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SECTION 4

OPERATIONAL DATA

INTRODUCTION.

This section contains information concerning instrument markings, LM subsystem
consumables, and operational limitations. The markings for LM-2 meters and indicators
are shown in figures 4-1 through 4-9. The limitations shown on the instruments and noted
in the illustrations are not necessary repeated in the text of this section.

4.1 GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM.

The markings of the Guidance Navigation, and Control Subsystem (GN&CS) indicators
are shown in figure 4-1.

4.1.1 INDICATORS.

The indicators for the GN&CS are: the THRUST indicator; T/W indicator; and SIGNAL
STRENGTH indicator.

4.1.1.1 THRUST Indicator.

The left needle of the THRUST indicator displays descent engine chamber pressure;
the right needle, manual thrust commands (systems engineer's or commander's thrust/
translation controller) or LGC thrust commands, as selected with the THR CONT switch.
The display range is 0% to 100% thrust.

4.1.1.2 T /W Indicator.

The T/W indicator displays instantaneous X-axis acceleration in lunar g units
(1g = 5.32 ft/sec2). The indicator may be used to provide a gross check of engine per-
formance, becauseany given throttle setting provides a specific acceleration when the
vehicle has a given mass.

4.1.1.3 SIGNAL STRENGTH Indicator.

The SIGNAL STRENGTH indicator displays the magnitude of landing-radar or
rendezvous-radar received signals.

4.2 MAIN PROPULSION SUBSYSTEM.
The markings of the Main Propulsion Subsystem (MPS) indicators are shown in
figure 4-2.
4.2.1 INDICATORS.

The MPS indicators display helium temperatures and pressures, and propellant-tank
temperatures and pressures, as shown in table 4-1. The quantity of MPS fuel and oxidizer
remaining aboard the LM is displayed on the FUEL and OXIDIZER QUANTITY indicators,
as selected with the PRPLNT QTY MON switch.

o GUIDANCE, NAVIGATION AND CONTROL SUBSYSTEM
Mission 207/208A  Basic Date 1 January 1967 Change Date Page 4-1
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SIGNAL "5
STRENGTH

Figure 4-1. Guidance, Navigation, and Control Subsystem Indicators

HELIUM

QUANTITY
OXIDIZER

FUEL °F OXID
— 100

90
-1¢)
70
60
50
40 —

NOTE
The vertical lines on the
FUEL/OXID TEMP indicator
represent green bands for
fuel and oxidizer temperatures
~ (50° to 90°F).

Figure 4-2. Main Propulsion Subsystem Indicators
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Ascent Temperature 1
Ascent Temperature 2
Ascent Pressure 1
Ascent Pressure 2

30° to 130° F
30° to 130° F
2,900 to 3,500 psia
2,900 to 3, 500 psia

30° to 130° F
30° to 130° F
2,900 to 3, 500 psia
2,900 to 3, 500 psia

4.2.2 MPS OPERATING LIMITATIONS.
The operating limitations for the MPS are given in table 4-1.
Table 4-1.
Main Propulsion Subsystem Operating Limitations
Indicator Prelaunch Ascent Space Flight
HELIUM
Descent supercritical 400 to 1,750 psia 400 to 1, 750 psia 400 to 1,750 psia
pressure
Descent ambient 400 to 1,750 psia 400 to 1,750 psia 400 to 1,750 psia
pressure

30° to 130° F
30° to 130° F
2,900 to 3, 500 psia
2,900 to 3, 500 psia

TEMP (Fuel)
Ascent 50° to 90° F 50° to 90° F 50° to 90° F
Descent 1 50° to 90° F 50° to 90° F 50° to 90° F
Descent 2 50° to 90° F 50° to 90° F 50° to 90° F
TEMP (Oxidizer)
Ascent 50° to 90° F 50° to 90° F 50° to 90° F
Descent 1 50° to 90° F 50° to 90° F 50° to 90° F
Descent 2 50° to 90° F 50° to 90° F 50° to 90° F
PRESS
Ascent 100 to 190 psia 100 to 190 psia 100 to 190 psia
Descent 130 to 230 psia 130 to 230 psia 130 to 230 psia
Descent 130 to 230 psia 130 to 230 psia 130 to 230 psia
4.2.3 CONSUMABLES.
The consumables for the MPS are given in table 4-2.
Table 4-2.
Main Propulsion Subsystem Consumables
Total Weight (pounds) Delivery Rate
Number to Engine
Consumables of Tanks Filled Usable (1b/sec)
Descent engine
Oxidizer 2 11,016.9 10, 777.2 2.5t021.3
Fuel 2 6,969.9 6,735.8 1n.5t0 13.3
Helium 1 49.17 49.7 NA
Ascent engine
Oxidizer 1 3,203.9 3,120 5
Fuel 1 1,996. 1,950 4.4
Helium 2 13 13 NA

Mission 207/208A

MAIN PROPULSION SUBSYSTEM

Basic Date 1 January 1967

Change Date
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4.3 REACTION CONTROL SUBSYSTEM.

The markings of the Reaction Control Subsystem (RCS) indicators are shown in

figure 4-3.

4.3.1 INDICATORS.

The RCS indicators display temperatures and pressures, as shown in table 4-3. The
percentage of RCS propellant quantity remaining is displayed on the QUANTITY indicator.

4.3.2 RCS OPERATING LIMITATIONS.

The operating limitations for the RCS are given in table 4-3.

Table 4-3.

Reaction Control Subsystem Operating Limitations

Indicator Prelaunch Ascent Space Flight

TEMP

Helium T0°F T0°F T0°F

Propellant T0°F T0°F T0°F
PRESS

Helium 3,000 psia 2,000 psia 3,000 psia

Propellant 50 psia 180 psia 50 psia

Oxidizer Manifold 0 psia 180 psia 0 psia

Fuel Manifold 0 psia 180 psia 0 psia

I aquanTity [

Figure 4-3. Reaction Control Subsystem Indicators

NOTE

_ The vertical lines on the TEMP
indicator '
bands for helium and propellant
temperatures (40° to 100°F). '

represent green

| B-300RM-140
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4.3.3

CONSUMABLES.

The consumables for the RCS are given in table 4-4.

Table 4-4.

Reaction Control Subsystem Consumables

s Steady-State Delivery
Number Total Weight (pounds) Rate to Engine

Consumables of Tanks Filled Usable (Ib/sec)

388.4 353.4 0. 245
207 186 0.121
2.1 2.1 NA

Oxidizer
Fuel
Helium

DN DN DN

4.4

4.4.1

4.4.2

ELECTRICAL POWER SUBSYSTEM.

The markings of the Electrical Power Subsystem (EPS) indicators are shown in
figure 4-4.

NOTE

The arc on the VOLTS indicator
represents a green band for vac,
The green band, 35.8 to 37.7 vdc,
is equivalent to 112 to 118 vac.

