a high-pressure regulator.
A series-redundant bypass relief valve protects the descent oxygen tanks against overpressurization. In
addition, a series-redundant overboard relief valve protects the oxygen control module against excessive
pressure caused by a defective regulator or by flow through the bypass relief valve. If the pressure on
the outlet side of the regulator rises to a dangerous level, the burst diaphragm assembly vents the high
pressure assembly to ambient. A poppet in the burst diaphragm assembly reseats when pressure in the
high-pressure assembly is reduced to approximately 1,000 psig. Descent oxygen flows through the inter
stage disconnect to the oxygen control module and is controlled with the descent oxygen shutoff (DES 02)
valve. The interstage disconnect acts as a redundant seal to prevent loss of oxygen overboard after 
staging.

I
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Figure 2. 6-6A. Suit Liquid Cooling Assembly - Schematic Flow Diagram
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When ascent stage oxygen is required, the ascent oxygen shutoff (#1 and #2 ASC 02) valves
are used to select their respective tank. A mechanical interlock prevents the valves from being opened
unless the descent oxygen shutoff valve is closed. The i..echamcal interlock may he overridden (if the
descent oxygen shutoff valve cannot be closed and the ascent oxygen shutoff valves must be opened) by
pressing the INTLK OVRD pushbutton on the oxygen control module.

'('

From the oxygen shutoff valves, oxygen is routed to oxygen demand regulators (PRESS REG
I A and PRESS REG B valves), a low pressure PLSS FILL valve, and a cabin repressurization and

emergency oxygen (CABIN REPRESS) valve. The oxygen demand regulators maintain the pressure of the
suit circuit at a level consistent with normal requirements. Both regulators are manually controlled
with a four-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. The DIRECT 02 position provides an un
regulated flow of oxygen into the suit circuit. The CLOSE position shuts off all flow through the regulato r.
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 fulfill the ARS oxygen requirements.

I
Descent tank No. 2 pressure, approximately 2690 psta , is reduced to approximately 1400

psia by a high pressure PLSS regulator. The oxygen is then routed to a high pressure PLSS FILL valve,
which connects to the PLSS oxygen tank through a flex hose. A check valve in the PLSS disconnect is
opened when the hose is connected. The valve automatically closes when the hose is disconnected.

If cabin pressure drops to 3.7 to 4.45 psia , the cabin pressure switch energizes the CABIN
REPRESS valve, and oxygen flows through the valve into the cabin. If cabin pressure builds up to 4.40 to
5.0 psra , 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 O. 5-inch-diameter punc
ture of the cabin. It responds to signals from the cabin pressure switch during pressurized-cabin opera
tion. Manual override capabilities are provided, (

The two cabin relief and dump valves are manually and pneumatically operated. They pre- .
vent excessive cabin pressure and permit deliberate cabin decompression. The valves automatically
relieve cabin pressure when the cabin-to-ambient differential reaches 5.4 to 5.8 pstd, When set to AUTO,
the valves can be opened manually with their external handle. Each valve can dump cabin pressure from
5.0 to 0.08 psia in 180 seconds without cabin inflow. In addition to relieving positive pressure, the valves
relieve a negative cabin pressure condition.

To egress from the LM, the PRESS REG A and PRESS REG B valves are set to EGRESS,
turning off the cabin fan and closing the SUIT GAS DIVERTER valve; the CABIN GAS RETURN valve is set

Ito EGRESS, the CABIN REPRESS circuit breaker is opened; and cabin pressure is dumped by setting the
cabin relief and dump valve to OPEN. When repressurizing, the CABIN REPRESS circuit breaker is
closed, the cabin relief and dump valve is set to AUTO, the PRESS REG A and PRESS REG B valves
are set to CABIN, and the CABIN GAS RETURN valve is set to AUTO. The CABIN warning light goes
on when the regulators are set to CABIN, it goes off when the cabin reaches the actuation pressure of
the cabin pressure switch.

I 2.6.3.3 Water Management Section. (See figure 2.6-8.)

The WMS stores water for metabolic consumption, evaporative cooling, fire extinguishing,
and PLSS water tank refill. It controls the distribution of this stored water and the water reclaimed
from the ARS by the water separators. Reclaimed water is used only for evaporative cooling, in the E:';S

I sublimators. Water is stored in two tanks in the descent stage and two identical smaller tanks in the
upper midsection of the ascent stage. All water 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.
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(
Water from the descent stage water supply is fed through a manually operated shutoff (DES

I
H20) valve, and a check valve, to the PLSS H20 DISCONNECT. Water quantity is determined by a
pressure transducer with a range of 0- to 60-psia. The output is displayed on the H20 QUANTITY in
dicator (panel 2) after the 02/H20 QTY MON selector switch IS set to DES 1 or DES 2. A nomograph is
supplied to convert the readings on the H20 QUANTITY indicator into actual percentage of water in
dications. FULL and 16% FULL marks are affixed to the indicator. When the DES H20 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 interstage water feed line is severed by the inter
stage umbilical guillotine 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

I 02/H20 QTY MON switch is set to ASC 1 or ASC2, as required. The water quantity measuring system
for ascent stage water is similar to the one for descent stage water. The H20 QUANTITY indicator

I marks are affixed for FULL and 95% FULL indications. Water from ascent stage water tank No. 1 is
fed to the PLSS H20 DISCONNECT through the ascent water (ASC H20) valve for drinking, food pre
paration, PLSS fill, and fire extinguishing.

Water from the ascent and descent water tanks enters the WATER TANK SELECT valve
which consists of two water diverting spools. Setting the valve to DES or ASC determines which supply
is on-line.

•\"",:':~ '. "..

When using the descent supply, water is routed to the primary pressure regulators 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 pressure,
at 0.5 to 1. 0 psi above this gas pressure. With the PRl EVAP FLOW #1 valve set to OPEN, the water
is routed through a flow limiter to the primary sublimator. The flow limiter limits the water flow rate
during the sublimator startup period. Discharge water from the water separator is routed through the
secondary spool of the selector valve and joins the water from the primary pressure regulators. Setting
the WATER TANK SELECT valve to ASC routes water from the ascent tanks through the primary pres
sure regulators and, with PRI EVAP FLOW #1 valve set to OPEN, to the primary sublimator. Water
flow from the water separators is not changed by selection of the ASC position. If the primary pressure
regulators fail an alternative path to the primary sublimator is provided by setting the PRl EVAP FLOW
#2 valve to OPEN. Water then flows directly from the ascent water tanks through the secondary pres
sure r egulator , and the PRl EVAP FLOW #2 valve through the flow limiter to the primary sublimator.

(

Under emergency conditions (failure of the primary HTS loop), water from the ascent tanks
is routed through the secondary manifold (secondary pressure regulator) by setting the SEC EVAP FLOW
valve to OPEN. This alrows for flow of water to the second in series pressure regulator through flow
limiters, to the secondary sublimator and the suit circuit sublimator. Discharge water from the water
separators is also diverted to these sublimators. To divert water, the WATER TANK SELECT valve is
set to SEC.

2.6.3.4 Heat Transport Section. (See figure 2.6-9.)

The HTS consists of two closed loops (primary and secondary) through which a water-glycol
solution is circultated to cool the suit circuits, cabin atmosphere, and electronic equipment. Coolant is
continuously circulated through cold plates and cold rails to remove heat from electronic equipment and
batteries. For the purpose of clarity, the primary and secondary coolant loops, and the primary and
secondary coolant loop cold plates and rails are discussed separately in the following paragraphs. When

I necessary, the primary loop is also a heat source for suit loop oxygen and a cooling source for the
liquid-cooled garment. Heat is removed by absorption and is rejected to space by sublimation.
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Figure 2.6-8. Water Management Section - Simplified Functional Flow Diagram
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Primary Coolant Loop. (

The primary coolant loop is char\>d with coolant at GSE fill points and is then sealed. The
glycol pumps force the coolant through the loop. The glycol accumulator maintains a constant head of
pressure (5.25 to 9 psia, depending on coolant level) at the inlets of the primary loop glycol pumps.
Coolant temperature at the inlets is approximately +40°F. A switch in a low-level sensor trips when
only 10±5% 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 can provide a minimum of 3.7 pounds per minute of coolant
flow at 40° F with a pressure rise of 30 psid when subjected to a voltage of 28 volts de. 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 generate a minimum differential pressure ( ~ P) of
7±2 psi (or if the pump ~P drops below 3 psid after primary pump operation has been initiated), the ~ P
switch generates a signal to energize the ECS caution light and the glycol pump (GLYCOL) component
caution light. Manually selecting the other pump deenergizes the lights when the onstream pump develops
in minimum ~ P of 5.0 to 9.0 psid. If both pumps fail, the secondary loop is activated by setting the
WATER TANK SELECT valve to SEC, setting the GLYCOL switch to INST (SEC), and closing the ECS:
GLYCOL PUMP SEC circuit breaker. Automatic transfer from primary pump No. 1 to primary pump
No.2 is initiated by closing the ECS: GLYCOL PUMP AUTO TRNFR circuit breaker and setting the
selector switch to PUMP 1. When transfer is necessary, the ECS caution light and the GLYCOL compo
nent caution lights go on, the transfer is accomplished, and the ECS caution light goes off. The GLYCOL
component caution light remains on.

If primary loop Cl P exceeds 33 psia, the appropriate pump bypass relief valve opens and
routes the coolant back to the pump inlet, relieving the pressure. These relief valves start to open at
33 psia , are fully open at a maximum of 39 psia, and reseat at a minimum of 32 psia. Check valves pre
vent coolant from feeding back through an inoperative primary pump.

(

Part of the coolant leaving the recirculation assembly flows to the suit circuit heat ex
changer to cool the suit circuit gas of the ARS. The remainder of the coolant flows to electronic
equipment mounted on cold plates. The flow paths then converge and the coolant is directed to the Iiguid
cooled garment water-glycol heat exchanger to cool suit water as required. The coolant then flows
through the aft equiprnerr bay cold rails. A portion of the warmer coolant flow returing from the aft
equipment bay cold r a i ls can be diverted to the suit circuit regenerative heat exchanger through the SUIT
TEMP valve to increase suit inlet gas temperature. The diverted flow returning from the heat exchanger,
combined with the bypassed coolant, is routed to the primary sublimator.

The sublimator decreases the temperature of the coolant by rejecting heat to space
through the sublimation of water, followed by the venting of the generated steam through an overboard
duct. A thrust deflector located above the duct exit port diffuses the axhaust steam, thereby decreasing
the thrust effect on the vehicle. Pressure regulators in the subirnalo r water feed line maintain water
outlet pressure at 0.4 to 1. 0 psid above the referenced suit circuit pressure. This regulated water outlet
pi": -sure will be above 4.0 psia and will normally be below 7.0 ps ia , During the suit pressure integrity
check, the regulated water outlet pressure can be as high as 10 psia for a short time. The sublimator
inlet and outlet temperatures are sensed by temperature transducers, which provide telemetry signals.
Coolant from the sublimator flows through the ascent and descent battery cold rails, then returns to the
recirculation assembly.
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(-
\ Self-sealing disconnects upstream and downstream of the glycol 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 the interstage disconnects and
the full coolant flow enters the ascent stage battery cold rails.

The secondary (emergency) coolant loop provides thermal control for those electronic as
semblies and batteries whose performance is necessary to effect a safe return to the CSM. Cooling is
provided by the secondary sublimator. The procedure for starting up the secondary loop is discussed in
paragraph 2.6.3.4.1.

2.6.3.4.2 Secondary Coolant Loop.

I

The secondary loop is also charged with coolant at GSE fill points and is sealed. A second
ary accumulator identical with the primary accumulator maintains a positive secondary pump inlet pres
sure. As with the primary pump, the secondary pump is protected by a filter which has a bypass to
maintain flow if the element becomes clogged. 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 passage of the cold plates and cold rails of the electronics and batteries
section. Waste heat is absorbed by the coolant. The warm coolant then flows to the secondary sub
limator.

(
The secondary sublimator 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.

2.6.3.4.3 Cold Plates and Rails. (See figure 2.6-9.)

Equipment essential for mission abort is mounted on cold plates and rails that have two
independent coolant passages, one for the primary loop and one for the secondary loop.

Primary Coolant Loop Cold Plates and Rails. The cold plates and rails in the primary coolant loop are
arranged in three groups: upstream electronics, aft equipment bay, and batteries.

(

Coolant from the recirculation assembly flows into parallel paths that serve the upstream electronics
group. In this group, the data storage equipment assembly (DSEA) is cooled by cold rails; the remainder
of the group, by cold plates. The cold plates are located in the pressurized and unpressurized areas of
the LM. The flow rates through the parallel paths are controlled by flow restrictors, installed down
stream of each cold plate group. The first upstream electronics flow path cools the suit circuit heat
exchanger. 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 inertial measurement unit (IMU) and the
rate gyro assembly (RGA) cold plate, both located in the unpressurized area (on the navigation base).
All the plates for the fourth path are in the unpressurized area above the cabin; the ASA is on the naviga
tion base. The fifth path serves the tracking light electronics (TLE), gi mbal angle sequencing transforma
tion assembly (GASTA), lighting control assembly (LCA), and data storage electronics assembly (DSEA)
plates: one in the unpressurized 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 batteries are cooled by
cold rails. The ascent batteries are in the center section of the aft equipment bay. The descent batteries •
are on the -Z- bulkhead. During the descent phase, the coolant flow is split between the descent batteries
and the ascent batteries; the ascent batteries are not used during this time. When the stages are separated,
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quick-disconnect break the coolant lines and seal the ends; all coolant then flows through the ascent
battery cold rails.

Secondary Coolant Loop Cold Plates and Rails. The secondary coolant loop is for emergency use. Only
cold plates and cold rails that have two independent passages (one for 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 flow restrictors downstream of the TLE and
RGA. After these three plates, the secondary loop cools the ascent battery cold rails and the aft equip
ment bay cold rails in a series-parallel arangement. The coolant first flows through three ascent battery
cold rails in parallel, then through eight aft equipment bay cold rails in parallel.

2.6.4 MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

2.6.4. I Atmosphere Revitalization Section.

2.6.4.1.1 Suit Circuit Assembly.

Suit Circuit Relief Valve. The SUIT CIRCUIT RELIEF valve is an aneroid-operated, poppet-type valve
that protects the suit circuit 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 ap
proximately 4.3 psia to prevent overpressurization of the suit loop by allowing oxygen flow to the cabin.
At 4.7 p sia , the valve is fully open and flows approximately 7.8 pounds per hour at +90 c F. The valve (~

reseats at approximately 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, if the valve fails to reseat, the -,
automatic poppet is left open, but an auxiliary poppet is closed, maintaining pressure.

Suit Gas Diverter Valve. (See figure 2.6-10.) The SUIT GAS DIVERTER valve is a manuually operated,
two-way valve (one inlet and two outlets) with a solenoid override in one direction. The valve is on the
ECS package above the oxygen control module. When the valve handle is pushed into CABIN position,
oxygen is directed into the cabin. The valve is maintained in this position, against main spring

HANDLE (SHOWN IN

CABIN POSITION)

TO SUIT lOOP (OUT) :JOOt,M4-9J

Figure 2.6-10. Suit Gas Diverter Valve - Functional Schematic

l .~ ..":
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pressure, by a deenergized solenoid. Pulling the valve handle to EGRESS position overrides the solenoid
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 falls to below normal level while the
valve is set to CABIN, the solenoid is energized by the cabin pressure switch, and the main spring re
turns the valve to the EGRESS position. Electrical power is also supplied to the diverter 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 in the EGRESS position.

Cabin Gas Return Valve. The CABIN GAS RETURN valve is a spring-loaded, flapper-type valve. The
valve has AUTO, OPEN, and EGRESS (closed) positions. In the AUTO position, the valve automatically
permits cabin gas to return to the suit circuit. When the cabin is depressurized, the suit circuit pres
sure closes the valve, preventing backflow into the cabin. The OPEN and EGRESS positions provide
manual override of the AUTO position. Valve-position-indicating switches provide telemetry signals
when the valve is set to OPEN or EGRESS.

CO2 Canister Selector Valve, and C02 and Odor Removal Canisters. The C02 CANISTER SEL valve is a
dual-flapper-type valve that routes flow through the C02 and odor removal canisters. The valve has
PRIM and SE C positions. One flapper is at the inlet to the canisters; the other, at the outlet.

Each canister contains a cartridge filled with lithium hydroxide (LiOH) and activated charcoal. The pri
mary canister cover has a debris trap, which may be replaced before, but not during, flight. A relief C02
valve in the canister permits flow to bypass the debris trap if it becomes clogged. The CANISTER SEL
valve is sufficiently leakproof to permit replacement of cartridges, with the cabin unpressurized.

I

(

The PRIM position permits suit circuit gas to flow through the primary canister. When replacing a satu
rated primary cartridge, the C02 CANISTER SEL valve handle is set to SEC. This unlocks the PRIMARY
C02 CANISTER cover. 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 cove I' is rotated to OPEN.

Suit Circuit Fans. Each suit circuit fan is operated by a 28-volt d-c brushless motor. A full radial-type
rotor with a vaneless diffuser is used: it moves approximately 24 cfm at 25,000 ±500 rpm. Fan operation
is controlled by the S'Ul'I' FAN selector switch. The fans permit operation at sea level for checkout
purposes. A 15-volt d-c input is provided for this purpose.

Suit Circuit Sublimator. The suit circuit subl i mato r has a water inlet and a steam outlet that is vented
overboard. Water and suit circuit gas both make a single pass through the unit, which comprises a stack
of modules of several layers of porous plates , and water. steam, and suit circuit gas passages. The
sublimator rejects suit circuit heat to space if the suit circuit heat exchanger is inoperative.

Suit Circuit Heat Exchanger. The suit circuit heat exchanger is a duct-shaped unit of aluminum plate
and-fin construction. It has a single pass for both the coolant and the suit circuit gas and is used to re
move excess heat in the ARS. Heat is transferred to the HTS coolant supplied to the heat exchanger.

Water Separator Selector Valve. The WATEH 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.

Water Separators. (See figure 2.6-11.) 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 centrifuges the water into a rotating water trough. A
stationary pitot tnbe , placed tangentially to the rotating trough, picks up the re moved wate I' and discharge s
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Figure 2.6-11. Water Separator - Functional Schematic

it to the WMS. The pitot pumping action creates a dynamic head of pressure sufficient to ensure positive
flow from the water separator to the WMS. Water passing through the perforated 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 con
verted to a voltage level with respect to separator rpm, in a signal conditioner unit. A water drain boss
on each separator drains the cavity between the rotating drum and the outer shell of the unit. Plumbing
attached to each drain boss carries water away from this area and dumps it into a surge (collection) tank
outside the suit circuit.

(

Suit Circuit Regenerative Heat Exchanger. The suit circuit regenerative heat exchanger is of the alumi
num plate-and-fin type. Heat from the circulating warm coolant is transferred to the oxygen which makes
a single pass through the unit while the coolant makes two passes.

Suit Temperature Control Valve. The SUIT TEMP valve is a manually operated diverter valve that con
trols coolant flow through the suit circuit regenerative heat exchanger. Setting the valve to INCR HOT
increases the temperature; setting it to DECR COLD reduces the temperature.

Suit Isolation Valves. (See figure 2.6-12.) The SUIT ISOL valves are manually operated, two-position,
dual-ball valves. In the SUIT FLOW position, suit circuit gas is directed through the valve into the PGA,
and from the PGA back into the suit circuit. In the SUIT DISC position, the valves keep the gas in the
suit circuit, bypassing the PGA's and preventing flow in either direction between the suit circuit and
PGA's.

Setting the valve handle to SUIT FLOW loads a solenoid-operated spring-return mechanism. A signal
from the suit circuit pressure switch energizes the solenoid to release the return mechanism, which
turns the valve to SUIT DISC. The ACTUATOR OVRD lever enables manual release of the return mecha
nism to the SUIT DISC position. A valve position indicator switch provides a telemetry signal when the
valve is in the SUIT DISC position.

Carbon Dioxide Partial Pressure Sensor. (See figure 2.6-13.) The carbon dioxide partial pressure
sensor, in the suit circuit assembly, is a single-beam, dual-wavelength, filter photometer, with ratio
readout. The sensor operates on the infrared-absorption principle. It measures the amount of infrared
energy absorbed by the carbon dioxide in a gas sample that passes through the sensor, by comparing
transmitted energy of two different wavelengths in the infrared spectrum. (One wavelength is absorbed

~..
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Figure 2.6-12. Suit Isolation Valve - Functional Schematic

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 infrared energy source
(a small tungsten lamp), a collimating lens, a lens that reimages the source on the dual filter, an aper
ture to fix the source image on the dual filter, 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 electrical signal to the PART PRESS C02 indicator and the
CWEA, and a telemetry signal to indicate the carbon dioxide level in the gas supplied to the astronauts.

2.6.4.1.2 Suit Liquid Cooling Assembly.

I

Water-Glycol Heat Exchanger. The water-glycol heat exchanger transfers heat from the warm water
returning from the LCG to the coolant of the HTS. This heat exchanger is of the cross-counterflow,
single -pass water and multipass coolant type.

Liquid Garment Cooling Valve. The LIQUID GARMENT COOLING valve is a manually operated diverter
valve that controls water flow to the water-gylcol heat exchanger. Part or all of the water may be manu
ally diverted around the heat exchanger to provide varying degrees of cooling, depending upon astronaut needs.

Water Accumulator. The water accumulator consists of an aluminum housing, diaphragm, spring,
diaphragm piston guide, and diaphragm piston. The system water pressure opposes the spring action in
the accumulator to maintain the correct pressure level in the water loop. The accumulator serves as a
reservoir to make up for system leakage and volumetric changes due to temperature fluctuations.

Water Pump. The water pump is of the diaphragm type; it circulates water through the suit liquid cool
ing assembly. A voltage regulator steps down the 28 volts dc to 16±2 volts de for pump operation.
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Figure 2.6-13. Carbon Dioxide Partial Pressure Sensor - Functional Schematic

Suit Water Umbilical Hoses. The water umbilical hoses circulate water between the LCG and the suit
liquid cooling assembly. The hoses are flexible silicon rubber, covered with Beta cloth.

Multiple Water Connectors. The multiple water connectors are quick-disconnects that connect the water
umbilical hoses to the LCG receptacle on the astronaut outer suit. The connectors provide dual flow into,
and out of, the LCG. Poppet valves minimize leakage during connecting and disconnecting.

Cabin Fan. The cabin fan recirculates cabin atmosphere for ventilation. The fan motor is of the brush
less, d-c type: it operates on 28 volts dc with an input power of 35 watts average, 110 watts peak. The
fan moves approximately 5 pounds of air per minute at 13,000 rpm. A filter, mounted on the ascent en
gine cover, removes lunar dust from the cabin atmosphere during ascent from the lunar surface. Oxygen
passes through the filter, then through a duct to the cabin fan where it is discharged to the cabin. The fan
permits operation at sea level for checkout purposes. 15-volt d-c input is provided for this purpose.

(

2.6.4 2

2.6.4.2.1

Oxygen Supply and Cabin Pressure Control Section.

Descent Oxygen Tanles.

I
Two descent oxygen tanks are located in the descent stage; one each in quads 3 and 4. Each

tank holds 48.01 pounds of oxygen, stored at a pressure of 2,690 psia. Tank No. 2 provides four PLSS re
fills at 10 60 pounds each, and both tanks provide four cabin prepressurizations at 5.5 pounds each. Each
tank is fillecl through a high-pressure fill port, which is capped and lockwired before launch.

2.6.4.2.2 High-Pressure Oxygen Control Assembly. (See figure 2.6-14. )

The major components of the high-pressure oxygen control assembly are a high-pressure
oxygen regulator, a bypass-oxygen pressure relief valve, an overboard relief valve, and a burst dia
phragm assembly.

High-PresOiure Oxygen Regulator. (See figure 2.6-15.) The internally series redundant high-pressure
oxygen regulator receives high-pressure oxygen from the descent oxygen tank(s) and regulates the pres-
sure to 875 to 960 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 poppet to move towards its seat, regulating the outlet pressure to the secondary regulator.
The secondary regulator operates in the same manner as the primary regulator.

1 April 1971Change Date2.6-26

Bypass Oxygen Pressure Relief Valve. (See figure 2.6-16.) The bypass oxygen pressure relief valve
protects the descent oxygen tank(s) against overpressurization by bypassing the high-pressure oxygen reg
ulator. The valve fails open if it maliunctions. Pressure acting on the plunger-and-bellows assembly
displaces a belleville spring, causing its inside diameter to increase. This removes the force exerted by
the belleville spring against the thin-walled tube around the plunger and allows inlet oxygen to vent to the \jt~~i;"
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Figure 2.6-14. High-Pressure Oxygen Control Assembly - Functional Schematic

outlet port. If the relief valve malfunctions (bellows ruptures), oxygen is diverted to the guide chamber,
causing the guide to close a seal. This places the valve in the failed-open condition and bypasses the
oxygen to a secondary (identical) relief valve.

Overboard Relief Valve. (See figure 2.6-17.) 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 re seats at 985psig, at+75°F. System pressure at the first stage re
lief 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
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Figure 2.6-15. High-Pressure Oxygen Regulator - Functional Schematic (
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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
orifice in the piston. This allows leakage chamber pressure 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 pounds per hour at an inlet pressure
of 1,100 psig.

Burst Diaphragm Assembly. (See fi[':ure 2.6-18.) The burst diaphragm assembly opens when the flow
from the descent oxygen tanksrs) exceeds the relieving capability of the overboard 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 tankfs). The diaphragm assembly
permits a minimum flow of approximately 10 pounds per minute. \Vhen descent o"J'gen pressure is reduced
to 1,000 psia, the disk support poppet reseats to maintain sufficient oxygen for one cabin repressurization
up to 1 hour afte r disk rupture.

2.6.4.2.3 Ascent Oxygen Tanks.

TWJ identical tanks supply all the oxygen required for metabolic consumption and to compen
sate for cabin and/or suit circuit leakage, oxygen component leakage, and loss due to cabin puncture,
subsequent to switchover to ascent consumable s, Both tanks are in the aft equipment bay. Oxygen flow
from either tank is controlled by individual oxygen shutoff valves on the oxygen control module.
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Figure 2.6-18. Burst Diaphram Assembly - Functional Schematic

2.6.4.2.4 Oxygen Filters.

Filters at the inlets to the oxygen control module and the PLSS disconnect remove particu
late matter from the oxygen. Filtering capability is 18 microns nominal and 40 microns absolute.

The oxygen control module is mounted on the suit circuit package located to the right rear
of the LM Pilot·s station. It consists of a cast housing that contains filters, a PLSS oxygen shutoff (PLSS .
FILL) valve, descent and ascent oxygen shutoff (DES 02, #1 ASC 02, #2 ASC 02) valves, oxygen demand
regulators (PRESS REG A and PRESS REG B) valves, and a cabin repressurization and emergency oxygen
(CABIN REPRESS) valve. An interlock prevents opening the ascent oxygen shutoff valves until the descent
oxygen shutoff valve is closed.

2.6.4.2.5 Oxygen Control Module. (See figure 2.6-2.) (

PLSS and Oxygen Tank Shutoff Valves. Four positive-action, manually operated shutoff valves control
oxygen flow into the 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

I overt ravel. (An additional PLSS FILL valve, installed in the cabin, is used for the high pressure PLSS
fill line from the second descent stage oxygen tank. It is not part of the oxygen control module.

Oxygen Demand Regulators. (See figure 2.6-19.) The PRESS REG A and PRESS REG B valves, in paral
lel, regulate oxygen from the tanks to the suit circuit. Both regulators are manually controlled by individ
ual four-position selector handles. Suit circuit pressure is fed back to an aneroid bellows that actuates
a poppet. Rotating the valve handle to CABIN or EGRESS changes the spring force acting on the poppet and
establishes two outlet pressure levels.

Selecting the DIRECT Oz position, fully opens the valve. With an upstream pressure of 900 psia and a
temperature of +70°F, one regulator can flow approximately 7.0 pounds per hour into the suit circuit. In (
the CLOSE position, an auxiliary poppet stops all flow through the regulator. Each regulator has a valve \
position indicator (VPI) switch, and a functional switch which controls electrical circuits in the ECS.

Cabin Re ressurization and ErneI' enc 0 en Valve. (See figure 2.6-20.) The CABIN REPRESS valve is
a solenoid-operated valve with manual override MANUAL and CLOSE positions). It is used to repres
surize 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
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Figure 2.6-19. Oxygen Demand Regulator - Functional Schematic(
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Figure 2.6-20. Cabin Repressurization and Emergency Oxygen Valve - Functional Schematic
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maintain cabin pressure at 3.5 psia for at least 2 minutes, allowing the astronauts to return to a closed
suit environment. The valve is controlled by a three-position handle on the oxygen control module.

When the AUTO position is selected, valve operation is controlled by the solenoid, which is actuated by
the cabin pressure switch. If cabin pressure drops below normal, the cabin pressure switch energizes
the solenoid. This moves the valve yoke to open the inlet valve and permits oxygen in the manifold to flow
through the valve into the cabin. If cabin pressure increases to normal, the cabin pressure switch de
energizes the solenoid and spring action closes the valve. When supplied by the descent oxygen tank(s),
flow is 4 pounds per minute maximum; when supplied by the ascent tanks, 8 pounds per minute at 700 psia.
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. In the CLOSE position, an auxiliary poppet is forced onto its
seat, shutting off the flow.

2.6.4.2.6 Cabin Relief and Dump Valves. (See figure 2.6-21.)

A cabin relief and dump valve is installed in each hatch. The valve has a differential-pres
sure, servo-actuated poppet valve that prevents cabin overpressurization and permits deliberate (manual)
dumping of cabin pressure. Each valve is controlled 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. A bacteria filter mounts on the forward cabin relief and
dump valve. Pressure transducers associated with each valve provide a telemetry signal to indicate when
the valves are relieving cabin pressure.

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 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 lower pressure. Cabin pressure on'
the main poppet overcomes the force of the main poppet spring and opens the valve. Oxygen is vented
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. 1 pounds of oxygen per minute overboard. 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. Each valve can dump the cabin
pressure from 5.0 to 0.08 psia in 180 seconds without cabin oxygen inflow. Setting the handle to CLOSE
prevents the valve from opening at normal pressures, if the servo valve fails.

2.6.4.2.7 Cabin Pressure Switch.

The cabin pressure switch monitors cabin pressure and enables electrical signals to con
trol related ECS functions. The switch is an absolute-pressure device that consists of three separate
hermetically sealed m icroswitch capsules. The capsules are set to provide switch closure when cabin
pressure decays to 3.7 to 4.45 psia during pressurized-cabin operation. If this occurs, the SUIT GAS
DIVERTER valve closes, the CABIN REPRESS valve opens, and the CABIN warning light goes on.
LTeasing cabin pressure to 4.40 to 5.0 psia opens the cabin pressure switch circuits, closes the CABIN
HEPRESS valve, and deenergizes the CABIN warning light.
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( Figure 2. 6-21. Cabin Relief and Dump Valve - Functional Schematic

2.6.4.3 Water Management Section.

2.6.4.3.1 Descent Stage Water Tanks.

Each descent stage water tank is aluminum with an internally mounted standpipe and bladder. I
The bladder contains the water: the space between the tank and bladder is charged with nitrogen according
to a schedule dependent on the load (48.2 psia maximum at +80 0 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. The two tanks are interconnected upstream of the inter-stage umbilical guillotine. Check valves
at each tank outlet prevent backflow of water from one tank into the other.

Descent Water Valve. The descent water (DES H20) valve is a manually operated, poppet-type shutoff
valve. The valve has OPEN and CLOSE positions. In the OPEN position, the valve provides high
pressure water flow from the descent tank(s) to the water dispenser.

2. 6.4.3.2 Ascent Stage Water Tanks.

The ascent stage water tanks are in the overhead unpressurized portion of the cabin. They
are similar to the descent stage water tank(s) but are smaller. An initial nitrogen charge of 48.2 psia
at +800 F is used in each ascent and descent tank. The tank outlets are 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.

Ascent Water Valve; The ascent water (ASC H20) valve, at the top of the water control module, is a
manually operated, poppet-type shutoff valve. The valve has OPEN and CLOSE positions. In the OPEN
position, the valve provides high -pressure water flow from the ascent tank No. 1 to the water dispenser.
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Water Control Module. (See figure 2.6-2.)
(

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 tank selector
valve, and water pressure regulators are mounted. All 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.

Check Valves. There are five check valves in the water control module: one in each tank feed line, and
one in each discharge line from the ARS water separators. The check valves prevent water flow from the
module to the water tanks and water separators. One other check valve is in the descent H20 line, exter
nal to the water module. (For LM 10 and subsequent, two additional check valves are provided, one at
each descent stage water tank outlet. )

Water Tank Selector Valve. (See figure 2.6-22.) The WATER TANK SELECT valve is a manually oper
ated, three-position, two-spool valve. 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(s) and the
primary water manifold. In the ASC position, the primary spool establishes a flow path between the
ascent tanks and the primary water manifold. When the valve handle is moved to the SEC position, the
secondary spool is moved diverting flow from the ARS water separators to the secondary manifold and
routing water from the ascent water tanks to the secondary manifold.

Water Pressure Regulators. (See figure 2.6-23.) Four water pressure regulators are in the WMS. Two
are in series in the primary manifold, one is in the secondary manifold and one is in the water pressure
regulator module, external to the water module. The regulators contain a spring-loaded diaphragm that
senses the differential between ARS reference pressure and the downstream water pressure. The dia-
phragm moves a balanced lever attached to a metering poppet. The water discharge pressure is main- (.
tained to 0.5 to 1. 0 psi above the reference pressure. \

Primary Evaproator Flow Valve No. 1. The Pill EVAP FLOW #1 valve is a manually operated, poppet
type shutoff valve. It has OPEN and CLOSE positions. In the OPEN position, the valve allows flow from
the ascent or descent water tanks, through the primary regulators, to the primary subli mato r ,

Primary Evaporator Flow Valve No.2. The Pill EVAP FLOW 'i2 valve is a manually operated, poppet
type shutoff valve. It has OPEN and CLOSE positions. In the OPEN position, the valve acts as backup to
the PRI EVAP FLOW ;it valve to provide ascent tank water from the secondary water manifold to the
primary suhli mato r.

Secondary Evaporator Flow Valve. The 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 sublimato r ,

Water Pressure Regulator Module. The water pressure regulator module consists of a pressure regulator
and a manifold. The module is in the secondary water circuit, downstream and in series with the sec
ondary water pressure regulator in the water COntrol module.

2.6.4.4 Heat Transport Section.

2.6.4.4.1 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 46 cubic inches (maxi
mum) of fluid under pressure. The pressure varies, directly with fluid level, from 5.6 psia at 5% level to
8.0 psia at 80% leveL The accumulator maintains a head of pressure on the glycol pump inlets to prevent
cavitation and replaces coolant lost through subsystem leakage. The piston moves in response to volu
metric changes caused by temperature variations in the primary loop or by leakage. The accumulator
spring side is vented to space. There is one accumulator in the primary loop and an identical one in the
secondary loop.
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Figure 2.6-22. Water Tank Selector Valve - Functional Schematic

,
\

2.6-35 IPageLM
ENVIRONMENTAL CONTROL SUBSYSTEM

Mission Basic Date 1 February 1970 Change Date 1 April 1971

'~,



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

DIAPHRAGM

BALANCED
LEVER

METERING

POPPET

(

The accumulators have a low-level sensor with a switch that trips when only 10+5% of the
coolant volume remains. The switch is mounted on top of the accumulator. A tube extending from the
top of the accumulator, houses a rod attached to the piston. The switch provides a telemetry signal.

•
WATER

INLET

Figure 2.6-23. Water Pressure Regulator - Functional Schematic
A.-JOOLM4-2J2

(

2.6.4.4.2 Coolant Filters.

The primary coolant filter has a filtering capability of 35 microns absolute. It has a pres
sure relief bypass that opens at 0.27 to 0.4 psid to maintain coolant flow to the pumps if the filter becomes
clogged. The secondary coolant filter has a filtering capability of 45 microns absolute. It also has an
integral pressure relief valve, which opens at 0.8 to 1. 0 psid to maintain coolant flow to the secondary
pump if the filter becomes clogged.

2.6.4.4.3 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-e brushless motors. The motors are of wet or submerged design and are cooled
by the reci rculat int; coolant.

With a fixed system configuration, pump speeds vary with changes in coolant temperature
and pump input voltages. As a result, system coolant flow rates may vary from 4.4 to 5.4 pounds per (
hour, causing a primary pump pressure rise of 12 to 25 psi and secondary pump pressure rise of 8 to 18 \
psi. Pump inlet pressure varies from 5 to 8 p sia , depending on accumulator level.
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2.6.4.4.4 Suit Temperature Control Valve. I
The SUIT TEMP 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.

2.6.4.4.5 Sublimators.

..~
~1;

The porous-plate-type sublimators (one in the primary loop and another in the secondary
loop) are identical, except that the primary sublimator has a larger capacity. Each sublimator has a
coolant inlet and outlet, a water inlet, and a steam outlet. Water makes one pass through the
unit; coolant makes six passes through the primary sublimator and four passes through the sec
ondary subl imator , For proper sublimator operation, water pressure must exceed 4.0 psia but must be
less than 6.5 psia. However, the primary sublimator can withstand a transient fluctuation to 10.6 psia
during the suit pressure integrity test, for a period of 5 minutes. 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 environment. The vacuum pressure
is below the triple point of water; this causes an ice layer to develop within the pores and on the inner
surface of the plates. As the hot coolant flows through the sublimator passages, heat transfers from the
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coolant to the water and to the ice layer. The ice sublimates from the solid state to steam without pass
ing through a liquid state, rejecting its heat load overboard through a duct. The thickness of the ice
layer varies with the heat load imposed on the sublimator, ref lting in a regulated output temperature
over a range of input temperatures.

(

If the heat load entering the sublimator drops below 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 load 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 sub
limator is greatly reduced because ice is not sublimated. Water consumption is excessive because there
is no restraining ice layer.

2.6.4.4.6 Flat Cold Plates and Cold Rails.

Electronic equipment that requires active temperature control is cooled by cold plates and
cold rails. Most cold plates are installed between electronic equipment and 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 00 to +160° F. The
remaining fiat cold plates are installed directly on the electronic equipment without making contact with
the LM structure. Cold rails are used in the aft equipment bay, in the descent stage and in the DSEA.
The IMU has an integral cooling circuit. Cold plates and cold rails for equipment essential for mission
abort have two independent coolant passages, one for the primary loop 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 transfer and structural
strength. The internal fin arrangement of the cold plates ensures sufficient flow distribution.

The cold rails are channel-and-tube type 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 between the rails to accommodate equip- ("
ment 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 in a space environment, an interface material is used between the
electronic equipment (except the DSEA) and the cold plates or cold rails. The interface material (sili
cone rubber with an aluminum oxide additive) is applied in Liquid form to the equipment surface before
installation and is vulcanized at room temperature after the equipment is mounted. Electronic replace
able assemblies can be installed on, and removed from, their cold plates or cold rails without disturbing
the coolant circuit. Repeated removal and installation requires removal of old, and application of new,
interface material. The IMU has flexible line connections and quick-disconnects to facilitate IMU re
placement, if required.

2.6.5 PERFORMANCE AND DESIGN DATA.

table 2.6-1.
The performance and design data for the ARS, OSCPS, WMS, and HTS are given in

Tablo 2. G-!. Envi ronmontal Control Subsystem - Performance and Design Data

Atmosphere revitalization sect ion

Oxygen partial pressure in atmosphere
breathed by astronauts

160 mm Hga (m i nirnum )

Carbon dioxide partial pressure in
atmosphere delivered to astronauts

6.75 mm Hga (maximum)

Cabin pressure 4. 8±0. 2 psia (normal, steady-state)

1 April 19712.6-38
ENVIRONMENTAL CONTROL SUBSYSTEM

• Page Mission LM Basic Date 1 February 1970 Change Date



(

LMA790-3-LM
APOLLO OPERATrONS HANDBOOK

SUBSYSTEMS DATA

Table 2.6-1. Environmental Control Subsystem - Performance and Design Data (cont)

Atmosphere revitalization section (cont)

•

I

Suit circuit pressure

Cabin mode

Egress mode

Minimum

Maximum

During El\fU checkout (measured
downstream of PGA's)

LiOH dust concentration in atmosphere
delivered to astronauts

Leakage

ARS external leakage (with CO2 and
odor removal canister closed, ex
clusive of PGA's)

Suit (one man)

Suit inlet temperature range

Gas cooled mode

Liquid cooled mode

Cabin temperature

Relative humidity

Suit eircuit fan Ilow

LCG flow

Oxygen supply and cabin pressure control section

Suit pressure increase

4.8 ±O. 2 psia (may exceed 5.0 psia during
powered flight)

3.8 ±O. 2 psia (4.7 psia maximum during
powered flight)

3.5 psia

9.6 psia and 5.0 psia (with one oxygen
demand regulator failed open)

8.7 psia (3.7 psig) for 5 minutes

0.02 mg per cubic meter (maximum)

0.01 pound per hour (maximum) at
3.7 -ps ia suit pressure with cabin
unpressurized

0.035 pound per hour (maximum) with
cabin unpressurized

With SUIT TEMP valve in full COLD
position, temperature ranges from +38"
to +65' F; in full HOT position, from
+42' to +100' F. Under certain maximum
operating conditions suit inlet temperature
may exceed +100' F.

Within 7' F of HTS glycol temperature at
liquid circuit cooling package inlet.

+55' to +90' F.

40'70 to 80%

At 4.8 psia - 36.0 pounds per hour (minimum)
At 3.8 psia - 28.4 pounds per hour (minimum)

At 5.65 psid - 4.0 pounds per minute (nom) I
(1.9 pounds per minute minimum
each suit)

First I-psi increase may occur in less
than 1 second. Each succeeding I-psi
increase occurs in not less than 8 seconds.

Cabin repressurization and emergency
oxygen valve delivery rate

Descent mode

Ascent mode

PLSS refill

4 pounds per minute (maximum)

8 pounds per minute at 700 psia

1.60 pound/refill at 1430 psia
Can only be partially filled at lower
pressures

•
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Table 2.6-1. Environmental Control Subsystem - Performance and Design Data (cant)

Oxygen supply and cabin pressure control section (cont)

•

Oxygen regulator flow capability

Cabin volume

Oxygen regulators are capable of sufficient
flow to maintain minimum suit circuit pres
sure of 3.5 psia with SUIT CIRCUIT RELIEF
val ve failed open and with 550 psia and +130 0 F
at oxygen control module inlet.

195 cubic feet

Oxygen filter efficiency 40 microns absolute

Cabin-to-ambient pressure differential 5.8 psi (maximum) steady state

•

Manual cabin pressure dump rate
(without oxygen inflow)

Number of cabin rcprossurtzattc

One dump valve from 5.0 psia down to 0.08
ps ia in 180 seconds. Both val ves in 90 sec
onds.

4 at 5.5 pounds each

Cabin repressurization time = 2 minutes

Cabin pressure switch settings When cabin pressure drops to 3.7 to 4.45
ps ia , contacts close

•
•

Descent oxygen tanks

Capacity

\"'hen cabin pressure increases 4.40 to 5.0
ps ia , contacts open

48.01 pounds (each tank) at 2690 ps ia and
+700 F (residual oxygen: 0.84 pound, each
tank at 50 psia and +700 F)

(

Bu rst pressu re 4,500 psi

Ascent oxygen tanks

I Capacity 2.43 pounds (each tank) at 840 psia and
70' F (residual oxygen: 0.14 pounds, each
tank, at 50 psia and +70' F)

Burst pressure l,500psia

Gaseous oxygen pressures and
temperatures

Normal pressure (regulated) 900 ~~ psia
- ....;J

Normal pressure (unregulated) 50 to 960 psia

Max irnu m pressure l v l Ou ps ia

Normal temperature 00 to +160 0 F

Leakage

Oxygen supply components Total external leakage of all oxygen supply
components, under maximum operating
pressures, does not exceed 0.010 pound
per hour of oxygen.

1 April 1971
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Table 2,6-1, Environmental Control Subsystem - Performance and Design Data (cont)

Oxygen supply and cabin pressure control section (cont)

Leakage (cont)

(

Cabin relief and dump val ve

Cabin

Bypass relief val ve

Full flow pressure

Cracking pressure

Reseat pressure

Overboard rel ief val ve

Full flow pressure

Cracking pressure

Reseat pressure

High-pressu rc regulator

Outlet pressure with primary and
secondary regulators operating
normally

Normal downstream regulated pressure (psig)

0,005 pound per hour (maximum) for each
val ve, up to 5,25 psid

0,2 pound per hour (maximum) at 5.0 ps ia
and +750 F

3,030 psig (minimum) at +75 0 F

2,875 psig (maximum) at +750 F

2,850 psig (minimum) at +750 F

1,090 psig (maximum) at 75 0 F

1,025 psig (minimum) at +75 0 F

985 psig (minimum) at +75 0 F

At inlet pressure of 1, 100 to 3,000 psig
and flow of 0.1 to 4.0 pounds per hour, and
inlet pressure of 975 to 1,100 psig and flow
of O. 1 pound per hour will regulate to:

I

Temp
(0 F)

75

Minimum
Pressure

875

Maximum
Pressure

960

Downstream regulated pressure with failed-open primary regulator (ps ig )

Temp
(0 F)

75

Minimum
Pressure

875

Max irnum
Pressure

960

Downstream regulated pressure with failed open secondary regulator (psig)

\,

Temp
(0 F)

75

Wato r rnanagem ent section

Descent water tanks

Capacity

Initial fill pressure

Residual

Pressure upon expulsion of all
expellable water

Minimum
Pressure

875

Maximum
Pressure

960

333 pounds (each tank) at 0.75 fill ratio

48.2 psia (maximum) at +80 0 F

6.66 pounds (each tank)

11,0 psia (minimum) at +350 F

•
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Table 2.6-1. Environmental Control Subsystem - Performance and Design Data (cent)

Water management section (cont)

Ascent water tanks

Capacity 42.5 pounds (each tank) at 0.75 fill ratio

Initial fill pressure 48.2 psia (maximum) at +80 0 F

Residual 0.85 pounds (each tank)

Pressu re upon expulsion of all
expellable water

11. 0 psia (minimum) at +35 0 F

External leakage

Normal mode (exclusive of
sublimator in HTS primary loop)

0.700 cc/hr of water (maximum) at
50 psid and +70 0 F

Redundant mode (exclusive of
sublimator in HTS seconda rv
loop) .

0.350 cc/hr of water (maximum) at
50 ps id and +70 0 F

Sublimator in HTS primary loop 0.090 ccrh r of water (maximum
combined) at G. 5 ps id and -'70 0 F

Subl im.rto r in HTS secondary
loop

0.090 cc/hr of water at G. J ps id and
+70 0 F

External-to- internal leakage ground
service disconnects

1 x 10-
2

sccv'hr of helium (maximum
each) at internal pressure of JOU microns
and in helium ambient of 14.7 ps i.i and
+70 0 F

(

Pressure regulator discharge
pressure

O. J to 1. U psi above AIlS gas prcs su re

PLSS refill (each) U. 1:') pounds of water

Heat transport section

Coolant Solution of ethylene glycol :uHI water
(:);../'~) and U;j(i·;;, respectively, by weight)
with inh ib i to r s (t r ictha nol a m ino
phos phut e , to prevent decomposition;
sodium morcaptobr-nzoth io zo; , to prevent
electrolytic corrosion)

Approximately 3;; pounds 01 coolant is
used III HTS.

Coolant slush point -;1() F

External 1cakagc

Prima r.y coolant loop
-",

1. 12 x 10 - ce/sec of hr-l iu m (maximum)
at 4':; ps id and +70 0 F

Secondary cool ant loop

Coolant pump rated flow

-3
1. 0 x lU ce/sec of helium (maximum)
at 4':; ps id and +70 0 F

222 pounds per hour minimum at +40 0 F
and 30 ps id and 28-vdc input
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Table 2.6-1. Environmental Control Subsystem - Performance and Design Data (cont)

Heat transport section (cont)

Coolant pump bypass relief val ve

Cracking pressure

Full open pressure

35 psi (minimum)

40 psi (maximum) I
Reseat pressure I psi less than cracking pressure

Coolant temperatures

Vacuum fill requirements HTS withstands internal pressure of
500 microns in sea-level ambient
pressure environment.

Primary and secondary coolant
filters

Efficiency

Bypass valve maximum cracking pressure

35 microns absolute for primary
45 microns absolute for secondary

o. ~ psid for primary
1. 0 psicl for secondary

I
Coolant flow

Primary coolant loop 222 pounds per hour (minimum)

/
(

Secondary coolant loop

Cold plates/cold rails

222 pounds per hour (minimum)

Coolant inlet operating
temperature

Coolant inlet operating pressure 5 to ~5 psia

Coolant inlet operating Ilo« 12 to 85 pounds per hour, depending on cold
rail/cold plate size and heat transfer
requirements

2.6.6 OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for the ECS are as follows:

• The suit fans and cabin fan must be operated at a reduced voltage of 12 to 15 volts de
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 s require minimum heat load to
prevent freeze -up.

I
\ • 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; otherwise, atmosphere
will not be reconditioned, leading to possible loss of consciousness.
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•
• The LiOH cartridge of the primary canister must be replaced with a new cartridge

when carbon dioxide rtial pressure, as indicated on the PART PRESS C02 indicator,
reaches 7.6 mm Hg.

• The cabin fan must be turned off manually when cabin pressure drops below 3. 0 psia
(in cabin mode); otherwise, it may be damaged.

• A minimum total heat load of 800 Btu/hr must be maintained when the primary water
feed is on; otherwise, the 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.

•
I

• The temperature of the coolant flow to temperature -critical electronics must not
exceed +50 0 F. Overheating may result and lead to degraded performance of critical
equipment.

• Nominally, minimum total heat load of 755 Btu/hr must be maintained when the
secondary water feed is on; otherwise, the sublimator may freeze and rupture,
rendering the HTS inoperative. During off-nominal or contingency situations,
the minimum heat load is 140 Btu/hr for continuous operation.

(
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COMMUNICA TIONS SUBSYSTEM.

INTRODUCTION

The Communications Subsystem (CS) provides inflight and lunar surface communications
links between the LM, CSM, and the Manned Space Flight Network (MSFN), and between the LM and
extravehicular astronaut (EVA). When the LM is on the lunar surface and both astronauts are outside the
LM, the LM relays communications between the astronauts and MSFN. When the astronauts are in the I
lunar roving vehicle (LRV), the Lunar Communications Relay Unit (LCRU) mounted on the LRV is the
communications relay. The following types of information can be handled by the CS.

• S -band tracking and ranging

• Transponding of VHF ranging signals

• Voice (LM-EVA, LM-CSM, or LM-MSFN)

• PCM telemetry (LM status)

• Astronaut biomedical data

• LGC update (up data)

• Emergency key (Morse code)

• Television

• EVA-LM Extravehicular Communications System (EVCS) data

• LM-CSM telemetry data (for retransmission to MSFN)

II
In flight, when the LM is separated from the CSM and both vehicles are on the earth side of II

the moon, the CS provides S-band communications with MSFN, and VHF communications with the CSM.
When the LM and CSM are on the far side of the moon and communication with MSFN is impossible, the
CS provides VHF communications with the CSM.

In-flight S-band communications between the LM and MSFN while the LM is on the earth side
of the moon, include voice, digital uplink signals, and ranging code signals from MSFN. The LM S-band
equipment transmits voice, acts as transponder to the ranging code signals, transmits biomedical and
systems telemetry data, and provides a voice backup capability and an emergency key capability.

In-flight VHF communications between the LM and CSM while they are on the earth side of
the moon include voice, backup voice, and tracking and ranging signals. Normal LM-CSM voice com
munications use VHF channel A simplex. Backup voice communication is accomplished with VHF channel
B simplex. VHF ranging, initiated by the CSM, uses VHF channels A and B duplex.

When the LM and CSM are behind the moon and communication with MSFN is impossible,
VHF channel A is used for simplex LM-CSM voice communications. VHF channel B is used as a one-way
data link to transmit system telemetry signals from the LM, to be recorded and stored by the CSM.
When the CSM establishes S- band contact with MSFN. the stored data are transmitted by the CSM at 32
times the recording speed.

When the LM is on the lunar surface, the CS provides S-band communications with MSFN and
VHF communications with the EVA. The LM relays VHF signals to MSFN, using the S-band. Communi
cations with the CSM may be accomplished by using MSFN as a relay. LM-MSFN S-band capabilities are
the same as in-flight capabilities, except that, in addition, TV may be transmitted from the lunar surface
in an FM mode.
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INSTRUMENTATION COMMUNICATIONS
SUBSYSTEM SUBSYSTEM CREW PERSONAL

EQUIPMENT

P(MTEA
SPLlT·PHASE,---- LOW eIT RATE DATA VHF

I I I TRANSMITTER B

I I 512-KC SUB(ARRIER

I PULSE CODE I TIMING REF --- BIQMED

I MODULATOR
II I

I I
I INRZ HIGH AND lOW
: PRE I

EMERGENCY KEY EXTRA
I I BIT RATE DATA (PH UMBILICALS) VEHICULARL ____ MODULATION

MOBILITY

I PROCESSOR I VOICE UNIT

I I ENABLE,----,
TIMING 512·KC SYNC I I MICROPHONE

L~~R~~-.J
___ ---J

VOICE

HEADSET

SUBSYSTEM STATUS
SIGNAL VOICE

TELEMETRY
PROCESSOR

seE A ASSEMBLY

,----,
VOICE FOR TAPE RECORDER

DSEA

I I
t I

DSEA KEY (TAPE I II RECORDER ENABLE) I
I

AUDIO I
ELECTRICAL POWER

I SUBSYSTEM
GUIDANCE, CENTERS I

NAVIGATION, AND I DC

CONTROL SUBSYSTEM I I OPERATlNG POWER

I
CDR'S 28vDC BUS

I
I D·C

I I
OPERATING POWER

A TTITUDf VOICE ENABLE (,PTT lMP'S 28-VOC BUS
CONTROllE:.; I AC
ASSEMBLIES

____ ....J

OPERA TlNG POWER
115-VA( BUS B

~
BU

LM GUIDANCE UPLINK DATA VOICE
COMPUTER I

DIGITAL UPLINK -ASSEMBLY

JOOlM.'i-19

Figure 2.7-1. Communications Subsystem - Interface Diagram

2.7.2 SUBSYSTEM INTERFACES. (See figure 2.7-1.)

The CS interfaces with the Electrical Power Subsystem (EPS) for primary a-c and d-c
power. D-C operating power (28 volts) is supplied to the CS from the Commander's and LM Pilot's d-c
buses; a-c power (115 volts, 400 cps), from a-c bus B. Redundant CS operating equipment is connected
to separate d-c buses, thereby assuring an operational status if either primary d-c bus becomes in
operative.

Telemetry data are routed to the CS from the Instrumentation Subsystem (IS) in nonreturn
to-zero (NRZ) form at a high or low bit rate. These data are fed through the S-band network for trans
mission to MSFN. When line of sight with MSFN is lost, these data are fed through VHF transmitter B
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to the CSM, but VHF B uses only low-bit, split-phase data format. The IS supplies two 512-kc signals
to the premodulation processor (PMP), a part of the signal-processor assembly (SPA). One signal is
the 512-kc sync signal from the timing electronics equipment (TE), a part of the pulse-code-modulation
and timing electronics assembly (PCMTEA). This signal is used for subsequent generation of the 1. 25
me subcarrier. The other signal is the 512-kc subcarrier timing reference signal from the PCMTEA,
which is used to generate the 1.024-mc subcarrier. The data storage electronics assembly (DSEA) of
the IS provides a voice-recording capability, receiving its input from either audio center's intercom
munications system (ICS) bus.

The Commander's and LM Pilot's attitude controller assemblies (ACA's) of the Guidance,
Navigation, and Control Subsystem (GN&CS) each have a push-to-talk (PTT) switch for enabling the SPA
audio centers, permitting voice communications. A PTT pushbutton on each astronaut's electri
cal umbilical also enables the SPA audio centers, permitting voice communications. These PTT push
buttons also provide an enabling signal for the PMP in the SPA if emergency key mode is selected.

Voice signals are generated and received in the astronaut's communications carrier (head
set) and are wired to the SPA for appropriate routing. Biomedical sensors in the astronaut's pressure
garment assembly (PGA) continuously generate electrical analogs pertinent to heart beat. This signal
is fed directly to the PMP for processing and subsequent transmission to MSFN.

I

2.7.3

2.7.3.1

FUNCTIONAL DESCRIPTION.

General.

(See figure 2.7 -2.)

I
(

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 emer
gency keying. 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. Telemetry data are transmitted to MSFN via S-band, which also provides MSFN·LM
ranging and tracking functions. VHF provides ranging and tracking functions between the CSM
and the LM. The communications links provided by the CS, and their functions, are listed in
table 2.7-1.

A digital uplink assembly (DUA) updates the LM guidance computer (LGC). It receives I
data from the S-band transmitter-receiver in a serial digital format, decodes the data, and transfers
the decoded data to the LGC. The DUA also provides S-bank uplink voice backup capability if the S-band
demodulator circuits in the PMP fail.

The ranging tone transfer assembly (RTT A) acts as a transponder to allow CSM- LM
ranging. The RTTA is used with the VHF transceivers.

2.7.3.2 Power Distribution.

The CS receives primary electrical power from the EPS: d-c power from the Com
mander's and LM Pilot's d-c buses; a-c power, from a-c bus B. The normal d-c voltage
requirement for all major CS assemblies is 28 volts, two-wire, negative ground. The required
steady-state d-c range is 25 to 31. 5 volts; the off-nominal range, 20 to 32 volts for periods not
exceeding 5 seconds. The CS requires U5-volt, 400-cps a-c power for the S-band steerable
antenna electronics package. All operating power is supplied to the CS through circuit breakers.
Figure 2.7-3 shows all EPS circuit breakers relevant to the CS, major CS assemblies, and
related power switches (panel 12).
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Table 2.7-1. Communications Links

..-
Link Mode Band Purpose

MSFN-LM-MSFN Pseudorandom noise S-band Rangin., and tracking by
I\ISF/\

LM-MSFN Voice S-band In-flight communications

LM-CSl\I Voice VHF simplex In-flight communications

CSl\I-LM-MSF/\ Voice VHF and S-band Conference (with LM as
relay)

LM-CSM Low-bit-rate telemetry VHF (one way) CSM record and retrans-
mit to earth

(!\I-LM-CSM Ranging VHF duplex Ranging by CSlII

MSFN-LM Voice S-band In -flight communications

MSFN-Ll\I Uplink data or uplink voice backup S-band Update LGC or voice
backup for in - flight
communications

LM-MSFN Biomed-PCl\! telemetry S-band Transmission of biomed
and vehicle status data

Ll\I-!\!SF!\-CSlI! Voice

I

S-band Conference (With earth
as relay)

EVA-LM-EVA Voice and data; voice VHF duplex EVA direct comrnunica-
t ion

EVA-LlII-MSF;\ Voice and data VHF, S-band Conference (with LM as
relay)

CSlI!-1I1SFN- Voice and data S-band, VHF Conference (via MSFN-
LM-EVA Ll\! relay)

I

(

(

2.7.3.3 Voice Operation.

All vo ic e communications are accomplished through the astronaut's microphone and headset
equipment. Voice communication is used between tile LM and the CSM; between the LM and MSFN;
between tile LM, CSM, and MSFN (conference); and between tile astronauts. (See figure 2.7-4.) Each
astronaut has an audio center subassembly (part of tile SPA), which serves as tile common acquisition
and distribution center for his voice communications. Each astronaut controls audio volume to his head- ~,

set with his VOLUME thumbwheels (panel 8 or 12). Depending on the selected mode of operation, voice
is transmitted to MSFN or tile CSM, or stored on tape in tile DSEA. Voice transmission is initiated with
tile PTT switches or the voice-operated relay (VOX) circuit. In addition, a hot-microphone capability
exists for intercom only.

Page 2.7-6
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Figure 2.7-4. In-Flight Communications

JOOlM-4-JO
I

2.7.3.4 Data Operations.

Transducers sense physical data from all subsystems and convert the data into electrical
outputs acceptable to the IS. The data are transmitted to MSFN, in pulse-code-modulation (PCM) form.
Biomedical (biomed) analog data from sensors worn by the astronauts are also transmitted to MSFN.

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. 2 kilobits per second (high bit rate) or 1. 6 kilobits per second
(low bit rate). Transmission to MSFN is accomplished via the S-band FM or PM transmitters at either
data rate. (See figure 2.7-4.) The PCM data are also transmitted, at the low bit rate only, to the CSM
via the 259. 7-mc transmitter in the CS during loss of LOS between the LM and MSFN. The CSM records
these data for subsequent retransmission to MSFN.

2.7.3.5 Ranging and Tracking.

LM S-band ranging and tracking equipment enables MSFN to determine accurately, by tri
angulation, the angular position and range of the LM with respect to earth. In addition, VHF ranging
equipment enables the CSM to determine accurately the range and range rate of the LM with respect to
the CSM.

The S-band transponder receives coded PRN signals from MSFN. These signals are routed
to the selected PM transmitter for in-phase-coherence transmission back to MSFN. S-band transmission
is at 2282. 5 me; reception at 2101. 8 me.

Mission LM Basic Date

COMMUNICATIONS SUBSYSTEMS
February 1970 Change Date. Page 2.7-7
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The S- band 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-locked loop, and retransmitted to MSFN. The retransmitted signal received by MSFN is
compared with the originally transmitted signal. Range is determined by the time it takes for the signals
to travel from MSFN to the LM and back to MSFN. Once the range has been established accurately by
the PRN code, the code is discontinued and range is updated continuously 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 2.7-7.) 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 to alter the
local-oscillator frequency to bring it in phase with the received MSFN signal.

The VHF tracking and ranging function uses the round trip time delay of tones transmitted by
the CSM to the LM and transponded by the LM back to the CSM.

2.7.3.6 Subsystem Operation.

The CS is divided into three groups: RF electronic equipment, signal processing equipment,
and antenna equipment.

The normal switch and circuit breaker positions for the communications modes are listed
in table 2.7-2. 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.

2.7.4 MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

•
2.7.4.1 RF Electronic Equipment.

The RF electronic equipment includes all subsystem equipment required for transmission
and reception of audio, video, ranging, and telemetry data. The antennas mentioned in the discussion of
the RF electronic equipment are covered in paragraph 2.7.4.3. .

S- Band Transmitter-Receiver Assembly. (See figure 2.7- 5.)

The S-band transmitter-receiver assembly provides deep-space communications between
the LM and MSFN. S-band communications consist of voice and PRN transmission from MSFN to the
LM, and voice, PRN turnaround, biom ed , and subsystem data transmission from the LM to MSFN. The
S-band communications capabilities are listed in table 2.7-3.

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 func
tions. The frequency modulator is provided primarily for video transmission, but accommodates PCM
telemetry (subsystem data), biomed, and voice transmission. The frequency modulator provides limited
backup for both phase modulators. The operating frequencies of the S-band equipment are 2282.5 me
(transmit) and 2101. 8 rn c (receive).

The frequency modulator (figure 2.7-6) uses a voltage-controlled oscillator (VCO), oper
ating at 76 me, 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 oscillator, in a phase detector. The two inputs to the phase detector are
normally 90 0 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.

2.7-9
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Table 2.7-2. Communications Subsystem - General Switch and Circuit Breaker Configuration

S-13and
S-Band Hard- Voice Fmer- VHF A VHF B VHF B VHF AlB

S-Band PIlN Tclem- line- BU gency Sim- Sim- Telem- Duplex
Switches and Circuit Breakers Voice llanging etry Biomed (Downlink) Key TV plex plex etry (LM/CSM)

Panel 8 (ADDlO)

S-BAND TIR switch S-BAND OFF OFF OFF S-Br\ND OFF OFF OFF OFF OFF OFF
TIR Till

ICS Till switch ICS Till OFF OFF OFF ICS Till OFF OFF Ics/TR ics rvn OFF ICS Till
or OFF or OFF or OFF or OFF or OFF

VHF A switch OFF OFF OFF OFF OFF OFF OFF Till OFF OFF Till

VHF B switch OFF OFF OFF OFF OFF OFF OFF OFF TIR OFF OFF

RELAY ON switch RELAY OFF (Sec note 1. Only one llELA Y ON switch can be OFF OFF OFF OFF
(See note 1. ) OFF set to RELAY ON at a time.)

MODE switch VOX OFF OFF OFF OFF OFF OFF VOX VOX OFF VOX
(See note 2. )

AUDIO CONT switch NOIlM NOR 1\1 NORM NORM NOH 1\1 NOHM NORM NOIlM NOHM NORM NORM

Panel 12 (AUDlO)

S-BAND 1'/13 switch S-BAND OFF OFF OFF S-13AND OFF OFF OFF
TIR Till

ICS TIR switch ICS T/H OFF OFF OFF ICS Till OFF OFF ICST/R ICS Till OFF res Till
or OFF or OFF or OFF or OFF or OFF

VHF A switch OFF OFF OFF OFF OFF OFF OFF 1'/13 OFF OFF OFF

VHF B switch OFF OFF OFF OFF OFF OFF OFF OFF Till OFF RCV

RELA Y ON switch RELAY OFF (Sec note 1. Only one IlELAY ON switch can be OFF OFF OFF OFF
(See note 1. ) OFF set to llELA Y ON at a time. )

I\IODE switch VOX OFF OFF OFF VOX or OFF OFF VOX VOX OFF VOX
PTT

AUDIO CONT swItch NORM NORM NORM NORM NOHM NORM NORM NORM NORM NOHM NORM
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Table 2.7-2. Cornruuni ca tion s Subsystem - General Switch and Circuit Dreaker Configuration (cant)

S-Band
S-Band IIard- Voice Emer- VHF A VIII' B VHF B VHF AID

S-Dand PTIN Telem- line BU gency Sim- Sim- Telem- Duplex
Switches and Circuit Breakers Voice Ranging etrv Btom cd (Downlink) Key TV plex pl ex etry (LM!CSM)

UP DATA LINK switch OFF OFF OFF OFF VOICE DU OFF OFF OFF OFF OFF OFF
(uplink
only)

Panel 12 (CO~g1UKICATIONS)

~!ODULATE switch P~! or P~I P~I or PM or P~! PM PM PM or PM or PM or PM or
F:\! F1Il I'M I'M I'M I'M I'M

XMTTI!TICVn switch PHI~I PBI~I PHI~I pnmr PHmr PHIl\! PHIM OFF OFF OFF OFF

PWTI Al\lPL switch OFF OFF OFF OFF OFF OFF PHiM OFF OFF OFF OFF

VOICE FUNCTIOKS switch VOICE OFF OFF vorc I, DK VOICE OFF OFF OFF OFF OFF OFF
DU

PC~I FUNCTIONS swi tch OFF PC:\! OFF OFF KEY OFF OFF OFF OFF OFF

HANGE FUNCTIONS swi tc h OFF n.ANGE OFF OFF OFF! OFF! TV/ OFF OFF OFF OFF
TIESET HESET CWEA

EN-
ABLE

VIlF A XMTTI switch OFF OFF OFF OFF OFF OFF OFF VOICE OFF OFF VOICE
(See note
5)

VIIF A TICVTI switch OFF OFF OFF OFF OFF OFF OFF ON OFF OFF OFF

VIlF B XMTR switch OFF OFF OFF OFF OFF OFF OFF OFF VOICE DATA OFF

VHF B RCYR switch OFF OFF OFF OFF OFF OFF OFF OFF ON OFF ON

I3IOMED TELEl\lETR Y OFF OFF OFF LEFT or OFF OFF OFF OFF OFF OFF OFF
switch RlGIIT

PC~! TELElIIETRY switch III or III (1' Hlor OFF OFF OFF OFF HI or OFF LO HI or
LO LO LO LO LO

RECORDER switch OFF OFF OFF OFF OFF OFF OFF
(See note 3. )
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Table 2.7-2. Communications Subsystem - General Switch and Circuit Breaker Configuration (cont)

S-Band
S-Band llard- Voice Fmer- VHF A VHF 13 VHF B VHF AlB

S-Band !'HN Telem- line Bl' gency Sim- Sim- Telem- Duplex
Switchrs and Circuit Breakers Voice Hanging e try Bi om ed (Downlink) Key TV plex plex etry (LM/CSM)

Panel 12 (COMMUNICATIONS
ANTENNAS)

VHF selector switch AFT AFT AFT AFT
or FWD Or FWD or FWD or FWD

S- BAND selector switch FWD or FWD or FWD or FWD or FWD or FWD or LUNAH
AFT AFT AFT AFT AFT AFT STAY

TRACK MODE switch OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF

PITCH control

YAW control

Panel 12 (COMM)

UPLINK SQUELCH switch F:NABLE OFF OFI' OFF 01'1' 01'1' OFF 01'1' 01'1' OI'F OFF

Circuit Breaker Panel 11

AC BUS B: S-BD ANT Open Open Open Open Open Opcn Open Open Opcn Open Open

COMM: UP DATA LINK Closed Open Open Open f_:; '.:l

(Uplink
only)

COMl\l: SEC S-BD Xl\ITn/ Open Open Opcn Open Open Open Opcn Open Open Open Open
RCVH

COMM: SEC S- nn PWH Open Opcn Open Opcn Open Open Open Open Open Open Open
AMPL

COMM: VHF A HCVn Opcn Opcn Opcn Open Open Opcn Opcn Opcn Open Open Open

COI\1I\1: VHF B Xl\1TH Open Open Open Open Open Open Open Open Closed Closed Open
I

COMM: CDR AUDIO Closcd Open Open Closed Closed Open Open Closed Closed OPCI Closed
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Table 2.7-2. Communications Subsystem - General Switch and Circuit Breaker Configuration (cont)

S-Band
S-Band Hard- Voice Emer- VHF A VHF B VHF B VHF AlB

S-Band PRN Telem- line Bli geney Sim- Sirn- Telem- Duplex
Switches and Circuit Breakers Voice Hanging etry Biomed (Downl ink) Key TV plex pl ex etry (Ll\!/CS:\l)

Circuit Breaker Panel 16

COMM: SE AUDIO Closed Open Open Closed Closed Open Open Closed Closed Open Closed

COMM: VHF A Xl\1TH Open Open Open Open Closed Open Open Closed

COMM: VHF B HCVH Open Open Open Opcn Open Closed Open Closed

COIVlM: PRIM S-BD PWH Open Open Open Open Open Open Closed Open Open Open
AMPL

COMM: PHIM S-BD Xl\ITH/ Closed Closed Closed Closed Closed Closed Closed Open Open Open Open
RCVR

COMM: S-BD ANT Open Open Open Open Open Open Open Open Open Open Open

COMM: PMP Closed Open Closed Closed Closed or Open Closed Closed Closed Open Closed
Open or Open

COMM: TV Open Open Open Open Open Open Closed Open Open Open Open

COMI\1: DISP Closed Closed Closed Closed Closed Closed Closed Closed Closed Closed Closed

Push-io-Talk (PTT) Switches
(See note 4. )

Commander's attitude controller
assembly PTT switch

Ll\l Pilot's attitude controller
assembly PTT switch

Commander's electrical PTT
umbi lical PTT switch switch

used as
keyer

Ll\l Pilot's electrical PTT
umbrltcal PTT switch switch

used as
keyer
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Table 2.7-2: Communications Subsystem - General Switch and Circuit Breaker Configuration (cant)

(
\.

NOTES:

1. The normal positions for switches on the AUDIO portion of panels 8 and 12 for relay modes,
are as follows:

• CSM-LM VHF A simplex, relayed to MSFN via S-band

Panel 8:

RELAY ON switch - RELAY ON
VHF A switch - T/R
VHF B switch - OFF
S-BAND TIR switch - OFF or S-BAND RCV
MODE switch - VOX

Panel 12:

RE LAY ON switch - RE LAY OFF
VHF A switch - OFF or RCV
VHF B switch - OFF
S-BAND TIR switch - S-BAND TIR
MODE switch - VOX

- or -

Panel 8:

RELl;Y ON switch - RELAY OFF
VHF A switch - OFF or RCV
VHF B switch - OFF
S-BAND T/R switch - S-BAND TIR
MODE switch - VOX

(

Panel 12:

RELAY ON switch - RELAY ON
VHF A switch - T/R
VHF B switch - OFF
S-BAND T/R switch - OFF or S-DAND RCV
MODE switch - VOX

- or -

• 10M, CSl\l, MSFN voice conference
with 10M relaying CSM voice to I\1SFI\

NORl\lAL

Panel 8:

AUDIO CaNT switch - NORM
RELAY ON switch - RELAY OFF
VHF A switch - TIR
VHF B switch - Rev
S-BAND TIR switch - S-BAND Tin
MODE switch - VOX

2.7-14
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( Table 2.7 -2: Communications Subsystem - General Switch and Circuit Breaker Configuration (cant)

NOTES: (cant) Panel 12:

AUDIO CONT switch - NORM
RELAY ON switch - REL.\Y ON
VHF A switch - OFF
VHF B switch - OFF
S-BAND switch - OFF
MODE switch - VOX

Panel 14:

COMM: UPLINK SQUELCH switch - OFF

BAChLJP

Panel 8:

AUDIO CONT switch - BD
RELAY ON switch - RELAY ON
VHF A switch - OFF
VHF B switch - OFF
S-BAND T/R switch - OFF
MODE switch - VOX

Panel 12: I
(

AUDIO CONT switch - KORM
RELAY ON switch - REL.\Y OFF
VHF A switch - T/R
VHF B switch - RCV
S-BAND T/R switch - S-BAND TR
MODE switch - VOX

Panel 14:

.~ COMM: UPLINK SQUELCH switch - ENABLE

2. The Commander's and Ll\! Pilot's MODE switches must be set to VOX when combined
VHF and S-band equipments are used (relay operation). The ICS/PTT position provides
hot-microphone capabilities on intercom.

3. The setting of the RECORDER switch does not affect any operational mode setting. The
switch may be set to ON when audio transmission to MSFN cannot be accomplished. To
preclude continuous recorder operation in hot mike mode, the RECORDER switch must
be set to OFF.

4. PTT override exists for VOX mode. In the emergengy-keying mode, only one astronaut
may key at a time.

5. For VHF ranging this switch is set to VOlCE/RNG.

2.7-15
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Table 2.7-3. S-Band Communications Capabilities
(

I
Subcarrier Subcarrier

Information Frequency or Rate Modulation Frequency RF Carrier Modulation

UPLINK: 2101.8 me

Voice 300 to 3,000 cps 1"lI! 30 kc PM

Voice backup 300 to 3,000 cps 1"1\1 70 kc PM

PRN ranging code 990. G kilobits/ sec PM

Digital data 1. 0 kilobits/sec FM 70 kc 1'1\1

DOWNLINK: 2282.5 me

Voice 300 to 3,000 cps F1\1 1.25 me 1'1\1 or F1\!

Biomed 14.5 kc 1"1\1 1.25 me PM or F1\1

LVCS 3.B-, 5.4~, 7.J;)-and F1\l 1. 25 me PM or F1\l
10.2l-kc subca r-r i ers

Voice IJacku 1 300 to 3,000 cps None None Direcl PM baseband modulation

Biomed backup 14.5 kc None None Direct P1\1 baseband modulation

I:VCS backup 3.~1-. 5..-!-, 7.3S-and None None Direct Pl\1 baseband modulation
lO.5-ke s uhcarrr crs

Voice backup 300 to 3, 000 cps None None Direct I'll! baseband modulation

PIU~ ranging code 990. (j kilobits/ sec 1'1\1
(turnaround) :

Ernergency keying Morse code AM S12 kc PM

I
High bit rate: 51. 2 Phase ShiftI PC 1\1 NHZ Data 1. 024 me PM or FM

I kilobits/sec Keying (PSK)
I

I
Low bit rate: l,Ej

kilobits/sec

~LTV 10 cps to 500 kc FM baseband modulation
I

/
\

The prime purpose of the phase modulator (fi[':ure 2.7-6) during deep-space missions is to
provide all in-flight and lunar-stay communications, except TV, with MSFN.

The phase modulator uses the output of the 19-mc VCO in the S-band receiver as the basis
of its RF c ircu it. The VCO output is multipl ied to appro .imately 76 mc in the receiver and routed to the
phase modulator, where it is modulate: by wide- or nar row- band information supplied from the SPA or by
the PIlN signal received from MSFN. The 76- me carrier is then routed through a series of multipliers
and drivers, where it is multiplied to the transmit carrier frequency (2282.5 mc).

Change Date _2. 7-16
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AGC SAMPLE
OF S·BAND
RECEIVER
IN USE
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The S-band receivers (figure 2.7-7) receive voice uplink data and coded PRN signals from
MSFN. One receiver serves as backup for the normally used unit. The S- band receivers receive a
2101. 8-mc carrier which is phase-modulated by the 30- and 70-kc subcarriers and the PRN ranging code,
The output of the 19- mc VCO is routed through a chain of multiplier 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 mixed with 38 mc, provided by the VCO through a multiplier stage,
yielding a second intermediate frequency of 9.5 me, The second IF provides several narrow-band out
puts, including automatic gain control (AGC) to the first IF, tracking AGC (used to position the steerable
antenna), a signal-strength signal to the SIGNAL STRENGTH indicator (panel 12), and AGC-monitoring
and static phase error signals that are supplied to the IS, where they are processed for telemetering.
The wide-band signal outputs include the 30-kc voice subcarr ier (routed to the PMP), the 70-kc data car
rier (routed to the DUA) and the PRN ranging signal (routed to the S- band phase modulator).

Another function of the S-band receivers is to provide an output for use as the exciter fre
quency for the phase modulators. The 19-mc VCO output is routed through a chain of multiplier stages,
where it is multiplied to 76 me for use by the phase modulators as the base of the phase-coherent down
link carrier.

2.7.4.1.2 S- Band Power Amplifier. (See figure 2. 7-8. )

The S-band power amplifier amplifies the S-band transmitter output when additional trans
mitted power is r equired. 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 I
saturated, rather than linear, amplifiers) have broad bandwidth, high efficiency, high peak and average "':
power output, but low gain. The isolators protect both amplitrons and both S-band transmitter driver and
mul tipl ie r chains. The isolators exhibit a minimum isolation of 20 db and a maximum insertion loss of
0.6 db.

( Each amplitron is supplied by its own power supply. One arnpl itron is designated primary;
the other, secondary. Only one amplitron can be activated at a time. Selection is made with the PWR
AMPL switch (panel 12). When neither ampl itron 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
0.72 watt RF power is supplied to the power amplifier input from an S- band transmitter driver stage, the
minimum output RF power is 18.6 watts through the primary stage or 14,8 watts through the secondary
stag-e at the 2282. 5-mc transmit frequency into a 50 ohm resistive load with a VSWR of 1.1 to 1 or better.
The slightly degraded power output through the secondary stage is caused by the added attenuation of the
primary stage in series with the secondary stage.

2.7.4.1.3 VHF Equipment. (See figure 2.7-9.)

The primary functions of the VHF equipment are to provide voice communications between
the LM and the CSM, to provide CSM- LM- CSM ranging when used with the RTTA, and, during the black
out of transmission to MSFN, to provide lowbit telemetry transmission from tile LM to the CSM. When
the LM mission profile includes extra vehicular activity. this equipment also provides EVA- LM voice
conununications , and reception of EVA biomed and suit data for transmission to MSFN over the S-band.

The VHF transmitter- receiver assembly consists of two solid- s tate superheterodyne re
ceivers, two transmitters, a VHF diplexer, RF antenna selector switch, two ill-flight antennas, and an
EVA antenna (for lunar m is s ions}. One trunsnuttc r-f-cc eive r combination provides a 296. 8-mc channel
(channel A); the other, a 259. 7-mc channel (channel B), for simplex or duplex voice c om munications ,
Channel B may also be used to transmit PCM data from the IS at. the low bit rate and t.o receive biomed
and suit data from the EVA during EVA- programmed missions.

The VHF transmitters (figures 2.7-10 and 2.7-11) derive voice modulation and transmitter
turn on/receiver disable control signals from the audio centers in the SPA that is initiated by the VOX
c ircuit or by operation of the PTT switches. One audio center is connected t.o the Commander's m ic ro
phone circuit and to the modulation inputs of the VHF transmitters; the other audio center is similarly
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Figure 2.7-8. S-Band Power Amplifier - Block Diagram

(
-, 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 PCMTEA. Transmitter outputs are routed to the VHF selector switch (panel 12) and to the antenna
via a diplexer that permits simultaneous operation of VHF transmitters and receivers on a single antenna.

The transmitter uses on-off keyed, carrier amplitude modulation and delivers 5 watts RF
power to the diplexer. Audio input is clipped and amplified by the chain of limiters and amplifiers in the
modulator circuit. After clipping, the input signals appear as square-waves which key the power
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Note:
1. Refer to the overall functional block

diagram of the Instrumentation Sub
system for IS inputs and outputs.
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Figure 2.7-9. VHF Equipment - Block Diagram

amplifier un anri on. The resultant transmitter output is a pulse-shaped HF s ignai. The 30-kc osc illato r
in tilt' modulator com inuous lv modulates the transmitter. This conunuous modulation sustains the re
ceiver i\GC level caus i-u: it to r ema in quiet during speech-pause periods. A 98. 93-mc crystal os c il Iat or
;5 used as the Ix,sis o: '.h, RF cir cu i t in transmitter A: a 86. ;"-mc crystal oscillator is used in tran.
mittel' Be The os c il l.u.o r output frequency is tripled to the (I riel' frequency and is modulated by till
output of till' keyed amplifier.

Channel A provides tile return signal to the CSM for CSM- LM VHF tracking and ranging.
The transmitter receives its keying signal from the RTTA.

Channel B 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 con
trolled with the VHF B XMTR switch.
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The VHF receiver (figure 2.7-12) is an amplitude-modulation, fixed-tuned, single-conver
sion 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 me (channels A and B, respectively) and
during EVA-programmed missions, 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 PMP in the SPA.
Squelch is carrier controlled, and adjusted by the SQUELCH thumbwheels (panel 12). The VHF B
receiver is also used for CSM-LM ranging.

2.7.4.2 Signal- Processing Equipment.

The signal-processing equipment consists of the SPA, DUA and RTTA.

2.7.4.2.1 Signal-Processor Assembly. (See figure 2.7-13.)

The SPA is the common acquisition and distribution point for most CS received and trans
mitted data, except that low-bit-rate, split-phase data are coupled directly to VHF transmitter B, and
TV signals are coupled directly to the S- band transmitter. The SPA processes voice and biomed signals
and provides the interface between the RF electronics, DSEA, and PCMTEA. The SPA consists of an
audio center for each astronaut and a PMP. The SPA does not handle ranging signals and 70-kc uplink
digital data signals.