B-300RM-141

Figure 4-4. Electrical Power Subsystem Indicators

INDICATORS.
The EPS indicators display voltages and currents, as shown in table 4-5.
EPS OPERATING LIMITATIONS.

The operating limitations for the EPS are given in table 4-5.

ELECTRICAL POWER SUBSYSTEM

Mission 207/208A Basic Date 1 January 1967 Change Date Page 4-5
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Table 4-5.
Electrical Power Subsystem Operating Limitations
Indicator Prelaunch Ascent Space Flight
VOLTS
Descent stage
Battery No. 1 28 to 32.5 vdc 28 to 32.5 vdc 28 to 32.5 vdc
Battery No. 2 28 to 32.5 vdce 28 to 32.5 vdc 28 to 32.5 vdc
Battery No. 3 28 to 32.5 vdc 28 to 32.5 vdc 28 to 32.5 vdc
Battery No. 4 28 to 32.5 vde 28 to 32.5 vdc 28 to 32.5 vdc
Ascent stage
Battery No. 5 NA NA 28 to 32.5 vdc
Battery No. 6 NA NA 28 to 32.5 vdc
CDR bus 26.5 to 32.5 vdc 26.5 to 32.5 vdc 26.5 to 32.5 vdc
SE bus 26.5 to 32.5 vdc 26.5 to 32.5 vdc 26.5 to 32.5 vdc
AC bus 115+3 vac 115+3 vac 115+3 vac
AMPS
Descent stage
Battery No. 1 13. 4 amperes 13. 4 amperes 24 amperes
Battery No. 2 13. 4 amperes 13. 4 amperes 24 amperes
Battery No. 3 13. 4 amperes 13. 4 amperes 24 amperes
Battery No. 4 13. 4 amperes 13. 4 amperes 24 amperes
Ascent stage
Battery No. 5 NA NA 48.1 amperes
Battery No. 6 NA NA 48. 1 amperes
4.4.3 CONSUMABLES.

The consumables for the EPS are given in table 4-6.

Table 4-6.

Electrical Power Subsystem Consumables

Power Output

Load Source (total watts)
Peak Two ascent batteries and four 3,988
descent batteries
Normal Two ascent batteries and four 2,695
descent batteries
Emergency TBD TBD
Electrical Power Descent Stage Ascent Stage
Available 46.9 kwh 17. 8 kwh
Required TBD TBD

ELECTRICAL POWER SUBSYSTEM
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4.5 ENVIRONMENTAL CONTROL SUBSYSTEM.

The markings of the Environmental Control Subsystem (ECS) indicators are shown in
figures 4-5 through 4-17.

bands for suit and cabin pressures

to 5.2 psia for SUIT and 4.8 to 5.2 psia
for CABIN).

The vertical line on the PART PRESS CO2
indicator represents a green band

ENVIRONMENTAL CONTROL —— : PRESS indicator represent green ,
asl

for partial pressure of CO2 (0 to 7.6 |

Figure 4-5. Environmental Control Subsystem Suit and Cabin Temperature/
Pressure Indicators

4.5.1 INDICATORS.

The ECS indicators display temperatures, pressures, and quantities. The oxygen and
water QUANTITY indicator displays the quantity of oxygen and water remaining in the descent
tanks or in either of the two ascent tanks.

NOTE
The vertical lines on the GLYCOL TEMP/ ;
PRESS indicator represent green o

bands for glycol temperatures (32° to 50°
F) and pressures (15 to 45 psia).

GLYCOL
TEMP PRESS

B-300RM-143
‘ Figure 4-6. Environmental Control Subsystem Glycol Temperature/
Pressure Indicator
ENVIRONMENTAL CONTROL SUBSYSTEM
Mission 207/208A Basic Date 1 January 1967 Change Date Page 4-7
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4.5.2

ECS OPERATING LIMITATIONS.

Figure 4-7. Environmental Control Subsystem Oxygen
and Water Quantity Indicator

The operating limitations for the ECS are given in table 4-7.

Table 4-7.
Environmental Control Subsystem Operating Limitations
Indicator Prelaunch Ascent Space Flight
TEMP
SUIT NA NA 40° to 70°F
CABIN T0°F 40°F 70°F
PRESS ‘
SUIT NA NA 3. 8 psia (unpressurized cabin)
4. 8+0. 2 (pressurized cabin)
CABIN 0 psia 0 psia 4. 8 psia
PART PRESS COg 0 mm Hg 0 mm Hg 0to 7.6 mm Hg
GLYCOL-TEMP
Pump 1 32° to 50°F 32° to 50°F 32° to 50°F
Pump 2 32° to 50°F 32° to 50°F 32° to 50°F
Emergency 32° to 50°F 32° to 50°F 32° to 50°F
GLYCOL-PRESS
Pump 1 45 psia 45 psia 45 psia
Pump 2 45 psia 45 psia 45 psia
Emergency 45 psia 45 psia 45 psia

ENVIRONMENTAL CONTROL SUBSYSTEM
Page 4.8 Mission 207/208A
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B-300RM-145

4.5.3 CONSUMABLES.
The consumables for the ECS are given in table 4-8.
Table 4-8.
Environmental Control Subsystem Consumables
Wusibien Weight Per Tank (pounds)
Consumables of Tanks Filled Usable
Descent stage
Water 1 333.5 326.3
Oxygen 1 48. 01 47.01
Ascent stage
Water 2 41.8 41.8
Oxygen 2 2.41 2.17
Note
The heat transport section of the ECS contains 44 pounds of
a water -glycol solution.
4.6 COMMUNICATIONS SUBSYSTEM.
The markings of the Communications Subsystem (CS) indicators are shown in
figure 4-8.
SIGNAL ~
STRENGTH
Figure 4-8. Communications Subsystem Indicators
4.6.1 INDICATORS.
4.6.1.1 SIGNAL STRENGTH Indicator.

The SIGNAL STRENGTH indicator displays the magnitude of the automatic gain control

(AGC) signal in the operational S-band receiver.

Mission 207/208A

COMMUNICATIONS SUBSYSTEM
Basic Date 1 January 1967
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4.6.1.2 Antenna PITCH Indicator.

The antenna PITCH indicator displays the pitch angles of the S-band dish antenna. The
antenna pitch limits are 225° above and 75° below a plane parallel to the LM X-Z plane.

4.6.1.3 Antenna YAW Indicator.

The antenna YAW indicator displays the yaw angles of the S-band dish antenna. The
antenna yaw limits are 75° to the left and 75° to the right of a plane parallel to the LM X-Y
plane.

4.7 MISCELLANEOUS INDICATORS.

The markings 6f the miscellaneous indicators, such as the heater TEMP indicator, the
EVENT TIMER, and the MISSION TIMER, are shown in figure 4-9.

MISSION TIMER EVENT TIMER
~— HOURS — — MIN— ~ SEC=— MIN SEC

Il |

[ 8 Glwy ) el 0 Gy L
\

Figure 4-9. Miscellaneous Indicators
4,.7.1 INDICATORS.

4.7.1.1 TEMP Indicator.

This indicator displays the temperature, in degrees Fahrenheit, of the radar antenna
assemblies or RCS quads or S-band antenna assembly.

4.7.1.2 EVENT TIMER Indicator.

The EVENT TIMER provides a digital readout of time (0 minutes 0 seconds to 59 min-
utes 59 seconds, or 59 minutes 59 seconds to 0 minutes 0 seconds), as controlled with
the RESET/COUNT switch, TIMER CONT switch, SLEW CONT MIN switch, and SLEW CONT
SEC switch.

4.7.1.3 MISSION TIMER Indicator

The MISSION TIMER provides a digital readout of mission elapsed time in hours; min-
utes, and seconds. This indicator is controlled by the TIMER CONT switch and SLEW CONT
switches.

MISCELLANEOUS INDICATORS
Page 4-10 Mission 207/208A Basic Date 1 January 1967 Change Date




LMAT790-3- LM 2
APOLLO OPERATIONS HANDBOOK
OPERATIONAL DATA

4.7.2 TEMP INDICATOR OPERATING LIMITATIONS.

The operating limitations for the radar and RCS quadrants are given in table 4-9.

Table 4-9.
TEMP Indicator Operating Limitations
Indicator Prelaunch Ascent Space Flight
TEMP A N
Landing radar* +50° to +145°F
Rendezvous radar Ambient Ambient +10° to +145°F
RCS quad 1 g temper- temper- +130°F
RCS quad 2 ature ature +130°F
RCS quad 3 +130°F
RCS quad 4 +130°F
S-band s J -40°F
*Before equipment operation, the landing radar
antenna must be at a minimum of +50°F,

4.8 LM-2 CONSUMABLES.

4.8.1 METABOLIC OXYGEN CONSUMPTION.

Metabolic oxygen consumption is directly proportional to the crew metabolic rate
(BTU/man-hour). Using the crew metabolic rate, the oxygen consumption rate can be deter-
mined from figure 4-10. The total oxygen consumption per man multiplying the time duration
at each activity level by the oxygen consumption rate and by the number of men.
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Figure 4-10. Oxygen Rate Versus Metabolic Rate

LM-2 CONSUMABLES
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4.8.2 WATER CONSUMPTION.

The water consumption rate (lb/hr) for the lithium hydroxide (LiOH) reaction, as a
function of crew metabolic rate is shown in figure 4-11. If two astronauts are on board, the
metabolic rates of the two astronauts should be added before using figure 4-11. The water
consumption is then obtained by multiplying the rate by the time of activity.

DUE TO LiOH
HEAT — LBS/HR
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METABOLIC RATE — BTU/MAN HR.

Figure 4-11. Water Consumption Due to LiOH Heat Versus Metabolic Rate

4.8.3 WATER PRODUCTION.

Water consumption is offset by production of water by the LiOH reaction. This water
production should be subtracted from the water consumption to give the total water con-
sumption. Figure 4-12 gives the LiOH water production rate (lb/hr) as a function of
metabolic rate. If two astronauts are active, the metabolic rates of both should be added
before using figure 4-12. The total water production is obtained by multiplying the rate by
the time of activity.

LM-2 CONSUMABLES
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Figure 4-12. Lithium Hydroxide Water Production
Versus Metabolic Rate
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8.1

8.2

8.3

SECTION 8

NORMAL/BACKUP PROCEDURES

INTRODUCTION,

This section contains normal/backup procedures for the first manned LM mission. The
procedures are arranged in a block format and sequence which coincides with that used in the
Mission Modular Data Book for LM-2. The block number and title identify the block type and
the mission event being performed. Blocks designated by an L (e.g. L1-2) are LM only blocks
and do not require CSM interface, while blocks designated by a JL require actions on the part
of the CSM crewman as well as the LM astronauts.

Preceding the procedures in this section is general information concerning the Display
Keyboard (DSKY) and the Data Entry and Display Assembly (DEDA). The information com-
prises brief familiarization data, verb lists, noun lists, reference codes, option codes,
alarm codes, and DEDA operating procedures and codes.

DISPLAY KEYBOARD SYMBOLS.

v Depress Verb button
N Depress Noun button
E Depress Enter button

ENTER Depress sequence of numeric pushbuttons for input of program
numbers or parameters

FL Observe flashing of numeric lamps which indicates that the LGC
requires input.

DATA ENTRY AND DISPLAY ASSEMBLY SYMBOLS.

&5 Depress Clear button
R Depress Readout button
E Depress Enter button
VCE Verify correct entry

DSKY MODES OF OPERATION.

The Display and Keyboard logic in the LGC processes information exchanged between the
LGC and the computer operator. This information is exchanged via the Display and Keyboard
(DSKY).

The modes of operation are basically:

e Display of Internal Data - This includes simple displays and
periodically updated displays of data; and displays of requests
for operator action required by the LGC.

e Loading of External Data - the process of inserting data into
the LGC via the DSKY.

e PROGRAM or ROUTINE calling - Initiated by operator action
via the DSKY.

Mission 207/208A Basic Date 1 January 1967 Change Date Page 8-1
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8.4

DSKY DESCRIPTION AND OPERATION.

The following paragraphs and table 8-1 provide a limited description of the DSKY and the

crew/DSKY operating procedures. See figure 3-2.

UPLINK ACTY LIGHT - Is energized by the first character of a DIGITAL
UPLINK message received by the LGC. I the light is not extinguished by
the UPLINK transmission should be extinguished by crew use of the
RSET or KEY REL buttons when the UPLINK transmission is complete.

NO ATT LIGHT - Is energized when the LGC is in operate mode and there
is no inertial reference; i. e. the ISS is off, caged, as in the coarse align
mode.

STBY LIGHT - Is energized when the LGC is in standby mode. Is deener-
gized when the LGC is in operate mode.

KEY REL LIGHT - Is energized when an internal sequence attempts to use
the DSKY, but finds it busy due to independent operator action (any keyboard

depression except RSET). Until the operator releases the DSKY (by pressing

the KEY REL button) the internal sequence may be forced to hold.

TEMP LIGHT - Is energized when the stable member temperature is outside
the design limits (126. 3°F to 134. 3°F).

GIMBAL LOCK LIGHT - Is energized when the middle gimbal angle exceeds
+70° from its zero position. When the middle gimbal angle exceeds +85°
from its zero position the LGC automatically commands the coarse align
mode in the ISS to prevent gimbal oscillation. The NO ATT light will then
be energized.

PROG LIGHT - Is energized when a PROGRAM ALARM occurs.
RESTART LIGHT - Is energized when a RESTART occurs.