Premodulation Processor. (See figure 2.7-14.) The PMP provides signal modulation, mixing, and
switching in accordance with the selected mode of operation. The PMP also permits the LM to be used as
a relay station between the CSM and MSFN and, for EVA-programmed missions, between the EVA and
MSFN. I

The PMP accepts PCM NRZ data from the PCMTEA at 51. 2 kilobits per second (high bit
rate) or 1. 6 ki lob its per second (low bit rate). 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 by 180 0

• 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. A 1.024-mc telemetry sub
carrier is generated from a 512-kc square wave (reference signal) from the pulse-code-modulation
equipment of the PCMTEA. This 512-kc square wave is routed to a frequency doubler whose output is a
1.024-mc sine wave, phase-referenced to tile PCM NRZ data. A 512-kc square wave (sync signal)
received by the PMP, from the TE of the PCMTEA, is supplied to a tuned amplifier that supplies a 512
kc sine wave. This 512-kc signal is added to a 113-kc signal and the result is doubled to provide tile
1. 25-mc subcarr ier , The biphase modulator accepts PCM NRZ data from the IS at the high or low bit
rate. The input level of tile data is G~O. 5 volts for logic 1; O±O.5 volts for logic O. The data modulates
the 1. 024-mc subcarrier. The modulated subcarrier is routed through a 1. 024-mc band-pass filter to
the FM or PM mixing network.

Emergency keying is pr'ovidcd in tile PMP by gating the 512-kc sync signal generated from
the 512-kc square-wave sync input from the TE directly on tile input line of the S-band phase modulator.
The PTT switch on each electrical umbilical serves as tile manually operated keyer to gate the output of
tile 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, OOO-cps signals. These voice signals are passed within ±1 db referenced to 1,000 cps; signals
above 4,000 cps are attenuated at least 20 db. The low-pass filter output modulates the 1. 25-mc sub
carrier or is routed directly to the S- band phase modulator for direct baseband modulation. The modu
lated 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 routingthelow-pass-filter output
directly to a speech-processing network. This network provides 24 db of speech clipping referenced to
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3,000 cps, and voice preamphasis of 6 db per octave between 300 and 3,000 cps. The speech-processing
network output is supplied directly to the narrow-band PM input of the S-band equipment. This mode is
attained by setting the BlOMED TELEMETRY switch (panel 12) to OFF and setting the VOICE FUNCTIONS
switch to DN VOICE BU.

The PMP accepts hardline EKG 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 a 14. 5-kc subcarrier oscillator, with a maximum deviation of 1 kc. The oscillator input is
mixed with voice. The composite signal modulates the 1. 25-mc subcarrier in the same manner as voice
for S-band transmission, or is routed directly to the PM or FM mixer for direct baseband modulation.

Received S-band voice signals are routed through the PMP to the microphone and headset
volume control circuits in the audio centers. A squelch control gate in the received S-band audio circuits
establishes the threshold level of the incoming audio at a preset level. During normal voice communica
tions the squelch control gate is turned on by setting the COMM: UPLINK SQUELCH switch (panel 14) to
ENABLE. This allows incoming audio signals with an amplitude in excess of 0.7 volts peak-to-peak to be
amplified and monitored by the astronauts. Setting the COMM: UPLINK SQUELCH switch to OFF disables
the squelch circuit. The PMP has a discriminator to demodulate the S-band subcarrier . The discriminator
output, which has a bandwidth of 300 to 3,000 cps ±3 db referenced to 1,000 cps, is routed to the audio cen
ters via alow-pass filter and mixer network and relay amplifiers. The VHF channel B input has high- and
low-pass filters to separate voice and extravehicular mobility unit (EMU) data.
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The PM mixing network can process the outputs of the 1. 25- and 1. 024-mc channels (a

composite of voice, biomed data, telemetry data, and EMU data). These outputs are then supplied to the II
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, PCM data, and EMU data, all 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 selected modulator for baseband modulation.

Audio Centers. (See figure 2.7-15.) Two identical audio centers (one for each astronaut) in the SPA
provide individual selection, isolation, and amplification of audio signals received by the CS receivers
and which are to be transmitted by the CS transmitters. 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 controls 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
intercom bus via the audio centers. The intercom bus, common to both audio centers, provides hardline
communications between tile 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 (inter
com) 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 all audio outputs from the headset
amplifier. Received audio signals are isolated and routed through the volume control circuits, which
provide a 30- db control range at tile output of the headset amplifier. 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). (See figure 2.7-16.) With the switch set to
NORM, the astronaut is using his own audio center; the BU position switches him to the other audio center.

The DUA decodes S-band 70-kc digital uplink commands from MSFN and routes the data to
tile LGC. The LGC processes the data and routes a verlfication signal to the PCMTEA for transmission
to MSFN to indicate that the uplink commands have been processed by the LGC. The DUA also routes a

M1sslon L~! Basic Date

2.7.4.2.2 Digital Uplink Assembly. (See figure 2.7-17.)
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verification signal to the PCMTEA for transmission to MSFN, to indicate that the uplink commands are
properly decoded and have been routed to selected LM equipment. The digital uplink commands ad
dressed to the LGC parallel those inputs available to the LGC via the display and keyboard (DSKY). The
DUA also provides a voice backup capability if the received S- band audio circuits in the PMP fail.

The DUA consists of a 70-kc discriminator, two audio amplifiers, a phase-shift-keyed
(PSK) demodulator, two redundant decoders, and a power supply. The power supply converts the
Commander's 28-volt d-c bus voltage to the regulated voltages required by the DUA. The power supply
contains a de- to-dc converter with regulators that provide 4.5 and 24 volts de. The DUA provides two
modes of operation for uplink communications: data or voice backup. Either mode is selected by the UP
DATA LINK switch (panel 12).

€ ',.
_.- 0 ••

1
•

,~_.

•
Data Mode. Processing of digital uplink commands is initiated by closing the COMM: UP DATA LINK
circuit breaker (panel 11) and setting the UP DATA LINK switch to DATA. The 70-kc discriminator then
receives the 70-kc subcarrier digital uplink commands from the S-band receiver. Each uplink command
is composed of a 22- bit, serially coded message comprising three vehicle address bits, three system
address bits (message identification), and 16 information bits.

The discriminator consists of two amplifier stages tuned to approximately 62 to 78 kc. These frequencies
are the extremes of the FM deviation of the 70-kc digital uplink subcarrier. The demodulated output of
the discriminator is a two- tone composite modulating signal consisting of a 2-kc subcarrier tone and a
1-kc coherent synchronization tone. The demodulated output is amplified by the data audio amplifier and
applied to the PSK demodulator.

The PSK demodulator converts the signals from the 70-kc discriminator into a series of digital 1's and
O's for application to the two redundant decoders. The 2-kc subcarrier (Which contains the uplink data)
is phase-shift-keyed at a 1-kc binary rate. A subcar r ier phase shift of 180 0 denotes a change in logic
level. The synchronization tone is the same frequency as the binary bit command rate; zero crossings
are coincident within ±6 microseconds. The demodulator separates the two-tone composite signal. It
detects the phase of the 2-kc subcar r ie r and provides data pulses, corresponding to 1 and 0 data bits, to
the decoders. The two tones are used to time sequential clock pulses, which are used to strobe informa
tion into the decoders. •
The decoders process the uplink data and at the direc tion of the uplink data, route information via an
interface unit to the LGC. The decoders also generate an eight- bit verification word and route it via an
interface unit to the PCMTEA, for telemetry, when command or data words are processed in the DUA and
routed to the LGC. If the three vehicle address bits (of the 22-bit message) are not 011 or the system
address bits are not recognizable, the DUA neither processes the uplink data nor generates the verifica
tion word.

The RTTA operates with VHF receiver B and VHF transmitter A to provide a transponder
function for CSM-LM VHF ranging. The RTTA receives VHF ranging tone inputs from VHF receiver B
and routes these signals, properly processed, to VHF transmitter A.

The VHF ranging tone inputs consist of two acquisition tone signals and one track signal.
No accurate ranging is accomplished until the track signal is received and retransmitted. The first ac
quisition signal is the 3.95-kc medium tone transmitted for 4 seconds from the CSM. If the LM responds

Voice Backup Mode. The voice backup capability of the DUA is used if the PMP circuits that process the
received S-band 30-kc audio subcarrier malfunction. If such failure occurs, MSFN can transmit audio on
the 70-kc uplink subcarr ier , The DUA operates in the voice backup mode when the UP DATA LINK
switch is set to VOICE BU. This supplies power to the voice backup circuits, enabling the 70-kc dis
criminator to demodulate the audio on the 70-kc subcarrier and to route the audio to the Commander's
audio center microphone input. When the DUA is in the data mode, an audio inhibit circuit supplies an
inhibit signal to the voice amplifier. This prevents extraneous noise that may appear on the uplink sub
carrier from entering the audio centers.

•
•

Change Date _

Ranging Tone Transfer Assembly. (See figure 2.7-18.)
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correctly with a 3. 95-kc tone, the second acquisition signal (3.95 kc combined with a 247-cps medium
coarse tone) is transmitted for 4 seconds from the CSM. If proper retransmission of this signal occurs,
the track signal, a 31. 6 kc fine tone, is transmitted by the CSM. When the LM retransmits this tone,
the VHF ranging system operates in a closed loop and ranging may be accomplished.

The three RTTA outputs are the transmitter range gate that is used to key VHF transmitter
A, the noise suppression oscillator disable signal that is used to inhibit the 30-kc oscillator output in the
modulator portion of VHF transmitter A, and, during fine tone ranging only; the receiver range gate that
is used in VHF receiver B to gate the fine tone ranging signal from the CSM.

The RTTA (figures 2.7-19 and 2.7-20) consists of four subassemblies; a power supply, an
oscillator and counter, a product detector, and a signal sensor and interface. When the VHFAXMTR
switch (panel 12) is set to VOICE/RNG, 28 volts de is applied to the RTTA. The RTTA power supply has
current-limiting features so that an RTTA malfunction will not affect the power for the VHF A trans
mitter.

(

When VHF ranging is initiated in the CSM, the CSM VHF transmitter B transmits the first
of two VHF ranging acquisition signals. This 3. 95-kc medium tone signal is received by LM VHF re
ceiver B and sent to the RTTA. The input amplifier amplifies the tone signal and applies the amplified
signal to the 5. 267-kc bandpass filter, the clipper, the 3.95 kc filter and the rectifier. The 5. 267-kc
bandpass filter rejects the 3. 95-kc tone, but the clipper, 3. 95-kc filter, and rectifier accept the tone
signal. The output of the 3. 95-kc filter and the rectifier are compared in the comparator. (These three
circuits comprise the signal sensor. )

If the comparison is good, the VCXO control inhibit line (midpoint ground) is held at a low I
level so that there is no signal to the low-pass filter to control the variable controlled crystal oscillator. .
This condition does not affect the oscillator output frequency; consequently, the output is at the oscil-
lator normal frequency. The VCXO control inhibit line (at a low level) and the output of the clipper
enable the 3. 95-kc gate, which enables the transmitter gate. The transmitter gate output is applied to
the transmitter range gate transformer. This is a pulse transformer. The secondary output is the trans
mitter range gate applied to the keyer of VHF transmitter A. This causes VHF transmitter A to be
keyed at a 3. 95-kc rate. The VCXO control inhibit line (at a low level! also inhibits the early/late gate
so that no receiver range gate is generated.

The second VHF ranging acquisition signal from the CSM is the 3. 95-kc tone signal com
bined with a 247-cps tone signal. This combined signal is the medium-coarse tone signal and the RTTA
circuits respond to this signal in the same manner as for the 3. 95-kc medium tone signal. VHF trans
mitter A is keyed at the combined rate.

When the track signal is received at the RTTA; it is a 5. 267-kc gate signal, which contains
six cycles of 31. 6 kc. The 5.267-kc gating of 31. 6 kc is accomplished in the VHF receiver B range
gate circuit. The signal is amplified by the input amplifier and applied to the four circuits to which the
acquisition signals were applied. The clipper and rectifier accept the 5.267-kc signal, but the 3. 95-kc
filter rejects the signal. As a result, the comparator does not function and the VCXO control inhibit line
is raised to a high level. The clipper tries to enable the 3. 95-kc gate, but the gate is inhibited by the
high level of the VCXO control inhibit line.

The 5. 267-kc signal is accepted by the 5. 267-kc bandpass filter and applied to the product
detector. The output of the 5.267 -kc delay reference is the other input to the product detector. The
output of the product detector is dc, which is applied to the low-pass filter since the VCXO control inhibit
line is at a high level. The d-c output of the low-pass filter is applied to the variable controlled crystal
oscillator to control the output frequency. The output of the oscillator is dependent on the d- c control
voltage. This control voltage varies with range so that, as the oscillator output varies, it causes the
31. 6-kc transmitter range gate to vary.

The oscillator output is counted down in the 252- and 126-kc down counter. The 252 kc is
applied to a rectifier. The rectifier output is the noise-suppression oscillator disable signal, which is
applied to the modulator of VHF transmitter A to disable the 30-kc noise suppression oscillator. The
126-kc output is applied to the 31.6-kc down counter so that 31.6 kc is generated. The 31.6 kc is applied
to the 31. 6-kc delay, which is enabled by 126 kc , A 31. 6-kc input is also applied to the early gate.

2.7-35
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Figure 2.7-20. Ranging Tone Transfer Assembly -- Timing Diagram

The 31. 6-kc delay output is delayed 4.0 microseconds and applied to the 31.6 kc gate, the 5.267-kc down
counter, and the late gate. The 31.6-kc gate enables the transmitter gate whose output is applied to the
transmitter range gate transformer. This is a pulse transformer. The secondary output is the trans
mitter range gate (31. 6 kc ). This output is applied to the keyer of VHF transmitter A.

!
I
\

Two of the outputs of the 5.267-kc down counter are used to enable the early and late gates
which have, respectively, 31.6 kc and 31.6 kc delayed already applied to them. The combination of early
and late gate outputs and the VCXO control inhibit line (at a high level) enables the early/late gate. The
early/late gate output is applied to the receiver range gate transformer. The transformer is a pulse
transformer. The secondary output is 31.6 kc gated at 5.267 kc , which is the receiver range gate. This
output is sent to the range gate circuit in VHF receiver B. The other output of the 5.267-kc down counter
is applied to the 5.267-kc delay reference.

The output of the 5.267-kc delay reference is delayed 28 microseconds and applied to the
product detector. The product detector compares the 5.267-kc output delayed 28 microseconds with the
5.267-kc input signal from the 5.267-kc bandpass filter. The result of this comparison is the d-c output
voltage that controls the frequency of the variable controlled crystal oscillator so that 31. 6 kc phase
locked to the input signal can be generated to key VHF transmitter A.

2.7.4.3 Antenna Equipment. (See figure 2.7-21.)

The CS in-flight antenna equipment consists of two S- band in-flight antennas, an S- band
steerable antenna, two VHF in-flight antennas, an S-band diplexer and RF selector switch, and a VHF
diplexer and RF selector switch. The CS lunar surface antenna equipment consists of an EVA antenna
for EVA-LM VHF communications. •
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S-IAND STEER AILE ANTENNA

S-IAND IN-FLIGHT ANTENNA

(

VHF IN-FLIGHT ANTENNA
8300lM5-16

Figure 2.7-21. Communications Subsystem - Antenna Locations

2.7.4.3.1 S-Band In-Flil';ht 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 90% of the sphere at
-3 db or better. They operate at 2282. 5±5 mc (transmit) and 2101. 8 me (receive).

2.7.4.3.2 S-Band Steerable Antenna. (See figures 2.7-22 and 2.7-23.)

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 an
tenna is to provide deep-space voice and telemetry communications and deep-space tracking and ranging.

\
"-- ..
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Figure 2.7-23. S-Band Steerable Antenna - Antenna Gimbaling

B 300lM465

(
The S- band steerable antenna provides 174 0 azimuth (yaw) coverage and 330" elevation

(pitch) coverage. The antenna can be operated manually or automatically. The manual mode is used for
initial positioning of the antenna to orient it within ±12. 50 (capture angle) of the LOS signal received from
the MSFN station. Once the antenna is positioned within the capture 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 s tee rable antenna se
lected) and the TR.A.CK MODE switch (panel 12) is set to AUTO, the antenna tracks automatically, providing
it was initially pos itioned w ith in 12.5' of MSFN LOS. 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 MSFN LOS with respect to the existing antenna radiation axis. This
informat.ion is processed and used to operate two servomotors that drive the antenna. One servomotor is
mounted on the antenna X-axis: another, on the antenna 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 s trcnuth of the received signal. If signal strength is increased when the antenna pattern is
shifted. the MSFN LOS is displaced ill the shifted direction: if signal strength is decreased, the MSFN LOS
LS displaced in the opposite direction. This periodic shifting of the antenna pattern permits generation of
servo error signals by sampl ing tile S- band receiver AGC level. The sampled AGe signal is supplied to
the stecrable antenna electronics subassembly and. through X- and Y-axis logic circuits, drives d-c
servomotors to position the antenna to obtain the maximum received-signal level.

S-Band Steerable Antenna Heaters. Eight heater assemblies, each consisting of a heater and two
(redundant) the rrnos tats, are used to maintain the S- band s teerable antenna temperature between _40 0

and 0° F. Four heater assemblies are installed in the electronics packages, and one each in the
microwave network. X- and Y-axis gimbal housings, and X-axis gimbal spindle. The S-band steerable
antenna heaters receive their power through the HEATERS: S-BD ANT circuit breaker (panel 16).

Change Date _2.7-40
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The temperature sensor in the S-band steerable antenna assembly routes the temperature signals to
ERA-2 in the SCEA. The ERA-2 output is routed to the PCMTEA, CWEA, and the TEMP indicator
(Panel 3). The S-band steerable antenna temperature is monitored by setting the TEMP MONITOR se
lector switch to S-BAND and observing the TEMP indicator.

2.7.4.3.3 Deleted. •
2-7.4.3.4 S-Band Diplexer and RF Selector Switch.

The S-band diplexer, connected directly to the output of the S-band power amplifier, permits
simultaneous 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 less than O. 2 db.

2.7.4.3.5 VII F In - Flight Antennas.

Two VHF in -flight antennas are used for VHF/AM communications. These are right-hand
circularly polarized 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.

2.7.4.3.6 VII F EVA Antenna. I
(

The VHF EVA antenna is an omnidirectional conical antenna carried stowed on the exterior
of the LM. When the LM is on the lunar surface, the antenna is unstowed by an astronaut in the LM.
This antenna is used for LM-EVA communications.

2.7.4.3.7 VHF Diplexer and RF Selector 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 communica
tions 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 loss of the switch, in the transmit mode of operation (296.8 and 259. 7 me), is less than O. 2 db.

2.7.5 PERFORMANCE AND DESIGN DATA.

The performance and design data for the CS are gi ven in table 2.7 -4.

( 2.7.6 OPERATIONAL LIMITATIONS AND RESTRICTIONS.

and 2.7.6.2.
The operational limitations and restrictions for the CS are covered in paragraph 2.7.6. 1
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The S-band steerable antenna is mounted, ~ two-degree-of-freedom gimbal. Elevation

(pitch) and aximuth (yaw are zero when the antenna L( parallel to the LM Z-axis in a positive
direction. The antenna i lilted 45 ° in the LM X-axis Y-axis. (See figure 2.7-23.) Slewing the
antenna toward the antenna -Xvaxis is positive elevatu. lewing the antenna toward the antenna +Y-axis
is positive azimuth. The angles of elevation and az imuu. coverage are shown in figure 2.7-23. The
restrictions in elevation and azimuth are shown in figure 2.7-24.

The S-band omnidirectional in-flight antennas cover equivalent overlapping regions.
forward in-flight antenna covers a 170 0 cone about a line in the X-Z plane 20° above the + Z-axis.
rear antenna covers a 170 0 cone about a line in the X-Z plane 20° above the -Z-axis .

The
The

• Table 2.7-4. Communications Subsystem - Performance and Design Data

Power Requirements Operating
Frequency

Equipment l\lode (Status) D-C Watts A-C Watts (me)

S-band transmitter-receiver Primary or 36.0 0
secondary

Receiver 2101. 8

Transmitter 2282.5

S-band power amplifier and Primary or 72.0 0
diplexer secondary

S-band steerable antenna

Electronics Slew 7.6 27.9

Auto 0.7 4.0

Heaters On 51. 7 0

VHF A transmitter Voice 30.0 0 296.8

Not transmitting 3.5 0

VHF A receiver On 1.2 0 296.8

VHF B transmitter Voice 28.9 0 259.7

Data 31.7 0

Not transmitting 3.5 0

VIIF B receiver On 1.2 0 259.7

Ranging tone trunsfcr assem- On 5.0 0
bly

Signal-processor assembly

Premodulation processor On 4.3 0

Audio center (one) On 4.8 0

(
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Table 2.7-4. Communications Subsystem - Performance and Design Data (cont) •
Power Requirements Operating

Frequency
Equipment Mode (Status) D-C Watts A-C Watts (me)

Digital uplink assembly Uplink data 12.5 0

Voice backup ~.5 0

Biomedical sensors On 3.0 0

CS displays On 3.0 0

TV camera On 6.0 0

I

60'0- 2020100 - 80 . 60 . '0

---,-:--~-~-t------;---~----:---_·_~·---.--_..~---'------

208 ·180 ·160 - 140 . 1102'" . 22J

. ~C._"__.rr>
-+-- ... -. ---r··-~····_--·--

_ x, -+......~....,..,....'"""~~.;....~-f\:-----....,.-....,.-....,.- ...---....,.-----_.......{.J--+....,.,...:-+--t'....,+- xA

PITCH GIMBAL

NOTE
Axi, nolations refer to antenna,

not vehicle, coordinates

Figure 2.7-24. S-Band Steerable Antenna - Vehicle Blockage Diagram
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General.
(

The limitations and restrictions imposed on the CS during the mission are as follows:

• The maximum range of telemetry transmission between the LM and the CSM is
320 nautical miles. Greater ranges will cause loss of telemetry transmission.

I
• The LOS range of the VHF transmitter is limited to 740 nautical miles. Greater

ranges will cause loss of VHF communications.

• If electromagnetic interference (EMI) in system is identified as caused by the
tracking light (regular pulses on audio channel or pulses at approximately 1 pps
on SIGNAL STRENGTH meter), the tracking light may be turned off until acquisition
of data is complete.

• Once the S-band steerable antenna is unstowed, it cannot be stowed for the re
mainder of the flight. If the steerable antenna is locked on the uplink signal, RCS
thruster impingement will have no effect on antenna orientation. In the absence
of the uplink signal, the effect of the LM or CSM plume can cause the steerable
antenna to be reoriented.

• The S-band steerable antenna provides automatic tracking when its RFaxis is
aligned to within ±12. 5 (capture angle) of MSFN LOS. Exceeding ±12. 5° results
in inability to acquire the MSFN signal.

• The maximum S-band steerable antenna tracking velocity is 20° !second.

• The maximum S- band steerable antenna tracking acceleration is 60 0 !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 (FM to
PM. or PM to FM). No S-band communication will result until warmup is
completed.

• The warmup time for the S-band power amplifier is 60 seconds maximum.
The recycle time after RF interruption is 20 seconds. If this restriction is
not observed only low-power S-band transmission is available.

• The warmup time for the S-band steerable antenna electronics is 60 seconds
maximum. No S-band communications will result before warmup is completed,
unless one of the S-band in-flight antennas can be used.

• S-band steerable antenna operating temperature must be maintained at _60 0

to +155° F. If these temperature limits are exceeded, S-band communications
are unreliable.

15 June 1970
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EXPLOSIVE DEVICES SUBSYSTEM.

2.8.1 INTRODUCTION.

The Explosive Devices Subsystem (EDS) permits the astronauts to operate or enable various
LM equipment, using explosive devices. The EDS controls deployment of the landing gear; pressuriza
tion of the descent, ascent, and reaction control propellant tanks; venting of descent propellant tanks; and
separation of the ascent and descent stages.

The general location of all components of the EDS is shown in figure 2.8-1. Electrical
power to activate the components in both systems is supplied through circuit breakers on the Commander's
circuit breaker panel (11) and the LM Pilot's circuit breaker panel (16). Switches on the EXPLOSIVE

ED CONTROl
PANEl

RCS HEliUM
ISOLATION VALVES

ASCENT PROPULSION
COMPATIBILITY VALVES

~..~

DESCENT PROPULSION
HEliUM ISOLATION VALVE

LANDING GEAR
UPLOCK

(4 PLACES)

EO RELAY BOX
(DESCENT AND ASCENT STAGE)

e.300!.M.(.18

I

Figure 2.8-1. Explosive Devices - Component Location
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DEVICES portion of panel 8 route this power to relays in the ED relay boxes. The relay contacts route
ED battery current to explosive cartridges located in LM subsystems. The explosive devices actuated
by the cartridges perform the EDS functions.

(

,il~
''''''~ :-< ~

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 (panel 1) is pressed.

There are two separate systems (A and B) in the EDS. (See figure 2.8-2.) The systems
operate in parallel and provide complete redundant circuitry; each system has its own 37. I-volt d-e
battery, relays, time-delay circuits, fuse-resistors, buses, and explosive cartridges. Two separate
cartridges are provided for each EDS function. Each cartridge uses power from a separate ED bus and
can perform its task without the other cartridge.

ABORT
SEQUENCING

CONTROL TIME
DELAY

AELD (SYSTEM A) STAGE SIGNAL ASCENT He PRESS (SYSTEM A)

ABORT
STAGE

SWITCH

LMP'S 2B- VDC
(FROM LOGIC

PWR B '---
CIRCUIT BREAKER)

-
CDR'S 28-VDC
(FROM LOGIC

PWR A
CIRCUIT BREAKER

(I ASCENT He PRESS (SY5TEM Bl

I
EXPLOSIVE

DEVICES PANEL

EXPLOSIVE DEVICES
SUBSYSTEM

I
AELD (SYSTEM B)STAGE SIGNAL I

&...-I"""""'l-~

ED
BATTHY B
2B-VDC (IN

ASCENT STAGE)

r------------- ----,
I ED RELAY BOX B I
I I
I I ED RELAYS I
: ED BUS I SYSTEM B :

I 2B-VDC • I
I I
I I
I A.-o I
I MASTER ARM .. --- -----
I RELAY I ,.._...._--,
I Kl IL ..!

r---- -------------,
I ED RELAY BOX A I
I I
! ,0 RELAYS I i
: SYSTEM A I ED BUS I! A 2B_VD~' !
I ~II... J , ~R ARM :

EO I REL~Y I
BATTERY A I K I
2a-VDC (IN ..-------- ...

DESCENT STAGE)

I EXPLOSIVE DEVICES I
t

FUNCTIONS
• LANDING GEAR DEPLOYMENT • RCS PROPELLANT PRESSURIZATION
• DESCENT PROPELLANT • INTERSTAGE STRUCTURAL·

TANK PRESSURIZATION AND CONNECTIONS (NUTS AND BOLTS,
COMPATIBILITY VALVE ACTUATION SEPARATION

• DESCENT PROPELLANT VENTING • ELECTRICAL CIRCUIT
• ASCENT PROPELLANT INTERRUPTION

TANK PRESSURIZATION AND • INTERSTAGE UMBILICAL
COMPATIBILITY VALVE ACTUATION SEVERANCE

8300lM4.13

Figure 2.8-2. Explosive Devices Subsystem - Overall Block Diagram
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SUBSYSTEM INTERFACES.

EDS relays are actuated by 28 volts dc received through the Commander's and LM Pilot's
buses of the Electrical Power Subsystem (EPS). Contacts of these relays route ED battery current to
associated explosive devices in the Main Propulsion Subsystem (MPS) and the Reaction Control Sub
system (RCS) and to explosive devices that enable landing gear deployment, interstage structural con
nection separation, electrical circuit interruption, and interstage umbilical severance. In the MPS,
explosive devices enable descent propellant tank pressurization and venting, and ascent propellant tank
pressurization. In the RCS, explosive devices enable RCS propellant tank pressurization.

The EDS receives two commands from the control electronics section (CES) of the Guidance,
Navigation, and Control Subsystem (GN&CS). After the descent engine is fired, a delayed descent engine
on command is received from the CES. This command actuates the ED relay associated with the ex-
plosive device that enables descent propellant tank pressurization (with supercritical helium). An auto
matic stage command is received from the CES when the ascent engine is fired. This command I
actuates the ED staging sequence relays.

ED relay status and malfunction signals are routed to the Instrumentation Subsystem (IS),
which processes them for telemetering to MSFN. If the master arm relay or the staging sequence relays
malfunction. a signal is routed to the failure-detection circuits in the caution and warning electronics
assembly (CWEA) of the IS, which causes the ED RELAYS caution light (panel 2) and the appropriate
STAGE SEQ RELAYS SYS A or SYS B component caution light (panel 8) to go on. Landing gear deploy
ment is monitored by sensors in the landing gear assemblies. A composite signal from these sensors is
sent to the IS, where it is processed for telemetering to MSFN. The signal causes a gray LDG GEAR
DEPLOY talkback display (panel 8).

The redundant circuits and components of the EDS operate simultaneously, as two indepen
dent 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:

FUNCTIONAL DESCRIPTION. (See figure 2.8-3.)2.8.3

•
'llf~~ •" ~, ..

•
•
•
•
•
•

Landing gear deployment

Reaction Control Subsystem (RCS) propellant tank pressurization

Descent propellant tank prepressurization (ambient helium)

Descent propellant tank pressurization (supercritical helium)

Descent propellant tank venting

Ascent propellant tank pressurization

Interstage nut-and-bolt separation and ascent stage deadfacing (occur simultaneously)

Interstage umbilical severance

I
I

EDS systems A and B are operated from the EXPLOSIVE DEVICES portion of panel 8.
POwer (28 volts dc) from the EPS, to actuate the relays in the system A and system B relay boxes,
is routed through the ED: LOGIC PWR A circuit breaker (panel 11) and the ED: LOGIC PWR B
circuit breaker (panel 16), respectively. Power for the cartridges is supplied by the ED batteries.
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.
Firing of any ex-plosive device is controlled by its respective switch on panel 8, except that the descent
propellant supercritical helium valves are fired on command from the CES (refer to paragraph 2.8.3.4).
Automatic initiation of the staging sequence can be generated by the CES, and EDS arming and ascent
propellant tank pressurization can be initiated by pressing the ABORT STAGE pushbutton (panel 1). I
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The status of the master arm relay Kl, and the stage sequence relays K2, K3, K4, K5,
K5A, and K6, is monitored. Inadvertent operation of any of these relays is indicated by a master
alarm, an ED RELAYS caution light, and the appropriate STAGE SEQ RELAYS component caution light.
When the MASTER ARM switch is set to ON, both component caution lights, SYS A and SYS B, go on
to indicate that both ED buses are armed. MSFN is provided with a telemetry signal for monitoring
the status of the master arm and stage sequence relays.

Contacts of the remaining ED relays (K7 through K15) form a series output that provides
MSFN with telemetry signals for constant monitoring of the status of these relays. If anyone, or
combination, of these relays operates inadvertently, their telemetry signal does not distinguish which
relay or relays are at fault.

I

( PART OF ED RELAY BOX
(SYSTEM A OR B)

TO S & C TONE GENERATOR
(J,OOO-CPS AUDIBLE TONE
TO HEADSETS)

".,AHU AU'"

ON

INHIBIT..-----<~
SIGNAL

TO ED COMPONENT
SCEA CAUTION LIGHTS

(SYS A, SYS B) AND PCM

*The telemetry code number shown is
for system B. Code number GY0201X
is for system A.

I

B 300lM.. 115

Figure 2.8-4. Stage Sequence Monitoring (Relays Kl through K6) - Simplified Schematic Diagram
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(
The ED logic circuits are protected by circuit breakers; the firing circuits, by current

limiting fuses. Circuit breakers route the power needed to energize the ED relays. Additionally, they
protect wiring against deterioration caused by faults or overloads.

ED circuits are the only electrical load connected to the ED power bus; they do not receive
power from the EPS bus. The EPS bus energizes the ED relay coils. The explosive devices switch
(panel 8) used determines which relay coil is energized. Relay 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 time delays preclude the possibility of initiating a function out of sequence. All ED
firing circuits and the EPS 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;
EPS and instrumentation 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 cross
overs, 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 wiring is used where loss of a
single lead could prevent initiation or control of a function.

All initiators are protected against static electricity by means of a shorting circuit. The
cartridge assemblies are connected to the ED negative bus at all times. When the control relay is energiz
ed. ED bus voltage is routed to the initiators in the cartridge assemblies. A fuse-resistor, in series with
the circuit (between the pyro bus and control relay), protects the initiator bridgewire circuit and ED
batteries against overloads. The fuse-resistors are rated at 20 amperes for 100 milliseconds with 1-
ohm resistance.

I 2.8.3.2 ED Bus-Arming. (See figure 2.8-5.)
(

The MASTER ARM switch is a triple-pole double-throw switch. with a common two
position, lever-locking toggle mechanism for the OFF and ON positions. Before performing any EDS
functions, this switch must be set to ON to arm the ED bus. If the ED RELAYS caution light and the
SYS A or SYS B component caution light go on due to the 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
deactivated by opening the ED: LOGIC PWR A or ED: LOGIC PWR B circuit breaker. A subsequent
EDS failure may jeopardize crew safety.

Setting the MASTER ARM switch to ON applies 28 volts de from EPS systems A and B
to the set coils of latching control relays K1 (in EDS systems A and B). Contacts of K1 connect the ED

I
batteries (A and B) to both ED buses, arming the EDS and enabling performance of all functions. The
buses are also armed by pressing the ABORT STAGE pushbutton, when staging is to be performed with
automatic ascent engine firing. The ABORT STAGE switch bypasses the MASTER ARM switch and sets
the Kl relays.

Setting the MASTER ARM switch to OFF, deenergizes the ED buses. This position
applies 28 volts dc from EPS systems A and B to the reset coils of relays Kl and breaks the circuit
between the ED batteries and ED buses.

1 April 19712.8-6
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Figure 2.8-5. Bus-Arming Control - Simplified Schematic Diagram

2.8.3.2.1 STAGE SEQ RELAYS SYS A and SYS B Component Caution Lights.

The STAGE SEQ RELAYS SYS A and SYS B component caution lights are yellow advisory
lights. When the MASTER ARM switch is ON, and the master arm relay (K1) of both system A and B
is set, the STAGE SEQ RELAYS SYS A and SYS B lights go on to indicate that both ED systems are
armed and ready to perform an EDS function. A telemetry signal advises MSFN that both systems
are armed. If any of the relays used in the staging function (K1 through K6) inadvertently operate, the
corresponding SYS A or SYS B STAGE SEQ RELAYS component caution light and the ED RELAYS caution
light (panel 2) go on. (When a caution light is activated, the MASTER ALARM pushbutton/lights (panels
1 and 2) also go on and a tone is generated. Pressing either MASTER ALARM pushbutton/light turns
off the lights and the tone.) When the MASTER ARM switch is ON or the ABORT STAGE switch is
pressed, an inhibit signal is sent to the caution and warning electronics assembly (CSEA) Which inhibits
the ED RELAYS caution light. and the MASTER ALARM light and tone. MSFN is provided with telemetry
signals for monitoring the status of the master arm relays and the stage sequence relays.

If there is a master alarm, and the ED RELAYS caution light, and associated STAGE SEQ
RELAYS component caution light go on, indicating the inadvertent transfer of the master arm or staging
sequence relays, the STAGE RELAY RESET switch should be set momentarily to the RESET position to
reset stage relay K2. If the ED RELAYS caution light and the STAGE SEQ RELAYS component caution
light go off, K2 had failed temporarily. If the lights remain on, the failure is due to relays K1, or K3
through K6.

2.8.3.3 Landing Gear Deployment. (See figure 2.8-6.)

The landing gear, stowed in the retracted position at launch, remains retracted until just
prior to LM-CSM separation. The LDG GEAR DEPLOY switch is used to deploy the landing gear
assemblies.

I

An uplock device, with two end detonator cartridges (EDC's), restrains each of the
four landing gear assemblies (legs). Each EDC is controlled and fired by two separate control and fire
circuits in parallel. Firing either EDC in the landing gear uplock results in landing gear deployment.
Setting the MASTER ARM switch to ON arms the ED buses. Momentarily holding the LDG GEAR DEPLOY
switch to FIRE routes power from EPS systems A and B to the coils of relays K8 and K8A 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 de) 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 2.8-7.) The eight switch closures provide MSFN with a combined
telemetry signal for monitoring landing gear deployment.
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Figure 2.8-6. Landing Gear Deployment - Simplified Schematic Diagram

2.8.3.4 Descent Propellant Tank Prepressurization. (See figure 2.8-8. )

An ambient helium isolation valve is used in conjunction with two compatibility valves
(each downstream of its respective quad check valve in the descent stage) when prepressurizing the
descent propellant tanks. The valves are normally closed. Setting the MASTER ARM switch to ON
arms the ED buses: momentarily holding the DES START He PRESS switch to FIRE routes power

I from EPS to the coil of relays K14 in both EDS systems. Contacts of K14 simultaneously route
ED battery power to the cartridges in the ambient helium isolation valve, opening the valve and
allowing ambient helium to flow to the descent propellant tank compatibility valves. Momentarily
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 then flows freely to the descent engine fuel and oxidizer tanks, pressurizing them. The increase
in propellant tank pressure is observed on the FUEL and OXID PRESS indicators (panel 1); the drop in
ambient helium tank pressure. on the HELIUM indicator (panel 1). Ambient helium prepressurization
permits fuel to flow through the fuel/helium heat exchanger before cyrogenic helium flow through the 1\
helium/helium heat exchanger is initiated.

I With the l\'1ASTER ARM switch set to ON and the descent engine fired, relay K9 in
both ED relay boxes receives a signal from the CES after a 1. 3-second delay. Contacts of K9
route ED battery power to the supercritical helium isolation valve. opening the valve. Helium
from the cryogenic helium storage vessel pressurizes the descent propellant tanks in place of
the expended ambient helium. Descent helium pressure malfunctions light the DES REG warning
light (panel 1). (Refer to table 2.9-3.)
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Figure 2.8-7. Landing Gear Switches - Schematic Diagram

2.8.3.5 Staging. (See figure 2.8-9. ) I
Stage separation involves simultaneous operation of the circuit interrupters (dead

facing) and separation of the interstage structural connections (nuts and bolts), then umbilical
severance (cable cutting). This is accomplished by cartridges fired by operation of the STAGE switch
or a signal from the CES when the ascent engine is fired. The signal from the CES bypasses the
STAGE switch, which is not normally used.

Setting the MASTER ARM switch to ON arms the ED buses; setting the STAGE switch
to FIRE, or the signal from the CES when the ascent engine is fired, applies 28 volts dc from
EPS systems A and B to the set coils of latching relays K2. Contacts of K2 connect the ED stage
sequencing circuits (RC time-delay circuits) to the ED buses, passing current through closed
contacts of relay K3. This energizes relays K5 and K5A (separation of nuts and bolts) and relays
K6 (deadfacing). Relays K3 and K4 do not operate immediately, due to the time-delay circuitry.
A time delay is necessary to ensure removal of all power from the interstage umbilical before it
is cut. After approximately a 15- to 20-millisecond delay (during which the nuts and bolts separate),
transistor Q2 applies ED bus voltage to energize K3. Contacts of K3 close and the bus voltage is
applied to another time-delay circuit (transistors Q3 and Q4). This circuit has the same RC time
constant; Q4 applies bus voltage to the coil of K4 (guillotine relay), completing stage separation. The

I
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Figure 2. 8-8. Descent Propellant Tank Prepressurization - Simplified Schematic Diagram

Istaging sequence can also be initiated by pressing the ABORT STAGE pushbutton. This arms the ED
buses (bypassing the MASTER ARM switch) and initiates an automatic ascent engine fire sequence in
the CES. The CES fire signal initiates the ED staging sequence. Contacts of K3 ensure that the
deadface relay has removed electrical power from the umbilical before the guillotine detonators are fired.

2.8.3.6 Ascent Propellant Tank Pressurization. (See figure 2.8-10,)

Two helium isolation valves, each with two cartridges and two sets of parallel redundant
fuel and oxidizer compatibility valves are used when pressurizing the ascent propellant tanks, One fuel
compatibility valve and one oxidizer compatibility valve uses two cartridges; the other two compatibility
valves a single cartridge each. The ASC He SEL switch provides the astronauts 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 valves
and the compatibility valves can be energized with a direct signal from the ABORT STAGE pushbutton,
which bypasses the ASCENT He PRESS switch. The ASCENT He PRESS switch is a double-pole
double-throw switch module. with a lever-locking toggle mechanism for the SAFE position. Normally ,
the ASC He SEL switch is set to BOTH so that both helium tanks are used for ascent propellant tank

1 April 19712,8-10
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pressurization. Setting the MASTER ARM switch to ON, arms the ED buses. Momentarily holding the
ASCENT He PRESS switch to FIRE, routes 28 volts de from the EPS to the coils of control relays K12
and K12A of both ED systems. The contacts of K12A (ED system A), and K12, K12A (ED system B)
route ED battery power to the fuel and oxidizer compatibility valves cartridges. Depending on the
position of the ASC He SEL switch, the coils of relays KID and/or Kll of both ED systems are also
energized from the EPS, when the ASCENT He PRESS switch is activated. With the ASC He SEL
switch in TANK 1 position, relay KlO of both ED systems are energized routing ED battery power to
the helium tank No. 1 isolation valves. With the switch in the TANK 2 position, relays K11 of both
ED systems are energized, routing ED battery power to the isolation valves of helium tank No.2.
In the BOTH position, relays KI0 and K11 of both ED systems are energized, firing the valves in
both tanks. The astronauts are alerted to ascent helium pressure malfunctions by the ASC PRESS
warning light (panel 1). (Refer to table 2.9-3.)

(

2.8.3.7 RCS Propellant Tank Pressurization. (See figure 2.8-11. )

The RCS has two helium fuel, and oxidizer tanks. Each helium tank pressurizes one
fuel tank and one oxidizer tank. Two parallel helium isolation valves are used in conjunction with
each helium tank when pressurizing the RCS propellant tanks. Each valve has one cartridge, which
.s fired by one of the EDS systems.
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Figure 2.8-11. RCS Propellant Tank Pressurization
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The valves are normally closed; their firing circuits are controlled by relays actuated
by the RCS He PRESS switch. Setting the MASTER ARM switch to ON arms the ED buses.
Momentarily holding the RCX He PRESS switch to FIRE routes 28 volts dc from EPS systems A and B
to the coils of relays K7. Contacts of K7 complete the circuit between the cartridges in the helium
isolation valves and the ED buses. The contacts of K7 in relay box A route ED bus voltage to helium
isolation valves in RCS systems A and B. The other helium isolation valve in RCS systems A and B
receives its ED bus voltage through contacts of K7 in relay box B. Opening either valve in system A
and B permits helium to pressurize the RCS fuel and oxidizer tanks. The RCS A REG and RCS B
REG warning lights and the RCS caution light alert the astronauts to malfunctions of RCS helium line
pressure and tank pressure. (Refer to table 2.9-3. )

I

2.8.3.8 Descent Propellant Tank Venting.

The descent fuel and oxidizer helium pressurization venting systems each contain an ED
controlled valve in series with a normally open latching valve. The latching valves are normally open;
actuating the ED valves vents the systems. Setting the MASTER ARM switch to ON arms the ED buses.
Momentarily setting the DES VENT switch to FIRE routes EPS power to the coils of relay K13 in
both ED systems. The contacts of K13 route ED power to the cartridges of the vent valves, opening
them. The helium vents through the normally open fuel and oxidizer vent valves. Setting the FUEL
VENT and OXID vent switches (panel 8) to CLOSE, closes the vent valves and causes the talkbacks to
change from gray to barber-pole displays.

(
2.8.4 MAJOR COMPONENT/FUNCTIONAL DESCRIPTION. I
2.8.4.1 Explosive Devices. (See figure 2.8-12.)

Two types of explosive cartridges are incorporated in the LM; detonator cartridges.
containing high explosive changes, and pressure cartridges, containing relatively low yield propellant
charges. Each cartridge contains a specially indexed single bridgewire apollo standard initiator
(SBASI). All explosive devices and components, except the circuit interrupters, can be installed at the
launch site late in the LM assembly and prelaunch activity. To prevent erroneous installation, cartridges
with different outputs have different connector threads. Twisted. shielded pairs of firing lines provide
protection against RF energy. All cartridge assemblies are hermetically sealed to protect the explosive
materials against gr-ound and mission environments.

The following explosive devices and components separately, or in various combinations,
perform the EDS functions:

• Single Bridgewire Apollo Standard Initiators. The SBASI's are fired by ED battery
power; they initiate all explostve cartridges and devices required during this
mission.

• End Detonator Cartridges. The EDC's are used to detonate explosive charges in
the interstage umbilical cutter assembly (cable cutter) and to actuate the landing
uplock device.

• Pressure Cartridges.
Electrical circuit interrupter (ECl) cartridges
RCS valve cartridges
Propulsion valve cartridges
Nut cartridges
Bolt cartridges
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Helium Isolation Valves and Compatibility Valves. These valves are similar and
operate in the same manner; they are used singly or in pairs, depending 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 helium and compatibility
valves are actuated by two cartridges. One of the two ascent fuel compatibility
valves and two ascent oxidizer compatibility valves. contains two cartridges; the
other, a single cartridge.

Circuit Interrupters. Circuit interrupters terminate all signal and power leads
between the ascent and descent stages. These devices are actuated within
25 milliseconds after receipt of the stage command. They are actuated by either
of two cartridges.

• Explosive Nuts and Bolts. The ascent and descent stage structures are joined by
four explosive nuts and four explosive bolts, each with a single cartridge. The
four structural tie points are released within 20 milliseconds after receipt of the
stage command.

• Guillotine (cable cutter assembly). The guillotine consists of two explosively actuated
blades, interconnected through common manifolds. Either blade can sever an umbilical
35% greater than the actual umbilical within 100 milliseconds after receipt of the stage
command. Shielded mild detonating cord ensure that both blades operate even if one I
initiator fails to receive the fire signal.

The SBASI's (figure 2.8-12) in the EDS cartridges prov ide 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. 3.6.) When 3. 5 amperes (minimum) is applied to the
initiator bridgewire for a few milliseconds, heat is generated. The heat fires the initiator. Each
initiator is controlled by separate. independent contacts of the firing relays. Power to fire the initiators
is supplied by the ED batteries.

( 2.8.4.1.1

2.8.4.1.2

• Landing Gear Uplock and Cutter Assemblies. Two independent EDC' s are used in
each of the four uplocks. to deploy the landing gear assemblies.

Cartridges.

Interstage Structural Connections. (See figure 2.8-12. )

I

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 cartridges 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 separate from the bolt, bolt fracture, alone, results in stage separation. Reaction
time for complete nut and bolt separation is approximate ly 15 milliseconds. Power for the firing
control circuit is controlled by the stage-sequencing circuitry (ED time-delay circuit) in the ascent
and descent stages. This circuitry prov ides proper sequencing of the LM staging operations.

2.8.4.1.3 Interstage Umbilical Cutters (Guillotine). (See figure 2.8-12.)

The guillotine consists of two cutter assemblies that sever the interstage electrical
umbilical during stage separation. Each cutter assembly consists of an EDC, a transfer booster, a
blade charge. and a blade. The transfer booster is connected by two manifold crossovers (shielded
mild detonating cord). one on each 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 umbilical will not be cut without a positive fire signal to the control circuit. Firing the detonator
"':.' ,
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and explosive blade charge generates a shock wave that drives the cutting blades through the interstage

I umbilical. The blades sever the umbilical, cutting all electrical wires, the descent water tank supply
hardline, and the waste management hardline between the ascent and descent stages. Loss of the
ascent water tank supply is prevented by check valves in the ascent stage plumbing. Reaction time
for cutter assembly operation is approximately 5 milliseconds, after 3.5 amperes (minimum) of
direct current is applio: to the initiator bridgewire.

(

2.8.4. 1. 4 Landing Gear Uplock and Cutter Assemblies. (See figure 2.8-12.)

Each landing gear assembly has a landing gear uplock and cutter assembly. which
contains two EDC's. Firing an EDC generates a shock wave that acts on the base end of the uplock
cutting blade. The blades (driven from opposite directions) sever a strap that connects the landing
gear strut with the LM descent stage, permitting the landing gear assembly to deploy. Either blade can
sever a strap 35% greater in cross section than the strap used. The operation response time of the
uplock is approximately 20 milliseconds, after 3.5 amperes (minimum) of direct current is applied to

I the EDC. In operation, the EDC's are stagger-fired.

2.8.4.1.5 Helium Isolation Valves and Compatibility Valves. (See figure 2.8-12.)

The helium isolation valves and compatibility valves operate in the same manner. They
use either a single cartridge or two cartridges, depending on the function being performed. (Refer to
paragraph 2.8.3. 1.) Firing' a cartridge in a valve generates gases in the valve explosion chamber at
extremely high rates. The gases drive a piston to shear a closure disk in the pressure line. This
opens the valves. 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.

2.8.4.1.6 Circuit Interrupters (Deadface Connectors). (See figure 2.8-12. )

Two circuit interrupters are in the ascent stage. (See figure 2. 8- 1.) They are in front (
of the ascent stage tank thermal shielding, immediately above quadrant 4 of the descent stage. Each -.
circuit interrupter has two cartridges. Each cartridge can operate the circuit interrupter. Using
two cartridges for each circuit interrupter provides redundancy to ensure that the electrical power be
tween the ascent and descent stages is terminated before umbilical severance.

The circuit interrupter cartridges are energized during the stag ing operation. When
enevgtz.ed, the cartridges cause a pressure buildup in the c ircuit interrupter combustion 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 thn pres
sure in the combustion chamber is sufficient to overcome pin and O-ring friction. tilt, piston 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 all electrical power from the interstage umlul ic ai lines before
the umbilical is severed, (See figure 2.8-13 for a functional block diagram of circuit interruption.)

The stage-sequencing circuits (paragraph 2.8.3.5) 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. Approxt matclv 240
electrical conductors are routed through each circuit interrupter. The interrupter pin connections
are normally closed; they are opened by firing the cartridge. Operation response time of the circuit
interrupters is approximately 20 milliseconds.

2.8.4.2 ED Batteries.

Two 20-c811 silver oxide-zinc batteries provide power to both EDS systems to fire the
initiators. One battery is in the ascent stage; the other one, in th« descent stage. (Se e figure 2.8-1.)
Normal operation of either battery provides adequate electrical power for EDS operation. Each
battery is rated at 37.1 volts de (open-circuit voltage), 0.75 ampere-hour: it can produce 7~ .r mperes
for 36 seconds. The output voltage of each battery can be monitored periodically on panel 1.]. Setting
the POWER/TEMP MON selector switch to ED 'OFF and the ED VOLTS switch to BAT A, provides
an indication of the output voltage of ED battery A on the VOLTS indicator. Setting' the ED VOLTS l.

------_._-_.._.-
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ELECTRICAL CIRCUIT INTERRUPTERS
(ASCENT STAGE)

A-JOOlM4-21

Figure 2.8-13. Electrical Circuit Interrupter - Functional Block Diagram

switch to BAT B provides an indication of the output voltage of ED battery B. The battery electrolyte
is potassium hydroxide one-half saturated. The battery case is constructed of plastic. Excess pres
sure in the batteries is vented into the descent and ascent stages at 30±5 psig.

I

2.8.4.3 Explosive Devices Relay Boxes.

One ED relay box is in the ascent stage; another one, in the descent stage. (See
figure 2. 8-1.) Latching 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 con
tacts. The set coiL when energized, initiates 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.
These contacts maintain their normally open or closed position and do not change state 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. Each relay box also contains an RC time-delay circuit
that is used during the staging sequence. Refer to paragraph 2.8.3.5.

I
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PERFORMANCE AND DESIGN DATA.

The performance and design data for the EDS are given in table 2.8-1.

Table 2.8-1. Explosive Devices Subystem - Performance and Design Data

(

;~~I#W
v-:,.,~~~~:

,~,~ .::.(~.

Battery

Height 3.03 inches

~':;~~l ' >,.;t,.".,,,
~~. ~,,~,:, .

..........

Width ~. 75 inches

Length G.78 inches

Weight (each. filled) 3.50 pounds

Electrical requirements

Inputs

From EPS (Commander's and LIIl
Pilot's buses)

28 volts de

From AELD of control electronics
section

2S volts de

From ED batteries (svstems A
and B) .

37.1 volts de (open-circuit
voltage)

From DECA

35.0 volts dc (minimum)

28 volts de
(

Outputs

To initiators (in cartridge assemblies) 3.5 amperes for 10 milliseconds
(minimum)

E f) relay boxes 7.5 to 15.0 amperes dc (for
at least 10 milliseconds)

Hesistance

Initiators 1. 05 ±O. 10 ohms

Electrical circuit interrupter Approximately 0.2 ohm with 30
millivolt open-circuit voltage and
maximum 10-microampere short
circuit current

Fuse-res istors 1.0 ohm with 20.0 amperes (for
100 milliseconds)

(
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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 ASCENT He PRESS switch should not be actuated longer than 24 hours before
termination of ascent engine operation. The ascent pressurization valves are
designed to operate for only 24 hours after exposure to propellant vapors. Ex
ceeding this limit may cause ascent valve failure.

• The DES START He PRESS and DES PRPLNT !SOL VLV switches should not be
actuated longer than 3.5 days before termination of descent engine operation.
The descent pressurization valves are designed to operate for only 3.5 days
after exposure to propellant vapors. Exceeding this limit may cause descent
valve failure.

I

I

EXP LOSIVE DEVICES SUBSYSTEM
Mission LM Basic Date 1 February 1970 Change Date 1 April 1971 Page 2.8-21/2.8-22



(

(



(
2.9

LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

INSTRUMENTATION SUBSYSTEM.

2.9.1 INTRODUCTION.

The Instrumentation Subsystem (IS) monitors the LM subsystems, performs in-flight check
out, prepares LM status data for transmission to MSFN, provides timing frequencies and correlated
data for LM subsystems, stores voice and time-correlation data, and performs lunar surface checkout.

(
\

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 SCEA receives most of the LM
subsystem status signals from sensors located in the subsystems. The signals are conditioned, then routed
to the CWEA for monitoring, to displays, and to the PCMTEA for telemetry.

Each IS assembly receives operating power from the Electrical Power Subsystem (EPS)
through associated circuit breakers. (See figure 2. 9-1.) The subsystem sensors receive their operating
power through the INST: SIG SENSOR circuit breaker (panel 16). The electronic replaceable assemblies
(ERA's) in the SCEA receive their operating power through the INST: SIG CONDR 1 and SIG CONDR 2
circuit breakers (panel 11 and 16, respectively). The CWEA power supply receives its operating power
through the INST: CWEA circuit breaker (panel 16). If the CWEA power supply fails, a failure-detection
circuits lights the C/W PWR caution light (panel 2). When failures are detected, the MASTER ALARM
pushbutton/lights (panels 1 and 2) go on. These lights receive their operating power through the LTG:
MASTER ALARM circuit breaker (panel 16). The PCMTEA de-to-de converter receives its operating
power through the INST: PCM/TE circuit breaker (panel 16). The de-to-de converter supplies voltages
to operate the PCM analog and digital blocks, which prepare subsystem data for telemetering. The con
verter also supplies the timing electronics (TE) section of the PCMTEA. The TE section routes LM
subsystem synchronization signals. The DSEA power supply receives its operating power through the
AC BUS A: TAPE RCDR circuit breaker (panel 11) and routes voltages to operate DSEA circuits.

The IS draws operating power from the EPS. Data from sensors in all LM subsystems are
routed to ERA's in the SCEA for voltage level conditioning acceptable to the PCMTEA. The PCMTEA
routes the data from the SCEA to the Communications Subsystem (CS) in nonreturn-to-zero (NRZ) form
(51. 2 or 1. 6 kilobits per second) or split-phase form (1. 6 kilobits per second) for transmission to MSFN.
The PCMTEA also supplies the CS with a 512-kpps sync signal and a 512-kpps reference signal. The CS
uses the reference signal to generate a 1, 024-kc subcarrier, which is phase referenced to the PCMTEA
NRZ input and modulated by the NRZ input for transmission to MSFN. The CS uses the sync signal to
generate a 1. 25-mc subcar r ier , obtained by doubling the output from mixing the 512-kc sync signal with
a 113-kc voltage control oscillator output. This subcarrier is modulated by voice and biomedical data
for S-band transmission. The split-phase data modulates a VHF B carrier. Besides these outputs to the
CS (in serial digital form), the PCMTEA routes serial digital data received from the LM guidance com
puter (LGC) and abort guidance section (AGS) of the Guidance, Navigation, and Control Subsystem
(GN&CS) and supplies the LGC and AGS with synchronizing pulses necessary for LM operations.

The DSEA records voice and provides an interface with the CS and the TE section of the
PCMTEA. A voice-operated relay (VOX) keying signal, supplied by the CS, is routed to the DSEA through
the intercommunication bus to turn on the DSEA. The TE section continuously supplies synchronizing sig
nals to LM subsystems and crew displays once the TE's quartz crystal oscillator is pulsed with a 1,024
kpps signal from the LGC.

The SCEA outputs are also routed to the CWEA and to crew displays. The CWEA pr-ovides
the function needed to trip the warning or caution lights (panels 1 and 2, respectively) and the two MAS
TER ALARM pushbutton/lights and to enable a 3-kc tone generator in S&C control assembly No.2 of the
GN&CS when a subsystem malfunctions. The tone is heard in the astronaut headsets. The CWEA failure
detection circuits also provide the voltage needed to trip appropriate component caution lights.

~
~

2.9.2 SUBSYSTEM INTERFACES. (See figure 2.9-1.)

I
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FUNCTIONAL DESCRIPTION. (See figure 2.9-2.)
(

The IS accepts data, such as temperature, frequency, valve position, pressure, switch
position, voltage, and current, from other subsystems through subsystem sensors. The sensors convert
physical data to analog and digital (discrete event functions) signals that are routed to the SCEA for volt
age level conditioning. If conditioning is not required, the signals are routed directly to the PCMTEA and
CWEA. The SCEA conditions the sensor outputs and feeds signals of high-level analog (0 to 5 volts dc) or
digital (4 to 6 volts dc for logic 1; 0 to 0.5 volt dc for logic 0) data to the PCMTEA, CWEA, and displays.
To activate the IS, the circuit breakers for each IS assembly must be closed. To enable the MASTER
ALARM pushbutton/lights, component caution lights, and the caution and warning lights, which operate
in conjunction with the IS, the LTG: MASTER ALARM circuit breaker (panel 16) and the LTG: ANUN/
DOCK/COMPNT circuit breakers (panels 11 and 16) must be closed.

The conditioned signals supplied by the SCEA to the PCMTEA and the signals routed directly
from the sensors to the PCMTEA 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 fre
quencies, time reference signals, and sync pulses are generated in the PCMTEA and supplied to other
subsystems that require them for proper operation.

The PCMTEA receives a 1, 024-kpps synchronizing signal and three types of data: high level
analog, parallel digital, and serial digital. Some parallel digital and high-level analog inputs are supplied
directly to the PCMTEA from the sensors; others are routed through the SCEA. The SCEA conditions the
inputs to voltage levels required by the PCM equipment. The 1024-kpps sync signal from the LGC pro
vides synchronization for the PCMTEA and those subsystems that use outputs from the TE equipment of
the PCMTEA.

Primary control of all units in the PCM equipment is established by the programmer.
Using submultiples of the internal or external 1,024-kpps 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 2.9-3 and 2.9-4.) 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 for synchronizing other LM equipment with the PCMTEA.

The analog multiplexer drivers receive the timing and command signals from the program
mer 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 sequential
operation of the digital multiplexer gates according to a fixed program, producing multiplexed data that
consist of parallel binary words. The parallel binary words are gated to the output register and data
transfer buffers (output buffers). The output register converts the parallel data to a serial RZ and
NRZ-C output. It also receives, from the LGC and the AGS. serial digital data, which are inserted into
the serial output of the PC MTEA.

The PCMTEA supplies timing commands and synchronization signals. These signals are
provided, by the TE and the programmer, to the data transfer buffers located in the TE and PCM sections.
These buffers supply the signals to other LM equipment. The TE consists of a phase-locked oscillator
and doublers, a decision network, a timing generator. time accumulator, serial time code generator, and
three oscillator failure-detection circuits. The TE is redundant in critical areas. A 1, 024-kpps
input from the LGC forces the phase-locked oscillator in synchronism. If the input from the LGC fails,
the phase-locked oscillator continues to furnish the necessary timing signals without loss of data. The
TE divides the 1024-kpps signal into a number of selected subharmonic frequencies, which are routed to
the PCM equipment and other LM devices.

(
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~I BIT

~ I/S1,2oo SECOND = 1 BIT
(19.531 MICROSECONDS)

f..-l PRIME FRAME

--------"'1/50 SECOND = 1 PRIME FRAME = .,
12B WORDS (20 MILLISECONDS)

SYNCHRONIZATION
CODe GROUP

___--------1 SECOND ~ 1 SUBFRAME ~ 50 PRIME
FRAMES (IODD MILLISECONDS) ---------

(
Figure 2.9-3. Data Format No.1 (Normal Mode)

-----.J l..-..-- 1 SECOND ~ I SUBFRAME
-I 1--- (1 PRIME FRAME)

~
-----i 1---1 PRIME FRAME

I

I

JOOLM.4-60

[--1 BIT

~ 1/1,600 SECOND = 1 BIT
(625 MICROSECONDS)

----1\1-
1---1/200 SECOND ~ I WORD
I B BITS (5 MILLISECONDS)

I

SYNCHRONIZA liON
CODe GROUP

_----------1 SECOND ~ 1 PRIME FRAME ~~

(200 WORDS)

Figure 2.9-4. Data Format No.2 (Reduced Mode)
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Analog and digital signals supplied from the SCEA to the CWEA are constantly compared
with internally generated limits and monitored on display panels. On detecting a malfunction (out-of
limit condition), the CWEA provides output signals to energize the associated warning or caution light,
both MASTER ALARM pushbutton/lights, and a tone generator. The warning lights indicate malfunctions
that jeopardize astronaut safety and require immediate action. The caution lights indicate malfunctions
that do not require immediate action.

(

The DSEA provides voice-recording capability. The audio signal is supplied from the
astronaut's bus in the CS to the DSEA, where it is recorded along with time reference signals (mission
elapsed time) from the PC MTEA. 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.

2.9.4 MAJOR COMPONENT/FUNCTIONAL DESCRIPTION.

The IS consists of the following:

• • Sensors - sense physical data in other subsystems (temperature, valve and switch
positions, pressure, voltage, current, water and propellant quantity) .

• Signal-conditioning electronics assembly - conditions subsystem transducer
(sensor) signals and events to proper voltage levels.

• 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 - monitors operational levels and gen-
erates signals that cause appropriate caution and warning lights and component (
caution lights to go on and activate the two MASTER ALARM pushbutton/lights
and a tone generator.

2.9.4.1

• Data storage electronics assembly - stores audio and time-correlation data
(mission elapsed time) on tape.

Sensing Equipment.

The IS sensors continuously check the status of other subsystems by sensing temperature,
I valve and switch positions, pressure, voltage, current, and water and propellant quantity. These

sensed data are changed to electrical signals (digital or analog) compatible with the requirements of
the SCEA or PCMTEA.

2.9.4.2 Signal-Conditioning Electronics Assembly.

The SCEA converts all unconditioned subsystem 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-de converters, analog and discrete isolating buffers, frequency-to
de converters, r eststance-to-dc converters, and phase-sensitive demodulators to provide the proper out
put voltages. These seven basic SCEA subassemblies are in each electronic replaceable assembly
(ERA-1 and ERA-2) that makes up the SCEA. Each ERA has capacity for 22 plug-in subassemblies (con
ditioning units) and provides the interface connections between other LM subsystems and the IS. (Refer
to tables 2.9-1 and 2.9-2 for conditioned and preconditioned interfacing signals.) These subassemblies (
provide conditioned digital and analog data. Digital data (discrete event functions) outputs appear as a 4- "-
to 6-volt d-c level for logic 1 or "on"; as a 0- to O. 5-volt d-c level, 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 de. Each ERA contains circuits that route signals to IS assemblies. In tables 2.9-1 and 2.9-2,
the number in parentheses, following the conditioning unit number, designates the unit location in ERA- I
or ERA-2. The displays in parentheses are located on the corresponding subsystem panel, except where
otherwise noted. See figure 2.9-15 for signals routed to the CWEA failure-detection circuits.
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Table 2.9-1. ERA-1 - Conditioned and Preconditioned Interfacing Signals

(

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

ECS 504-1 (5)

Suit outlet pressure - Circuit No. 1 o to 5 vdc PCMTEA
GFl301 (0 to 10 psia)

Display (SIDT PRESS
indicator)

Preconditioned 1. 56 to 5. 0 vdc CWEA (SUIT/FAN warn-
(3.2 to 10 psia) ing light)

CO 2 Partial pressure - Circuit No. 2 o to 5 vdc PClIITEA
GFl521 (0 to 30 mm Hg)

Preconditioned 2 . 27 to 5. 0 vdc CWEA (ECS caution
light) Display (CO!
component caution ight)

Water separator No.1 Circuit No.3 o to 5 vdc (500 PCMTEA
and 2 - GF9999 to 3,600 rpm)

Preconditioned More than 1530 CWEA (ECS caution
rpm light) Display (H20 SEP

component caution .
light)

504-1 (7)

Ascent oxygen tank Circuit No. I o to 5 vdc PCMTEA
No. 1 pressure - (0 to I, 000 psia)
GF3582

Preconditioned 95 to 684 psia C\VEA (02 QTY caution
light)

Circuit No.1 o to 854 psia Display (02 QUANTITY
indicator)

Ascent oxygen tank Circuit No. 2 o to 5 vdc PCMTEA
No. 2 pressure - (0 to 1,000 psia)
GF3583

Preconditioned 95 to 684 psia CWEA (02 QTY caution
light)

Circuit No.2 o to 854 psia Display (02 QUANTITY
indicator)

I
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Table 2.9-1. ERA-l - Conditioned and Preconditioned Interfacing Signals (cont)

From
(Subsystem)

Signal Nomenclature
and Telemetry

Code No.

To
(Conditioning

Unit) Output

To
(IS Assembly
and Display)

~-----+---------+-------+-------+--._-----_.-

I
ECS (cont)

Descent tank water
quantity - GF4500

504-1 (7) (cont)

Circuit No.3

Circuit No.3

o to 5 vdc
(0% to 100%)

0% to 100%

PCMTEA

Display (H20 QUANTITY
indicator)

Circuit No. I 0% to 100% Display (H20 QUANTITY
indicator)

Circuit No. 2 o to 5 vdc PCMTEA
(0% to 100%)

(
Circuit No. 2 0% to 100% Display (H 20 QUANTITY

indicator)

50G-3 (10)

Circuit No. 1 o to 5 vdc PCMTEA CWEA
(+20 to +120 F) (GLYCOL caution light)
More than +50 F Display (GLYCOL
0 to +80 F temperature indicator)

504-1 (ti)

Circuit No. 1 o to 5 vdc PCMTEA
(0 to 3,500 psia)

Preconditioned More than I, 700 CWEA (RCS caution
psia light)

Circuit No. I o t03,500 psia Display (A PRESS
indicator)

Circuit No. 2 o to 5 vdc PCIvITEA
(0 to 3,500 psia)

I

I

RCS

Ascent tank No. 1
water quantity 
GF4582 (LM 8)

Ascent tank No. 1
water quantity 
GF4501 (LM 9
and subq)

Ascent tank No. 2
water quantity 
GF4583 (Ll\! 8)

Ascent tank No.2
water quantity 
GF4502 (LIvI 9
and subq)

Water sublimator
coolant outlet tem
perature - GF9998

Helium pressure,
tank A - GHllOl

Helium pressure,
tank B - GRII02

504-1 (8)

Circuit No. 1 o to 5 vdc
(0% to 100%)

PC IvITEA

• * A nomograph is required for quantity determination. The H20 QUANTITY meter reading is indicative of pressure
change only.

1 April 1971Change Date -'-- _LM2.9-8
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Table 2.9-1. ER-\-l - Conditioned and Preconditioned Interfacing Signals (cont)

(

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

RCS 504-1 (6)
(cont) (cont)

Preconditioned More than 1,700 CWEA (RCS caution

I

ps ia light)

Circuit No. 2 o to 3,500 psia Display (B PRESS
indicator)

Helium regulator Circuit No.3 o to 5 vdc PCMTEA
pressure system A - (0 to 350 ps ia)
GR1201

Preconditioned 165 to 219 psia CWEA (RCS A REG warn-
ing light)

Circuit No. 3 o to 350 psia Display (A PRESS
indicator)

Helium regulator Circuit No.4 o to 5 vdc PCMTEA
pressure system B- (0 to 350 ps ia)
GHl202

Preconditioned 165 to 219 ps ia CWEA (RCS B REG
warning light)

Circuit No.4 o to 350 ps ia Display (B PRESS
indicator)

504-4 (12)

Main shutoff valves Circuit No. 1 4 to 6 vdc (on) CWEA (RCS A REG
closed, system A - o to 0.5 vde (off) warning light inhibit sig-
GR9G09 nal) (For PCM and

display, refer to circuit
NO.8.)

Main shutoff valves Circuit No. Z 4 to 6 vdc (on) CWEA (RCS B REG
closed, system B - o to 0.5 vdc (off) warning light inhibit stg-
GR9GIO nal) (For PCM and

display, refer to circuit
No. 10.)

System A oxidizer Circuit No. 3 4 to 6 vdc (on) PCMTEA
interconnect valves o to 0.5 vdc (off)
open - GR9641 o to 0.5 vdc (on) Display (ASC OXID talk-

28 vdc (off) back)

System B oxidizer Circuit No. 4 4 to 6 vdc (on) PCMTEA
inte rconnect valves - o to O. 5 vde (off)
GH9G42 o to 0.5 vde (on) Display (ASC FUEL

28 vde (off) talkbaek)

Spare - Z6018 Circuit No. 5 4 to 6 vde (on) CWEA
o to 0.5 vdc (off)
o to 0.5 vdc (on) Display
28 vdc (off)

I
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Table 2.9-1. ERA-l - Conditioned and Precondltioned Interfacing Signals (cant)

Signal Nomenclature To

i
To

From and Telemetry (Conditioning (IS Assembly
(Subsystem) Code No. Unit)

I
Output and Display)

RCS 504-4 (13)
(cant)

Thrust chamber Circuit No. 1 4 to 6 vdc (on) PCl\ITEA (For CWEA, re-
assembly solenoid o to 0.5 vdc (off) fer to 504-5, location 14. )
valve A4 closed - o to 0.5 vdc (on) Display (SYSTEM A
GR9661 28 vdc (off) QUAD 4 talkback)

Thrust chamber Circuit No. 2 4 to 6 vde (on) PCl\ITEA (For CWEA, re-
assembly solenoid o to 0.5 vde (off) fer to 504-5, location 14.)
valve B4 closed - o to 0.5 vdc (on) Display (SYSTEM B
GR9662 28 vde (off) Ql'AD 4 talkbaek)

Thrust chamber Circuit No. 3 4 to 6 vde (on) PCl\ITEA (For CWEA, re-
assembly solenoid o to 0.5 vde (off) fer to 504-5, location 14. )
valve A3 closed - o to 0.5 vde (on) Display (SYSTEM A
GR9G63 28 vde (off) QuAD 3 talkbaek)

Thrust chamber Circuit No. 4 4 to G v,le (on) PC:'ITEA (For CWEA, rc -
assembly solenoid o to 0.5 vde (off) fer to 504-5, location 14.)
valve B3 closed - o to 0.5 vdc (on) Display (SYSTEM B
GR9GG4 28 vde (off) QL\D 3 talkbaek)

Thrust chamber Circuit No. 5 4 to 6 vdc (on) PCMTEA (For CWEA, re-
assembly solenoid o to 0.5 vdc (oft) fer to 504-5, location 14.)
valve A2 closed - o to 0.5 vde (on) Display (SYSTEM A
GR96G5 28 vde (off) QUAD 2 talkback)

Thrust chamber Circuit No. 6 4 to G vdc (on) PCMTEA (For CWEA, re-
assembly solenoid o to 0.5 vde (off) fer to 504-5, location 14. )
valve B2 closed - o to 0.5 vdc (on) Display (SYSTEM B
GR%G6 28 vde (off) QUAD 2 talkbaek)

Thrust chamber Circuit No. 7 -j to 6 vdc (on) PCMTEA (For CWEA, re-
assembly solenoid o to 0.5 vdc (off) fer to 504-5, location 14. )
valve Al closed - Display (SYSTEM A
GH96G7 QL-\D 1 talkbaek)

Thrust chamber Circuit No. 8 4 to 6 vdc (on) PCMTEA (For CWEA, re-
assembly solenoid o to 0.5 vdc (off) fer to 504-5, location 14. )
valve Bl closed - o to 0.5 vdc (on) Display (SYSTEM B
GH9GG8 28 vdc (off) QUAD 1 talkback)

RCS/ASC intcrcon- Circuit No. 10 4 to G vdc (on) PCl\ITEA
nee: A not closed - o to 0.5 vdc (off)
GH9G31 o to 0.5 vdc (on) Display (SYSTEM A ASC

28 vdc (off) FliEL talkback)

HCS/ASC intercon- Circuit No. 11 4 to G vde (on) PCl\ITEA
nect B not closed - o to 0.5 vdc (off)
GH9G32 o to 0.5 vdc (on) Display (SYSTEM B ASC

28 vdc (off) FUEL talkback)

(
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Tabl" 2. ;1·-1. ER'\-1 - Conditioned and Preconditioned Interfacing Sig'nals (cont)

I

TTI T

I I Sip;na ,'omenc aturc 0

I
0

FJ'on1
j

and Telemetry (Conditioning (IS Assembly
(Subsystem) Code No. Unin I Output and Display)

I
I

iCeS 504-4 (13)
!(cont) (cont)

i
Manifold crossfeed Circuit i\o. 12 I 4 to 6 vdc (on) PCMTEA
valves not closed - o to 0.5 vdc (off)
GH96l:3 o to 0.5 vdc (OIl) Display (CHSFD talkback)

28 vdc (off)

Thrust chamber as- 50-\-5 {H) I 4 to 6 vele (on) CWEA (RCS TCA warn-
sembly solenoid i o to O. ,J vdc (off) ing' light inhibit signals)
valves A4, B4, A3, Circuits No. 1
B3, A" B2, Al and through 8"',
Bl closed - GR96Gl respectively
through GR9668

i
506-4 (20)

Quad cluster No.3 - Circuit No. 1 o to 5 vdc PCMTEA
GRG002 (-60' to -2GO' F)

-("iO° to ; 2GO' F Display (TEIII!' il1cli-
cuto r , panci ;))

Quad cluster No.2 - Circuit No. 2 O to 5 vde PCMTEA
GR6003 (_60° to +2(j()" F) .

-60" to ~261" F Display (TEMP in.
cator, panel 3)

Quad cluster No.1 -

I
Circuit No. 3 o to 5 vdc PCMTEA

GR6004 (_60" to ~260° F)

-60" to +260" F Display (TEMP j"o;-
cator, panel 3)

Quad cluster No.4 - Circuit No. 4 o to 5 vdc PCMTEA
GR6001 (-60" to +260" F)

I
-60" to 2600 F Display (TEMP indi-

cator , panel 3)
I

506-3 (21)

Suit inlet tempera- Circuit No. 1 o to 5 vde PCMTEA and display
ture - G F1281 (+20° to +120° F) (SUIT TEMP indicator)

+40° to +100° F

--

I

(
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Table 2.9-1. ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont)

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

RCS 506-3 (21)
(cont) (cont)

Cabin temperature - Circuit No. 2 o to 5 vdc PC11TEA and display
GF1651 (+20' to +120' F) (CABIN TEMP

+40' to +100' F indicator)

EPS Commander's bus 502-2 (15)
voltage - GC0301

Circuit No. 3 26.5 to 40 vdc CWEA (DC BUS
warning light)

504-1 (18)

Commander's bus Circuit No. 3 o to 5 vdc PCMTEA and display
voltage - GC0301 (0 to 40 vde) (VOLTS indicator)

503-2 (17)

Inverter bus Circuit No. 1 4.48 to 5.0 vdc CWEA (INVERTER
voltage - GCOO71 (112 to 125 caution light) (For

vrms) PCl\lT EA and display,
refer to 504-1 (18)
circuit No.2.)

504-1 (7)

Selected ED battery Circuit No.4 o to 5 vdc EPS display (VOLTS
voltage - GY0703U indicator)

Proconditioned o to 5 vdc

504-1 (18)

Inverter bus Circuit No. 1 o to 5 vdc PCMTEA (For CWEA,
frequency - GC0155 (380 to 420 cps) refer to 505-1 (16)

circuit No. 1.)

Inverter bus Circuit No.2 o to 5 vdc PCl\lTEA, display
voltage - GC0071 (105 to 125 (VOLTS indicator) (For

vrms) CWEA, refer to
503-2 (17) circuit No.1.)

Main water regu- Circuit No.4 o to 5 vdc PCMTEA
lutcu- ill' - GF4101 (0 to 2 psia)

505-1 (16)

Frequency inverter Circuit No. 1 2.25 to 2.75 vdc CWEA (INVERTER
bus - GC0155 (398 to 402 cps) caution light) (For

PCI\1TEA, refer to
504-1 (18) circuit No. 1.)