TRACKER LIGHT - When the rendezvous or landing radars are on the light
is energized when:

An RR CDU fine error greater than 1.0 vrms occurs.
An RR CDU coarse error greater than 2.5 vrms occurs.
The RR read counter limit cycles at a rate greater than 160 cps.

An RR CDU analog to digital conversion fails (Cos (@ - #) is less than
2 volts).

The RR CDU +14VDC supply decreases to 50% of nominal.

When the RR Data Good Bar discrete occurs during an LGC data read
sequence.

When an LR Altitude Data Good Bar discrete or LR Velocity Data Good
Bar discrete occurs during an LGC data read sequence.

OPR ERROR LIGHT - Is energized when the DSKY operator performs an
improper sequence of key depressions. The light is deenergized by
pressing the RSET button.

CMPTR ACTIVITY LIGHT - Is energized when the LGC is occupied with
any internal sequence. It is not an indicator of whether the operator may
use the DSKY or whether the LGC is not capable of handling further com-
putation.

Page
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Table 8-1

Astronaut Response to DSKY Displays and LGC Resultant Action

DISPLAY OF INFORMATION

REQUEST FOR
ASTRO ACTION

REQUEST FOR
DATA LOAD

REQUEST FOR
OPTICS MARK

Type of information identi-
fied by V___ N___ followed
by up to three available reg-
isters of information, R1,
R2, R3.

Request identified by
V50 (""Please Perform''),
N____ identifying a func-
tion to be performed or
a checklist, one register
R1 identifying function on
that check list.

Request identified by
V___ and type of data
by N___. Loaded data
appears in registers
R1, R2, R3. At com-
pletion key in "ENTER"

Request identified by V51.
At completion of ""MARK''s
identify target (final entry
is "ENTER")

LGC Awaiting LGC Not LGC Awaiting
ASTRO Awaiting ASTRO LGC Always Awaiting LGC Always Awaiting
Response ASTRO Response ASTRO Response ASTRO Response
ASTRONAUT . . . . .
RESPONSE V__ N__Flashing V_N_Static| V50N__Flashing V__N__Flashing V51 Flashing

Key in "ENTER" No LGC No LGC LGC assumes ASTRO LGC takes loaded data, No LGC action

(E) Action Action complied, terminates terminates flashing

flashing Verb-Noun, Verb-Noun and con-
and continues. tinues.

Key in "PROCEED/ LGC assumes No LGC LGC assumes ASTRO LGC assumes no data No LGC Action
PROCEED w/o displayed data Action did not comply, termi- available, terminates
DATA" is correct, ter- nates flashing Verb- flashing Verb-Noun,

(V33E) minates flash- Noun, and continues. and continues if pos-

ing Verb-Noun, sible.
and continues.

Key in "TERMI- Varies with No LGC Varies with program Varies with program Program in progress is
NATE" program in Action in process. in process. terminated.

(V34E) progress
Key in "RECYCLE" LGC returns No LGC Incorrect Response. Incorrect response. No LGC Action

(V32E) to earlier point  Action

in sequence.

Press "MARK X"
button or
'"MARK Y'" button

LGC reads time, termi-
nates flashing Verb-Noun
if a suitable number of
marks have been made and
continues.
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8.4.1

e DISPLAY PANEL - Consists of 24 electroluminescent sections arranged as
in figure 3-1. Each section is capable of displaying any decimal character
or remaining blank, except the 3 sign sections. These display a plus sign,
a minus sign, or a blank. The numerical sections are grouped to form
3 data display registers, each of 5 numerical characters; and 3 control
display registers, each of 2 numerical characters. The data display regis-
ters are referred to as R1, R2, R3. The control display registers are
placarded VERB, NOUN, and PROG.

At maximum activity, two display characters and a sign may be updated
on the Display Panel approximately every 0.1 second.

e KEYBOARD - Contains the following buttons:

VERB - Pushing the button indicates that the next two numerical characters
keyed in are to be interpreted as the Verb Code.

NOUN - Pushing the button indicates that the next two numerical characters
keyed are to be interpreted as the Noun Code.

+and - keys - Used for sign convention and to identify decimal data.
NUMERICAL keys (0 thru 9) - Self explanatory.
CLR (CLEAR) - Used during a data loading sequence to blank the data dis-

play register (R1, R2, R3) being used. It allows the operator to begin
loading the data word again.

STBY - Used to put the LGC in standby or operate mode. Pushing button
always changes set mode. STBY LIGHT, (when lit) indicates standby
mode.

KEY REL - Gives the operator's permission for internal sequences to use
the DSKY. It is recommended that the operator release the DSKY by
pushing this button whenever he is temporarily finished with the DSKY.

ENTR (ENTER) - Is used in two ways:

To execute the Verb/Noun now appearing on the Verb and Noun lights.
To accept a data word just loaded.

RSET (RESET) - Turns off alarm conditions on the DSKY providing the alarm
condition has been corrected.

VERBS AND NOUNS.

The basic language of communication between the operator and the DSKY consists of the
Verb and Noun. The Verb Code indicates what action is to be taken (operation). The Noun
Code indicates to what this action is applied (operand).

Verb Noun codes may be originated either by the operator or by internal LGC sequence.

The standard procedure for a manual keyboard operation consists of a sequence of 7 key
depressions:

VERB V; Vg ©NOUN N; Ny ENTER

The VERB key depression blanks the Verb lights on the Display Panel (VD1 and VD2), and
clears the Verb Code register within the computer. The next two numerical characters
punched in are interpreted as in the Verb Code (V1, V2). Each of these characters is dis-
played in the Verb lights on the Display Panel as it is punched in. The NOUN key operates
similarly for the NOUN lights and Noun Code register.

Page
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The depression of the ENTER key causes the performance of the Verb-Noun combination
appearing in the lights at the time of depression. Thus it is not necessary to follow any order
in punching in the Verb or Noun Code. They may be done in reverse order, or an old Verb or
old Noun may be used without repunching it.

No action is ever taken in performing the Verb-Noun combination until ENTER is pressed.
If an error is noticed in either the Verb Code or the Noun Code before the ENTER is pressed,
correction is simple. Merely press the VERB or NOUN key and repunch the originally in-
tended code, without necessarily changing the other. Only when the operator has verified that
the desired Verb and Noun Codes are in the lights, should he press the ENTER key and execute
the Verb-Noun combination.

A Noun Code can refer to a group of computer erasable registers, a group of counter
registers, or may serve merely as a label. A label Noun refers to no particular computer
register, but conveys information by its Noun Code number only. The group of registers to
which a Noun Code refers may be agroup of1, 2, or 3, members. These are generally referredto
as 1-,2-,or 3- component Nouns. The component is understood as 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 within the computer in Noun Tables.

A single Noun Code refers to a group of 1-, 2-, or 3-component members. It is the Verb
Code that determines which component member of the Noun group is operated on. Thus, for
instance, there are 5 different Load Verbs. Verb 21 is required for loading the first compon-
ent of whatever Noun is used therewith; Verb 22 loads the second component of Noun; Verb 23,
the third component; Verb 24, the first and second components of the Noun; and Verb 25 loads
all three components of the Noun. A similar component format is used in the Display and
Monitor Verbs.

When the Decimal Display Verb is employed, 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 is identified by a + or - sign preceding the 5 numerical characters. If deci-
mal is used for loading data of any component members of a multi-component Load Verb, it
must be used for all components of the Verb. Thus no mixture of decimal and octal data is
permitted for different components of the same Load Verb. (If this is violated, the Operator
Error alarm is turned on.)

There is a class of Verbs called Monitor Verbs which display data every one second.
Once a Monitor Verb is executed, the data on the Display Panel continues to be updated until
the Monitor is turned off.

The Monitor is turned off by; Proceed/Proceed without data (V33E), Terminate (V34E),
and internal program initiation of the Keyboard and Display System Program, or by a Fresh
Start of the LGC.

Monitor action is suspended (but not ended) by the depression of any key, except Reset.
This turns on the KEY REL light immediately. Monitor action continues after the Keyboard
and Display System is released. Thus it is possible to suspend a monitor while the operator
loads some data, or requests another display; and to return to the original monitor when his
intervention is concluded.

After any use of the DSKY, the numerical characters (verb, noun and data words) remain
visible until the next use of the DSKY. If a particular use of the DSKY involves fewer than
3 data words, the data display registers (R1, R2, R3) not used remain unchanged, unless
blanked by deliberate program action.

The DSKY procedures above were described for manual operation, however, the princi-
ples described remain the same for DSKY operation by the internal LGC sequences.

DSKY DESCRIPTION AND OPERATION
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The majority of DSKY operations are of the following categories:

e DISPLAY - To display data to the operator. DISPLAY verbs present data
computed by the mission program.

e LOAD - To request a data load as described in detail below.

e PLEASE PERFORM - To request an action from the operator who then
notifies the LGC that he has complied as described in detail below.

e PLEASE MARK - To request the operator to push the "MARK" button for an
optics sighting.

LGC initiated Verb/Noun combinations are either statically displayed or flashed. I static

they identify data displayed only for operator information requiring no response from him. If
the Verb/Noun is flashing, 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 Verb/Noun flash is terminated and the internal sequence is resumed.

It is important to respond to a flashing Verb/Noun with only one of the proper responses or
else the internal sequence that called the display may never be resumed.

An appropriate operator response to a flashing Verb/Noun should be an ENTER, Recycle
(V32E), Proceed/Proceed without Data (V33E), or a Terminate (V34E). The internal sequence
response to any one of these operator responses varies according to the Verb/Noun flashing
and the PROGRAM in process.

8.4.2 ACCEPTANCE OF KEYS.

The numerical keys, the CLR key, and the sign keys are rejected if struck after comple-
tion (final ENTER) of a data display or data load Verb. At such time, only the Verb, Noun,
Enter, Reset, or Key Release are accepted. Thus the data keys are accepted only after the
control keys have instructed the program to accept them.

Similarly the plus (+) and minus (-) keys are accepted just before the first numerical
character of R1, R2, or R3 is punched in, and at no other time.

The 8 or 9 key is accepted only while loading a data word into R1, R2, or R3 which was
preceded by a plus or minus sign. (If this is violated, the Operator Error Alarm is turned on.)

If more than two numerical characters are punched in while loading the Verb, Noun, or
PROGRAM code, or more than five numerical characters while loading a data word, the
excess characters are not accepted.

8.4.3 RELEASE OF KEYBOARD AND DISPLAY SYSTEM.

The Keyboard and Display System Program can be used by internal computer programs.
However, any operator keyboard action (except Reset) makes the Keyboard and Display System
Program busy to internal routines. The operator has control of the Keyboard and Display
System until he wishes to release it. Thus he is assured that data he wishes to observe will
not be replaced by internally initiated data displays. In general, it is recommended that the
operator release the Keyboard and Display System for internal use when he has temporarily
finished with it. This is done by pressing the KEY REL button.

If an internal program attempts to use the Keyboard and Display System, but finds that
the operator has used it and not yet released it, the KEY REL light is turned on. When the
operator finds it convenient, he should strike the KEY REL button to allow the internal pro-
gram to use the Keyboard and Display Panel.

8.4.4 DISPLAY - VERB/NOUN FLASHING.

This is an internally initiated action. The appropriate operator response to a flashing
DISPLAY Verb/Noun combination is:

DSKY DESCRIPTION AND OPERATION
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e Correct the data. Perform the appropriate load verb sequence. Upon the
final ENTER, the internal sequence proceeds normally.

e Recycle (V32E). This causes the program to return to a previous location.

e '"Proceed/Proceed Without Data' (V33E). This indicates acceptance of the
displayed data, and a desire for the internal sequence to continue normally.

e '"Terminate'" (V34E). The operator wishes the internal sequence to cease
operation.

Note that only three responses are legal for any given
Verb/Noun flash.

8.4.5 LOAD - VERB/NOUN FLASHING.

Whenever any data is to be loaded the Verb/Noun flashes. The flash occurs whether the
data load is initiated by LGC or by the operator. The appropriate data display register (R1,
R2, or R3) is blanked in anticipation of the data load. Data is loaded in 5-character words
and is displayed character-by-character; in one of the 5-position data display registers as it
is keyed in.

Numerical data is considered decimal if the 5-character data word is preceded by a plus
or a minus sign; if no sign is supplied it is considered octal. The plus and minus keys are
accepted only when they precede the first numerical character of the data word; they are
ignored at any other time. Decimal data must be loaded in full 5-numerical-character words
(no zeros may be suppressed); octal data may be loaded with high order zeros suppressed. If
decimal is used for any component of a multi-component Load Verb, it must be used for all
components of that Verb. No mixing of octal and decimal data is permitted for different com-
ponents of that Verb. No mixing of octal and decimal data is permitted for different compon-
ents of the same Load Verb. (If this principle is violated, the Operator Error alarm is
turned on. )

The ENTR key must be pressed after each data word. This tells the program that the
numerical word being punched in is complete. The flash is turned off after the last ENTR of a
loading sequence is pressed.

As data is loaded, it is temporarily stored in intermediate buffers. It is not placed into
its final destination, as specified by the Noun Code, until the final ENTR of the load sequence
is punched in.

If an attempt is made to key in more than 5 numerical characters in sequence, the sixth
and subsequent characters are simply rejected. If the 8 or 9 key is punched during octal load
(as identified by lack of a sign entry), it is rejected and the OPR ERR light is turned on.