(
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Table 2.9-1. ERA-1 - Conditioned and Preconditioned lnterfacing Signals (cont)

(

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

MPS 504-1 (8)

(ascent Regulator outlet Circuit No. 3 o to 5 vdc PCMTEA
propulsion manifold pressure - (0 to 300 psia)
section) GP0025

Preconditioned Less than 220 CWEA (ASC ill REG
psia caution light)

Helium tank No.1 Circuit No. 4 o to 5 vdc PCMTEA
pressure - GPOOOI (0 to 4,000 psia)

Preconditioned More than 2, 773 CWEA (ASC PRESS
psia warning light)

Circuit No.4 o to 4,000 psia Display (HELIUM
indicator)

504-4 (12)

Helium primary line Circuit No. 6 4 to 6 vdc (on) PCl\ITEA
solenoid valve o to 0.5 vdc (off)
closed - GP0318 o to 0.5 vdc (on) Display (ASCENT He

28 vdc (off) REG 1 talkback)

Helium secondary Circuit No. 7 4 to 6 vdc (on) PCMTEA
line solenoid valve o to 0.5 vdc (off)
closed - GP0320 o to 0.5 vdc (on) Display (ASCENT He

28 vdc (off) REG 2 talkback)

Main propulsion Circuit No.8 4 to 6 vdc (on) PCMTEA (For CWEA, re-
valve A closed - o to 0.5 vdc (off) fer to circuit No.l.)
GR9609 o to O. 5 vdc (on) Display SYS A MAIN SOY

28 vdc (off) talkback)

Spare - Z6013 Circuit No. 9 4 to 6 vdc (on) CWEA
o to 0.5 vdc (off)
o to 0.5 vdc (on) Display
28 vdc (off)

Main propulsion Circuit No. 10 4 to 6 vdc (on) PCIIITEA (For CWEA, re-
valves B closed - o to 0.5 vdc (off) fer to circuit No.2.)
GR9610 o to 0.5 vdc (on) Display (SYS B MAIN SOY

28 vdc (off) talkback)

504-1 (19)

Helium tank No.2 Circuit No.1 o to 5 vdc PCMTEA and display
pressure - GPOO02 (0 to 4,000 psia) (HELIUM indicator)

Preconditioned 3.74 to 5.0 vdc CWEA (ASC PRESS
(2, 773 psia) warning light)

I
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Table 2.9-1. ERA-l - Conditioned and Preconditioned Interfacing Signals (cont)

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code 1"0. Unit) Output and Display)

MPS 504-1 (19)
(cont) (cont)

(descent Helium regulator Circuit No. 2 o to 5 vdc PCMTEA ;
I

propulsion output manifold (0 to 300 psia)
section) pressure - GQ3018

Preconditioned 3. 65 to 4. 32 vdc CWEA (DES REG warn-
(220 to 260 psia) ing light) i

(ascent Fuel bipropellant Circuit 1"0. 3 o to 5 vdc PClI1TEA
propulsion valve inlet (0 to 250 psia) I

section) pressure - GP1501

Preconditioned 2 . 4 to 5. 0 vdc CWEA (ASC PRESS
(120 to 250 psia) warnlng light)

Oxidizer bipro- Circuit No. 4 o to 5 vdc PCMTEA
pellant valve inlet (0 to 250 psia)
pressure - GP1503

Preconditioned 2.4 to 5.0 vdc CWEA (ASC PRESS
(120 to 250 psia) warnlng light)

506-3 (9)

(descent Fuel tank No. 1 fuel Circuit No. 1 o to 5 "de PCMTEA
propulsion bulk temperature - (+20° to +120°F)
section) GQ3718 +40° to +100°F Display (FUEL TEMP

indicator)

Fuel tank No. 2 fuel Circuit No. 2 o to 5 vdc PCMTEA
bulk temperature - (+20° to +120°F)
GQ3719 +40° to +100°F Display (FUEL TEMP

indicator)

(ascent Fuel tank, fuel bulk Circuit No. 3 o to 5 vdc PCMTEA
propulsion temperature - (+20° to +120°F)
section) GP0718 +40° to +100°F Display (FUEL TEMP

indicator)

Oxidizer tank, Circuit No. 4 o to 5 vdc PCl\1TEA
oxidizer bulk (+20° to +120°F)
temperature - +40° to +100°F Display (OXID TEMP
GPI218 indicator)

506-3 (10)

(descent Oxidizer tank No. I, Circuit No. 3 o to 5 vdc PCl\lTEA
propulsion oxidizer bulk tem- (+20° to +120°F)
section) perature - GQ4218 +40° to +100°F Display (OXID TEMP

indicator)

(

(
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Table 2.9-1. ERA-l - Conditioned and Preconditioned lnterfacing Signals (cont)

(

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

MPS 506-3 (10)
(cont) (cont)

Oxidizer tank No.2, Circuit No. 4 o to 5 vdc PCl\ITEA
oxidizer bulk tem- (+20 0 to +120°F)
perature - GQ4219 +40 0 to +100°F Display roxrn TEMP

indicator)

GN&CS 502-2 (15)

(control Automatic thrust Circuit No. 1 o to 5.0 vdc PCMTEA
electronics command voltage - (0 to 12.0 vdc)
section) GH1331 o to 4.583 vdc Display (CMD THRUST

(10% to 100%) indicator)

Manual thrust Circuit No. 2 o to 5.0 vdc PCMTEA
command voltage - (0 to 14.6 vdc)
GHI311 0.89 to 4.658vdc Display (Cl\ID THHUST

I

(10% to 100%) indicator)

Abort sensor as- Circuit No.4 3.857 to 4.714 CWEA (AGS warning
sembly voltage - vdc light)
GIl3215

503-2 (17)

Rate gyro assembly Circuit No. 3 4.19 to 4.84vdc CWEA (CES AC warning)
pickoff excitation (26.0 to 30 vrms)
(0.8 kc) voltage -
GH1405

50-1-2 (2)

Jet No. B2U driver Circuit No. 1 4 to 6 vdc (on) CWEA (RCS TCA warning
output - GlI1426 o to 0.5 vdc (off) light) and PCMTEA

Jet No. B2U driver Circuit No. 2 4 to 6 vdc (on) CWEA (RCS TCA warning
output - GH1427 o to 0.5 vdc (off) light) and PCMTEA

Jet "'0. A2A driver Circuit No. 3 4 to 6 vdc (on) CWEA (RCS TCA warning
output - GH1428 o to 0.5 vdc (off) light) and PCMTEA

Jet No. 1321, driver Circuit 1\0. 4 4 to 6 vdc (on) CWEA (RCS TCA warning
output - GHl429 o to 0.5 vdc (off) light) and PCMTEA

Jet No. AIU driver Circuit Ko. 5 4 to 6 vdc (on) CWEA (RCS TCA warning
output - GlIl430 o to 0.5 vde (off) light) and PCMTEA

Jet No. BID driver Circuit xo, 6 4 to 6 vdc (on) CWEA (RCS TCA warning
output - GII1431 o to 0.5 vdc (off) light) and PCMTEA

Jet No. Bl L driver Circuit No. 7 4 to 6 vdc (on) CWEA (RCS TCA warning
output - GH1433 o to 0.5 vdc (off) light) and PCMTEA

I
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Table 2.9-1. ERA-l - Conditioned and Preconditioned Interfacing Signals (cont)

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

GN&CS 504-2 (2)
(cont) (cont)

(Control Jet No. A1F driver Circuit No. 8 4 to 6 vdc (on) CWEA (RCS TCA warning
electronics output - GH1432 o to 0.5 vdc (off) light) and PCIIITEA
section)

504-2 (3)

Deadband select Circuit No. 1 4 to 6 vdc (on) PCMTEA
(wide) - GH1603 o to 0.5 vdc (off)

Ascent engine arm Circuit No.2 4 to 6 vdc (on) PCMTEA
(from panel 2) - o to 0.5 vdc (off)
GH1230

Thrust chamber Circuits No. 3 4 to 6 vdc (on) PCMTEA CWEA (RCS
pressures - GR5041 through 8 o to 0.5 vdc (off) TCA warning light)
through GR5046

Descent engine arm - Circuit No. 9 4 to 6 vdc (on) PCl\ITEA
GH1348 o to 0.5 vdc (off)

X-translation over- Circuit No. 10 4 to 6 vdc (on) PCl\ITEA
ride - GH1893 o to 0.5 vdc (off)

504-2 (4)

(abort AEA test mode fail - Circuit No. 1 4 to G vdc (on) CWEA (AGS warning
guidance GI3232 o to 0.5 vdc (off) light)
section)

(control Jet No. B4U driver Circuit No. 3 4 to 6 vdc (on) CWEA (RCS TCA warning
electronics output - GH1418 o to 0.5 vdc (off) light) and PCl\ITEA
section)

Jet No. B4F driver Circuit No.4 4 to 6 vdc (on) CWEA (RCS TCA warning
output - GH1420 o to O.5 vdc (off) light) and PCl\ITEA

Jet No. A4D driver Circuit No. 5 4 to 6 vdc (on) CWEA (RCS TCA warning
output - GH1419 o to 0.5 vdc (off) light) and PCl\ITEA

Jet No. A4R driver Circuit No. G 4 to 6 vdc (on) CWEA (RCS TCA warning
output - GH1421 o to 0.5 vdc (off) light) and PCl\ITEA

Jet No. A3U driver Circuit No. 7 4 to 6 vdc (on) CWEA (RCS TCA warning
output - GH1422 o to 0.5 vdc (off) light) and PCl\ITEA

Jet No. B3D driver Circuit No.8 4 to 6 vdc (on) CWEA (RCS TCA warning
output - GH1423 o to 0.5 vdc (off) light) and PCMTEA

Jet No. B3A driver Circuit No.9 4 to 6 vdc (on) CWEA (RCS TCA warning
output - GH1424 o to 0.5 vdc (off) light) and PCl\ITEA

(
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Table 2.9-1. ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont)

(

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

GN&CS 504-2 (30)
(cont) (cont)

(Control Jet No. A3R driver Circuit No. 10 4 to 6 vdc (on) CWEA (RCS TCA warning
electronics output - GH1425 o to 0.5 vdc (off) light) and PCMTEA
section)

504-2 (11)

Thrust chamber Circuit No. 1 4 to 6 vdc (on) PCMTEA and CWEA
pressures - GH5031 through 10 o to 0.5 vdc (off) (RCS TCA warning light)
through GR5040

505-1 (16)

(abort Frequency abort Circuit No. 2 0.63 to 4.38 vdc CWEA (AGS warning
guidance sensor assembly - (385 to 415 cps) light)
section) GI3233

Spare - Z6015 Circuit No. 3 o to 5 vdc PCMTEA
(380 to 420 cps)

506-3 (10)

Abort sensor Circuit No. 2 o to 5 vdc PCMTEA
assembly temper- +20' to +200'F
ature - GI3301

506-3 (21)

(radar Rendezvous radar Circuit No.3 o to 5 vdc PCMTEA
section) temperature - (-2000 to +2000 F)

GN7723 -54.07' to CWEA (HEATER caution
+147.69' light)
1. 25 to 5.0 vdc Display (TEMP indicator
(-100' to +200'F) panel 3)

Landing radar Circuit No.4 o to 5 vdc PCMTEA
antenna tempera- (_200' to +200'F)
ture - GN7563 -15' to +150'F

-100' to +200'F

EDS 504-1 (12)

ED SYS A relay Circuit No. 11 4 to 6 vdc (on) PCMTEA
transfer - GY0201 o to O. 5 vdc (off)

o to 0.5 vdc (on) Display (SYS A compo-
28 vdc (off) nent caution light) CWEA

(ED RELAYS caution
light)

I
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Table 2.9-1. ER.<\-1 - Conditioned and Preconditioned Interfacing Signals (cont)

~
~

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

EDS 504-1 (12)
(cant) (cant)

ED SYS B relay Circuit No. 12 4 to 6 vdc (on) PCI\ITEA
transfer - GY0202 o to 0.5 vdc (off)

o to O. 5 vdc (on) Display SYS B component
28 vdc (off) caution light) CWEA (ED

RELAYS caution light)

504-2 (2)

Abort commanded - Circuit No. 9 4 to 6 vdc (on) CWEA (inhibit signal)
GY0050 o to 0.5 vdc (off) and PCM

Spare - 26002 Circuit No. 10 4 to 6 vdc (on) CWEA and PCMTEA
o to 0.5 vdc (off)

504-4 (13)

Landing gear legs Circuit No. 9 4 to G vdc (on) PCMTEA
deployed - Gl\I5000 o to O. 5 vdc (off)

o to 0.5 vdc (on) Display (LDG GEAR
28 vdc (off) DEPLOY talkback)

504-,. <14)

System A relays K7 Circuit No. 9 4 to G vdc (on) PCI\1TEA
through K15 closed - o to 0.5 vdc (off)
GY0231

System B relays K7 Circuit No. 10 4 to G vdc (on) PC I\IT EA
through K15 closed - o to 0.5 vdc (off)
GY0232

EDS system A stage Circuit No. 11 4 to G vdc (on) PCMTEA and display
sequence relays o to O. 5 vdc (off) (SYS A component caution
(Ki through KG) - light) CWEA (ED
GY0201 RELAYS caution light)

EDS system B stage Circuit ;';0. 12 4 to G vdc (on) PCMTEA and display
sequence relays o to 0.5 vdc (off) (SYS B component caution
(KI through KG) - light) CWEA (ED
GY0202 RELA YS caution light)

CS 504-1 (5)

S-band receiver Circuit No. 4 o to 5 vdc PCMTEA
AGC - GT0994

Preconditioned CWEA (S- BD HCVR
caution light)

503-2 (17)

Spare - ZGOIG Circuit No. 2 o to 5 vdc PCMTEA

(
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Table ~.9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals

:~ijIIJlffi
~~~' ~; ~':: }~::-: l
'tt~:P~:>~:·:

!
From t(Subsystem) ,

ECS

Signal Nomenclature
and Telemetry

Code rio.

Descent oxvgcr. tank
pressure - GF3cj~~

To
(Conditioning

Unit)

I ,301-1 (8)

!
Circuit No. 1

Output

2. 2~ vdc (135
psia)

To
(IS Assembly
and Display)

CWEA (02 QTY caution
light)

Circuit No. 2 °to 5 vdc
(0 to 3,000 ps ia)
o to 2,730 psia
(0% to 100'70)
0.5 vdc

PClIITEA

Display (00 QUANTITY
indicator) (For CWEA,
refer to 50i -1 (8)
circuit ;';0. :.)

30'1-3 (3)

Suit ian <>.
failure - .,;CI03;;

Circuit rio. 2 4 to 6 vdc (on)
o to O. 5 vdc (off)

PCMTL-\ and CWEA
(ECS c.iutxon light)

Coo~:~_=-"" ill
lcve ',.,,-.C

Circuit ~o. 3 4 to 6 vdc (on)
o to 0.5 vdc (off)

PCI'I'I'E? and CWEA
(GLYCCL caution light)

(
\ Sui:- ':.1'::' ::>~I. .:

fail'...::c-p - ;~]FJ.O,34

Circuit No. 6 4 to 6 vdc (on)
o to O. 5 vdc (off)

PC'\I~'i~A and CWEA
(5 l1 T, F Ai' warning
light} I

EPS J.'~jlL2ry

cautio.. - G L--ll1-i:
Circuit No. 7 4 to 6 vdc (on)

o to 0.5 vdc (off)

Emergcr,cy oxygen
valve e lectr-ical lv
open - GF3572

Circuit No.8 4 to 6 vdc (on)
o to 0.5 vdc (off)

PC\lTEA and CWEA
(CABIN warning light)

Cooling pump No. 1
failure - GF2936

Coolant pump 1\0. 2
failure - GF2935

Spare - 26570

50.1-4 (12)

Circuit No. 2 4 to 6 vdc (on) PCMTEA
o to 0.5 vdc (off)
o to 0.5 vdc (on) Display (GLYCOL com-
28 vdc (off) ponent caution light)

504-5 (13)

Circuit No. 3 Same as circuit CWEA (ECS caution
No.1 light)

Circuit No. 4 Same as circuit PCMTEA
No. 1

2.9-19
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Table 2.9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display

ECS 504-5 (5)
(cont)

C02 secondary Circuit No. 1 4 to G vdc (on) PCMTEA
cartridge - GF1241 o to 0.5 vdc (off)

Suit diverter valve Circuit No. 2 Same as circuit PCMTEA
position indicator No. 1
closed - GF1221

Suit pressure relief Circuit No. 3 Same as circuit PCMTEA
valve position indi- No. 1
cator closed -
GF1211

Suit pressure relief Circuit No. 4 Same as circuit PCMTEA
valve position No. 1
indicator open -
GF 1212

Oxygen regulator Circuit No. 5 Same as circuit PCI\ITEA
valve 30GA locked No. 1
closed - GF3071

Oxygen regulator Circuit No. G Same as circuit PCMTEA
valve 30GA open - No. 1
GF3070

I

Oxygen regulator Circuit No. 7 Same as circuit PCMTEA
val ve 30GB locked No. 1
closed - GF3073

Oxygen regulator Circuit No. S Same as circuit PCMTEA
valve 30GB open - No. 1
GF3075

Cabin gas return Circuit No. 9 Same as circuit PCI\lTEA
valve position No. 1
indicator closed -
GF 1231

Cabin gas return Circuit No. 10 Same as circuit PCMTEA
val ve position No. 1
indicator open -
GF 1232

Suit inlet valve Circuit No. 11 Sarno as circuit PCl\lTEA
position indicator No. 1
No. 1 closed -
GF 1201

(

(

(
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Table 2.9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

(

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

ECS 504-5 (5) (cont)
(cont)

Suit inlet valve Circuit No. 12 Same as circuit PCMTEA
position indicator No. 1
No. 2 closed -
GF1202

506-3 (6)

Spare - Z6574 Circuit No. 2 o to 5 "de PCMTEA
(+20° to +120° F)

I
Main sublimator Circuit No, 4 o to 5 "de PCMTEA
inlet water (+20' to -i-160' F)
temperature - +70' 10' normal
GF4511

I
506-3 (20)

ECS Main sublimator Circuit No. 1 o to 5 vdc PCMTEA and display (1\
coolant inlet tem- (+20' to +120' F) TEMP indicator)
perature - GF2531 +70' 10' normal

RCS Fuel tank A tem- Circuit No. 2 o to 5 vde PCMTEA and display (A
perature - GR2121 (+20' to - 120' F) TEMP indicator)

+70" F no rm al

Fuel tank B tem- Circuit No. 3 o to 5 vdc PCMTEA and display (B
perature - GR2122 (+20' to +160' F) TEMP indicator)

+7 if 10' norm al

EPS 501-1 (8)

4. 3 vdc supply - Circuit No. 3 4.3 to 5.0 vde CWEA (CES DC warning
GIl1408 light)

LlIl Pilot's bus Circuit No. 4 o to 5 "de PCMTEA and display
vollagc - GC0302 (VOLTS indicator) (For

CWEA, refer to 502-2
(15) circuit No. 4. )

502-2 (15)

Prirnary --1. I vol t s Circuit No. 1 3. GO to .1. :3:~ vrk- CWEA (PHE AMPS
de - GlIH8B caution light)

I
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Table 2.9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. unit) Output and Display)

EPS 502-2 (15) (cont)
(cont)

Backup -4.7 volts Circuit No. 2 3.50 to 4. 33 vdc CWEA (PRE AMPS
dc - GHH89 caution light)

Abort sensor Circuit No. 3 3.94 to 4.81 vdc CWEA (AGS warning
assembly +28 vdc - light)
GI3214

LlvI Pilot's bus Circuit No. 4 3. 31 to 5. 0 vdc CWEA (DC BUS warning
voltage - GC0302 light) (For PCMTEA and

display, refer to 501-1
(8) circuit No.4.)

I502-2 (16)

Battery No. 1 Circuit No. 1 o to 5 vdc PCMTEA and display
voltage - GC020 1 (VOLTS indicator)

Battery No. 2 Circuit No. 2 o to 5 vdc PCMTEA and display
voltage - GC0202 (VOLTS indicator)

Battery No. 3 Circuit No. 3 o to 5 vdc PCIVITEA and display
voltage - GC0203 (VOLTS indicator)

Battery No. 4 Circuit No. 4 o to 5 vdc PCMTEA and display
voltage - GC0204 (VOLTS indicator)

502-2 (17)

Battery No. 5 Circuit No. 1 o to 5 vdc PCMTEA and display
voltage - GC 0205 (VOLTS indicator)

502-2 (18)

Battery No. 6 Circuit No. 1 o to 5 vdc PCMTEA and display
voltage - GC0206 (VOLTS indicator)

504-4 (4)

Battery No. 1 high- Circuit No. 1 4 to 6 vdc (on) PCMTEA
voltage tap - o to 0.5 vdc (off)
GC436I o to 0.5 vdc (on) Display (SE BAT I

28 vdc (off) talkback)

Battery No. llow- Crrcur; No.2 4 to 6 vdc (on) PCMTEA
voltage tap - o to 0.5 vdc (off)
GC4362 o to 0.5 vdc (on) Display (SE BAT 1

28 vdc (off) talkback)

,

i

(
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Table 2. 9-2. EIl.A-2 - Conditioned and Preconditioned Interfacing Signals (cont)

ti~
~

(

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

EPS 504-4 (4) (cont)
(cont)

Battery No. 2 high- Circuit No. 3 4 to 6 vde (an) PCMTEA
valtage tap - o to 0.5 vdc (aft)
GC4363 o to 0.5 vde (an) Display (SE BAT 2

28 vde (off) talkback)

Battery No. 2 law- Circuit No. 4 4 to 6 vdc (an) PCMTEA
voltage tap - o to 0.5 vde (off)
GC4364 o to 0.5 vdc (an) Display (SE BAT 2

28 vdc (aff) talkback)

Battery No. 3 high- Circuit No. 5 4 to 6 vde (an) PCMTEA
voltage tap - o to 0.5 vdc (off)
GC4365 o to 0.5 vdc (an) Display (COIl. BAT 3

28 vdc (off) talkback)

Battery No. 3 law- Circuit No.6 4 to 6 vdc (an) PCMTEA
voltage tap - o to O. 5 vdc (off)
GC4366 o to 0.5 vdc (on) Display (CDR BAT 3

28 vdc (off) talkback)

Battery No. 4 high- Circuit No.7 4 to 6 vdc (on) PCMTEA
voltage tap - o to 0.5 vdc (off)
GC4367 o to 0.5 vdc (on) Display (CDR BAT 4

28 vdc (off) t alkback)

Battery No. 4 low- Circuit 1'0. 8 4 to 6 vdc (on) PCMTEA
voltage tap - o to 0.5 vdc (off)
GC4368 o to 0.5 vdc (on) Display (CDR BA T 4

28 vdc (off) talkback)

Battery No. 5 on Circuit No. 9 4 to 6 vde (on) PCMTEA
(Commander's bus) - o to 0.5 vdc (off)
GC4369 o to 0.5 vdc (on) Display (BAT 5 BACK UP

28 vdc (off) CDR FEED talkback)

Battery No, 6 on Circuit No. 10 4 to ti vdc (on) PCMTEA
(Commander's bus) - o to 0.5 vde (off)
GC4370 o to 0.5 vdc (on) Display (BAT 6 NOHMAL

28 vde (off) CDR FEED talkback)

Batter)' No. 5 on Circuit No. 11 4 to 6 vdc (on) PCMTEA
(LM Pilot's bus) - o to O. 5 vdc (off)
GC4371 o to 0.5 vdc (on) Display (BA l' 5 NORMAL

28 vdc (off) SE FEED talkback)

Battery No. 6 an CirCUit No. 12 4 to 6 vde (on) PCMTEA
(LM Pilot's bus) - o to 0.5 vdc (off)
GC4372 o to 0.5 vdc (on) Display (BAT G BACK UP

28 vde (off) SE FEED talkback)

I
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Table 2. 9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

EPS 504-4 (12)
(cont)

CWEA power Circuit No. 1 4 to 6 vdc (on) PCMTEA
supply failure - o to 0.5 vdc (off)
GL4054 o to 0.5 vdc (on)

28 vdc (off)

MPS

(descent Descent propellant Circuit No. 3 4 to 6 vdc (on) PCMTEA and CWEA
propulsion tanks (liquid level o to 0.5 vdc (off) (DES QTY warning light)
section) low) - GQ4455

Spare - Z6556 Circuit No. 4 Same as circuit Same as circuit No. 2
No.2

AGS AGS mode control Circuit No. 5 4 to 6 vdc (on) PCMTEA
(attitude hold) - GH1642 o to O. 5 vdc (off)

AGS mode control Circuit No. 6 4 to 6 vdc (on) PCMTEA
(automatic) - GH1641 o to 0.5 vdc (off)

I
EPS *Battery No. 1 mal- Circuit No. 7 4 to 6 vdc (on) PCMTEA

function (plus battery o to 0.5 vdc (off)
fault signal from IS o to 0.5 vdc (on) Display (BAT FAULT
for BAT FAULT com- 5. 0 vdc (off) component caution light)
ponent caution light) - (For CWEA, refer to
GC9961 504-5 (13) Circuit No. 7. )

Battery No. 2 mal- Circuit 1'<0. 8 4 to 6 vdc (on) PCMTEA
function (same as o to 0.5 vdc (off)
circuit No.7) - o to 0.5 vdc (on) Same as circuit No. 7
GC9962 5.0 vdc (off) (For CWEA, refer to

504-5 (13) circuit No. 8. )

Battery No. 3 mal- Circuit No. 9 4 to 6 vdc (on) PCMTEA
function (same as o to 0.5 vdc (off)
circuit No.7) - o to O. 5 vdc (on) Same as circuit No. 7
GC9963 5.0 vdc (off) (For CWEA, refer to

504-5 (13) circuit No. 9. )

Battery No. 4 mal- Circuit No. 10 4 to 6 vdc (on) PCMTEA
function (same as o to 0.5 vdc (off)
circuit No.7) - o to O. 5 vdc (on) Same as circuit No. 7
GC9964 5.0 vdc (off) (For CWEA, refer to

504-5 (13) circuit No.
10. )

Battery No. 5 mal- Circuit No. 11 4 to 6 vdc (on) PCMTEA

I

function (same as o to 0.5 vdc (off)
circuit No.7) - o to O. 5 vdc (on) Same as circuit No. 7
GF9965 5.0 vclc (off) (For CWEA, refer to

504-5 (13) circuit No.
11. )

(
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Table 2.9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cant)

(

(

\.

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

EPS 504-4 (12) (cant)
(cant)

Battery No. 6 mal- Circuit No. 12 4 to 6 vdc (on) PCl\1TEA
function (same as o to 0.5 vdc (off)
circuit No. 7) - o to 0.5 vdc (on) Same as circuit No. 7
GC9966 5. 0 vdc (off) for CWEA, refer to

504-5 (13) circuit No.
12. )

504-5 (13)

**Battery No. 1 mal- Circuit No. 7 Same as circuit CWEA (BATTERY
function (plus EPS No. 1 caution light) (For
battery caution PCMTEA and display,
signal from IS) - refer to 504-4 (12)
GC9961 circuit No. 7. )

Battery No. 2 mal- Circuit j';o. S Same as circuit CWEA (BATTERY
function (same as No. 1 caution light) (For
circuit No. 7) - PCl\1TEA and display,
GC9962 refer to 504-4 (12)

circuit No. S. )

Battery No. 3 mal- Circuit No. S Same as circuit CWEA (BATTERY
function (same as No. 1 caution light) (For
circuit No. 7) - PCl\1TEA and display,
GC9963 refer to 504-4 (12)

circuit No. 9. )

Battery No. 4 mal- Circuit No. 10 Same as circuit CWEA (BATTERY
function (same as No. 1 caution light) (For
circuit No. 7) - PCl\1TEA and display,
GC9964 refer tu 504-4 (12)

circuit No. 10. )

Battery No. 5 mal- Cj rcuit No. 11 Same as circuit CWEA (BATTERY
function (same as No. 1 caution light) (For
circuit No. 7) - PCl\1TEA and display,
GC9965 refer to 504-4 (12)

circuit Nu. 11. )

Battery No. 6 mal- Crrcuit No. 12 Same as circuit CWEA (BATTERY cau-
function (same as No. 1 tiun light) (For PCl\1TEA
circuit No. 7) - and dispiay, refer to
GC99GG 504-4 (12) circuit No. 12.)

l\IPS 504-3 (2)

(ascent 1'1'0- Fuel tank low Circuit No. 6 4 to G vdc (on) PCl\1TEA and CWEA
pulsion level - GP090S o to O. 5 vdc (off) (ABC QTY caution light)
section)

Oxidizer tank Circuit No. 7 4 to 6 vdc (on) PCl\1TEA and CWEA
low level - GP140S o to 0.5 vde (off) (ASC QTY caution light)

MASTER ALARM Cf rcuit Nu. S 4 to 6 vdc (on) PCMTEA
identification - o to 0.5 vdc (off)
GlA069

I
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Table 2.9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cent)

4~
~

•

I

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly)

(Subsystem) Code No. Unit) Output and Display)

AlPS
(cont)

504-5 (14)

Shutoff valves AlB Circuit 1'<0. 9 Same as circuit PCMTEA
in midposition - No, 1
GQ7498

Shutoff valves G/D Circuit No. 10 Same as circuit PCMTEA
in midposition - 1'<0. 1
GQ7499

(ascent Solenoid/bipropellant Circuit No. 11 Same as circuit PCMTEA
propulsion valves A mismatch - No. 1
section) GQ2997

Solenoid/bipropellant Circuit No. 12 Same as circuit PCMTEA
valves B mismatch - No. 1
GQ2998

50G-3 (21)

ECS Ascent water line Circuit No. 3 o to 5 vdr PCMTEA
No. 1 temperature- (-2000 to +~000 F)
GF4585T

Ascent waterline Circuit No. 4 o to 5 vd« PCMTEA
No.2 temperature- (-2000 to -i 20fjO F)
GF4586T +700 F normal

GN&CS 502-2 (17)

(control X-trHnslation Circuit No. 2 o to 5 vdc PCMTEA
electronics command voltage -
section) GHINO

Y-trans lation Circuit No. :3 o to ;-) vdc: PCMTEA
c ornrn and voltage -
Gil12-l1

Z-translation Circuit No. 4 o to 5 vd« PCMTEA
command voltage -
GH1242

502-2 (18)
Roll logic input error . Circuit No. 2 o to 5 vdc PCMTEA
voltage - GH1249

(
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Table 2.9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

(
\

Signal Nomenclaturc

I
To To

From and Telemetry (Conditioning (IS Assembly
(Subsystem) Code No. I Unit) Output and Display)

GN&CS

I

502-2 (18) (cont)
(cont)

(control Yaw logic input Circuit 1\0. 3 o to 5 vdc PCl\lTEA
electronics error voltage -

I

section) GH1247

Pitch logic input Circuit No.4 o to 5 vdc PCMTEA
error voltage -
GH1248

502-2 (19)

+15-vdc supply - Circuit Ko. 1 4.12 to 4.71 vdc

I

CWEA (CES DC warning
GH1406 light)

-15-vdc supply - Circuit No. 2 4. 12 to 4. 71 vdc CWEA (CES DC warning
GH1407 light)

+6.0-vdc supply - Circuit No, 3 :L 86 to 4.71 vdc CWEA (CES DC warning
GH1493 light)

-6. O-vdc supply - Circuit No. 4 3.86 to 4.71 vdc CWEA (CES DC warning
GH1494 light)

503-2 (7)

Rate gyro assembly Circuit No. 1 3.83 to 4.83 vdc CWEA (CES AC warning
spin motor line A-B light)
voltage - GH1401

Rate gyro assembly Circuit No. Z 3.83 to 4.83 vdc CWEA (CES AC warning
spin motor line B-C light)
voltage - GH1402

Rate gyro assembly Circuit 1\0. 3 3.83 to 4.83 vdc CWEA (CES AC warning
spin motor line C-A light)
voltage - GH1403

GN&CS 504-3 (2)

(radar CES A-C power Circuit No. 1 4 to 6 vdc (on) PCMTEA
section) supply failure - o to 0.5 vdc (off)

GlA026

AGS power supply Circuit No. 2 4 to 6 vdc (on) PCMTEA
failure - GlA028 o to 0.5 vdc (off)

Landing radar range Circuit No. 3 4 to 6 vdc (on) PCMTEA
data not good - o to 0.5 vdc (off)
GN7521

I

•
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Table 2.9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cant)

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

GN&CS (cant) 504-3 (2) (cant)

(radar Landing radar Circuit No. 4 4 to G vde (on) PclIITEA and CWEA
section) velocity data - o to 0.5 vde (off)

GN7557

Rendezvous radar, Circuit No. 5 4 to 6 vde (on) PCMTEA and CWEA
no track indication - o to 0.5 vdc (off) (RNDZ RDR caution light)
GN7621

(control Ascent engine ani Circuit No. 10 4 to 6 "de (on) PCMTEA and CWEA
electronics off to propulsion - o to 0.5 vde (off)
section) GH1260

(abort Abort guidance Circuit No. 11 4 to 6 "de (on) PCMTEA and CWEA
guidance section warmup - o to 0.5 vde (off)
section) GI3305

CES d-e power sup- Circuit 1'0. 12 4 to 6 vde (on) PClIlTEA
ply failure - GIA027 o to 0.5 "de (off)

GN&CS 504-3 (3)

Primary guidance Circuit No. 1 4 to 6 vde (on) PClIlTEA
and navigation o to O. " vde (off)
section - GG9003

(control Descent engine Circuit No. 4 4 to 6 "de (on) PClIITEA and CWEA
electronics on - GH1301 o to O. " vdc (off)
section)

Guidance select Circuit 1'0. 5 4 to (j vde (on) PCMTEA and CWEA
switch (AGS) - o to 0.5 vde (off)
GH1621

Pitch trim failure - Circuit No. 9 4 to 6 vdc (on) PCMTEA and CWEA
GH1323 o to 0.5 "de (ofl) (ENG GlIlBL caution light)

Hall trim failure - Circuit No. 10 4 to (j "de (on) PClIlTEA and CWEA
GH1330 o to 0.5 vdc (ofl) (ENG GlI1BL caution light)

(primary LM guidance com- Circuit No. 11 4 to (j "de (on) PClIITEA and CWEA
guidance puter warning - o to 0.5 "de (off) (LGC warning light)
and GG9001
navigation
section)

Inertial subsystem Circuit No. 12 4 to (j "de (on) PClIlTEA and CWEA
warning - GG9002 o to 0.;; "de (off) (ISS warning light)

504-5 (13)

(control Roll attitude control Circuit 1'0. J 4 to (j "de (on) PClIlTEA
electronics selector - GH1628 o to O. s vde (off)
section)

(

\
-,
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Table 2.9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cant)

(

(
\.

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

GN&CS (cont) 504-5 (13) (cant)

(control Pitch attitude Circuit No. 2 Same as circuit PCI\ITEA
electronics control selector - No. 1
section) GHl629

(abort Abort guidance Circuit No. 5 Same as circuit PCI\ITEA
guidance section standby No. 1
section) condition - Gl3306

(control Yaw attitude eon- Circuit No. 6 Same as circuit PCl\lTEA
electronics trol selector - No. 1
section) GHl630

504-5 (H)

(control Abort stage com- Circuit No. 1 4 to 6 vdc (on) PCl\1TEA
electronics mand - GHl283 o to 0.5 vdc (off)
section)

Engine fire Circuit No. 2 Sarno as circuit PCI\ITEA
override - GHl286 No. 1

PGNS mode select - Circuit No. 3 Same as circuit PCI\1TEA
(automatic) Glll643 No. 1

PGNS mode select - Circuit No. 4 Same as circuit PCl\lTEA
(attitude hold) - No. 1
GlIlG44

Attitude controller Circuit No. S Same as circuit PCl\lTEA
assembly out of 1'\0. 1
detent - G1l120·j

Automatic eng inc--on Circuit 1\0. 6 Same as circuit PCl\lTEA
command - GHI214 No. 1

Automatic engine-of! Circuit No. 7 Same as circuit PCl\lTEA
command - Glli217 No. 1

Unbalanced Circuit No. ~ Same as circuit PCI\ITEA
couples - G1I1~9li No. 1

:;0, -1 (!J)

Pitch gimbal drive Circuit '''a. i o to S vde PCI\ITEA
actuator pos it io n -
GllLlLl. cruai:

I
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Table :2.9-2. EHA-2 - Conditioned and Preconditioned Interfacing Signals (cont)

Signal Nomenclature To To
From and Telemetry (Conditioning (IS Assembly

(Subsystem) Code No. Unit) Output and Display)

GN&CS 507-1 (9) (cont)
(cont)

(control Circuit No. 2 San1C as circuit PCMTEA
electronics No. 1
section)

Yaw attenuator Circuit No. 3 Same as circuit PCMTEA
error - GH1455 No. 1

Pitch attenuator Circuit No. 4 Same as circuit PCMTEA
error - GH1456 No. 1

507-1 (10)

Roll attenuator Circuit No. 1 o to 5 vdc PCMTEA
error - GH1457 (-3.5 to +3.5

vrms)

Yaw rate gyro Circuit No. 2 o to 5 vde PCMTEA
signal - GHl461 (-3.5 to +3.5

vrms)

Pitch rate gyro Circuit No. 3 o to 5 vdc PCMTEA
signal - GH1462 (-3.5 to +3.5

\TIllS)

Holl rate gyro Circuit No. 4 o to 5 vdc PCMTEA
signal - GIl1463 (-3.5 to +3.5

vr rns)

CS 506-3 (21)

S-band steerablc Circuit No. 0' o to 5 vdc Displuy (TEMP indi-
antenna electronic (-200" to +200" F) cator, panel 3) CWEA
assembly temper- 1. 7 to 4. 4 vdc (IlEATER caution
ature - GT0454 light)

PCMTEA

506-3 (20)

ECS Main sublimator Circuit No. 4 o to 5 vdc PCMTEA and display
coolant outlet tem- (+20° to +120° F)

perature - GF2581 +70
0 F normal

(
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The d-c amplifier subassembly (501-1) contains four d-c amplifier channels which receive
unipolar or bipolar analog voltage inputs and provides four single-channel linear outputs. The unipolar
input range is adjustable from 0 to +0.2 volts de and 0 to +5 volts de. A maximum input of +0. 2 to +5
volts de provides a +5-volt output. The bipolar input range is adjustable from -0.1 to +0. 1 volts de and
-2.5 to c2. 5 volts de. A maximum negative input of -0.1 to -2.5 volts de provides zero volts output. A
maximum positive input of +0. 1 to +2.5 volts de provides a +5-volt output. When operating in a unipolar
mode, the output is directly proportional to the input. In the bipolar mode, zero input produces a +2.5
volt output.

The inputs to the d-c amplifier subassembly 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 ampli
fier to provide a low output impedance. A zener diode across the amplifier limits the output to ensure
that 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.

2.9.4.2.2 Attenuators.

(

The attenuator subassembly (502-2) contains four separate attenuation channels, which pro
vide signal conditioning and input, output, and ground isolation. Each channel accepts either unipolar or
bipolar analog d-c voltage inputs and provides four single-channel outputs (0 to 5 volts de). When operat
ing in the bipolar mode, the attenuators receive input signals with a range. which is adjustable from -2.5
to +2.5 volts de and -20 to T20 volts de. The maximum negative input (adjustable from -2. 5 to -20 volts
de) corresponds to a zero output; the maximum positive input (adjustable from +2.5 to +20 volts de), to
a +5-volt d-c output. Zero input provides a +2. 5-volt output. When operating in the unipolar mode, the
output is directly proportional to the input. In this mode. analog inputs are zero and 5 volts de (mini
mum attenuation) to 40 volts de (attenuation of 8, or a gain of 1/8). The maximum input corresponds
to a +5-volt output.

The input signal is applied to an attenuator, which has a gain control for setting Iul.l e scaIe
output for maximum input. The attenuator output is conditioned by a d -c amplifier and fed to a transistor
chopper. The chopper output is routed through a transformer for input, output, and ground isolation.
This signal is then rectified and fed to a two-stage filter that attenuates the ripple and provides the re
quired 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 that the maximum and minimum voltage out
put limits are not exceeded.

2.9.4.2.3 AC-to-DC Converters.

Each ac-to-de converter subassembly (503-2) contains three separate ac-to-de converter
nels, which condition sinusoidal a-c input signals within a frequency range of 400±20 cps to 800±20 cps.
Each channel also provides input, output, and ground isolation. The three single-channel analog out
puts are within a range of 0 to 5 volts de. The outputs are proportional to the average a -c voltage
input. Converter gain is adjustable to provide full-scale output (+5 volts de), corresponding to full
scale inputs of 21 to 31 and 100 to 150 volts rms.

The input signal is applied to an attenuator , which has a gain control for setting full-scale
output for maximum input. The attenuator output is fed through an a.-c amplifier to a transformer for
input. output. and ground isolation. After demodulation by a precision rectifier. the signal is fed to an
active filter that attenuates the ripple and provides proper bandpass and low output impedance. A zener
diode across the amplifier limits the output to ensure that the maximum and minimum voltage output
limits are not exceeded.

I

2.9.4.2.4 Analog Signal Isolating Buffers.

The analog signal isolating buffer assembly (504-1) contains four buffer channels which
receive 0- to 5-volt d-c input signals and provide input, output, and ground isolation and unity gain at its
four single-output channels. Operation of the buffer channels is similar to that of d-c amplifier
subassembly 501-1. except that they all are unipolar and have a fixed unity gain.
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The input signals are conditioned by a unity gain d-c amplifier and fed to a transistor
chopper. The chopper output is routed through a transformer for input, output, and ground isolation.
The signal is then rectified and passed through a filter that attenuates ripple and provides proper band
pass. The filter output is fed to an output buffer amplifier to provide a low output impedance. A zener
diode across the amplifier output ensures that the maximum and minimum voltage output limits are not
exceeded.

2.9.4.2.5 Discrete Signal Isolating Buffers.

The discrete signal isolating buffer assemblies (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, and solid-state closures.

Buffer 504-2 has a floating input to provide isolation. The buffer has 10 dual buffer
channels with discrete output step voltages (0.0 to 5.0 volts de). Each channel is fully isolated from
input, output, and ground. Upon receiving a mechanical or solid-state switch closure at the input,
the selected channel provides two step voltage output signals. An inpu. of 14 to 28 volts de or an open
circuit produces zero volts at the output. A discrete closure input actuates an electronic switch that
connects a reference square-wave oscillator to a transformer for input-to-output and ground isolation.
The signals are then rectified and fed to a filter that attenuates the ripple. A zener diode across the
filter limits the output to ensure that maximum and minimum voltage output limits are not exceeded.

Buffers 504-3, -4, and -5 receive signals from floating sources; the negative input te'r
minals are grounded to the LM 28-volt power supply. 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 output voltages range from 3.4 to 6 volts de 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 3.4 to 6 volts de 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.

A discrete closure for these buffers actuates an electronic switch. which connects the
+28-volt d-c power supply to a square-wave oscillator. The oscillator is coupled to the output through
a transformer for input, output and ground isolation. The signal is then rectified and fed to a filter
that attenuates the ripple. A zener diode across the filter limits the output to ensure that maximum and
minimum voltage output limits are not exceeded.

2.9.4.2.6 Frequency-to-DC Converters.

The frequency-to-dc converter subassembly (505-1) contains three frequency-to-dc con
verter channels that receive sinusoidal inputs with frequency variations between 380 and 420 cps and a
carrier amplitude of 20 to 130 volts rms. Zero volts de 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 multivibrator at a rate dependent upon
the input frequency. The multivibrator has an accurate timing circuit, which maintains the on state for
a definite period. Each state of the multivibrator actuates the switching of a precision d-c reference. (._
At the low-frequency limit, the differentiator and multivibrator outputs are equal in time periods, pro-
viding a zero-volt output. At the high-frequency limit, the outputs are unequal in time periods, pro-
viding a voltage that is amplified, transformer coupled for isolation, rectified, and filtered to a 5-volt
d-c level. A zener diode across the amplifier output ensures that maximum and minimum voltage out-
put limits are not exceeded.

2.9.4.2.7 Resistance-to-DC Converters.

The resistance-to-dc converter subassemblies (506-3 and -4) contain four dual resistance
to-de converter channels. Each subassembly provides two 0- to 5-volt d-c outputs, corresponding to re
sistance values of the associated subsystem temperature sensors, at each channel.
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Each resistance-to-dc converter includes a dc energized Wheatstone bridge and an amplifier. Bridge
excitation is obtained from a precision regulator circuit. The bridge output is linear with tempera
ture changes as follows:

Subassembly Temperature ( , F) Resistance (ohms)

506-3

506-4

+20 to +120
+20 to +160
+20 to +200
-200 to +200
-200 to +500
-60 to +260

1,364 to 1,671
1,364 to 1,793
1,364 to 1,914

665 to 1,914
665 to 2, 795

1, 113 to 2,092

Each 506-3 bridge circuit can be shunted to change the bridge sensitivity in accordance with the
required sensor resistance ranges. The 506-4 is a single-range unit. The bridge output signal is
amplified and provides a d-e output voltage, which is an analog of the input resistance. The d-c voltage
output is then processed through circuits that ensure that each channel provides two fully isolated
voltage outputs. A zener diode across the amplifier output ensures that maximum and minimum voltage
output limits are not exceeded.

2.9.4.2.8 Phase-Sensitive Demodulators.

(

The phase-sensitive demodulator subassembly (507 -1) receives a-c signals from LM sub
systems, compares them to a reference signal of the same frequency, and provides 0- to 5-volts d-c
outputs. The subassembly contains four phase-sensitive demodulator channels. Each channel includes
an input amplifier, a demodulator, and an active filter. The sinusoidal input voltage to be conditioned
is of the same frequency as the phase reference signal and is either in phase or 180 out of phase with
it (input signal is either positive or negative respectively). For negative signals, the output varies
linearly from 2.5 to 0 volts: for positive signals, the output varies linearly from 2.5 to 5 volts. The
relationship between the input signal and the phase cf the reference signal, and the resultant d-c output
is as follows: I

Input Voltage
(vrms) Phase Angle

D-C Output
(Volts)

Maximum
0.5 maximum
0.0
0.5 maximum
Maximum

180 0

180 0

180 0/0 0

0°
0°

o
1. 25
2.50
3.75
5.0

The input signal is fed to an attenuator and gain control circuit that permits adjusting
the full-scale output to 5 volts dc for an a-c input of 2. 8, 3.5, 15, and 26 volts. The signal then passes through
an a-c amplifier to a demodulator. where it is compared to the reference signal. The resultant
demodulated signal passes through a filter circui t that provides the required bandpass. A zener diode
across the amplifier output ensures that maximum and minimum voltage output limits are not exceeded.

2.9.4.3 Pulse-Code- Modulation and Timing Electronics Assembly.

The PCMTEA converts all data inputs generated by the subsystem sensors into serial digital
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 subsystem data and timing electronics
equipment that provides timing and synchronizing signals to other LM subsystems. The PCMTEA
(figure 2.9-2) consists of the Io llowing:
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Pulse-code-modulation equipment
Analog multiplexer gate 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

(

Upon command from the programmer, the analog multiplexer gate drivers perform the
switching required by the high-level analog gates for sampling the analog inputs. Two basic types of
drivers are used: row and column. A row driver is used to activate 6 to 24 gates; a column dr iver
7 to 14 gates. A row driver is a compound NPN transistor stage, used in the common-emitter configura
tion. The row driver is 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 bv a positive-going column
command from the programmer.

2.9.4.3.1

2.9.4.3.2

• Timing electronics equipment
Phase-locked oscillator and doublers
Oscillator failure-detection circuits
Decision network
Timing generator
Time accumulator and serial time code generator

Analog Multiplexer Gate Drivers. (See figure 2.9-5.)

High-Level Analog Multiplexer and High-Speed Gates. (See figures 2.9-6 and 2.9-7.) (
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-level
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 sequencer 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 ga.tes
gradually trails off to zero. The high-speed gates cut off each pulse sharply before 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.

2.9.4.3.3 Analog-to-Digital Converter. (See figure 2.9-8.)

Controlled by the programmer, the analog-to-digital converter (coder) receives analog
high-level PAM inputs from the high-speed gates. The coder converts analog input data to digital
form. Based upon commands from the programmer, the coder provides a digital output of eight-bit
words to the digital multiplexer. (Refer to paragraph 2.9.4.3.6.) The coder converts the input
voltages to all eight-bit binary code: zero volts is coded as binary 00000001 (110); 5 volts, as binary
11111110 (25410). For each additional 19. 7-millivolt input, the binary code is increased by binary
1. until the 5-volt level is obtained. Underscale voltages (less than zero) are represented as binary
00000000 (0); overscale voltages (more than 5 volts), as binary 11111111 (25510). The sample-and
hold 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.

~,.
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COLUMN DRIVER OUTPUT
TO HIGH-LEVEL ANALOG
MULTIPLEXER CARD AI4A2

COLUMN DRIVER OUTPUT
TO CARD A 14A2,
A17, A23, A24, A2S

}

ROW DRIVER OUTPUT
TO HIGH- LEVEL ANALOG
MULTIPLEXER CARD A 14A2

AL FOR ALL CARDS

PROGRAMMED ANALOG MULTIPLEXER
INPUTS GATE DRIVER CARD A14A3

ROW 12 ROW 13

ROW 14 ROW 14

ROW 17 ROW 17

ROW 18 ROW 18

COLUMN (SPARE) COLUMN
(SPARE)

COLUMN 42 COLUMN
42

COLUMN 41 COLUMN
41

COLUMN 40 COLUMN
40

COLUMN 39 COLUMN
39

- 3.3 VOLTS - FIL

::
COMMON TYPIC

::
+ 6.0 VOLTS + FIL

(

A·JOOLM<&-61

Figure 2.9-5. Typical Analog Multiplexer Driver Card - Simplified Logic Diagram

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 oper
ates at approximately 100 kc. The generator provides eight sequential timing pulses to the coder. The
pulses have separate inputs to the coder to provide timing for the weighted-current (WC) decisions
sensed by the differential amplifier. At the beginning of each timing 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
a 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 summing 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
resultant positive current and applies an input to the differential amplifier gates. Query pulses are
COincident with this input. For differential amplifier outputs that represent a resultant positive summing
junction current, the query pulses set the differential amplifier flip-flop and provide a 1 output. This
1 output is coincident with timing pulse No. 1 at the input to the 128-bit AND gate. The 1 output from the
AND gate is fed to the 128-bit flip-flop, which initially was set to a 1 state. The flip-flop is not reset:
the 1 output (128-bit) is stored.
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Figure 2.9-6. High-Level Analog Multiplexer Card - Simplified Logic Diagram

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 l28-bit current (if any), the 64-bit current, and the PAM analog
current are now summed at the summing junction. The differential amplifier again senses the resultant
current and accepts or discards the 64-bit WCG output. Discarding occurs when the query pulse
prevents the differential amplifier output from gating through to the differential amplifier flip-flop. 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 significant 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.

~;.
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Figure 2.9-7. High-Speed Gates - Logic Diagram

The calibrator produces two precision (0. 18%) voltage outputs for system calibration. The
desired outputs are 85% and 15% of 5 volts (4.25 and 0.750 volts, respectively). The precision voltages
are obtained by tapping the desired potentials from a precision resistor network. The calibrator outputs
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.

(
2.9.4.3.4 Calibrator.

I
2.9.4.3.5 Programmer. (See figure 2.9-9. )

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 PCM TELEMETRY switch (panel 12) is set to HI. To
operate in the reduced mode, the switch is set to LO. The LO position is used when the LM is not in
line of sight with MSFN. In this case data are transmitted to the CSM and then relaved to MSFN.
Additionally, the LO position is used when the LM is on the lunar surface. The programmer functions
are as follows:

• 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
prog ra m

• Generates commands for coder operation and data transfer operations

• Generates patterns for sync and format identification (ill) words, and the commands
for inserting these words into the output of the PC MTEA

• Generates commands and timing signals used to synchronize other LM equipment
with the PCMTEA.
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Figure 2.9-9. Programmer - Block Diagram

The programmer counter matrix is a flexible counter that provides submultiples of the
basic 512-kpps clock input. The outputs are subsequently decoded to produce specific timing outputs.
The counter logic consists of 17 bistable stages: seven stages are allotted for a word counter; six, for
a 50-to-1 prime frame ill counter; and four, for a 10-to-1 prime frame counter. Each stage of the
counter is des ignated 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 differ
entiated I-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. Dur-
ing 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 frame.

Normal and reduced bit-rate ill 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 accomplished 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 bit-rate mode, the mode information is stored at
reduced word No.4. (See figures 2.9-3 and 2.9-4.) The normal bit-rate ill command is then generated
during reduced word No. 1 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 ill command is
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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 the normal rate. In the next
subframe, the reduced bit-rate ill is inserted in the format and the subframe operates at the normal
rate. Switchover occurs at the start of the next subframe.

2.9.4.3.6 Digital Multiplexer. (See figure 2. 9-10. )

The first number in channel identification is the sampling rate of the channel. The follow
ing letter (A or D) signifies analog or digital data. Letter P, PE, S, or H signifies parallel, parallel
event, serial, or high level data, respectively. The last number, letter, or combination thereof
identifies the individual channel.

Based upon commands from the programmer, the digital multiplexer gates perform gating
functions for digital inputs from the coder, programmer, time accumulator, 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
a 32-bit word (channel 50DPl) consisting of a 26-bit sync code and six bits of frame ill (frame number),
and an eight-bit format (high-bit rate or low-bit rate) ill word (channel IDPl). From the time accumu
lator, the digital multiplexer gates receive a 32-bit word for mission elapsed time (channel 10DP1).
The digital multiplexer gates also receive multiple digital inputs from other LM equipment: sixty-two
eight-bit words (channels lDPE1 through lDPE45, lDP2 through lDPI0. 50DPEI through 50DPE4,
and 100DPEl through 100DPE4) and one 16-bit word (channel 200DPEl). Each of these inputs is gated
along with analog inputs, to the output register on a time-shared basis in the form of eight-bit words.
Specific multiplexing of these inputs provides word outputs in a definite format. Measurement sampling
rates and their recurrence are as follows:

Samples Per Second

1
10
50

100
200

Recurrence

Every 50th prime frame
Every fifth prime frame
Every prime frame
Twice every prime frame
Four times every prime frame

(

Measurements assigned one sample per second will appear every 50th prime frame 6,400
words apart or once per subframe. (See figure 2.9-3.) Measurements assigned 10 samples per second
will appear every fifth prime frame, 640 words apart, or 10 times per subframe. If the measurement
first appears in the first prime frame it will next appear in the sixth prime frame and each fifth prime
frame thereafter. If the measurement first appears in the second prime frame, it will next appear in
the seventh prime frame and each fifth prime frame thereafter. For 10-sample-per-second measure
ments, this repetition appears as follows:

Prime Frame in Which
Measurement First Appears 1 2 3 4 5

6 7 8 9 10
11 12 13 14 15

Repeated frames 16 17 18 19 20
21 22 23 24 25
26 27 28 29 30
31 32 33 34 35
36 37 38 39 40
41 42 43 44 45
46 47 48 49 50

Total Samples Per Second 10 10 10 10 10
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Figure 2.9-10. Digital Multiplexer - Logic Diagram

Measurements assigned 50 samples per second will appear once each prime frame, 128
words apart, or 50 times per subframe (1 second). Measurements assigned 100 samples per second
will appear twice per prime frame, 64 words apart, or 100 times per subframe , Measurements
assigned 200 samples per second will appear four times per prime frame, 32 words apart, or 200 times
per subfr ame . 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.

Each digital multiplexer gating structure consists of nine eight-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 inputs from the programmer.
When a word is to be gated to the output register, the eight-bit AND structure is strobed by a word
command from the programmer. The input word configuration is transferred to the output register
through the junction OR gates.
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The gating structure used for each word gate consists of eight input diodes connected 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 nonsampling time, each input dioo.. 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, corresponding to the digits of the digital
word that are 1 (in excess of +3. 5 volts) at the input. lf a digit is 0 (less than +1. 5 volts), the input
diode is forward biased and the set current is inhibited.

2.9.4.3.7 Output Register and Data Transfer Buffers. (See figure 2. 9-11. )

The output register receives eight-bit (parallel-by-bit) PCM words from the digital multi
plexer 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 equipment 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 PC M output signals:

NRZ data
RZ data
Split-phase data
Data rate timing
Subframe sync
Two subcarrier reference signals
One 40-bit serial start
Two 40-bit serial stop
Two 40-bit serial sync
One 24-bit serial stop
One 24-bit 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) shifted out first. This is
accomplished by shift pulses developed by the shift pulse driver from a bit rate input furnished by the
programmer. The final stage of the shift register drives the NRZ, RZ, and split-phase bistables.

(

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 with the word command from the
programmer, at the serial data transfer gates and furnished as an input to the eighth stage of the shift
register. Each bit is SUbsequently entered into this stage and shifted out by the shift pulse 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.

2.9.4.3.8 Power Supply.

The PCMTEA power supply (double-thickness card) is a de-to-de 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.
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Figure 2. 9-11. Output Register

2.9.4.3.9 Phase-Locked Oscillator and Doublers. (See figure 2.9-12.)

A 1, 024-kpps signal from the LGC is routed to the TE doubler circuits through two parallel
paths (primary and secondary). In the secondary path, a 2, 048-kpps signal (doubler circuit output)
controls the phase-locked oscillator. This temperature-compensated quartz crystal oscillator continues
to operate and drive the timing generator if the 1, 024-kpps input from the LGC fails. Additionally, if the
Schmitt trigger D 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.

2.9.4.3.10 Oscillator Failure-Detection Circuits No.1, 2, and 3.

Three failure-detection circuits in the TE monitor the status of the phase-locked oscillator
in the secondary path. Failure-detection circuit No. 1 monitors the output of the phase-locked oscillator's
buffer and provides a digital status signal to the digital multiplexer in the PCMTEA. Failure-detection
circuits No. 2 and 3 monitor the l024-kpps signal from the LGC and the output of the phase-locked
oscillator in the secondary path, and provide an analog status signal to the high-level multiplexer in the
PCMTEA. If either signal fails, MSFN is cautioned that the TE synchronization output signals to the
PCM and other LM subsystems are only being supplied through the primary path to the timing generator
or by an unsynchronized phase-locked oscillator in the secondary path.
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2.9.4.3. 11 Decision Network. (See figure 2.9-12.)
(

The decision network is triredundant; it receives inputs from the parallel primary and
secondary paths in the TE. The primary input from Schmitt trigger D reaches the decision network
before the input from the phase-locked oscillator. The triredundant circuit allows the phase-locked
oscillator to continue driving the timing generator if the primary input from Schmitt trigger D does not
appear at the decision network input. Schmitt triggers A, B, and C simultaneously route outputs from
the network to drive the timing generator ripple counters. For the timing generator to continuously I,..,.....'.',.,..•.."..
provide synchronizing pulses, two of the three Schmitt trigger outputs (A, B, and C) are necessary. r ..

....
2. 9.4. 3. 12 Timing Generator. (See figure 2. 9-12, )

The timing generator consists of triredundant majority voting logic that divides the 2,048
kpps inputs from the decision network into 512-kpps signal for the CS. The timing generator also divides
the 512-kpps signal down to 1 pps. The redundant counters provide outputs at 512. 6.4, and 1. 6 kpps ;
10 pps; and 1 pps through the PCM and TE transfer buffers for other LM subsystems and displays. All
division is done by integrated circuit bistables. The redundant outputs from each counter are fed to AND
gates. If one of the three outputs from the counters to the AND gates fails, the AND-gate arrangement
provides a continuous output from the two other counters.

2.9.4.3.13 Time Accumulator and Serial Time Code Generator. (See figure 2.9-12.)

The time accumulator is a nonredundant device that comprises integrated circuitry that
accepts the I-pps signal from the redundant counters in the timing generator and divides it into 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 BCD outputs 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.

2.9.4.4 Caution ~1.lld Warning Electronics Assembly. (See figure 2.9-13. )

The CWEA provides the astronauts and MSFN with a continuous rapid check of LM status
during manned missions. By continuously monitoring the data supplied by the SCEA. malfunctions are
i mmediately detected. When a malfunction is detected, the CWEA provides signals that light caution
lights (panel 2), warning lights (panel 1), component caution lights. and MASTER ALARM pushbutton/
lights (one each on panel 1 and 2). A malfunction also activates a 3-kc s ig na l 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 lights
(yellow) indicate malfunctions that do not necessarily require immediate action.

The CWEA compares analog signals (between 0 and 5 volts de) from the SCEA with pre
selected 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.
All inputs are applied to detectors (analog and discrete) in the CWEA. The detected signal is routed
through log io circuitry. enaul ing the necessary relay contacts for the caution or warning lights.
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 lig h' the MASTER ALARM pushbutton/lights
and provide the 3-kc tone to the astronaut headsets. Prcssmg either MASTER ALARM pushbutton/light
extinguishes both lights and terminates the tone, but has no effect on the caution or warning lights. (
The MASTER ALARM pushbutton/lights are not resettable when the C/W PWR caution light goes on. "

Change Date _2.9-44

The CWEA channel detector logic also receives automatic reset signals from the power
supply assembly, and manual caution and manual warning reset signals from LM subsystems. The thrust
chamber assembly (TCA) logic accepts command input signals that correspond to TCA operation. Auto
marie reset signals from the power supply assembly and reset signals from LM subsystems are accepted
by the TCA logic. TCA outputs are routed simultaneously to a warning relay driver and a talkback relay
driver. which operate the ReS TCA warning light and a particular QUAD talkback, depending on the quad
rant in which the TCA (system A or B) failed. The master flip-flop monitors the output of all caution and
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Figure 2.9-13. CWEA - Functional Block Diagram

warning relay drivers. When one of these relay drivers is energized, the master flip-flop energizes
master 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 close, a signal is
routed to light both MASTER ALARM lights, Resetting the MASTER ALARM pushbutton/lights does not
affect a caution, warning. telemetry, component caution lights. 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/lights and the C/w PWR caution light to go
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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 logic circuits.

Individual caution and warning light logic circuit 'figure 2.9-15) are discussed in the follow-
ing paragraphs. Figure 2.9-15 shows input functions. SCEA. d CWEA logic elements, and output data
involved in routing a malfunction signal to a caution or warning light. SCEA interfacing of signals is
discussed in detail in paragraph 2.9.4.2. In all cases the output of the CWEA enables a relay driver
which energizes a relay, and the closed contacts of this relay cause the caution or warning light to go on.
To avoid repetition this ope r ai.ion is not described for each light. Failure modes detected by the CWEA.
malfunction limits, and inhibit. enable, and reset signals discussed in the following par-agr-aphs are
summarized in table 2.9-3. In the "Light (Telemetry Code No.)" column of the table, the letter "C"
denotes a caution light, the letter "w,. a warning l iaht ,

(

2.9.4.4.1 MASTER ALARM Pushbutton/Lights and C/W PWR Caution Light. (See figure 2.9-14.)

;if~

~

The C/W PWR caution light goes on if anyone or a combination of the regulated voltages
(+23, +9, +4, -3 volts de) or the 10 kc chopper driver voltage generated by the CWEA power supply fails.
The CWEA power supply receives 28 volts de from the LM Pilot's bus through the INST: CWEA circuit
breaker (panel 16) and provides regulated voltages for the CWEA logic circuits and the precision voltage
regulated supply (PVRS). The PVRS supplies a highly regulated reference voltage to the CWEA com
parators, where inputs from various subsystems are compared for the correct operating voltage. Power
supply outputs are sent to level detectors; the output of these detectors is applied to a NAND gate.
Normally, when all voltages are present the NAND gate is enabled and the output of the gate is at ground,
energizing the coil of relays K5, K6, and K7. The relay contacts open the ground path for the C/W PWR
caution light and the MASTER ALARM light causing them to go off. If a low-voltage condition occurs on
any power supply output or an overvoltage condition on the +9-volt output, the NAr-..rn gate is disabled.
deenergizing K5. K6, and K7. Deenergizing these relays causes their contacts to close. Contacts
of K7 provide a ground to light the C/W PWR caution light; contacts of K5, K6, and K7 provide a ground
to light the MASTER ALARM pushbutton/lights.

Ground for the MASTER ALARM pushbutton/lights is also supplied if a LM subsystem mal
function is sensed by the CWEA master flip-flops. These flip-flops route the signal to master relays Kl,
K2, and K3. Contacts of these relays, connected to the same circuit as those of relays K5, K6, and K7, pro
vide a primary ground path to light the MASTER ALARM pushbutton/lights. The LM Pilot's bus voltage
used for the pushbutton/lights and the ground provided when a malfunction signal is generated are also
routed to the tone generator in the S&C control assembly. The tone generator routes a 3-kc tone to
the astronaut headsets. Except if the C/W PWR caution light is on, the MASTER ALARM pushbutton/
lights are resettable. Pressing either pushbutton/light resets the master flip-flops and deenergizes
the master relays. This interrupts the ground path, extinguishes both pushbutton/ lights. and ter-minate
the 3-kc tone, but has no effect on the caution or warning light. If the C/W PWR caution light is on, its
relays provide a redundant ground path for the pushbutton/lights. Pressing either pushbutton/light resets
the master relays and interrupts its ground. The redundant ground provided by the C/W PWR caution
light relays maintain the MASTER ALARM pushbutton/lights on.

2.9.4.4.2 CABIN Warning Light. (See A, figure 2.9-15.)

The CABIN warning light goes on to indicate a loss of cabin oxygen pressure due to a mal
function. If cabin pressure drops below 4. 15 ps ia, a solenoid in the ECS opens the emergency oxygen
valve, sending a signal to a discrete voltage detector in the CWEA. The detector output enables an AND
gate causing the CABIN warning light to go on. When cabin pressure exceeds 4.45 psia, the emergency
oxygen valve closes, removing the signal to the CWEA and causing the light to go off.

During the egress mode. setting the CABIN REPRESS valve on the ECS module to MANUAL
causes the emergency oxygen open valve-position-indicator switch to send an inhibit signal to the CWEA.
This signal is inverted, disabling the AND gate, and thereby inhibiting the light.

(
~.'
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ECS Caution Light. (See B, figure 2.9-15. )

The ECS caution light goes on to indicate a glycol pump No.2 failure. suit fan No.1 failure,
excessive C02 partial pressure, or a water separator No. 1 or 2 failure.

If glycol pump No.1 fails, the GLYCOL component caution light (panel 2) goes on and pump
No.2 is selected. If pump NO.2 malfunctions a low-pressure sensor in the coolant recirculation assem
bly sends a signal to a discrete voltage detector in the CWEA. The output of this detector enables an OR
gate which causes the ECS caution light to go on. The ECS caution light goes off when normal coolant
pressure is restored.

If suit fan No. 1 malfunctions, a low-pressure sensor in the ECS suit fan assembly sends a
signal to a discrete voltage detector in the CWEA, enabling the OR gate and causing the ECS caution
light to go on. The SUIT FAN component caution light (panel 2) also goes on at this time'. Setting the
SUIT FAN selector switch (panel 2) to 2 selects suit fan No. 2 (backup mode) and causes the ECS
cautior 1ight and SUIT FAN component caution light to go off.

If C02 partial pressure exceeds approximately 7.6 mm Hg (refer to calibration curve in B,
figure 2.9-15 for specific value) a sensor signal greater than 2.274 volts dc is detected by a CWEA
comparator. The comparator output enables the OR gate, causing the ECS caution light to go on. The
comparator output is also routed to the C02 coriuonent caution light (panel 2) causing it to go on. The
increase in C02 partial pressure is monitored ,':1 the PART PRESS C02 indicator (panel 2). The ECS
caution light and C02 component caution light go off when nominal C02 partial pressure is restored.
Setting the C02 CANISTER SEL valve on the ECS module to SEC selects the backup mode. The primary
C02 cartridge can now be replaced and the C02 CANISTER SEL valve returned to the PRIM position.
Monitoring the PART PRESS C02 indicator ensures that C02 partial pressure is restored.

If the operating water separator malfunctions, a low rpm signal, indicating less than
792.5 rpm (refer to calibration chart in B, figure 2.9-15 for specific value) is detected by a comparator (
in the CWEA. The comparator output enables the OR gate causing the ECS caution light to go on. The
comparator output is also routed to the H20 SEP component caution light (panel 2) causing it to go on.
The lights go off when nominal water separator speed is restored. If separator No. 1 fails, separator
NO.2 can be selected by pulling the WATER SEP SEL valve handle on the ECS module .

• 2.9.4.4.4 Deleted

\-,
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2.9.4.4.5 GLYCOLCautionLight. (SeeD, figure 2.9-15.)

The GLYCOL caution light goes on to indicate low coolant quantity in the primarv coolant
loop or high coolant temperature. sensed at the heat transport section sublimator outlet, in the primary
coolant loop. If only 10% of coolant remains in the coolant accumulator a low-level sensor sends a
signal to a discrete voltage detector in the CWEA, which enables the OR gate. If coolant temperature
exceeds +49.98° F. a comparator in the CWEA also enables the OR gate. The OR-gate output is applied
to an AND gate enabled by an inverted output from the GLYCOL switch (panel 2), causing the GLYCOL
caution light to go on. Coolant temperature may be monitored on the GLYCOL temperature indicator
(panel 2). Setting the GLYCOL switch to INST (SEC) inhibits the AND gate and causes the light to
go off.

2.9.4.4.6 02 QTY Caution Light. (See E, figure 2.9-15.)

The 02 QTY caution light goes on, before staging, to indicate a low-quantity condition
(less than approximately 5%) in the descent oxygen tank or a less-than-full condition (less than approx
imately 80%) in either ascent oxygen tank. After staging, the 02 QTY caution light goes on to indicate a
low-quantity condition (less than approximately 10%) in ascent oxygen tank No. 1. To determine which
tank is low, the 02/H20 QTY MON selector switch (panel 2) is cycled through all positions and the
corresponding quantity is monitored on the 02 QUANTITY indicator (panel 2).

If descent oxygen tank pressure drops below 135.0 ps ia, a CWEA comparator sets a flip
flop. In the same manner, ascent oxygen tank No. 1 pressure less than 681. 6 ps ia or ascent oxygen
tank No.2 pressure less than 682.4 psia sets a flip-flop through an OR gate. Either flip-flop in a set
condition enables an OR gate whose output is applied to an AND gate. which is enabled by the normally
closed contacts of the staging deadface relay. When enabled, the output of this AND gate is applied
through an output OR gate to the 02 QTY caution light. causing it to go OIl. Separation of the ascent and
descent stages opens the staging deadface relay contacts. disabling the AND gate and causing the light
to go off. If, after staging, the ascent oxygen tank No. 1 pressure drops below 99.60 ps ia, a CWEA
comparator sets a flip-flop. The output of the flip-flop is applied to the 02 QTY caution light through
the output OR gate, causing the light to go on.

In all cases, the light can be turned off by setting the 02/H20 QTY MON selector switch
to C/W RESET. This applies a signal to the reset side of each flip-flop, resetting it. If the descent
tank malfunctions, the #1 ASC 02 (ascent tank No.1) valve on the ECS module must be opened. The'
02 QUANTITY indicator is monitored for this tank by setting the 02/H20 QTY MON selector switch to
ASC 1. If ascent tank No. 1 indicates a low quantity, the #2 ASC 02 (ascent oxygen tank No.2) valve
on the ECS module must be opened.

2.9.4.4.7 SUIT/FAN Warning Light. (See F, figure 2.9-15.)

The SUIT/FAN warning light goes on to indicate a lack of suit pressure or a suit fan mal
function. Suit pressure is circulated by one of two fans. If fan No. 1 malfunctions, the astronaut
switches to fan No.2. If fan No.2 also malfunctions a signal is sent to a discrete voltage detector in
the CWEA. The detector output enables an OR gate, causing the SUIT/FAN warning light to go on. The
SUIT/FAN warning light also goes on if suit pressure drops below 3.11 ps ia. This condition, detected by
a CWEA comparator, enables the OR gate and causes the SUIT/FAN warning light to go on. In addition,
a signal from the comparator energizes a CWEA relay, which energizes a relay of the torn suit protection
circuit. These contacts close the suit isolation valves, isolating the individual oxygen loops. Micro
switches on the valves close, routing ground signals through the CABIN PRESS switch to energize the
cabin repressurization valve. Suit pressure may be read on the SUIT PRESS indicator (panel 2).

Restoring suit pressure to 3.11 psia or more causes the light to go off if the suit fans
are operative. If the light is on due to a faulty suit fan, opening the ECS: SUIT FAN LlP circuit breaker
(panel 16) causes it to go off.

I

2.9.4.4.8 RCS A REG and RCS B REG Warning Lights. (See G, figure 2.9-15.)

The RCS A REG warning light goes on to indicate a high- or low-pressure condition in the
helium line of the RCS. If helium pressure exceeds 218.8 psia or drops below 164.4 ps ia, the
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malfuncti. is detected by a high- or low-level comparator in the CWEA. The comparator output is
applied to an AND gate through an OR gate, enabling the AND gate and causing the RCS A REG warning
light to go on. Helium r culator pressure for system A may be monitored on the A PRESS indicator
(panel 2).

In the event of a maliunction, the defective system can be shut down by setting the MAIN SOY
SYS A switch (panel 2) to CLOSE. This closes the main shutoff solenoid valves of system A, sending
an inhibit signal to the AND gate in the CWEA and causing the light to go off. The closed-valve condition
is indicated by the MAIN SOY SYS A talkback (panel 2).

The logic and operation of the ReS B REG warning light (for system B) are identical with
that for the RCS A REG warning light (for system A).

(

2.9.4.4.9 RCS Caution Light. (See H, figure 2.9-15.)

The RCS caution light goes on when RCS helium tank pressure (system A or B) drops below
1696 psia. Low-pressure signals are routed from pressure transducers at the helium tank of each system
to low-level comparators in the CWEA. Detection of a low-pressure condition by a comparator sets a
flip-flop. The output of the flip-flop enables an OR gate, causing the RCS caution light to go on. Setting
the TEMP/PRESS MON selector switch (panel 2) to He resets both flip-flops. disabling the OR gate and
causing the light to go off. Helium tank pressure may be monitored on the A PRESS or B PRESS indi
cators (panel 2). In the event of a malfunction, the remedial action is either to use the ascent interconnect
(during ascent burn) or the crossfeed (before ascent pressurization).

2.9.4.4.10 ENG GMBL Caution Light. (See 1. figure 2.9-15.)

The ENG GMBL caution light goes on during descent engine operation if a difference between
the gimbal drive signal and the gimbal response signal from the Y- or Z-axis gimbal drive actuators, is
sensed. The pitch (Y) and roll (Z) trim maliunction signals are detected by discrete voltage detectors in (
the CWEA. The output of either detector enables an OR gate. causing the ENG GMBL caution light to go
on. The RCS duty cycle (propellant quantity depletion rate) may be monitored on the A and B QUANTITY
indicators (panel 2) to determine the extent that the center of gravity and trim are off.

2.9.4.4.11 HEATER Caution Light. (SeeJ, figure 2.9-15.)

The HEATER caution light goes on to indicate an out-of-tolerance temperature condition in
the S-band steerable antenna assembly or the rendezvous radar antenna assembly. Detection of an out
of-tolerance condition signal by a high- or low-level comparato- in the CWEA enables an OR gate, the
output of which sets a flip-flop. When set, the flip-flop enables the output OR gate, causing the HEATER
caution light to go on. The out-of-tolerance temperatures that cause the HEATER light to go on are as
follows:

S-band steerable antenna assembly - less than -64.1 0 F or greater than +153.7° F

Rendezvous radar antenna assembly - less than - 50.48° F or greater than +148.9° F

To determine which heater malfunctioned, the TEMP MONITOR selector switch (panel .3) is
cycled to RNDZ and S-BAND, and the corresponding temperature is monitored on the TEMP indicator
(panel 3). When the TEMP MONITOR selector switch is set to the affected heater position, the flip-flop
in the CWEA is reset, causing the light to go off. High-temperature conditions are eliminated when the
affected heater assembly circuit breaker (HEATERS: S-BD ANT on panel 16, HEATERS: RNDZ RDR
on panel 11) is opened.

2.9.4.4.12 RCS TCA Warning Light. (See K, figure 2.9-15.)

The RCS TCA warning light goes on if there are repeated short commands or an extended
command to fire a specific thruster, but no chamber pressure response at that thruster, or if opposing
collinear jets are commanded on simultaneously. The logic show in figure 2.9-15 illustrates failure
detection for the A4D and A4R jet driver pair and is typical for the other seven jet driver pairs.

Page 2.9-52
INSTRUMENTATION SUBSYSTEM

Mission LM Basic Date 1 February 1970 Change Date _



(

LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

Jet driver commands are routed to a discrete voltage detector in the CWEA. The detector
output enables an Ah'D gate if the SYSTEM A QUAD 4 switch is set to OPEN. The AND gate output is
routed to a three- input AND gate for detecting on failures. a counter for detecting off failures resulting
from repeated short commands with no response, and an AND gate associated with a pulse width
diseriminator (PWD) used to detect off failures resulting from an extended command with no response.
If either of the three Iocic elements (AND gate, counter. or PWD) is enabled. the output enables an OR
gate that sets a flip-flop. The output of the set flip-flop enables an OR gate, causing the RCS TCA
warning light to go OIl. The Hip-flop output is also routed to a QUAD talkback (SYSTEM A QUAD 4 talk
back. in the case of A4D and A4R failures). Setting the SYSTEM A QUAD 4 switch to C LOSE resets the
flip-flops and counte rs . inhibits the command input AND gate. and causes the RCS TCA warning light to
go off.

An 011 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 sour-ces upstream of the TCA's or by a
short circuit within the TCA valves. Uncorrected. this condition results in excessive propellant consump
tion. Opposing collinear TCA's are not fired simultaneously unless it is necessary to compensate for the
effect of a failed-on TCA. The AND gate senses this failure and causes the RCS TCA warning light to go
on.

TCA's may not respond to all individual command signals if they are of short duration (less
than SO±S milliseconds). Pulse skipping is not critical until six consecutive short pulses do not produce
a thrust response signal (off failure). After six pulses without a response, the next command pulse
(even if accompanied by a response) enables the counter and causes the RCS TCA warning light to go on.
If one long pulse (in excess of SO±S milliseconds) is skipped and a thrust response signal is not produced.
the input to the PWD is not inhibited: the PWD is enabled. causing the RCS TCA warning light to go on.

2.9.4.4.13 DC BUS Warning Light. (See L. figure 2.9-15.)

The DC BUS warning light goes on to indicate a low-voltage condition (less than 26.5 volts)
on the Commander's or LM Pilot's d-c bus. Conditioned signals representing d-c bus voltages are
routed to low-level comparators in the CWEA. Detection of an out-of-tolerance voltage condition by a
comparator enables an OR gate, causing the DC BUS warning light to go on. Bus voltages may be
monitored on the VOLTS indicator (panel 14) by setting the POWER/TEMP MON selector switch (panel 14)
to the CDR BUS or SE BUS (LM Pilot's bus). The light goes off when nominal voltage conditions are
restored.

2.9.4.4.14 INVERTERCautionLight. (SeeM, figure 2.9-15.)

The INVERTER caution light goes on if the a-c bus voltage is less than 112.0 volts or if
the a-c bus frequency is less than 39S. 0 cps or more than 402.0 cps. Conditioned signals representing
a-c bus voltage and frequency are routed to CWEA comparators. Detection of an out-of-tolerance condi
tion by a comparator enables an OR gate. The OR gate output enables an AND gate, causing the INVERTER
caution light to go on. Setting the INVERTER switch (panel 14) to OFF thereby inhibiting the AND gate
in the CWEA, or restoration of a within-tolerance condition causes the light to go off. Setting the
INVERTER switch to 1 selects inverter NO.1 (backup mode). Voltage on the a-c bus may be monitored
on the VOLTS indicator (panel 14) by setting the POWER/TEMP MON selector switch (panel 14) to AC
BUS.

2.9.4.4.15 BATTERY Caution Light. (See N, figure 2.9-15.)

I

The BATTERY caution light goes on to indicate an overcurrent, reverse-current, or over-
temperature condition in any of the two ascent or five descent batteries. If a malfunction occurs, a I
failure signal is sent to a discrete voltage detector in the CWEA. The output of any detector enables an
OR gate. causing the BATTERY caution light to go on. To determine which battery malfunctioned the BAT
FAULT component caution light must be monitored as the POWER/TEMP MON selector switch (panel 14)
is cycled from BAT 1 through BAT 6. The component caution light goes on when the POWER/TEMP MON
switch is set to the affected battery position. The BATTERY caution light goes off when nominal
conditions are restored or if the affected battery is turned off.
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2.9.4.4.16 ASC HI REG Caution Light. (See O. figure 2.9- L. )

The ASC HI REG caution light goes on if the helium pressure downstream of the regulator .
in the ascent helium lines exceeds 219.5 ps ia, A CWEA comparator detects a malfunction signal and
causes the ASC HI REG caution light to go on. The light goes off when nominal pressure is restored.

The remedial action, in the event of a malfunction, is to set the ASCENT He REG 1 and
REG 2 switches to CLOSE. This closes ascent regulator solenoid valves No. 1 and 2 and causes the light
to go off. If, upon opening valve No.1, the light goes on, this valve malfunctioned; valve No. 1 must be
closed and valve No.2 opened.

2.9.4.4.17 ASC PRESS Warning Light. (See P, figure 2.9-15.)

The ASC PRESS warning light goes on if the pressure in either ascent helium tank drops
• below 2,773 psia before staging. The CWEA receives signals indicating hilium pressure from the

MPS. These inputs are routed to low-level comparators. If the compared input is less than 2,773 psia
• (helium tank), low-pressure signals are fed through an OR gate to an AND gate. An input signal from

the staging deadface relay and tbe low -pressure input enable the AND gate and cause the ASC PRESS
warning light to go on. If the pressure in a helium tank is low, the other tank is used. The light goes
off upon separation of the descent and ascent stages. Stage separation disables the AND gate, and

• the light is inhibited.

2.9.4.4.18 ASCQTYCautionLight. (SeeQ, figure 2.9-15.)

The ASC QTY caution light goes on when the quantity of fuel or oxidizer remaining in the
ascent tanks is sufficient for only approximately 10 seconds of burning time. Low-level signals are
detected by a discrete voltage detector in the CWEA. The detector output enables an OR gate, the output
of which enables an AND gate if an ascent engine-on signal is present. The AND-gate output causes the (
ASC QTY caution light to go on. Manually shutting down the ascent engine prevents possible explosion due
to depletion of either propellant 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.

2.9.4.4.19 DESQTYWarningLight. (SeeR. figure 2.9-15.)

The DES QTY warning light goes on if, before staging, the quantity of fuel or oxidizer in the
descent tanks is sufficient for approximately 2 minutes of burn time. A discrete voltage is routed to a
discrete buffer signal conditioner. This provides a solid-state closure directly to the relay driver,
causing the light to go on. The CWEA is bypassed; therefore. the MASTER ALARM lights and tone do
not go on.

2.9.4.4.20 DESREGWarningLight. (SeeS. figure 2.9-15.)

The DES REG warning light goes on if, before staging, pressure in the descent helium lines
downstream of the regulators exceeds 259.1 psia or drops below 219.2 ps ia. Out-of-to1erance signals are
detected by high- or low-level comparators in the CWEA. The output of the comparators is applied
thro,ugh an OR gate. which is enabled by the normally closed contacts of the staging deadface relay. The
A1\D-gate output is applied to the output AND gate. which is enabled by the output of a flip-flop. The flip
flop is set by the descent engine arm command. When the output AND gate is enabled, the DES REG
w.u-rung light goes on. Restoration of nominal pressure. or staging (which opens the contacts of the stag- I-,
ing deadface relay. thereby inhibiting the AND gate), causes the light to go off. \

2.9.4.4.21 CES AC Warning Light. (See T. figure 2.9-15.)

The CES AC warning light goes on to indicate an excessive increase or decrease in voltage
from the GN&CS 28-volt. 800-cps. single-phase and 26-volt. 800-cps, three-phase a-c power supplies.
Conditioned signals. representing a-c power supply output voltages are routed to the high- and low-level
rornpa rat.o r s in the CWEA. Out-of-tolerance voltage signals are detected in the comparators; the output
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of any comparator enables an OR gate which sets a flip-flop. When the flip-flop is set, the CES AC
warning light goes on. Momentarily setting the GYRO TEST switch (panel 3) to POS RT or POS LEFT
resets the flip-flop and causes the light to go off. The light will not go on again until the out-of-tolerance
voltage condition is corrected and another failure is detected.

2.9.4.4.22 PRE AMPS Caution Light. (See U, figure 2.9-15.)

The PRE AMPS caution light goes on to indicate an out-of-tolerance condition (less than
-4.2 volts dc or more than -5.2 volts de) in either of the two parallel redundant -4. 7-volt d-c power
supplies in the CES, which power the TCA preamplifiers. Conditioned signals, representing voltage out
puts from the primary and backup -4. 7-volt d-e power supplies are sent to high- and low-level compara
tors in the CWEA. Out-of-tolerance signals, detected by the comparators, enable an OR gate. The OR
gate output, along with the signal from the normally closed contacts of the staging deadface relay, enables
an AND gate causing the PRE AMPS light to go on. Pressing the ABORT pushbutton (panel 2) inhibits the
AND gate and causes the light to go off. The ABORT pushbutton is used when aborting a mission, using
the descent engine. After staging, the staging deadface relay contacts open, disabling the AND gate and
causing the light to go off.

2.9.4.4.23 CESDCWarningLight. (See V, figure 2.9-15.)

The CES DC warning light goes on to indicate an excessive decrease or increase in voltage
from the GN&CS +4. 3-, +6-, -6-, +15-. and -15-volt d-c power supplies. Conditioned signals repre
senting d-c power supply output voltages, are routed to high-level comparators in the CWEA. Out-of
tolerance voltage signals are detected by the comparators. The output of any comparator enables one of
five two-input OR gates, setting a flip-flop through a five-input OR gate. When the flip-flop is set, the
CES DC warning light goes on. Momentarily setting the GYRO TEST switch (panel 3) to POS RT or POS
LEFT resets the flip-flop and causes the light to go off. The light will not go on again until the out-of
tolerance voltage condition is corrected and another failure is detected.

2.9.4.4.24 LGC Warning Light. (See W, figure 2.9-15.)

During LM guidance computer (LGC) operate periods, the LGC warning light goes on in the
event of the following LGC failures: power failure, certain scaler failures, and restart or counter fail
ures. The light also goes on in response to an alarm test program. If an LGC failure occurs a failure
signal is sent to a discrete voltage detector in the CWEA. The detector output enables an AND gate (if the
GUID CONT switch on panel 1 is not set to AGS) causing the LGC warning light to go on. The light goes
off when the failure is corrected or if the GUm CONT switch is set to AGS. In the AGS position, the
signal from the GUm CONT switch disables the AND gate, causing the light to go off.

2.9.4.4.25 ISSWarningLight. (See X, figure 2.9-15.)

The ISS warning light goes on to indicate a failure in the inertial subsystem section (ISS) of
the 3. 2-kc power supply, the pulsed integrating pendulous accelerometer (PIPA) during main engine
thrusting, the gimbal servo, or the coupling data unit (CDU). A failure signal from the ISS or an inhibit
signal from the GUm CONT switch (panel 1) is routed through logic circuitry similar to that for the LGC
warning light. The ISS warning light goes off when the failure is corrected or if the GUID CONT switch
is set to AGS.

I
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2.9.4.4.26 RNDZ RDR Caution Light. (See Y, figure 2.9-15.)

The RNDZ RDR caution light goes on if no tracking indication or if velocity data ~;' " not good.
Either condition causes a failure signal to be sent to a discrete voltage detector in the CWEA. Nhen the
RENDEZVOUS RADAR selector switch is set to AUTO TRACK, a signal is applied to a flip-flop, resetting
it. The reset flip-flop inhibits the output AND gate, and the RNDZ RDR caution light remains off even
though a data-no-good condition may exist. When both no tracking indication and velocity data-good
signals are sent to the CWEA, an OR gate is inhibited and the low-level output of this gate is inverted,
enabling an AND gate and thereby setting the flip-flop. If a data-no-good condition occurs now, the RNDZ
RDR caution light goes on because the output AND gate is enabled by the OR-gate output, the set flip-flop
output, and the no tracking indication input. The light goes off when the data-good condition or tracking
indication is restored.

2.9.4.4.27 AGS Warning Light. (See Z, figure 2.9-15.)

The AGS warning light goes on to indicate an incorrect output from the abort guidance section
(AGS) +28- and +12-volt d-c and 28-volt, 400-cps power supplies or an abort electronics assembly (AEA)
malfunction. Conditioned signals, representing voltage outputs of the d-c supplies or the frequency of the
output of the a-c supply, are routed to high- and low-level comparators in the CWEA. Out-of-tolerance
signals are detected by the comparators. The output of any comparator enables an OR gate, which
enables a central OR gate, which in turn enables an AND gate if the AGS STATUS switch (panel 6) is not
set to OFF. When the AND gate is enabled, it enables an OR gate which causes the AGS warning light to
go on. If the memory and logic self-test results indicate an AEA malfunction, a failure signal is sent to
a discrete voltage detector. The detector output enables the AND gate which enables an OR gate causing
the AGS warning light to go on. Setting the AGS STATUS switch to OFF inhibits the AND gate and causes
the light to go off.

2.9.4.4.28 ED RELAYS Caution Light. (See AA, figure 2.9-15.)

The ED RELAYS caution light goes on when a failure occurs in the master arm relay (K1) or
in anyone or combination of the stage sequence relays (K2 through K6) located in both ED relay boxes
(EDS system A and B). A malfunction signal from the EDS is detected by a discrete voltage detector in
the CWEA. The detector output enables an OR gate, which enables an AND gate (if the MASTER ARM
switch (panel 8) is not set to ON), causing the ED RE LAYS caution light to go on. The SYS A and/or SYS
B component caution l iphts on the EXPLOSIVE DEVICES portion of panel 8 also go on. If anyone or
combination of relays K3 through K6 caused the ED RELAYS light and the SYS A and/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 holding the STAGE RELAY switch (panel 8) to RESET. If the lights go off K2 was at
fault. If the lights do not go off, the ED: LOGIC PWR A and/or LOGIC PWR B circuit breakers (depend
ing on which component caution light is on) on panels 11 and 16. respectively, must be opened.

The MASTER ARM switch (panel 8) 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) will not
prevent performance of EDS functions. Either system can perform EDS functions.

2.9.4.4.29 S-BD RCVR Caution Light. (See AB, figure 2.9-15.)

The S- BD RCVR caution light goes on if the S-band receiver automatic gain control fails
(loss of S-band uplink voice). Loss of MSFN reception can be monitored on the SIGNAL STRENGTH
indicator on panel 12. It will indicate less than 1. Communications can be obtained by setting the
XMTR/RCVR switch (panel 12) to SEC. The S-BD RCVR caution light circuitry is enabled only if the
RANGE FUNCTIONS switch (panel 12) is set to TV/CWEA ENABLE. The light goes off when this switch
is set to OFF/RESET.

(
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T~ble 2.9-3. Caution a nd Wa rning Electronics Assembly - Mnlfunct.ion Dnta Surn rna ry (Cant)
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Table 2.9-3. Caution and Warning Electronics Assembly - Malfunction Data Summary (cant)

CWEA
Voltage

Trip Light Detail
Input Description Level (Telemetry Inhibi t/ Enable (Figure

(Telemetry Code ]\;0.) Mal function illuminated By (volts de) Code No.) Reset (Telemetry Code No. ) 2.9-15)
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T'lble 2.9-3. Caut ion and War-ning Electronics Assembly - Malfunc tion Datn Su rn mru-y (cant)
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Trip Light Dct'lil
Input Description Level (Telemetry lnhibit/ Ennbl c (Fih'llrC'

(Telemetry Code No.) Mnlfunction Il luminnted By (volts de) Code No.) Reset (Telemetry Code No.) 2.9-15)
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Table 2.9-3. Caution and Warning Electronics Assembly - Malfunction Data Summary (cont)

CWEA
Voltage

Trip Light Detail
Input Description Level (Telemetry Inhibit/Enable (Figure
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Table 2.9-3. Caution and Warning Electronics Assembly - Malfunction Data Summary (cont)

CWEA
Voltage

Trip Light Detail
Input Description Level (Telemetry Inhibit/Enable (Figure

(Telemetry Code No.) Mn l lunct i on Illuminated By (volts de) Codo No.) Re set (Telemetry Code 1\0.) 2.9-15)
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T"ble 2. 9<L Caution and Warning Electronics Assembly - Malfunction Datn Summary (cont)

CWEA
Voltage

Trip Light Det"il
Input Description Level (Telemetry Jnhi bit,' Enable (1,'ig-ul'L'

(Telemetry Code No.) Mnlfunc t ion Illuminated Ily (volts de) Code No.) Re set (Telemetry Code No.) 2. D-1S)
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T'lble 2.9-3. Caution and Warning Electronics Assembly - Malfunction Data Summary (cant)

CWEA
Voltage

Trip Light Detail
Input Description Level (Telemetry Inhi bi ty Ennbl e (Ftgure

(Telemetry Code Ko.) :lhlfunction Illuminated By (volts de) Code No.) Heset (Telemetry Code No.) 2.9-1 ;,)

Regulator outlet manl- High ascent- IIigh-pressure s ignal s. 658 ASC HI Reduced 0
fold pressure Helium-reg- (>219.;' psia) from sensor REG pressure
(GP0025P) ulator outlet in ascent helium lines (GL4041) (Close

pressure downstream of regulators C affected
regulator. )

Helium tank No. 1 Low helium- Low-pressure s ignal 3.7'12 ASC Restored Enabled before l'
pressure (G1'00011') tank pressure «2.772.8 ps ia) from PRESS pressure staging (dead-

sensors (two) in tank (GL4022) (possible facing) Inhibited
Helium tank No. 2 W only if aftar- staging
pressure (G1'00021') temperature

rises)

Fuel biprope ll ant Low propel- Low-pressure signal 2.39;' Restor-ed
valve inlet pressure l ant pressure «119.8 ps ia) from sensors pressure
(G1'l;,OIP) at bipropel- in fuel line CIt bipropellant

lant valve in- valve
let of ascent
stnge

Oxidizer bipropel-
lnnt valve inlet
pressure (G1'150:lF)

Fuel tank low level Low a scent Low-quantity-Ievel s ignal ASC QTY Enabled when ascent Q
(GP0908X) fuel quantity from sensor in ascent (G1A042) engine is on

fuel tank C (GH1260)

Oxidizer tank low Low ascent Low-quantity-level signal
level (G1'1408X) oxidizer from sensor in ascent

quantity oxidizer tank

Descent propellant Low descent Low-quantity-level signal DES QTY MASTER ALAIlM R
tanks (GQ4455X) propellant from sensors in descent (GL4024) lights and tone arc

quantity fuel or oxidizer tanks W disabled.
(approximately 2 minutes
of burn time remaining)
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Telble 2.9-3. Caution and War-ning Electronics Assembly - Malfunct ion Datn Sumrnnrv (cant)

CWEA
Voltage

Trip Light Detail
Input Description Level (Telemetry Inhibitz'Ennblc (Figure

(Telemetry Code No.) l\lalfunction Illurn inated By (volts de) Code No.) Re sct (Telemetry Coele No,) 2.9-1;')

Helium regulator lligh or low High- or low-pressure 4.318 DES HEG Restor-ed Enabled before staging S
outlet manifold descent- signal (>260 or <:220 ps ia) 3.6;"1 (G1A023) pressure (deadfac ing) nnd de-
pressure (GQ3018P) helium-reg- from sensor in descent W layed (6±0. G-second

ulnto r outlet helium line downstream delay) descent engine-
pressure of regulators on command (Gill :148)

28 vac , <1>1 (GH140 ') Failure in Out-of-toleranee voltage CES AC GYHO TEST 'r
either of s ignal: (GIA026) switch set

26 vac , ¢A (GII1401V) two a-c W to POS ItT
power sup- 28 vac (<:26v or> 30v) '1. 194 or NEG HT

26 vac , <l>B (GII1402\'\ 1i"s in CES 4.839
; 26 vac (<:23v or> 29v) 3.833
: 26 vac, ¢C (GH1403V) 4.833

l -4. 7-volt supply Failure of Out-of-tolerance voltage 3.500 PHE AMPS Restored Enabled by DES BATS U)
(GH1488V) regulated signal (>-4.2v or-c-s. 2v) 4.333 (GL4050) voltage switch (panel 14); in-

1 power sup- from either of two paral- C hibited by ABOra
-4. 7-volt supply ply that lei redundant -4. 7-volt pushbutton (paneI 1)

i (GHI489V) provides regulated power supplies (GY0050)
power to in CES

~ ItCS jet pre-

~ amplifiers
;;

Attitude and transla- Failure of any Out-of-tolerance voltage CES DC GYHO TEST V
tion control assembly d-e power sup- signal: (GL4027) switch
power supply: ply in CES W (panel :1) set

to POS ItT
or NEG ItT

+15 vde (GH1406V) <:14Vor>16V 4.118
4.706

-15 vdc (GHl407V) <:-16.0 or> -14V
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T~ble 2.9-3. Caution and Warning Electronics Assembly - Mnlfunction Data Summary (cont)

CWEA
Voltage

Trip Light Detail
Input Description Level (Telemetry Inhibi ty Enable (Figure

(Telemetry Code No.) Malfunct.ion illuminated By (volts de) Code No.) Reset (Telemetry Code No.) 2.9-1,,)

+4.3 vdc (GHI408V) <3.8v or>4.8v 3.800
4.800

+G.O vde (GH1493V) <5.4vor>G.Gv 3.857
4.714

-G.O vdc (GIII494V) <-6. G or>-~. 4

101\1 guid.mce computer Failurc in Out-of-tolerance voltage LGC Hestored Inhibited when GUID W
(GG9001X) ~ny loGe reg- signal from 2R-, 3-, or (GIA029) voltage CONT switch (pnnel

uln ted power 13-volt supply W 1) is set to }\GS
supply (GlUn21)

Counler Failure in counler, sensed
failure by program checks

Scaler Failure in sealer 1 sensed
failure by program checks

Inertial subsection Inertial Excessive servo error; ISS Inhibiled when GUID X
(CG9002X) measure- 3.2-kc power supply; (GL4030) CONT switch is sel

ment unit 800-cps 5% supply W to }\GS (GIUG21)
(Il\IU)
failure

PIP}\ PIPA failure during main
failure engine thrusting

Rendezvous r-adar Rendezvous Data-no-good HNDZ HDH Restored Enabled when HENDEZ- Y
data (GN7621X) radar data signals from (GL4048) data-good VOUS RADAH selecto r

no good (no sensors in C condition switch is set to AUTO
track con- rendezvous radar THACK and data good
dition) electronic assembly signal is acquired.
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Tahle 2.9-3. Caution and Warning Electronics Assembly - Malfunction Data Summary (cont)

CWEA
Voltage

Trip Light Dcta il
Input Description Level (Telemetry Inhibit/Enable (Figure

(Telemetry Code No.) l\lalfunction illuminated By (volts de) Code No.) Heset (Telemetry Code No.) 2.9-15)

2B-volt supply Failure of <2~. zv or> 30. sv AGS Hestored Inhibited when AGS Z
(GI3214V) regulated (GL4028) voltag-e STATUS switch

power W (panel G) is set to
supply in OFF (GI:J:J05)
AGS

12-volt supply <10. By or >13. 2v 3.B~7

(GI:'215\') 4.714

AEA test mode <38:' cps or> 41:' cps 0.G25
failure (GI3232\') 4. :37:;

i
28 lit, 400-cps 28 volts «25. 2v or 3.937
su~pi.l (GI3233F) >30.8v) 4.812

..

I Master arm relay Anyone or Relay contact closure ED RELAYS If relay K2 Inhibited when AAKl or anyone or combination (SYS A and/or SYS B (GL4051) fails, MASTER ARM

! combination of of ED r-clavs component caution lights, C STAGE switch (panel 8)
stage sequence Kl through panel 8, also go on.) RELAY or ABORT STAGE

I relays K2 through KG fails On. switch pushbutton (panel 1)

!
KG (GY0201X - (panel 8) is used
EDS system A, sct to
and GY0202X - RESET
EDS system B)

S-band receiver Failure in SIGNAL STRENGTH 1.071 S-BD RCVR RANGE Enabled when AB(GT0994\') S-band indicator (panel 12) C FUNCTIONS RANGE FUNCTIONS
receiver indicates less than 1. switch switch is set to
automatic (panel 12) TV/CWEA ENABLE
gain control set to
(loss of up- OFF/RESET
link voice)

CWEA power Failure of Out-of-tolerance voltage C/W PWR Restored Seesupply CWEA signal from CWEA (GL4054) voltage figure
regulated +9-, +23-, +4-, and C 2.9-14
power -3-volt power supplies
supply

""CD,
-J

""

"d
~

(Jtl
rt>

o
§

(Jtl
<T>

~
~,...
<T>

~
Cfl
Cfl

o'
::l

I
I:"' .....
B::z

UJ
tl1>-3
~ ::0
Cfl c::
;:; B::

t'l
~z
~>-3
rt> >

>-3
.... 0
'"':!Z
<T> UJeTc::
'1 tl1
~ UJ
~ ><
'-<UJ
.... >-3
CDt'l
;:3B::

(
,r---.,

~ • \,



(
2.9.4.5

LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

Data Storage Electronics Assembly. (See figure 2.9-16.)

(

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. con
sisting 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, the
ICS T/R switch on the AUDIO portion of panel 8 or 12 is set to ICS T/R and the MODE 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 for
activation of the power control logic in the DSEA. In the energized state, this relay routes an enabling
signal through the RECORDER switch and is applied to the recorder electronics. The audio signal gener
ated by the astronaut is conditioned by the SPA and fed to the recorder for transfer to tape. For operation
in the semiautomatic mode, the MODE switch is set to VOX. With the switch set to this position, the VOX
trigger circuit is enabled. The VOX sense circuit senses voice input from within the cabin or from the
communications receivers and feeds this signal to the VOX trigger circuit. When the two inputs are co
incident, the trigger is activated. Setting the MOD switch to ICS/PTT results in a continuous key for
the recorder. When operating in this mode, recorder operation is manually controlled with the
RECORDER switch (panel 12). With the MODE switch in the ICS/PTT position, the RECORDER switch
must be in the OFF position until voice is to be taped. The RECORDER TAPE talkback (panel 12)
indicates tape motion during recording.

The DSEA consists of signal-conditioning electronics, a power supply, control logic, and a
tape-motion amplifier. 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 astronaut's intercommun
ications bus are applied to a voice amplifier that provides the band-pass filtering, impedance matching,
and signal amplification 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 a voltage-controlled oscillator to produce an output fre-
quency of 4, 175 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 multi-
plexed data on each of the four tracks. The control logic provides 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-cycle, hysteresis, synchronous type
with constant speed (+0.1% of input power). During recording, the reproduce head reads the recorded
track and, through the tape-motion amplifier, supplies the signal that operates the TAPE talkback

2.9.4.5.1 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, power
supplied from 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 is also applied to the voltage regulator, along
with the -8 volts. A-C power for the capstan drive motor is supplied from a tap on the primary winding
of a transformer (Tl). The voltage regulator regulates the +17 and -8 volts dc from the power converter
to +11. 5 and -4. 5 volts, respectively. These voltage levels are required for DSEA electronic circuitry.

I
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PERFORl'vlANCE AND DESIGN DATA.

The performance and design data for the IS are given in table 2.9-4.

Table 2.9-4. Instrumentation Subsvste m - Pe rfo r munce and Design Data

Pul se-ccode-rmodulat ion and
timing electronics assembly

Height

Width

Length

Weight

Power requirements

Excitation

Consumption

Operating temperature (ambient)

Reliabili ty

Component calibration

Calibration levels

Accuracy

High-level analog signals

Number of channels

Normal bit rate (51. 2 kilobits per
second)

Reduced bit rate (1. G kilobits per
second)

Signal levels

Analog error

Sampling rate

Bi Is fo r-rn ed per channel input

Parallel digital signals

Nu mbe r of channels

Normal bit rate

Reduced bit rate

G.72 inches

5.12 inches

l'I.75 inches

23.0 pounds (approximate)

20 to 32 volts de

11 watts

Amplifiers, analog-to-digital converter, and all analog circuitry
with functions common to 10 or more measurements

<1. 250 volts, O. 750 volts

±9 millivolts on high level

277

200 channels exte rnallv programmed, 77 channels internally
redundant

113 channels externally programmed, 41 channels internally
redundant

o to 5 volts

o.5~; (maximum)

1, ]0, 50, 100, or ZOO samples per second

75

i , 10, 50, 100, or 200 samples per second

1 sample per second

I
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(
Table 2.9-4. Instrumentation Subsystem - Performance and Design Data (cant)

Pulse-code-modulation and
timing electronics assembly (cant)

Parallel digital signals (cont)

Signal levels

+3.5 to +10 volts

Binary 0 -0.5 to +1. 5 volts

Bits per output word 8, 16, or 32

Sampling sequence for 8-, 16-, and
32-bit input words

Sequential, with eight most significant bits first

Serial digital signals

Number of channels 2 channels, serial by bit

Signal levels

Binary 1 +3.5 to +10 volts

Binary 0 -0.5 to +1. 5 volts

Word length

Normal bit rate

Reduced bit rate

. One 24-bit channel
One 40-bit channel

50 samples per second

None

(
1, 024-l-.:l'Ps input signals

Type Square wave

Amplitude 7±3 volts, peak to peak

NRZ output

Bit rate 51. 2 or 1. 6 kilobits per second

Signal levels

Binary +6±0. 5 volts

Binary 0 0.0 to +0.5 volt

HZ output

Ilit rate 51. 2 or 1. 6 kilobits per second

Signal levels 4.5±2 volts, peak to peak

15 .Iune 1970Change Date '---'-'-'-=--'-'--__2.9-76
INSTRUMENTATION SUBSYSTEM
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Table 2.9-4. Instrumentation Subsystem - Performance and Design Data (cant)

Pulse-code-modulation and
timing electronics assembly (cont)

Data rate timing output

Frequency 51. 2 or 1. 6 kpps (selected by remote SWitching)

Signal levels 4. 5±2 volts, peak to peak

Subcarrier reference output

Frequency 51.2 PI's

Signal levels

10-kilohm output load 0.0 to +0.5 volt and -t{j±0.5 volts

lOO-ohm output load 4. 5±2 volts, peak to peak

Subframe sync pulse output

Frequency 1 PI's

Signal levels 4. 5±2 volts, peak to peak

512-kpps timing output signals

Frequency 512 kpps

Signal levels 0.0 to 0.5 volt and +3.0 ±O. 5 volts

6.4-kpps timing output signals

Frequency 6,400 PI's I
Signal levels 0.0 to 0.5 volt and +3.0 ::0.5 volts

1. 6-kpps timing output signals

Frequency 1,600 PI's

Signal levels 0.0 to 0.5 volt and +3. 0 ±O. 5 volts

10-pps timing output signal

Frequency 10 PI's

Signal levels 0.0 to 0.5 volt and +3.0 ::0.5 volts

1024-kpps timing output signal

Frequency 1024 kpps

Signal levels 0.0 to 0.5 volt and +3.0 :::0.5 volts

Time-correlation data

40-bit serial start

Frequency 1 PI's

Signal level 4.5:1 volts, peak to peak
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(
Table 2.9-4. Instrumentation Subsystem - Performance and Design Data (cont)

Pulse-code-modulation and
timing electronics assembly (cont)

Time-correlation data (cont)

40-bit serial stop

Frequency 1 pps

Signal level 4. 5±1 volts, peak to peak

40-bit serial sync

Frequency 2 kpps

Signal level 4. 52:1 volts, peak to peak

24-bit serial sync

Frequency L 2 kpps

Signal level 4. 52:1 volts, peak to peak

24-bit serial stop

Frequency 1 pps

Signal level

Low-bit-rate split-phase data outputs

Bit rate

4. 5~1 volts, peak to peak

L 6 kilobits per second
(

Signal levels +6.0 :to. 5 volts (up level)
+0.0 to 0.5 volt (down level)

Analog-to-digital conversion

Each analog sample 8-bit binary word output

Full-scale input to ADC 11111110

Zero input 00000001

Greater than full scale 11111111

Less than zero 00000000

Signal-conditioning electronics assembly

Height 8.0 inches

Width 5.25 inches

Length 23. 90 inches

Weight

ERA-1 35. 44 pounds

ERA-2 35.25 pounds

15 June 1970Change Date _~~=-=:...1.:::__2.9-78
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Table 2,9-4, Instrumentation Subsystem - Performance and Design Data (cant)

Signal-conditioning electronics
assembly (cant)

,~(i;§k.
~
I ~ ':':~\';''':

Power requirements

Excitation 28 volts de

Consumption

ERA-1 16.04 watts

ERA-2 14.23 watts

Thermal characteristics An efficient thermal path exists between heat-producing sources
within subassemblies and an external heat sink.

Environmontal Iirn i t s

Vibration 8. Lg rms from 20 to 2, 000 cps

Acceleratior. 8g

Shock 15g sawtooth

Temperature

Operating

( Nonoperating

D-C amplifiers

Inputs

Unipolar mode o to 200 millivolts de and 0 to 5 volts de II
Bipolar mode -100 millivolts to -2.5 volts de and +100 millivolts to +2. 5

volts de

Output o to 5 volts dc (four single channels)

Attenuators

Inputs

Unipolar mode o to 5 volts de (minimum attenuation)
o to 40 volts dc (attenuation of 8)

Bipolar mode -2.5 to +2.5 volts dc and -20 to +20 volts de

Output o to 5 volts dc (four single channels)

AC-to-dc converters

Input frequency 380 to 840 cps

Output o to 5 volts dc (three single channels)

Analog signal isolating buffer

Input o to 5 volts dc

Output o to 5 volts dc (four single channels)
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Table 2.9-4. Instrumentation Subsystem - Performance and Design Data (cont)

Signal-conditioning electronics
assembly (cont)

Discrete signal isolating buffers

504-2

Turn-on voltage 0.5 to 2.5 volts dc

Output voltage O.to 5 volts de (10 dual channels)

504-3-4

Output voltage o to 5 volts dc (12 dual channels)

504-5

Output voltage o to 5 volts de (12 single channels)

Frequency-to-dc converter

Input frequency 380 to 420 cps

Output o to 5 volts de

Resistance-to-dc converters

Resistance changes

Output

665 to 2, 795 ohms (-200" to +500" F)

o to 5 volts de (four dual channels) (
Phase-sensitive demodulators

Output o to 5 volts de

Caution and warning electronics assembly

Height 7.0 inches

Width 6.750 inches

Length 11. 750 inches

Weight 19.75 pounds (approximate)

Power requirements

Excitation 28 volts dc

Consumption 13 watts

Internally generated +4, +23, +12, +9, -:l, '7, and 16,;l volts de, rectified

Three 34-valt, zera-io-peak, 10-kc, center-tapped square waves

One 15.5-volt, zera-lo-peak, 10-kc, center-tapped square wave

Two 10-kc reference signals

Change Date 15 June 19702.9-80
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Table 2.9-4. Instrumentation Subsystem - Performance and Design Data (cont)

Caution and warning electronics
assembly (cont)

Environmental limits

~,,,. Temperature

Operating

Nonoperating _65 0 to +160" F

Vibration 8. 19 rms from 20 to 2, 000 cps

Shock 15g sawtooth

Acceleration 8g

Input signals

Caution

(

Discrete

Analog

Inhibit

Enable

Warning

Discrete

Analog

Inhibit

Enable

Indicator reset

Caution

26

23

3

4

10

I22

2

10

Warning

Thrust chamber assembly (TCA) logic

Command (discrete or analog) 16

Response (discrete) 16

Output signals

\. Caution light 17

Warning light 14

Component caution light 2

Talkback 8

I\1ASTEH ALAHI\I pushbutton/light 2

2.9-81Page_-----'~:..-:::~ _
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Table 2.9-4. Instrumentation Subsystem - Performance and Design Data (cont)

Caution and warning electronics
assembly (cont)

Inputs

Analog signals 0.5 to 5.0 volts dc

Discrete, malfunction 3.4 to G. 0 volts dc

Diserete, no malfunction o to 0.5 volt dc

Out-of-limit inputs Delay time (input to output): 0.5 second maximum

Telemetry output

Malfunction Relay contacts open

1'<0 malfunction Relay contacts closed

Voltage limits

Upper Output signal generated when preset voltage is exceeded

Lower Output signal generated when preset voltage is exceeded

Data storage e lec tr-onic s assembly

Height

Width

2.05 inches

4.0 inches
(

Length G.22 inches

Weight 38 ounces

Power requirements

Power supply input 115±2.5 volts rrn s , 400 cps, single phase

Heset eommand 28±4 volts dc

VOX command input 28~-8 volts de

Output +17 volts dc unregulated, -I 1, 5 volts de regulated 2G. 0
volts rms

Magnetie heads Two record/reproduce heads to provide four tracks

Voice record amplifier

Input level -3 to +7 c1bm

Frequeney response :100 cps to 3,000 cps o~3 db

Bias oscillator

Output frequency

Output level 5i 1 milliamperes

15 June 1970Change Date _....;.-"-"'-='-"--~!-"-__2.9-82
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Table 2.9-4. Instrumentation Subsystem - Performance and De s ign Data (cont)

Data storage electronics assembly (cont)

Tape

(
\

Speed

Total recording time

Length of tape between sensor
strips

Power Source

AC

DC

DSEA transport

Speed error

Start time

Stop time

Record time

End of tape

Time-correlation data

input

input levels

Binary 1

Binary 0

0.6 inch per second

10 hours (maxtm urn)

450 feet (minimum)

115±2.5 volts rms

28 volts de

0.05 of input power deviation

100 milliseconds after receipt of VOX trigger

300 milliseconds after cessation of VOX trigger

Total of 10 hours

Automatically sensed

Serial NRZ-C (100 bits per second)

6±1 volts

-0.5 to 1. 5 volts

I

2.9.6 OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for the IS are as follows:

• The PCMTEA, SCEA, and signal sensors (for preconditioned transducers) 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 recording time (voice keyed) for the DSEA voice tape recorder is 10
hours. The DSEA will not record voice after 10-hour use.

INSTRUMENTATION SUBSYSTEM
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2.10 LIGHTING.

2.10.1 INTRODUCTION.

Exterior and interior lighting aids in the performance of crew visual tasks and lessens
astronaut fatigue and interior-exterior glare effects. Exterior lighting is used for LM and CSM tracking
and docking maneuvers. Interior lighting illuminates the cabin and the controls and displays on the Com
mander's and LM Pilot's panels. Power for exterior and interior lighting is routed through the 28-volt
d-c LTG circuit breakers on panels 11 and 16 and the 115-volt AC BUS A and AC BUS B lighting circuit
breakers on panel 11.

2.10.2 FUNCTIONAL DESCRIPTION.

LM lighting is provided by exterior and interior lights and lighting control equipment. (See
figure 2.10-1.) The exterior lighting enables the astronauts to visually guide and orient the LM and CSM
to achieve successful tracking or docking. Interior lighting provides general cabin illumination, integral
electroluminescent (EL) lighting of displays and controls, and radioluminescent (RL) and photoluminescent
lighting of switch tips and window reticles.

2.10.2.1 Exterior Lighting. (See figure 2. 10-2.)

Exterior lighting includes a radioluminescent docking target, radioluminescent EVA hand
rail markers, five docking lights, and a high-intensity tracking light. The color, brightness, and
lighting method of the exterior lights are listed in table 2.10-1. The EXTERIOR LTG switch on the
LIGHTING portion of panel 3 controls the five docking lights and the high-intensity tracking light on the
exterior of the ascent stage.

(
'.

2.10.2.1.1 Docking Lights. (See figure 2. 10-3.)

Five running lights mounted on the exterior of the LM provide visual orientation and permit
gross attitude determination relative to a line of sight through the CM windows during rendezvous and
docking. The lights are controlled with the EXTERIOR LTG switch. Before earth launch, this switch is
set to DOCK to provide for future automatic turn-on of the docking lights. For transposition and docking,
the docking lights are turned on by the normally open SLA/LM antenna transfer switch (located at SLA
attachment points). This switch is automatically released to the closed position upon deployment of the
spacecraft-Lunar Module adapter (SLA) panels. Upon transfer of power from the CM to the LM, the
docking lights go off. Setting the EXTERIOR LTG switch to OFF interrupts the input power to the
docking lights. The lights are visible, and their color recognizable, at a maximum distance of 1,000 feet.

2.10.2.1.2 Tracking Light.

The tracking light permits visual tracking of the LM from the CM. It is turned on by setting
the EXTERIOR LTG switch to TRACK. A flash tube in the tracking light electronics assembly causes the
light, which has a 60° beam spread, to flash at a rate of 60 flashes per minute.

2.10.2.1.3 Docking Target.

Tne 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 for visual alignment of the CSM to the LM
during final docking maneuvers. (Refer to paragraph 2. 11. 6. 2. )

2.10.2.2 Interior Lighting. (See figure 2.10-2.)

Interior lighting consists of integral EL panel and display lighting, backup floodlighting,
RL lighting, and general ambient lighting. The color, brightness, and lighting method of the interior
lights are listed in table 2.10-2. Interior lighting controls are located on the LIGHTING portion of
panels 3 and 5.

2.10-1
LIGHTING
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2.10.2.2.1 Integrally Lighted Components.

There are three types of integrally lighted components: panel areas, displays, and caution
and warning annunciators. The integrally lighted components use EL or incandescent devices that are
controlled by on-off switches and potentiometer-type dimming controls. All panel placards are integrally
lighted by white EL lamps with overlays. The displays have EL lamps within their enclosures. The nu
meric displays show green illuminated digits on a nonilluminated background. Displays with pointers
show a nonilluminated pointer travelling over an illuminated background. The brightness of the EL dis
plays can be controlled manually with potentiometer-type dimming controls. Each EL dimming control
can be bypassed by a related override switch, so that full brightness is maintained should a dimming con
control fail.

With the ANUN OVERRIDE switch (panel 5) set at OFF, the ANUN potentiometer of the
triple-potentiometer ANUN/NUM dimming control adjusts the light intensity of the caution and warning
annunciators (except the C/W PWR caution light), the component caution lights (except the DC FEEDER
FAULT, and STAGE SEQ RELAY SYS A and SYS B lights), the incandescent pushbuttons, and the power
failure indicator lights at the top of indicators on panels 1 and 2. The C/W PWR caution light goes on
if a CWEA power supply failure is detected. For this reason, it is not affected by the ANUN/NUM dim
ming control. The DC FEEDER FAULT component caution light goes on if an EPS bus voltage failure is
detected. For this reason, it, too, is not controlled by the ANUN/NUM dimming control. The STAGE
SEQ RELAYS SYS A and SYS B component caution lights are connected directly to 5 volts dc and are not
controlled by the ANUN/NUM dimming control. If the ANUN potentiometer of the dimming control fails,
setting the ANUN OVERRIDE switch to ON routes 5-volt d-c power directly to the lights.

When the NUM OyERRIDE switch (panel 5) is set to OFF, power is provided to the NUM
potentiometer of the ANUN/NUM dimming control. This potentiometer adjusts the light intensity of the
EL numeric displays (except the DSKY). If the NUM potentiometer fails, setting the NUM OVERRIDE
switch to ON bypasses the potentiometer and routes 115-volt a-c bus voltage directly to the numeric
displays. The third potentiometer of the ANUN/NUM dimming control receives a voltage from the DSKY
and routes a reduced voltage back to the DSKY to control the brightness of its numeric displays. There
is no override capability to bypass this potentiometer.

(

The SIDE PANELS switches (panels 3 and 5) turn the EL lighting for the Commander's and
LM Pilot's side panels on and off. With these switches set to ON, the integral side panei lights are con
nected to the INTEGRAL dimming control (panel 5) and the INTEGRAL OVERRIDE switch (panel 5). The
INTEGRAL dimming control adjusts the light intensity of all ELpanels when the INTEGRAL OVERRIDE
switch is set to OFF. If the INTEGRAL dimming controlfails, setting the INTEGRAL OVERRIDE switchto
ON, bypasses the INTEG RAL dimming control and routes 115-volt a-c bus voltage directly to the EL panel
lamps.

Two MASTER ALARM pushbutton/lights (panels 1 and 2) go on to alert the astronauts when
a failure or out-of-tolerance condition is sensed by the CWEA. The signal that causes the MASTER
ALARM pushbutton/lights to go on also activates an audio tone (3 kc) generator. Except when the C/W
PWR caution light is on, pressing either MASTER ALARM pushbutton/light extinguishes the MASTER
ALARM lights and deactivates the tone generator.

2.10.2.2.2 Lunar Contact Lights. (See figure 2.10-1A)

Both LUNAR CONTACT lights (panels 1 and 3) go on when one or more of the three lunar
surface sensing probes contacts the lunar surface. When on, the lights advise the crew to shut off the
descent engine.

Each probe contains a pair of mechanically actuated switches that open when the probe con
tacts the lunar surface. Opening the +Y pair of switches removes the ground from, and applies
forward bias voltage to, the bases of transistors lQl and lQ2, energizing relays lK2 and lK3. Contacts
of 1K2 and 1K3 close to complete the ground circuit for both LUNAR CONTACT lights. Similarly, opening

2.10-2
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the -Z or - Y pair of switches removes the ground from the bases of transistors 2Q1 and 2Q2, energizrng
relays 2K2 and 2K3. Contacts of 2K2 and 2K3 close to provide an additional ground for both LUNAR
CONTACT lights.

The STAB/CONT: ATCA circuit breaker (panel 16) and the STAB/CONT: ENG CONT cir
cuit breaker (panel 11) provide the 28-volt d-c power sources to the LUNAR CONTACT lights circuitry,
through interlocking relays.

The interlocking relays ensure that the required voltages are available only when the descent
engine is in operation. When descent engine-on relay contacts K16B are open, descent engine override
relays 1K5 and 2K5 are energized; this energizes lunar probe relays 1K1 and 2K1, respectively.
Thus, the required voltages are routed through relay contacts 1K1A and 2KlA instead of relay contacts
3K7A and 3K7B. When the descent engine is shut down, the interlocking relays become deenergized and
the LUNAR CONTACT lights go off.

2.10.2.2.3 Floodlighting. (See figure 2.10-4.)

Floodlighting is used for general cabin illumination and as a secondary source of illumination
for the control and display panels. Floodlighting is provided by the Commander's overhead and forward
floodlights, the LM Pilot's overhead and forward floodlights, and recessed floodlights in the bottom of
extending side panels and on the circuit breaker panels. These floodlight fixtures provide an even distri
bution of light with minimum reflection. For redundancy every panel area is illuminated more than one
lamp.

•
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Figure 2, 10-lA, Lunar Contact Lights Circuits
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Table 2. 10-1. Exterior Lights - Color, Brightness, and Lighting Method

Brightness at Brightness
Component Lighting Method Color Rated Capacity Adjustment

Docking target Radioluminescent Green 0.3 foot-lambert Fixed
minimum (at
time of launch)

EVA handrail Radioluminescent Green 0.3 foot-lambert Fixed
disks minimum (at

time of launch)

Landing gear down- Phosphorescent Red - Fixed
lock mechanism

Docking lights

Port Incandescent Aviation red O. 15 candlepower Fixed
minimum

Starboard Incandescent Aviation green 0.15 candlepower Fixed
minimum

Forward Incandescent Aviation white (+Y) 0.23 candlepower Fixed
(2 lights) Yellow (-Y) minimum

Aft Incandescent Aviation white 0.23 candlepower Fixed
minimum

T'rac.ung light Gaseous White 9,000 effective beam Fixed
discharge candlepower

Table 2.10··2. Interior Lights - Color, Brightness, and Lighting Method

Primary Color Under
Lighting Brightness Incident

Component Method Color Adjustment illumination

Control panels and Integral White Continuous from zero Control panels: gray
pushbuttons (illumi- (EL) foot-Iamberts Pushbuttons
nated-character (primary) Background: black
type) Characters: white

Floodlights Flood White Continuous from less
(incandescent) (unfiltered) than O. I foot-candle

Circuit breakers Flood (EL) White Continuous from zero Background: gray
foot-Iamberts Characters: white

Numeric displays Integral (EL) Green Continuous from zero Background: gray
foot-Iamberts

LUNAR CONTACT Integral Blue Fixed Background: nonspecular
lights (incandescent) gray

MASTER ALARM Integral Aviation red Fixed (press to reset) Background: translucent
pushbutton/lights (incandescent) gray/white

Legend: black

Caution lights Integral Aviation yellow Continuous from less Background: translucent
(incandescent) than 1. 5 foot-Iamberts gray/white

Legend: black
Warning lights Aviation red

jJower failure Integral Aviation red Continuous from less Translucent gray/white
indicator lights (incandescent) than 0.5 foot-lambert

Component caution Integral Aviation yellow
I

Continuous from less Background: translucent
lights (incandescent) than 0.5 foot-lambert gray/white

Legend: black

(

(

~,
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Table 2.10-2. Interior Lights - Color, Brightness, and Lighting Method (cont)

Primary Color Under
Lighting Brightness Incident

Component Method Color Adjustment Illumination

Engine START Integral Aviation red Continuous from less Background: translucent
pushbutton/light (incandescent) than 0.5 foot-lambert gray/white

Legend: black with
white letters

Engine stop Background: translucent
pushbutton/lights gray/white

Computer status Integral Aviation white Continuous from zero Background: translucent
condition indicator (incandescent) foct-Iamberts gray/white
(DSKY and DEDA)

Computer caution Aviation yellow Legends: black
condition indicator
(DSKY)

Self-luminous Radio- Green Fixed Pale green
devices (toggle luminescent
switch tips)

Landing-point Photo- Green Fixed Outer window: pale green

Idesignator and, luminescent and Idocking window

I

Red I
reticles Inner window: pale red

Talkbacks
Two-position Integral (EL) I. - Continuous from zero l. Gray

2. Black and foot-Iamberts 2. Black and white
white stripes stripes

Three-pos ition Integral (EL) 1. - Continuous from zero l. Grav
2. Black and foot-Iamberts 2. Bla~k and white

white stripes stripes
3. Red 3. Red

Interior pointers Silhouette of Black-yellow "Switzer" -
EL flood rocket red or fire orange

Indicia (arrows, Integral (EL) White Continuous from zero Black - white
symbols, etc) foot-Iamberts

Characters (numbers Integral (EL) White Continuous from zero Black - white
and letters on foot-Iamberts
displays)

Time-shared labels Integral (EL) Green Continuous from zero None
and multipliers foot-Iarnberts
(XIO indicator)

Range marking Integral (EL) Green Continuous from zero Green
(color bands, foot-Iamberts
normal mode)

Immediate or Integral (EL) Yellow Continuous from zero Alternate yellow and
emergency action foot-lamberts black striping. at 45·
controls (Yellow is three times

thickness of bIack.j

LIGHTING
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Figure 2.10-3. Exterior Lighting

When the SIDE PANELS switches are set to OFF, the Commander's and LM Pilot's side
panel integral lighting is interrupted. Setting the FLOOD toggle switch (panel 3) to ALL routes 28 volts
de to the Commander's and LM Pilot's overhead and forward floodlights and to their side panel flood
lights. The OVHD/FWD FLOOD dimming controls (panels 3 and 5) adjust the intensity of the LM Pilot's
and Commander's respective overhead and forward floodlights. There is no intensity control for the side
panels. Setting the FLOOD toggle switch to OVHD/FWD routes 28 volts dc to the Commander's and LM
Pilot's overhead and forward floodlights only. With the FLOOD toggle switch set to OFF, all floodlights
are off, unless the overhead hatch is open. The overhead hatch actuates a microswitch that overrides
the FLOOD toggle switch and routes the 28-volt d-c bus voltage through the dimming controls to light the
overhead and forward floodlights.

Page 2.10-8
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Figure 2.10-4. Floodlighting and Utility Lights - Simplified Diagram

2.10.2.2.4 Portable Utility Lights. (See figure 2.10-4.)

Two portable utility lights are used, when necessary, to supplement the cabin interior
lighting. The lights, when removed from the interim stowage assembly, must be connected to the over
head utility lights panel. Power is applied to the connector from the CDR's 28-volt de bus through the
LTG: UTIL circuit breaker (panel 11) and the CDR and LMP UTILITY LIGHT switches on the overhead
panel. The switches provide one-step dimming for the light-intensity control. The intensity of the
brightness obtained with the CDR switch in the BRIGHT and DIM positions is greater than that obtained
with the LMP switch.

2. 10.2.2. 5 Optical Sight Reticle Light.

The crewman's optical alignment sight (COAS), used to sight the docking target on the CM,
has a reticle that is illuminated by a 28-volt d-c lamp. Power to the lamp, supplied by the CDR's 28
volt d-c bus, is routed through the FLIGHT DISPLAYS: COAS circuit breaker (panel 11) and the COAS
switch (panel 8). (Refer to paragraph 2. 11.6.1 for details.)
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2. 10.2.2.6 Alignment Optical Telescope Lights. (
A thumbwheel on the computer control and reticle dimmer assembly controls the brightness

of the AOT reticle. The lamp voltage is adjustable from O. 2±0. 1 to 4. O±O. 5 volts rms. The lamps edge
light the reticle with incandescent red light.

2. 10.2.2.7 Lamp and Tone Test. (See figure 2. 10- 5. )

The LAMP/TONE TEST selector switch (panel 3) is used to perform a functional test of
lights and the master alarm tone. The ALARM TONE position tests the MASTER ALARM pushbutton/
lights and related tone. The C/W 1, 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 (panels 3 and 5) and the remainder of the caution and warning annunci
ators. The COMPNT position tests the component caution lights and the LUNAR CONTACT lights
(panels 1 and 3).
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PERFORMANCE AND DESIGN DATA.

The performance and design data for LM lighting are given in tables 2. 10-3 and 2. 10-4.

Table 2.10-3. Exterior Lights - Performance and Design Data

Tracking Light

I

(

Type

Intensity

Visibility

Docking lights

Type

Intensity

Visibility

Docking target

Type

Intensity

EVA handrail disks
Type

Intensity

High intensity, flashing

9,000 beam candlepower (minimum)

Cone centered on Ll\! +Z-axis, with semi vertex angle of 30 0

Visual: 10 to 140 nautical miles
CSl\! sextant: 30 to 400 nautical miles

Incandescent

Fixed

1,000 feet (gross attitude)
200 feet (orientation)

Self-luminous

Fixed

Self-luminous

Fixed

Table 2.10-4. Interior Lights - Performance and Design Data

Intensity Power

Control panels and pushbuttons

Primary O. 5±0.;) foot-lambert 75 volts. ·100 cps

Backup 0.2 foot-candle (minimum) 24 volts dc

Circuit breakers 0.5,,0.:l foot-lambert 75 volts. 400 cps

EL numeric readout 7 foot-lamberts (minimum) 115 volts, 400 cps (DSKY: 250
volts, 800 cps)

LUNAR CONTACT lights 50±10 fool-lambcrts 5 volts de

Caution and warning annunciators 30 to GO foot-lamberts 5 volts de
(one light operating)
12 foot-lamberts
(5 lamps operating)

I
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Table 2.10-4. Interior Lights - Performance and Design Data (cont)

Intensity Power

IIlASTER ALARM pushbutton/lights 150±30 foot-Iamberts 28 volt- .c

DC BUS FAULT component 8 to 18 foot-Iamberts 28 volts de
caution light 3. 1 foot-Iamberts at thresh- 18 volts de threshold voltage

old voltage

All other component caution lights 8 to 18 foot-Iamberts 5 volts dc

Engine START and stop
pushbutton/lights

Incandescent 8 to 18 foot-Iamberts 5 volts de

EL O.5±0. 3 foot-lambert 75 volts, 400 cps

Computer status condition indi- 15+13-7 foot-lamberts 5 volts de
cators (DSKY and DEDA)

Self-luminous devices 0.05+0.03-0.04 foot-lambert -

Talkbacks (two- and three-position) O. 5±0. 3 foot-lambert 75 volts, 400 cps

Displays

Characters and indicia O. 5±0. 3 foot-lambert 75 volts, 400 cps

Labels and multipliers 7 foot-Iamberts (minimum) 115 volts, 400 cps

Range markings 7 foot-lamberts (minimum) 75 volts, 400 cps

Immediate or emergency controls O.1 foot-lambert (minimum) 75 volts, 400 cps

Indicator power fail ure lights 20±5 Ioot-Iamberts 5 volts dc

(

(

• 2.10.4 OPERATIONAL LIMITATIONS AND RESTRICTIONS.

The operational limitations and restrictions for LM lighting are as follows:

• The tracking light should be turned off when the docking lights are visible. When
docking, the tracking light is not visible; therefore, unnecessary power is used if
it is left on.

2.10-12
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CREW PERSONAL EQUIPMENT.

INTRODUCTION.

(

This subsection covers crew personal equipment, which includes equipment required for life
support and astronaut safety, and accessories related to successful completion of the mission. The
portable life support system (PLSS) oxygen and water recharge connectors interface with the Environ
mental Control Subsystem (ECS) for refills of oxygen and water. The pressure garment assembly (PGA)
interfaces with the ECS for conditioned oxygen, through oxygen umbilicals; with the Communications Sub
system (CS) and Instrumentation Subsystem (IS) for communications and bioinstrumentation, through an
electrical umbilical; and with the ECS for water supplied to the LCG, through a water umbilical. For
stowage locations of crew personal equipment, refer to paragraph 2. 11. 8.

2.11. 2 EXTRAVEHICULAR MOBILITY UNIT. (See figures 2.11-1, 2.11-2, and 2.11-3.)

The extravehicular mobility unit (EMU) provides life support in a pressurized or unpres- I
surized cabin, and up to 7 hours of extravehicular activity (depending on the astronaut's metabolic rate).

In its extravehicular configuration, the EMU is a closed-circuit pressure vessel that envelops
the astronaut. The environment inside the pressure vessel consists of 100% oxygen at a nominal pres
sure of 3.75 psia. The oxygen is provided at a flow rate of 6 cfrn . The extravehicular life support equip
ment configuration includes the following:

• Liquid cooling garment

• Pressure garment assembly

• Integrated thermal micrometeoroid garment

• Portable life support system

• Oxygen purge system

~....:'.'.'...
~,

• Communications carrier

• EMU waste management system

• EMU maintenance kit

• PLSS remote control unit

• Lunar extravehicular visor assembly

• Biomedical belt

• Extravehicular EV gloves

During intravehicular phases of the mission, several configurations are possible. The basic
configuration provides intravehicular life support independent of the ECS. It includes the following:

• Pressure garment assembly (with PLSS)

• Integrated thermal micrometeoroid garment

• Communications carrier

• Constant-wear garment (not used in LM)

• Liquid cooling garment

•
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Figure 2.11-1. Extravehicular Mobility Unit
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Figure 2.11-2. Pressure Garment Assembly
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Figure 2.11-3. Integrated Micrometeoroid Garment, PLSS, OPS, and PLSS Control Unit
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• Urine collection and transfer assembly

• Auxiliary equipment.

2.11.2.1 Liquid Cooling Garment. (See figure 2.11-1. )

The LCG is worn by the astronauts while in the LM and during all extravehicular
activity. It cools the astronaut's body during extravehicular and intravehicular activity by absorb
ing body heat and transferring excessive heat to the sublimator in the PLSS or the ECS. 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 in
coming and outgoing water is located on the front of the garment. Cooled water, supplied from the PLSS
or from the ECS, 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 L'CG.

2.11. 2.2 Pressure Garment Assembly. (See figures 2.11-2 and 2.11-3.)

The PGA is the basic pressure vessel of the EMU. It provides a mobile life-support
chamber if cabin pressure is lost due to leaks or puncture of the vehicle. The PGA consists of a
helmet, torso and limb suit, intravehicular gloves, and various controls and instrumentation to provide
the crewman with a controlled environment. In an emergency, the PGA is designed to be worn for
115 hours at a regulated pressure of 3.75 ±O. 25 psig, in conjunction with the LCG.

2. 11. :2.2. 1 Torso and Limb Suit.

The torso and limb suit is a flexible pressure garment that encompasses the entire body,
except the head and hands. It has four gas connectors, a PGA multiple water receptacle, a PGA elec
trical connector, and a PGA urine transfer connector for thePLSS/PGA and ECS/PGA interface. The
PGA connectors have positive locking devices; they can be connected and disconnected without assistance.
The gas connectors comprise an oxygen inlet and outlet connector, on each side of the suit front torso.
Each oxygen inlet connector has an integral ventilation diverter valve. The PGA multiple water receptacle,
mounted on the suit torso, serves as the interface between the LCG multiple water connector, PLSS
multiple water connector, and the ECS water supply. A protective external cover provides PGA pressure
integrity when the LCG multiple water connector is removed from the PGA water receptacle. The PGA
electrical connector, mated with the vehicle or PLSS electrical umbilical, provides a communications,
instrumentation, and power interface to the PGA. The PGA urine transfer connector is used to transfer
urine from the urine collection transfer assembly (UeTA) to the waste management system.

The PGA urine transfer connector, on the suit right leg, permits dumping the urine collection I
bag without depressurizing the PGA. A PGA pressure relief valve on the right-leg thigh vents the suit in
the event of overpressurization. The pressure relief valve relieves pressure in excess of 5.4 psid. If I
the valve does not open, it can be manually overridden. A pressure gage on the left-arm wrist cone indi
cates suit pressure. A low-pressure warning-tone switch and pressure transducer are part of the PLSS
equipment.

2.11.2.2.2 Helmet.

The helmet is a Lexan (polycarbonate) 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 inner
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. The helmet has provisions on each side for
mounting a lunar extravehicular visor assembly (LEVA). When the LM is unoccupied, the helmet protective
bags are stowed on the cabin floor at the crew flight stations. Each bag has a hollow-shell plastic base
with a circular channel for the helmet and the LEVA, two recessed holes for glove connector rings, and
a slot for the EMU maintenance kit. The bag, made of Beta cloth, folds towards the plastic base when
empty.
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2.11.2.2.3 Intravehicular Gloves.
(

The> int r aveh ·;ular gloves are worn during operations in the LM cabin. The gloves are
secured to the \\ r i st ring of the torso and limb suit with a slide lock; they rotate by means of a ball
bearing race. Freedom of rotation, along with convoluted bladders at the wrists and adjustable antibal
looning restraints on the knuckle areas, permits manual operations while wearing the gloves.

2.11.2.2.4 Controls.

All PGA controls are accessible to the crewman during intravehicular and extravehicular
operations. The PGA controls comprise two ventilation diverter valves, a pressure relief valve with
manual override, and a manual purge valve. For intravehicular operations, the ventilation diverter
valves are open, dividing the PGA inlet oxygen flow equally between the torso and helmet of the PGA.
During extravehicular operation, the ventilation diverter valves are closed and the entire 6. O-cfm oxygen
flow enters the helmet. The pressure relief valve accommodates flow from a failed-open primary oxygen
pressure regulator. If the pressure relief valve fails open, it may be manually closed. The purge valve
interfaces with the PGA through the PGA oxygen outlet connector. Manual operation of this valve initiates

I an 8-pound-per-hour purge flow, providing carbon dioxide (C02) washout and minimum cooling during
contingency or emergency operations.

2.11.2.2.5 Instrumentation.

A pressure transducer on the right cuff indicates pressure within the PGA. Biomedical
instrumentation comprises an EKG (heart) sensor, ZPN (respiration rate) sensor, dc-to-dc converter,
and wiring harness. The ZPN sensor is only operational with the spacecraft telemetry system. A personal

I radiation dosimeter (active) is attached to the integrated thermal micrometeoroid garment ITMG for
continuous cumulative radiation readout. A chronograph wristwatch (elapsed-time indicator) is readily
accessible to the crewman for monitoring.

The communications carrier (cap) is a polyurethane-foam headpiece with two independent
earphones and microphones, which are connected to the suit 21-pin communications electrical connector.
The communications carrier is worn with or without the helmet during intravehicular operations. It is
worn with the helmet during extravehicular operations.

2.11.2.3 Communications Carrier. (

2.11.2.4 Integrated Thermal Micrometeoroid Garment.

I The ITMG is worn over the PGA. It protects the astronaut from harmful radtauon, heat
transfer, and micrometeoroid activity.

The ITMG is a one-piece, form-fitting multilayered garment that is laced over the PGA and
I remains with it. The LEVA, gloves, and boots are donned separately. From the outer layer in, the

ITMG is made of a protective cover, a micrometeoroid-shielding layer, a thermal-barrier blanket
(multiple layers of aluminized mylar), and a protective liner. A zipper on the ITMG permits connecting
or disconnecting umbilical hoses.

2.11. 2. 4.1 Extravehicular Gloves.

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 hol
or cold objert s outside the cabin and for protection against lunar temperatures.

2.11. 2. 4. 2 Extravehicular Boots.

I For extravehicular activity, the extravehicular boots are worn over the PGA boots. They
are made of the same material as the ITMG. The soles have additional insulation for protection against
intense temperatures.

15 .Iune 1970Change Date _--=-:::...ec:.::.:.:.=.....::..:..::..:.-_2.11-6
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2.11. 2.4.3 Lunar Extravehicular Visor Assembly. (See figure 2.11-4.)

The LEVA, which fits over the clamps around the base of the helmet, provides added pro
tection against solar heat, space particles, solar glare, ultra -violet rays, and acc idental damage to the
helmet. The LEVA is comprised of a plastic shell, cover, hinge assemblies, three eyeshades (left,
center and right), and two visors (protective and sun visors). The protective visor provides impact,
infrared, and ultra-violet ray protection. This visor can be positioned anywhere between full up to full
down. The sun visor has a gold coating which provides protection against light and reduced heat gain
within the helmet. The sun visor can be positioned anywhere between full up and full down providing that
the protective visor is lowered. The eyeshades, two located on each side and one in the center, reduce
low-angle solar glare by preventing light penetration at the sides and overhead viewing areas. The LEVA
can be attached or detached from the helmet without the aid of tools. A latching mechanism allows the
lower rim of the LEV A to be tightened and secured around the neck area of the helmet. A LEV A for each
astronaut is stowed in the LEV A helmet stowage bags and secured on the floor at his station during
launch. When the LM is occupied, the LEVA'S are stowed in helmet stowage bags and secured on the
ascent engine cover.

2.11. 2. 5 Portable Life Support System. (See figures 2.11-5 and 2.11-6.)

The PLSSis a self-contained, self-powered, rechargeable environmental control system. In
the extravehicular configuration of the EMU, the PLSS is worn on the astornaut' s back. The PLSS supplies
pressurized oxygen to the PGA, cleans and cools the expired gas, circulates cool liquid in the LCGthrough the
liquid transport loop, transmits astronaut biomedical data, and functions as a dual VHF transceiver for
communication.

The PLSS has a contoured fiberglass shell to fit the back, and a thermal micrometeoroid protec
tive cover. It has three control valves, and, on a separate control unit, two control switches, a volume control,
and a five-position switch for the dual VHF transceiver. The remote control unit is set on the chest, below the
neck ring.

I

A]OOlM4Ie3

CENTER EYESHADE

VIEWPORT DOOR

LATCH AND CATCHASSEMBLY

PROTECTIVE VISOR

COVER

SIDE EYESHADE

Fully 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 7 hours, depending upon the astronaut's metabolic I
rate, before the oxygen and feedwater must be replenished, the battery and lithium hydroxide (LiOH) cartridge
must be replaced, and condensate discharged. The basic systems and loops of the PLSS are: primary oxygen
subsystem, oxygen ventilation loop, feedwaterloop, liquid transport loop, and electrical system.

The PLSS attaches to the astronaut's back, over the ITMG; it is connected by a shoulder I
harness assembly. When not in use, it is stowed on the floor or in the left- hand midsection. To don the
PLSS, the astronaut backs against the pack, makes PGA and harness connections, and unhooks the PLSS
straps from the overhead attachment.

2.11. 2. 5.1 Primary Oxygen Subsystem. (See figure 2.11-6.)

The primary oxygen subsystem is rechargeable. It provides regulated oxygen for the oxygen
ventilation loop. The subsystem consists of a primary oxygen bottle, recharge connector, primary oxygen
regulator assembly, and associated instrumentation.

SUN VISOR

Figure 2. 11-4. Lunar Extravehicular Visor Assembly
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Primary Oxygen Bottle. The oxygen bottle contains 1. 0 pound of usable oxygen, at 900 psia and +65 0 F.
This supply provides adequate makeup oxygen for a 1, 200-Btu/hr metabolic load and to compensate for
EMU leakage for 4 hours of extravehicular activity. Recharge time from a 900 ± 50-psig source, at 0°
to +60'F, is 1 hour.

Primary Oxygen Regulator Assembly. The primary oxygen regulator assembly is a single-stage unit that
regulates the oxygen ventilation loop at 3.75 ± 0.15 psig. It is used with the oxygen purge subsystem
(OPS) during purge operation. A flow-limiting orifice upstream of the regulator valve restricts flow to
3.6 lb/hr to protect the PGA against overpressurization if the regulator fails open. All oxygen flow from
the primary oxygen subsystem is controlled manually with the primary oxygen shutoff valve.

Instrumentation. A high-oxygen-flow-rate sensor activates an audible 3-kc warning tone when the flow
rate exceeds 0.62 Ih/ hr . The primary oxygen bottle contains two independent pressure transducers that
provide separate signals for telemetry and crew visual readout. In addition, two independent pressure
transducers monitor PGA pressure: one provides telemetry data; the other, activates an audible 1. 5-kc
warning tone when PGA pressure drops below 3. 15 ± 0.05 psia.

2.11. 2. 5.2 Oxygen Ventilation Loop. (See Iigure 2.11-6.)

The oxygen ventilation loop is a closed-loop system that reconditions and recirculates
oxygen through the PGA. The loop consists of a contaminant control assembly, a section of a porous
plate sublimator, a water separator, a fan/motor assembly, two PLSS oxygen connectors, and instru
mentation.

Contaminant Control Assembly. This assembly contains an expendable LiOH and charcoal cartridge that
filters foreign particles and removes carbon dioxide and odors from the oxygen ventilation loop. The
cartridge is rated at 1,200 BtuZhr for a 4-hour operational lifetime.

Sublimator and Water Separator. A section of the porous plate sublimator dissipates heat and condenses
excess water from the oxygen ventilation loop. The water separator removes the entrained water and
directs it to the drain water section of the feedwater reservoir. The maximum water separation rate is
O. 54 lb/hr at 2,000 Btu/hr.

Fan/Motor Assembly. A centrifugal-type fan, operating at 18,000 ± 600 rpm, circulates oxygen at 6.0
cfm between the PLSS and PGA. The fan is powered by a 16.0 ± O.8-volt brushless d-c motor. The heat
generated by the motor is transferred to the liquid transport loop by the fan cooling jacket heat exchanger.

PLSS Oxygen Connectors. The PLSS oxygen connectors provide an interface between the oxygen ventila
tion loop and the PGA inlet and outlet gas connectors.

Instrumentation. A low-ventilation-flow-rate sensor activates an audible 1. 5-kc warning tone when the I
oxygen flow rate drops below 5 ± 0.3 cfm.

2.11. 2.5.3 Feedwater Loop. (See figure 2.11-6.)

The feedwater loop is rechargeable. It supplies expendable water to the sublimator and
stores condensation removed by the water separator. The loop consists of a reservoir; water fill, vent,
and drain connectors; a water shutoff and relief valve; sublimator; and instrumentation.

Feedwater Reservoir and Vent Connector. The reservoir is a bladder-type tank that provides 8.40 ± 0.25
pounds of expendable feedwater for sublimation. Drainwater from the water separator is stored in the
volume between the reservoir housing and bladder. The combination of stored drainwater and oxygen
ventilation loop pressure provides the necessary differential pressure to expel feedwater from the bladder.
The bladder contains a vent line for removal of entrapped gas to assure a full charge.

Water Shutoff and Relief Valve. When open, this manually operated valve allows feedwater to flow to the
sublimator . When closed, the valve acts as a pressure relief device to prevent feedwater reservoir over
pressurization. The valve relieves at 58.5 ± 6.5 psig and resets at 40.0 psig.
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Water Fill and Drain Connectors. These connectors allow access to both sides of the reservoir bladder
to facilitate recharging and draining. Because the reservoir contains a bladder, filling and draining
are performed simultaneously. Recharge time from a 40-psig source is 15 minutes.

Sublimator. The sublimator transfers heat, by conduction, t roin the liquid transport loop and the oxygen
ventilation loop cooling passages to the feedwater loop passages. The heat in the feedwater is then
dissipated by sublimation of ice.

Instrumentation. A pressure transducer provides systems telemetry monitoring to identify sublimator
breakthrough and feedwater reservoir low level.

2.11. 2. 5.4 Liquid Transport Loop. (See figure 2.11-6.)

The liquid transport loop is a recirculating loop that provides thermal control of the EMU
by dissipating heat through sublimation. The loop consists of a water accumulator, water fill connector,
pump/motor assembly, water diverter valve, a section of the porous plate sublimator, a multiple water
connector, and instrumentation.

Water Accumulator and Fill Connector. The accumulator maintains makeup transport water at an outlet
pressure between 11. 9 and 20.0 psig , The water fill connector permits initial charging of the loop and
topping-off the accumulator charge between extravehicular excursions. A recharge key required for
recharging the accumulator is stowed in the EMU maintenance kit.

Pump/Motor Assembly. A vibrating-diaphragm-type pump imparts a coolant flow rate of 4.0 ± 0.2
lbz m in through the liquid transport loop. A 16.8 ± O. 8-volt brushless d-c motor operating at 9,000 ± 300
rpm powers the pump, creating a pressure rise of 5.65 ± 0.30 psig.

(

Water Diverter Valve. The water diverter valve is a manually operated, three-way, three-position valve.
It regulates the coolant flow rate through the sublimator to provide thermal control for the liquid transport
loop. In the minimum and intermediate positions, the valve diverts the flow so that most of the water (
bypasses the sublimator. In the maximum position, the entire flow passes through the sublimator before
returning to the LCG. The sublimator and bypass flow rates are ~!~ follows:

Diverter Sublimator Flow Bypass Flow
Valve Position Rate (lb/min) Rate (Ib/rnin)

iii Maximum 4.0 ± 0.1 0

Intermediate 0.5±0.05 3.5±0.05

Minimum 0.25±0.05 3.75 ± 0.05

Sublimator. The porous plate sublimator contains liquid transport loop passages and provides thermal
control through sublimation of ice.

PLSS Multiple Water Connector. This connector interfaces with the PGA multiple water receptacle,
providing a single PGA penetration with dual passages to the LCG.

Instrumentation. The water accumulator contains a dip-stick-type indicator that shows the water level.
The liquid transport loop has three individual temperature transducers that monitor LeG water inlet
temperature and LCG water differential temperature to provide telemetry nata.

2.11. 2. 5. 5 Electrical Power Subsystem. (See figure 2.11-6.)

The PLSS electrical power subsystem provides d-c power to the fan/motor and pump/motor
assemblies, communications, and instrumentation. The power is supplied by a 16.8 ± O. B-volt , 11-cell,
silver-zinc alkaline battery rated at 14.3 ampere-hours. This provides 4 hours of nominal operation at

(

\
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3.75 amperes and 60 watts. Current limiters protect the electrical circuits against overcurrent. The
power consumption is as follows:

Space suit communicator (including all
transducers, indicators, and microphones)

Pump

Fan

11. 55 watts

10.0 watts

30.0 watts

EMU Electrical Connectors. (See figure 2.11-7.) During EMU checkout and recharge, the crewman is
required to make and break the following electrical connectors:

PLSS

J-3 PLSS battery connector

J-4 PLSS electrical umbilical
connector

J-5 PLSS antenna connector

PGA

J-7 communication connector

J-8 biomedical connector

J-9 PGA electrical connector

The following two connectors provide an interface between the space suit communicator and the two
terminal boxes. They do not require crew action.

Current Limiters. For PLSSjEVCS current limiter values, refer to the EMU AOH, Volume I (System
Description), CSD-A-789-(1).

(
J -1 terminal box A-I J-2 terminal box A-2

I
Instrumentation. The battery current and voltage transducers share the same telemetry frequency.
Manual actuation of the mode selector switch on the PLSS remote control unit determines which trans
ducer output is being telemetered.

2.11. 2. 5. 6 Extravehicular Communications System. (See figures 2.11-5 and 2.11-6. )

The extravehicular communication system (EVCS) has the following basic capabilities:

• Simultaneous and continuous telemetry from two extravehicular astronauts

• Duplex voice communications between earth and one or both extravehicular
astronauts

• Uninterruptable voice communications between the astronauts

• Provides 30 telemetry channels, 30 x 1 1/2 PAM for each extravehicular
communicator (EVC); 26 channels are for status information

• Provides separate subcarrier frequencies for continuously monitoring
each EKG during EVA

• Generates an audible alarm for 10±2 seconds if an unsafe condition occurs.
(Ii the EVC mode selector switch position is changed, this warning tone
comes on again for 10I2 seconds if the condition still exists. )
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The EYCS consists of a pair of extravehicular communicators (EYC-l and EYC-2), which
are an integral part of the PLSS. The EYC-l consists of two AM transmitters, two AM receivers, one
FM receiver, signal-conditioning circuits, a telemetry system, a warning system, and other compon
ents required for system operation. The EYC-2 is similar to the EYC-l, except that it has an FM
transmitter instead of an FM receiver.

Each EYC is controlled with a four-position switch. (See figure 2.11-5.) The 0 position
is the off position; AR, for dual-mode operation; and A and B, for primary- and secondary-mode
operation, respectively.

The dual mode is the normal operating mode. In this mode, the EYC-2 transmits a 0.3- to
2.3-kc voice signal and two inter range instrument group subcarriers (3.9 and 7.35 kc) via a 279-mc
FM transmitter. The transmitter has an unmodulated output in excess of 500 mw, The composite
signal from the EYC-2 is received at EYC-l, mixed with a 0.3- to 2. 3-kc voice signal and two interrange
instrument group subcarriers (5.4 and 10.5 kc), and transmitted to the LM on a 259. 7-mc AM link.
This composite signal of voice and four subcarriers is then relayed from the LM to earth via S-band.
The EYC-2 also receives EYC-l output (which includes the original EYC-2 transmission) via a 259. 7-mc
receiver; thus, a duplex link between the two extravehicular astronauts is established. Communications
signals are transmitted from earth to the LM via S-band and are then relayed to both astronauts on the
2g6-mc AM link.

The outputs of the FM and AM receivers are summed with an attenuated input voice signal
and applied to the earphones. The audio output levels of both receivers are individually controlled by
separated volume controls on the RCU affixed to the chest of the PGA. The input voice signal is
attenuated 10 db to provide a sidetone for voice-level regulation.

The dual mode provides uninterruptable duplex voice communications between the astro
nauts and the LM-earth linkup, plus simultaneous telemetry from each astronaut via relay through
the EYC-1. If a malfunction occurs in the dual mode, the system has backup in the primary and
secondary modes. Both EYC's should never be in the primary or secondary modes simultaneously.
Severe distortion and interference will occur, and communications will be temporarily lost.

In the primary and secondary modes, duplex voice communication is maintained between
the two astronauts and the LM. The secondary mode has no telemetry capability. Also, the secondary
mode transmitter is inoperative unless activated by the voice-operated switch or the manual switch.
The dual- and primary-mode transmitter is continually operative.

In all modes of operation, the telemetry systems provide a warbling 1. 5-kc tone to warn
of high oxygen flow, low vent flow, low PGA pressure, and low feedwater pressure. The tone alerts
the astronaut to check his remote control unit for a visual indication of the problem area. Each
telemetry system can accommodate as many as 26 commutated channels at 1-1/2 samples per second,
and one EKG channel. Data accuracy is 2% rms.

The LM communication relay unit (LCRU) enables the communication relay to MSFN via
S-band.

2.11. 2. 5.7 PLSS Remote Control Unit.

The PLSS remote control unit is a chest-mounted instrumentation and controls unit. It has
a fan switch, pump switch, SSC mode selector switch, volume control, PLSS oxygen quantity indicator,
five status indicators, and an interface for the OPS actuator.

I

2.11.2.6 Oxygen Purge System.

The OPS is a self-contained, independently powered, high-pressure, nonrechargeable
emergency oxygen system that provides 30 minutes of regulated purge flow. The OPS consists of two
interconnected spherical high-pressure oxygen bottles, an automatic temperature control module, an
oxygen pressure regulator assembly, a battery, an oxygen connector, and checkout instrumentation. In
the normal extravehicular configuration, the OPS is mounted on top of the PLSS and is used with PLSS
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systems during emergency operations. In the contingency extravehicular configuration, the OPS is
attached to the PGA front lower torso and functions independently of the PLSS. The OPS has no com
munications capability, but provides a hard mount for the SSC VHF antenna. Two OPS's are stowed
in the LM.

2.11. 2. 6. 1 OPS Oxygen Bottles.

The OPS oxygen bottles contain a total of 4 pounds of usable oxygen at 7,500",750 psig.
• This supply provides a 30-minute operational lifetime at a purge flow rate of 8 pounds per hour.

2.11. 2. 6. 2 OPS Oxygen Pressure Regulator Assembly.

This assembly is a single-stage, variable-orifice regulator that regulates PGA inlet oxygen
pressure to 3. 45 =0.25 psig. The regulator has an inline heater and automatic temperature control
module to offset the adiabatic expansion cooling of the oxygen and to maintain PGA inlet oxygen tempera
ture between +50 0 and +80 0 F. The manually operated OPS oxygen shutoff valve is mechanically coupled
to the heater switch.

2.11. 2. 6. 3 OPS Battery.

The battery supplies 27 volts de to the 116-watt heater and automatic temperature control
module. The battery is rated at 2.5 ampere-hours.

2. 11.2.6.4 OPS Oxygen Connectors.

The OPS connector interfaces with the PGA inlet gas connector. The GSE fill connector is
used only for initial ground charge.

2. 11. 2. 6. 5 OPS Instrumentation.

The regulator and heater have preoperational checkout systems. The OPS pressure gage
monitors the OPS oxygen bottles and is used for ground fill and preoperational checkout. The gage
verifies regulated flow (8 pounds per hour) through an orifice mounted on the stowage plate. The heater
circuitry is checked before egress, with a momentary-contact switch which, when actuated, causes a
yellow light to go on to indicate circuit continuity.

2.11. 2. 6. 6 PLSS Condensate Transfer. (See figure 2.11-8.)

PLSS condensate transfer and PLSS feedwater recharge occur simultaneously. When the
PLSS is recharged with water, it forces condensate waste out through the PLSS drain port and the
transfer hose into the PLSS condensate transfer assembly. The condensate waste comes in contact
with the air-water separator and germicide. The separator prevents the waste liquid from entering
the cabin. The germicide prevents biological contamination of the lunar surface. The transfer hose
can be connected to the vent connector to bleed off the nitrogen bubble, thus enabling topping off the
PLSS to full capacity. The PLSS condensate transfer assembly can be quickly disconnected and jet
tisoned to the lunar surface.

(

(

2.11.2.7 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.

(
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Figure 2.11-8. PLSS Condensate Transfer - Schematic Diagram

The umbilical assembly consists of hoses and connectors for securing the PGA to the ECS,
CS, and IS. Separate oxygen, electrical, and water umbilicals connect to each astronaut. A buddy I
umbilical system is provided for extravehicular-activity emergency.

(

2.11.3

2. 11. 3. 1

UMBILICAL ASSEMBLY.

Oxygen Umbilical.

The oxygen umbilical consists of silicone rubber hoses (1. 25-inch inside diameter) with wire
reinforcement. The connectors are of the quick-disconnect type, with a 1. 25-inch, 70 0 elbow at the
PGA end. Each assembly is made up of two hoses and a dual-passage connector 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.

2.11.3.2 Electrical Umbilical.

The electrical umbilical carries voice communications and biomedical data, and electrical I
power for warning tone impulses.

2.11.3.3 Buddy System Umbilical. (See figure 2.11-9. )

The buddy system umbilical is used by the EVA's if oxygen or water flow fails in either
PLSS. If PLSS oxygen flow fails the OPS is turned on to provide approximately 50% flow and the buddy
umbilical is used to circulate water coolant to the other PGA (a function formerly performed by OPS
flow). This enables conservation of oxygen. If water flow fails in one PLSS, the buddy umbilical is
also used to restore the water cooling function.

Use of the buddy umbilical to provide alternative functions if these failures occur.
increases the EVA walkback limit to 2 kilometers.

The buddy umbilical, approximately 9 feet long, permits an effective distance of 5 feet
between the EVA's. When use of the buddy umbilical is required, the extravehicular activity is aborted
and the astronauts must return to the LM.
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CREW LIFE SUPPORT.

The crew life support equipment includes food and water, a waste management system,
personal hygiene items, and medical equipment for in-flight emergencies. A potable-water unit and
food packages contain sufficient life-sustaining supply for completion of the LM mission.

2.11.4.1 Crew Water System.

The water dispenser assembly consists of a Trevarno mounting bracket, a coiled hose, and
a trigger-actuated water dispenser. The hose and dispenser extend approximately 72 inches to dispense
water from the ECS water feed control assembly. The ECS water feed control valve is opened to permit
water flow. The dispenser assembly supplies water at +50° to +90' F for drinking, food preparation, and
fire extinguishing. The water dispenser is inserted directly into the mouth for drinking. Pressing the
trigger-type control supplies water.

2.11.4.2 Food Preparation and Consumption

(

The astronaut's food supply (approximately 2,500 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, and in the left-hand side stowage compartment (LHSSC) of LM 8.

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 eating. The food bags are
packaged in aluminum-foil-backed plastic bags for stowage and are color coded: red (breakfast), 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 alter its protective cover is
removed. Pressing the water dispenser trigger releases 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 approx
imately 3 minutes, after 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 alter food consumption, to prevent fermentation and
gas formation. The bag is rolled to its smallest size, banded, and placed in the waste disposal compart
ment.

2.11.4.3 EMU Waste Management System.

The EMU waste management system provides for the disposal of body waste through use of I
a fecal containment system and a urine collection and transfer assembly, and for neutralizing odors.
Personal hygiene items are stowed in the left-hand stowage compartment. •

2. 11. 4.3.1 Waste Fluid Transfer.

Waste fluids are transferred to small waste fluid collector assemblies by a controlled •
difference in pressures between the PGA and cabin (ambient).

A waste storage container in the descent stage provides urine stowage, PLSS con
densate stowage, and gas separation. The size and skin thickness (and therefore the weight) of
the container are minimized because the pressure caused by accumulated gases are vented to
the lunar environment. Biological contamination of the lunar surface is avoided by incorpora-
tion of a germicide in the container and a bacteria filter at the vent port. An electrical heater and a
pressure control valve prevent ice accumulation at the inlet and vent ports. A urine receptacle (stowed)
in the cabin) collects urine by direct interface with the crew.

The quick-disconnect on the urine receptacle and the overboard dump line contains a self'
sealing valve. This feature enables cabin pressure to be retained when the quick-disconnect is broken.
In addition, a salety pressure cap on the hose quick-disconnect provides a redundant method of
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preventing loss of cabin atmosphere. The hose assembly also mates with the vent and drain ports of the
PLSS for water recharge. PLSS condensate is transferred to the descent stage container, using the pres
sure available at the PLSS to effect the transfer.

I
2.11. 4. 3. 2 Fecal Device.

(

I The fecal containment system consists of an outer fecal/emesis bag (one layer of Aclar) and
a smaller inner bag. The inner bag has waxed tissue on its inner surface. Polyethylene -backed toilet
tissue and a disinfectant package are stored in the inner bag.

To defecate, the astronaut removes the inner bag from the outer bag. After unfastening the
PGA and removing undergarments, the wax 'tissue is peeled off the bag's inner surface and the bag is
placed securely over the anal area. After ecating , the used toilet tissue is deposited in the used bag
and the disinfectant package is pinched and uroken inside the bag. The used bag is then closed, kneaded,
and inserted in the outer bag. The wax paper is removed from the adhesive on the fecal/emesis bag, it is
sealed, then placed in the waste disposal compartment.

I
2.11.4.4 Personal Hygiene Items.

Personal hygiene items consist of wet and dry cleansing cloths, chemically treated and sealed
in plastic covers, and packs of teeth-cleansing, 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
chewing gum.

2.11.4.5 Medical Equipment.

The medical equipment consists of biomedical sensors, personal radiation dosimeters, and (
emergency medical equipment.

~,~

2.11.4.5.1 Bioinstrumentation.

Biomedical sensors gather physiological data for telemetry. Government-furnished imped
ance pneumographs continuously record heart beat (EKG) and respiration rate. Each assembly (one for
each astronaut) has four electrodes which contain electrolyte paste; they are attached with tape to the
astronaut's body.

2.11. 4. 5.2 Personal Radiation Dosimeters.

Six dosimeters are provided i, .ach astronaut. They contain thermoluminescent powder,
nuclear emulsions, and film that is sensitive to beta, gamma, and neutron radiation. They are placed on
the forehead or right temple, chest, wrist, thigh, and ankle to detect radiation to eyes, bone marrow,
and skin. Serious, perhaps critical, damage results if radiation dosage exceeds a predetermined level.
For quick, easy reference each astronaut has a dosimeter mounted on his EMU. Dosimeters are govern
ment-furnished equipment.

2.11. 4. 5. 3 Emergency Medical Equipment.

The emergency medical equipment consists of a kit of six capsules: four pain killers
(Dar-von) and two pep pills (Dexedrine). For LM 8 and LM 9, the kit is attached to the forward exterior
side of the flight data file; for LM 10 and subsequent, at the left-hand midsection, readily accessible to
both astronauts. The emergency medical equipment is government furnished.

(
'~;.'
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2.11. 5 CREW SUPPORT AND RESTRAINT EQUIPMENT. (See figure 2.11-10. ) I

The crew support and restraint equipment includes armrests, handholds (grips), Velcro
on the floor to interface with the boots, and a restraint assembly operated by a tensioned rope-and
pully arrangement that secures the astronauts in an upright position under zero-g conditions.

2.11.5.1 Armrests.

The armrests, at each astronaut station, provide stability for operation of the thrust/
translation controller assembly and the attitude controller assembly, 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. Other positions are
selected by pressing latch buttons on the armrest forward area. Shock attcnuators are built into the
armrests for protection against positive-g forces (lunar landing). The maximum energy absorption of
the armrest assembly is a 300-pound force, which will cause a 4-inch armrest deflection.

2.11.5.2 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 fitted
into the forward bulkhead, directly ahead of the astronauts, and can be grasped with the left or right hand.

2.11.5.3 Restraint Assembly.

The restraint assembly consists of cables, restraint rings, and a constant-force reel system'l
The cables attach to D-rings on the PGA sides, waist high. The constant-force reel control provides a
downward force of approximately 30 pounds; it is locked during landing and docking operations. When the
constant-force reel is locked, the cables are free to reel in. A ratchet stop prevents paying out of the

/
1

"'---
Figure 2.11-10. Restraint Equipment
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I
cables and thus provides lunar-landing restraint. Docking pins on the Commander's restraint cables
may be used during docking maneuvers. Inserted into panel 5, they enable the Commander to maintain
his equilibrium while leaning backwards to use the crewman optical alignment sight (COAS) at the Over
head (docking) window.

2.11. 6 DOCKING AIDS 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 assembly, probe
assembly, the CM forward hatch, and hardware inside the LM tunnel enable completion of the docking
maneuver .

• 2.11.6.1 Crewman Optical Alignment Sight. (See figure 2.11. 11. )

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 coordina
tion 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-e power source. The COAS consists of a lamp with an intensity con
trol, 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 0 to +31. 5°. The COAS is capped and secured to its mount above the
left window (position No.1).

To use the COAS, it is moved from position No. 1 to its mount on the overhead docking
window frame (position No.2) and the COAS switch (panel 8) is set from OFF to OVHD. The intensity
control is turned clockwise until the reticle appears on the combiner glass; it is adjusted for required
brightness. (

CSM MOUNTED
DOCKING TARGET

3OOlM4-122

~ ./COAS PROJECTED

./ RETICLE IMAGE

"-<'¥I' LINE OF SIGHT

f.>,/ ~VIEWING
WINDOW

AXIS

~
'GHT EYE

~POSITION

~zrt:
-yp!_+y

/~
+z

• Figure 2.11-11. Crewman Optical Alignment Sight
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2.11.6.2 Docking Target. (See figure 2. 11-12.) •
The docking target permits docking to be accomplished on a three-dimensional alignment

basis. The target is located at the intersection of +Y46.3 and +Z203; 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 black with self-illuminating disks within an outer circumference of white. 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.

2.11.6.3 Drogue Assembly.

The drogue assembly consists of a conical structure mounted within the LM docking tunnel.
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 CM 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
CM probe at CM-LM contact. Handles are provided to release the drogue from its tunnel mounts. I

2.11.6.4 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.

2.11.6.5 Probe Assembly.

The probe assembly provides initial CM-LM coupling and attenuates impact energy imposed •
by vehicle contact. The probe assembly may be folded for removal and for stowage within either end of
the CM transfer tunnel. •

I
COlLIMATING
LENS SYSTEM

\.~RETICLE
~lIGHT SOURCE

CENTER- PARABOLIC REflECTOR
LINE

OPTICS

COMBINING
GLASS

/;C:HITE SPOT

~EECROSS

I PITCH AND YAW
ALIGNMENT DIAMOND

SELF-ILLUMINATING
DISKS

TEE-CROSS
PITCH AND YAW ./

ALIGNMENT DIAMOND~RED

ROLL ORIENTATION ~~OUTER CIRCLE fOR
INDICATORS,>< RANGE AND

RANGE GATE
~ ~'"

"~MO~::: w-~-- --/A-e:..-_--I--_--l- ~~~ONAUT'S EYE

TARGET \l\
AS VIEWED BY ASTRONAUT,

COAS GENERATED RETICLE IMAGE APPEARS
RETICLE IMAGE SUPERIMPOSED ON TARGET

LM-MOUNTED DOCKING TARGET

Figure 2. 11-12. COAS Functional Schematic and Docking Targets •
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2.11.6.6 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 Cl\I crew compartment.
The hatch is retained at the aft end of the CM tunnel by a latching mechanism whose linkage is driven
from the crew compartment by a handle. A socket opposite the handle. on the tunnel side of the p r essi ;'e
hatch, permits hatch removal from the LM side.

The CM forward thermal hatch can be removed from the tunnel. into the CM crew com
partment or into the LM. The hatch is retained at the forward end of the CM tunnel by an expanding
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 companment 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 axial ly for proper
engagement of the latching mechanism. The CM thermal hatch is stowed in the CM right equipment
bay, within a thermal stowage bag.

2.11.7 CREW MISCELLANEOUS EQUIPMENT.

Miscellaneous equipment required for completion of crew operations consists of in-flight
data with checklists, emergency tool B, and window shades.

2.11.7.1 In-flight Data.

The in-flight data are provided in three polyethylene-coated packages. The Commander's
checklist and the in-flight data kit are stowed in the flight data file compartment. The packages include the
flight plan, experiments data and checklist, m i s sion log and data book. systems data book. and star charts.

2.11.7.2 Tool B. (See figure 2.11-13.) (
Tool B (emergency wrench) is a modified Allen-head L-wrench. It is G. 25 inches long and

has a 4. 250-inch drive shafl with a 7/16- inch drive. The wrench can apply a torque of 1,475 inch
pounds; it has a ball-lock device to lock the head of the drive shaft. The wrench is slowed on the right

• side stowage area inside the cabin. It is a contingency tool for use With the probe and drogue, and the
CM hatch from outside. Tool B is also used for CM forward hatch operations from the LM side only.

~I

7/16-INCH HEX

TOOL B (EMERGENCY WRENCH)

~~V--~(-r

I
4.250 INCHES

~
JOOLM4.1'26

Figure 2.11-13. Tool B
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2.11.7.3 Window Shades.

Window shades are used for the overhead docking window and forward windows. The window
shade material is Aclar with a deposit of inconel; light transmissibility is approximately 0.1%, with high
reflectivity on the surface facing outside the cabin. The shade is secured at the bottom (rolled position).
To cover the window, the shade is unrolled; flattened against the frame area and secured with Velcro.

2. 11. 8 MODULARIZED EQUIPMENT STOWAGE ASSEMBLY. (See figures 2.11-14 through 2.11-17.)

The modularized equipment stowage assembly (MESA) is located on quad 4 of the descent
stage. It is deployed by the extravehicular astronaut when the LM is on the lunar surface. The MESA
contains fresh PLSS batteries and LiOH cartridges, a TV camera, tripod, cable, tools for obtaining lunar
[';Eological samples, containers in which to store the samples, and other scientific devices. It contains a
folding work table that also serves as a bracket on which the equipment transfer bag, used to transfer the
PLSS batteries and LiOR cartridges to the cabin, is hung.

Ii

In addition, four portable pallets are provided upon which items such as batteries, LiOR I
cartridges, a LM communication relay unit (LCRU), food, a stereo cassette container, an azimuth
elevation unit, and a cosmic-ray plate experiment bag are fastened. These pallets facilitate access,
transfer, and handling of stowed items.

The PLSS LiOH cartridges and batteries are temperature-sensitive. To prevent exceeding
the minimum allowable temperature, there are heaters on these items (see figure 2.11-17.) Low- I
emissivity coatings on exposed MESA surfaces, and a segmented insulation blanket, are also provided.

2. 11. 9 STOWAGE. I

Figures 2. 11- and 2. 11- show forward and aft views of the LM cabin. I
(
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Figure 2.11-14. Modularized Equipment Stowage Assembly
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Figure 2.11-16. Modularized Equipment Stowage Assembly Application
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Figure 2.11-17. Modularized Equipment Stowage Assembly Heater Circuits
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Figure 2.11-18. LM Cabin Interior, Forward View •
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Figure 2.11-19. LM Cabin Interior, Aft View •
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APOLLO LUNAH SURFACE EXPERIMENT PACKAGE. (See figure 2.11-20.) I

The Apollo lunar surface experiment package (ALSEP) is a self-contained package of scien
tific instruments and supporting subsystems capable of transmitting scientific data to earth for 1 year.
These data will be used to derive information regarding the composition and structure of the lunar body, its mag
netic field. atmosphere, and solar wind. Two containers are stowed in the descent stage. The con- I
tainers are deployed by the extravehicular astronaut when the LM is on the lunar surface. (See figure 2.11-21. )

The laser ranging retroreflector (figure 2.11-22), is a passive experiment: a target
for earth-based laser beams. It will reflect a beam back to earth to enable precise measurement of earth
moon distances, of fluctuations in the earth's rotation rate, and of gravity influence on the moon.

ALSEP power is supplied by a radioisotope thermoelectric generator (RTG). Electrical
energy is developed through thermoelectric action. THE RTG provides a minimum of 16 volts at
55.2 watts to a power-conditioning unit. The radioisotope fuel capsule emits nuclear radiation and
approximately 1, 500 thermal watts continuously. The surface temperature of the fuel capsule is ap
proximately 1, 400 0 F. The capsule is stowed in a graphite cask, which is externally mounted on the
descent stage. The capsule is removed from the cask on the lunar surface and installed in the RTG.
(See figure 2. 11-23.)

2.11. 11 LM COMMUNICATION RELAY UNIT. (See figure 2.11-14.)

The LCRU, on pallet No.1 in the MESA for LM 10 and subsequent, is a complete portable
communication relay unit. It provides a direct communication link between the EVA's and MSFN. The
unit can transmit with its own antenna or, when near the LM, using the LM S-band antenna.

(

SUPRATHERMAL
ION DETECTOR

EXPERIMENT ---------------:~k:::

ANTENNA ------;-~rn

SOLAR WIND
EXPERIMENT

APOllO LUNAR
HANDTOOl
SUBSYSTEM

PASSIVE SEISMIC
EXPERIMENT

Figure 2.11-20. Apollo Lunar Surface Experiment Package I
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Figure 2.11-22. Laser Ranging Retroreflector I
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CONTROLS AND DISPLAYS

SECTION 3

CONTROLS AND DISPLAYS

INTRODUCTION

This section contains detailed descriptions of the LM controls and displays. A
cross-reference system, which permits quick and easy reference to any control or
display, is provided in table 3-1. This table lists each item alphabetically, the item
reference designation, the panel that contains the item, and the page number on which
the item is to be found.

Figures 3-1 and 3-2, at the end of this section, show the controls and dis
plays, panel areas, and panel numbers.

•
Column headings for the tabular presentation, and the description of the entries

made under each, are as follows:

• Location/Ref Des, Notes the location, by panel number, of a particular
control or display in the LM, and lists the reference designation.

( • Name and Position. Gives the placarded nomenclature of the control or
display and the control positions exactly as placarded on the panel. In
the absence of placards, a functional name is assigned, and control posi
tions are described.

• Function, Gives a brief description of the function of the control or display.

• Circuit Breaker. Gives the nomenclature and location of the circuit
breaker(s) that controls the electrical power to the control or display.

• Power Source. Gives the rating and nomenclature of the immediate bus or
source that supplies power to the control or display.

• Remarks. Contains additional data and explanatory remarks.
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Table 3-1. Controls and Displays - Alphabetical Index

NAME AKD REFERENCE DESIGNATIO"

#1 ASC 02 valve control (lH2!)

#2 ASC O
2

valve control (7H5)

+X TMNSL pushbutton (ISI2)

ABORT STAGE pushbutton (IS14).
ABOHT pushbutton (IS13)
AC BUS A: AC BUS VOLT circuit breaker (4CB27)
AC BUS A: AOT LAMP circuit breaker (4CB212)
AC BUS A: BUS TIE INV 1 circuit breaker (4CB23)
AC BUS A: BUS TIE IKV 2 circuit breaker (4CB24)
AC BUS A: CDR FDAI circuit breaker (4CB209)
AC BUS A: CDR wrxn HTR circuit breaker (4CBl44)
AC BUS A: DECA GMBL circuit breaker (clCB207).
AC BUS A: GASTA circuit breaker (4CB201)
AC BUS A: INTGL LTG circuit breaker (4CB211)
AC BUS A: RKDZ RDR circuit breaker (4CB206)
AC BUS A: RNG/RNG HT; ALT/ALT HT circuit breaker (4CB204)
AC BUS A: TAPE RCDH circuit breaker (4CB202)
AC BUS B: AGS circuit breaker (4CB203) .
AC BUS B: AOT LAl\lP circuit breaker (4CB214)
AC BUS B: BUS TIE IKV 1 circuit breaker (4CIHS5)
AC BUS B: BUS TIE rxv 2 circuit breaker (4CB186)
AC BUS B: He/PQGS PROPUL DrSI' circuit breaker (4CBI69)
AC BUS B: NUM LTG circuit breaker (4CB200)
AC BUS B: ORDEAL circuit breaker (4CB226).
AC BUS B: S-BD ANT circuit breaker (4CB34)
AC BUS B: SE FDA! circuit breaker (4CB210) .
AC BUS B: SE WIND HTR circuit breaker (4CBI52)
ACA/4 JET switches (COn &: Ll,IP) (1S21) (IS2:.I_
ACA PROP sw itch (IS25)
ACA PROP switch (IS26)
Address indicator (12I\Il)
AG~ MODE CONTROL switch (l1S25)
AGS STATUS switch (12S17)
AGS warning: light (6DS8)
ALT light (3DS209)

ALT SET control (9Rl)
Altitude/ran~e indicator (9~19)

AMPS indicator (4M3) .
AKC" OVEHRIDE switch (16S4)
Al\UN/NUM control (16H2)
AOT indicator (3M7)
ASC lIe SEL switch (2S3)
xsc HI REG caution light (6DS21)
ASC H20 valve (7H13) .
ASC PRESS warning light (6DS'Z)
ASC QTY caution l lg ht (GD522)
ASCENT He REG 1 switch (1 OS3)
ASCENT He REG 1 ta lkback (JOFLl)
ASCENT He HEG 2 switch (10S-±)
ASCENT He HEG·' talkback (10FL2)
ATT/TRANSL switch (IS6)
ATTITUDE CONTROL: PITCH switch (l1S3)
ATTITUDE COKTROL: ROLL switch (1184).
ATTITUDE CONTROL: YAW switch (l1S5)
Attitude control assembly (CDR) (IAl)
Attitude control assembly (LMP) (lAl)
ATTITUDE 1\10N switch (CDR) (9S3)
ATTITUDE 1\10N switch (Ll\lP) (9S10)
A UDIO CaNT switch (15AS5) .

¥HNO.

o ECS

I
ECS

5

1
1

J 1
11
ii
11
11
11
11
11
11
11
11
11
11
11
11
11

I
11
11
11
11
11
11

-I
1
2
6

"'
G
1

12
URDEAL

1
14
s
"AOT
8
2

FCS
1.,
1
1
1
1
1

I
:]

:l
3

ACA
ACA

1
2
8

(
----,

PAGE
NO.

3-142

~~ii;!3-14~
~::~~:~,~L

3-81 ~ ...

3-2!1
3-23
:1-~)3

3-98
3-98
3-98
3-99
3-98
3-98

!3-99
3-98
3-%
:1-99
3-93
3-97
3-97

i:l-\)8 I3-97 I
:,-97 I
:1-D'i
~~-9i (3-97
8-D'i"
3-97
3-7;)
:3 -1;1
3-52
:\-87
:~ -GG
:1-87
;~-14

3-77
3-152
:,-21
:1- 11 ~)

3-83
3-S;,
3-150
3-91
3-33
3-144
:1-1:,
3-3~i

:1-26
:l-26
:1-26
3-27
3-25
3-64
:]-64
:3-64
3-150
3-150
:1-20
:1-56 lc,;.1-95
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Table 3-1. Controls and Displays - Alphabetical Index (cant)

..iiJ..··~.··
!,-.'.\

(

-B-

BAL CPL switch (IS9)
BAT FAULT component caution light (4DS1)
BAT 5 BACK UP CDR FEED switch (4S12)
BAT 5 BACK UP CDn FEED talkback (4FL7).
BAT 5 1\ORIvV,L Ll\IP FEED switch (4S10)
BAT 5 NORl\L\L LMP FEED talkback (4FL5).
BAT 6 BACK UP LMP FEED switch (4S13).
BAT 6 BACK UP LMP FEED talkback (4FL8)
BAT G ;\ORIvL\L CDR FEED switch (4S11)
BAT G NORMAL CDR FEED talkback (4FLG) .
BATTEny caution light (6DS27)

-C-

c/» pwn caution light (6DS34) •
CABIN GAS HETURK val ve (7HI7)
CABIN PRESS indicator (71\12A).
Cabin relief and dump val ve (7Hll) (7H20)
CADIN REPRESS val ve (7H3)
CADIN TEMP indicator (7M3A)
CABIN warning light (6D516)
CAMR: 5EQ circuit breaker (4CB33)
CDn BA T 3 switch (453)
CDR BAT 3 ta lkbacl: (4FL3)
CDR BAT 3 talkback (4FL3)
CDH BAT 4 HI-V switch (454)
CDR BAT 4 LO-V switch (4S8)
CDR BAT 4 talkback (4FL4)
CDR UTILITY LIGHT switch (16S19)
CES AC warning light (4D56)
CES DC warning light (6DS7)
CLR pushbutton (CDR) (35:))
CLR pushbutton (LMP) (12513)
C02 CANISTEH SEL valve (7Hl9) .
C02 component caution light (7D56)
COAS switch (IGSJ4)
COMM: CDn AUDIO circuit breaker (4CB8G) .
COMM: DISP circuit breaker (4CB153)
COMl\J: PMP circuit breaker (4CBJ02)
COMM: PHIM S-BD PWH AMPL circuit breakcr (4CB:JO)
COMM: PHIM 5-BlJ Xl\lTH/HCVn circuit breaker (4CB111)
COMM: 5-BD A1\T circuit breaker (4CBI0)
COMM: SE AUDIO circuit breaker (4CB85)
COMM: 5EC S-BD 1'\\1, AMPL circuit breaker (4CBJ36)
COMM: SEC S-BD Xl\1TH/HCVH circuit breaker (4CB137)
COMM: TV circuit breaker (4CB]04)
COMM: UPlJATA LI;\K circuit breaker (4CB228)
COMM: UPLINK SQUELCH switch (13S17)
COMM: VIII' .\ HCVH ci rcuit breaker (4CB87)
COMl\l: VIIF ..\ XMTH c i rcuit breaker (4CB115)
COMM: VHF B HCVH circuit brcaker (4CB114).
COMM: VHF B XMTH circuit breaker (4CB]62)
COMPTR ACTY condition indicator (3DS15)

PANEL PAGE
NO. NO.

]2 3-110
AOT 3-149

] 3-25
14 3-49
]4 3-127
14 3-127
14 3-126

I14 3-127
14 3-128
14 3-129
14 3-128
14 3-128

2 3-34

2 3-35
ECS 3-145

2 3-53
EC5 3-]47
ECS 3-14]

2 3-53
1 3-15

16 3-139
14 3-123 I14 3-124
14 3-124

I14 3-124
]4 3-125
14 3-125

UTIL 3-153
1 3-13
1 3-13
4 3-78
6 3-88

EC5 3-145
2 3-58
8 3-96

11 3-106
]6 3-135
]G 3-136
16 3-136
Hi 3-136
16 3-la6
16 3-la6
11 :J-]05
]] 3-105
](, 3-]37
11 :3-105
]4 3-]29
]] a-icc
]6 a-]36
16 3-]a6
11 3-105
4 3-78

3-31 April 1971 Page -------Change DateLMMission Basic Date 1 February 1970
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SUBSYSTEMS DATA

Table 3-1. Controls and Displays - Alphabetical Ir; ~x (cont) (

NAME AND REFERENCE DESIGNATION

CRSFD switch (8S20)
CRSFD talkback (8FLI7)

-D-

Data display registers (CDR) (3M4) (3M5) (3M6)
Data indicator (LMP) (12M2)
DC FEEDER FAULT component caution light (4DS2)
DC BUS warning light (6DSI4)
DEAD BAND switch (11S2)
DES BA TS switch (4S9)
DES BA TS talkback (4FL9)
DES ENG CMD OVRD switch (lS19)
DES H20 valve (7H26)
DES Oz valve (7HI5)
DES PROPULSION FUEL VENT switch (10S9)
DES PROPULSION FUEL VENT talkback (10FL5)
DES PHOPULSlON OA'1D VENT switch (10SI0)
DES PHOPULSION OXlD VENT talkback (10FL6)
DES PRPLNT ISOL VLV switch (2S9)
DES QTY warning light (6DS4)
DES RATE switch (IS5)
DES HEG warning light (6DS3)
DES VENT switch (2S6)
DESCENT He HEG 1 switch (10S5)
DESCENT He REG 1 talkback (10FL3)
DESCENT He REG 2 switch (10S7)
DESCENT lie HEG 2 talkback (10FL4)

-E-

PANEL PAGE
NO. NO.

2 3-50
2 3-50

4 3-78
6 3-87

14 3-119
1 3-15
3 3-63

14 3-125
14 3-126

3 3-59
ECS 3-144
ECS 3-142

8 3-89
8 3-89
S 3-89
8 3-90
8 3-90
1 3-13
5 3-81
1 3-13
8 3-90
1 3-27
1 3-27
1 3-28
1 3-21'1

(
EAHTH-LUNAH switch (9S25)
ECS caution light (6DS36)
ECS: CABIN FAN circuit breaker (4CBI07)
ECS: CABIN FAN CONT circuit breaker (4CBI09)
ECS: CABIN REPRESS circuit breaker (4CBI13)
ECi: C02 SENSOH circuit breaker (4CB84)
ECS: DISP circuit breaker (4CBI40)
ECS: DIVERT VLV circuit breaker (4CB112)
ECS: GLYCOL PUMP 1 circuit breaker (4CB117)
ECS: GLYCOL PUMP 2 circuit breaker (4CBI41)
ECS: GLYCOL PUMP AUTO TRNFR circuit breaker (4CB217)
ECS: GLYCOL PUMP SEC circuit breaker (4CB96)

ECS: LCG PUMP (4CBI08) .. ..
ECS: SUIT FAN t>P circuit breaker (4CB120)
ECS: SUIT FAN 1 circuit breaker (4CBI38)
ECS: SUIT FAN 2 circuit breaker (4CB119)
ECS: SUIT FLOw CONT circuit breaker (4CB234)
ED HELAYS caution light (6DS31)
ED: LDG GEAH FLAG circuit breaker (4CB149)
ED: LOGIC PWH A circuit breaker (4CH7G)
ED: LOGIC PWH B circuit breaker (-1CB75)
ED VOLTS switch (4S17)
ENG AH~l switch (lSI)
ENG G~IBL caution light (6DS23)
ENG G~lBL switch (IS8)
Engine START pushbutton (IS2)
Eng-ine stop pushbutton (CDR) (IS3)
Engine stop switch (LMP) (IS4)
El"TH. pushbutton (DEDA) (12S14)
E?\TH pushbutton (DSKY) (3S8)
EPS: .-\SC ECA circuit breaker (4CB15)
EPS: Asc ECA circuit breaker (·ICB14)

ORDEAL 3-152
2 3-36

11 3-105
16 3-137 I
16 3-137
16 3-138
16 :3-137
16 3-138
11 3-105
11 3-105
11 3-105
16 3-137
16 3-137
16 3-137
11 3-104
16 3-137
16 3-135
2 3-35

11 3-103
11 3-104
16 3-133
14 3-119

1 3-25
2 3-33
3 3-59
5 3-81
5 3-81
(; 3-87
6 3-88
4 3-79

11 3-108
16 3-139

I
\

'-...

15 June 1970Change Date _~::.....c~"-"----'-'~-"-_3-4Page__--"-~ Mission LM Basic Date 1 February 1970



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

Table 3-1. Controls and Displays - Alphabetical Index (cant)

NAME AND REFERENCE DESIGNATION

-E-

PANEL
NO.

PAGE
NO.

)

j

EPS: ASC ECA CONT circuit breaker (4CB6)
EPS: ASC ECA CONT circuit breaker (4CB7)
EPS: BAT FEED TIE (2) circuit breakers (4CBI8) (4CB26)
EPS: BAT FEED TIE (2) circuit breakers (4CBI7) (4CB25)
EPS: -CROSS TIE - BAL LOADS circuit breaker (4CBI84) .
EPS: -CROSS TIE - BAL LOADS circuit breaker (4CBI83) .
EPS: -CROSS TIE - BUS circuit breaker (4CB20)
EPS: -CROSS TIE - BUS circuit breaker (4CBI9)
EPS: DC BUS VOLT circuit breaker (4CB22)
EPS: DC BUS VOLT circuit breaker (4CB21)
EPS: DES ECA circuit breaker (4CBI0)
EPS: DES ECA circuit breaker (4CBll)
EPS: DES ECA CONT circuit breaker (4CB8) .
EPS: DES ECA CONT circuit breaker (4CB9) .
EPS: DISP circuit breaker (4CBI6)
EPS: INV 1 circuit breaker (4CBI2)
EPS: INV 2 circuit breaker (4CBI3)
EPS: XLUNAR BUS TIE circuit breaker (4CB4) .
EPS: XLUNAR BUS TIE circuit breaker (4CB5) .
EVENT TIMER indicator (9Mll)
EVENT TIMER RESET/CONT switch (9S11)
EVENT TIMER SLEW CONT MIN switch (9S13)
EVEl'T TINIER SLEW CONT SEC switch (9S14)
EVENT TIMER TIMER CONT switch (9S12)
EXTERIOR LTG switch (16S17)
Eyepiece adjust lever (3H3)

-F-

FDAI 1 switch (9S23)
FDAI2 switch (9S24)
Flight director attitude indicator (FDAI) (9Ml)
Flight director attitude indicator (FDAI) (9MG)
FLIGHT DISPLAYS: CDR FDAI circuit breaker (4CB97)
FLIGHT DISPLAYS: COAS circuit breaker (4CB188)
FLIGHT DISPLAYS: GASTA circuit breaker (4CB88)
FLIGHT DISPLA YS: MISSION TIMER circuit breaker (4CBI59) .
FLIGHT DISPLAYS: ORDEAL circuit breaker (4CB227) .
FLIGHT DISPLAYS: RNG/RNG RT; ALT/ALT RT circuit breaker ('lCBI23)
FLIGHT DISPLAYS: THRUST circuit breaker (4CBIG8)
FLIGHT DISPLAYS: CDR X-PNTIl circuit breaker (4CBI33)
FLOOD OVHD/FWD control (16R4)
FLOOD OVHD/FWD control (IGRl)
FLOOD OVHD/FWD switch (16S6) .
FLT DISP: EVENT TIMER/SE FDAI circuit breaker (4CBI2G)
FLT DISP: SE X-PNTR circuit breaker ('1CBI34)
FUEL QUANTITY indicator (10M5B)
FUNCTION PCl\1 switch (13S4)
FUNCTIONS RANGE switch (13S1)
FUNCTIONS VOICE switch (13SG)

-G-

GIMBAL LOCK condition indicator (3009)
GLYCOL caution light (6DS38)
GLYCOL indicator panel failure indicator (16DS95)
GLYCOL component caution light (7DS3)
GLYCOL PRESS indicator (7M5A)
GLYCOL selector switch (7S3)

Mission LM Basic Date 1 February 1970 Change Date _

11 3-105
16 3-139
11 3-107
16 3-140
11 3-107
16 3-140
11 3-107
16 3-140
11 3-108
16 3-139
11 3-105
IG 3-139
11 3-107
16 3-140
16 3-139
11 3-108
16 3-139
11 3-107
16 3-140

1 3-16
3 3-69
3 3-69
3 3-70
3 3-69
3 3-72

AOT 3-149

ORDEAL 3-151
ORDEAL 3-152

1 3-20
2 3-55

11 3-101
11 3-101
11 3-101
11 3-100
11 3-101
11 3-100
11 3-100
11 3-100

3 3-71
5 3-84
3 3-71

16 3-131
16 3-131

1 3-18
12 3-113
12 3-114
12 3-113

4 3-76
2 3-36
2 3-54
2 3-57
2 3-54
2 3-57

Page 3-5



Lr-IA790- 3- Lill
APOLLO OPERATIO~S HANDBOOK

SUBSYSTEMS DATA

Table 3-1, .ntrols and Displays - Alphabetical Index (cont)

~iUIE At\D REFEHENCE DESIGNATION
PANEL

NO.
PAGE I

NO,

-G-

•

•
•
I

GLYCOL TE:\ll' indicator (DI5B)
GUm COI\T switch (9SG)
GYRO TEST POS RT switch (l1S1)
GYHO TEST ROLL switch (l1S7)

-H-

H20 QUANTITY indicator (DI48)
H20 SEP component caution light (7DS7)
He PRESS ASCENT switch (2S4)
He PRESS DES START switch (2S1)
lIe PRESS HCS switch (2S2)
ilEA TER caution light (GDS33)
HEA TERS RCS SYS AlB-I: QUAD 1 circuit breaker (4CB218)
HEATERS RCS SYS AlB-I: QUAD 2 circuit breaker (4CB219)
HEATERS RCS SYS AlB-I: QUAD 3 circuit breaker (4CB220)
HEA TERS RCS SYS AlB-I: QUAD 4 circuit breaker (4CB221)
HEATERS: AOT circuit breaker (4CB213)
HEATERS: DISP circuit breaker (4CB6S)
HEA TERS: DOCK WINDOW circuit breaker (4CB129)
HEATERS: LDG RDR circuit breaker HCB157)
HEATERS: 1IIESA circuit breaker (4CB242)
, 1:ATERS: H;\IDZ OPE circuit brcakcr (4CB155)
i i CATERS: RNDZ RDH STIOY circuit brcaker (4C B15Gl
HEATEHS: S-BD ANT circuit breaker (4CB31)
HEATERS: RCS SYS A/B-2: QUAD 1 circuit breakcr (4CB222).
HEATERS: ECS SYS A/B-2: QUAD 2 circuit breakcr (,ICB223) ,
HEATERS: RCS SYS A/I\-2: QUAD:" circuit breaker (4CB224) ,
HEATEHS: HCS SYS A/B-2: QUAD 4 circuit breaker (4C 13225) .
HEATEHS: UHINE LINE circuit brcaker (4CB241l '"
HELIUM indicator (10M1) .
HELIUM MON selector switch (10SG) ,
Hi PLSS 02 fill val ve (7H29)
HOLD pushbutton (12S16)
liTH CONT MESA switch (ICS22)
lITR CONT URINE LINE switch (16S21)

-1-

ICS T/R switch (CDH) (15AS3)
ICS T/H switch (LJVIP) (l:,BS3)
ICS VOLlHIE thumbwheel (CDR) (15AH~)

ICS VOLUl\IE thumbwhecl (DIP) (15BH7),
IMU CAGE switch (3S1)
INST: CWEA circuit breaker (4CB99)
INST: PClII/TE circuit breaker (4CBI25)
INST: SIG CONDH 1 circuit breaker (-ICBI31)
INST: SIG CONDR 2 circuit br-eaker (4CB1)
INST: SIG SENSO!, circuit breaker (-ICBI32)
INTEGHAL control (1GR3)
INTEGRAL OVERRIDE switch (IGS3) ,
I!'.'VERTER caution lig-ht (6DS26)
INVERTER switch (4S14)
ISS warning lig-ht (6DSI0)

-K-

KEY REL condition indicator (3DS7)
KEY REL pushbutton (3S7) , ... , ...
Keyboard pushbutton (DEDA) (12S1 thru 12S12)
Keyboard pushbuttons (DSKY) (3S10 thru 3S21)

2 :~-5:3

1 3-21
3 3-63
3 3-63

2 3-54
2 3-58
8 3-92
8 ;\-n
8 ;;-~1

2

I
3-35

11 3-104
11 3-104,
11 , 3-104
11 3-104
11 3-102
16 3-138
11 3-102
11 3-102
16 3-138
11 3-101
11 3-101
16 3-139
16 3-138
16 3-138

! 16 3-138
It> 3-1:38
11 3-101

1 3-18
1 3-30

ECS 3-148
6 3-88
8 3-89
8 3-89

8 3-94
12 3-109

8 3-9-1
12 3-109

3 3-G8
1G 3-135
16 3-135
11 3-102
1G 3-135
16 3-135

5 3-85
5 3-84
2 3-33

H 3-120
1 3-14

4 3-7G
4 3-79
G 3-88
4 3-79

..J

;:~..'
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APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

Table 3-1. Controls and Displays - Alphabetical Index (cont)

-M-

-0-

-N-

-L-

I

I

PANEL PAGE
NO. KO.

.) 3-71
3 3-59
8 3-91
8 3-91
1 3-14

ORDEAL 3-152
ECS 3-148

14 3-121
14 3-121
14 3-122
14 3-122
14 :1-123

UTIL 3-153
11 3-104
16 3-133
16 3-1:33
16 3-133
16 3-133
11 3-104
14 3-125
H 3-126
14 3-126

1 3-16
3 3-72

AOT 3-149
AOT 3-149

1 3-24
1 3-1~

2 3-53
8 3-90
B 3-96

12 2-112
1 3-16
:) :1-82

3-82
5 3-83
5 3-81
1 3-22

OIWEAL :1-153
B :;-94

12 :;-110
12 :1-112

4 3-7G
:3 :;-60
4 3-78
4 3-78
s 3-83

2 3-36
2 3-52
2 3-58
4 3-77
6 3-87
1 3-18

Page 3-7February 1970 Change Date 1 April 1971

J'\A~IE .\J'\D REFERENCE DESIGNATION

L.:"',IP/TONE TEST selector switch (16S10) .
LDG A"T switch (17S5). . . . . . .
LDG GEAR DEPLOY switch (2S10) ..
LDG GEAR DEPLOY talkback (2FLl).
LGC warning light (6DS9) .....
LIGHTING switch (~S26) •....
LIQUID GARl\IEJ'\T COOLI;-';G valve
L~IP BAT 1 HI- V switch (4S1)
LIIIP BAT 1 LO-V switch (4S5)
L"IP BA 'r 1 talkback (4FLl)
Ll\IP BAT 2 switch (4SJ\
L"I1' BAT 2 talkback (lFL2)
LIllI' UTILITY LIGHTS switch iI6S20i .
LTG: A?WJ'\/DOCK/C01\IPNT circuit breaker ('lCBI46)
LTG: ANlP.-I/DOCK/COl\IP:\T circuit breaker (4CBl48)
LTG: FLOOD circuit breaker (4CB128) .....
LTG: MASTER ALAH1\'! circuit breaker (4CB147) .
LTG: THACK circuit breaker (4CB160)
LTG: UTIL circuit breaker (4CB236\
LUCIAH BAT CDR switch (4S7\ . . .
LlJJ'\AH BAT LMP switch (4S(;) ..•
LUKAH BAT talkback (4FLI0)
LUi\AH CONTACT light (CDH) (IDS1)
LUKAR CONTACT light (LIIIP) (IDS2)

02 QTY caution light (6DS37) . . . . .
02 QUANTITY indicator (nlclA) .
02/H2 QTY MON selector switch (7S2) .
OPR ERR condition indicator (DSKY) (3DSH)
OPH EHH condition indicator (DEDA) (12DSl) .
OXlDIZEH QUANTITY indicator (10l\l5A) ...

NO ATT condition indicator (3DS5) .
NO Tl'.ACK light (I7DS1) ...
NOUN display indicator (31\13) .
NOUN pushbutton (35·1) . . . .
NUl\1 OVEHHIDE switch (l6S5)

"lAnK x pushbutton (352:3) .
~IAnK Y pushbutton (3525) .
"IA:\ THROT switch (IS!!)) . . .. .
"lASTER ALAlnl pushbutton/light (CDR) (G52)
l\1A5TEH ALAHl\! pushbutton/light (L~ll') (6S3)
IIIA5TEH AH1\I switch (2S7) . . . . . . ..
MASTEH VOL thumbwhecl (CDH) (151\1\15) ..
1\IASTEH VOL thumbwhcel (L~IP) (15B1115) ..
MISSION TI:\IEH indicator (9~II2) .
illISSION TI;VlEH: SLEW COKT lIOUnS switch (()"22)
MISSION TI;VIEH: SLEW COl'-:T xnx switch (9~21) .
l\lIS5ION TIl\lElt: SLEW Cm"T SEC switch (9S20) .
1\lIS5ION TIil1EH: TI1\1EH CO:\T switch (9S19)
xior»: SEL switch (95(1)
l\]ODE switch UJS27) . . .
1\!OllE switch (151\SG)
;VIODE switch (15B5G)
:lIOlJULATE switch (l:lS;,)

Mission LM Basic Date

_.j
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SUBSYSTEMS DATA

\

Table 3-1. Controls and Displays - Alphabetical Index (cont)

NAilIE AND REFERENCE DESIGNATIOK

-P-

PART PRESS C02 indicator (71111)
PGI\S :\IODE CONTROL switch (l1S24)
PGNS: IIIIU aPR circuit breaker (4CB124)
PG;\S: DIU STBY circuit breaker (4CB161)
PGNS: LDG RDR circuit breaker (4CB105)
PGNS: LGC/DSKY circuit breaker (4CB122)
PGNS: RNDZ RDR RDR circuit breaker (4CB29)
PGKS: SIG STR DISP circuit breaker (4CB154)
PITCH control (14B2).
PITCH indicator (14M3)
PLSS FILL valve (7H4). . . . . . . . . .
POWER/TEMP MaN selector switch (4S15) .
PRE AMPS caution light (6DS30) .
PRESS indicator (10M3)
PRESS indicator power failure indicator (16DS90)
PRESS indicator (System A) (8MlA)
PRESS indicator (System B) (8MlB)
PRESS indicator power failure indicator (16DS96)
PRESS indicator power failure indicator (16DS93)
PRESS REG A valve (7H1!
PRESS REG B valve (7H2)
PRI EVAP FLOW #1 valve (7H25)
PRI EVAP FLOW jl2 valve (7H16)
PRIMARY C~ CANISTEH
PRO pushbutton (3S6) .
PHOG condition indicator (3DS10)
PROG display indicator (3Ml)
PROPUL: ACS He REG circuit breaker (4CB53)
PROPUL: DES He REG/VE1\T circuit breaker (4CB74)
PHOPUL: PQGS circuit breaker (4CB32) .
PHOPUL: DISP/ENG OVHD LOGIC circuit breaker (4CB103)
PRPLNT QTY MaN switch (10S8) . . . . -
PHPLNT TEMP/PRESS Mal' switch (10S1)
PWH AMPL switch (13S2).

-Q-

QUANTITY indicator (8M4)
QUANTITY indicator power failure indicator (16DS98)
QUANTITY indicator power failure indicator (16DS9'1)

-1\-

I\ADAH TEST switch (17S6) .....
HATE/EHR MOK switch (CDR) (9S2) .
HATE/ERR MaN switch (LIIIP) (9S7).
RA TE SCALE switch (9S29)
RCS A REG warning light (6DS12)
RCS B REG warning light (6DS13)
RCS caution light (6DS32)
RCS QUAD 1 heater switch (llS·!)
HCS QUAD 2 heater switch (llS5)
RCS QUAD 3 heater switch (I1S6)
HCS QUAD 4 heater switch (llS7)
RCS SYS A: ASC FEED 1 circuit breaker (4CB51).
RCS SYS A: ASC FEED 2 circuit breaker (4CB231)
RCS SYS A: ISOL VLV circuit breaker (4CB67)
RCS SYS A: Jl.lAIN SOY circuit breaker (4CB72) .
RCS SYS A: QUAD 1 TCA circuit breaker (4CB63)
RCS SYS A: QUAD 2 TCS circuit breaker (4CB62)
HCS SYS A: QUAD 3 TCA circuit breaker (4CB61)
RCS SYS A: QUAD 4 TCA circuit breaker (4CB60)

PANEL PAGE
NO. NO.

2 3-5~l

3 3-65
11 3-107
11 3-106
11 3-106
11 3-106
11 3-106
11 3-106
12 3-117
12 3-117

ECS 3-141
14 3-119

2 3-34
1 3-19
1 3-19
2 3-37
2 3-37
2 3-37
2 3-53

ECS 3-142
ECS 3-142
ECS 3-148
ECS 3-143
ECS 3-146

4 3-78
4 3-76
4 3-77

16 3-133
11 3-101
16 3-133
16 3-132

1 3-29
1 3-30

12 3-112

2 3-37
2 3-37
2 3-54

3 3-60
1 3-19
2 3-56
1 3-23
1 3-15
1 3-15
2 3-35
3 3-70
3 3-70
3 3-70
3 3-70

11 3-100
11 3-100
11 3-100
11 3-99
11 3-99
11 3-99
11 3-99
11 3-99

)

)

Change Date 15 June 19703-8Page Mission LM Basic Date 1 February 1970



L;VIA790- 3- DI
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

Table 3-1. Controls and Displays - Alphabetical Index (cont)

NAl\IE AND REFERENCE DESIGNATION
PANEL

NO.
PAGE

NO.

-R-

)

)

RCS SYS B: ASC FEED 1 circuit breaker (4CB52) .
HCS SYS B: ASC FEED 2 circuit breaker (4CB232)
RCS SYS B: CRSFD circuit breaker (4CB54)
RCS SYS B: ISOL VLV circuit breaker (4CB49)
RCS SYS B: l\!IAIN SOY circuit breaker (4CB73) .
RCS SYS B: PQGS/DISP circuit breaker (4CBl21) .
RCS SYS B: QUAD 1 TCA circuit breaker (4CB45)
RCS SYS B: QUAD 2 TCA circuit breaker (4CB44)
RCS SYS B: QUAD 3 TCA circuit breaker (4CB43)
RCS SYS B: QUAD 4 TCA circuit breaker (4CB42) .
RCS SYS B: TEl\IP/PRESS DISP-FLAGS circuit breaker (4CB50)
RCS TCA warning light (6DSll)
READOUT pushbutton (12S15)
RECOHDER switch (13S11)
HECORDER TAPE talkback (13FL1)
REJECT pushbutton (3S24)
RELA Y ON switch (CDR) (l5AS4)
RELAY ON switch (LMP) (l5BS4)
HENDEZVOUS RADAR mode selector switch (17S3)
RESTART condition indicator (3DSll)
Reticle control (3Hl)
Reticle illwnination control
RNDZ RDIl caution light (6DS28) .
RNG/ALT MON switch (9S4)
RIl GYRO SEL switch (17S9)
RSET pushbutton (3S9)

-S-

S-BAND selector switch (14S5) .
S-BAND T/n switch (CDR) (15AS1)
S-BAND T/R switch (LlvlP) (15BS1)
S-band VOLUME thwnbwheel (CDR) (15AR14)
S-band VOLUME thurnbwheel (LMP) (15BRI4) .
S-BAND XMTR/nCVR switch (13S8)
S-BD RCVR caution light (6D810)
SEC EVAP FLOW valve (7HI8)
SECONDARY C0:2 CANISTER
SHFT/TRUN f switch (9S8) .
SIDE PANELS switch (CDR) (16S1) .
SIDE PANELS switch (L:vIP) (16S9)
SIGNAL STRENGTH indicator (141\11)
SIGNAL STRENGTH indicator (17Ml)
SLEW RATE switch (17S2)
SLEW switch (17S1)
SLEW switch (9S28) . . . . . . . .
SQUELCH VHF A thumbwheel (13RI0)
SQUELCH VHF B thwnbwheel (13RI5)
STAB/CONT: ABORT STAGE circuit breaker (4CB3)
STAB/CONT: ABORT STAGE circuit breaker (4CB2)
STAB/CONT: AEA circuit breaker (4CB28)
STAB/CONT: AEA circuit breaker (4CB28)
STAB/CONT: AELD circuit breaker (4CB40)
STAB/CONT: AELD circuit breaker (4CB41)

16 3-131
16 3-131
16 3-132
16 3-131
16 3-132
16 3-132
16 3-131
16 3-132
16 3-132
16 3-132
16 3-132

1 3-14
6 3-88

12 3-116
12 3-116

AOT 3-149
8 3-94

12 3-110
3 3-62
4 3-76

AOT 3-149
AOT 3-149

2 3-34
1 3-22

3-153
4 3-79

12 3-118
8 3-93

12 3-109
8 3-93

12 3-109
12 :3-112

2 3-37 •ECS 3-143
ECS 3-146

1 3-23
5 :1-84
3 3-71

12 3-117
3 3-60
3 3-61
3 3-62

ORDEAL 3-153
12 3-114
12 3-115
11 3-102
16 3-134
11 3-102
16 3-134
11 3-102
16 :1-134

:1;:'.
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LMA790-3-L:'l
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

Table 3-1. Controls and Displays - Alphabetical Index (cont)

NAME AKD HEFERENCE DESIGNATIOK
PANEL

NO.
PAGE

NO.

-S-

STAB/cm,T: ASA circuit breaker (4CB79)
STAB/CONT: ATCA (AGS) circuit breaker (4CB230) .
STAB/CONT: ATCA (PGNS) circuit breaker (4CB81).
STAB/CONT: ATCA circuit breaker (4CB82)
STAB/CONT: TCA DIR CONT circuit breaker (4CB59)
STAB/CONT: DECA PWR circuit breaker (4CB69).
STAB/CONT: DES ENG OVIU) circuit breaker (4CB233)
STAB/CONT: ENG ARM circuit breaker (4CB37)
STAB/CONT: ENG CONT circuit breaker (4CB80)
STAB/CONT: ENG STAHT OVRD circuit breaker (4CBI06)
STAGE switch (2S5)
STAGE RELAY switch (2S8)
STAGE SEQ RELAYS SYS A component caution light (2DSl)
STAGE SEQ HELAYS SYS B component caution light (2DS2)
STBY condition indicator (3DS6)
SUIT CmCUIT RELIEF valve (7H9)
SUIT FAN component caution light (7DSl)
SUIT FAN selector switch (7S1)
SUIT GAS DIYERTEH val ve (7118)
SUIT ISOL valves (7H6) (7H7)
SUIT PHESS indicator (7M2B)
SUIT TEMP indicator (7M3B)
SUIT TEMP val vc (7H22)
SUIT/FAN warning light (6DSI7)
SYSTEM A ASC FEED J switch (8S8)
SYSTEM A ASC FEED 2 switch (8S22)
SYSTEM A ASe FUEL talkback (8FLG)
SYSTEM A ASr; OXID talkback (8FL18)

I
SYSTEM A LGC THRUSTEH PAm CMDS (~eAD 1 switch (8SII)
':YSTEM A LGC THRUSTER PAm CMOS (iUAD 1 talkback (8FL9)
SYSTEM A LGC THRUSTEH PAm CMDS QUAD 2 switch (8S12)
SYSTEM A LGC THHUSTER PAIR CMDS QUAD 2 talkback (8FLI0)
SYSTEM A LGC THRUSTEH PAm CMDS QUAD 3 switch (8S15)
SYSTEl\l A LGC THHUSTEH PAm CMDS QUAD 3 talkback (8FLIJ\
SYSTEM A LGC THRUSTER PAIR CMDS QUAD 4 switch (8S16)
SYSTEM A LGC THHUSTEH PAm CMOS QL:AD 4 talkback (8FLJol)
SYSTEM A MAL\; SOY switch (8S,)
SYSTEM A I\jAIN SOY talkback (8FL5)
SYSTEM B ASC FEED 1 switch (8SI0)
SYSTEM B ASC FEED 2 switch (8S23)
SYSTEM B ASC leUEL ta lkbaok (8FL~)

SYSTEM B ASC oxm talkback (SFLI9)

I
SYSTEM B LGC THHUSTEH PAm CMDS QUAD 1 switch (8S13)
SYSTEM B LGC THRUSTEH PAm CMDS QUAD 1 talkba ck (8FLll)
SYSTEM B LGC THHUSTEH PAm CI\IDS QUAD 2 switch (8S14)
SYSTEM B LGC TlIHUSTEH PAm CMDS QUAD 2 talkback (8FLI2)
SYSTEM B LGC TIl HUSTER PAm CMOS QUAD 3 switch (8S17)
SYSTEM B LGC THHUSTEH PAm CMOS QUAD 3 ta lkback (8FLl;J)
SYSTEM B LGC THHUSTER PAm CMDS QUAD 3 switch (8S18)
SYSTEM B LGC THHUSTEH PAm CMDS QUAD 4 talkback (8FLI6)

16 :1-134
16 3-134
11 3-102
16 3-134
11 3-10:1
11 3-103
16 3-134
16 :3-134
11 3-103
11 3-103
8 3-92
8 3-93
8 3-92
8 3-93
4 3-76

ECS 3-146
:2 3-5'1

" 3-57
ECS 3-141
ECS 3-14:3

2 3-53
2 3-53

ECS 3-143
1 3-15
2 :3-38
') 3-:39
" ~~<-{~
') :3-39
2 :3-40
" :3-H
2 3-·12
" 3--12
2 3-42A
2 :3-42B
2 3-42C
:2 3-4:3
2 :1-51
2 3-51
-,

~{-4·1

2 ;;-45
2 :1-44
2 :3-45
2 3-46
2 :l-46A., 3-4(;B
:2 3-46C
:2 :3-47
2 3-48
2 3-48
2 :3-49

)

)

';'::,';
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UIA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

Table :)-1. Controls and Displays - Alphabetical Index (cont)

~:\ME :\"D HEFEHENCE DESIGNATION

I
ISYSTEc.I B MAI:1 SOV switch (8S9)
SYSTEM B MAIN SOV talkback (8FL7)

-1'-

T /W indicator (9i\H)
TELEMETHY BlaMED switch (13S3)
TELEMETRY PCM switch (13S13)

. TEMP condition indicator (3DS8).
TEMP indicator (10M4)
TEMP indicator (18Ml)
TEMP indicator (System A) (8;\12A)
TEMP indicator (System B) (BM2B)
1'E;\IP l\IONITOn selector switch (18S10)
TEMP/PRESS IvION scl cctor switch (8S19)
TEST/l\IONITOR selector switch (17135).
THR CONT swit~h (IS11)
Throttle/jets select lever (CDH) (IHl)
Throttle/jets select lever (Lc.IP) (IH2)
THRUST indicator (9M7)
THRUST indicator power failure indicator (16DS92)
Thrust/translation controller (CDR) (IXl)
Thrust/translation controller (LMP) lX2)
TnACK MODE switch (14S3\
TRACKER condition indicator (3DSI2)
TTCA/THANSL switches (CDn &: Ll\IP) (IS20) (IS22).

PANEL PAGE
:\0. NO.

2 3-52
., 3-52-

I

1 :,-21
12 :,-115
12 3-116

-I :~-7;j

1 3-19
:J 3-68
2 3-37
2 3-37
3 :,-68
2 3-50
3 3-60
1 3-24

TTCA 3-151
TTCA 3-151

1 3-17
1 3-18

TTCA 3-150

fTTCA 3-150
12 3-116

4 3-77
4 3-75

-V-

VI' DA TA LINK switch (13S16)
UPLINK AC1'Y condition indicator (3DSl)

12
4

3-109
3-75

-V-

VEL light (3DS204)
VEnB pushbutton (3S3)
VEHB di splay indicator (:31\12)
VHF A switch (CDH) (15AS2)
VHF A switch (LMP) (15I3S::)
VHF :\ nCVH switch (13S10)
VHF .\ VOLUl\!E thumbwheel (CDH) (L):\IU2)
VHF A VOLUME thumbwheel (LMP) (l5BHI2)
VHF ,\ XMTH switch (13S7)
VIII' selector switch (14SG)
VHF B HCVH switch (13SI,))
VIIF B switch (CDR) (I,)AS~).

VHF B switch (LMP) (I,)BS~)

VHF II VOLUME thurnbwherl (CDH) (1,):\Hl:l)
VIIF B VOLUME thumbwh ccl (LMP) (1'JB!U:n
VHF B XMTH switch (13S12)
VOLTS indicator (4M2)
VOX SEl':'S thumbwhr-rl (CDH) (l'JAHS)
VOX SENS thurnbwher-I (Ll\IP) (I'JBHS)

-1 3-77
,I 3-78
4 :3-78
8 3-95

1:2 3-111
12 3-114

S 3-95
12 3-111
l~ :3-114
12 3-117
12 :3-115

8 3-95
12 3-111
8 3-96

1" 3-112 .'';,'''~

12 3-115

mlf14 3-119
8 3-95 ,~ (::~-

12 a-r i i
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LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

Table 3-1. Controls and Displays - Alphabetical Index (cant)

•

NAl\lE AND REFERENCE DESIGNATION
PANEL PAGE

NO. NO.

-W-

WATEIt SEP SEL valve (7HI0) ECS 3-147
WATER TANK SELECT valve (71l14) . ECS 3-143

-X-

X-Pointer indicator (CDIt) (9M2) 1 3-16
X-Pointer indicator (LIIIP) (9M3) 2 3-55
X-Pointer indicator power fa ilure indicator (16DS91) 1 3-1(;
X-Pointer indicator power failure indicator (16))S97 ) 2 3-,,')
X-POINTER SCALE svitch (CDIt) (9S] 7) 1 3-17
X-POINTER SCALE switch (LMP) (9S18) 3 3-73
XMTR/HCVR switch (13S8) 12 3-112

-v-

YAW control (14Bl) 12 3-117
YAW indicator (14:vI4) 12 3-117

)

)
Change Date 1 April 19713-12Page Mission LM Basic Date 1 February 1970
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PJ
-t
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~

<0
-J
0

0
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<1l M
o t"'
PJ ~,....
<1l

Location/
Ref Des

Panel I

GDS2

GDS3

GDS4

'c:Z'm.
1j.

Name and Position

WAH;\lNG LIGHTS

ASC PHESS (}IPS)

DES REG (lIlI'S)

DES QTY (~IPS)

~

Function

Goes on if pressure in either
ascent helium Link drops below
~,77~~ PSLI prio r to sta~ing- or if
blanket p rc s surc ill Iue l or oxr
dizcr lines :ll hip ropo l l.mt vn lves
drops !J('}()\\' l~() psia.

Goes on if, after pressurization.
pressure in descent. hcl iu m lines
down st rcn m of regulators exceeds
2GO ps i« or d rnps helow 2:?O ps ia .

Goes on if, before staging, descent
tanks contain propellants for only
approximately £ minutes burn time
at hover (25":,) thrust.

Circuit
Breaker

LTG: ANUN/
DOCK!
CO~ll'i\T

(panel 11
and/(-lr panel
1G)

LTG: ANUN!
DOCK!
COilTPNT
(panel Il
and/o r pane I
lG)

LTG: ANUN/
DOCK/
COMPNT
(panel 11
and/or panel
1G)

Power
Source

CDH's
2H-vrle
bus

L~If"s

2H-vdc
l.us

eDH's
2H-vdc
hus

LMP's
28-vde
bus

CDR's
28-vdc
bus

LMP's
28-vde
bus

/

Remarks

Light goes off when deadf"ee
sw i t.ch is actuated bv scpa rat i on oj
descent und ascent .stages, or by
rcs to rution of fuel or oxidizer
blanket pressure.

Light goes off when nominal pres
sure is restored or when ascent
and descent sttges :t rc i-'cpa r.ur«].

MASTEn ALAnIvl light and tone
are inhibited for this warning
light.

;p
'1::J
o

Ot"'
Ot"'
ZO
>-JOt"'
5"d;';:
t"'M;p
(f)~z;
>:j?Sow
02J5~
I'ij::r: H

'1::J;p
t"'z
;PO
><tl:lC/)o

o
~

GDSG

I
"d
PJ

0'1
<1l

W I GDSl
I....

cc

CES AC (G!\&CS)

CES DC (GN&CS)

~~F

Goes on if a-c voltage in control
electronics section of GN&,CS is
out of tolerance.

Goes on if voltage of any d-«: powe r
supply in CES IS out of tolerance.

~

LTG: ANUN/
DOCK/
COIvlPNT
(panel II
ami/or panel
lG)

LTG: ANlJl'/
DOCK!
COMPNT
(panel 11
and/or panel
lG)

CDH's
28-vdc
bus

LMP's
2H-vrlc
IJUS

CDH's
28-vde
bus

LMP's
28-vdc
bus

A-C voltage (28 volts, singlc
phase; or 2G volts, 800 cps, three
phase) is required. Light goes off
when GYHO TEST switch is placed
in POS HT or NEG HT position.

D-C powc r supply voltages are
+15, -15, 1-4. ~{, +G, and -G volts .
Light goes off when GYHO TEST
switch is placed in POS HT or
NEG HT position.

I
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Location/
Ref Des

Panel I
(cant)

GDSS

GDS9

GDSIO

GDSIJ

Name and Position

AGS (GN&CS)

LGC (GMCS)

ISS (G?\&CS)

HCS TCA (HCS)

Function

Goes on if any ASA power supply
fails or if fail signal is generated
by AEA test a s so mblv.

Goes on if LGC power supplies,
counter. or scaler fail.

Lights if failu rc of txrc, I'IPA
during rna in engine thrusting, or
CDU occurs.

Goes on if GN&: CS issues firing
command to primary coils of
specific thruster, but there ts no
chamber pressure at that thruster.
Goes on if opposing collinear jets
a re on simultaneously.

Circuit
Breaker

LTG: ANUN/
DOCK/
COMPNT
(panel II
and-o r panel
IG)

LTG: ANUN/
DOCK/
COMPNT
(panel II
and/or panel
IG)

LTG: ANUN/
DOCK/
COMPNT
(panel 11
anel/o r pane I
16)

LTG: ANUN/
DOCK/
COI\1PNT
(panel 11
and/or [land
1G)

Power
Source

COIl's
2S-vdc
bus

LMP's
28-vdc
bus

CDH's
28-vdc
bus

LiVIP's
28-vdc
hus

CDH's
28-vdc
blls

LIVIP's
28-vdc
bus

CDIt's
28-vcIc
bus

Ll\IP's
28-velc
bus

Remarks

Light goes off when 0;:/11;:0 Qty l\!UN
s wi tc.h is m om ont a r i lv set to C/\V
RESET. Power SLIpI'll' voltages are
i 28 and +12 volts de, and 2H volts
·100 cps. Sign:l! is inhil, ited when
AG5 STATUS switch is se-t to OF}
Thermal switch is in series with
I] 2 vdc. Switch opens at 1SOlS"l",
close-s at 1:lO±5° F.

When ACS STATUS switch is moved
from OFF to STH Y, AGS light Fln s ho s
and MASTEH ALAHl\1 !!:oes on. When
switch is moved from 5THY t" UPlt,
AGS I ight goes on, then uff and
MASTEH ALA[lM goes off.

Power supply voltages are ·2H,
+J4. or +4 valls de. Light goes
off when nominal voltage is
restored or GUID CaNT switch is
set to AGS.

Light gocs off when GUlD CONT
swi teh is set to ACS.

Light is cxungut shor: when thruster
pair isolation valve associated with
failed TCA is closed.
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~gz,.

i J}',- J

e-;
Location/ I I I Circuit I PowerUl

IUl Name and Position Function Remarks
0 Ref Des Breaker Source
:;

I~ Pallell
to (cant)
III
Ul
~.

6DSI2 RCS A REG (RCS) Goes on when pressure sensed by LTG: ANUN/I CDR's

I
Light is inhibiteel when SYSTF M('l

t:l pressure transducer downstream DOCK/ 28-\'<1c A MAIN SOY sw it c h is set to
III of system A pressure regulators COMPNT bus CLOSE .....
/1) exceeds 218 psi a or drops below (panel] I

.... 165 ps ia , anel/o r pa no l LMl"s

»j
]1;) 28-vdc

/1) buscr
'1

~~
III "d
'1 6DSI3 HCS B REG (HCS) Goes on when p re ssu ro sensed by LTG: ANUN/ CDH's Light is inhibited when SYSTEM 0-<

p res su rc transduce r downs! rca m DOCK/ 28-vde B MAIN SOY switch is set tl> Ot'"....
of system B pressure regulators CO~rl'NT bus CLOSE. ot'"

to 2:0-J exceeds 218 p si a or drop" hcl o« (panel 11
~ 0 r-0

1G5 psia. and/or panel U\l P' s
o ~ 5:0 If; ) 28-vdc

:r "d bus ~ s: ~
~ ~ ~:j 0
/1) t'1j s0 ~
t:l r- 6DSI4 DC 13l:S (EPS) Goes on if d-c voltage drops b e low LTG: ANUN/ CDR's Light goes off when m.m ina l vult-

t:l ~ t-<~ .... 21;.5 volts on either Commander's DOCK/ 28-vele age is rc sto red. til t:I: 2::/1) or LM Pilot's d-«, bus. COMPNT bus
"d~

(panel] I S:Sanel/o I' pane I LMP's
16) 28-vdc ><to

rnO
bus 0

~

"d
III

~

c..>
I....

t11

6DSI6

6DS17

CABIN (ECS)

SUIT / FAN (ECS)

.,;~-:~~;

Goes on if cabin pressure elrops
below 4,15±O.15 p s i a ,

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/o I' panel
16)

LTG: ANUN/
DOCK/
CO~IPNT

(panel] ]
and/or panel
16)

'.~~

CDH's
28-vde
bus

LII1P's
28-vdc
bus

CDH's
2B-vdc
bus

LMP's
28-vdc
hus

Light goes on when cabin pressu re
is restored to 4.8 psia. It does
not light durin" intentional cabin
depressurization.

Light goes on when nominal suit
pressure is restored.

I
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Location/ Circuit Power
Ref Des Name and Position Function Breaker Source Remarks

Panel 1
(cant)

9M12 MISSION TIMER indicator Displays digital readout of elapsed FLIGIIT COWs MISSION TI~lEn iudi c.ato r can
ti me in hours, minute s , and DISPLAYS: 2S-vdc only count up.
seconds. Indicator is controlled MISSION bus
with TDIER CO!\T and SLEW TIMER If PCMTF timing pulses fail, :m
CONT switches on panel ~). (panel 11) internal tuning fork supplies the
Maxi murn time d i spluvcd is 99~) 10 PI's clock frequency, and a
hours S9 minutes 59 seconds. display appears before the first

indicator digit.

9M1I EVENT TIMEH indicator Displays digital rc.idout of r i m c FLT DISP: LMP's EVENT TI~IEI{ indicator can count
(0 minutes 0 seconds to ;'9 EVENT 28-vdc up or down. U it fails, ~IISSION

minutes S~) seconds). EVENT TllllER/SF bus TIMFH inrli cat.o r can be used.
Tl~1EH is controlled with In:SI': l"/ FDAI
COUNT, TDIEH CONT, SLEW (panel Il\)
CO:--:T ~Il1\, and SLEW CONT
SEC switches on panel :1.

9M2 X-Pointer indicator Displays forward and lateral FLIGHT CDH's Forward anrl lu to r al vcloeities a I'e
velocities, lateral velocities only, DISPLAYS: 28-vdc coincident with LM Z and Y body
or rendezvous radar LOS elevation CDR X-PNTH bus axis velocities when PGNS drives
and azimuth angular rates, (panel 1I) display. When LR drives display,
depending upon setting of HATE/ forward ami lateral velocities are
EHH MON switch and ~IODE SEL coincident with L~I Z and Y axis
switch. (from hi-gate point to touchdown).

When AGS drives display, lateral
Y-axis velocity only is displayed.
When HH is selected, LOS rates
are di splavcd,

I
lGDS9I X-Pointer indicator power Ia i lu re Red light goes on when power to N/A N/A

indicator indicator is interrupted.

IDSI LUNAR CONTACT light Light goes on when landing gear N/A N/A Light goes off when either engine
probe touches surface, to indicate stop switch is pressed.
that engine should he turned off.
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f I:~

~
0;' Location/ I(IJ Name and Positiono' Ref Des
::l

I~
I

Panel 1
ttl (cant)
Il'
(IJ

n' 9S17 I X-POlI\TER SCALE switch
t;l
~
(1) I I III MULT

....
"Ij
(1)

c:r
"1
<::
Il'
"1
<
.... I I La lVIULTto
-1
0

o
::r"d

~ ~
(1) t"l
t;lt"'
~

....
(1) I 9M7 I THRUST indicator

"d

'"<ltl
(1)

""I....
-1

0~¥

~

Function

Controls scale range of ~-p()il1tcr

indicator.

When LOS azimuth and elevation
rates are displayed, this position
provides a scale of t~O mrad/scc.
When horizontal velocities are
displayed, this position illuminates
the XI0 multiplier to provide range
of ±200 fps ,

When LOS azimuth and devation
rates are displayed, this position
illuminates the X. I multiplier to
provide a range of t2 mrudvscc.
When horizontal velocities are
displayed, this position provides
range of i 20 fps.

Displays descent engine chamber
pressure, which co r responrls to
thrust on ENG scale (left pointer)
and manual or LGC thrust com
mands to the engine on C MD scale
(right pointer). Both scales read
from 070 to lor)';). Automatic or
manual throttle commands can be
displayed, depending on setting of
TllR CaNT switch. The ClIlD
(right) scale indicates 10''h thrust
command, even when engine is not
fi ring because indicator input is
not the actual thrust command in
put to engine unless the engine is
on, and TTCA is at minimum
position.

Thrust command to engine, in
AUTO mode, (GUID CaNT swi tc h
is set to PGNS) is sum of thrust
commands from LGC and TTCA.
TTCA provides a minimum thrust

Circuit
Breaker

I\/A

FLIGHT
DISPLAYS:
THRUST
(panel 11)

~~

Power
Source

N/A

CDR's
28-vdc
bus

Remarks

Normally, during LGC command
authority, both pointers will be
aligned. If not, a malfunction
exists or manual throttle authority
is being introduced to enable

I
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Location/
Ref Des

Panel 1
(cont )

16DS92

1()~15A

10M5B

i oxu

~.:

Name and Position

THRUST indieator POWCI" failure
indicator

MAIN PHOPULSION QUAl\TITY

OXIDIZEH

FUEL

Jl.IAIN PHOPULSiOi\ lIELlU~1

indicator

.'
..-,,~,-.
:::~.!'

Function

command of 1a: at all times: it
cannot be set to zero. When TIlH
CO~T switch is set to AUTO
position and TTCA is ill minimum
position, LGC commands 10":, less
than required and is summed with
l(fj;, co mmnnd from TTCA to
provide required thrust level.
When THR CONT switch is set to
MAN, LGe co nunands arc re
moved and all thrust commands
originate from TTCA.

Red light goes on when powc r to
indicator is interrupted.

indicate quantity of propellant
rc rua ining in descent tanks.

Displays digi tal readout of percent
age (O"t to 9,i';) of usable oxidizer
remaining in descent tank selected
with PHPL~T QTY MON switch.

Displays digt t.al readout of percent
age (cf~ ot 9,,'6) of usnblc fuel
remaining in descent tank selected
with PRPLNT QTY "ION switch.

Di spl avs digt ta l readout of supe r-
C ri tical helium p re s su re in descent
cryogenic storage vessel, pres
sure in descent ambient helium
bottle , and temperature or pressure

"--..--

Circuit
Breaker

N/A

AC BUS B:
He/PQGS
PHOPUL
IlISP
(panel 11)

AC nus B:
He/PQGS
PHOPUL
DlSP
(panel 11)

fM?S~;

Power
Source

N/A

CDH's
] lS-vac
bus n

CDH's
11S-vac
bus B

Remarks

smooth transition to full manual
control. If manual control is
desired, TIlH CONT switch is
set to J\lA~ when C ~ID poi ntcr
reaches 1 Cp,;,; pointers will then
r'ea l ig n.

If TTC A control is moved ln-vond
minimum thrust position, LGC
commands co r rr-spondtnglv less
thrust. It is, the refo re , pos s il
in AUTO mode to command mo re
thrust thnn LGC requires, but not
possible to command less.

Quantity indicator is operative
fn>111 fn to 9C)i';',
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Location/ Function
Circuit Power

RemarksRef Des Name and Position Breaker Source

Panel I
(cont)

in ascent helium tanks, as selec-
tec! with llELIU!\1 lIION switch.

10]\14 TEMP indicator Indicates fuel and oxidizer bulk PHOPUL: LI\'Ipls
tcmperaturc (+10° to! 100 0 F) in DISP/ENG 28-vrk
ascent or descent p ropcl l.mt tanks, OV]([) LUC;IC bus
as selected with PHPLNT TEMP/ (pn ncl IG)
PTIESS MON switch.

101\13 PTIESS indicator Indicates fuel and oxidizer pres- PHOPUL: LMP's
su re s (0 to :300 psia) for ascent DISP/ENG 28-vclc
or descent propellant sections, OVTID LOGIC bus
as selected with PHPLNT TEMP/ (panel 16)
PRESS ]\10N switch.

16DS90 PRESS indicator power failure Red light goes on when power to N/A N/A
indicator indicator is interrupted.

(:S2 lIIASTER ALAHl\I pushbut.tou/Haht Light flashes when any caution or LTG: LM!"s Pro ss int; COJnmander's or L\1
warn ing I ight goes 011, except C,/\V MASTEH ~8-vdc Pilots switch-light C'xlini.!,"ui:-;!ws
PWH caution and DES QTY warning ALAHlI! bus both l\IASTEH ,\LAH]\!lighlc: :11,,1
lights. (panel 1(:) lCr111inatc~ audihle tone, hut h:l~

Audible tone Initiated in conjunction with lIIAS- no effect on caution or wa rn iru;

TER ALAHM pushbutton-light and light(s).

caution/warning array lighl(s).
-._-

9S2
RATE/EHR 1,10;\ switch Selects inputs for FDAI and X- N/l\ N/A When switch is set to J.UC; Hlln/

pointer indicator. CMI'TH, (!:It,, input is dependent
upon settings of ]\IODE SEL and
ATTTITlillE MOl'-: switches.

HNDZ RADAR Shaft and trunnion angles from the
HR 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).
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Ref Des Name and Position Function
Circuit
Breaker

Power
Source Remarks

W
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::; I Panel 1
(cant)
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LDG IWH/ClIIPTH

ATTITUDE lIlON switch

PG:--IS

AGO'

Flight director attitude indicator
(FDAI)

Vehicle attitude' e rro rs (PGNS or
AGS as selected wi t h ATTITUDE
l\ION switch) arc di spiaved by
FDAI e r ro r needles. Fo rwa rd
and lateral vcloci t i cs from the
LH (P(;:--IS or i\GS as selected with
l\IODE SEL switch) are displayed
on the X-poinll'l" indi cn tor
(illuminating LAT VEL and FWD
VEL).

Selects input 101' FDAI total
attitude display and input for
a ttitude e I' 1'0 I' "lel'dles du ring
landing,

1,1\1 total a t ti tudo stgnu l s , after
conditioning- liv GASTA, are [eu to
FOAl !>:tll: LCe .u ti tudo error
s igna Is a rc lC'd to FDAI pitch, ro ll ,
and yaw error needles,

,\GS LlI! total attitude signals arc
fed tf> FDAI b.i l l : !\GS attitude
error signals ;11'(' feel to FDi\I
pitch, roll, :llld yaw error nccdl o».

Di spl.iv s total vehicle attitudes,
attitude rates and attitude errors,
or vehicle attitude, attitude ratcs ,
and R l] shaft and trunnion angles,
depending on setting of HAT E/
E HH MaN switch.

N/A

AC BUS A:
CDn FDAI
and FLIGHT
DISPLAYS:
CDn FDAI
(panel 11)

N/A

CDH's
I l~-vac
bus A

CDR's
28-vclc
bus

AGS provides only lateral vcloctt-,
data.
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Setting ATTlT UDF IlION switch se
selects PGNS or AGS as source of
vehicle total attitude and attitude er
rors displayed on FDA!. Shaft and
trunnion angles are displayed by
pitch and yaw error needles, respec
ttvcly, when HATE/EHH 'lION
switch is set to Ht\DZ HADAH .

'--'

5 "
'. 'it,:~ ,,"

Attitudc rates displayed :J re
always obt.a i ncd from CES rate
gy 1'0 a s surnblv .
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Location/Ul

Ul I Name and Position5 Ref Des
::l

I~ Panel 1

b:l (cant)..,
2]. 91\19 I Altitude/ range indicator
o
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ro

....
"rj
ro
0-
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91\14 I T/W indicator

''--..----

Function

Displays ran~e/ran~e rate data or
altitude/altitude rate data as
selected with nNG/ ALT "ION
switch.

Hange!range rate data are from
Rlt , Altitude/altitude rate da ta arc
from LB, PGNS, or AGS, as
selected with MODE SICL switch.
When LH data is selected, true
altitude and altitude rate data arc
available from low-gate point to
touchdown if 1,1\1 X-axis is vertical.
Before reaching low-gate point,
onlv true altitude data arc available
fro~n LR. When PGNS or AGS is
selected, ine rtial lv de riv cd al ti
tude and a I ti tude rate data are
available fo r display.

Displays ins tant.uicou s X-axi:::;
acceleration in luna r g units (1
1una r g ~ 5. 2:s ft/ scc2 ).

Circuit
Breaker

FLIGHT
DISPLAYS:
HNG/RNG HT
AL'f/AL'l' HT
andAC nUSA:
TING/HNG HT
AL'l'/ALT HT
(panel 11)

N/A

Power
Source

CDn's
28-vclc
bus A

N/A

Remarks

Indicator, a self-contained
accclc rornctc r I may be used to
provide a gross check of engine
pe rfo rmance , because any given
throttle setting provides specific
acceleration when the vehicle has
given mass.
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9SG GUID CONT switch

PGNS

;~!Z4K~; ;;~

Selects PGNS or AGS for guidance
control mode of Ll'vl.

Provides 800-cps power to
activate ACA and TTC A, propor
tional rate command inputs to
LGC from ACA, LGC engine on-off
signals, descent engine gimbal trim
command outputs from LGC, trans
lation on-off commands from
TTCA, enabling signals for pri
mary preamplifiers of ATCA, and
applies follow-up s igna l to AEA.

N/A N/A Switch is spring loaded to center
(lock) position.

When AGS mode is selccted,
PC;NS remains operational. l'(;;-";S
data may be displayed if dcsi red.
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I)q ILocation/<1l I Name and PositionRef Des

cc
I

N
N I Panel 1

(eont)

I
AGS

I
~
til
til

o'
::l

I~ I 9S9 I MODE SE L switch

0:;
~

gl.
o
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~
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Z
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I"J r- I LDG HAD,\R
<1l
0'
"l
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~
"l I I PGt\S'<
.....
to
-J
0

I I AGS

o
::r
§

I)q
<1l

I I Rt\G/ALI' l\lOt\ switchtJ
9S,1

~
.-+
<1l

I I
RNG/RNG RT

Function

Provides 800-cps power to
activate ACA and TTCA, propor
tional rate commands to ATCA
from ACA, AGS mode trim com
mand, and enabling- signals to the
abort preamplifiers of ATCA.

Selects radar or cornput or data for
display Oil X-Pointer and altitude/
range indicators.

Radar altitude, alt itude rate, and
forward and lateral velocity are
displayed.

LGC-computed altitude, altitude
rate, and forward and lateral
velocity arc displayed.

AGS-eomputed altitude, altitude
rate and lateral velocity arc dis
played.

Selects display legend on altitude/
range 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
iridi c ato r,

Circuit
Breaker

t\/A

N/A

Power
Source

t\/A

N/A

Remarks

Data Irom selected sou rcc are
displayed on approJll'iate horizontal
velocity indicator only when H:\TE/
ERR MaN switchcs are set to LUG
HDR/COl'vlPTH. Data from
selected source nrc displayed on
altitude/range ind ic at.ors only wlxu
HNG/ALT MON switch is sr-t to
ALT/ALT HI'.
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Location/
Ref Des

Panel 1
(cont)

9S8

9S29

IS25

;~

.~

Name and Position

ALT/ALT HT

SHFT/THUN 1: switch

.so

±s(l

HATE SCALE switch

25°/sec

5°/sec

ACA PROP switch

ENABLE

DISABLE

~

Function

Data [rom source selected with
~IODE SEL switch are displayed
on altitude/range indicator.

Selects range of 1m shaft and
tnmnion anR'les to he displ:1,'ed
by FDA! pitch and vaw crror
needles when either' nATE/EEE
MOl" switch is set to H:\'DZ
HADAH.

Full deflection of FDA! pitch and
vaw error needles indicates shaft
~lld trunnion angles of -1-50° or _50';
or greater.

Full deflection of FDA! pitch and
yaw error needles indicates shaft
and trunnion angles of +5 0 or -;) 0

or greater.

Selects scale factors of roll.
pitch, and yaw rate scales of
FDA1.

Selects 25 ° pc r second fu l l scale
for rate scales.

Selects 5° per second full scale
for rate scales.

Enables isolation of 28 volts, bOO
cps to ACA transducer primary
coil.

Enables normal operation of ACA
in proportional rate mode.

Disables ACA proportional rate
command capability.

Circuit
Breaker

FLTGIIT
DlSPL;\ Y S:
CDn FDA!
(panel 11)

N/A

N/A

'~'"'. -...."

Power
Source

c un's
~S-vd('

bus

N/A

N/A

Remarks

Le s s-Lluui-Iul l-rlcflccti on pos it iorix
of rv-cdle s are lincn r lv p ropo rt iona
to the sine of the shaft and trunnion
angles less than +50 0 or -SOo.

Lcss-than-full-deflection positions
of needles are linearly proportional
to shaft and trunnion angles less
than +5° or -s".

If ACA is clisab lc-ri, only the
landing mission phase is affected,
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Location/
Function

Circuit Power
RemarksRef Des Name and Position Breaker Source

Panel 1
(cant)

ENG THRUST CO;.lT switches

IS11 THR CONT switch Permits switching from automatic
(LGC) throttle control to manual
th rattle cont 1'01.

AUTO LGC command s ignal s are summed When switch is set to AUTO,
with manual command signals THRUST indicator displays LGC
from TTCA selected with MAN command plus 10'1'0 fixed bias.
THROT switch for descent engine Manual throttle commands rnav be
throttle control. TTCA alwav s introduced by displacing aclive
provides minimum 1 o;f, command; TTCA. This causes displayed %
it cannot be set below this level. THRUST CMD to decrease because

only LGC commands plus fixed
bias are displayed.

MAN Interrupts LGC throttle commands STAB/CONT: CDH's cxm TIIHlJ~T indicator displays
insuring that descent engine ENG CONT 28-vdc manual throttle commands.
th rottlc is fed only by manual (panel It) bus
throttle command signals.

1510 MAN THROT switch Selects thrust/translation con- N/A N/A
troller for manual adjustment of
descent engine thrust level, if
corresponding THROTTLE-JETS
control select level is set to
THROTTLE. This switch also
routes manual throttle commands
from controller to DECA.

CDR Enables Commander's thrust/
translation controller to adjust
descent engine thrust level.

SE Enables LM Pilot's thrust/trans-
lation controller to adjust descent
engine thrust level.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 1
(cant)

1SI ENG ARM switch Provides a rrning signals to STAB/CONT: LMP's Swilch is spring loaded lo center
engines. ENG ARM 28-vdc (l ock) posi ti on. Hegarclless of

(panel 16) bus switch selling, appropriate
ASC Provides arming signal to enable engine is armed if ADOI,T or

firing of ascent engine and s imul- STAB/CONT: CDH's ABOHT STAGE switches arc
taneously signals LGC that engine ENG CaNT 28-vdc actuated.
is armed. and bus

STAB/CaNT:
OFF Re mo ve s ar-ming signal fr01TI El\'G STABT

engine valves and LGC. OVHD
(panel 11)

DES Provides arming signal to enable
firing descent engine and st mul-
taneously signals LGC that engine
is ar-med.

IS6 ATT /THAl\'SL switch Selects number of jets for X-axis STAB/CONT: CDR's This control can only be used with
translation maneuvers. ATT DlH 28-vdc AGS.

COl\TT bus
4 JETS Provides four jets for X-axis (panel 11)

translation maneuvers.

2 JETS Provides two jets for X-axis
translation maneuvers.

I S9 BAL CPL switch Selects either balanced pairs of N/A N/A Used only in conjunction with
RCS jets in a couple or unbalanced AGS.
Xv-axi s RCS jets to maintain pitch
and roll attitude during ascent
engine thrust phase when AGS is
in guidance control loop.

ON Applies 28 -vde enable voltage to Normally in this position
abort preamplifiers 1,5,9, 13, (balanced couples) during initial

phases of ascent, for muxi mum
stabilization and control of am'
center-of-gravity thrust vector
misalignment.

>
'Uo

C":lt""
Ot""
ZO
~or
O 'U ""tr1~

~s:~
>>-10
Z >-11
t;10W
t;1~t
~::x:~
'U>

~S><tJj
rno

o
~

.~~i :~
I



'"I>l
aq
(1) Location/

Ref Des Name and Position Function
Circuit
Breaker

Power
Source Remarks
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(cont)
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10S3

10FLl

10&1

<..

OFF

ASC EKT lie HEG ] switch

OPEN

Center

CLOSE

ASCENT He HEG ] ta lkhac k

Gray di sp lay

Ba rbe r--po le display

ASCE1\T lie HEG 2 switch

OPEN

~I)

~f:¥'~·

Remove s enable vo l t agr- [rom
abort preamplifiers]. s , !J, 1~L

Selects inputs to normally open,
latching solenoid-operated helium
va lvc upstream of primary pres
sure regulator.

Energizes solenoid that drives
helium valve to open position,

Removes solenoid excitation;
valve re ma in s in last co mm.mdcc]
position.

Energizes solenoid that drives
ho l i um valve to closed position.

Indicates helium p ri mn r, line
solenoid valve controlled hv
ASCENT ITe HEG I swi tch is open,

Indicates helium primary line
solenoid valve controlled bv
ASCENT lIe HEG 1 switch is
closed,

Selects inputs to no rma Ilv open
latching solenoid-operated helium
valve upstream of scconcla rv pres
sure regulator.

Fnc rg i xcs solenoid that drives
he lium valve to open position.

PHOP1;L:
ASC lIe HEG
(panel ]G)

PHOPUL:
DISP/ENC
OVHD [,UGIe
(panel IG)

PHOPUL:
ASC lle HEG
(panel] (;)

-¥

L~[P's

23-vd('
bus

r.~ll"s

28-vdc
hus

LMP's
28-vde

After sorno mini mum burn tirne
when balanced-couple operation is
not requi red, switch can be set
to OFF to conserve Iue l ,

Switch is spring loaded to center
position.

Gray t.alkhnck is di spl nvcd when
valve is open.

Barber-pole talkback is displayed
when valve is closed,

Switch is spt'ing loaded to ccnto r
position .

Gray tnlkbark is dif-ipl:lv('(! when
vah;e is open. .
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Location/
Ref Des

Panel 1
(cont )

10FL2

1 OS;;

10FL3

8 J

Name and Position

Center

CLOSE

ASCE1\T He !lEG 2 ta l kha ck

Gray display

Barber-pole display

DESCENT He REG] switch

OPEN

Center

CLOSE

DESCENT He HEG 1 talkback

Gray display

'''---

Function

Removes solenoid excitation;
valve remains in last commanded
position.

Energizes solenoid that clrives
helium valve to closed position.

Indicates helium seeonda ry line
solenoid valve controlled bv
ASCE1\T He REG 2 switch is open.

Indicates helium srconda ry line
solenoid valve controlled by
ASCENT He nEG 2 switch is
closed.

Selects inputs to normally open,
latching solenoid-operated helium
valve upstream of primary pres
sure regulator.

Energizes solenoid that drives
helium valve to open position.

Rernoves solenoid excitation; valve
remains in last co mmunded
position.

Energizes solenoid that drives
helium valve to closed position.

Indicates helium prima ry line
solenoid valve controlled by
DESCENT He nEG] switch is
open.

Circuit
Breaker

PHOPUL:
D1SP/ENG
OVRU LOGIC
(panel 16)

PHOPUL:
DES IIe
nEG-VENT
(pane] 11 )

PROPUL:
D1SP/ENG
OVHD LOGIC
(panel 16)

.""".

Power
Source

Ll\I!"s
28-vdc
bus

CDH's
28-vde
bus

LMP's
28-vdc
bus

Remarks

Barber-pole t al kbn ck is di sp lavcd
when valve is closed.

Switch is spring loaded to center
position.

Gray ta lkhnck is di sp lavcd II hell
valve is npcn .

Barber-pole tal khu ck is di splavud
when valve is closed.
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Location/
Ref Des Name and Position Function

Circuit
Breaker

Power
Source Remarks

""I
~ I Panel1

(cant)

Switch permits monitoring super
critical he! iurn pressure of descent
cryogenic storage vessel, pressure ,.
of ascent helium tanks, and a mh ir-nt
pressure of descent ambient hel iu m
bottle.
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10S1

10SG

DES 2

OFF

PHI'LNT TE~IP/pnESS ~ION

swi tch

ASC

DES 1

DES 2

IlELIUlIl MON selector switch

OFF

•

Enables di sc rct e outputs from
quantity gaging senso r probes of
oxidizer tank 1"0.2 and fuel tan k
No. :2 to QUAI"TlTY indi cato rs ,

Hen10\TS d-c power from ~a~in~~

sv s tc m; quant i t i c s a rl' not
di spl avcd on QUANTITY indicators,

Seleets input.s to propellant
temperature- and p rcssu rc-Indtc a
ting devices f ro m ascent or descent
propellant tanks.

Connects output of temperature and
pressure sensors in ascent propel
lant tanks to TE~IP and PHESS
indicators,

Connects output of temperature an d
p ressu re sensors in descent fuel
anel oxidizer tanks No. 1 to TE 1\11'
and PRESS inclicators .

Connects output of temperature
and pressure sensors in descent
fuel and oxidizer tanks No, 2 to
T ETlIP and PHESS indicators.

Selects inputs to helium indicating
device from descent cryogenic
storage vessel, from pressure
transducer devices in ascent
helium tanks, and from pressure
transducer in ambient helium
bottle.

Removes power from HELIUM
indicator; zeros are displayed.
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I'HOPUL:
DISP/EI"G
OVRD LOGIC
(panel IG)

N/A

LI\'lp1s
28-vdc
bus

115-vac
bus

Switch pC' 1'1111Ls rnoni to l'ing prope]
lant tank temperatures and pres
sures.
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

Panel 1
(cont)

DES Al\IB PRESS Connects output of pressure sensor
in descent ambient helium hottle
to HELIUM indicator.

DES SVPCHIT PHESS Cnnnccts output of pressure sensor
in descent cryogenic sto rngo vessel
to HELIUM indicator.

ASC PHESS 1 Connects output of prcssu rc- sensor
in manifold downstream of ascent
helium tank No, 1 and up s t rcarn of
explosive valvo to HELIUM incli-
calor.

ASC PRESS 2 Connects output of pressure sensor
in manifold downstream of ascent
helium tank No, 2 and upstream of
explosive valve 10 llELlU,\! indi-
c ato r.

I >
'tJo

cJt'
Ot'
ZO
"""3 0 r<
::O'tJ~
°M~
~~~
>j<;='
Zow
tJZt-.
tJUl",
!i)~~