In multi-component load situations, the appropriate single component Load Verbs are
flashed one at a time. The computer always instructs the operator through a loading sequence.
The operator (or the internal program) initiates the sequence by selecting VERB 25, ''load 3
components of:" (any noun will do) E. 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 operator punched in
the first word of data. When the ENTR is pressed, the Verb Code is changed to 22. Flashing
continues while the operator punches the second data word. When ENTR is pressed, the Verb
Code is changed to 23, ''load third component,' and again the flash continues while the third
data word is punched in. When ENTR is pressed, the flash is turned off, and all three data
words are placed in the locations specified by the Noun. Throughout the changing of the Verb
Codes, the Noun Code was left unchanged.

The CLR Button is used during data loading to remove errors in R1, R2, or R3. It
allows the operator to begin loading the data word again. It does nothing to the PROG, NOUN,
or VERB lights. (The NOUN lights are blanked by the NOUN key; the VERB lights, by the
VERB key.) In the following discussions, the term Clearing Function will be used to mean:
blanking the data display register of interest and placing +0 into the buffer storage register
associated with that display register.

DSKY DESCRIPTION AND OPERATION
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For single component Load Verbs, the CLEAR button depression performs the Clearing
Function on whichever register is being loaded, provided that the CLEAR is punched before
the data ENTER. Once the ENTER is depressed, the CLEAR does nothing. The only way to
correct an error after the data ENTER for a single component Load Verb is to begin the Load
Verb again.

For the 2- or 3-component Load Verbs, there is a backing-up feature of CLEAR. The
first depression of the CLEAR key performs the Clearing Function on whichever register is
being loaded. (The CLEAR may be pressed after any character, but before its ENTER. )
Consecutive depressions of CLEAR perform the Clearing Function on the data display register
above the current one, until R1 is cleared. Any attempts to back-up beyond R1 are simply
ignored.

The backing-up of CLEAR operates only on whatever data is pertinent to the Load Verb
which initiated the loading sequence. For example, if the initiating Load Verb was a load
second component only, no backing-up action is possible.

The appropriate operator response to an internally initiated Verb/Noun for LOAD there-
fore becomes:

e The final ENTER of the Loading sequence, after which internal sequence
proceeds normally.

e '""Proceed/Proceed Without Data' (V33E). This indicates the operator will
not load the requested data and desires the internal sequence to continue
as best it can.

e ''"Terminate'" (V34E). The operator wishes the internal sequence to cease
operation.
8.4.6 PLEASE PERFORM - VERB/NOUN FLASHING.

This is always an internally initiated action, as operator response is always required to
the ""please perform' request, the verb-noun is always flashed, and the internal sequence is
interrupted. The "please perform'" verb (50) is usually used with the '""checklist' noun (25)
with an appropriate '"checklist code' number R1. The appropriate response is:

e ENTER to indicate that the requested action has been performed. The
internal sequence continues normally.

e '"Proceed Without Data' (V33E). The operator chooses not to perform
the requested action, but desires the internal sequence to proceed as
best it can.

e "Terminate' (V34E). The operator chooses not to perform the requested
action and desires the internal program to cease operation.

The "please perform'' verb (50) is also used with '"Change of PROGRAM'" noun (07) and
"Engine on Enable' noun (11). Its use in these cases is subject to the PROGRAM in process.

8.4.7 PLEASE MARK.

The ''please mark' verb (51) is flashed when the LGC is prepared to accept optical
sighting data upon the pushing of the "MARK' buttons.

8.4.8 MACHINE ADDRESS TO BE SPECIFIED.

There is a class of Noun available to allow any machine address to be used. These are
called ""Machine Address to be Specified' Nouns. When the ENTER which causes the Verb-
Noun combination to be executed senses a Noun of this type, the flash is immediately turned
on. The Verb Code is left unchanged. The operator should load the 5-octal-character com-
plete machine address of interest. It is displayed in R3 as it is punched in. If an error is
made in loading the address, the CLEAR may be used to remove it.
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. Pressing the ENTER causes continuation in executing the Verb
8.4.9 PROGRAM SELECTION.
To change the PROGRAM the sequence is VERB 37 ENTER. This causes the Noun display
register to be blanked and the Verb Code to be flashed. The 2 character PROGRAM Code

should then be loaded. For verification purposes, it is displayed as it is loaded in the Noun
display register. The ENTER causes 1) the flash is to be turned off, 2) a request for the new
PROGRAM to be entered, and 3) a new PROGRAM Code to be displayed in the PROGRAM dis-
play register.

8.4.10 ALARM PHILOSOPHY.

- The Operator Error light is turned on when the operator performs some improper
sequence of key depressions.

8.4.10.1 Illegal Verbs, Nouns and Combinations.

The simplest alarm situation is an attempt to use an undefined (or spare) Verb Code or
Noun Code. The Alarm light is turned on when the ENTER is pressed that attempts to execute
the Verb/Noun combination. No further action is taken.

It is possible to choose a Verb that is defined and a Noun that is defined, but have the
combination of Verb and Noun be illegal (for example, the ""decimal display' Verb used with a
Noun which is restricted to be 'octal only'). The alarm light is turned on at the ENTER that
attempts to execute the Verb/Noun combination. No further action is taken.

Violation of the following principle causes the Operator Error to be turned on. No further

action is taken.
‘ e An undefined (or spare) Verb must not be used.

e An undefined (or spare) Noun must not be used.

e In octal display and monitor verbs and all load verbs, the component number
of the verb must not exceed the number of components in the noun. (Note,
all "machine address to be specified" nouns are considered 1 component,
except noun 01 which may be used with any verb.)

e The octal display and monitor verbs must not be used with a ""decimal only"
noun.

® The decimal display and monitor verbs must not be used with an "octal
only' noun.

e The dp decimal display and monitor verbs (07, 17) must not be used with
mixed nouns (codes 55-77).

e No load verb may be used with a noun restricted to be '"no load'. All
nouns having split MIN/SEC scale for any component are '"mo load" for the
entire noun.

e An input code other than those which are defined is received from the

Keyboard.
. e The contents of the register used to determine which Display Panel char -
acter is to be lighted has exceeded its limit.
8.4.10.2 Illegal Data and Recycle.
' Many legal Verb/Noun combinations require the loading of additional data (either numer-

ical or machine address). It is possible that the data supplied may itself be improper for the
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8.4.10.3

Noun selected. Examples are: (1) the numerical data exceeds the maximum value allowed by .
the scale factor associated with the Noun, and (2) decimal data is loaded into an '"octal only"
noun.

is turned on and a recycle is performed back to the beginning of the loading sequencé. The
flash is left on, and the data display register associated with the first data word in the sequence
is blanked again. It is necessary for the operator only to supply the data again; he need not
attempt to re-execute the Verb/Noun combination. (Note, if decimal data is supplied for the
address of a ""machine address to be specified' noun, the alarm and recycle are performed at
the ENTER immediately following the address word. )

In general the offense is detected at the final ENTER of the loading sequence. The alarm .