'tJ>
t'Z
>0
>-<:tJj
UlO

o
7:

:~~Z:f ,I I
-:~:~_: .



/

,

-_._.._-_......_----

:.,~,



(
',,- •

'1 /

'.'c~~"

<~f'
.~

e;
rn
rn
o'
::l

I~
OJ
P>
rn
n'
t:l
P>
~

CD

....
":l
CD
c:1

8
P>
'i
<
....
<C
-.J
0

o
~'d

~ ~
CD t'j

t:ll:"'
~N
CD

'd
P>

~

W
I

W
W

Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 2

CAUTION LIGHTS

6DS21 ASC HI REG (MPS) Goes on if helium pressure down- LTG: ANUN/ CDR's Goes off when pressure is
stream of regulators in ascent DOCK/ 2R-vdc reduced to nominal values.
helium lines exceeds 220 ps ia. COMPNT bus

(panel 11
and/or panel LMP's
16) 28-vdc

bus

6DS22 ASC QTY (MPS) Goes on if fuel or oxidizer in ascent LTG: ANUN/ CDR's Signal permits manual shutdown of
tank is sufficient for only 10-second DOCK/ 28-vdc ascent engine to avoid explosive
burn. COMPNT bus potential, resulting from depletion

(panel 11 of fuel before oxidizer or vice
and/or panel LMP's versa. If light goes on, ascent
16) 28-vdc engine thrusting is not available

bus for midcourse correction or
rendezvous braking.

--
6DS23 ENG GMBL (MPS) Lights if difference between gimbal LTG: ANUN/ CDR's GDA signal is enabled only when

drive signal and gimbal response DOCK/ 28-vdc descent engine is armed and is
from Y- or Z- axis trim function is COMPNT bus disabled after separation of
sensed. (panel 11 ascent and descent stages.

and/or panel LMP's
16) 28-vdc

bus

6DS26 INVERTER (EPS) Goes on if a-c bus voltage is less LTG: ANUN/ CDR's Light goes off when within-
than 112 volts, or if a-c bus fre- DOCK/ 28-vdc tolerance conditions are restored
quency is less than 398 cps or ex- COMPNT bus or when INVERTEH switch is set
ceeds ·102 cps. (panel 11 to OFF.

and/or panel LMP's
16) 28-vdc

bus
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~ ILocation/

I I I
Circuit

I
Power(Iq

I Remarks(ll

Ref Des Name and Position Function Breaker Source

w
I

W...
Panel 2
(cant)

GDS27 I BATTEItY (EPS) I Goes on if ove rcu rreut. rever-se LTG: ANUN/ CDR's ILight goes off when nominal con-
current, or ove rtcmpcraturo DOCK/ 28-vdc ditions arc restored, or if

g; occurs in any descent or ascent CO;\IPNT bus affected battery is turned off.
m hn t te r v. (panel 11
m and/or panel LMP'so' IG) 28-\'oc::l

bus

I~ :>
'0

GDS28 HNDZ 11.011 (GN&CS) Goes on if HIt data-not-good con- LtG: ANON/ CDIl's Signal is enabled onlv whon 0
tJ:l d it ion occurs. DOCK/ 28-vdc rendezvous raclar selector switch nt"

Ot"~ COMPNT bus is s et'to AUTO TRACK. Light ZOm
~.

(panel 11 goes off when data-good condition ;5 0 t-<
o

0 and/or panel LMP's is restored or I\n is turned off. 0'0 :?
~ IG) 28-vdc ttl$':
~ '0 bus ~~~(ll >
.... ~ -_._- ---.-- t------'~-- -~--~-

>::l 0

80 c:,
'-rl t" o ~ t--fg. w

til::r: ;::'1
c= '0:>
~ t"z'1

:>0'< ><tJj.... rnoCD
0-J

0
1------------- ._'._'.,._-- _._------_ .._----'_.-

---~ ,--- -- ~- ---- ----- -------~

o GDS:lO PI\E ,\ \IPS (HCS) Goes on if e i thor of l \10 parallel LTG: ANL'N/ CDH's Light goes orr when DES Bi\TS
::r redundant -4. 7-\'olt d-c regulated DOCK/ 28-vdc switch is set to DEADFACE or
~ powe r suppl ics that provide power COMPNT hus ABOHT pushbutton is p ro s sr-d.(Iq

to ncs jet p rcampl Hiers arc out or (panel 11(ll

0 tolerance. and/or panel LMP'g
~ IG) 28-vde~

(ll
bus
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Location/
Ref Des

Panel 2
(cant)

6DS31

6DS:J2

GDS33

6DS:J4

,'IW·,f @5)
~f£7

Name and Position

ED RELA YS (ED)

RCS

HEATER

c.w PW1\ (CWL\)

Function

Goes on when mastor arm relay or
one of svstem A or s vstem 13 stage
sequence re lavs fails', .

Goes on if pressure of helium tank
in system A or B drops below 1,700
ps ia ,

Goes on if out-or-tolerance temper
ature exists in RCS thruster quad,
RR assembly, LR antenna assembly,
or S-band stccrab!o antenna,

Goes on if any regulated power
supply fails.

Circuit
Breaker

LTG: ANVN/
DOCK/
COMPNT
(panel] I
and/or panel
16)

LTG:ANUN/
DOCK/
COlvlPNT
(panel 11
and/or panel
IG)

LTG: ANUN/
DOCK/
COMPNT
(panel 11
and/or pancI
16)

LTG: ANUN/
DOCK/
COMPNT
(panel 11
ancl/or panel
lfi)

Power
Source

CDH's
2S-vdc
bus

LMP's
28-vdc
hus

CDH's
28-vde
bus

LMP's
28-vde
bus

CDn's
28-vdc
bus

LMP's
28-vdc
bus

CDn's
28-vdc
bus

LMP's
28-vdc
bus

'----/

Remarks

Light goes off whr-n ED: LOG Ii'
P\VH A or B c i rcutt hreakc rs is
opened.

--- --_.._--

Light goes off whcn TE MI' il' I{ESS
MON switch is set to He.

Light goes off when TEMP MONI
TOR switch is set to affeetecl
heater position,

Light goes off when normu l po\\'c r
is restored to CWEA. Hegulat<:d
power: -12:1. I-~}. 1/1, and -:1 vol l s .
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(l) Locatlon/

Ref Des Name and Position Function
Circuit
Breaker

Power
Source Remarks

W
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~ I Panel 2
(cant)

6DS36
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Light goes off when glycol pump
pressurc is restored, followcd b)'
momenta r i ly setting GLYCOL
switch to appropriate pump posi
tion; nominal water separator
speed is restored; or suit fan
No. 2 is sclected.

Both signals are inhibited after
GLYCOL switch is set to INST
(SEC) and GLYCOL PUMP SEC
circuit breaker (panel Hi) is
pressed. If lit due to high
temperature condition. goes off
when nominal temperature level
is restored.

CDR's
28-vdc
bus

LMP's
2R-vdc
bus

CDR's
28-vclc
bus

CDR's
28-vdc
bus

LMP's
28-vdc
bus

LMP's
28-vdc
bus

LTG: ANUN!
DOCK!
COMPNT
(panel 11
and z'or panel
Hi)

LTG: ANUN/
DOCK!
COMPNT
(panel 11
and Zor panel
16)

LTG: ANUN!
DOCK!
COMPNT
(panel 11
and!or panel
16)

Goes on if gl ycol pump I or 2 fails,
C02 partial pressure exceeds
7.6 mm Hg, water separator fails,
or suit fan No. 1 fails.

Goes on if pressure in descent
oxygen tank drops below D5 psia,
if less-than-full pressure (less than
684 ps iaj occurs in either ascent
oxygen tank, or if pressure in
ascent tank No. 1 is less than 100
ps ia ,

Goes on if quanti ty of glycol in
primary coolant loop is low 01' if
primary-loop g lvcol temperature,
sensed at gll'eol water evapor'ato r
outlet, exceeds 1:'0" F.

I I I I --~--

Light goes off when 02!H20 CITY
MON switch is set to C!W IDeSET
mom enta r il y. Descent tank low
pressure signal and ascent tanks
less-than-full signals arc inhihited
after staging.

ECS

02 QTY (ECS)

GLYCOL (ECS)

'JDS37

6DS38

~
Ul
Ulo·
::l

I~
tll
~

:'2.
n

t:l
~

fP"d

... ~
t':I

::it"
cr N...
'"~...
'<...
co
-.J
0

o
::r
~

aq
<1l

t:l
~....
(l)

...
>
'0

2:...
co
-.J...

"'--- '•.
~.

:<S.{
.~



l
~
Ul
Ulo·

I~
tll
1"
~.
o

t;l
1"...
'"
"Ij

'"0-..,
C
1"..,
.....
<.0
-:J
o

o
:r
1" '0

~ ~
'" M
t;l r-
~ '"
'"
.....
tJl

"-<
C
::l

'".....
<.0
-:J
o

'0
Il'

~

W
I

W
-:J

.~

.;--W.~

_~;igi~::,

2@j

Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 2
(cant)

6DS40 S-BD neva Goes on if S-b~nd receiver auto- LTG: ANUN/ CDR's Light is enabled when Iv\NG E
matic gain control fails. DOCK/ 28-vdc FUNCTIONS switch is set to

COMPNT bus TV/CWEA ENABLE. Light goes
(panel 11 off when switcb is set to OFF /
and/or panel LMP's nESET.
IG) 28-vdc

bus
-- f---------- ._..

8M2 TEMP indicator (RCS) Indicates propellant temperature ncs TEMP/ LMP's Indicator consists of two fixed
(,20° to + 120° F) of systems A and PRESS 28-vde dials and vertical movable
B, by measuring fuel tank temper- DISP-FLAGS bus pointers.
atu re (with TEMP/PHESS MON (panel 16)
selector switch set to PHPLNT).

8Ml PHESS indicator (HCS) Indicates pressure (0 to 4, 000 ps ia) HCS: TEMP/ LMP's Helium tank pressure is obtained
of helium tank, helium regulator PHESS 28-vdc by multiplying reading by 10.
outlet, and fuel or oxidizer mant- DISP-FLAGS bus
folds of systems A and B, as (panel IG)
selected with TEMP/PRESS MON
selector switch .

16DS9G PRESS indicator power failure Red light goes on when power to N/A N/A
indicator indicator is interrupted.

81\14 QUANTITY indicator (RCS) Continuously indicates quantity HCS SYS B: LMP's
(percentage) of propellant remain- PQGS/DlSP 28-vdc
ing for ncs systems A and B. (panel 16) bus

IGDS98 QUANTITY indicator power Red light goes on when power to N/A N/A
failure indicator indicator is inte r rupted.
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Location/
Ref Des

Panel 2
(cont)

8S8

8FLf)

Name and Position

SYSTEl\1 A ,\8C FEED 1 switch

ASC FEED 1

Cente r

CLOSE

SYSTEl\1 A ASC FUEL ta lkback

Gray display

Barber-pole display

Function

Selcct s inputs to two hiching' sol o
noicl-operntccl interconnect val ve s
in ascent propellant l inc, which
control fl ow of propellant from
ascent propellant tanks to HeS
thruster.

Fnc rg iz.cs solenoids that drive
ascent propellant intc rconnoct
valves to open position.

Removes so lcnoide excitation.

Energizes solcnoids that drive
ascent propellant interconnect
valves to closed position.

Indicates ascent fuel interconnect
valves a rc open.

Indicates interconnect valves are
closed.

'''----",

1,-,' , -',..
- '

Circuit
Breaker

HCS SYS A:
ASC FEED
1 (pancl I I)

RCS SYS B:
TEMP/
PRESS
DISP-FLAGS
(panel ](j)

Power
Source

CDH's
28-vck
bus

LMP's
28-vdc
bus

Remarks

Switch i;-; ~pring lon.dcd to ccnter
(lock) position. In ('vent of Ill'S
mn.l l'unct ion, ascent p ropul s ior,
section can sllpply propellant to
8 or If) TCA's (if LM is
experiencing" a forc(> in I},:

direction). This can be accom-
pI i shed by sott ing ASC FEED I
switc h for S.\·Sll~1l1 i\ or H, (ii'

holh. to .\8(' I,'[·TD I and \L\IN
SOV switch lor system i\ or H, or
both, to CLOSE. (ASC FEED 2
switch must be set to ASC FEED
2. )

Gr~lY t a lkba ck is displayed when
interconnect val vo s n ro open.

Interconnect val vr-s rc rna in in
last commanded posilion.

Garber-pole ta lkback is displayed
when interconnect valves a rr:
closed.

Both ascent fuel int.e ruonner-t
valves must be open to obtain a
f',l'ay display.

Barber-pole display can be
obtained with only one ascent fuel
interconnect valve closed.
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Location/
Ref Des

Panel 2
(cont)

8S22

8FLl8

.. ,':'J:NI;.••

?t~~·l
~.

Name and Position

SYSTEM A ASC FEED 2 switch

ASC FEED 2

Center

CLOSE

SYSTEM A ASC OXID talkback

Gray display

Barber-pole display

'---
Function

Selects inputs to two latching
solenoid-operated interconnecl
valves in ascent propellant line,
which control flow of propellant
from ascent propellant tanks to HCS
thrusters.

Energizes solenoids that drive
ascent propellant interconnect
valves to open position.

Hemoves solenoid excitation.

Energizes solenoids that drive
ascent propellant interconnect
valves to closed position.

Indicates ascent oxidizer intercon
nect valves are open.

Indicates interconnect valves arc
closed.

Circuit
Breaker

RCS SYS A:
ASC FEED 2
(panel 11)

RCS SYS B:
TEMP/
PRESS
DISP-FLAGS
(panel 16)

~

Power
Source

CDH's
28-vdc
bus

LMP's
28-vdc
bus

Remarks

Switch is spring loaded to center
(lock) position. in event of Ill'S mal
function, ascent propulsion section
can supply propellant to 8 or ](j

TCA's, (if LM is experiencing a
force in 'X-direction). This can
be :1C'C'ompli.sllec] hv setting ;\5C
FEED 2 switc h for svstern i\ and
B. or both, to ASC FEED 2 and
)\JAIN SO\' sw it.ch for systr-m ,\ or
B, or both, to CLOSE. (1\S(:
FEED 1 switch must be set to ASC
FEED].)

Gray talkbnr-k is displayed when
interconnect valves arc open.

Interconnect val vcs remain in last
cornmnndor) position.

Barber-pole t a tkback is displayed
when interconnect valves are
closed.

Both ascent oxidizer interconnect
vlaves must be open to obtain a
gray display.

Barber-pole e1isplay call he
obtained with only one a sccru
oxidizer intercnnncct val vo
closed.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 2
(Cant)

8S11 SYSTEM A LGC THRUSTER PAIR N/A N"A
CMDS QUAD 1 switch

ENABLE Permits normal LGC command Gray talkback is displayed.
of system A quadrant 1 je ; firing.

DISABLE Provides signal to LGC to inhibit Barber-pole talkback is displayed.
firing commands to system A
quadrant 1 jets. Inhibits CWEA and
removes TCA failure indication.

8FL9 SYSTEM A LGC THRUSTER PAIR Indicates enable or disable status RCS SYS B: LMP's
CMDS QUAD 1 talkback of system A quadrant 1 LGC TEMP/ 28-vdc
(LM 10 and subq) commands. PRESS bus

DISP-
FLAGS
(panel 16)

Gray display Indicates normal LGC command of
system A quadrant 1 jet firing.

Barber-pole display Indicates LGC command of system
A quadrant 1 jet firing is inhibit.

Red display Indicates system A quadrant 1 TCA
failed to fire on LGC command.
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

8S12 SYSTEM A LGC THRUSTER PAIR NIA NIA
CMDS QUAD 2 switch

ENABLE Permits normal LGC command of Gray talkback is displayed.
system A quadrant 2 jet firing.

DISABLE Provides signal to LGC to inhibit Barber-pole talkback is displayed.
firing commands to system A
quadrant 2 jets. Inhibits CWEA and
removes TCA-failure indication,

8FLI0 SYSTEM A LGC THRUSTER Indicatcs enable or disable status RCS SYS B: LMP's
PAIR CMDS QUAD 2 talkbaek of system A quadrant I LGC com- TEMPi 28-vdc

mands, PRESS bus
DISP-
FLAGS
(panel 16)

Gray display Indicates normal LGC eommand of
system A quadrant 2 jet firing.

Barber-pole display Indicates LGC command of system
A quadrant 2 jet firing is inhibited.

Red display Indicates system A quadrant 2 TCA
failed to fire on LGC command.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

8S15 SYSTEM A LGC THRUSTER PAIn N/A N/A
CMDS QUAD 3 switch

Et\ABLE Permits no rrn a l LGC c om rnn nd of Gray talkbaek is displayed.
system A quadrant 3 jet firing.

DISABLE Provides signal to LGC to inhibit Barber-pol" tn lkback is d i spl ayed .
firing commands to sys tcrn A
quadrant 3 jets. Inhibits CWEA and
removes TCA-failure ind ication.

8FL13 SYSTEM A LGC THRUSTER PAIn Indicates enable or disable status RCS SYS 13: Ll\lP's
CMDS QUAD 3 tal kback of system A quadrant 3 LGC com- TEMP/ ~8-vdc

mnnd s. PHESS bus
DISP-
FLAGS
(panel 16)

Gray display Indicates normal LGC command of
system A quadrant 3 jet firing.

Barber-pole display Indicates LGC command of system
A quudrunt 3 jet firing is inhibited.

!led display Indicatr-« system A '1uadr"nt :J TC:\
failed to fire un LGC command
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Location/
Name and Position Function

Circuit Power
Re rnn r ks

Ref Des Breaker Source

8S16 SYSTEM A LGC THHUSTEH PAm N/A N/A
C1\IDS QUAD <1 switch

ENABLE Permits normal LGC command of Gray talkback is disphyecl.
system A quadrant 4 jet firing.

DISABLE Provides signal to LGC to inhibit Barber-pole talkback is di spl avor! .
firing commands to system A
quadrant 4 jets . Inhibits CWEA and
removes TCA-failure indication.

--
8FL14 SYSTEM A LGC TIIHCSTEH I'Am Indicates onabl o or disable status nes SYS B: 1,1\11"8

Cl\1DS QUAD 4 ta lkback of system A quadrant 4 LGC com- TEMP/ 2S-vdl'
mands . PHESS bus

DISP-
FLAGS
(panel 16)

Gray display Indicates normal LGC command of
system A quadrant 4 jet firing.

Barber-pole display Indicates LGC command of system
A quadrant 4 jet firing is inhibited,

Red display Indicates system A quadrant 4 TCA
failed to fire on LGC command. --
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f'J ILocation/ I I I Circuit I Power<l'l

I Remarks<t> Name and Position FunctionRef Des Breaker Source
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~
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Panel 2
(cent)

8S10 I SYSTEM B ASC FEED 1 switch I Selects inputs to two latch-type HCS SYS 13: LMP's Switch is spring loaded to center
solenoid-operated interconnect ASC FEED 1 28-vdc (lock) position. In event of HCS mal-

~
valves in ascent propellant line. (panel 16) bus function, ascent propulsion seciion

Ul which control flow of propellant can supply propellant to 8 or Hi
Ul f'r-om ascent propellant tanks to TCA's. (if LM is experiencing a5 HCS th rus te rs. force in l-X-dircction). This can::;

I~
be accomplished by setting ASC
FEED 1 switch for svstem A or

~13, or both, to ASC FEED 1 and "C
MAIN SOY switch for system A or 0

tJ:l 13, or both, to CLOSE. (ASC nt""'
f'J

FEED 2 switch must be set to ASC Ot""'
f!l. ZO
o FEED 2.) ""Ot""'
0 ::U'tl~

ASC FEED 1 Energizes solenoids that drive Gray talkback is displayed when 0t'J'"'"f'J

~s:~,..."C
ascent propellant interconnect interconnect val ves are open.<t> ~

... ~ valves to open position. ~::j0

800>rjt""' Center Removes solenoid excitation. Interconnect valves remain in last Zt""'
~N commanded position. Om;:::
'1 Ul::t:c 'tl~f'J CLOSE Energizes solenoids that drive Barber-pole talkback is displayed f;:s'1
'< ascent propellant interconnect when interconnect valves arc... valves to closed position, closed . ><tJ:l
to mO
-J

--~-- ----- -','-- --_.- 00
~

8FLS SYSTEM 13 ASC FUEL ta lkback HCS SYS 13: LMP's
o TEMP! 28-vdc
::r Gray display Indicates ascent fuel interconnect PHESS bus Both ascent fuel interconnect§ val ve s a r e open. DISP-FLAGS valves must be open to obtain a<l'l

(panel Hi) gyro display,<t>

0
f'J Barber-pole display Indicates intercollnect valves are Barber-pole display can he,...
<t> closed. obtained \, ith only one ascent fuel

I
interconnect valve closed.
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Location/
Ref Des

Panel 2
(cont)

8S2:l

8FLl9

Name and Position

SYSTElI! 13 ASC FEED 2 switch

ASC FEED 2

Center

CLOSE

SYSTEM B ASC O}"iD ta lkba ck

Gray display

Barber-pole display

.-......-.

Function

Se l ccts inputs to two latch-type
solenoid-operated interconnect
valves in ascent propellant I inc.
which contr-ol flow of propellant
from ascent propellant tanks to ncs
thrusters.

Energizes solenoids that drive
ascent propellant interconnect
valves to open position.

Hemoves solenoid excitation.

Energizes solenoids that drive
ascent propellant interconnect
valves to closed position.

Indicates ascent oxidizer intercon
necl valves are open.

Indicates interconnect valves arc
closed.

Circuit
Breaker

HCS SYS 13:
ASC FEED 2
(panel 10)

HCS SYS B:
TEMP/
PRESS
DlSP-FLAGS
(panel 16)

Power
Source

LlIIP's
28-vde
bus

LlI1P's
28-vdc
bus

.::

Remarks

Switch is spring loaded to center
(lock) position. In event of ncs mal
function, ascent propulsion section
can supply propellant to 8 or 1(;

TCA's, (if Ll\l is experiencing a
force in +X-dircction). This can
be ac compl ishod by setting ABC
FEED 2 s\ v it.cl; for svstern A O~·

B. or both. to ASC FEED 2 and
MAIN SOY switch for system A or
B, or both, to CLOSE. (IISC
FEED 1 switch must he set to ASC
FEED 2.)

Gray ta lkback is dtspluycd when
interconnect val vcs are open.

Interconnect valves r e ma i n in last
commanded position.

Barber-pole tn lkback is displayed
when interconnect val vos are
closed.

Bolh ascenl oxidizer interconnect
valves must be open to ohta in a
gray display.

Barber-polf.' display can he u!J
ta lnod with only onp ascent
oxtd ivo r intercullllcct valve
closed.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 2
(cont)

8S13 SYSTEM B LGC THRllSTER PAIR NIA NIA
CMDS QUAD 1 switch

ENABLE Permits normal LGC command Gray talkhaek is displayed,
of system B quadrant 1 jet firing,

DISABLE Provides signal to LGe to inhibit Barber-pole talkbuck is dis~
firing commands to system B played.
quadrant 1 jets, Inhihit s CWEA
and removes TCA-failure indi-
cation,

8FLll SYSTEM B LGC THRUSTER PAm Indicates cnabl e or disable status RCSSYSB: LMP's
CI\IDS QUAD 1 talkhack of system B quadrant 1 LGC com- TEMPi 28-vdc

mands . PRESS bus
DISP-
FLAGS
(panel 16)

Gray display Indicates normal LGC command of
system B quadrant 1 jet firing,

Barber-pole display Indicates LGC command of system
B quadrant 1 jet firing is inhibited,

Red display Indicates system B quadrant 1 TCA
failed to fire on LGC command.
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Location/
Name and Position Function

Circuit Power
Ref Des Breaker Source Remarks

Panel 2
(cont )

8S14 SYSTEl\l B LGC THRUSTER PAm NIA NIA
Cl\1DS QUAD 2 switch

ENABLE Permits normal LGC command of Gray tu.lkback is displayed.
system B quadrant 2 jet firing.

DlSABLE Provides signal to LGC to inhibit Barber-pole talkback is displayed.
firing commands to system B
quadrant 2 jets. Inhibits CWEA
and removes TCA-failure indi-
cation.

8FL12 SYSTEM B LGC THRUSTER PAIn Indicates enable or disable status RCSSYSB: LMP's
Cl\IDS QUAD 2 talkback of system B quadrant 2 LGC com- TEMPi 28-vdc

mands , PRESS bus
mss-
FLAGS
(panel 16)

Gray display Indicates normal LGC command
of system B quadrant 2 jet
firing.

Barber-pole display Indicates LGC command of system
B quadrant 2 jet firing is inhibited.

Red display Indicates system B quadrant 2 TeA
failed to fire on LGC command.
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Location/
Name and Position Function

Circuit Power
Ref Des Breaker Source Remarks

Panel 2
(cont)

8S17 SYSTEM B LGC THRUSTER PAIR NIA NIA
CMOS QUAD 3 switch (LM 10 and
subq)

ENABLE Permits normal LGC command Gray talkback is displayed.
of system B quadrant 3 jet firing.

DISABLE Provides signal to LGC to inhibit Barber-pole talkback is displayed.
firing commands to system B
quadrant 3 jets. Inhibits CWEA
and removes TCA-failure indi-
cation.

8FL15 SYSTEM B LGC THRUSTER PAIR Indicates enable or disable status RCS SYS B: LMP's

CMOS QUAD 3 talkback of system B quadrant 3 LGC TEMPi 28-vdc
commands. PRESS bus

DISP-
FLAGS
(panel 16)

Gray display Indicates normal LGC command
of system B quadrant 3 jet firing.

Barber-pole display Indicates LGC command of system
B quadrant 3 jet firing is inhibited.

Red display Indicates system B quadrant 3
TCA failed to fire on LGC com-
mand.
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Location/ Circuit Power
Ref Des Name and Position Function Breaker Source Remarks

Panel 2
(cant)

8S18 SYSTEM B LGC THRUSTER PAIR N!A N!A
CMDS QUAD 4 switch (LM 10
and subq)

ENABLE Permits normal LGC command of Grny talkback is displayed.
system B quadrant 4 jet firing .

DISABLE Provides signal to LGC to inhibit Barber-pole talkback is displayed.
firing commands to system B
quadrant 4 jets. Inhibits CWEA
and removes TCA-failure Indi-
cation.

8FL16 SYSTEM B LGC THRUSTER PAm Indicates enable or disable status RCS SYS B: LMP's
CMDS QUAD 4 talkbaek of system B quadrant 4 LGC com- TEMP! 28-vde

mands . PRESS bus
DISP-
FLAGS
(panel 16)

Gray display Indicates normal LGC command
of system B quadrant 4 jet
firing .

Barber-pole display Indicates LGC command of system
B quadrant 4 jet firing is inhibited .

Red display Indicates system B quadrant 4
TCA failed to fire on LGC com-
mand.

>'1j
o

(')t"'
Ot"'
ZO
>-'3 0
~'1j
OM

~S;
:>j

S~
Om
cn::r:
'1j:>

5:8
><tJj
UlO

o
~

"CWoC'o :";;';;:;' ~' "(:':"~.:'

I



'U
~

"9 Location/
Ref Des Name and Position Function

Circuit
Breaker

Power
Source Remarks

W
I

~ I Panel 2
(cant)

Barber-pole display Indicates propellant main shutoff
valves are closed.

Both main shutoff valve-s must be
closed to obtain barllL'r-pole display.

I I --------~-----I~- -- -~j---___t---.--- I

Both main shutoff valves must be
closed to obtain a barber-pole
display.
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Main shutoff valves remain in last
commanded pos it ion.

Switch is spring loaded to center (lock) I •
position. These va lvc-s arc no rm a l lv
open: if svsteu- A or B mal Iuncuous.
propellant flow to malfunctioning
system is interrupted IJy setting
corresponding switch to CLOSE.

Barber-pole talkbnck is displayed
when ma iu shutoff valves arc closed.

Gray ta lkbac k is displayed when
main shutoff valves are open.

A gray display can be obtained
with only one main shutoff valve
open.

If IICA is disabled, only the landnu;
mission phase is affected .

I

N/A

L~IP's

2H-\(Ic
bus

LMP's
2~-vde

bus

N/A

[(CS SYS B:
MAIN SOY"
(panel Hi)

HCS SYS B:
TEMP,!
PHESS
DISP-FLAGS
(panel 16)

Energizes solenoids that drive
propellant rna in shutoff vnlve s to
closed position .

Removes solenoid excitation.

Energizes solenoids that drive
propellant main shutoff val ve s to
open posi tion.

Selects inputs to two la tohi ng,
s ol eno id-eoperu ted, main shutoff
valves in propellant lines down
stream of propellant tanks.

Indicates propcl lnnt main shutoff
valves controlled by SYSTEM B
MAIN SOY switch are opcn.

Enables isolation of 28 volts, 800 cps
to ACA transducer primary coil.

Indicates main propellant shutoff
valves are closed.

Enahles normal operation of ACA in
proportional rate mode.

OPEN

Center

CLOSE

Barber-pole display

Gray display

ENABLE

~IAIN SOY SYS B switch

ACA PROP switch

MAIN SOY SYS B talkback
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

Panel 2
(cont)

DISABLE Disables ACA proportional rate com
mand capability.

ENVrnONMENTALCONTROL

TEMP indicator

7M3B SUIT 0 F scale Displays suit circuit temperature ECS: DISP LMF"s
(degrees Fahrenheit) sensed at suit (panel 1(i) 28-vde
outlet. bus

7M:lA CABIN 0 F scale Displays cabin interior temperature
(degrees Fahrenheit) sensed at
cabin fan inlet.

PItESS indicator

7M2B SUIT PSIA scale Displays suit circuit pressure ECS: DISP LMP's
(psia) sensed downstream of suit (panel 16) 28-vdc
gas supply connectors. bus

71\12A CABIN PSIA scale Displays cabin interior pressure
(ps ia) sensed by aneroid sensor on
cabin pressure Sensor switch.

16DS93 Press indicator power Red light goes on when power to N/A N/A
failure indicator indicator is interrupted.

71\11 PAHT PRESS C02 indicator Displays partial pressure of carbon ECS: DISP LlvIP's
dioxide content of gas in ARS. (panel 16) 28-vdc bus

GLYCOL indicator

7M5B TEMP scale Displays glycol temperature ECS: DISP LMP's
(degrees Fahrenheit) in primary (panel 16) 28-vde
coolant loop. However, following bus
failure of primary loop and selec-
tion of secondary coolant pump,
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Ref Des Name and Position Function
Circuit
Breaker

Power
Source Remarks
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(cant)
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7M5A

IGDS95

7l\1~A

7M~B

PHESS scale

GLYCUL indicator power
failure indicator

QUANTITY indicator

Uz scale

H
20

scale

with GLYCOL selector switch and
GLYCOL PU~!P SEC circuit
breaker, indica t o r dif'plays
secondary conlanl loop temperature.

Displays glycol pump discharge
pr-ossurc (psia) in primary coolant
loop. Howcve r, following failure of
primary loop and selection of
secondary coolant PUIllP with GLY
COL selector switch and GLYCOL
PUMP SEC circuit breaker, indi
cator di spl avs secondary glycol
pump discharge pressure.

Red 1ight goes on when power to
Indicator is interrupted.

Displays quantity of oxygen (per-cent)
remaining in descent oxygen tank or
either ascent oxygen tank, as se
lected with O?/I1"O QTY :\ION
switch. - ~

Displays quantity of water (percent)
remaining in descent water tank or
either ascent water tank, as se
lected with 0/11 2°QTY MON
SWitch.

N/A

ECS: DISP
(panel IG)

N/A

LMP's
28-vdc bus
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IGDS9~ QUANTITY indicator power
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indicator is interrupted.
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Location/
Ref Des

Panel 2
(cant)

9M3

16DS97

91116

6S3

~?
s~

Name and Position

X-Pointer indicator

X-Pointer indicator power
failure indicator

Flight director attitude indicator
(FDAI)

MASTER ALAR1I1 pushbutton/light

Audible tone

fc~r1:

',---

Function

Displays forward and lateral veloc
ities, lateral velocities only, or
rendezvous radar LOS elevation and
az i muth angular rates, depending
upon setting of RATE/Elm MaN
switch and MODE SEL switch,

Red I ight goes on when power to
Indicator is interrupted,

Displays total vehicle attitudes,
attitude rates and attitude errors,
or vehicle attitude, attitude rates,
and RR shaft and trunnion angles,
depending on setting of HATE/ERH
1IION switch.

Setting ATTITUDE MON switch
selects I'GNS or AGS as source of
vehicl e total att i tude and attitude
errors displayed on FDA!. Shan
and trunnion angles arc displayed
by pitch and yaw error needles,
respectively, when RA TE/EHH
"ION switch is set to HNDZ HADAH.

Light flashes when any caution or
warning light goes on, except C/W
PWR caution and DES QTY warning
lights.

Initiated in conjunction with
MASTEH ALAHM pushbuttou/Itght
and caution/warning array Iight(s).

Circuit
Breaker

FLT IllSI':
SE X-PNTH
(panel l6)

N/A

AC BUS 13:
SE FDAI
(panel 11)

FLT DlSI':
EVENT
TlMEH/
SE FDAl
(panel )(,)

LTG:
l'vIASTEH
ALARM
(panel 16)

'~~

Power
Source

LlHP's
28-vdc
bus

N/A

CDE's
1lS-vac
bus 13

LMP's
28-vdc
bus

LMP's
28-vdc
bus

Remarks

Fo rwnrd find later-al velocities are
coincident with LM Z find Y body
axis velocities when P(;NS drives
display, When LH drives display,
forward and lateral velocities arc
coincident with LM Z and Y axis
(from hi-gate point to touch-down).
When AGS drives di splav, lateral
Y-axis velocity only is displayed.
When HH is scl ected, LOS rates
are displayed.

Attitude rntcs displayed are always
obtained from CES rate gyro
assembly.

Pressing Commander's or LM
Pilot's pushbutton extinguishes both
MASTEn ALARM lights and term i 
nates audible tone, but has no effect
on caution or warning light(s),
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Location/ I I I Circuit I Poweraq
Cll Name and Position Function I RemarksRef Des Breaker Source

w
I

<.J1
Ien Panel 2

(cant)

9S7 I RATE/ERR MON switch I Selects inputs for FDA! and X- N/A N/A IWhen switch is set to LDG RDH/
pointer indicator. CMPTH, data input is dependent

~
upon settings of MODE SEL and

fJl ATTITUDE MON switches.
fJl

o' RNDZ RADAR Shaft and trunnion angles from the::l

I~
RR are displayed by pitch and yaw
error needles of FDA!; LOS

)-azimuth and elevation rates are "d
displayed on X-pointer indicator 0

tx:l (illuminating LOS .\Z and LOS nt""'
ll' ELEV). Ot""'
fJl ZO;:;.

;lOt"'
tJ LDG RDH/COllIPTH Vehicle attitude errors (PGNS or AGS provides only lateral
ll' AGS as selected with ATTITUDE veloc i tv da tao O~~
;t"d MON switch), arc displayed by ~S;Z;;)- FDA! error needles. Forward and.... ~ lateral velocities from the LR ~:j'rOw"1t""' (PGNS or AGS as selected with tJ~t-<[}~ MODE SEL switch) are displayed

u.l::x::S::0;
on the X-pointer indicator (illumi-~ "d)-ll' nating LAT VEL and FWD VEL).0; 5:8'<

.... ><1;Tj
co

9S10 ATTITUDE MON switch Selects input for FDA! total N/A N/A
(/)0...,

00 attitude display and input for 7::
attitude error needles during

o landing.
::r
§ PGNS LM total attitude signals, afteraq
Cll conditioning by GASTA, are fed to
tJ FDA! ball; LGC attitude error srg-
~ nals are fed to FDA! pitch, roll,
Cll

and yaw error needles.

AGS AGS LM total attitude signals are
fed to FDA! ball; AGS attitude error
signals are fed to FDA! pitch, roll,
and yaw error needles.
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ECS: ------1 CDH's

GLYCOL I28- vdc
PUMP I bus
and GLYCOL
PU1\,IP 2
(panel I I)
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Location/
Ref Des

Panel 2
(cant)

7S3

7D83

7S1

7DSI

:;;~A

,Z!fIj

Name and Position

GLYCOL selector switch

PUMP 1

PUMP 2

INST (SEC)

GLYCOL component caution light

SUIT FAN selector switch

OFF

2

SUIT FAN component caution light

-t~§,~'

Function

Selects either circulating pump in
primary coolant loop or circulating
pump in socondarv coolant loop,

Activates glycol pump No, 1

Activates glycol pump No, 2

Activates glycol instrumentation,

Goes on to indicate failure of
activc glycol pump,

Selects suit fan to circulate
breathing oxygen in suit circuit.

Shuts off all power to suit fans.

Selects fan No. 1 for operation.

Selects fan No.2 for operation.

Lights to indicate low aP across
suit fan assembly, due to mal
function of operating suit fan,

Circuit
Breaker

ECS:
GLYCOL
PUMP I and
ECS:
GLYCOL
PUMP 2
(panel 11)

ECS:
GLYCOL
PUMP SEC
(panel IG)

ECS: SUIT
FAN 1
(panel 11)

ECS: SUIT
FAN aP
(panel 16)

"-~

,~W

Power
Source

CDH's
28-vdc
bus

Ll\lP's
28-vdc
bus

CDE's
28-vde
bus

LMP's
28-vdc
bus

Remarks

Pump failure causes GLYCOL
component caution light and ECS
caution light to go on,

GLYCOL component caution light
and F.CS caution light go off when
glycol pump No.2 is activated.

If glycol pump No, 2 fails, both
lights will go on. Pr-cs si ng F.CS:
GLYCOL PUMP SEC eircuit
breaker activates secondary
glycol pump and extinguislH's
ECS caution light.

Light goes out when pump is
reselected and nor-mal prcs s ru-o
is restored.

Failure of suit fan No. I causes
SUIT FAN component caution
light and ECS caution light to go on.
Selection of fan No. 2 and return of
normal toP across the fans, extin
guishes both lights.

Light goes off when SUIT FAN
switch is set to other fan. However,
light goes on if newly selected fan
does not develop proper toP within
approximately 25 seconds, or when
failure occurs in selected fan.
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mS7

7S2

CO
2

component caution light

H
20

SFP component caution light

°2/112° QTY l\ION selector switch

C/W ltESET

DES I

Goes on to indicate thal CO? partial
pressure in suit circuit exceeds 7. G
mm Hg o r if co? CANlSTFH SEL
valve i s set [0 SJ::C.

Goes on to indicate l(l\\'-sjleed COll

dition or failure (stoppage) in
sclcctod water separator.

Selects, for monitoring on QUAN
TITY indicator, quantities remain
ing in descent or a sc ent oxygen and
water storage tanks.

Routes s igna l to CWEA to extinguish
02 QTY caution light, WATER QTY
caution light or ACiS warning 1ight
if on,

Descent oxygen tank No, I pressure
is displayed on 02 QUANTITY incli
calor and quantity rornn in im; in
descent water tank No. I is dis
played on 1120 QUANTITY indicator.

ECS: CO?
SENSOH 
(panel IG)

FCS: DlSl'
(pa nol Ifi)

N/A

LMP's
2S-vdc
bus

Ll\IP's
28-vck
bus

N/A

Light goes off when prima rv canis
ter is replaced with unsaturated
canister. CO2 CANISTEH SEL valve
is set t,.' PRII\I. and C02 partial
pressure is restored to within
tolerance condition.

Light goes off whou other water
separator is selected with Il,/>
SFP SEL valve and water sella ra t o r
conics lip to desired spr-cd I
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Location/ Circuit Power
Ref Des Name and Position Function Breaker Source Remarks

Panel 2
(cont)

DES 2 De scent oxygen tank No, 2 pressure
is displayed on 02 QUANTITY indi-
cator and quantity remaining in
descent water tank No, 2 is dis-
played on H20 QUANTITY indicator,

ASC 1 Ascent oxygen tank No. 1 pressure
is displayed on ()2 QUANTITY indi-
ca to r and quantity r ema ining in
ascent water tank No. 1 is displayed
on H20 QUANTITY indicator.

ASC 2 Ascent oxygen tank No. 2 pressure
is displayed on 02 QUANTITY incli-
cator and quant itv r enia irung in
ascent water tank No. 2 di spl aved
on H20 QUAl\'TITY indicator.
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Location/ Circuit Power

Ref Des Name and Position Function Breaker Source Remarks

Panel 3

IS8 ENG G!vffiL switch Enables or disables engine gimbal AC BUS A: CDR's Normal1y set to ENABLE. If ENG
drive capability. DECA 115-vac GMBL caution light goes on,

GMBL bus A astronaut must set switch to OFF.
(panel 11)

ENABLE Gimbal trim signals are enabled to
displace descent cng ine along Y and
Z axes.

OFF Power to the GD:\'s is removed,
disabling the gimbal drive capa-
bility.

IS19 DES ENG cxro ovnn switch Supplies alternate source of 28-vdc STAB/CONT: CDR's Switch is utilized to keep valves
to descent engine shut-off valves. ABORT 28-vdc open if DECA power fails.

STAGE bus
ON Applies 28 vdc to descent engine (panel 11) Circuit is completed through nor-

shut-off valves. mal ly closed contacts of ABORT
STAB/CONT: LMP's STAGE switch.
ABORT 28-vdc

OFF Removes 28 vdc from valves. STAGE bus
(panel 16)

17S5 LDG ANT switch N/A N/A

AUTO Enables LGC to position LR antenna
as function of mission phase.

DES Drives antenna to first position used Because antenna cannot be driven
before hover point. to its first position by LGC and it

is necessary to check out com-
pletely two-position capability and
provide override of position drive
s ignal if LR antenna interface
fails, DES and HOVEn positions
are used.

HOVER Drives antenna to its second position
for final landing phase.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 3
(cont)

17Ml SIGKAL STRENGTH indicator Displays LH and HTI data for test PGNS: SIG CDH's
and flight operations, respectively, STR DlSP 28-vdc
as selected with TEST,I\IONITOR (panel 11) bus
switch.

17DSI RENDEZVOUS RADAR NO THACK Light goes on to indicate that RR has K!A N!A
light broken track (data not good) in any

one of three trucking modes.

---
17S6 RADAR TEST switch Provides testing capability of both N!A N/A

radars.

RNDZ Initiates test circuitry. TIR per- In this test mode, altitude/range
formance is cheeked by monitoring meter displays appropriate test
SIGNAL STRENGTH indicator after value.
approprrate setting of TEST/
MONITOR switch .

OFF Disables testing capability.

LnG Initiates test circuitry. LR per-
fo rrnance is cheeked by monitoring
SIGNAL STRENGTH indicator after
appropriate setting of TEST/
MONITOR switch.

- -- ---~--_._~--,-_.-.__ .-

17S8 TEST!MONITOR selector switch Selects LR or HR test data or flight N/A N!A
performance data for monitoring on
SIGNAL STHEKGTH indicator.

ALT XI\1TR Provides altitude range transmitter
power output for display on SIGNAL
STRENGTH indicator during test
and flight operations.

VEL XMTR Provides velocity transmitter power
output for display on SIGNAL
STRENGTH indicator during test
and flight operations .
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Location! Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 3
(cont)

AGC Provides AGC during RE testing.
Specific val uc of receiver signal
strength should be displayed on
SIGNAL STRENGTH indicator; how-
ever, during flight operations signal
varies .

XMTR PWR Provides specific value of trans-
mitter power output for display on
SIGNAL STRENGTH indicator during
night operations.

SHAFT ERR During test, shaft angle error
signals are displayed as needle

, fluctuations with equal amplitude
on SIGNAL STRENGTH indicator.
During flight operations, these
error signals are displayed as
needle fluctuations, usually of
unequal amplitude, thnt represent
smoothness of servo tracking.

TRUN ERR Same as for SHAFT EHn position,
except trunnion angle errors are
displayed.

17S2 SLEW RATE switch Provides two rates for manually N/A N/A
slewing radar antenna with SLEW
switch.

lIT Selects high slew rate for quick High slew rate is 7°/sec.
coarse adjustments to guide antenna
in direction of larget.

LO Selects low slew rate for accurately Low slew rate is 1. 33 0 1sec.
peaking SIGNAL STRENGTH indi-
cator, enabling subsequent initiation
of auto track through rendezvous
radar mode selector switch with
assurance that maln lobe lock will
be achieved.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 3
(cont)

17S1 SLEW switch Slews trunnion or shaft servos, or N/A N/A Two antenna slew rates are
both, positioning RR antenna for available using SLEW RATE
manual acquisition of target and switch.
subsequent automatic tracking.

Target acquisition is determined
from SIGNAL STRENGTH indica-
tor and auto track mode is enabled
with rendezvous radar mode
selector switch.

UP Slews shaft servos to up position, HH antenna alignment along LM
positioning RR antenna for manual axis can be determined from
acquisition of target and subsequent FDAI pitch and yaw error needles
automatic tracking. when R.ATE/ERR MON switch is

set to RNDZ RADAR.

HIGHT Samc as for UP position, except
that slewing is to right position.

DOWN Same as for UP position, except
that slewing is to down position.

LEFT Same as for UP position, except
that slewing is to left position.

--

17S3 RENDEZVOUS RADAR mode Enables control of RR antenna N/A N/A
selector switch drive.

AUTO TRACK Maintains track by comparing re-
ceived radar signals from three
channels; errors are used to drive
radar servos.

SLEW Enables manual control of RR
antenna drive with SLEW switch.

LGC LGC automatically drives antenna Once target is acquired, radar
towards target. automatically maintains track and

NO TRACK light goes off.
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Location/ Circuit Power

Ref Des Name and Position Function Breaker Source Remarks

Panel 3
(cont)

11S2 DEAD BAND switch Switch is not functional when
PGNS is in use.

MAX Provides large-amplitude limit N/A N/A For maximum deadband, which is
cycle for attitude control system, to 5", FDAI error needle scaling; is
conserve ReS fuel during coasting +14.4".
flight.

MIN Provides narrow deadband for During mnin engine thrusting,
periods during which accurate minimum deadband is always
manual control is required. operating.

For mi nimum dcadband, which is
3", FDAI error needle scaling is
::1.7".

11S7 GYRO TEST ROLL switch Switch is associated with GYRO
TEST POS RT switch.

ROLL Selects FDAI rate gyro to be tested N/A N/A
in roll axis.

PITCH Selects FDAI rate gyro to be tested
in pitch axis.

YAW Selects FDAI rate gyro to be tested
in yaw axis.

11S1 GYRO TEST POS RT switch Enables test signal to be applied to N/A N/A
rate gyro selected with GYRO TEST
ROLL switch.

POS RT Selected rate gyro output displaces
FDAI rate needles and indicates 5"/
second vehicle attitude rate.

OFF No test signal is produced.

NEG RT Produces effects opposite to those
of POS RT position.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 3
(cant)

11S4 ATTITUDE CONTROL RO LL, Used in conjunction with l\IOlJE N/A N/A
11S3 PITCH, and YAW switches : ()NTROL switches to establish at-
11S5 titude control in roll, pitch, and

yaw. Normally these switches are
set to MODE COl\:T while PGNS is
in control.

MODE CaNT Enables use of proportional mode of
ACA when MODE control selector
switch is set to A1'1' BOLO and
PGNS is controlling. When MOllE
CONTROL selector switch is sct 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 .

PULSE Under PGNS control this position is
inoperative. Under AGio' control, the
PULSE and IlIH positions differ only
in how RCS thrusters fire.

\\11el1 PULSE is scl ccted , two jets in
selected axis fire at constant pulsed
rate as long as .\ CA is di spl aced
more than one-fourth or foil throw,
PULSE and Ill!, positions provide
open loop acce \e ration. Hates pro-
duced must be nulled to zero by
inducing opposite acceleration com-
mand . Attitude is not maintained
automatically until switch is re-
turned to MODE CONT.

DIR Under PGKS control, when MODE
CONTROL selector switch is set to
ATT HOLD or AUTO, DIH m ode can
be used in any axis. Each switch
must be set to DIR independently.
Displacing ACA one-fourth of full
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Location/
Ref Des

Panel 3
(cant)

11S24

(e"

Name and Position

PGNS MODE CONTROL switch

OFF

ATT HOLD

Function

throw causes continuous two-jet
firing for selected axes. As in
PULSE position, open loop acceler
ation is provided; it must be nulled
in as during pulse operation .

Affects outputs of ACA's, TTCA's
and LGC.

Establishes the following conditions:
(a) Limits operation of the
ACA's to the hardover position.

(b) Enables two-get direct atti
tude control in axis, selected
with ATTITUDE CONTROL
switches.

(c) Disables translation outputs
of TTCA's and LGC attitude
commands.

In this mode, astronauts can com
mand angular rates proportional to
displacement of ACA' s. Mode is
functional with either PGNS or AGS
controlling operation. When ACA is
out of detent, ATTITUDE CONTROL
switches set to MODE CaNT, and
LGC not 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.

If PGNS control is selected, astro
nauts can command attitude rates
proportional to ACA displacement,
and attitude is held when ACA is

.~

Circuit
Breaker

N/A

Power
Source

N/A

./

Remarks

Switch is associated with ATTI
TUDE CONTROL switches and
GUm CaNT switch.

TTCA throttle commands are not
affected. LGC engine-off signals
are not enabled; engine must be
manually turned off.

When ATTITUDE CONTHOL
switches are set to PULSE or DIH,
following attitude command
capabilities result: With GUm
CaNT switch set to PGNS and one
or more ATTITUDE CONTROL
switches set to PULSE, attitude
hold mode is not affected. With
GUm CaNT switch set to PGNS
and one or more ATTITUDE CON
TIWL switches set to DIH, ACA
displacement of one-fourth of full
throw causes continuous two-jet
firing for selected axes, without
rate feedback interfering with
LGC command signals.
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Name and Position

ATT HOLD

AUTO

.~¥~~;->

<c..>

Function

(c) Disables translation outputs
of TTCA's and LGC attitude
commands.

In this mode, astronauts can com
mand angular rates proportional to
displacement of ACA's. Mode is
functional with either PGNS or AGS
controlling operation. When ACA is
out of detent, ATTITUDE CONTROL
switches set to MODE CaNT, and
AGS in control, attitude loops are
opened and axis transducers are
compared to rate gyro outputs to
provide parportional commands.
While maneuvering, attitude syn
chronizers follow as attitude
changes.

With GUm CaNT 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 RCS jets through selectable
de adband , logic, pulse modulators,
and jet driver amplifiers. Rate
commands from ACA remaln active
in this mode; attitude disturbances
occur if ACA is displaced inad
vertently.

j~

Circuit
Breaker

Power
Source

.J

Remarks

When ATTITUDE CONTROL
switches are set to PULSE or DIR,
following attitude command cap
abilities result: With GillD CaNT
switch set to AGS, proportional
rate commands are disabled for
those axes for which PULSE or
OIR was selected. With GUill
CaNT switch set to PGNS and one
or more ATTITUDE CONTROL
switches set to PULSE, attitude
hold mode is not affected. With
GillO CaNT switch set to PGNS
and one or more ATTITUDE CON
TROL switches set to OIR, ACA
displacement of one-fourth of full
throw causes continuous two-jet
firing for selected axes, without
rate feedback interfering with
LGC command signals.

TTCA and ACA hardover outputs
are not affected.

When one or more ATTITUDE
CONTROL switches are set to
PULSE or DlR, the following
attitude command capabilities and
limitations result. With GUID
CaNT switch set to AGS, propor
tional rate commands are disabled
for those axes for which PULSE
or OIR was selected.
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Circuit Power
RemarksRef Des Breaker Source

Panel 3
(cent)

TENS Slews tens -column digit of MIN col-
umns at rate of two digits per sec-
ond as long as s witc h is held in this
position.

Center Disables slewing function.

UNITS Slews units-column digit of MIN
columns at rate of two digits per
second as long as switch is held in
this position.

9S14 EVENT TIMER SLEW CaNT SEC Provides stewing function for FLT DlSP: LMP's Switch is spring loaded to center.
switch EVENT TIMER indicator. EVENT 28-vdc

TIMER/SE bus
TENS Slews tens-column digit of SEC col- FDAI

umns at rate of two digits per sec- (panel 16)
ond as long as switch is held in this
position.

Center Disables slewing function.

UNITS Slews units-column digit of SEC
columns at rate of two digits per
second as long as switch is held in
this position.

I1S4 RCS SYS A/B-2 QUAD 1, QUAD 2, Control the system 2 heaters HEATERS: LJ',rP's Heating system 1 provides con-
llS5 QUAD 3, and QUAD 4 heater (redundant heating system) within RCS SYS 28-vdc tinuous automatic control of ReS
llS6 switches applicable quad of RCS TCA 's , A/B-2: bus engine temperatures. This sys-
llS7 QUAD 1 tem has no override capability.

AUTO Enabies automatic temperature con- QUAD 2 When QUAD switches are set to
trol of each engine in a quad. QUAD 3 AUTa, engine injector tempera-

QUAD 4 turcs are maintained at approxi-
OFF Interrupts 28-vdc to the heaters. (panel 16) mately 140'F. If temperature of

any quad exceeds +190'F or falls
MAN Bypasses automatic temperature below +119'F, HEATEIl caution

control and continuously maintains light goes on.
28 -vdc on each system 2 heater in
a quad.

;J>
'0
o

()t"'
Ot"'
ZO

;lo~
0'0""
t;;M::;
;J>S:~
Z:j,
t:10";'"

Zt"'
t:1(/)~

ti5:I:""
'O;J>

~8
><tp
(/)0

~

~

~~
W~~I
~

-:5~7l~

'-...-

..~

.i.::» i
~./



"'--
~~)

i,~

~
tn
Ul

o·

I~
g'
Ul

n'
tl

S
....
'%J
<t>
c'
'1
C
~
'1

....
<0
-J
o

o
~ '0

~ ~
<t> M
tlt"'
~ c..:>

10

'0
~

CJtl
<t>

cc
I
-J....

Location/
Function

Circuit Power
Ref Des Name and Position Breaker Source Remarks

Panel 3
(cont)

16S9 SIDE PANELS switch Permits control of lighting on LM AC BUS A: CDR's
Pilot's side panels, independently INTGL LTG 115-vac
of lighting of forward panel. (panel 11) bus A

Enables on/off control of 1,111 Pilot's
side panel integral lights .

ON Connects side panel integral lights
to INTEGRAL OVERRIDE switch
and INTEGRAL control on panel 5.

OFF Disconnects side panel integral
lights from INTEGRAL control and
INTEGRAL OVERRIDE switch on
panel 5.

16S6 FLOOD OVHD/FWD switch Energizes crew compartment LTG: FLOOD LMP's Floodlight power source is
floodlights. (panel 16) 28-vdc independent of that used for

bus integral lighting.
ALL Energizes all floodlights.

OFF Deenergizes all floodlights.

OVHD/FWD Energizes two overhead and two Overhead floodlights are fitted
forward floodlights. with rotatable reflectors.

16R4 FLOOD OVHD/FWD control Controls the brightness of the LM LTG: LMP's Control operates only when
Pilot's overhead and forward flood- FLOOD 28-vdc FLOOD OVHD/FWD switch is set
lights. (panel 16) bus to OVHD/FWD or ALL, and the

overhead hatch is closed. If
DIM to BRIGHT Controls intensity level of flood- overhead hatch is open, FLOOD

lights continuously from dim to OVHD/FWD switch is bypassed
bright. and FLOOD OVHD/FWD control

enabled.

16S10 LAMP/TONE TEST selector switch Performs test as indicated below.

OFF All test functions are inactive. OFF position is at each end of
switching sequence to permit
setting switch to OFF without re-
cycling through all test positions.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 3
(cant)

ALARI\I/TONE Tests lamps tn I\L\STEH ALAHI\I LTG: LMP's
pushbuttons , and tests audible I\L\STER 28-velc
warning tone. ALAHI\I bus

(panel IG)
C/W I Tests lamps in first bank of warning

lights on pane I 1.

ENG PB-C/W 2 Tests lamps in engine STAHT and
STOP lights and in second bank of
warning lights on pane1 1 .

C/W 3 Tests lamps in first bank of caution
lights on panel 2.

C/W 4 Tests lamps in second bank of
caution lights on panel 2.

COMPNT Tests lamps in component caution
and lunar contact lights.

16817 EXTEHlOR LTG switch Controls docking anel tracking lights. LTG: ANN/ COH's
DOCK/ 28-vde

DOCK Engerizes docking lights. COMPNT bus
(panel 11

OFF Oeenergizes docking and tracking and
lights. panel 16)

THACK Eno rgtze s tracking light to full LTG: LI\IP's
(100%) brightness. TRACK 28-vdc

(panel I G) bus
.__.-1----- .-.------------

11)82 LUNAR CONTACT light Both lights (red) go on when probe is) N/A N/A Light goes off when cithe r enginc
on landing gear touches lunar sur- stop switch is p res s ed .
face. to indicate that descent engine
should be turned off.
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Name and Position Function

Circuit Power
Remarks

Ref Des Breaker Source

Panel 3
(cant)

9S18 X-POINTER SCALE switch Controls scale range of X-pointer N/A N/A
indicator.

III MULT When LOS azimuth and elevation
rates are displayed, this position
provides a scale of .'-20 mrad/see.
When horizontal velocities are
displayed, this posltion illuminates
the XIO multiplier to provide range
of :':200 fps .

LO Ml'LT When LOS azimuth and elevation
rates are displayed, this position
illuminates the X. 1 multiplier to
provide a range of +2 mracl/sec.
When horizontal vclcleities are
displayed, this position provides
range of ~20 fps.

- - ---------~--- --~- ,~-_._--~.~--_. ------------ --_._- -----~-~._--- ---~-- ------f------~~.
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Ref Des Name and Position Function Breaker Source

Panel 4

IS21 ACA/4 .JET switch (CDR and L]\IP) Enables isolation of 28 volts dc if STAB/CONT: CDR's The nominal position of this switch
IS23 short occurs in ACA. ATT DlR 28-vdc is ENABLE.

CONT bus
ENABLE Enables normal operation of ACA. (panel 11)

DISABLE Disables four-jet direct attitude con-
trol function (ha rdover position) of
ACA.

IS20 TTCA/TRANSL switch (CDR and Enables is olat ion of 28 volts dc if STAB/CONT: LMP's The nominal position of this switch
IS22 LII1P) short occurs in TTCA. ATCA (AGS) 28-vdc is ENABLE.

(panel IG) bus

ENABLE Enables normal operation of rTCA.

DISABLE Disables translation control function
of TTCA.

NOTE

White condition indicators signify computer status;
vellow condition indicators describe various cautions
~ssociated with the GN&CS.

3DSI UPLINK ACTY condition indicator Indicates that uplink is being re- N/A N/A Is energized by first character of
(white) ceived by LGC. digital uplink message received by

LGC. If light is not turned off by
end of uplink transmission, the
astronaut should extinguish light
when transmission is complete by
pressing RSET pushbutton.

3DS8 TElIlP condition indicator (yellow) Indicates that stable member tem- N/A N/A
perature has exceeded its limits by
±4'" F. (Nominal operating tempera-
ture +130.3 OF).