Violation of the following principles causes the Operator Error to be turned on, and a
recycle to be performed.

e The address keyed in for a '""machine address to be specified' noun must be
octal.

e In multi-component load verbs, no mixing of octal and decimal data is permitted.
All the data words loaded for a given noun must either be all octal or all decimal.

e Octal data must not be loaded into a ""decimal only'" noun.
e Decimal data must not be loaded into an 'octal only'' noun.

e Decimal data loaded must not numerically exceed the maximum permitted by
the scale factor associated with the appropriate component of the noun.

e Negative decimal data must not be loaded using the Y optics scale.

e All 3 words must be loaded for the Hours, Minutes, Seconds scale. '

e When loading with the Hours, Minutes, Seconds scale, the minutes must not
exceed 59; the seconds must not exceed 59. 99; and the total number must not
exceed 745 hours, 39 minutes, 14.55 seconds.

e Two numerical characters must be supplied for the PROGRAM Code under V3T7.

Operator Error and Key Rejection.

There are two situations which cause the Operator Error light to be turned on and the
offending key depression to be simply rejected. These are:

e An attempt to ENTER a decimal data word having fewer than 5 numerical
characters. The ENTER is simply rejected. The flash is left on and the
Verb Code is not advanced. Thus it is possible to supply the remaining
characters and to press the ENTER again for the same data word. Or the
CLEAR key may be used if the operator wishes to begin loading the offending
data word again.

e An 8 or 9 is punched while loading a word which was not preceded by a plus
or minus sign. The 8 or 9 is simply rejected. The remaining characters
may then be supplied or the offending word removed and its loading begun

again.
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VERB LIST

ALLOWABLE REGULAR VERBS

01 DISPLAY OCTAL COMP 1 IN R1

02 DISPLAY OCTAL COMP 2 IN R1

03 DISPLAY OCTAL COMP 3 IN R1

04 DISPLAY OCTAL COMP 1, 2 IN R1, R2

05 DISPLAY OCTAL COMP 1, 2, 3 IN R1, R2, R3

06 DISPLAY DECIMAL IN R1 OR R1, R2 OR R1, R2, R3

11 MONITOR OCTAL COMP 1 IN R1

12 MONITOR OCTAL COMP 2 IN R1

13 MONITOR OCTAL COMP 3 IN R1

14 MONITOR OCTAL COMP 1, 2 IN R1, R2

15 MONITOR OCTAL COMP 1, 2, 3 IN R1, R2, R3

16 MONITOR DECIMAL IN R1 OR R1, R2 OR R1, R2, R3
17 MONITOR DP DECIMAL IN R1, R2 (TEST ONLY)

21 LOAD COMPONENT 1 INTO R1

22 LOAD COMPONENT 2 INTO R2

23 LOAD COMPONENT 3 INTO R3

24 LOAD COMPONENT 1, 2 INTO R1, R2

25 LOAD COMPONENT 1, 2, 3 INTO R1, R2, R3

27 DISPLAY FIXED MEMORY

30 REQUEST EXECUTIVE

31 REQUEST WAITLIST

32 RECYCLE PROGRAM

33 PROCEED WITHOUT DSKY INPUTS
34 TERMINATE FUNCTION

35 TEST LIGHTS

36 REQUEST FRESH START

37 CHANGE PROGRAM (MAJOR MODE)

ALLOWABLE EXTENDED VERBS

40 ZERO CDU-S

41 COARSE ALIGN CDU-S

42 FINE ALIGN IMU-S

43 LOAD IMU ATT ERROR METERS
44 PULSE TORQUE GYROS

46 SPECIFY VEHICLE CONFIGURATION
47 INITIALIZE AGS (LM)

50 PLEASE PERFORM

51 MARK X-RETICLE (LM)

52 MARK Y-RETICLE (LM)

53 MARK X OR Y-RETICLE (LM)

56 TERMINATE TRACKING (P20)

60 SET LEM DAP (LM)

61 COMMAND LR TO POSITION 2 (LM)
62 SAMPLE RADAR ONCE PER SEC (LM)
63 START LEM FCS TEST

70 UPDATE LIFTOFF TIME
71 UNIVERSAL UPDATE-BLOCK ADR
72 UNIVERSAL UPDATE-SINGLE ADR
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80 UPDATE LEM STATE VECTOR

81 UPDATE CSM STATE VECTOR

82 REQUEST ORBIT PARAM DISPLAY (R30)
83 REQUEST REND PARAM DISPLAY (R31)
84 START TARGET DELTA V (R32)

91 COMPUTE BANKSUM

92 OPERATE SELECTED SYSTEM TEST
93 SCAN INBITS

NOUN LIST

ALLOWABLE NORMAL NOUNS

01 SPECIFY ADDRESS (FRAC)
02 SPECIFY ADDRESS (WHOLE)
03 SPECIFY ADDRESS (DEGREE)

05 ANGULAR ERROR/DIFFERENCE
06 OPTION CODE (R1)
07 CHANGE OF PROGRAM

09 ALARMS
10 CHANNEL TO BE SPECIFIED
11 ENGINE ENABLE

15 INCREMENT ADDRESS

19 BALL ANGLES (LM)

20 ICDU ANGLES

21 PIPAS

22 NEW ICDU ANGLES

23 DELTA ICDU ANGLES

24 DELTA TIME OF AGC CLOCK

25 CHECKLIST

26 PRIORITY/DELAY, ADRES, BBCON
27 SELF TEST SWITCH

30 TIG-CSI (LM)
31 TIG-CDH (LM)

33 TIME OF IGNITION

34 TIME OF EVENT

35 TIME TO GO TO EVENT

36 TIME OF AGC CLOCK

37 TIG-TPI

38 TIG-MID

39 DELTA TIME TO TRANSFER

MIXED NOUNS

41 TARGET AZIMUTH, ELEVATION
42 APOGEE, PERIGEE, DELTA V

43 LAT, LONG, ALT

44 APOGEE, PERIGEE, TFF

45 MARKS, TTI-NEXT BURN, MGA
46 X, IV/IZ, W

47 PITCH, YAW TRIM, THRUST

48 DELTA R, V, BYPASS/MARK CTR
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54 RANGE, RANGE RATE, THETA

55 CDH APSIS, ELEV, POST CDH ALT
56 DELTA V-CDH, PERIGEE

57 DELTA V-CDH, ALT, DELTA ALT
58 DELTA V-TPI, PER, DELTA V-TPF
59 DELTA V-MID, TTIG, DELTA V-TPF

70 STAR OR AOT DETENT CODE

71 AOT ROTATION ANGLES (LM)

72 RR SHAFT, TRUNION ANGLES (LM)

73 NEW RR SHAFT, TRUNION ANGLES (LM)
74 LANDING RADAR ALT, TIME

75 LANDING RADAR VX, TIME (LM)

76 LANDING RADAR VY, TIME (LM)

77 LANDING RADAR VZ, TIME (LM)

78 RR RANGE, TRUNION, SHAFT (LM)

79 RR RANGE RATE, TRUNION, SHAFT (LM)

82 DELTA V (LV)

83 DELTA V (IMU)

84 DELTA V (OTHER VEHICLE)
85 VG (BODY)

86 VG (LV)

90 COMPUTED GIMBAL ANGLES
93 DELTA GYRO ANGLES

98 SYSTEM TEST

CHECKLIST REFERENCE NOUNS (NOUN 25)