;po
"do

()t"'
ot"'zo
~0t"'o "do>

~~~
;POj;s
eoc'"z,
tjUlt"'
U1~~
"d;po

5:8
><to
UlO

~

r~,,',.e .
(... '

I



~

~
ro

W
I
-J
os

~
CIJ
CIJ

o'
:::

I~
III
po
gJ.
o

0
po....ro ~

... ~
M

~t"
0-"'"
'1
c::
el
'<...
<0
-J
0

o
;:r
§

aq
ro
0
po....
ro

Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

Panel 4
(cont)

3DS5 NO ATT condition indicator (white) Indicates that ISS is not suitable for N/A N/A Indicator lamp goes on when LGC
use as attitude reference. is in operate mode and there is n.

inertial reference, during coarse
align, if ISS is off, or IMU is caged.

3DS9 GIl\IBAL L(X::K condition indicator Indicates that middle gimbal has N/A N/A When middle gimbal :lI1gle exceeds
(yellow) driven through angle greater than +85 0 or _85 0 Irom its zero position,

+70 0 or _70 0 from its zero position. LGG automatically commands
coarse align mode in ISS to prevent
gimbal os c il lat iou . NO ATT condr-
tion indicator goes on.

3DS6 STI3Y condition indicator (white) Indicates that LGC is in standby N/A N/A . lndtcator lamp is deenergized if
condition. I r(~C is in operate mode .

3DSI0 PROG condition indicator (yellow) Indicates that program check has N/A N/A Indicator is controlled by computer
fa i led , program.

3DS7 KEY REL condition indicator (white) Indicates that internal program has NIA NIA Indicator is modulated by nash
attempted to use DSKY and found it signal.
busy due to independent operator
action.

3DS11 RESTART condition indicator Indicates one or more of the follow- N/A N/A
(yellow) ing abnor mal operations:

Word has been transferred incor-
rectly from memory-parity fail.

LGC is in endless control loop-
TC trap.

LGC has been interrupted for
30 rns ec - RUPT lock.

Alarm has been generated by
program control.

LGC fails to process new job
within a period from .64 to
1.92 seconds.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 4
(cant)

3DS14 OPR ERR condition indicator (white) Indicates that astronaut has per- N/A N/A Goes out when R.'3ET pushbutton is
formed an improper sequence on the pressed.
DSKY.

3DS12 TRACKER condition indicator Indicates RR CDU failure or im- N/A N/A When RR or LR are on, indicator
(yellow) proper data from RH or LH. lamp is energized if:

HR CDU fit.~ error greater than
1.0 vrrns occurs

HIt CDU coa rs e error greater
than 2.5 v r ms occurs

RR read counter limit cycles at
I ratc greater than IGO cps

RR CDU analog-to-digital con-
version tails

RR CDU +14-vdc supply de-
creases to 50% of nominal

RR data-not-goocl discrete oc-
curs during LGC data read
sequence

LR altitude data-nat-good dis-
crete or LR velocity data-not-
goocl discrete occurs during
LGC data read sequence.

3DS209 ALT light (yellow) Indicates altitude data-good N/A N/A A flashing light indicates that

signal from LR is absent LGC received data-good
during Landing Radar Data signal. but data docs not pass
Read Routine. LGC Reasonableness Test.

3DS204 VEL light (yellow) Indicates velocity data-good N/A N/A
signal from LR is absent
during Landing Radar Data
Read Routine.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 4
(cont)

~DSI5 COMPTH ACTY condition indicator Indicates that Lee is in pro,,;ram N/A N/A
(white) o the r than dummy job (Lee is

procc ss lng data.)
-

3Ml PHOe display indicator Indicates the prograr» that is being N/A N/A
processed LeC.

3M2 VEHB display indicator Indicates verb code entered at key- N/A N/A
board or commanded by LeC.

3111~ NOUN display indicator Indicates noun code entered at key- N/A N/A
board or commanded by LGC.

31114 Data display registers Indicate numerical data entered at N/A N/A The three data display registers
3M5 keyboard or commanded by LeC. are designated Rl , H2, H3 from
31116 Sign is assoeiated only with decimal top to bottom of DSKY.

data.

3S3 VERB pushbutton (momentary) Condi lions Lec to interpret next N/A N/A
two numerical eharacters as verb
code and extinguishes verb numer-
ic al display .

3S4 NOUN pushbutton (rnornentarv) Conditions LGC to interpret next N/A N/A
two numeric al characters as noun
code and extlngui she s noun numer-
ic al display.

3S5 CLR pushbutton (momentary) Used during data loading to blank N/A N/A First component load verbs arc
data register being used; loading cleared by pressing CLR pushbut-
Can then be resumed. ton once. Second and third compo-

nent load verbs are cleared by
pressing the pushbutton twiee or
throe times, as required. The
data registers clear in H3, R2,
RI order. Refer to paragraph
2.2.3.1.3.
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Location/
Name and Position

Circuit Power
Ref Des Function Breaker Source Remarks

Panel 4
(cont)

3S6 PRO pushbutton (momentary) Commands LGC to proceed without N/A N/A
data. Also commands LGC to enter
standby mode if pressed when pro-
gram P06 is in progress .

3S7 KEY REL pushbutton (momentary) Releases DSKY to LGC for use with N/A N/A Operator should release DSKY by
internal sequences. pressing pushbutton when he is

temporarily finished with DSKY.

3S8 ENTR pushbutton (momentary) Informs LGC that assembled data N/A N/A
are complete and that requested
func tion is to be executed. Used in
two ways: to execute the VERB/
NOUN code appearing on the VERB
and NOUN display and to accept
data just loaded and appearing in
data display registers (Rl, RZ, R3).

3S9 RSET pushbutton (momentary) Turns off DSKY condition indicator N/A N/A
after condition has been corrected.

3S10 o through 9 pushbuttons Enter numerical data, noun codes, N/A N/A
thru (momentary) and verb codes into DSKY displays.
3S19

3S21 + and - pushbutton (momentary) Inform LGC that following numeri- N/A N/A
3S20 cal data are decimal and inclicate

sign of data.
---

3DS PRI0 DlSP light Indicates that system has a priority N/A N/A
display to bring to the attention of
the astronaut .

3DS NO DAP light Indicates that the DAP is not con- N/A N/A
controlling vehicle attitude .
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9S19

AA

+X TRANSL pushbutton
(momentary)

MISSION TIIIIER:

TIIIlER CONT switch

START

'-----.

Function

Permits establishing LIIJ rate of
descent under PGNS control in fixed
increments. Each switch actuation
provides a discrete pulse, changing
the rate of descent by 1 fps •

Provides discrete stop signals to
descent and ascent engines, inde
pendent of setting of ENG AHIIl
switch, except when in abort
sequence.

Permits immediate manual firing of
descent or ascent engine, depending
upon setting of ENG ARM switch.

When held pressed, switch provides
four-jet translation in +X-direction
by energizing RCS direct (secondary)
coils. Upon release of pushbutton,
signal is removed from coils, ter
minating jet firings.

Provides discrete signals to MIS
SION TIIIlER indicator.

Enables indicator to count upward
from number preset with SLEW
CONT switches.

Circuit
Breaker

N/A

STAB/CaNT:
ENG START
OVRD
(panel 11)

STAB/CONT:
ATTDIR
CONT
(panel 11)

FLIGHT
DISPLA YS:
M[SSION
TIMER
(panel 11)

15·

Power
Source

N/A

CDR's
28-vdc
bus

CDR's
28-vdc
bus

CDR'S
28-vdc
bus

I

Remar-ks

Hesponse to switch commands is
monitored on the n.ltitud e 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.

When pressed, pushbutton remains
pressed and i l lum i nn t ed (red). It is
reset by pressing- it again.

'When pressed, pushbutton remains
pressed and illuminated (red). Ac
tuation of either engine stop push
button interrupts override function,
the engine stops, and the STAHT
pushbutton light goes out.

if switch fails closed, circuit
breaker must be opened. The
secondary coils of the RCS engines
will be disabled, resulting in loss
of hardover and direct modes.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 5
(cont)

STOP Stops and holds indicator count until
START or RESET is selected.

RESET Resets indicator to zero.

9S22 SLEW CONT HOURS switch Provides slewing function for FLIGHT CDR's
HOURS columns of l\lTSSION TIMER DISPLAYS: 28-vdc
indicator. l\lISSION bus

TIMER
TENS Slews tens-column digit of HOURS (panel 11) Hundreds-column digit of HOURS

columns at rate of two digits per columns is also controlled by the
second as long as switch is held in tens position, at rate of one digit
this position. per 5 seconds.

Center Disables slewing function. All digits change in increasing
direction.

UNITS Slews units-column digit of HOURS
columns at rate of two digits per
second as long as switch is held in
this position.

9S21 SLEW CONT MIN switch Provides slewing function for MIN FLIGHT CDR's All digits change in increasing
columns of MISSION TIMER indi- DISPLAYS: 28-vdc direction.
calor. MISSION bus

TIMER
TENS Slews tens-column digit of MIN (panel 11)

columns at rate of two digits per
second as long as switch is held in
this position.

Center Disables slewmg function.

UNITS Slew s units -column digit of MIN
columns at rate of two digits per
second as long as switch is held in
this position.
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Location/ Circuit Power
Remarks

Ref Des
Name and Position Function Breaker Source

Panel 5
(cant)

9S20 SLEW CONT SEC switch Selects inputs to i\IISSION TUllER FLIGHT CDR's
indicator. DISPLAYS: 28-vdc

MISSION bus
TE;,S Slews tens-column digit of SEC TIMEH

columns. at rate or two digits per (panel 11)
second as long as switch is held in
this position.

Center Disables slewing function.

UNITS Slew untts -column digit of SEC
columns at r ate of two digits per
second as long as switch is held in
this position.

1684 OVERHIDE ANUN switch Provides full voltage bypass of C/W N/A N/A
array and component caution light
portion of ANUN/NUM control.

ON Bypasses ANUN/NUM control and
applies 5 volts dc directly to an-
nunciators of C/W array. to com-
ponent caution li~hts, and to iucan -
descent illuminated pushbuttons ,

OFF C/W array and component caution
lights are controllecl with ANUN/
NUM control.

16S5 OVEHHlDE NUlII switch Provides full voltage override of AC BUS B: CDR's
brightness control of numeric 1'01'- NUM LTG: 115-vac
tion of ANUN/NU!lI contt-ol , (panel 11) bus

ON Supplies full power (115 volts ac) Portion of autotransformer asso-
directly to integrally illuminated EL ciated with numeric readouts is
numerics and time-shared displays. disconnected from circuit.

OFF Disconnects full power; EL numeric
readouts are controlled with ANUN/
NUM control.
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

Panel 5
(cont)

16S3 OVERRIDE INTEGRAL switch Supplies full voltage to low-level AC BUS A: CDR's Full voltage is] 15 volt s ac, 400 cps.
integrally illuminated EL markings INTGL LTG: 115-vac
and displays. (panel 11) bus

ON Disconnects INTEGRA L control
from power circuit and applies 115
volts ac directly to E L markings
and displays.

OFF Disconnects lIS-volt a-c power.
Low-level integrally illuminated EL
markings and displays are con-
trolled with INTEGRAL control.

16S1 SIDE PANELS switch Permits control of EL lighting on AC BUS A: CDR's
Commander's side panels, indepen- INTGL LTG: 115-vac
dently of lighting of forward panel. (panel 11) bus

ON Permits regulation of side panel E L
lighting with INTEGRAL control and
OVERRIDE INTEGRAL switch.

OFF Disconnects INTEGRAL control, and
OVERRIDE INTEGRAL switch from
their respective circuits.

16Rl FLOOD OVHD/FWD control Controls the brightness of the LTG:FWOD LMP's Control operates only when FLOOD
Commander's overhead and forward (panel ]6) 28-vdc OVHD/FWD switch (panel 3) is set
flood lights. bus to OVHD/FWD or ALL, and the

overhead hatch is closed. If over-
DIM to BRIGHT Controls intensity level of flood- head hatch is open, FWOD OVDII/

fights continuously from dim to FWD switch is bypassed and FLOOD
bright. OVHD/FWD control enabled.
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Location/
Ref Des

Panel 5
(cant)

16R2

16R3

Name and Position

ANUN/t~L'r.. l control

INTEGRAL control

Function

Regulates b r i ghtnc s s of all annun
ciators except C!W PWR in C!W
array I component caution lights,
EL numeric readouts, incandescent
illuminated pushbut ton s , and time
shared displays (temporary) .

Regulates brightness of low-level
integrally illuminated EL markings
and displays from DII\! to BRIGHT.

Circuit
Breaker

LTG:Nl'l\1
(panel 11)

LTG:
INTGL
(panel 11)

r,~

Power
Source

CDR's
I1G-vac
bus

CDR's
115-vac
bus

I

Remarks

If either portion of ANUN!NUl\I con
trol fails, separate override switch
provides maxi murn voltage for an
nuuciato r s and component caut ion
Itghts (ANUN OVEHRlDE switch)
and for I':L numeric rcadout s (t\UIVI
OVERHlDE switch). Maximum
vo lt.age supplied on BRIGHT position:
5 volts dc for annunciators and com
ponent caution lights; 115 volts ac
for numeric readouts.

If control fails or brightness range
is inadequate, control may be by
passed with INTEGRAL OVERRIDE
switch.
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Locat ion.' Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

Panel 6

184 Engine stop pushbutton Provides discrete stop signals to STAB/CONT: LMP's Pushbutton is pressed on lunar
descent and ascent engines, inde- ENG ARM 2S-vdc landing, after LUNAR CONTACT
pendent of setting of ENG ARM (panel 16) bus lights go on. When pressed, push-
switch, except when in abort button remains pressed and illu-
sequence . minated red. It is reset by pressing

it again .

12817 AGS STATUS switch Enables astronauts to place AGS STAB/CONT: LMP's
in anyone of three states . AEA 2S-vdc

(panel 16) bus

OFF No power is supplied to AGS. Sup- STAB/CONT:
plies power to ASA heaters. ASA

(panel 16)
STANDBY Applies full power to entire ASA

and then places AEA in warmup
mode.

OPERATE Applies full power to ASA and AEA.

12))81 OPR ERR condition indicator Goes on if astronaut presses lncor- N/A N/A If too few pushbuttons are pressed,
(white) rect number of pushbuttons for indicator goes on after ENTR or

operation being performed, if + or - READOUT pushbutton is pressed.
keys are not pressed first in enter- If too many pushbuttons are
ing data, and if "S" or "9" is used pressed, indicator goes on before
in entering address (which is ENTR or READOUT pushbutton is
limited to octal digits). pressed. Indicator goes off when

CLR pushbutton is pressed.

12'\11 Address indicator Displays digits that identify AEA N/A N/A Three octal digits must be set on
computer address selected by this indicator, using keyboard, Le-
astronaut via keyboard. fore each DEDA operation.

l2~12 Data indicator Displays data to be entered into AEA N/A N/A Five-digit numeric indicator and I

computer address displayed on ad- and - indicator. Data to be entered
dress indicator. Displays data se- are selected by astronaut via key-
lected for readout from AEA com- board. Updating rate of any ciJang-
puter location identified on address ing data selected for readout is
indicator, if READOUT pushbutton limited to two times per second.
is pressed.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 6
(cont)

12S1 Keyboard pushbuttons Enable astronauts to load shift STAB/CaNT: LI\IP's Pressing pushbuttons successively
thru register with necessary values (0 AEA 28-vdc fills address and data indicators in
12S12 through 9) and signs (+ and -) to be (Panel 16) bus order, from left to right.

transferred to AEA.

NOTE

If the CLR, ENTR, or READOUT pushbutton s are not
fully depressed, either the aPR ERR light will illumi-
nate or the DEDA will not operate.

12S13 CLR pushbutton (momentary) Erases all numerals displayed on N/A N/A When pressed, switch extinguishes
address and data indicators and OPR ERR indicator lamp.

I cancels eUect of 110 LD switch.

I 12S15 READOUT pushbutton (momentary) Enables astronauts to call up AEA N/A N/A
computer data from address set up
on address indicator, for display on
data indicator.

12S14 ENTR pushbutton (momentary) Enables astronauts to enter data N/A N/A Address and data indicators are
(set up on data indicator) into AEA clearecl for im mediate reuse when
computer at addres s set up on AEA computer has accepted data.
address indicator.

12S16 HOLD pushbutton (momentary) Enables astronauts to interrupt up- N/A N/A Information displayed on data indi-
dating of any continuously changing enter remains unchanged until IJl.1sh-
data displayed on data indicator. button is pressed again, enabling

display of present value of data and
continuance of updating.
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Location/
Ref Des

Panel 8

10S9

JI 1

Name and Position

DES PROPULSION FUEL VENT
switch

OPEN

Function

Enables venting of descent fuel and
helium pressurization section.

Energizes fuel vent vu lv e to open
pas ition .

Circuit
Breaker

PHOPUL:
DES He
HEG-VENT
(panel 11)

Power
Source

CDR's
28-vde
bus

)

Remarks

Provides for nla.nned venting of des
cent propuls Ion section aftcr final
use of descent engine. Used with
DES VENT switch.
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10FL5

Center

CLOSE

DES PROPULSION FUEL VENT
ta lkback

Gray dis piny

Barber-pole display

Fuel vent valve remains in last
selected position.

Energizes fuel vent valve to closcd
position.

Indicates position of descent fuel I N/ II
vent valve.

Indicates fuel vent valve is latched
open.

Indicates fucl vent valve is latched
closed.
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Location/
Name and Position

Circuit Power
RemarksRef Des Function Breaker Source

Panel 8
(cont)

10S10 DES PROPULSION OXID VENT Enables venting of descent oxidizer PROPUL: CDR's Provides for planned venting of des
switch and helium pressurization section. DES He 28-vdc cent propulsion section after final

REG-VENT bus use of descent engine. Used with
(panel 11) DES VENT switch.

OPEN Energizes oxidizer vent valve to
open position.

Center Oxidizer vent valve remains in last
selected position.

CLOSE Energizes oxidizer vent valve to
closed position.

10S22 HTR CONT MESA switch Selects heater power for MESA HEATERS: LMP's MESA temperature is monitored by
temperature control. MESA 28-vdc PCM telemetry.

(panel 1G) bus
1lI Provides MESA with 150 watts

(maximum) of heater power.

LO Provides MESA with 50 watts
(maximum) of heater power.

16S21 HTR CONT URINE LINE switch Selects either of two I5-watt sources HEATERS: CDR's
of heater power for waste manage- URINE LINE 28-vdc
me nt system during translunar coast (panel 11) bus
and lunar stay.

HTR 1 Enables operation of heater No. 1.

OFF Disables operation of both heater
No. 1 and 2

HTR 2 Enables operation of healer No. 2
(backup).
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 8
(cont)

10FL6 DES PROPULSION OXID VENT Indicates position of descent oxidizer N/A
talkback vent valve.

Gray display Indicates oxidizer vent valve is
latched open.

Barber-pole display Indicates oxidizer vent valve is
latched closed.

2S9 DES PRPLNT ISOL VLV switch ED: LOGIC CDR's
PWRA 28-vdc

FIRE Actuates descent fuel and oxidizer (panel 11) bus Switch is locked in, and spring
compatibility explosive valves to loaded to, SAFE position.
permit ambient helium to pressurize ED: LOGIC LMP's
fuel and oxidizer tanks. PWRB 28-vde

(panel 16) bus

SAFE Removes power from descent fuel
and oxidizer compatibility valves.

2S7 MASTER ARM switch ED: LOGIC CDR's Switch is locked in both pos itions .
PWRA 28-vdc

ON Enables actuation of all LM explo- (panel 11) bus
s ive devices by actuating redundant
relays that route power to EDS ED: LOGIC LMP's
buses. PWRB 28-vdc

(panel 16) bus

OFF Removes all power from relays.

2S6 DES VENT switch Actuates descent fuel and oxidizer ED: LOGIC CDR's Switch is locked in, and spring
vent explosive valves to enable des- PWRA 28-vdc loaded to, SAFE position. Used with
cent propulsion section venting . (panel 11) bus DES PROPULSION FUEL a nd

OXIDIZER VENT switches.

FIRE Actuates explosive valves. ED: LOGIC LMP's
PWR B 28-vdc

SAFE Removes power from explosive (panel 16) bus
valves.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 8
(cont)

2S3 ASC He SEL switch Permits isolation of defective ED: LOOIC CDR's Switch is locked in all positions.
helium tank before initial ascent PWRA 28-vdc
engine operation. (panel 11) bus

rANK 1 Selects isolation valve of ascent. ED: LOGIC LMP's
helium tank No.1 for firing. PWR B 28-vde

(panel 16) bus

BOTH Selects isolation valves of both
ascent he l i um tanks for firing.

TANK 2 Selects isolation valve of ascent
helium tank No.2 for firing.

2S1O LDG GEAR DEPLOY switch ED: LOGIC CDR's Switch is locked in, and spring-
PWRA 28-vdc loaded to, SAFE position. When ".II

FIRE Actuates explosive devices that (panel 11) bus four landing gear assemblies are
release stowed landing gear. deployed, positive feedback of land-

ED: LOGIC LMP's ing gear deployment is provided by
SAFE Removes power from landing gear PWR B 28-vdc LDG GEAR DEPLOY talkback ,

explosive devices. (panel 16) bus

2FLI LDG GEAR DEPLOY talkback ED: LDG CDR's All four landing gear assemblies
GEAR FLAG 28-vdc must deploy to generate this

Gray display Indicates landing gear as s emhl ies (panel 11) bus telemetry code.
are deployed.

Barber-pole display Indicates landing gear assemblies
are stowed.

2S2 He PRESS RCS switch ED: LOGIC CDR's Switch is locked and spring-loaded
PWHA 28-vde to SAFE position.
(panel 11) bus

FIRE Actuates helium isolation explosive Positive indication of helium isola-
valves that permit helium flow from ED: LOOIC LMP's tion valves actuation is provided by
RCS helium tanks to pressurize PWR B 28-vdc RCS PRESS indicator (panel 2).
propellant tanks. (panel 16) bus

SAFE Removes power from valves.
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Locatlon/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 8
(cont)

2S1 He PRESS DES START switch ED: LOGIC CDR's Switch is locked in, and spring-
PWR A 28-vdc loaded to, SAFE position.
(panel 11) bus

FInE Fires ambient helium explosive iso-
lation valve that permits hel ium ED: LOGIC LMP's
from descent ambient helium tank to PWRB 28-vdc
prepressurize descent propulsion (panel 16) bus
section.

SAFE Removes power from valve.

-, i He PRESS ASCENT switch ED: LOGIC CDH's Switch is locked in, and spring-
PWRA 28-vdc loaded, to SAFE position.
(panel 11) bus

FInE Fires explosive isolation valve of Positive indication of isolation
ascent helium tank or tanks selected ED: LOGIC LMP's valves firing is provided by MAIN
with ASC He SEL switch and fuel PWRB 28-vdc PHOPULSION PRESS indicator
and oxidizer compatibility valves to (panel 16) bus (FUEL and OXID scales).
pressurize ascent propuls ion
section.

SAFE Hemoves power from valves.

2S5 STAGE switch ED: LOGIC CDR's Switch is locked in, and spring-
PWRA 28-vdc loaded to, SAFE position.
(panel 11) bus

FIRE Actuates explosive devices that Switch is used only when staging is
separate descent and ascent stages. ED: LOGIC LMP's desired without firing ascent engine.

PWRB 28-vdc
SAFE Removes power from explosive (panel 16) bus

devices.

2DSI STAGE SEQ RELAYS SYS A Indicates that EDS bus A is armed. ED: LDG CDR's Light goes on after lvlASTER AHI'v1
component caution light GEAR FLAG 28-vdc switch is set to ON. If light goes on

(panel 11) bus before MASTEH ARM switch is set
to ON, ED RELAYS caution light
als 0 goes on.
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

Panel 8
(cont)

2DS2 STAGE SEQ HELA YS SYS B Indicates that EDS bus B is armed. ED: LDG CDR's Light gocs on aftcr MASTER AHM
component caution light GEAR FLAG 28-vdc switch is set to ON. If light goes on

(panel 11) bus before MASTER ARM switch is set
to ON, ED RELA YS caution l ight
als 0 goes on .

2S8 STAGE RELAY switch ED: LOGIC CDR's If staging relays (K2) trip before
PWRA 28-vdc MASTER ARM switch is set to ON.

RESET Energizes reset coil of staging (panel 11) bus STAGE SEQ RELA YS SYS A and
relays (K2) SYS B component caution lights go

ED: LOGIC LMP's on. Setting STAGE RELAY switch
OFF Deenergizes reset coil of staging PWRB 28-vdc to HESET. resets staging relays

relays (K2) (panel 16) bus (K2) and extinguishes the component
caution lights.

I
15ASI S-BAND TIR switch NIA CDR's

audio
S-BAND TIR Enables routing received S-band center

audio to headset amplifier. and
microphone amplifier outputs to
Pl\lP for S-band transmission .

OFF Inhibits routing of S-band transmit-
ter and receiver outputs through
CDR's audio control center .

S-BAND RCV Enables routing received S-band
audio to headset amplifier.

15AR14 S-band VOLUl\lE thumbwheel Permits continuous adjustment NIA CDR's
level of received S-band audio fed audio
to headset amplifier. center
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 8
(cont)

15AS3 ICS Till switch N/A CDE's
audio

"~S T/R Enables routing microphone a mpl r- center
fier outputs to L~IP's headset ampli-
fier through intercom bus and audio
from intercom bus to CDR's headset.

OFF Inhibits intercom capability.

ICS RCV Enables routing audio from intercom
bus to CDR's headset.

i5AR7 ICS VOL UJvI E thumbwheel Permits continuous adjustment of N/A CDR's
level of audio fed from intercom bus audio
to headset amplifier. center

15AS4 RELAY ON switch N/A Premod-
ulation

IlELAY ON Enables voice conference capability processor LMP's and CDIl's relay switches
with CSM and MSFN. Ileceived VHF should not be set to RELAY ON
from CSM may be routed to MSFN simultaneously.
via S-band transmitter.

IlELAY OFF Inhibits conference capability. Approprtnt o Communication Sub-
system sw.tchcs are used to os tal.-
lish the desired relay mode.

15AS6 ~IODE switch N/A CDIl's
audio

VOX Enables VOX control circuit ill center
CDIl's audio center to key intercom
and selected transmitter(s).

ICS/PTT Enables VOX control circuit in Selected transmitters are keyed only
CDIl's audio center to key intercom. with push-to-talk (PTT) switches.

PTT Disables VOX control circuit in All keying is accomplished with
CDR's audio center. PTT switches.
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Location/ Circuit Power

Ref Des Name and Position Function Breaker Source Remarks

Panel 8
(cont)

l5AR8 VOX SENS thumbwheel Permits continuous adjustment of N,/A CDR's
VOX sens it.ivity circuit threshold. audio

center

l5AS5 AUDIO CaNT switch COI\ll\I: CDH CDR's
AUDIO 28-vdc

NOH~1 Selects CDIt's audio center and bus
m i or ophone circuit.

COMl\!: Ll\lP's
BU Selects Ll\lP's audio center and Ll\lP 28-vdc

microphone circuit for use by AUDIO bus
Commander.

l5AS2 VHF A switch N/A CDH's
audio

T/H Enables routing received VHF A center
audio to headset amplifier, and
microphone amplifier outputs to
VHF A transmitter for transmis-
sion. VOX keying voltage is routed
to VHF A transmitter.

OFF Inhibits routing VHF A transmitter
and receiver outputs through
Commander's audio center.

HCV Enables routing received VHF A
audio to headset amplifier.

l5AR!2 VHF A VOLUME thumbwhcel Permits continuous adjustment of N/A CDH's
level of received VHF audio audio
(channel A) fed to headset amplifier. center

l5AS9 VHF B switch N/A CDH's
audio

T/H Enables routing received VHF B center
audio to headset amplifier, and
microphone amplifier outputs to VHF
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 8
(cont)

B transmitter for transmission.
VOX keying voltago is r-outed to VHF
B transmitter.

OFF Inhibits routing VHF 13 transmitter
and receiver outputs through CDR.'s
audio centcr .

HCV Enables routing received VHF 13
audio to headset amplifier.

15AH13 VHF B VOLUME thwnbwheel Permits continuous adjustmcnt of N/A CDR's
level of received VHF audio (channel audio
B) fed to headset amplifier. center

l5AR15 MASTEH VOL thumbwheel Permits continuous. simultaneous N/A CDR's
adjustment of all audio output levels audio
from headset amplifier. center

16Sl4 COAS switch Energizes COAS connectors in FLIGHT CDR's
clocking windows. DISPLAYS: 28-vclc

COAS bus
OVHD Applies 28 volts clc to overhead (panel 11)

docking window COAS connector.

OFF Removes powcr from docking
window COAS conncctors.

FWD Applies 28 volts de to forward
docking window COAS connector ,
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Location/ Circuit Power

RemarksRef Des Name and Position Function Breaker Source

Panel 11

AC BUS B circuit breakers

4CB152 SE WmD HTR (2 amperes) Applies a-c power to Ll\IP'E; window N/A 115-v3.c
heater. bus B

--

4CB169 He/PQGS PHOPUL DISP Applies a-e power to HE LIU 1\1 N/A I l fi-cvac
(2 ampercs) indicator and to nXIDIZEH nnd bus B

FUEL QUANTITY indicators.

f--,

4CB34 S-BD ANT (2 amper-es) Applies a-c power to S-band steer- N/A 115-vae
able antenna electronics assembly. bus B

4CB226 ORDEAL (2 amperes) Applies a-«: power to earth- or lunar N/A 115-vae
stay resolvers through E/'.11T1I- bus B
LUNAR switch.

4CB203 AGS (2 amperes) Applies a-c power to AEA outputs N/A 115-vae
to FDA!. bus B

4CB214 AOT LAl\lP (2 amperes) Applies a-c power to AOT lamp. N/A 115-vae On-off control for AOT lamp.
bus B

4CB210 SE FDAI (2 amperes) Applies a-c power to LMP's FDA!. N/A 115-vae
bus B

4CB200 NUl\1 LTG (2 amperes) Applies a-e power to all numeric N/A 115-vae
(digital displays) DSKY displays, bus B
RCS oxidizer and fuel displays,
event and mission timers, MPS
oxidizer and fuel displays, DEDA
address and data displays.

4CB186 BUS TIE INV 2 (5 amperes) Connects inverter No. 2 to a-c bus N/A 115-vae
B through INVERTER switch. bus B
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

Panel 11
(cont)

4CB185 BUS TIE INV 1 (5 amperes) Connects inverter No. I to a-c bus N/A 115-v;]c
B through INVEHTER switch. bus B

... -
AC nus A circuit breakers

4CB24 BUS TIE INV 2 (5 amperes) COlU1Ccts inverter No. 2 to a-c bus N/A 1IG-vat:
A through INVEHTEH switch. bus A

·ICB23 BUS TIE INV 1 (5 umpc ros) Connects inverter No. 1 to a-c bus N/A 115-va('
A through INVEHTEH switch. bus A

--
4CB27 AC BUS VOLT (2 amperes) Provides a-c bus voltagc and fre- N/A lI5-vue

que ncy characteristics to IS for bus A
display and telemctry purposes .

4CB144 CDH WI1\D lITH (2 amperes) Applies a-e power to CDR's window N/A 115-vae
heater. bus A

4CB202 TAPE neon (2 amperes) Applies a-e power to DSEA tape N/A lI5-vac
drive motors. bus A

. --
4C B212 AOT LAl\lP (2 amperes) Applies a-e power to AOT lamp. N/A lIS-val' On-off eontrol for AOT lamp.

bus A

4CB206 HNDZ HDR (2 amperes) Applies a-e power to nR power N/A 1I5-vac
supply. bus A

4CB207 DECA oxrm. (2 amperes) Applies a-c power to GDA's within N/A Llfi-rvac
DECA. bus A

4CB211 INTGL LTG (2 amperes) Applies a-c power to low-level N/A lI5-vae
integral lighting; e. g .• t alkbacks , bus A
indicators, and displays .
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel II
(cant)

4CB204 RNG/RNG RT;ALT/ALT RT Applies a-e power to range/altitude N/A 115-vae
(2 amperes) indicator. bus A

~- -------~- ----- I-----

4CB201 GASTA (2 amperes) Applies a-c powe-r to CASTA. N/A i is-vac
hu s A

--I----

·lCB20U CDH FDA! (2 .unpc rr-s) Applies u-«: P()Wl'!' to CDH1s FDAI. N/A I] 5-V;lC

bu s A

ncs SYS A circuit breakers

4CB72 MAIN SOY (5 amperes) Applies d-e power to ncs system A N/A CDH's Main shutoff valves control propel-
main oxidizer and fuel shutoff valves 28-vde ln nt flow between ncs tanks and
through SYSTEM A MAIN SOY bus HCS TCA's.
switch.

4CBGO QUAD 4 TCA (10 amperes) Applies d-e power to primary coils N/A CDR's TCA secondary coil power is applied
of oxidizer and fuel valves of ncs 28-vde when ACA is pushed to hard stop or
system A, quad 4 TCA's. bus when +X THANSL pushbutton is

pressed.

4CBGl QUAD :3 TCA (10 amperes) Applies d-e power to primary coils N/A CDH's TCA secondary coil power is applied
of oxidizer and fuel valves of HCS 28-vde when ACA is pushed to hard stop or
system A, quad 3 TCA's. bus when +X THANSL pushbutton is

pressed.
._---_. --

4CBG2 QUAD 2 TCA (10 amperes) Applies d-e power to prima ry coils N/A CDH's TCA secondary coil power is applied
of oxidizer and fuel valves of HCS 28-vde when ACA is pushed to hard stop or
system A, quad 2 TCA's. bus when -I X TRANS L pushbutton is

pressed.
t----- -------------------

4CBG3 QUAD I TCA (10 amperes) Applies d-e power to primary coils N/A CDH's TCA secondary coil power is applied
of oxidizer and fuel valves of RCS 28-vde when ACA is pushed to hard stop or
system A, quad I TCA's. bus when +X THANSL pushbutton is

pressed.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 11
(cont)

4CB67 ISOL VLV (5 amperes) Applies d-e power to RCS system A N/A CDR's
oxidizer and fuel isolation val vcs , 28-vdc
through SYSTEI\I A THRUSTER PAIR bus
switches.

4CB231 ASC FEED 2 (5 amperes) Applies d-c power to HCS system A N/A CDH's Interconnect valves permit propel-
ascent fuel and oxidizer interconnect 28-vdc lant flow from ascent tanks to RCS
valves, through SYSTEM A ASC bus tanks. SYSTEM A ASCENT FEED 1
FEED 2 switch. switch must be set to ASCENT

FEED 1.

4CB51 ASC FEED 1 (5 amperes) Applies d-e power to HCS system A N/A CDH's Interconnect valves permit propel-
ascent fuel and oxidizer interconnect 28-vde Iant flow from ascent tanks to RCS
valves, through SYSTEM A ASC bus tanks. SYSTEM A ASCENT FEED 2
FEED 1 switch. switch must be set to ASCENT

FEED 2.

FLIGHT DISPLA YS circuit breakers

4CB168 THRUST (2 amperes) Applies d-c power to THHUST indi- N/A CDH's
cator power supply and to part of 28-vdc
auxiliary switching relay box bus
through THH CONT switch.

4CB159 ~I1SSION TIMEH (2 amperes) Applies d-e power to MISSION N/A CDR's
TIMER. 28-vdc

bus

4CB133 CDR X-PNTR (2 amperes) Applies d-e power to CDR's X- N/A CDR's
Pointer indicator, and to parts of 28-vdc
auxiliary relay switching box bus
through RATE/ERH MaN and MODE
SE L switches.

4CB123 RNG/RNG RT; ALT/ALT RT Applies d-e power to RANGE/ N/A CDR's
(2 amperes) RANGE RATE or ALT/ALT RATE 28-vde

indicator. bus
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 11
(cant)

4CB88 GASTA (2 amperes) Applies d-e power to GASTA. N/A CDH's
28-vdc
bus

---------------------------- --~------- - -----

4CB97 CDH FDAI (2 amperes) Applies d-c power to CDH's FDAI N/A CDH's
and to parts of auxiliary switching 2S-vdc
relay box through HATE/ERR MON bus
and ATTITUDE MON switches.

-

4CBI88 COAS (2 amperes) Applies d-e power to forward or N/A CDH's
overhead optical alignment sight 28-vdc
connectors via COAS switch. bus

.._--
4CB227 ORDEAL (2 amperes) Applies d-e power to ORDEAL panel N/A CDH's

lighting circuits via LIGHTING switch. 28-vdc
bus
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Location/ Circuit Power
Ref Des Name and Position Function Breaker Source Remarks

Panel 11
(cont)

4CB74 PROPUL: DES He HEG-VEl\T Applies d-c power to latching helium N/A CDH's
circuit breaker (5 ampere s) solenoid valves No. 1 and 2. through 28-vdc

DESCENT He HEG switches No.1 bus
and 2; and to fuel and oxidizer vent
valves through DES PHOPULSION
FUEL VENT and OXID VENT
switches.

IlEATEHS circuit br-eaker s

4CB241 UHINE LINE (2 amperes) Applies d-c power to urine hea te r N/A CllH's
circuit, which ma inta ins temperature 28-vuc
of urine collector. bus

4CBl5G HNDZ HOH STBY (5 amperes) Applies d-c power to rendezvous N/A CDH's
radar heater control circuit to main- 28-vdc
tain temperature of crystal oven. bus

4CBl55 H'\'DZ HDH OPH Applies d-c power to HH radar heater- N/A CDH's
(7.5 amperes) control circuit which maintains 28-vdc

temperature of antenna gyros, and bus
to rendezvous radar electronics
assembly.
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4CB157

4CB129

4CB213

4CB131

4CB2:18

LDG EDI\ (5 urnpcres)

IJUCK WE\lJUW (:' :!llll'crcs)

AOT (2 nmpc rcs )

INST: SIG CONDIt 1 c ircuit breaker
(3 aruj.er es)

STAB/CONT c i rcutt breakers

AEA (10 amperes)

App l ios d-«. P(l\\"Cl' Ll ho nt c r control
ci rcuit in LH pkcll'nnic ns s o mb ly.

Applie;-i <1-(' Pu\',('r t.. (k('killg window
hc.uc r,

Applies <1-(' IJI)\\'('r to AUT hc.at c rs ,

Applies d-e power to power buffers
and conditioners in signal conditioner
electronic assemblies of IS .

Applies main d-e power and 'lets as
on-off switch to ACiS.

:\/A I CDH's
28-vdc
bus

N/A I C])11'5
28-vdc
bus

N/A I CDH's
28-vdc
bus

N/A I CDR's
28-vde
bus

N/A I CDR's
28-vde
bus
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4CB3

4CB81

4CB40

ABORT STAGE (2 amperes)

ATCA (PGNS) (2 amperes)

AE LD (7.5 amperes)

;@a•
[~W

Applies d-«: power to abort stage
electronics through ABOI1'1' STAGE
switch.

Applies d-c power through GUID
CONT switch to select PGl\:S, and
redundant bias powo r to ATCA.
Also applies d-c power through
PGNS 1II0DE CONTI\OL switch to
ATCA primary preamplifiers to be
uSl'd by PGNS fo r .rt t itudc contro!.

Applies d-c power to system A "f
AELD/S.

<c::«

::-.

N/A

N/A

N/A

eDIt's
28-vdc
hus

CDIt's
28-vdc
bus

CDI1's
28-vde
bus
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!= ILocation/ I I I Circuit I Powerrn
Irn Name and Position Function Remarkso' Ref Des Breaker Source

::s

I~ Panel 11

ttl (cant)
I'J
rn 4CB80 ENG CONT (2 amperes) Applies d-c power for automatic I N/A

I
CDR'sn'

switching from wide dcadband to 28-vdce narrow deadband with descent engine busI'J
~ on, for autornat ic switching from 2ro

to 4 jets with enginc on, to CES for... analog control of GDA when using
"'l AGS, to disable auto thrust controlro
0- when using AGS, to rrsct engine...

START switch, and app lios rcdun- ~C
I'J dant power for mnnun l engine stop "d... 0<: when staging. Ot'"... ot'"CD

ZO-J
>-3 00 4CB59 ATT Dill CONT (IO amperes) Applies d-c power to ACA's for
::0 "d t'"

0 direct firing of RCS jets, and to +X OM <'
::r "d THANSL pushbutton fOI' direct firing ~ s:: ~I'J > of jets BID, A2D, B3D, A4D. ROLL,::s
oq Z PITCH, or YAW ATTITUDE CON- > >-3 CDro M 8- 00't:;l r- TROL switch, when set to Dill, en-

t:1 Z ';"
~

... abies direct firing in selected axis.
tr: t'"

ro ...
til::r: <'
"d ~ ~

4CBIOG I ENG START OVRD IApplies d-c power to engine STAHT

I
N/A

I
CDR's IENG AHM switch derives primary

I
t"'Z
~t:1(2 amperes) switch and redundant d-e power to 28-vdc d-e power from STAB/CONT: ENG ><tJj

ENG AHM switch. bus AHM circuit breaker (panel IG). rfl O
0
~

I
IA""" d-«, powe r t DCCA fo,o'oJ-=-£n" I I

'lCBG9 DECA PWH (20 amperes)
scent engine-on function, and to 28-vdc
activate trim fail circuit. bus

IED circuit breakers I"d
I'J
oq
ro

·ICB149 I LDG GEAR FLAG IAPPlies d-e power to IS to provide

I
N/A

I
CDH's

(2 amperes) control of LDG GEAH DEPLOY flag. 28-vdc
cc I I bus,...
0
w

·~~r.
I
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

Panel 11
(cant)

4CB76 LOGIC PWH A (2 amperes) Applies d-e powcr to ASCENT He K/A CDH's
PHESS, ASC Hc SE L, DES PHESS, 28-vdl'
LDG GEAH DEPLOY, l\lASTEH AHM, bus
STAGE, HCS PHESS, and ABOHT
STAGE swi t che s.

--_.-

4CB146 LTG: ANUN/DOCK/COl\IPNT Applies a lte rnato d-c power to cau- N/A CDH's
circuit breaker (2 amperes) tion and warning annunciators, COI11- 28-vdc

ponent caution lights, docking lights, bus
and LUNAH CONTACT lights.

4CB236 LTG: UTIL circuit breaker Applies d-c power to CDn' sand N/A CDH's
(2 amperes) LMP's utility lights. 28-vdc

bus

HEATERS HCS SYS A/B-I circuit
breakers

4CB221 QUAD 4 (7.5 amperes) Applies d-e power to system No. 1 N/A CDR's
engine heaters of quad 4, systems 28-vde
A and B. bus

4CB220 QUAD 3 (7.5 amperes) Applies d-c power to system No. I N/A CDR's
engine heaters of quad 3, systems 28-vde
A and B. bus

4CB219 QUAD 2 (7.5 amperes) Applies d-c power to system No. 1 N/A CDR's
engine heaters of quad 2, systems 28-vde
A and B. bus

-- -------._----~--

·ICB218 QUAD 1 (7.5 amperes) Applies d-c powcr to system No. 1 N/A CDR's
engine heaters of quad 1, systems 28-vde
A and B. bus

ECS circuit breakers

4CBI38 SUIT FAN I (20 amperes) Applies d-e power to suit fan No. 1 N/A CDH's
(suit circuit assembly) through SUIT 28-vdc
FAN switch. bus
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 11
(cont)

4CBI07 CABIN FAN (5 amperes) Applics d-e power to cabin fan N/A CDR's
through ECS relay box. 28-vdc

bus
---

4CB141 GLYCOL PUMP 2 Applies d-e power to glycol pump N/A CDR's
(5 amperes) No.2 through GLYCOL PUMP 28-vdc

switch. hus
----_._- --

4CB117 GLYCOL PUMP 1 Applies d-c power to glycol pump N/A CDR's
(5 amperes) No. 1 through GLYCOL PUl\lP 28-vde

switch. bus

4CB217 GLYCOL PUMP AUTO Energizes transfer relay to auto- N/A CDH's
TRNFR (2 amperes) matically switch pumps when low 28-vdc

tlp develops. bus

----

COl\Il\l circuit breakers

4CB228 UP DATA LINK (2 amperes) Applies d-c power to digital upl i nk N/A CDR's
circuits or received S-band voice 28-vdc
backup circuits, through UpDAT A bus
LINK switch.

-ICB137 SEC S-BD Xl\lTH/RCVH Applies d-e power to power supply in N/A CDH's
(5 amperes) S-band section of CS through XMTH/ 28-vdc

RCVR switch. Also applies backup bus
d-c power through Xl\lTR/HCVH
switch for BU voice/emergency key.

4CB136 SEC S-BD PWR Al\lpL Applies d-c power to power supply N/A CDIt's
(5 amperes) No. 2 in S-band power amplifier 28-vdc

assembly. bus

4CB162 VHF B Xl\lTR (5 amperes) Applies d-c power to VHF B trans- N/A CDH's
rn itt.e r-e r ece ive r , and to exciter- 28-vdc
power amplifier and modulator in bus
VHF B transmitter through VHF B
XMTR switch.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 11
(cant)

4CB87 VHF A HCVR (2 amperes) Applies d-c power to VHF A IF and N/A CDR's
audio amplifier in VHF A receiver 28-vdc
through VHF A RCVR switch. bus

4CB86 con AUDIO (2 amperes) Applies d-c power to regulated power N/A CDR's
supply in CDR's audio center, to 28-vdc
con's microphone amplifier through bus
COH's AUDIO CaNT switch (NOHM
position), and to Ll\IP's microphone
through LMP's AUDIO CaNT switch
(BU position).

PGNS circuit breakers

4CB154 SIG STH DISP (2 amperes) Applies d-c power to radar SIGNAL N/A CDR's
STRENGTH indicator. 28-vde

bus

·lCBI05 LOG HOn (10 amperes) Applies d-e power and acts as on-off N/A CDR's
switch to LH power supply. 28-vde

bus

4CB29 HNDZ ROH (15 amperes) Applies d-e power and acts as on-off N/A CDR's
switch to HH electronic assembly. 28-vde

bus

4CB122 LGC/OSKY (7.5 ampe rus) Applies d-e power and acts as on-off N/A COH's
switch to LGC power supply, COU, 28-vde
PTA, and PSA. bus

4CB16I IMU STBY (5 amperes) Applies d-e power and acts as on-off N/A CDR's Serves as on-off switch for tempera-
switch for the PIPA and !RIG 28-vde ture alarm thermostat. Is used in
heaters. bus conjunction with temperature signals

generated in IMU and PSA.
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

Panel 11
(cont)

4CB124 II\1U aPR (20 amperes) Applies d-e power and acts as on-off N/A CDR's
switch to Il\lU, PIPA and mIG pre- 2S-vdc
amplifiers and excitation, and PSA bus
gimbal servo amplifiers.

Applies d-c power to IIvlU CAGE
switch.

EPS circuit breakers

4CBlS BAT FEED TIE Ties battery No.3, 4, and 6, and N/A N/A
(100 amperes) during backup mode, battery No.5

to CDR's d-e bus.

4CB26 BAT FEED TIE Ties battery No.3, 4, and 6, and, N/A N/A
(100 amperes) during backup mode, battery No.5

to CDR's d-c bus.

4CBlS4 CROSS TIE-BAL LOADS Ties CDR's feeder bus system to N/A CDR's Provides redundant path for IS
(30 amperes) LIvlP's d-c bus through LMP's EPS: 2S-vdc (ERA-2, CWEA, and PCIvlTEA),

CROSS TIE-BAL LOADS circuit bus subsystem sensors, and EPS
breaker. dis play circuit breakers.

4CB20 CROSS TIE BUS Ties CDR's feeder bus system to N/A CDR's Provides redundant path for IS
(100 amperes) LMP's d-c bus through LMP's EPS: 2S-vdc (ERA-2, CWEA, and PCMTEA),

CROSS TIE BUS circuit breaker. bus SUbsrastem sensors, and EPS
disp ay circuit breakers.

4CB4 XLUNAR BUS TIE Ties CDR's d-c bus translunar loads N/A N/A
(50 amperes) to LM single-point ground.

4CBS DES ECA CaNT (5 amperes) Applies d-c power to low- and high- N/A CDR's
voltage contact coils in ECA No. 1 2S-vdc
and 2 through III VOLTAGE and bus
LOW VOLTAGE switches .
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aq Location/
'" Ref Des

cc
I

Panel 11.....
0 (cant)co

4CBlO

ASC ECA (2 amperes) IApplies d-c power to power supplies
of both ascent ECA's.

DC BUS VOLT (3 amperes) [Appl ics d-e power to IS for condi-
tioning to monitor CDH' s cl-c bus
voltage.

ASC ECA CONT (5 amperes) I Appl ics d-e power to normal and
backup contact coils in ECA No. 3
and 4 through NOHMAL FEED and
BACK CP FEED switches. >
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Remarks

Permits monitoring through caution
(ll ) warning, pul sc-codc-modulut ion
(telemetry), and voltmeter sections.

CDH's
28-\'de
bus

CDH's
28-vde
bus

Power
Source

CDH's
28-\'de
bus

CDH's
28-vdc
bus

CDH's
28-vde
bus

N/A

N/A

N/A

N/A

N/A

Circuit
Breaker

Applies d-e power to power supplies
of both descent ECA's.

FunctionName and Position

DES ECA (2 amperes)

INV 1 (30 amperes) IApplies d-e power to inverter No. 1
for generation of 11S-volt, 400-cps
a-e power, through INVEHTEH
switch.
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(FJ ILocation/(FJ I Name and Position0' Ref Des
::>

I~ Panel 12

tlJ
1" 13S16 I CP DATA Llt\K switch
~'
o

tl I VOICE BC

~
ro

...
'"'1 I I OFFroc:r.,
<=
1" I I DATA.,
-<:...
co
-'

; ~I
15BSI IS-BAND T/n switch

S-BNm T/H
1" >
~ ~
tl r-
1" I-'
... N
ro I I OFF

S-BAKD HeV

15BR14 S-band VOLC~IE thu rnbwhee l

I
~
1"
oq

I
15BS3 lIes Tin switchro

res Tin

cc
I...

0
co

OFF

res Rev

~/

Function

Enables Dl'A to process received
S-band voice backup if received
S-band awli{) ('ilTuits in PJ\.lP fail.

Disables voice backup und digital
uplink c ap alii l i t.ie s of Dl'A .

Enables DUA to IHOC"SS digital
uplink data from J\ISFN.

Enables routing received S-band
audio to headset amplifie 1', and
microphone amplifier outputs to
P~IP for S-band transmission.

Inhib i ts routing S-band transmitter
and receiver outputs through
L;\IP's audio center.

Enables routing rcce i ved S-banel
audio to headset amplifier

Permits eontinuous adjustment of
level of received Ss-band audio fed
to headset amplifier.

Enables routing microphone
amplifier outputs to CDH's head
set amplifier through intercom bus
to LJ\IP's headset.

Inhibits intereom capability.

Enables routing audio from inter
eom bus to LMP's headset.

I
.~

Circuit
Breaker

CO~IM:

UPDATA
LINK
(pa",,1 II)

N/A

N/A

N/A

Power
Source

CDI{'s
2S-vdc
bus

1,1\11"5
audio
cc-nt c r

LMP's
audio
center

LMP's
audio
center

Remarks
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I I I Circuit I Poweraq ILocation/ro Name and Position Function I RemarksRef Des Breaker Source

cc
I.......... I Panel 120

(cant)

I5BR7 I lCS VOLCME thumbwhcel I Pennits continuous adjustment of

I
N/A ILl\lP's

level of audio fed from intercom audio

~ I I I bus to headset amplifier. center
rn
rno· 15B&! RELA Y ON switch N/A P rcmod-:::

I~
ulation

RELAY ON Enables voice conference capability processor LMP's and CDR's relay switches
~with CSM, EVA and 1\ISFN. should not be set to RELAY ON 'tI

Re ceivcd VHF f ro m CSM ami EVA simultaneously. 0
ttl may be routed to MSFN via S-band Ot-<
~ transmitter. Ot-<
gl. ZO
'"' >-3 0 t-<
tl nELAY OFF Inhibits confc renee capability. Appropriate Communications ::d'tl<'
~ Subsystem switches are used to Ot<j-
..... 'tI

~~~
:~

establish the desired relay mode.
~tj0

SO~'"':1 t-< 1513S5 ,\UDIO CaNT switch COl\Il\l: SF LMP's Z'ro .....
AUDIO zs-vac tlUlt:

c" '"'"1
NOB~1 Selects Ll\fP's audio center and (paneI1G) bus tn::r: -'"c 'tI~

~ nu c rophonc circuit.
~S'< COMl\l: con COB's

..... Be Selects ('DEl S :ludio ('('11k r and AUDIO 28-vdc -<ttl
CD

microphone circuit lor lise b,\ (panel J 1 ) bus
Ul O

-J 00
L~IP. :;r:

0
:r 15BSG ~IOOE switch

I
N/A ILMP's§

audioaq
ro VOX Enables VOX control circuit in center
tl LMP's audio cc-nte r to key inte r-
~ corn and selected t rans mi ttc rj s j ......
ro

ICS/pTT Enables VOX control circuit in Selected transmitters arc keyed
LiIIP's audio center to key into r- only with push-to-talk (P'l'T)
conl. switches.

PTT I Disables VOX control circuit in All keying is acco mpl i shcd with
LMP's audio center. PTT switches.

\- ".
.'~

----/
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 12
(cont )

15BR8 VOX SENS thumbwheel Permits continuous adjustment of N/A LMP's
VOX sens itiv i tv circuit threshold. audio

center

15BS2 VHF A switch N/A LMP's
audio

T/n Enables routing received VHF A center
audio to headset amplifier, and
microphone amplifier outputs to
VHF A transmitter for transmis-
sion. VOX keying voltage is routed
to VHF A transmitter .

OFF Inhibits routing VHF A transmitter
and receiver outputs through LM
Pilot's audio center.

Rev Enables routing received VHF A
audio to headset amplifier.

15BR12 VHF A VOLUI\IE thumbwheel Permits continuous adjustment of N/A LMP's
level of received VHF audio audio
(channel A) fed to headset center
amplifier.

15BS9 VHF B switch N/A LMP's
audio

T/R Enables routing received VHF B center
audio to headset amplifier, and
microphone amplifier outputs to
VHF B transmitter for transmis-
s i on. VOX keying voltage is routed
to VHF B transmitter.

OFF Inhibits routing VHF B transmitter
and receiver outputs through
LMP's audio center.

ReV Enables routing received VHF B
audio to headset amplifier.
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"d
t-J ILocation/

(jq
ro I Name and PositionRef Des

w
I.....

I Panel 12.....
'" (cant)

I
1513R131 VB F I3 VOLl'lIlE thumbwhccl

~
til
til

0'
::l I HiI3R15 I lIlASTER VOL thumbwhe c l

I~
tJj

I 1355 I 1I10DULATE switcht-J
gl,
0 I I P~I

0
t-J "d.....ro ;I>-

..... ~I I F1I1

"':I r-
ro .....
c:r '"'1
.:
t-J
'1

'<
I I X~ITR!ReVn switch..... 13S8

to
-J I I PRIM0

o
c:r
§
(jq I I OFFro
0
t-J.....
ro

SEC

Function

Permits continuous adjustment of
level of received VI! F audio
(channel B) fed to headset ampli
fier,

Po rmit s continuous, s i multnncous
adjustment of all audio output
levels from headset amplifier.

Enables P1\I control circuit in SPA
and disables frequency modulator
in S-band transmitter .

Enables 10111 control circuit and
disables phase modulator and
range gate amplifier in S-h:md
t r ansrni ttl' r.

Applies 2~ -volt d-e power to
primal')' S-band transrm tte r
receiver power supply (de-to-de
converter No.1).

Interrupts d-e power to S-band
transmitter-receiver power
supplies,

Applies 28-\'olt d-e power to
seeonda ry S-band transmitte r
receiver power supply (ele-to-dc
converter No, 2).

Circuit
Breaker

K!A

N/A

!'oJ/A

COMM: PlUM
S-I3D XMTH!
ncvn
(panel IG)

eOMM: SEC
S-BD XMTR/
BeVR
(panel 11)

Power
Source

LlIlP'o
audio
ccnto r

L1I11"s
audio
centc r

SPA

LI\Tp1s
28-vde
bus

CDB's
28-vde
bus

Remarks

No rmal sctt ing of this switch is
PI\I. No rm.il lv, F 1\1 s e tt iru; is
used for video t.raus m is s ions .

Enabl e s S-band power amplifier,

Enables S-bancl power u mpl Ifu-r,

;I>
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13S2 rwn AlIIPL switch

'~-
'~~

~i-;~~.'
~

N/A SPA S-band PO\\.Tl' arnpl if ir- r is ena\J!cd
only if X:\ITH/IWVIl switch to "et
to PRIM or SEC.
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IRe mark s

Pri mary PO\VCl' to powe J' suppl ,
No, 2 is p roviclcd by CDH's 28
vdc bus through COl\Ii\I: SEC S
PD PWi{ j\~l!'L c i rcu it breaker,

Pri mnrv lHl\\,('I' tf) power supply
!'\o. 1 lx p rovi dc-d hv LI\IpTs 28
vclc bus th ro ugh CO'\I\I: l'1U~[

S-ED P\\'H Ai\!PL circuit breaker.

Hanging or tcl cv i s i on Iunction is
interrupted in this position.

Audio morlul ntc s 1. 25-111C sub
carrier and is routed to selected S
hand t runs mi tto r , phase modulated
or f rcqucncv modulated,

Power
Source

SPAN/A

Circuit
BreakerF'UJ1ch()l1

'---,

Inhibits both ~-h;ll1d !J0\\,C :'-nmpli
Ii cr power supplies.

Fnal>les !J0\\"(' r ~upph \,1>, 1 Cl!'

S-h:11l<.l !J0\I cr :1ll1pliliL'r tnun l tnum
of J,j. Ii watts).

Enables !H)\'."Cr sllJlpl,\" \:0. :2 of
S-hanc1 power nrup l ifi or (m ini nrum
of 14.:'"\ watts).

Disables all S-":Lnd "oice trans
mission.

Applies 2-·1 vol t s de to 1. ~:) m c
control ci rcuit in SPA.

I<nallle's phase rn- »Iul ut or sceUon
of S-band t r.m s rn i t tor (l'cganllc.':is
01 sct ti ng of ~I()DULATE swi tch )
to t ran s rn i t voi c o directly Oil s
hand un scb antt , hypassing P:\IP.

I--------- ---+---------- ....------------,----- _.._-f---- ------..-- ~-- ---------1------ --1

c_ \.
~
rn ILocation/ Irn Name and Position0 Ref Des
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Panel 12
to (cant)
~
rn
r: I PHI~1

C'
~
<1l

..... I I
"1

OFF
<1l
er
o;
c I I SEC
~
0;
-c

.....
tC
-J
0

Q 'C I 13Sli I [Tl\CT!O!\S VOIC E switcl:
~ ~
::l Z VOICE

a.% ttl
t"'

~ .-
~ r-:>
<1l

t I
OF!'

[):-! VOW!': Be

'C
~

(IQ
<1l

138'1 FU~;CTIONS PC~l swi t ch

PCM Enables 1.024 -me data control
circuit in SPA.

!\/i\ SPA

c..>
I..........
w

L.

OFF

KEY

Disables telemetry subc a r ric r
transrnission .

Applies 28 volts ell' to emergency
kc\' circuit in SPA. PTT switches
on' ECS umbt l i cnl s arc ena"!Pelto
serve ;IS Mo rsc: code kcvc rs Io r
cme racncv t rnn sm i s s ions .

I
,.l!!!:
;~~

Selects p~r mode: au toma t i cu l l v
interrupts nl l other S-bancl HlIJc!CS
of opc ra ti on .

d
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Location! Circuit Power
RemarksRef Des Name and Position Function Breaker Source

..
Panel 12
(cont )

13Sl FUNCTIONS RANGE switch Enablcs selection of r ang ing or N/A S-band
TV functions for S-band t ransrnt s- t.ransrnitto r
sian. receiver

assembly
RANGE PM transmitter retransmits re-

ccived coded pseudorandom noise
signals to l\ISFN.

OFF/HESET Inhibits range data transmission.

TV/CWEA ENABLE Enables C\VEA lOl\ie for ~-!llJ I

HCVH caution light.

13S7 VHF A Xl\fTH switch COMM: VHF LMP's
A XMTH 28-vdc

VOICE/HNG Enables simultaneous voice trans- (panel 16) bus Transmitter frequency is 296.8
mission and range capability via me.
VHF A transmitter.

OFF Disables VHF A transmitter.

VOICE Enables only voice transmission
capability.

13S10 VHF A HCVH switch COMM: VHF CDH's
A RCVR 28-vde

ON Applies 28-vde d-e power to +20- (panel 11) bus Reccive r frequency is 296.8 me.
volt regulator in VHF A receiver.

OFF Interrupts d-e power to VHF A
receiver.

13Rl 0 SQUELCH VHF A thumbwheel Adjusts threshold level of received N/A VHF A
VHF A audio signal. receiver
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Location/ Function
Circuit Power

RemarksRef Des Name and Position Breaker Source

Panel 12
(cont)

13S12 VHF B Xl\ITR switch COl\ll\l: VHF CDH's
B XMTR 28-vdc

VOICE Applies 28-voli d-e power to VHF (panel 11) bus 'I' r ans mtttc r frequency is 2S9. 7
B transmitter power supply and TIle.

activates data mute circuit .

OFF Interrupts d-e power to VHF B
transmitter .

DATA Applies 28-voli d-c power to VHF TELEMETRY pel\! switch must be
B transmitter power supply and set to LO (1, GOO-bits-per-second
activates voice mute circuit. data rate).

13S15 VHF B RCVR switch COMM: VHF LMP's
B RCVR 28-vdc

ON Applies 28-voli d-c powe I' to +20- (panel 16) bus Receiver frequency is 259.7 me.
voli regulator in VHF B receiver.

OFF Interrupts d-c power to VHF B
receiver.

13R15 SQUELCH VHF B thumbwheel Adjust threshold level of received N/A VHF B
VHF B audio signal. receiver

13S3 TELEMETRY BIOMED switch COMl\l: PMP LMP's With this switch set to OF F and
(panel 16) 28-vdc with FUNCTIONS VOICE switch

LEFT Applies d-e power to CDR's suit bus set to VOICE BU, biomedical data
power supply for EKG monitoring transmission is interrupted, but
and enables direct baseband voice/ voice intelligibility is increased
biomed transmission, phase modu- because of addi tional speech-
lated or frequency modulated. processing.

OFF Interrupts d-c power to CDR's and
Ll\IP's suit power supply.

RIGHT 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.
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Location/
Ref Des Name and Position Function

Circuit
Breaker

Power
Source Remarks

Panel 12
(cant)

13S13 ITELE~IETRY PCM switch

~ I 1lI

'"'"o' I I LO::>

I~ I 13S11 I nECOIlDEn switch
to
I'J

I I ONgl.
("l

tl
~ "0 I I OFF

ro ~
.... M

~ r- I 13FLl InECORDER TAPE t.alkhackro ....
0'"-'..,

Gray displayc:
I'J..,
'<
.... I I Barber-pole di spl avto
-J
0

I
HS:l ITHACK ]\[01)E switch

o
::r

AUTO§
crq
ro
tl
I'J....
ro

I I
OFF

Enables pulse-x.odu-fnodul ati on
programmer high-speed gates.

Disables high-speed galC'~; data
rate is 1,(;00 bits per second.

Applies key supply voltage to
VOX control circuit of DSEA.

Interrupts kcv supply voltage to
DSEA.

Indicates tape in DSEJ\ is moving
and that voice is being recorded.

Indicates tape is not moving.

App l i o s a-c and d-«: power to
stce rable antenna electronics
power suppl«. Antenna is enabled
to track received I\I:-:FN signal
au torn a t i ca l lv.

Interrupts a-e and u-c power to
steerahle antenna electronics power1
supplv,

NiA

l"iA

N/A

AC ill'S B:
S-Hn ANT
(pn nr-! 11)

C01l1M: S-IID
ANT
(panel 1(;)

peM
program
mer

LMI"s
audio
center

DSEA

CDIl's
J i s-vac
bus B

LMP's
2:-)-\,(\c

bus

Low bit r-ate permits data trans
mission to CSM.

:J>
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SLEW

•~,

Appl ies a-c anel d-c power to
s tec rable antenna electronic power
supply. Antenna is positioneel with
PITCH and YAW controls through
svnch ro transmitters .

•



l )
~
Ul

~
0
::l

I~
tlJ
to
Ul;:;.
0
to....
10

....
"':I
10
0-..
"to..
<:

....
<0
~

0

(J
::T "0
to :t>

~ ~
0

r-
to ....
.... N

1
m

"0
to

oq
10

W
I........

Location/ Circuit Power

Ref Des
Name and Position F'unc t i on Breaker Soul'ce He' ma r ks

Panel 12
(cant)

14132 PITCH control Positions S-iJand steerable antenna AC BUS 13: CDH's Control has range of _75 0 to 4225°.
in pitch axis through svnch ro trans- S-]3D ANT II"-"ac DSKY value must be approached in
mi ttc r, (panel 11) IHIf B ccw direction.

-- --- ~- ._--._-_._-

14 ~13 PITCH indicator Displays pitch angle' of S-band CO~]~I: LMI"s Antenna pitch l t mits art' ~;):)c

s tcc rnb lc antenna. DIS]' 2~-vdc abovo and 7SC' ho low ul ano pa rn l lol
(pane-l 1(1) l.ius to L~l y-z I'I'lIH'.

._-------- ----- ~-------_._-~-~~._- -------_._- f-------~---------- -_._---------

UBI YAW control Positions S-hand stC'l' ]';tblc antenna AC BIro; I" C])I(', Coul rol hns J'angc 01' -~)O to I~) 0
in ,'-8.\\' axis through svnc-h ro t1':1118- S-lID Al\T 11:)-v;1(' ])SKY vn lue must be al'l'ro:lchcd
m i t t o r. (1',,,]('111 ) bus n in cc\\' d i r ec-t lr.n •

~_. --_.. ------ ----------- -----_ .. ------1-------.... --~--------- -~--------_...._----~--

14 ~H YAW indi cato r Di spl nvs .\ :1\\- :lll}_'Je of S-IJ:llld C()~DI: ],'\11", .vntcnna 1::1\\' l imi t.s :1]'(' i:l
o

tn lc-ft
s t ccrabl c anu-nn.i. DlSP ~H-\'d(' and 7S c to right fll plant:' parallel

(panel [('1 bus to L'\1 Y-Z plane.

._- _._-----~_._----- ._------~. -- -----

14 '\11 SIG!\,\L o;TRE:\GTH indicator Di sp lavs intcns it v or S-hand signals CO~DI: 1,'\11", t·:scd in con,iunction with PITCH
received [rom '\ISF:\. When peaked llISI' 2;J-vdc and YAW controls to ('~tablioh

it indicates that S-band stoc rnb lc (pane I HI) bus contact with MSFN.
antenna is pointing at earth. Al so
indicates which of the two o mn i
antennas is p rovi ding best corn-
munications link to '\lo;FN.

-_..~- ~-- --------......_~~------

14SIi Vll F selector switch l\/A Scl cc ted
transmitter

AFT Selects VlIF in-fl ight antenna No. i. or antenna Sw] tch is 51' ring loaded and has
lock mechanism. To change switch

FWD Selects VHF in-flight antenna 1\0. 2. setting, switch fi rst must be pulled
nut.

EVA Used for VHF communications be-
tween EV.-\ and L1\1 during lunar
stay.

--_._-----
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 12
(cant)

1450 S-BAND selector switch N/t\ Selected Switch is spring loaded and has
transmitter lock mechanism. To change

FWD Selects S-band in-Il ight autenna or antenna switch setting, switch first must
No.1. be pulled out.

AFT Selccts :-;-\l:lnd in-flight antenna
No.2.

SLEW Selects S-band 'teerablc antenna.
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

Panel 14

4DS2 DC FEEDER FAULT component Indicates a short in either a bus or N/A CDR's
caution l ight a feeder line. 28-vdc

bus

LMP's
28-vdc
bus

4M2 VO LTS indicator Displays voltage of each of six EPS EPS: DISP LMP's Green band (35.8 to 37.7 volts de)
batteries, CDR's and LMP's d-c (panel 16) 28-vde on VOLTS indicator is equivalent
buses, a-c bus and the EDS batter- CROSS TIE- bus to 112 to 118 volts ac. Range is 20
ies, depending on setting of POWER/ BAL LOADS to 40 volts dc; 62.5 to 125 volts ac .
TEMP MON selector switch. (panels 11

and 16)

4M3 AMPS indicator Indicates current flowing through BPS: DISP LMP's Range is 0 to 120 amperes. Amper-
each of six EPS batteries and the (panel 16) 28-vdc age of descent batteries (No. I, 2,CROSS TIE-EDS batteries, depending on setting BAL LOADS bus 3, and 4) is obtained by halving
of POWER/TEMP MON selector (panels 11 indicator reading.
switch. and 16)

4DSl BAT FAULT component caution Goes On when any malfunctioning LTG: ANUN/ LMP's When lit indicates reverse-current,
light battery is selected with POWER/ DOCK! 28-vdc overcurrent or overtemperature,

TEMP MON selector switch. COMPNT bus condition of anyone of six EPS
(panel 16) batteries.

4S17 ED VOLTS switch Selects voltage monitoring of EDS POWER/TEMP MON selector
batteries. switch must be set to ED/OFF.

BAT A Selects monitoring EDS battery A.

OFF Disables voltage monitoring func-
tion.

BAT B Selects monitoring EDS battery B.

4S15 POWER/TEMP MON selector switch Enables monitoring of voltage and EPS: DISP LMP's
current of the six EPS batteries, (panel 16) 28-vdc
two EDS batteries, monitoring of CROSS TIE- bus

BAL LOADS
(panels 11
and 16)
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Name and Position

ED/OFF

BAT 1

BAT 2

BAT 3

BAT 4

LUN

BAT 5

BAT G

CDR BUS

LMP BUS

AC BUS

,.,0
"'::~*.t..

r::-:,.,::~:..

Function

a-c and d-c bus voltage, and isola
tion of malfunctioning battery (over
current, reverse-current, and
over-temperature condition).

Enables voltage monitoring of EDS
batteries.

Selects battery No. 1 to be moni
tored on AMPS and VOLTS indica
tors, 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] position, except
display is for bntu-rv No.4.

Same as for BAT 1 position. except
display is for lunar battery.

Same as for Bat 1 position, except
display is for battery No.5.

Same as for BAT 1 position, except
display is for battery No. G.

Voltage of CDH's d-c bus is dis
played on VOLTS indicator.

Voltage of LMP's d-c bus is dis
played on VOLTS indicator.

Voltage of a-c bus is displayed on
VOLTS indicator.

~

.~

Circuit
Breaker

Power
Source Remarks

In CDR BUS, LMP DUS, and AC
BUS pos it.ions , AMPS indicator
readings have no significance .

Indicator reading within grccn bam]
indicates opcrnttng vo l tagc of a-r:
bus (112 to 118 volts ac ) is at
proper lcve I.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 14
(c ont)

4S14 INVERTEll switch Controls application of a-c power to EPS: INV I CDH's A-C bus voltage is displayed Oil

a-c bus. (panel 11) 28-vdc VOLTS indicator when POWEll/
and bus TEMP MON switch is set to AC/

BUS.
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

Panel 14
(cant)

OFF/RESET Disconnects high-voltage battery CDR BAT 4 barber-pole talkback
tap from line, is displayed.

4S8 CDR BAT 4 LO- V switch Controls low-voltage output from EPS: DES CDR's Before selecting ON position, OFF/
descent battery No. 4 to feeder ECA CaNT 28-vdc RESET position must be selected
line. (panel 11 bus so that ECA contactors are reset,

and/or thereby enabling battery-power
panel 16) LMP's application to CDR's d -c bus. In

28-vdc event of overcurrent, ECA No.2
bus takes battery No.4 off line.

ON Connects low-voltage battery tap to CDR BAT 4 gray/La talkback is
line. displayed.

Center Retains status of last initiated
switch position.

OFF/RESET Disconnects low-voltage battery tap CDR BAT 4 barber-pole talkback
from line. is displayed.

4FL4 CDR BAT 4 talkback EPS: DISP LMP's
(panel 16) 28-vdc

Gray display Indicates descent battery No.4 is CROSS TIE- bus
on line with high voltage tap. BAL LOADS

(panels 11
Gray/LO display Indicates descent battery No.4 is and 16)

on line with low voltage tap.

Barber-pole display Indicates descent battery No.4 is
off line.

4S7 LUNAR BAT CDR switch Controls voltage output from EPS: DES CDR's 28- Before selecting ON position, OFF/
lunar battery to CDH's bus. ECA CONT vdc bus RESET position must be selected

(panel 11 so that ECA contactors are resct,
and/or LMP's 28- enabling battery-power application
panel 16) vdc bus to CDR's d-e bus. In event of over

current, ECA No.2 takes lunar
battery off line.
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Location/ Circuit Power
Ref Des Name and Position Function Breaker Source Remarks

Panel 14
(cant)

ON Connects lunar battery output to LUNAR BAT CDR talkbaek is
CDR's bus. displayed.

Center Retains status of last initiated
switch position.

OFF/RESET Disconnects lunar battery output LUNAR BAT barber-pole talkback
from CDR's bus. is displayed.

4SG LUNAR BA T LMP switch Controls voltage output from lunar EPS: DES CDR's 28- Before selecting ON position, OFI!
battery to LMP's bus. ECA CONT vdc bus RESET position must be selected

(panel 11 so that ECA contnctor s are reset,
and/or LMP's 28- enabling battery-power application
panel 16) vdc bus to LMP's d-e bus. In event of

ove rcuri-ent , ECA No.1 takes
lunar battery off line .

ON Connects lunar battery output LUNAR BAT LMP talkbnck is
to LlI!P's bus. displayed.

Center Retains status of last initiated
switch position.

OFF/HESET Di sconnccts lunar battery from LUNAR BAT barber-pole tnlkbnck
from LMP's bus. is displayed.

4FLI0 LUNAR BAT talkback EPS: DES CDR's 28-
ECA CONT vdc bus
(panel II
and/or LMP's 28-
panel 16) bus

CDR display Indicates lunar battery output
is on con bus •

LMP display Indicates lunar battery output
is on LMP bus .

Barber-pole display Indicates lunar battery is off line.

:v
'tI

°• n r-
ot"'
zo
~Or
~'tI<,
°M~
t"'~;J>[fJ -J

-s»
;J>~oz ...... '
t:l0't'

Zt"'
t:l[fJ"
(;)~H
'tI;J>
t"'z
;J>t:l
-<tJ:l[fJ0

°~

•

,,---

,

<.. I~· ,_/

~.
~~



~
tn
ffl
O·
::l

I~
tll
!>l
gl,
(')

t:I
!>l,...
('l)

......
":I
('l)

0-...,
c:
!>l...,
-c
......
so
-J
0

o
::r '1:1
!>l >
Jg Z
('l) t":I
t:I r-
!>l ......
(i) *"
......
>
"d

2=
......
W
-J
......

Location/
Ref Des

Panel 14
(cant)

4S9

4FL9

·:3.".$:'.
>~7S,:;
·~7.tii.:J

'7fEP

Name and Position

DES BATS switch

CONNECT

Center

DEADFACE

DES BATS talkback

Gray display

Barber-pole display

'-...-

Function

Enables interruption of power from
dcsccnt bnttc r io s to ascent st age .

Applies power from descent bat
teries to ascent stage .

Hetains status of last initiated
switch position.

Energizes deadface relays, i so lat.ing
descent batteries on ascent stage
side of staging guillotine.

Indicates whether descent stage
deadface has been accomplished.

Indicates descent batteries are
connected to ascent stage.

Indicates descent batteries are
disconnected and deaclfaced .

Circuit
Breaker

EPS: ASC
ECA CONT
(panel 11
and/or
panel 16)

E1'S: DrSI'
(panel 16)
CROSS TIE
BAL LOADS
(panels 11
and 16)

Power
Source

CDH's
28-vde bus

LMP's
28-vdc bus

LM1"s
28-vdc
bus

Remarks

Switch is level locked to center
position. Momentary actuation of
switch sets latching relays in de
scent ECA' s , Descent batteries
arc normnl ly connected to ascent
stage .

DES BATS gray talkback is dis
played.

DES BATS barber-pole t alkback is
displayed.

>
'1:1o

()t"'
Ot"'
ZO""0 r~ '1:1 :7
o t":I ~
t"' ~ _1
Ul :> (J)

>:j ?
@O ';"

Z t"'
t:I Ul ~
trl::Jj
'1:1>

~@
~~
~

'1:1
!>l

crq
('l)

""I......
""0'>

>
<;

""I......
""0'>
tll

4S10 BAT 5 NORMAL LMP FEED switch I Controls connections of ascent bat
tery No.5 to LlvlP s bus.

ON I Connects ascent battery No.5 to
bus.

Center I Retains status of last initiated
switch position.

OFF/RESET I Disconnects ascent battery No. 5
from bus; resets respective ECA
contactors for overcurrent
protection.

I

E1'S: ASC
ECA CONT
(panel 11
and/or
panel 16)

~

CDR's
28-vdc
bus

LMI"s
28-vde
bus

Switch is spring loaded to center I I
position. Re spective ECA controls
battery connection to LMP' s d-c
bus; disconnects this battery in
event of overcurrent.

BAT 5 NORMAL LMI' FEED gray I.
talkback is displayed.

BAT 5 NOHMAL LMP FEED barber-I •
pole talkback is displayed.
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

Panel 14
(cont)

4FL5 BAT 5 NORMAL LMP FEED talkback EPS: DlSP LMP's
(panel 16) 28-vdc

bus

Gray display Indicates ascent battery No. 5 is
connected to LMP' s bus.

Barber -pole display Indicates ascent battery No. 5 is
disconnected from LMP's bus.

4S12 BAT 5 BACK UP CDR FEED switch Controls connection of battery No.5 EPS: ASC CDR's Switch is spring loaded to center
to CDR's bus. ECA CONT 28-vdc position. Respective ECA controls

(panel 11 bus battery connection to CDR's d-e
and/or bus; disconnects this battery in

I panel 16) LMP's event of overcurrent. If battery
28-vdc No. 6 or battery No.5 feeder line

!
bus fails. this switch is set to ON.

ON Connects ascent battery to bus. BAT 5 BACK UP CDR FEED gray
talkback is displayed.

Center Retains status of last initiated
switch position.

OFF/RESET Disconnects ascent battery No. 5 BAT 5 BACK UP CDR FEED
from line; resets respective ECA barber-pole talkback is displayed.
contactors for overcurrent protec-
tton,

4FL7 BAT 5 BACK UP CDR FEED EPS: DlSP LMP's
talkback (panel 16) 28-vdc

bus
Gray display Indicates ascent battery No.5 is

connected to CDR's bus.

Barber-pole display Indicates ascent battery No.5 is
disconnected from CDR' 8 bus.
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Circuit Poweraq
Location/ro Name and Position Function I RemarksRef Des Breaker Source

w
I.... Panel 14l\:l

00 (cont)

4S11 I BAT 6 NORMAL CDR FEED switch I Controls connection of ascent bat- EPS: ASC CDR's Switch is spring loaded to center
tery No. (; to CDR's bus. ECA CONT 28-vdc position. Hespective ECA controls

§; (panel 11 bus battery connection to CDn 's d-c
and/or bus; disconnects this battery in

'" panel 16) LMP's event of overcurrent.'"0' 28-vdc
= ON Connects ascent battery No. 6 to bus BAT 6 NORMAL CDn FEED gray

I~
bus. talkback is displayed.

~
Center Retains status of last initiated "d

switch position. 0
to Ot'"
~ Ot'"
'" OFF/RESET Disconnects ascent battery No.6 BAT 6 NORMAL CDR FEED ZOn' ;3 0 r-
t::l

from bus; resets respective ECA barber-pole talkback is displayed.
contactors for overcurrent protec- O~~~ "d tion. ~ ~ Z;ro >

.... ~ ~::l 0

So 0"':I t'" 4FL6 BAT 6 NORMAL CDR FEED talkbaci EPS: DlSP LMP's
t:l Z t""'ro .... (panel 16) 28-vdc rn;;;:g' ...

bus Ul::cc Gray display Inclicates ascent battery No. G is "d~~

t"'Z"1 connected to CDR's bus.'< ~t:l.... ~1Jj
<D Barber-pole display Indicates battery No.6 is discon- rn O-l

nected f rom con's bus. 00
7;

(J
4S13 BAT G BACK UP L~IP FEED switch Contro ls connection of ascent bat- EPS: ASC CDn's Switch is spring loaded to center:r •~ tery No. (; to LMP' s bus. ECA CONT 28-vdc position. Respective ECA controlsaq (panel 11 bus battery connection to LMP' s d-cro

t:l and/or bus; disconnects this battar-y in
~ panel 1G) LMP's event of ove rcur rent, If battery.....
ro 28-vdc No.5 or battery No. G feeder

bus line fails, this switch is set to ON.
....

I I I I> ON IConnects ascent battery No. (; to BAT G BACK UP LMP FEED g-rn.v
0 bus. ta lkback is clisplayed.
~
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

Panel 14
(cant)

Center Retains status of last initiated
switch position.

OFF/RESET Disconnects ascent battery No. G BAT 6 HACK UP LMP FEED
from line; resets respective ECA 'barber-pole talkback is displayed .
contactors for overcurrent protec-
tion.

4FL8 BAT 6 BACKUPLMPFEEDtalkback EPS: DISP LMP's
(panel 16) 28-vdc

bus
Gray display Indicates ascent battery No.6 is

connected to LMP' s bus,

Barber-pole display Indicates ascent battery No.6 is
disconnected from LMP's bus.

13S17 COMl\I: UPLINK SQUELCH switch N/A N/A

ENABLE Sets threshold level of received
S-band audio to preset level.

DISABLE Disables threshold capability of
received S-band audio.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 16

FLT DISP circuit breakers

4CB126 EVENT TlMEH!SE FDAI Applies d-e power to EVENT N!A LMP's
(2 amperes) TIMER and to LI\IP's FOAl and 28-vde

parts of auxi lia rv switching relay bus
box, through HATE/EHH lIION and
ATTITUDE IlION switches.

4CB134 SE X-PNTH (2 amperes) Applies d-e powe r to LIllI" s X- N!A LlIIP's
Pointer indicato r and to parts of 28-vde
auxi l i a rv relay switching box bus
through RATE/EHH MON switch.

HCS SYS B circuit breakers

4CB52 ASC FEED 1 15 amperes) Applies d-e power to Hl'S system N!A LMP's Interconnect valves permit
B ascent fuel and oxidizer inter- 28-vdC' propellant flow from ascent tanks
connect valve'S, tb rough SYSTEM bus to HCS tanks.

, 13 ASC FEED 1 switch.
System 13 ASCENT FEED 2 switch
must be set to ASCENT FEED 2.

4CB232 ASC FEED 2 10 amperes) Applies d-e power to HCS system N!A LMP's Interconnect valves permit propel-
B ascent fuel and oxidizer intcr- 28-vde lant flow from ascent tanks to RCS
connect valves through SYSTEM 13 bus tanks. System 13 ASCENT FEED
ASC FEED 2 switch. 1 switch must be set to ASCENT

FEED l.

4CB49 ISOL VLV (5 amperes) Applies d-e power to RCS system N!A LMP's
13 oxidizer and fuel isolation valves 28-vdc
through SYSTEM 13 THRUSTEH bus
PAIH switches.

4CB45 QUAD 1 TCA (10 amperes) Applies d-e power to oxidizer and N!A LMP's
fuel valves of RCS system 13, quad 28-vdc
1 TCA's.
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

Panel 16
(eont)

4CB44 QUAD 2 TCA (10 amperes) Applies d-e power to oxidizer and N/A LMP's
fuel valves of RCS system 13, quad 28-vdc
2 TCA's. bus

4CB43 QUAD 3 TCA (10 amperes) Applies d-c power to oxidizer and N/A LMP's
fuel valves of HCS system 13, quad 28-vdc
3 TCA's. bus

4C1342 QUAD 4 TCA (10 amperes) Applies d-c power to oxidizer and N/A LMP's
fuel valves of HCS system 13, quad 28-vde
4 TCA's. bus

-
4C1354 CRSFD (5 amperes) Applies c1-e power to oxidizer and N/A LMP's

fuel crossfeed valves through 28-vdc
CHSFD switch. bus

4CB50 TEMP/PRESS DISP-FLAGS Applies d-e power to HEACTION N/A LMP's
CONTROL TEMP and PHESS 28-vclc
indicators and to HCS talkbacks. bus

4 C13121 PQGS DISP (2 amperes) Applied d-c power to RCS system N/A LMP's
A and 13 pressure-volume- 28-vdc
temperature (PVT) system. bus

4 C1373 ~lAIN SOY (5 ampe res) Applies d-c power to HCS system N/A LMP's
13 main oxidizer and fuel shutoff 28-vdc
valves through SYSTEM 13 MAIN bus
SOV switch.

PROPUL circuit breakers

4C13103 DISP/ENG OVRD LOGIC Applies d-c power to MAIl" PHO- l"/A LI\IP's Supplies redundant power to
(2 amperes) PULSION TEMP and PRESS indi- 28-vde ascent engine firing circuit.

cators, ASCENT and DESCENT hus
He REG talkbacks , and
DES PROPULSION VENT talkbacks ,
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

Panel 16
(cant)

4CB32 PQGS (2 arnpe res) Applies d-c power to propellant N/A LMP's
quantity gaging system (PQGS) 28-vdc
control unit through PHPLNT QTY bus
MOl' switch.

4CB53 ASC lie Heg (5 amperes) Applies d-c power to latching N/A LMP's
helium solenoid valves No, I and 28-vclc
2 through ASCENT He HEG bus
switches.

LTG circuit breakers

,I CBI28 FLOOD (5 amperes) App l i es d-«: power to cabin flood- N/A LMP's
lights through FLOOD switch, 28-vdc

bus

4 CBIGO TRACK (20 amperes) Applies d-c powe I' to tracking N/A LMP's
light electronic assembly. 28-vdc

bus

4CB148 ANUl\/DOC K/C O"IPl\T Applies alternate d-c powc r to NIA LMP's
(2 amperes) caution and warning annuuc iato r s , 28-vdc

component caution lights, docking bus
lights, and LUNAH CONTACT
lights.

4CB147 1IlASTER ALARM Applies d-e powe I' to l\IAST EH N/A LMP's
(2 arnpe res) ALAHM lights and master alarm 28-vdc

tone generators, bus

4CB75 ED: LOGIC PWR B circuit breaker Applies d-c power to ASCENT He NIA LMP's
(2 amperes) PHESS, ASC He SEL, DES PHESS, 28-vdc

LDG GEAR DEPLOY, 1IIASTER bus
ARlI!, RCS PRESS, and ABORT
STAGE switches.
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Location/ Circuit Power
Remarks

Ref Des
Name and Position Function Breaker Source

Panel 16
(cant)

STAB/CaNT circuit breakers

4CB28 AEA (10 amperes) Applies main d-e power and acts N/A LMP's
as on-off swi tch to AGS. 28-vdc

JUS

4CB:J7 ENG AHM (2 amperes) Applies d-c pawl' I' to ENG AH 1\1 N/A LMP's
switch for arming ascent or descent 28-vdc
engine. JUS

4CB79 ASA (20 amperes) Appl ie s d-e power and acts as N/A LMP's
on-off switch to ASA. 28-vde

bus

4CB41 AELD (7.5 amperes) Applies d-e power to svs tem B of N/A LMP's
AELD/S. 28-vde

)Us

4CB82 ATCA (7.5 amperes) Applies d-e power to ATCA power N/A LMP's
supply. 28-vdc

JUS

4CB2 AROHT STAGE (2 amperes) Applies d-c power to abort stage N/A LMP','
electronics through ABORT STAGE 28-vdc
switch. "us

4CB230 ATCA (AGS) (3 amperes) Applies d-e power through GU1D N/A LlvIP's
CaNT switch to select AGS, and 28-vdc
bias power to ATCA. Also supplies ous
d-e power through AGS MODE
CONTROL and BAL CPL switches
to ATCA primary preamplifiers.

4CB233 DES ENG OVRD (10 amperes) Applies redundant d-e power to N/A LlvIP's
descent engine actuator valves. 28-vdc

)Us

"-...-.
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Location/ Circuit Power

RemarksRef Des Name and Position Function Breaker Source

Panel 16
(cant)

INST circuit breakers CDH's 28-
vclc 1)lIS

4CB99 CWEA (2 amperes) Applies d-c power to CWEA. N!A LMP's
28-vdc
bus

CDll's 28-
4CB132 SIG SENSOH (2 amperes) Applies d-e power to all precondi- N!A vdc bus

tinned transducers throughout Ll\!. LMP's
28-vdc
bus

CDH's 28-
4CBl25 PC I\I/T E (2 amperes) Applies d-c power to PCMTEA. N!A vdc bus

LMP's
28-vdc
bus

N!A
CDR's 28-

4CB1 SIG CONDH 2 (2 amperes) Applies d-c power to power buffers vdc bus
and conditioners in SCERA's. LMP's

28-vdc
bus

ECS circuit breakers

4CB234 SUIT FLOW CaNT Applies d-e power to LMP's and N!A LMP's SUIT ISOL valves afford tom suit
(5 amperes) CDH's SUIT ISOL valves. 28-vdc protection to the astronauts. IT

bus suit pressure falls below 3.1 psia,
SUIT ISOL valves close, CABIN
HEPHESS valve opens, and
remains open until cabin pressu re
is 4.1 psia or greater.

COMI\! circuit breakers

4CB153 DISP (2 amperes) Applies d-c power to SIGNAL N!A LMP's
STRENGTH indicator, and to 28-vde
PITCH and YAW indicators. bus
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Location/ Circuit Power

Ref Des
Name and Position Function Breaker Source Remarks

Panel 16
(cont )

4CB85 SE AVOIO (2 ampe res) Applies d-«: power to regulated N/ f\ LMP's
power supply in L1\!P's audio 28-velc bus
ccntc r, to LMP's mic rophone
amplifier through L1\!l"s AUD!O
CUNT swt t.ch (I\'OnM position), and
to eDH's nucrophone amplifier
through CDWs AUDIO CONT switch
(IlU position),

4CB1l5 VIIF A X1\ITH (5 a mpore s ) Applies el-e power to VHF A trans- N/A LMP's
ruitte r-ercooivor and to cxci te r- 28-vde
powe r amplifier and modulator in bus
VHF A t ran s mi ttc r through VH F
A xxrrn switch.

6CB1l4 VHF B nCVR (2 amperes) Applies d-c power to VII F B IF '!'\i/A Ll\IP's
and auelio amplifier ill VHF R 28 -vrlr-
receiver through VHF B neVH bus
swi tell.

4CB30 PHD! S-I1D PWH ,\l\IPL .vppl i c s d-«: powc r to powe-r supply N/A LJ\IP's
(5 amperes) No. 1 in S-balld power amplifier 28-vdc

a s sc mblv, bus

·1CI31Il PHD! S-13D X:\ITn/HC\'H .vppltcs d-e power to power supply N/A LMP's
(5 amperes) in S-band section of CS through 28-vde

X :\ITR/nCVn switch. bus

4CBllO S-13D ANT (2 amperes) Appl ics d-c power to S-band N/A LMI"s
stcerable antenna power supply 28-vdc
through TRACK MODE switch. bus

4CI3102 1'1111' (2 amperes) Applies d-e power to LMP's and N/A LJ\lP's
CDR's communications umbilical 28-vdc
assembly through TELE ~IETHY bus
BIO~1ED switch and tu Pl\IP power
supply.
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

Panel 16
(cant)

4CBl04 TV (2 amperes) Applies d-c power to television N/A Ll\Il"s
camera (GFE) powe r supply. 2S-vdc

bus

ICCS circuit breakers

4CB140 DISP (2 arnpc res) Applies d-«; power to PAHT PHESS N/A L~lP's

CO 2, ENVIHON:lIENTAL CONTHOL 2S-vdc
TEMP, and PHESS, GLYCOL bus
TElIIp, and QlJANTITY indicators.

4CB9G GLYCOL PUlIIP SEC Applies d-c powe I' to backup glycol N/A LMl"s
(5 amperes) pump in coolant recirculation as- 2S-vdc

semblv. bus

4CBI08 LCG pU"lP (5 amperes) Applies cl-r- power to LCG pump. N/A LlIlP's
28-vdc
bus

4CBI09 CABIN FAN CONT Applies d-e power to ECS 02 N/A Ll\IP's
(2 amperes) pressure regulator valves (PHESS 28-vdc

REG A and PHESS HEG B). bus

4CB1l3 CABIN HEpHESS Applies d-e power to cabin N/A LMP's
repressurization emergency 02 2S-vdc
valve (CABIN HEPHESS). bus

4CB1l9 SGIT FAN 2 (20 ampcres) Applies d-e power to suit fan N/A LMp's
No.2 (suit circuii assembly) 28-vdc
through Sl!IT FAN switch. bus

4CB120 surr FAN ':'P (2 amperes) Applies d-«: powc r to fan N/A LMP's
differential pressure sensor. 2R-vdc

bus
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Location/ Circuit Power
Ref Des Name and Position Function Breaker Source Remarks

Panel 16
(cant)

4CB112 DIVEnT VLV (2 amperes) Appl ic s d-c power to suit c i r cu i t I:\/ t\ LI'vIP's
divc rtc r \,;1.1v('. 28-vdc

bus

----~~---->---

4C1384 CO
2

SE i\SOH (" a mpc res) Applies cl-I power to CO:z scuso r r\/A LI'vIP's
in suit circuit nsscmhl v, 2S-vclc

bus
--------I--

IlEATEHS: ncs SYS A/I1-2 circuit
breakers

4CB242 ~IESA (15 amperes) Applies d-c power to ~IESA heater N/A LMP's
circuit. 28-vdc

bus

._-----

4CB22,' QUAD 1 (7.5 amperes) Applies d-« po-ve r to svstcm No. 2 N/A LMP's
engine heaters of quad 1, svs tc m s 28-vdc
..\ and Il. bus

4CB223 QUAD 2 (~.:; amperes) Applies d-«- power to svs tem No. 2 NiA LI\1I"s
engine heaters of quad :2, syste ms 28-vdc
A and n. bus

4 C1322,1 QL'AD :.1 (7.5 :lIllpCrc's) Applies d-c powc r to system No.2 N/A LI\H J 1 S

engine heaters of quad :3. svs te ms 28-vdc
A .uid n. bus

4CB225 QL:AD 4 (7.5 ampe res) Applies c1-c power to system 1\0. 2 N/A L1v1I"s
engine healers (If quad 4, svstcrns 28-vde
A and B . lJUS

HEATEnS Circuit breakers

4CBG8 DISI' (2 amperes) Appl ics d-c powc r to II EATEH N/A Ll\IP's
CO'\T TE ~IP indicator. 28-vde

bus
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

Panel 16
(cant)

4CB31 S-BD A:\T (5 ampe rc s ) Applies d-c power to four heaters N/A LMP's
in S-band stcc rable antenna 28-vdc
electronics a s sc mblv , bus

4CB33 CAI\IH: SEQ circuit breaker Applies d-e power to sequence N/A LMP's
(2 amperes) camera electrical outleL 28-vdc

bus

EPS circuit breakers

4CBIG DISP (2 amperes) Applies d-e power to AMPS and N/A LMP's
VOLTS indicators and to subsystem 28-vdc
talkbacks. bus

4CB21 DC BUS VOLT (2 amperes) Applies d-e power to IS for N/A LMP's Permits monitoring through caut.ior
conditioning to monitor LMP's 28-vdc and warning. pulse-code-
d-e bus voltage, bus modulation (telemetry), and volt-

meter sections.

4CB13 mv 2 (30 amperes) Applies d-e power to inverter N/A LMP's
No.2 for generation of 115-volt 28-vde
400-cps, a-c , power, via bus
INVERTER switch.

·lCBI4 ASC ECA (2 amperes) Applies d-e power to power N/A LMP's
supplies of both ascent EC1\' s. 28-vde

bus

4CB7 ASC ECA CO):T (5 amperes) Applies d-e power to normal and N/A LMP's
backup contact coils in ECA No. 3 28-vdc
and 4 through NORMAL FEED and bus
BACK UP FEED switches.

4CBll DES ECA (2 amperes) Applies d-e power to power N/A LMP's
supplies of both descent ECNs. 28-vde

bus
-
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Location/ Circuit Power

Ref Des Name and Position Function Breaker Source Remarks

Panel 16
(cont)

4CB9 DES ECA CONT (5 .unpc re s ) Applies d-e powc r to low- and high N/A 1.1\1["8
voltage contact coils in ECA 1'0. 1 28-vde
:me! 2 th rough III VOLT AGE ane! bus
LOW VOLTAGE s\\'itches.

4CB5 XLUNAH nus TIE Tics L1\IP's d-c bus translunar N/A N/A
(50 amperes) loads to 1.1\1 sin~le-point groune!.

4CBl9 CHOSS TIE-13L'S Ties Ll\11"s feeder/bus system to N/A LrvIP's
(l00 a mpc res) CDH's d-e bus through CDR's 28-vde

E1'5: CBOSS TlE-IlUS circuit blls
breaker.

4CI.l18:J CHOSS TIE-BAL LOADS Tics 1.1\11" s feeder/bus system to N/A 1.1\11"8
(~1O amperes) CDH's d-e bus through CDH's 28-vdc

£PS: CHOSS TIE-llAL LOADS bus
ci rcui t breaker.

lCB25 BAT FEED TIE (100 Tics battery 1\0. 1, 2, and 5, and, N/A N/A
amperes) during backup mode, battery No. G,

to L1\I1"s d-e bus.

4CBl7 BAT FEED TIE (100 Ties battery No.1, 2, ~U1e! 5, and, N/A N/A
amperes) during backup mode, battery No. G,

to LMP's d-e bus.
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Location/
Ref Des

ECS

7H8

711:J

7H-l

Name and Position

Sf'IT (;,\S DI\T:HTEH va l vc

PlJSH-CABIK

PULL-EGHESS

C\BIl\ HEPHE::'S val vo

1\L\"il',\L

,\l'!,O

CLOSE

P1.SS FILL valve

OPEK

CLOSE

II

Function

Permits gas in suit circuit (]OW\1

st r oa m of fl ow control valves to
flow into cahin.

Prevents gas in suit circuit from
pa s s i ng into l'alJin.

Permits unrcgulutcd oxvge n flow to
cabin from oxygen manifold.

Lnabl c-s C,\BI1\ [(I<1'1\1<5S vn l vo (0

respond to inputs I rom cahill pres
sure switch and sui t c i rcui t lo«
!)]'CSSll]"C 8('11501',

Ptcven ts oxygen flow from oxygeu
mun i fol d to culiiu.

Permits oxygen flow to primary
oxygen storage tank in PLSS .

Prevents oxygen flow to tank.

Circuit
Breaker

ECS,DIVEHT
VLV
(pan"l Iti)

FCS, CABIN
I\F1'I\ESS
(panel If;)

N/A

-..~.

Power
Source

L~IP's

28-vdc
1Jll~

LMl"s
2S-\'c!c
bus

KIA

Remarks

Valve has provisions rPl" automa t ic
closure by sigTlnl from calJin pr('s~

suro s on so r vhr.n cn b in IH'('SSlI('C

drops below .~. () ps in , vnlvo also
closes a ut.o rna t icn Ilv when PI(ESS
HEG A and PHESS I( EG B val vrs
are set to 1':(; 1\I<SS.

Enables suit circuit to maintain
oxyg-en l ovo l of cnb iu within l im i t s .

CABIN PHESS indi cato r provicles
positive feedhaek of results of
CABIN HEpln:SS va lvo actua tiou.

AUTO llluc]e is di su bl c if PI\FSS
HEC .;\ and PIl!'~S~ ItLC n v;llv('s arc'
set to E(~HESS or if ()]H~ valve is set
to EGI1J·:SS and other va l vc is set l r i

CLOSE.

Valve opens fully when cab in pres
sure drops hol ovv 4. (i psia : it cln,'-;('s
when pressure rises past -'1. H psi".
Val ve opens when su i t circuit pres
sure drops to :J.12±O. 1H psi". il
closes when pressure rises past
1. 1 p s ia ,
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Location/aq

I Name and Positionro
Ref Des

w
I.....

I ECS~

.t>-
(cont)

I DES

I
~
[fl
[fl

0' I I ASC::l

I~ I I SEC
to
~

gl,
o

t::l
f:;-
ro

M
..... O

UJ
>xj
ro
0'

I ASC 11/) valve
..,

I 7111:1C
~..,
'<

I I..... OPE"to
-J
0

II CLUSE
o
::r
§
aq

I 7112G I DES 1120 valvero
t::l
~
n-
ro

II
OPE"

CLOSE

Function

Selects descent wa t c r tank to provide
water for p r uua r v water boiler, and
for DES 1I 0 valve for period be
tween carffi l aunch :1r~~i stag;ing.

Selects both ascent wa te r tanks to
provide water for p ri mn ry wn tcr
boiler and for ASC IleO valve,

Prevents wate r Il ow from wntc r
tanks to pri rna r y water boiler.

Diverts all water from water separa
tors to secondary water boilers.

Ruptu r e s water isolation valve disk,
thus r eplentshmg emergency coolant
system loop wi th water backup.

Cuntrols water fin\\' for drinking and
food preparation.

Supplies water to water hose a ss ern
hl v.

Pr-events water ll ow to watc r hose
a ssr-mblv.

Controls water flow, from descent
wate r tank. for drinking, food prep
aration, and fircfighting.

Supplies water to water hose assem
bh'.

Prevents wa te r flow to water hose
as sc mblv.

Circuit
Breaker

N/A

N/A

Power
Source

N/A

N/A

Remarks

Sa lct.y triggcI' l1HISt be lifted man
ually before sctt ing valve to SEC.

Water quantity is monitored by lI"O
QTY indicator on panel 2. ~

Water quantity is monitored by lie ()
QTY indicator on panel 2. ~
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

ECS
(cant)

7H22 SUIT TEI\IP valve Permits regulation of suit circuit N/A N/A Modu lating faucet control.
temperature I)\' varying rate of gly-
co l Ilow to suit regellcrative heat
exchanger .

DECH COLD Decreases glycol Il ow to suit regen-
erative heat exchanger to decrease
suit circuit gas temperature.

INCR HOT Increases glycol Ilow to suit regen-
erative heat exchanger to increase
suit circuit gas temperature.

7H17 CABIN GAS RETURN valve Provides for return of cabin gas to N/A N/A
suit circuit under normal operations
or provides suit circuit integrity
under rapid cabin decompression.

OPEN Permits cabin gas to feed back to
suit circuit for revitalization.

AUTO Permits gas fl ow into. but not out of,
suit circuit.

EGRESS Closes valve, ensuring suit circuit
integrity during unpressurized-
cabin operations.

7H19 CO 2 CANISTER SEL valve N/A c.r/A

PRIM Permits suit circuit gas to be filtered
through primary LiOll canister.

SEC Routes suit circuit gas through sec-
ondary LiOH canister to permit
replacement of primary canister.
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Circuit Power<lQ
Location/ro Name and Position Function I RemarksRef Des Breaker Source

w
I....

I>l>- ECS
0>

(cont)

7H9 SUIT CIRCUIT RELIEF va lvo Prevents overpressurization of suit

I
N/A

I
N/A IPOSitiVe feedback of suit circuit

circuit. pressure is provided by SUIT PHESS

~ indicator.
rn
rn OPEN Fully opens valve, overriding AUTOo'::s mode.

I~ AUTO Permits valve to respond to aneroid Valve is fully open when suit pres- :t>device measuring suit circuit pres- sure is 4.7 ps ia or greater; fully 'd
sure. closed when suit pressure is less 0

tIl than 4.3 psia. Ot-<
~ Ot-<2]. ZOo CLOSE Fully closes valve, overriding AUTO ""'0 r-0 mode. ~ 'd 0"
~ ~ l"1:;....
(!)

cn~~l"1
.... 0 7HZ3 PRlllIARY CO CAN1STEH VENT When button is pressed, gas in N/A N/A Momentary pushbutton; associated :t> j 0en pushbutton Z canister is vented, facilitating re- with primary LiOll canister. 800>:j

moval of canister from suit circuit. tJ ~ t"'(!)
r:t

Ul::r: E;:"1
C

'd:t>~ PlUlllAHY CO 2 CANISTER N/A N/A After setting C02 CANISTEn SEL ~Z
"1

'<;
valve to SEC, PRIMARY CANISTER ><0..... is set to (lPEN, to remove cartridge. eng]<0

-J 00
OPEN Opens cover for removal of CO

2 ~

I
cartridge.

o

I
::r

CLOSE Closes cover aft.er replacement of

I I ISetting valve to CLOSE places pri-§
<lQ cartridge. mary COz canister back onstrearn.ro

0
~

I I SECOND·\ P.Y C()~ CANISTEH....
ro

OPEN [Opens cover for removal of CO Zcartridge.

CLOSE ICloses cover after replacement of
cartridge.

7HZ4 SECONDARY CO2 CANISTEn vent When button is pressed, gas in can- I NIA I N/A IMomentary pnshbutton; associated
pushbutton i st e r is vented, facilitating removal with secondary LiOIl canister.

of canister from suit ci r cu it.
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Location/
Ref Des

ECS
(cont)

7HlO

7Hll
7H20

Name and Position

WATER SEP SEL valve

PUSH: SEP 1

PUSH. SEP 2

Cabin relief and dump valves

Function

Permits selection of either of two
separators that separate condensed
moisture from gas and ven ts this
water to primary water boiler .

Selects separator No. L

Selects separator No.2.

Provides means for automatic cabin
depressurization and cabin pressure
relief.

Circuit
Breaker

N/A

N/A

Power
Source

N/A

N/A

Remarks

Normally separator No. 1 is on line.

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
~oSition. Valve also has two-posi
tion PULL TO DUMP control lever
on exterior side of hatch. Exterior
ever is spring loaded to "In': posi

tion. Pulling and holding lever out
or approximately 90 seconds dumps

[

'Cab in pressure. "Out" position is
omparabl e to DUMP position of in

terior lever; "in" position of ex
erior lever is comparable to AUTO

Ir°sition.
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Overrides AUTO position and permits
astronaut to dump cabin pressure.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

ECS
(cont)

AUTO Permits valve to act normally as Aneroid sensor causes valve to open
automatic pressure-relief device. at pressure of 5.8 psi" 01" greater,

bleeding excess cabin pressure.

CLOSE Overrides AUTO position to close
and lock relief valve so that no gas
can escape during failure in AUTO
mode.

7H25 PHI EV AI' FLOW #1 valve Controls water flow from water N/A N/ A
manifold to primary water boiler.

OPEN Permits water flow to primary Valve is sci to OPEN when LM
water boiler. first manned to perm it water f. ro

primary water boiler.

CLOSE Shuts off water flow to primary
water boiler.

7H12 LIQUID GAH1\IE:\T COOLl0:G valve Control water temperature to the N/A N/A
liquid garmen t cooling suil.

COLD

/lOT

7H29 HI PLSS O
2

FILL valve

OPEN Permits flow of high pressure N/A N/A
oxygen to primary oxygen storage
tank in PLSS.

CLOSE Prevents oxygen flow to tank .
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

--
AOT

3H3 Eyepiece adjust lever Moves eyepiece toward, or away N/A N/A
from, eye of observer for focusing.

3823 !\IARK X pushbutton (momentar-y) Provides signal to LGe, indicating N/A N/A
that nav ignt ion star is alig-ned Oll

X-hairline of reticle.
_._-~-------

3825 MARK Y pushbutton (momentary) Provides signal to LGC, indicating N/A N/A
that navigation star is aligned on
Y-ha irl ine of reticle.

3824 REJECT pushbutton (momentar-y) Provides signal to LGC, erasing N/A N/A
mark-X or mark- Y signal pre-
viously entered into LGC. New
mark-X or mark-Y signal may be
entered into LGC after mark-R
REJECT pushbutton is pressed.

3RI Reticle illumination control Controls brightness of reticle illu- AC BU8 B: CDR's
m inat ion . AOT LAMP 115-vac

(panel 11) bus B
--

3HI Reticle control Rotates reticle to superimpose N/A N/A Used only during lunar surface
spiral on target star, to zero the alignment of IMU. Indicator must
AOT counter, and to superimpose be zero during inflight IMU align-
X-hairline on target star. ments.

3H2 Azimuth control Rotates AOT prism to cover six 60· N/A N/A Image rotates as prism rotates.
sectors, from left rear to right
rear.

LR Rotates prism to left rear position.

L Rotates prism to left position .

F Rotates prism to front position.
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

AOT
(cont)

R Rotates prism to right pos it iou ,

RR Rotates prism to right rear position.

CL Stores prism under protective cover.

3M7 AOT indicator Indicates position (in degrees) of N/A N/A Five-place digital display. Extreme
reticle. right digit is for tenths of a degree.

ACA

lAI Attitude control assembly Either astronaut can conunand vehi- STAB/CONT: CDR's
lA2 cl e attitude changes manually. using ATT DIR 28-vdc

his ACA. ACA is installed with its CONT bus

!
longitudinal axis approximately par- (panel 11)
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 left about
LM X-axis. Forward or aft move-
ment of ACA commands vehicle pitch
down or pitch up, respectively. about
LM Y-axis. Left or right movement
of ACA commands roll left or roll
right about Ll\! Z-axis.

15AS 10 Push-to-talk switch Keys intercom and/or selected N/A N/A Located on ACA control grip.
15BS 10 transmitters.

TTCA

lXl Thrustltranslation controller The thrust/translation controller is. N/A N/A
lX2 functionally, an integrated transla-

tion and thrust controller used to
command vehicle translations by re-
action control jet firing. and to
throttle the descent engine between
10% and 92.5% maximum thrust
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Location/ Circuit Power
RemarksRef Des Name and Position Function Breaker Source

TTCA
(cont)

magnitude. It is a three-axis, tee-
handle, left-hand eontroller. Veh icle
translations eorrespond approxi-
mately to astronaut movement of the
tee-handle. Leftward or rightward
movement commands translation
along LM Y-axis; inward or outward
movement commands translation
along Ll\l Z-axis; upward or down-
ward movement commands trans-
lation along LM X-axis.

lHl Throttle/jets seleet lever Lever mounted on TTCA affords N/A N/A Regardless of lever position, e011-
IH2 integrated thrust and translation troller has translation command

eontrol ca pab i l i ty, capability along the Y-axis and Z-
axis.

JETS Provides RCS X-axis translation
capability.

THROTTLE Provides Y-axis translation by vary-
ing thrust magnitude of descent
engine.

IH3 Throttle friction controller Varies force required to move tee- N/A N/A Force required to move tee-handle
IH4 handle upward or downward. Con- varies f rom minimum of 0.25 to

troller is operative when 1.0 pound to maximum of 2.5 to 3.5
THROTTLE/JETS s el ect lever is se pounds.
to THROTTLE.

ORDEAL

FDA! switches Determines type of total attitude to
be displayed on FDA!'s.

9823 1 Seleets inputs to CDR's FDA!. N/A N/A

ORB RATE Enables CDR's FDA! to display total
attitude with respect to loeal hori-
zontal referenee frame.
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Location/ Circuit Power
Remarks

Ref Des Name and Position Function Breaker Source

ORDEAL
(cont)

I"HT L Enables CDH's FD,\I to display total
attitude with r es pcct to BIU.

!lS24 2 Selects input to Lr\lP's FIlAI. N/A N/A

O](B RATE Enablcs LMP'8 FDA! to display tota l
attitude with respect to local hor t-
z ont.rl reference Irn me .

INWl"L Enables L~IP's FOAl to display total
attitude with res pect to 1MU.

9S25 EAHTII-LUNAH switch Used in conjunction with ALI' SET AC DUS B: CDH's Switch is always set to either
control, inserts appr-opr iate scale OHDEAL l l Ii-vac LUNAH or OFF.
factor into OHDEAL electronics. (panel 11) bus B

EAHTII Supplies proper scale factor to FLIGHT CDR's
GHDEAL electronics whon 1,1\1 is in DISPLAYS, 28-vdc
earth orbit. OlWEAL bus

(panel 11)

PWH OFF He mov cs <1C and de power Irorn
OIWEc\1,.

LUN,\H Same as E,\RTII position, except
that s cu l e Ia ctor applies to lunar
orbit.

9IU ALT SET contr»l Inserts L1\1 oi-b itnl nlt.itudo into N/A N/A Control can bc set from 10 to :llO
ORDEAL. nautical miles.

9S2G LIGHTING switch Controls the b r ightness of the AC BUS B: eDH's
OHDEAL EL panel lighting. OIWEAL 1!5-vac

(panel 11) bus B

DRT Selects bright light level.

OFF Turns off panel l ight ing ,

DIM Selects dim light level.
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Location/
Function

Circuit Power
RemarksRef Des Name and Position Breaker Source

ORDEAL
(cont)

9S27 MODE switch Inserts and maintains proper a ngu- N/A N/A
la r offset into FDAI's.

OPR/SLOW When used with UP and DOWN posi-
tions of the SLEW switch, permits
slewing the FDAI at lOX orbital
rate in plus or minus direction.
Used for fine adjustment.

HOLD/FAST 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.

9S28 SLEW switch Slews pitch indication on FDA1 in
plus (UP position) or minus (DOWN
position) at rate dependent on set-
ting of MODE switch.

UTILITY
LrGHT

16S19 UTILiTY LIGHTS switch Controls outlet that accepts portable LTG CDR's
16S20 (CDR and LlIIP) utility light for usc in cabin. UTIL 28-vdc

(Panel 11) bus

OFF Deenergi zes utility light.

DDT Provides reduced illumination.

BRIGHT Provides maximum illumination.

17S9 RR GYRO SEL switch

PRIM Inhibits voting logic and selects N/A
primary gyros .

AUTO Enables voting logic to select pri-
mary or secondary gyros auto-
matically.

SEC Inhibits voting logic and selects
secondary gyros.
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LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

ABBREVIATION LIST

A C (cent)

AID
AAP
abs
ac (a-c)
ACA
AEA
AEAA
AELD
AF
AFC
AGC
AGS
ALT
amp
AMPL
ANT
ANUN
AOT
APS
AR
ARS
AS
ASA
ASC
ASD
ASI
ASSY
AT
ATA
ATCA

ATM
ATT
ATTEN
AUTO
AUX

BAL
BAT
BD
biomed
BIPRPLNT
BPF
BU

CW/FM

C/W

Analog- to-digital
Abort autopilot
Absolute
Alternating current
Attitude controller assembly
Abort electronics assembly
Ascent engine arming assembly
Ascent engine latching device
Audio frequency
Automatic frequency control
Automatic gain control
Abort guidance section
Altitude
Ampere(s)
Amplifier
Antenna
Annunciator
Alignment optical telescope
Ascent propulsion section
AOT reticle angle
Atmosphere revitalization section
AOT shaft angle
Abort sensor assembly
Ascent
Apollo standard detonator
Apollo standard initiator
Assembly
AOT trunnion angle
Abort timing assembly
Attitude and translation control
assembly
Altimeter transmitter multiplier
Attitude
Attenuator
Automatic
Auxiliary

B

Balance
Battery
Band
Biomedical
Bipropellant
Band-pass filter
Backup

C

Continuous wave frequency
modulated
caution and warning

cb
CBW
CBX
CCRD

CDH
CDR
CDU
CENTANG
CES
CFP
cg
CKT
CL
CLR
CMC
CMD(S)
CMPTR
COAS
COMM
COMP
CONDR
CONT
cont
cos
C02
CPL
cps
CPS
CRSFD
CS
CSI
CSM
CSS
CT
CTR
CTS
CW
CWEA

CX

Dl, 2,
3, 4
D/A
DAP
db
de (d-e)
DCA
DECA

Circuit breaker
Constant bandwidth
C-band transponder
Computer control and reticle dimmer
assembly
Constant delta altitude
Commander
Coupling data unit
Central angle of transfer
Control electronics section
Coelliptic flight plan
Center of gravity
Circuit
Close
Clear
Command module computer
Cornmandts )
Computer
Crewman optical alignment sight
Communications
Comparator
Conditioner
Control
continued
Cosine
Carbon dioxide
Couple
Cycles per second
Cold plate section
Crossfeed
Communications Subsystem
Coelliptic sequence initiation
Command and Service module
Computer subsection
Control transformer
Counter reset
Counter set
Continuous wave
Caution and warning electronics
assembly
Control transmitter

D

Doppler spectrum signals

Digital-to-analog
Digital autopilot
Decibel
Direct current
Digital command assembly
Descent engine control assembly

W
r:'£
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LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

ABBREVIATION LIST (cont)

D (cont) F (cont)

DECR
DEDA
DEG
DEMOD
DES
DET
DFI

DFR
DID
DIF
DISP
DIST
DN
DNKRPT
DPS
DRB
DSEA
DSKY
DUA
DVS

Decrease
Data entry and display assembly
Degreeis)
Demodulator
Descent
Detector
Developmental Flight Instrumen
tation
Deadface relay
Display inertial data (discrete)
Differential
Display
Distribution
Down
Downlink interrupt
Descent propulsion section
Deadface relay box
Data storage electronics assembly
Display and keyboard
Digital uplink assembly
Doppler velocity sensor

E

FM
FR
FOV
fps
ft
FWD

g
GASTA

gc
GDA
GEN
GET
GETI
GMBL
GN&CS

GOX
GRD
GSE
GUID

Frequency modulation
Range frequency
Field-of-view
Foot (feet) per second
Foot (feet)
Forward

G

Gravity
Gimbal angle sequencing transfor
mation assembly
Gigacycle(s)
Gimbal drive actuator
Generator
Ground elapsed time
Ground elapsed time of ignition
Gimbal
Guidance, Navigation, and Control
Subsystem
Gaseous oxygen
Ground
Ground support equipment
Guidance

\
)

E
ECA
ECI
ECS
ED
EDC
EDS
EKG
EL
EMI
EMP
EMU
ENG
ENTR
EOS
EPS
ERA
ERR
EVA
EVVA
EX
Ey
EZ

F
FC
FDAI
FDBK
FF
FITH

Elevation angle
Electrical control assembly
Electrical circuit interrupter
Environmental Control Subsystem
Explosive device
End detonator cartridge
Explosive Devices Subsystem
Electro-cardiograph
Electroluminescent
Electromagnetic interference
Emphasis
Extravehicular mobility unit
Engine
Enter
Emergency oxygen system
Electrical Power Subsystem
Electronic replaceable assembly
Error
Extravehicular astronaut
Extravehicular visor assembly
X-component of attitude error
y - component of attitude error
Z-component of attitude error

F

Fahrenheit; forward
LR tracker reference frequency
Flight director attitude indicator
Feedback
Flip-flop
Fire in the hole

H/X
h
Ii
Ha
He
HEA
HF
Hg
HI
HNDRPT
H
H~F
HTR
HTS
HV
H20

lAM
ICS
ID
IF
ICA
IMU
INCR
INV
IOPS
IRIG

H

Heat exchanger
Altitude
Altitude rate
Apogee
Helium
High- efficiency antireflection
High frequency
Mercury
High
Hand interrupt
Perigee
High- pass filter
Heater
Heat transport section
High voltage
Water

Incidental amplitude modulation
Intercommunication system
Identification
Intermediate frequency
Inner gimbal axis
Inertial measurement unit
Increase
Inverter
Interim Oxygen Purge System
Inertial reference integration gyro )
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SUBSYSTEMS DATA

..~
\

ABBREVIATION LIST (cont )

I (cont ) M (cont )

IS Instrumentation Subsystem min Minimum
ISOL Isolation MISC Miscellaneous
IS Specific impulse MKRPT Mark interrupt
ISS Inertial subsection mm Millimeter(s)
ITMG Integrated Thermal micrometeroid MOD Modulation

garment MON Monitor
MPS Main Propulsion Subsystem

K MPX Multiplexer
MSD Most significant digit

K Constant msec Millisecond(s)
kc Kilocycle(s) MSFN Manned Space Flight Network
kmc Kilomegacycle(s) mv Millivolt(s)
kpps Kilopulse(s) per second mw Milliwatt(s)
KYRPT Key interrupt

N
L

N Noun: noise factor
L Left NIA Not applicable
LAT Lateral NB Navigation base
LCA Lighting control assembly NC Normally closed
LCG Liquid- cooled garment nm Nautical mile(s)
LDG Landing NO Normally open ~LDR LUT deadface relay No. Number
LF Low frequency NORM Normal
LGC LM guidance computer NRZ Nonreturn- to- zero
LH Left hand N2H4 Hydrazine

) LiOH Lithium hydroxide N204 Nitrogen tetroxide
LLC Low-level commutators
LLS Low-level sensor 0
LM Lunar Module
LMP LM mission programmer: LM Olc Overcurrent

Pilot OIT Overtemperature
LO Low OCR Overcurrent relay
LOR Lunar orbital rendezvous; Lockout OCPS Oxygen cabin pressure section

relay OGA Outer gimbal axis
LOS Line of sight OPR Operate
LPD Landing point designator OPR ERR Operator error
LPF Low-pass filter ORDEAL Orbital rate display - earth and
LR Landing radar lunar
LSD Least significant digit OSC Oscillator
LTG Lighting OSCPCS Oxygen supply and cabin pressure
LUT Launch umbilical tower control section
LV Low voltage ass Optical subsection

OT Operational test
M OVBD Overboard

OVHD Overhead
M Mode discrete OXID Oxidizer

,~~~
MALF Malfunction 02 Oxygen

:i.;~;.,\
:§!~~

'~::L~; MAN Manual '~':\';';

MANF Manifold P
max Maximum
me Megacycle(s) P Program
MDF Mild detonating fuse pia Part of
MF Medium frequency p-p Peak- to- peak
MFC Main feed contactor PA Power amplifier
MGA Middle gimbal axis PAM Pulse amplitude modulation
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SUBSYSTEMS DATA

ABBREVIATION LIST (cont )

P (cont ) R (cont )

PBAT
PBW
PCA
PCT\!
PCMTEA

PDA
PGA
PGNCS

PGNS

PIP
PIPA

PKG
PLSS
PM
PMP
ppm
pps
PQGS
PRA
PRE
PRESS
PRF
PRIM
PRM
PRN
PRPLNT
PS
PSA
psi
psia
psid

PSK
PT
PTA
PTT
PVT
PWR

Q
QI
QTY
quad
QUAD

Rl, 2, 3
R
RIC

Pyro battery
Proportional bandwidth
Program coupler assembly
Pulse code modulation
Pulse- code- modulation and timing
electronics assembly
Power distribution assembly
Pressure garment assembly
Primary guidance, navigation, and
control section
Prima'~" guidance and navigation
sectior,
Pulse integrating pendulum
Pulsed integrating pendulous
accelerometer
Package
Portable life support system
Phase modulation
Premodulation processor
Pulsef 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
Poundt s ) per square inch
Poundl s) per square inch absolute
Poundts ) per square inch differen
tial
Phase-shift keyed
Pressure transducer
Pulse torque assembly
Push- to- talk
Pressure- volume- temperature
Power

Q

Quotient
Quantity indicator
Quantity
Quadrant
Quadrature

R

DSKY registers 1, 2, and 3
Rankine; right
Reverse current

RC
RCCA
RCR
RCS
RCVR
RD
RDG
RDNG
RDR
REF
REG
RES
RET
RF
rf
RGA
RH
RJB
rms
mmz
RNG
ROD
RR
RRE
RT
RUPT
RZ

S+N
SIS
S&C
SBASI

SBPA
SBX
SC
SCEA

SCERA

sco
SE
sec
SEL
SENS
SEP
SEQ
SERVO
AMPL
SG
SHe
SHFT
SIG
sin

Resistanc e- capacitanc e
Rough combustion cutoff assembly
Reverse- current relay
Reaction Control Subsystem
Receiver
Relay driver
Range data good
Range data no good
Radar
Reference
Regulator
Resolver
Return
Radio frequency
Radial rate
Rate gyro assembly
Right hand
Relay junction box
Root mean square
Rendezvous
Range
Rate of descent
Rendezvous Radar
Rendezvous radar electronics
Resistance thermometer
Interrupt
Return- to- zero

S

Signal + noise
Subsystem
Stabilization and control
Single bridgewire Apollo standard
initiator
S-band power amplifier
S-band transponder
Signal conditioner
Signal- conditioning electronics
assembly
Signal conditioner electronic
replaceable assembly
Signal- controlled oscillator
Systems Engineer
Second(s); secondary
Select
Sensitivity
Separator
Sequence
Servoamplifier

Signal generator
Supercritical helium
Shaft
Signal
sine

)
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,,~
SUBSYSTEMS DATA

ABBREVIATION LIST (cont)

S (cont) U

SLA Spacecraft Lunar Module adapter UDMH Unsymmetrical dimethylhydrazine
SMRD Spin motor rotation detector UHF Ultrahigh frequency
SOL Solenoid UPRUPT Uplink interrupt
SOM Stable orbit midcourse usee Microsecondls)
son Stable orbit rendezvous
SOV Shutoff valve

VSP Static pressure
SPA Signal-processing assembly
SPDT Single-pole double-throw V Verb
SRR Shift- register reset vac Volts, alternating current
SRS, Shift- register set VCO Voltage- controlled oscillator
SS Speed sensor Vex X-component of CSM velocity
SSB Single sideband Vcy Y-component of CSM velocity
ST Strain/temperature signal Vcz Z- component of CSM velocity

conditioner VD Velocity data
STAB/CONT Stabilization and control vdc Volts, direct current
STBY Standby VDG Velocity data good
SW Switch VDNG Velocity data no good
SYS System VEL Velocity

VG Magnitude of velocity to be
~gained '..

T
VGPS Vehicle ground power supply
VHF Very high frequency

T/R Transmitter-receivel' VLV Valve
Tt. Time to go until CDH maneuver VOL Volume
TAl Absolute time VOX Voice-operated relay
TBS To be supplied VPI Val ve position indicator
tf Time of flight from tig until target vrms Volts root mean square

is reached VSOM Velocity sensor oscillator
Til' Time of ignition multiplier
TN Trim negative Vx X-component of LM velocity
Tp Trim positive

~a
Altitude rate (landing radar)

TC Thermocouple y Y-component of LM velocity
TCA Thrust chamber assembly Vya Laterial velocity (landing radar)
TE Timing electronics equipment Vz Z-component of LM velocity
TEMP Temperature Vza Forward velocity (landing radar)
TFF Time of free fall to 3,000 ft
TFI Time from Tig W
THR Thrust
TL Tracker look-on W/B Water boiler
TLE Tracking light electronics WC Weighted current
TM Telemetry wco Weighted current gate
TPF Transfer phase final WMS Water management section
TPI Transfer phase initiation
TPM Transfer phase midcourse X
TRANSL Translation
TRUN Trunnion XLUNAR T'ranslunar
TS Temperature sensor XMTD Transmitted
TT Temperature transducer XMTR Transmitter
TTCA Thrust /translation controller XPNDR Transponder

assembly XTAL Crystal
TTl Time to initiate
TTlg Time to ignition <): Angle
TV Television
TX Telemetry transmitter t.h Altitude differential

J
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SUBSYSTEMS DATA

ABBREVIATION LIST (cont)

t.P
t.R

t.ro

tN

A-6

X (cont)

Pressure differential
Magnitude of difference between
position state vectors before and
after incorporation of mark data
Differential altitude in co-elliptic
orbit
Velocity change (differential)

t.Vm
t. «c
t.,pg
¢

z
IX
I6X

X (cent)

Measured t.V magnitude
Gimbal angle change command
Change in gimbal angle
Phase
Sum (summing)
One-speed resolver
Sixteen- speed resolver



LMA 790-3- LM
APOLLO OPERATIONS HANDBOOK

SUBSYSTEMS DATA

FREON BOILER

CYLINDER AND PISTON

WATER SEPARATOR

TANK WITH BLADDER

SECONDARY WATER
BOILER

---M- SELECTOR VALVE
~ (4 WAY- 2 POSITION)

0,,,·

VENT

ACCUMULATOR

GLYCOL PUMP

TEMPERATURE
CONTROL VALVE

CONDENSER,
REGENERATOR
OR PRE HEATER

FILL OR DRAIN

i(

11

==®== PUMP (vane type)

==(8)== PUMP (ooar type)

MANUAL VALVE

SOLENOID VALVE

MOTOR CONTROL VALVE

PRESSURE REGULATOR

FILLERNECK
WITH FILTER SCREEN

PRESSURE REGULATOR
WITH RELIEF VALVE

RELIEF VALVE

=t><J== BASIC VALVE

::::::t::01= BALL VALVE

~ DIVERTER VALVE
~~ (MANUAL OVERRIDE)

)

::J=t= ORIFICE OR RESTRICTOR

HEAT EXCHANGER

FAN

~ BLOWER

ENGINE

MOTOR- DRIVEN
SELECTOR VALVE

EXPLOSIVE VALVE

PYRO GUILLOTINE
(S Indicate••oallno tube type)

~ FILTER

MOTOR- DRIVEN
SELECTOR VALVE
WITH MANUAL
OVERRIDE

C02 AND ODOR
REMOVAL CANISTER
AND CARTRIDGE

::J-r CHECK VALVE

LOW-LEVEL SENSOR

OUICK- DISCONNECT
COUPLING

WATER EVAPORATOR

<J::::::::D::: L10UID- LEVEL SENSOR ~ BURST DISK THRUST NEUTRALIZER

B-1Mission LM Basic Date 1 February 1970 Change Date, Page -'='-;:.:. _
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PUSHBUTTON SWITCH
(MOMENTARY BREAK)

-jf- ELECTRICAL CONTACTORS
(NON- LOCKING TYPE)

SWITCH (SPDT)

PRESSURE SWITCH
ANTENNA

BUS BAR

CURRENT SENSOR

FLOW TRANSDUCER

PARTIAL - PRESSURE
SENSOR

PRESSURE TRANSDUCER

CIRCUIT BREAKER
(push-pull type)

CIRCUIT BREAKER
(switch type)

-'V- FUSE

HEATER

AMPLIFIER O'R DRIVER
(DC, Pre, or Buffer)

INVERTER AMPLIFIER
(Inversion symbol is
shown on inverted line)

QUANTITY INDICATOR LOGIC SYMBOLS

~ SWITCH (SP3T)

AND

NAND

EXCLUSIVE OR

OR

NOR

VARIABLE DELAY

CONTROL TRANSMITTER

CONTROL TRANSFORMER

MOTOR

FLIP- FLOP

SYNCHRO RESOLVER

RELAY

}

SWITCH 6
CONTACTS

BATTERY

RELAY CONTACTS

DIODE (zener)

GROUND

POTENTIOMETER

CAPACITOR

RELAY OR
SOLENOID COIL

RESISTOR

MOMENTARY

LATCHING

PUSHBUTTON SWITCH
(MOMENTARY MAKE)

.1

-JE-

---++-- DIODE

TEMPERATURE PROBE

SPEED SENSOR

SIGNAL CONDITIONER

VALVE POSITION INDICATOR

TEMPERATURE TRANSDUCER

VOLTAGE TRANSDUCER

VIBRATION SENSOR

LOW-LEVEL SENSOR

DIFFERENTIAL
PRESSURE SENSOR

GASEOUS OXYGEN

FUEL

GLYCOL - PRIMARY LOOP

HYDROGEN

OXIDIZER

GLYCOL - SECONDARY LOOP

NITROGEN!§

'/// ( .' /

", .',!\l'P.", . O' WATER
__o____<>- SWITCH (SPST)

!:!!rQ{i'!!'1 OXYGEN

---F""'l- CURRENT MONITOR

-11:- ELECTRICAL CONTACTORS

HELIUM A JOOlMA106 2
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ALPHABETICAL INDEX

Pa.ragraph

,~:Cl(-i-CPS Svnch rrmiz attou Loop 2.1.~1.(j.5

)

A-C Section .
Abort Electronics As scrnblv
Abort Guidance Section

Descent or Ascent Engine and Thrust Chn mbcr .vssemblv Burn.
Guidance Houtines ..
Intro f.rct ion .
Initialization Function .
';Iajor Component/Functional Description
Modes of Operation
Self-Test Routine ..
Thrust Termination.

Abort Sensor As semblv,
AC-to-DC Converters
Aft Equipment Bay ...
AGS Power Distribution.
AGS Warning Light ...
Alignment Optical Telescope

Lights .
I1Iajor Component/Functional Description

Analog, Multiplexer Gate Drivers.
Analog Signal Isolating Buffer-s .
Analog-to- Digital Conversion
Analog-to- Digital Converter
Antenna Assembly (LR) .
Antenna Assembly (FiR) ...
Antenna Assembly (RliT) .
Antenna Beam Configuration
Antenna Equipment (CS)
Antenna Or ie nta tion , RH
Antenna Positions (LH)
Antenna Supports ..
Antennas (CS) ....
Apollo Lunar Surfaee Experiment Package.
Armrests .
ASC HI REG Caution Light
ASC pnESS Warning Light
ASC QTY Caution Light ..
Ascent Engine Arming As sernblv . '.
Ascent Engine Control .
Ascent Oxygen Tanks .
Ascent Propellant Tank Pressurization
Ascent Propulsion Section

Functional Description .
Interface" .
Maj or Component/Functional Description
Operational Limitations and Re s tr i c t ion s
Performance and l ie s ign Da ta .

Ascent SL~ge Batteries , .
Ascent Stage Electrical Control As se mbl ies
Ascent Stage General Description
Ascent Stage Power .
Ascent Stage Structure .
Ascent Stage Water Tanks .
Atmosphere Revital iz ation Section

Functional Deseription .
Introduction .
Major Cornponent/T'unctionn! Deseription

A ttenuators .
Attitude and Translation Control Assembly
Atti tude Control. . . . . . . . .
Attitude Controller Assemblies

2.:1.3.3
:2.1.4 . .,1.2

2.4.4.9
2.1.4.4.8
2.1.1.2
2.1.4.4.6
2.1.4.4
2.1.4.4.7
2.1.4.4. ')
2.1.4.4.10
2.1.4.4.1
2.9.4.2.3
1.2.2.3
2.1.3.(;.2
2.9.4.4.27

2.10.2.2.6
2.1.4.2.1
2.~).4.3.1

2.9.4.2.4
2.1.4.1.3
2.9.4.3.3
2.2.4.3.1
2.2.4.1.1
2.2.4.2.1
2.2.3.3.4
2.7.4. :J
2.2.3.1.3
2.2.3.3.3
1.2.2.5
2.7. (i. 1
2.11.10
2.11.5.1
2.9.4.4.Hi
2.9.4.4.17
2.9.4.4.18
2.1.4.5.7
2.1. 3. 5.4
2.6.4.3.2
2.8.3.6

2.3.8
2.3.7
2. :1. 9
2.3.11
2. :3. 10
2.5.4.2
2.5.4.5
1.2.1
2.5.3.5.5
1. 2. 2
2.6.4.3.2

2.6.:3.1
2.6.1.1
2.6.4.1
2.9.4.2.2
2.1. 4.5.3
2.1.3.5.1
2.1.4.5.1
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Paragraph

Attitude Hold Mode . . . .
Automatic Mode .
Automatic Tracking Mode

2.1.3.5.1
2.1.3.5.1
2.2.3.1.1

BATTERY Caution Light .. .
Battery Control Relay Assembly
Battery Status-Monitoring Circuits
Battery Voltage- and Current-Monitoring Circuits
Bioinstrumentation ...
Buddy System Umbilical
Burst Disk Assemblies

2.9.4.4.15
2.5.4.4
2.5.3.4.1
2.5.3.4.2
2.11.4.5.1
2.11.3.3
2.3.4.7

Cabin Pressure Switch
Cabin Relief and Dump Valves
CABIN Warning Light
Calibrator. . . . . . . . . . .
Cartridges .
Caution and Warning Electronics Assembly
CES AC Warning Light .
CES DC Warning Light .
CES Power Distribution .
Circuit Breaker and EPS Control Panels ..
Circuit Interrupters (Deadface Connectors)
Circuitry (ED) .
Cold Plates and Rails .
Combustion Chamber and Extension Nozzle (RCS) .
Combustion Chamber and Nozzle Extension (DPS) .
Combustion Chamber Assembly (AI'S)
Communications Carrier ..
Communications Subsystem

Functional Description..
Interfaces . . . . . . . .
Introduction . . . . • . .
Major Component/Functional Description
Operational Limitations and Hestrictions
Performance and Design Data .

Computer Control and Reticle Dimmer Assembly.
Control Electronics Section

Introduction . . . . . . . . . . . . . . . .
Major Component/Functional Description

Control and Display Panels.
Controls (PGA) ...
Coolant Accumulator
Coolant Fi.iters ..
Coolant Pumps . . .
Coupling Data Unit .
Crew Compartment.
Crew Life Support .
Crew Miscellaneous Equipment
Crew Personal Equipment ...
Crew Support and Restraint Equipment
Crew Transfer Tunnel . . . . . .
Crew Water System .
Crewman Optical Alignment Sight
Cryogenic Helium Storage Vessel
CM Forward Hatch

2.6.4.2.7
2.6.4.2.6
2.9.4.4.2
2.9.4.3.4
2.8.4.1.1
2.9.4.4
2.9.4.4.21
2.9.4.4.23
2.1.3.6.3
2.5.4.9
2.8.4.1.6
2.8.3.1
2.6.3.4.3
2.4.4.5.3
2.3.4.13
2.3.9.8
2.11.2.3

2.7.3
2.7.2
2.7.1
2.7.4
2.7. G
2.7.5
2.1.4.2.2

2.1.1.3
2.1.4.5
1.2.2.1.1
2.11. 2. 2. 4
2.6.4.4.1
2.6.4.4.2
2.6.4.4.3
2.1.4.1.3
1.2.2.1
2.11. 4
2.11.7
2.11
2.11.5
1. 5.1
2.11.4.1
2.11.6.1
2.3.4.2
2.11.6.6

)

D-C Amplifiers. .
D-C Section. . . . . . .
Data Entry and Display Assembly.
Data Operations .
Data Storage Electronics Assembly
DC BUS Warning Light
Deadface Relay Box .

2.9.4.2.1
2.5.3.2
2.1.4.4.3
2.7.3.4
2.9.4.5
2.9.4.4.13
2.5.4.7
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ALPHABETICAL Il\DEX (cant)

Paragraph

)

Decision Network .
DEDA Operation .
Deployment and Downlock Mechanism
DES QTY Warning Light .
DES REG Warning Light .
Descent Engine Control .
Descent Engine Control Assembly ..
Descent Engine Control Functional Description
Descent Oxygen Tank .
Descent Propellant Ta11k Pressurization·
Descent Propellant Tank Venting.
Descent Propulsion Section

Functional Description. . . . .
Interfaces . . . . . . . . . . .
Major Component/Functional Description
Operational Limitations and Restrictions
Performance and Design Data .

Descent Stage Batteries .
Descent Stage Electrical Control Assemblies
Descent Stage General Description .....
Descent Stage Power (High-Voltage Taps) .
Descent Stage Power (Low-Voltage Taps)
Descent Stage Structure ...
Descent Stage Water Tank ..
Digital-to-Analog Conversion
Digital Multiplexer ...
Digital Uplink Assembly ...
Direct Mode , . . . . . . . . .
Discrete Signal Isolating Buffers.
Display and Keyboard Assembly .
Docking Aids . . . . . . . . . . .
Docking Aids and Tunnel Hardware
Docking Drogue .
Docking Hatches
Docking Lights .
Docking Probe .
Docking Target .
Docking Target (Lighting).
Docking Tunnel . . . . . .
Drogue Assembly .....
DSKY Operation Under LGC Control

2.9.4.3.11
2.1.4.4.4
1.3.2.2.5
2.9.4.4.19
2.9.4.4.20
2.1.3.5.3
2.1.4.5.5
2.3.3.31
2.6.4.2.1
2.8.3.4
2.8.3.8

2.3.3
2.3.2
2.3.4
2.3.6
2.3.5
2.5.4.1
2.5.4.3
1. 3. 1
2.5.3.5.4
2.5.3.5.2
1. 3.2
2.6.4.3.1
2.1.4.1. 3
2.9.4.3.6
2.7.4.2.2
2.1.3.5.1
2.9.4.2.5
2.1.4.3.2
1. 5.1. 6
2.11. 6
1. 5.1.4
1.5.1.3
2.10.2.1.1
1. 5. 1. 5
2.11.6.2
2.10.2.1. 3
1.2.2.2.1
2.11.6.3
2.1.4.3.4

ED Batteries .
ED Bus-Arming .
ED RELAYS Caution Light
ECS Caution Light- ....
Electrical Power Subsystem

Functional Description .
Interfaces . . .
Introduction . . . . . . .
Major Component/Functional Description
Operational Limitations and Hestrictions
Performance and Design Data ..

Electrical Power Subsystem (PLSSj
Electrical Umbilical . . .
Electronics Assembly (LR) .
Electronics Assembly (RH). . .
Electronics Assembly (RRT)
Emergency Medical Equipment
EMU Maintenance Kit .....
EMU Waste Management System.
ENG GMBL Caution Light
Engine Assembly (APS) .

2.8.4.2
2.8.3.2
2.9.4.4.28
2.9.4.4.3

2.5.3
2.5.2
2.5.1
2.5.4
2.5.6
2.5.5
2.11.2.5.5
2.11.3.2
2.2.4.3.2
2.2.4.1.2
2.2.4.2.2
2.11.4.5.3
2.11.2.7
2.11.4.3
2.9.4.4.10
2.3.8.3
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Paragraph

Engine Assembly (DPS) .
Environmental Control Subsystem

Functional Description.
Interface .
Introduction . . . . . . . . . .
Major Component/Functional Description
Operational Limitations and Restrictions
Performance and Design Data .

E PS Stages of Operation .
Explos ive Devices .
Explosive Devices Relay Boxes
Explosive Devices Subsystem

Functional Description.
Interfaces . . . . . . . . .
Introduction .
Major Component/Functional Description
Operational Limitations and Restrictions
Performance and Design Da ta ,

Explosive Valves (AI'S) .
Explosive Valves (DPS) .
Explosive Valves (RCS) .
Exterior Lighting. . . .
External Power and Signal Interface
Extravehicular Boots .
Extravehicular Communications System
Extravehicular Gloves ....
Extravehicular Mobility Unit

2.3.3.3

2.6.3
2.6.2
2.6.1
2.6.4
2.6.6
2.6.5
2.5.3.5
2.8.4.1
2.8.4.3

2.8.3
2.8.2
2.8.1
2.8.4
2.8.6
2.8.5
2.3.9.1
2.3.4.1
2.4.4.1
2.10.2.1
2.5.2.1
2.11.2.4.2
2.11.2.5.6
2.11. 2. 4.1
2.11. 2

Failure Detection.
Fecal Device ...
Feedwater Loop ..
Final Docking Latches
Flat Cold Plates and Cold Hails
Floodlighting .
Flow Control Valves .
Food Preparation and Consumption
Footpad .
Forward Hatch .
Frequency-to- DC Converter . . .
Fuel and Oxidizer Shutoff Valves.
Fuel and Oxidizer Tanks .....
Fuel and Oxidizer Valve Assemblies.
Fuel/Helium Heat Exchanger
Functional Description

Ascent Propulsion Section
Communications Subsystem
Descent Propulsion Section
Electrical Power Subsystem
Environmental Control Subsystem.
Explosive Devices Suhsvstern ...
GUidance, Navigation, and Control Subsystem
Instrumentation Subsystem
Lighting : .
Radar Subsystem .
Reaction Control Subsystem.

2.1.4.1.3
2.11.4.3.2
2.11.2.5.3
1. 5. 1. 1
2.6.4.4.6
2.10.2.2.3
2.3.4.10
2.11.4.2
1.3.2.2.2
1.2.2.1.2
2.9.4.2.6
2.3.4.11.2
2.4.4.4
2.4.4.5.1
2.3.4.3

2.3.8
2.7.3
2.3.3
2.5.3
2.6.3
2.8.3
2.1. 3
2.9.3
2.10.3
2.2.3
2.4.3

General Operation of Abort Guidance Section
General Operation of Control Electronics Section
General Operation of Primary Guidance and Navigation Section
General Operation, Landing Radar .
General Operation, Rendezvous Radar .
General Operation, RR Transponder .
Gimbal Angle Sequencing Transformation Assembly
Gimbal Drive Actuators .

2.1.3.4
2.1.3.5
2.1.3.3
2.2.3.3.2
2.2.3.1.2
2.2.3.2.2
2.1.4.5.9
2.1.4.5.6
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Par agrriph

Gimbal Ring and Gimhal Drive Actuators
GLYCOL Caution Light.
GN&CS - CS Interface..
GN&CS - ECS Interface.
GN&CS - EDS Interface.
GN&CS - EpS Interface.
GN&CS - IS Interface ..
G"i&CS - Mf-S Interface.
GN&CS - RCS Interface ,
GSE-Supplied Prelaunch Power.
Guidance, Navigation, and Control Subsystem

Functional Description
Interfaces . . . . . . . . . . . . . . . . .
Introduction . . . . . . . . . . . . . . . .
Major Component/Functional Description
operational Limitations and Restrictions
Performance and Design Data.

2.3.4.14
2.9.4.4.5
2.1.2.5
2.1.2.4
2.1.2.G
2.1.2.3
2.1.2.7
2.1.2.1
2.1.2.2
2.5.3.5.1

2.1. 3
2.1.2
2.1.1
2.1. 4
2.1. G
2.1.5

)

Handholds .
Hardover Mode . . . . .
Heat Transport Section.

Functional Description
Introduction . . . . . .
Major Component/Functional Description

HEA TER Caution Light .
Heaters .
Helium Isolation Solenoid Valves (ApS)
Helium Isolation Solenoid Valves (DPS)
Helium Isolation Valves and Compatibil itv Valves.
Helium Pressure Regulator Assemblies (AI'S)
Helium Pressure Hegulator Assembly (HCS)
Helium Pressure Regulators (D1'S)
Helium Pressurization Section .
Helmet .
High- Level Analog Multiplexer and High-Speed Gates.
High-Pressure Oxygen Control Assembly

2.11.5.2
2.1.3.5.1

2.6.3.4
2.6.1.4
2.6.4.4
2.9.4.4.1I
2.4.3.4.2
2.3.9.2
2.3.4.4
2.8.4.1.5
2.3.9.3
2.4.4.2
2.3.4.5
2.·1. 3. 1
2.11.2.2.2
2.9.4.3.2
2.6.4.2.2

Ignition and Shutdown .
1i\!U Case .
IMU Failure-Detection As sernbl v,
IMU Temperature Control Assembly.
In- Flight Data .
Inertial Measurement Unit .
Inertial Reference Integrating Gyros
Inertial Suhsection

Functional Loops ..
Modes of Operation

Injector Assembly...
Injector Head Assembly
Inner Gimbal Assemblv .
Instrumentation (PGA) .
Instrumentation Subsystem

Functional Description.
Interface .
Introduction . . . . . . . .
Major Component/Functional Description
operational Lim itntions and Hestrictions
Performance and Design Data .

Integrally Lighted Components .
Integrated Thermal Micrometeoroid Garment.
Interior Lighting . . . . . . . . .
Internal Power Interface . . . . .
Interstage Structural Connections

2.1.3.5.3
2.1.4.1.2
2.1.4.1.2
2.1.4.1.2
2.1I.7.I
2.1.4.1.2
2.1.4.1.2

2.1.4.1.7
2.1.4.1.8
2.:3.9.7
2.4.4.5.2
2.1.4.1.2
2.11.2.2.5

2.9.3
2.9.2
2.9. I
2.9.4
2.9.6
2.9.5
2.10.2.2.1
2.11.2.4
2.10.12.2
2.5.2.2
2.8.4.1.2

C-515 June 1970Mission LM Basic Date 1 February 1970 Change Date._--"'""--J"-"J......""-".J..J£__ Page__-==--"- _



LMA790-3-LM
APOLLO OPERATIONS HAt-.'DBOOK

ALPHABETICAL INDEX (cont)

Paragraph

Interstage Umbilical Cutters (Guillotine).
Intravehicular Gloves
Introduction

Communications Subsvstem
Crew Personal Equipment .
Electrical Power Subsystem.
Environmental Control Subsystem
Explosive Devices Sub sv s tern ...
Guidance, Navigation and Control Subsystem
Instrumentation Subsystern
Lighting .
Main Propulsion Subsystem
Radar Subsystem .
Reaction Control Subsystem.

INVERTER Caution Light.
Inverters .....
ISS Warning Light.

2.8.4.1.3
2.11.2.2.3

2.7.1
2.11.1
2.5.1
2.6.1
2.8.1
2.1.1
2.9.1
2.10.1
2.3.1
2.2.1
2.4.1
2.9.4.4.14
2.5.4.8
2.9.4.4.25

Ladder .
Lamp and Tone Test
Landing Gear ....
Landing Gear Deployment.
Landing Gear Uplock and Cutter Assemblies
Landing Radar

Functional Description .
Introduction . . . . . . . . . . . . . . . .
Major Component/Functional Description

LGC Control Mode .
LGC Warning Light ....
Lighting

Functional Description.
Introduction . . . . . .
Operational Limitations and Re str ic tions
Performance and Design Data.

Liquid Cooling Garment . . . .
Liquid Tr-anspor-t Loop . . . . .
LM Communication Helay Unit .
LM Configuration .
LM Guidance Computer. . . . .
LM Vehicle, Guidance, Navigation and Control Subsystem Axes
LM-CSM Interfaces .....
LM-SLA-S-IVB Connections .
Lunar Contact Lights .
Lunar Extravehicular Visor Assembly.
Lunar Orbit - CSM/LM Power
Lunar-Surface Sensing Probe .....

1.3.2.2.7
2.10.2.2.7
1.3.2.2
2.8.3.3
2.8.4.1.4

2.2.3.3
2.2.1.2
2.2.4.3
2.2.3.1.1
2.9.4.4.24

2.10.2
2.10.1
2.10.4
2.10.3
2.11.2.1
2.11. 2. 5.4
2.11.12
1.1
2.1.4.3.1
2.1.1.5
1.5
1.4
2.10.2.2.2
2.11.2.4.3
2.5.3.5.3
1.3.2.2.6

Main Propulsion Subsystem (See Ascent Propulsion Section - Descent Propulsion Section)
Major- Component/Functional Description

Ascent Propulsion Section
Communications Subsvstem .
Descent Propulsion S~ction .
Electrical Power Subsystem
Environmental Control Subsvstem
Explosive Devices Subsystem ...
Guidance, Navigation, and Control Subsystem
Instrumentation Subsvstem .
Radar Subsystem.. : .
Reaction Control Subsystem .

Malfunctioning-Battery Isolation Circuitry
Manual Operation of DSKY .
MASTER ALARM Pushbutton/Lights and C/W PWR Caution Light
Medical Equipment . . . . . . . . . . . . . . . . . . . . . . . . .

2.3

2.3.9
2.7.4
2.3.4
2.5.4
2.6.4
2.8.4
2.1.4
2.9.4
2.2.4
2.4.4
2.5.3.4.4
2.1.4.3.3
2.9.4.4.1
2.11.4.5
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ALPHABETICAL INDEX (cont)

Paragraph

Middle Gimbal Assembh
Midsection .
Modes of Operation, HR
Modes of Operation, HH Transponder
Moding .
Modularized Equipment Stowage Assembly.

2.1.4.1.2
1.2.2.2
2.2.3.1.1
2.2.3.2.1
2.1. 4.1. 3
2.11.8

02 QTY Caution Light .
Operational Limitations and Hestrictions

Ascent Propulsion Section ...
Communications Subsystem ..
Descent Propulsion Snbs vs tern
Electrical Power Subsystem
Environmental Control Subsystem
Explosive Devices Subsvstern ...
Guidance, Navigation, and Control Subsystem
Instrumentation Subsystem
Lighting .
Hadar Subsystem . . . . . .
Reaction Control Sub s vs tern .

OPS Battery ,
OPS Instrumentation ..
OPS Oxygen Bottles ...
OPS Oxygen Connectors.
OPS Oxygen Pressure Regulator Assembly
Optical Sight Reticle Light , ,
Optical Subsection Operation .
Orbital Rate Display - Earth and Lunar

Introduction .
Major Component/Functional Description

ORDEAL Power Distribution .
Oscillator Failure-Detection Circuits No.1, 2, and 3
Outer Gimbal Assembly .
Output Hegister and Data Transfer Buffers
Overhead Hatch ....
Oxygen Control Module
Oxygen Filters ....
Oxygen Purge System
Oxygen Supply and Cabin Pressure Control Section

Functional Description .
Introduction . . . . . . . . . . . . . . . .
Major Component/Functional Description

Oxygen Umbilical .
Oxygen Ventilation Loop (P1.SS) .

2.9.4.4.6

2.3.11
2.7.6
2.3.6
2.5.6
2.6.6
2.8.6
2.1. 6
2.9.6
2.10.4
2.2.6
2.4.6
2.11.2.6.3
2.11.2.6.5
2.11.2.6.1
2.11. 2. 6. 4
2.11.2.6.2
2.10.2.2.5
2.1.4.2.3

2.1.1.4
2.1.4.6
2.1.3.6.4
2.9.4.3.10
2.1.4.1.2
2.9.4.3.7
1.2.2.2.2
2.6.4.2.5
2.6.4.2.4
2.11.2.6

2.6.3.2
2.6.1.2
2.6.4.2
2.11.3.1
2.11.2.5.2

Performance and Design Data
Ascent Propulsion Section.
Communications Suhsvs tern
Descent Propulsion Section
Electrical Power Subsystem.
Environmental Control Subsystem
Explosive Devices Subsystem ...
GUidance, Navigation, and Control Subsystem
Instrumentation Subsvstem
Lighting ' .
Hadar Subsystem .
Reaction Control Subsystem.

Personal Hygiene Items. . . . .
Personal Radiation Dosimeters.
PGNS Power Distribution ....
Phase-Locked Oscillator and Doubler
Phase-Sensitive Demodulators ....
Pilot Valves and Shutoff Valve Actuators.

2.3.10
2.7.5
2.3.5
2.5.5
2.6.5
2.8.5
2.1.5
2.9.5
2.10.3
2.2.5
2.4.5
2.11.4.4
2.11.4.5.2
2.1.3.6.1
2.9.4.3.9
2.9.4.2.8
2.3.4.11.1

C-7Page__---"'----'---- _Mission LM Basic Date 1 February 1970 Change Date 15 June 1970
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ALPHABETICAL INDEX (cant)

Paragraph

Platform .
PLSS Condensate Transfer.
PLSS Remote Control Unit .
Portable utility Lights ...
Portable Life Support System
Power and Servo Assembly ..
Power Distribution

Communications Subsystem.
Guidance, Navigation, and Control Subsystem

Power Monitoring ....
Power Supply (PCMTEA) .
Power Supply (DSEA)
PRE AMPS Caution Light.
Pressure Garment Assembly.
Pressurization Section (APS) .
Pressurization Section (DPS) .
Primary Bus Voltage-Monitoring Ci:' ·.)its.
Primary Coolant Loop .
Primary Guidance and Navigation Section

Computer Subsection.
Inertial Subsection .
Introduction . . . . . . . . . . . . . . .
Major Component/Functional Description
Modes of Operation .
Optical Subsection . . . . . . . .

Primary Oxygen Subsystem (PLSS)
Primary Strut
Probe Asscmbl v .
Programmer .'. . . . . . . .
Propellant Feed Section (APS)
Propellant Feed Section (DPS)
Propellant Quantity Gaging System (DPS)
Propellant Quantity Measuring Device.
Propellant Shutoff Vnlvr As sernbl ics
Propellant Section (HCS) ....
Propellant Storage Tanks (APS) ...
Propcllant Storage Tanks (D1'S) . . .
Pulse Integrating Pendulous Accelerometer.
Pulse Mode .
Pulse Torque Assembly .
Pulse-Code-l\Iodulation and Timing Electronics As sernblv

1.3.2.3
2.11.2.6.6
2.11.2.5.7
2.10.2.2.4
2.11.2.5
2.1.4.1.5

2.7.3.2
2.1.3.6
2.5.3.4
2.9.4.3.8
2.9.4.5.1
2.9.4.4.22
2.11.2.1
2.3.8.1
2.3.3.1
2.5.3.4.3
2.6.3.4.1

2.1.4.3
2.1.4.1
2.1.1.1
2.1. 4
2.1.4.3.5
2.1.4.2
2.11.2.5.1
1.3.2.2.1
2.11.6.5
2.9.4.3.5
2.3.8.2
2.3.3.2
2.3.3.2.1
2.4.3.3
2.3.4.11
2.4.3.2
2.3.9.5
2.3.4.8
2.1.4.1.2
2.1.3.5.1
2.1.4.1.4
2.9.4. :3

Hadar Power Distribution
Radar Subsystem

F'unct.iona l Description
Interfaces . . . . . . .
Introduction .
Maj or- Cornponentz Func trona l Description
Operational Limitations and Hestrictions
Performance and Design Data.

Ranging and Tracking .
Hanging Tone Trnnsfcr Assernbl v
Rate Gvro As sernblv '.
RCS A'REG and RCS B HEG Warning Lights
ncs Caution Light .
RCS Propellant Tank Pressurizrrtion
RCS TCA Warning Light ..
Heaction Control Subsystem

Functional Description .
Interfaces .
Introduction . . . . . . .
Major Component/Functional Description
Operational Limitations and Hestrictions
Performance and Design Data .

2.2.:1.4

2.2. :3
2.2.2
2.2.1
2.2.4
2.2.6
2.2.5
2.7.3. "
2.7.4.2.3
2.1.4.5.4
2.9.4.4.8
2.9.4.4.9
2.8.3.7
2.9.'1.4.12

2.4.3
2.4.2
2.4.1
2.4.4
2.4.6
2.4.5

.J
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ALPHABETICAL INDEX (cont)

Paragraph

Relay Junction Box ...
Relief Valve Assernbl ics (APS) .
Relief Valve Assemblies (DPS) .
Helief Valve Assemblies (HCS) .
Rendezvous Radar

Functional Description . . .
Major Component/Functional Description

Rendezvous Hadar and Transponder . . . . .
Rendezvous Hadar Transponder

Functional Description .
Major Component/Functional Description

Resistance-to-DC Converters
Restraint Assembly ....
RF Electronic Equipment.
RNDZ RDR Caution Light.

2.5.4.6
2.3.9.4
2.3.4.6
2.4.4.3

2.2.3.1
2.2.4.1
2.2.1.1

2.2.3.1
2.2.4.1
2.9.4.3.7
2.11.5.3
2.7.4.1
2.9.4.4.26

)

S-Band Erectable Antenna
S-Band Diplexer and RF Selector Switch.
S-Band In-Flight Antennas
S-Band Power Amplifier .
S-Band Steerable Antenna .
S-Band Transmitter-Receiver Assembly.
S-BD RCVR Caution Light
S&C Control Assemblies
Secondary Coolant Loop.
Secondary Struts . . . .
Sensing Equipment ...
Sensor Power Fuse Assemblies
Signal Conditioner Assembly
Signal-Conditioning Electronics Assembly
Signal-Processor Assembly .
Signal Processing Equipment
Signal Processing (LR) ....
Slew Mode (RR). . . . . . . .
STAGE SEQ RELA YS SYS A and SYS B Component Caution Lights
Staging .•........
Staging - Normal or Abort
Stowage Locations..
Stowage Provisions ....
Suhl imators . . . . . . . .
Subsystem Operation (CS).
Suit Circuit Assembly
Suit Liquid Cooling Assembly

Functional Description . . . . . . . . .
Major Component/Functional Description

Suit Temperature Control Valve
SUlT/FAN Warning Light .

2.11.11
2.7.4.3.4
2.7.4.3.1
2.7.4.1.2
2.7.4.3.2
2.7.4.1.1
2.9.4.4.29
2.1.4.5.8
2.6.3.4.2
1.3.2.2.3
2.9.4.1
2.5.4.10
2.1.4.1.6
2.9.4.2
2.7.4.2.1
2.7.4.2
2.2.3.3.1
2.2.3.1.1
2.8.3.2.1
2.8.3.5
2.5.3.5.6
2.11. 9
1.6
2.6.4.4.5
2.7.3.6
2.6.4.1.1

2.6.3.1.1
2.6.4.1.2
2.6.4.4.4
2.9.4.4.7

TCA Cluster Supports .
Thermal and Micrometeoroid Shield, Ascent Stage
Thermal and Micrometeoroid Shield, Descent Stage
Throttle Control .
Throttle Valve Actuator .
Thrust Chamber Assemblies

Functional Description .
Major Component/Functional Description

Thrust Chamber Assembly Failure-Detection System.
Thrust/Translation Controller Assemblies .....
Time Accumulator and Serial Time Code Generator
Timing Generator. .
Tool B .•.....
Torso and Limb Suit
Tracking Light . . .

1.2.2.4
1.2.2.6
1.3.2.1
2.1.3.5.3
2.3.4.9

2.4.3.4
2.4.4.5
2.4.3.4.1
2.1.4.5.2
2.9.4.3.13
2.9.4.3.12
2.11.7.2
2.11.2.2.1
2.10.2.1.2
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ALPHABETICAL Il\DEX (cont)

Paragraph

Translation Control
Trim Control . .
Tunnel Hardware

2.1.3.5.2
2.1.3.5.3
2.11.6.4

Umbilical ....
Umbilical Assembly
Uplock Assembly ..

1.5.1.2
2.11.3
2.3.2.2.4

Valve Package Assembly.
Variable-Area Injector ..
VHF Diplexer and RF Selector Switch
VHF Equipment. . . . .
VHF EVA Antenna . . .
VHF In-Flight Antennas.
Voice Operation ....

2.3.9.6
2.3.4.12
2.7.4.3.7
2.7.4.1.3
2.7.4.3.6
2.7.4.3.5
2.7.3.3

Waste Fluid Transfer
Water Control Module
Water Management Section

Functional Description .
Introduction . . . . . .. ..... .
Major Component/Functional Description

Water Quantity Measuring Device
Window Shades
Windows ....•.........

2.11.4.3.1
2.6.4.3.4

2.6.3.3
2.6.1.3
2.6.4.3
2.6.4.3.3
2.11. 7.3
1.2.2.1.3

)
1 April 1971Change Date __---'- _C-10Page Mission LM Basic Date 1 February 1970
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SUBSYSTEMS DATA
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SUBSYSTEMS DATA
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Figure 2.9-2. Instrumentation Subsystem - Overall Functional Block Diagram
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Figure 2.9-15. CWEA failure Detection Circuits - Logic Diagram (Sheet 1 of 3)
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Figure 2.9-15. CWEA Failure Detection Circuits - Logic Diagram (Sheet 2 of 3)
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Figure 2.9-15. CWEA Fa i lu re Detection Circuits - Logic Diagram (Sheet 3 of 3)
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Figure 2.10-1. Lighting Control Equipment
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Figure 2.11-6. Portable Life Support System - Simplllied Functional SChematic Diagram
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Figure 3-3. Circuit Breaker FuncUons (Sheel 1 of 5)
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LINE STDB'i OPI\ RDR W1NDOW AOT CONOR 1 AtA STAGE (PGNS) AECO CONT CONT OVRD , PWR FLAG PWRA UTIL
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cb PGNS: lhrulitlnC. PGNS trim cmda &. auto mm deadband &. PGNS min nc eng atart OVRDcb Lou of
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Figure 3-3. Circuit Breaker FunclIDns (Sheet 2 01 5)
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r Rl..'<Iundantblaa No. I (or Pwr to de. eng »toll when asc eng of ReS logtc of GEAR C. LMP UTIUTY eaut, pwr fan, C. OSKY
10 Jet driven asc cog on armed or when litaglng CECA OEPWY LIGHTS aw statu. It.
under- PGNS C. cmd, AGS Pwrto .X Redundant I th
ATeA control auto dead- Redundant feed to des eng arm ckta TRANSL pb pwr to ENG Pwr to docking Its thru

band eetee- ARM loW EXTERIOR LTG c. LM/
Pwr to SC.C lion ... Pwr to react man eng t1tart relay. Enabllllg voltage I SLA pre.. loW
cont asay for .taglng for ...GS pwse
guld coni cmd during Pwr for man de. eng start mode COlds i Pwr to OEDA OPR ERR lt
IIwltchlng abort stage

to EDSYSA Pwr to LUNAR CONTACT It

I
on pnl 1

----- ----- --------------- ------- ----- -~---- 1---- ----- ------ ----------
Los. of redundant recu to dos cng arm Lo .. of AGS Prim pwr 1.oIIJ of dee eDC ..... of Loss of EOS Lo.. of portable Loaa 01docldDg Ita

Los. of PGNS LMP Af:LD direct" pulae avail for gimballna: c. LDG IY' A utilita (Durinc TO" E,
coet cb avail Losa of man des eng lltart II atop modes, hardover. ENG ARM =:'''' GEAR ftO backup)

II • X_TRANSL a. from

~::GS
OEPWY EOS sys 8

Prim ..wr Lou of Lotill of man thrullt cont (remains In pb (lieC TCA UIP DISP/ th avail Lo.a of AbUn ltghtlDg:
VrovldLod with engine on auto mode) ccue not avatl) ENG OVRO
lMP ATeAcb algoal to LOGIC cb autotmbl dead- LMP'. ANUN/JX)CK/

ED SYS A Lou of enl gimbal off. if DPS I. arme'\1 Man aU cont !~ lIelectloa COMPNT cb avall after
Cannot awltch avail via AU Lon of

I~
TO" E

from AGS to Under AGS coot: 10" of analog gimbal Ilold/Rate cmd man dee " from DES
PGNS trim emde C.auto mill. cleadband II PGNS min aae eng start OVRDcb Loa. 01 DEOA OPR

selection when atartlng d~1I en, ImpLlllle mode. ... Iolltart ... ERR It LEGENDRes (Irlnga Auto enl I" fw< thrua'l
not affected Lou of LUNAR CONTACT It QI'l pnl 1 Htart avaH --- De.lpate. DUAL POWER to funIn AGS 1.0. 01 GOA

e." Ion 'ed ----- Deal,natea SIMILAR fwlctlou- Dealpu•• DIFFERENT lunctloo

CO~IM PGNSI I I I
'OL PUMP SEC S-BD----

I

UP DATA var 8 IVllr A COlt SIG STR LDG IlNDZ LGCI IMII 1MII

~t AUTO TRNFH U>lK XMTR/RCVR PWR AMPL XMTR nevn AUDIO D1SP ROH RUR DSKY STDY aPR

,
Pwr to COR audlo pwr to SIGNAL pwr to LIt l'wr to nR Pwr to l.GC Pwr to IMU Pwr to "IU. PSA,• to Clycol EDetltl:les I'wr to OUA pwr to see pwr Pwr to sec Jlwr Pwe to VUF B Pwr'tlo VHF A

,p No. I trander relay pwr supply llIupply in S-BO suppl)' In S-BD xmt r- voice II rcvrllhru center STR~:NGTII lnd IlwrllllPllly electronlCll " PSA temp cont ckt COU. " PTA
I GLYCOL lIel to auto lIwltch xcvr thru pwr nmul thru data cktl thru VII Fj A neva aw aBsy Jlwr lIul'pliCII

to pump No.2 XMTR/RCVR aw PWR AMPL sw VHF u XMTR II. Inlerl'Ulllli
when pump , pwr 10 htr
No. I A" Pwr to 1'/\.11' for i cont ,,'kt
dropli helow eme r key and
preeet valce vorcu BU

fLlncllonli

----- -------1------- ------ ------- ------- ~------ -------1-------1----- ---_. ------- ------ -------
.olilycol Lolli otauto Lon 01 Prim S-IlD xcvr l.OIlS of lICCs~nu VHF A xmtr VIII" II rcvr 1..0"101 tl'!:ly 1.0:1:1 01 n"hoal'll I.O'H~ 01 Lli Loss or IlH l.oll~ or PUNS Loas or PIPA Los. ollMU, PSA.
,p No.1 trana(er dlKltal avail pwr amp I VOice ckta :lvnll avail capahllily Lit .. nu "IIUG htrs, COU, II PTA
IUTO TRNFR upilnk capability eDn musl use monilorlnl( l.osOiof 1.021-m,' temp alarm
lceed, Ilycol Manu:dly t1elcC't l.oall of eec S-IlU Prim pwr- lUlII)l Losa or data II LMP autUn du(.· .. thermoatat Lo .. of ISS II
p No, 2 auto pump: cr.vcot, (.oaa of xcvr avail voice trnnemta- center aU data to LGC
vated) ael - PUMP I or recetved eton via VHF B ,\t;Savall .. Ind

PUMP 2 S-hd b(lckup I.(JSll "r;lll
IMU 3C'('IHIlCy

'Ir:ander d"lI:tlul('<1 LGC avail. buly tlwltch to voka VIIF H ~I\llr

cannot perrormvoleI'p No.2 (To
Pnme voke all funclloollble GLYCOL

pcaullt. aV<lil
Loss of manual

ulllly switch throttle In'COL 8el- )'<iNS motle
fP 2)
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LMA790-3-LM
APOLLO OPERATIONS HANDI

CONTROLS AND DISPLAY.

t.I'.s Ir--PROPUL---,I
r--l'HOSSTIE I

IUT x t.t.x.vn m:s m:s ASC .\SC oc Dl'S DES HE
\r-n:t:oTlt: ---, 11.\1. 1.0,\I)S nus nus TIt: t:c,\ CO~T t:c,\ t;C..\ co:-:T Ee.\ 1:,\\'1 vot.r REG/VENT

Connects bat lledul'KL'lnl Supplies rCilumL'lnt n.'ll'kup cb Connel'l:"! eDit PWI' Irom ('Ill{ PWl" h'om CUll l)lIli Pwr from C1m 1>,...1' from ('UI{ I)wr rrom ('Ult Itwr rrom ('!>It Pwr '0 DPS helium
No. a or tcna r cb pwr to CWt;A, t:PS neg I)lIS to nc~ hus to 10\10"- and to pwr lIupplics or bus to norm II l)lIli to pwr bus 10 Inv :'\0, 1 bus 10 IS. ~ 10 .olenold viva thru
bat, , bat No, dlsp. sl~ sensor, xlunar- bus for hi~h-volla~c COUll hoth dl.'l1 t:CA' 8 for backup main feed supplies oCbOlh ,ror generation monitor bu. DES He REG
4 If 6 to con !llg CORd ·2, &r 1.:\1 ground in n'" xo. 1 &I 2 currem &: rever-se contuctcr cotts In nse .:('.\'s Cor rof 1l5V. yoUaR:o for 1.2 sw
d-e bus Pl'~I/TE thru III \,OI.-r.\(;.: &: cur-rent lnd It O/C t:L\ :-':0. :J l .. lhru current &:reverse 1·100-cpa, w-e telemel.." &r

connects CDR LOW \·O!."!'.\Gt: sw protection ="OU~IAL Fn:O I: currenllnd &:ore pwe , lhru warn II Pwr 10 DPS prplnt
During bal No. bus to U.! P bus nACK UP n:t:o sw protection Il"'n:un:n sw vent solenoid viva
5 backup, also thru DtP Pwr- to lies txus Pwr to rctays to switch orr nee hatlll Pwr to PCM/TF.. lhru DES FUEL If
connects bat CROSS TIt: cb Iv/hv orr &r for abort lItaKc siB" senlora " OXID VENT aw
No.5 to CDR deadface relav Pwr to m:s RATS slK condra 'lID
d-c bus reset for aborl ew retav ..K6

sL'lKe for prelaunch
tetemetrv

------ ---- ------_. ------ -----_. -------- -------- --------- -------- ~------ ------- -------------
,\djacent cb .\dJacent Loss of I.MP b'JS Only closed :'\0 loss or Itcdundant ch Itellumlanl cb Itcdundant cb on nedundant ch on 'Inv :-':0, 2 avntt 1.058 of Cannot change st.atus of h('lium
nvatt cb avail when CSM powers In event of function: on 1.;\1P panel on L~I P p.'lI\C1 L~I P I)''lnel SUlJll1ielll t.~1 IlOIRel l'iltPllllcs rhr-u l~n:lrn:1t monltorinl( solenoid '11'1 (Prim: NOI"malty

I.M results In loss reeder short r-elay contacts supplies pwr supplicll IM'r pwr rrom 1.:\11)bus pwr from 1,\tPbus ,sw Ipwr Ircm or enn hus Open. Sec: xormauy Closed dur-
or ,\GS " possible when In parallel Ir-om 1.:\11' bus Is-om 1.:\1P bus 1.:\11) bus 10 Ing normal mission ope rut ion]
loss or S-hd power-Ing with eh ;irw \0. ~) I.ORSor
stce rnble ant I.MP bus lu't'\aullch Cannot change status or solcnokl

thru C nit hus, tetcmcrrv vent vlva
or vice versa

:

Figure 3-3. Circuit Breaker Funetrons

Mission-.!:M.....Basic Date 1 February 1970 Change Date__l



LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

CONTROLS AND DISPLAYS

i.r-s I,--PROPUL--,

IE I
XI-l":'\'\U ut;S m:s .\SC .\SC rx: nus DES HE

nus BVS "1"1": H',\ COr-;T 10:(''\ t:C\ co:",')' u ...\ 1:\'"1 HII.T REG/VENT
I

Backup cb Connect» cnlt I'wr rrcm ('un Pwr- Is-om cun IJlJ:I J~T Irom nm '''''r from CUll I~'r from nm I~r from enlt Pwr to DPS helium
nCK bug 10 neg hus to low- and to I'wr t1ul'plil..'lI of bu!'! to norm &: hUll to pwr hus 10 Inv xe. I hus to Is, &:to solenoid vtvs thru
xlunar bu.lj for hl~h· volta~c call!'! both dl..'t1 t:CA' 8 (or b~lck\l1' matn feed supplies of both ,(or Itcneratlon monitor hus DES He REG
1.:\1 "round In t;l'.\ :'\0. I &r :! CU1Tent &: rcverac cunt:\clur cot I,:, In asc .:<:'\'s Cor ~r \lOV. voltaJl:o Cor 1 Ii: 2 8W

thru III ,'01.'1'.\(;"; I: curn:nl Ind &role n',,\ xe. J &: .. thru current &: reverse ·100-CI)4. a-c telemerrv &:
LoW \"OI:rAGt: sw protccncn XOIt\IAI. FEt:O" current Ind It ole pwr-, thru warn h Pwr to DPS prplnt

8M'" UP rn:n sw protection jINn:nTl,:n sw vent solenoid vtva
Pwr 10 des h:lIs Pwr 10 rcLlY!l 10 switch orr asc hats I~r to PCM/T":, thru DES FUEL &I
lv/hv uff " (or ;lhol"1 st;tJ;c slg senscre " OXID VENT sw
dea.uace r-elny pwr- to nEs OATS Rig condra via
reset (or nbor-t sw rctev 4KG
HL"lJ;e for prel;lunch

tetemctrv
1______ ------- --------- -------- --------- -------- ------- ------- -------------

Onl}' closed xc loss of ftedtlndant ch Itcdultclant cb Ilcdundant ch un ncdund:l.ht cb on
1:~;ux~\;:~I~~:~n Loss of Cunner change status of helium

in event o( function: on I.;\IP panel on 1.:\1P panc l 1,;\1P panel supplies 1.:\1 pane! supplies monuortng solenoid vl v (Prim: Normally
feeder shorl rel:ty coutacre ltltl)llllc5 pwr l'>uppJlcs pwr- pwr (rom 1.:\1P bus pwr- (rom I.:\IP 1)\15 iSW (pwr from of ellR '''IS Open. Sec: :-.lormally Closed dur-..... In I):trallcl f,'on\ I.:\IP hu~ rrom 1.;\1 P bus 1.:\IP bus to ing nor-mal mission ope mucm
po'lieriRK w lth cb linv xe. :!l t.osa of

Dip bus urot.umch Cannot change status of solenoid
thru cnn bus . te lcruct rv vent vl vs
or vice verso

I

LHjE~n

____ l)p,siJ;Tt:l(('S DrAL PU\\"t:H to It'll("til'll

- 1ll'!,iJ;l\alt's SI.\I I1..\ It fum',lions

_ Iksi);tlalt's 11IFFEHt-::'\T rUFldioll1'

Figure 3-3. Circuli Breaker Funcllons (Sheet 3 of 5)
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LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

CONTROLS AND DISPLAYS
I

~
I

PROPUL -~ FLTDISP II Res 5YS B II
\ EVENT T'''ER/ SE xsc ASC QUADl QUAD 2 QUAD 3 QUAD 4 TEMP/PRESS PQGS/ ~ MAIN DISP/ENG

SE FOAl X-PNTR FEED 1 FEED 2 TeA TeA TeA TeA CRSFD DlSP - FLAGS DISP
I

SOY OVROLOGIC PQGS

H':"CflOl'S Pwr to [VENT Pwr to LMP X Pwr to sy. 8 ; Pwr to sy. B Pwr to prplnt vtve I Pwr to prplnt vIva i Pwr to prplnt viva i Pv.-r to prplnt viva Pwr to prplnt Pwr to ReS TEM P I Pwr to Res.y. A , Pwr to .y. B PwrtoMPS: FUEL Pwr to DPS pr-,
POWlHlD TMR Ind pointer 100 prim APS prplnt I sec APS prplnt prim colis of SY8 B I prim coils of Sy8 B I prim colis of Sy8 B I prim cons of 9ys B erceereed viva .. PRESS Ind thru I II .y. B prplnt matn fuel " • OXID TEMP I: qty Piing sy •
THHl" CD Pwr to LMP Interconnect vlve I Interconnect vlvs quad 1 TeA quad 2 TeA I quad 3 TeA I quad 4 TeA thru CRSFD 8W TEMP/PRESS MC't-' I qty compilers .. oxld 80Y thru PRESS 1ft" lioN unit tbn PRpr

FOAl PWR to aux thru SYS B ASC I thru SYS B ASC (BIL • BID) : (B2L .. B2U) I (B3A • ~D) I (Nf .. B4U) sel • tc. all RCS tb I QUANTITY Ind SYS B MAIN PRP'.NT lfM:'/uJtESS QTY MON sw
switching relay FEED 1 sw FEED 2 sw SOY sw MON BW" 10 all MPS tb

Pwr to aux box thru RATEl I I I I I
swltchlna: relay ERR MON sw I I I I I

I
Redwldant pwr to eng

box thru RATEI I I I I I arm circuits for
ERR MON.,

I I I I I manual .sc eng arm
ATTITUDE MON i ., dell cmd ovrd
ow I I I I I

----------- ~-------~-------
I I I

~--------~-------
i ---------- -------------- ------- 1------_. --------~-------.-------~-------~----_. -------

U"rt:CT or Lo811of EVENT Lon of LMP X Cannot change I Cannot change
I I I I

Lo.. of onboard Lo.. ofonbouLoss of prim auto I LOBS of prlm auto I Loss of prim auto I Loss of prim auto Cannot change Lo.s of onboard I Los. "of onboard Cannot change
CO OPENING TIMER Ind pointer Ind status of prim pair: status of sec " man cent of .. man cont of I ., man coat of I &; man cent of status of crald monitoring of ReS I monitoring of Res sye B main SOY monitoring of MPS monttortng of
tLOSS or/on of APS pair of APS sys B quad 1 I sys B quad 2 .IIYII B quad 3 TCA's sys B quad 4 TCA '5 vtve {Normally prplnt temp"

• :~:I:t ~t;Y(~
status {Normally prplnt temp" press DPS prplnt qt~

RDIAINING Loss of LMP FOAl Loss of Interconnect vlvs I Interconnect viva TCA's (hardover. I TCA's (hardover, (hardover, AGS I [hardever , AGS Closed) presa, • hellum Ope.) (Pwr fall llght above
FG:\CTION) SWitching relays (ASC FEED 1 vlv I (ASC FEED 2 vlv AGS direct, • +X- I AGS direct, ,,+x- I direct, .. +X- I direct, It +x- press (Pwr fail light I fall light above tad N.1e PRESS Ind goes on)

Loss of switching Normally Open) I Normally Closed) transl eeet avail I transl cont avail I transl cant avafl I transl cent avail above PRESS ind I goeS on) RCS .ya Bwlll
relays

I thru sec coils) I thru sec coils) I thru sec coils) I thru sec coils) goes on) I not use APS 1.0.. of monitoring

I I I I I prplnta if .aY of MPS vi\" statui
Lou of monitoring of 0"'_ (1b iDdlcate. pwr

I I I I RCS vlv status (tb I DIll
I I I I Indicates pwr off) I ~. of re4lndant pwr

fl:] LTG ED STAB/CONT

1\1
I r 1 I I I

ANUN/OOCK/ MASTER LOGIC ABORT I ATeA DES ENG
FLOOD TRACK COMPNT ALARM PWR B AEA ENG ARM ASA AELD ATCA STAGE (AGS) OVRD CWEA

Pwr to cabin pnl, fwd Pwr to tracking It Pwr to caut " w'rn Pwr to MASTER Pwr to Pwr to AEA pwr (ENG ARM .w - DES) Pwr Pwr to ASA Pwr to S.C Pwr to ATCA pwr supply for Pwr to abort .tage Pwr to enable abort Redundant pwr Pwr toCWEA
FUNCTIONS • ovhd nocd Its thru thru EXTERIOR snun, eng START" ALARM It. E1J5 8uwly for Internal to des eng actuator lsol pwr supply II cent assy No, 1 ATCA" DECA pwr etecrroerce thru Ipreamps to actuator 1501
POWERED FLOOD sw LTG 8W • tracking STOP, dockJng thru tone gen sya B use" DEDA pwr vlve thru DECA retave ASA heaters for asc eng on ABORT STAGE 8W " pilot viva of
THAU CB It electronics assy EXTERIOR LTG ow, cmd" AGS Pwr to LUNAR CONTACT , Pwr to enable both des eng

Pwr to cabin fwd .. comp caut, lnd pwr (ENG ARM sw - ASC) Pwr auto dead band It on pnl 3 TfCA's Nol.
ovhd It thru docking faU, " DSKY status to AELD to enable ase eng selecllon .. I Pwr to S.C cont Eng fires l'lt full
halch sw It. Ignition abort stage ' naay for guld cent throttle onl)'

signl'll to ED Iswitching
Pwr to relay drivers for S)'S n stage

Provides gyro test pwrPwr to DEDA OPR auto APS • DPS cont logIC relay---------_. FoRR It

~--------- -------_ ..--------- ------_. --------_. -------1---_. -------- ---------- ----- ------ ------------- --------- ------
1.058 of flood Its 1.098 of Ir-nck tng It Loss of caut " warn Loss of MASTER Loss of CDn AEA cb Pwr for ENG ARM sw Loss of AGS con CD sic; Loss of AGS auto .. att hold/ Abort staging avail 1,05s of aula AGS 1.085 of des 1.08~ of ('W":,\

t:Jo'Ft:CT OF nnun, en" START & ALARM It and EOO sys avail avail with CDR CD s/c, an cont ,\ELD avail rate cmd cont modes with CDR CD SIc: HC'S firing ellK override
CeOPENING STOP, docking, comp audio lone D ENG START OVRO L05s of engine ABORT STAGE l\.lost matruncuons
(LOSS O.'/OR caut, Ind pwr fall, & JI,IanaU on slgnallo Loss of FOAl rete Indication .. Note Prim pwr provided are Illonllorclll)\
REMAINING DSKY slalus Its EDS sys Arming des eng with cont avail Ell foly8 n error ref Des eng "will shut down, with LMP ATCA cb l\lsr:-.: via lclcmeln
FUNCTION) A avail ADOllT pb avail but asc eng wll1 not sOllie arc 1lI0nilOrNI

Alternative Is con CD Loss of nn auto Ir:\ck & slew IKTllteuntil ENG ARM C:lI1not sw from Illll':Ihln Ino:l
LTG~ ANUN/rxx:K/ Arming aac eng with modes (loss of slewing pwr); LGC sw - ASC 1>(~NS 10 AGS
COMI'NT ABOnT STAGE pb aVllll mode avail

Loss of asc eng arm H<-'Sfll'in~ tIIwrreclcl!
Loss of lH;DA 01'0 1.o8S of aulo enK Loss of gimhal & Ihroule cal),'t- enahle (t:NG AIUI sw ill !"GNS
Elln Il slart for AI'S. UPS, hllity (DPS start :It rna:'! lh"usll :lv;liI) II time dcl:ly

(STAIlT ph avail) 111;,\ l':lllnol he teslctl
Lo!!!! of APS :lulo on Los!! of tics Ctl~ UVCI'-

rille
\.085 of tUNAl! CONTACT I.t
on pn] ;j

Figure 3-3. Circuli Breaker Functions (Sheet 4 0(5)
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--- Res 5YS D
I

PROPUL
II

'IVAl) 2 QUAD 3 QUAD. TEMP/PRESS PQGS/ MAIN DlSP/ENG ASe He
TC." TeA TeA CRSFD DISP - FLAGS DISP I SOY DVRn LOGIC PQGS REG

prplnt vtvs i Pwr to prplnt viva i Pwr to prplnt viva Pwr to prplnt Pwr to Res TEM P i Pwr to Ressy. A , Pwr to sye B Pwr to MPS: FUEL Pwr to DPS peplnt Pwr to APS
.Us al sy. B I prim colis of lilY. B I prim coUs of lIya B crossfeed vtvs , PRESS Ind thru I " sY. B prplnt main fuel" 'OXID TEMP It qty gaging sya cont helium solenoid
rca I quad 3 TeA I quad 4 TCA thru CRSFD 8W TEMP/PRESS MON I qty computers II: oxld SOY thru PRESS ind tbru unit thru PRPLNT vlv thN ASe
B2r. I (83A" B3D) I (B4F " B4V) eel .. to all RCS tb I QUANTITY lnd SYS B MAIN PRPLNT TEMP/PRESS QTY MON IJW HeREGI'

I I I
SOVaw MON sw II to all MPS tb a ew

I I I Redundant pwr to eng
I I I ann circuits for

I I I manual asc eng arm

I I I "
Il de. cmd ovrd

I I I :

._---~-------~------- ----- ~--------r-------~ -------10---------- --------10------I I I '
prim auto I Loas of prim auto I Loaa of prim auto Cannot change Loaa of onboard I Loaa 'of onboard Cannot change Lo.. of onboard Loaa of onboard Cannot change
·_of I II rnan cont of I II man cont of lItatull of cnfd monitoring of RCS I monltorlnK of RCS lIya B main aov monitoring of MPS monitoring of lItatua of helium..... IllY. B quad 3 TeA'. lay. B quad" TCA's viva {Normally prplnt temp"

I :~~~t :t;'(~
atatua (Normally prplnt temp II press DPS prplnt Qty solenoid vlvs

bardoYer. (hardover, AGS (hardover. AGS Closed) preaa... helium Open) (Pwr fan lIgh.t above (Normall~' Open)
8Ct. &; -x- I direct, II +x~ I direct. II +X- press (Pwr fail light I faU light above IDd Note PRESS Ind goes on)
oct avail I tranal cont avan I transl eont avail above PRESS Ind I goea on) RCS aya B will
CoOS) I thru HC colla) I thru sec coils) goea on) I not use APS Lo.. of monitoring

L,EGEND
I I I prplnta If SOY of MPS vlv atatua

I I Lo.. of monitoring of
I

are open (tb Indicates pwr --- Dealgnatea DUAL POWEIt to functionRCS vlv statua (tb 011)
I I indicates pwr off) I Loss of redundant pwr ----, Dealgnatea SIMILAn functions- Dealgnatcs mn:EIU·.:NT functions

STAB/CONT INST .,m l !I I I
ABORT ATCA DES ENG SlG SIG SUIT

E..~ARM ASA AELD ATCA STAGE lAGS) OVRD CWEA SENSOR PCM/TE CONOR 2 t'LOWCONT

RlrI"-DES)Pwr Pwr to ASA Pwr to SIIC Pwr to ATCA pwr supply for Pwr to abort stage Pwr to enable abort Redundant pwr Pwr to CWEA Pwr to all subs)'s Pwr to Pwrto Pwr to ault laol vlv
.. actuator laol pwr 8lIpply II cant assy No. 1 ATCA II DECA pwT electronics thru j preampa to actuator Isol sensors PCMTEA ERA 2 solenoid for auto
:'\I DECA relaya ASA heaten for asc eng on ABORT STAGE 8W " pilot vlvs of In closure

cmd" AGS Pwr to LUNAR CONTACT , Pwr to enable both des eng SCEA

lUI .. - ASC) Pwr auto dead band It on pnI 3 TTCA's Note
D to enable ase eng aelectlon" I Pwr to SIIC cant Eng rtres nt full

abort slage iaeay for guld cent throttle only
signal to ED I switching

relay drivers for sys B stage
'8 6: CPS cont logic relay Provides gyro test pwr._------ ----- ------ ------------- --------- --------- ~------ -------- -------- ------- ---- -------
. Vi'G ARM aw Lo88 of AGS CDR cn Sic: l.oss of AGS auto t att hold! Abort staging avail I,OS8 of aula AGS Loss of des Loss of l'W~:,\ I.oss of ·,It'III"O"! -10 t.oss of I,OS5 of I.osa';' lorn suit
LthCDR CD sic: aU cont AELO nail rate cmd cont modes with CDR CD SiC: IKS r1rinK eng override sul)s\s sensors totemeuv ":IMt: prctccttcn
'ART OVRO Loss of engine ABORT STAGE lIIost 1lI:llfullt"!lons :\IS"X &: 10 :'oISFX (:lpprox-

Man au on signal to L06S of ""01.1 rail' Indication &r Note Prim pwr prcvtded ru-e moniturcli h.\ vehlcle : m:~ t· h;llf oper

~enawith cent avail F.O I'I)'S n error ref Des eng 'will shut down. with I.MP AlTA cb :\rSF~ via tdellll'tn ,\Sl' Il_"!_\~en, l""ltl 1.058 of vctcc t uat.u
pb avail but aec eng will not SOIlIC ru-e lll<l1lilol'('d m:II1lfohl. sult , dala S-hd .'1111>-

tcss of ttn auto track & slew Ignite until ENG AUM rnnnot aw from un t-nb!n 111.1 l':lhln, 1..' :1\1 UPS, c.n-r-tcr-s ,

uc: enc with modes (1089 of ale....IIIKpwr}: LGC 8W - ASC 1'(;N:'i to AGS \tOS, tH'S pl·l'ssur!.' 1l1lJ.:/,\1t

STAGE pb avail mode avail Il1d, eme r
Loss of nsc eng arm IH ':'i f1l"in~ IIn;lrrl'l'lNI ~e\. lnv
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Figure S-S. Circuit Breaker Functions (Sheet 5 of 5)
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