R1 CODE ACTION TO BE EFFECTED
00007 PERFORM MANUAL ATTITUDE MANEUVER
00011 KEY IN AUTO OPTICS POSITIONING OPTION
00012 KEY IN TARGET DATA
00013 SWITCH 0SS TO COMPUTER CONTROL
00014 KEY IN FINE ALIGNMENT OPTION
00015 PERFORM STAR ACQUISITION
00016 KEY IN TERMINATE MARK OPTION
00050 PERFORM FINAL IMU ORIENT, STAR SIGHT AT PRESENT ATT
00051 PERFORM FINAL IMU ORIENT, STAR SIGHT AT FINAL ATT
00052 PERFORM INT IMU ORIENT, STAR SIGHT AT FINAL ATT
00053 PERFORM FINAL IMU ORIENT, STAR SIGHT AT INT ATT
00054 PERFORM INT IMU ORIENT, STAR SIGHT AT INT ATT
00060 SWITCH ISS TO ON
00061 SWITCH IMU POWER DOWN
00062 SWITCH LGC POWER DOWN
00200 KEY IN ZERO AEA CLOCK OPTION
00201 SWITCH RR MODE TO AUTOMATIC
00202 KEY IN SIGHTING CHECK OPTION
00203 SWITCH GUID CONTROL - PGNS
MODE CONTROL - AUTO
00204 KEY IN ENABLE GIMBALS OPTION
00205 PERFORM MANUAL ACQUISITION OF RR
00206 PERFORM ATTITUDE TRIM
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R1 CODE
00401

00403

ACTION TO BE EFFECTED (cont)
SWITCH S/C CONTROL TO G/N

SWITCH OPTICS TO MANUAL OR ZERO

SWITCH DENOTES CHANGE POSITION OF A CONSOLE
SWITCH. PERFORM DENOTES START OR END OF A TASK.
KEY IN DENOTES KEY IN OF DATA THRU THE DSKY.

OPTION CODES

THE SPECIFIED OPTION CODES WILL BE FLASHED IN COMPONENT R1 IN
CONJUNCTION WITH VERBO6NOUNO6 TO REQUEST THE ASTRONAUT TO
LOAD INTO COMPONENT R2 THE OPTION HE DESIRES.

OPTION
CODE

00001
00002
00003
00004

00005

00006
00007
00010

CODE

00105
00110
00112
00113
00114
00115

00116
00117
00120

00121
00206

00207

00210
00211
00212
00213

PURPOSE

SPECIFY STATE VECTOR TO BE UPDATED
SPECIFY ACQUISITION MODE

SPECIFY TIG OR ELEV ANGLE INPUT
SPECIFY TRANSLATION AXIS

SPECIFY IMU ORIENTATION

SPECIFY IMU ORIENTATION
SPECIFY CSM/LM VEH ATT
WILL ATT MANEUVER BE PERFORMED

ALARM CODES
TYPE

MARK BUTTONS NOT AVAILABLE

NO MARK SINCE LAST MARK REJECT
MARK NOT BEING ACCEPTED

NO INBITS

MARK MADE BUT NOT DESIRED

OPTICS TORQUE REQUEST WITH SWITCH
NOT AT CGC

OPTICS SWITCH ALTERED BEFORE 15 SEC
ZERO TIME ELAPSED

OPTICS TORQUE REQUEST WITH OPTICS
NOT AVAILABLE (OPTIND = -0)

OPTICS TORQUE REQUEST WITH OPTICS
NOT ZEROED

INSUFFICIENT MARKS

ZERO ENCODE NOT ALLOWED WITH
COARSE ALIGN + GIMBAL LOCK

ISS TURNON REQUEST NOT PRESENT FOR
90 SEC

IMU NOT OPERATING

COARSE ALIGN ERROR

PIPA FAIL BUT PIPA IS NOT BEING USED
IMU NOT OPERATING WITH TURN-ON
REQUEST

INPUT FOR COMPONENT 2

1=LM 2 = CSM

1 =AUTO 2 = MANUAL

1 = TIG 2 = ELEV ANGLE
1=4X2=-X3=4Y4=-Y5=47
6 =-Z

1=PREF 2 =NOM

3 =REF SMMAT

1=PREF 2 =NOM
1=PREF 2 =NOM

1 =YES 2 =NO

SET BY

SXTMARK

SXTMARK

SXTMARK

SXTMARK

SXTMARK

EXT VERB OPTICS CDU
T4RUPT
EXT VERB OPTICS CDU
T4RUPT

P22
IMU MODE SWITCHING

T4RUPT

IMU MODE SWITCH, IMU S2
IMU MODE SWITCH

IMU MODE SWITCH, T4RPT
T4RUPT

L DSKY DESCRIPTION AND OPERATION
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CODE

* TYPE

00214
00215
00401

00404
00405
00406
00410
00501
00503
00510
00514

00525
00526
00600
00601
00602
00603
00604
00605

00606
00607
00610
00611
01102
01103
01105
01106
01201
01202
01203
01206

01207
01210

01301
01302
01406
01411
01501
01600

01601
01602

01700
01701
01702

01703

PROGRAM USING IMU WHEN TURNED OFF
ORIENTATION NOT SPECIFIED

* DESIRED GIMBAL ANGLES YIELD GIMBAL

LOCK
TARGET OUT OF VIEW
TWO STARS NOT AVAILABLE
REND NAVIGATION NOT OPERATING
ATTITUDE NOT SPECIFIED
RADAR ANTENNA OUT OF LIMITS
RADAR ANTENNA DESIGNATE FAIL
RADAR AUTO DESCRETE NOT PRESENT
RADAR GOES OUT OF AUTO MODE WHILE
BEING USED
DELTA THETA GREATER THAN 3 DEG
RANGE GREATER THAN 400 MILES
IMAGINARY ROOTS ON FIRST ITERATION
PERIGEE ALTITUDE CSI LT PMIN1
PERIGEE ALTITUDE CDH LT PMIN2
CSI TO CDH TIME LT TMIN21
CDH TO TPI TIME LT TMIN23
NUMBER OF ITERATIONS EXCEEDS LOOP
MAXIMUM
DV EXCEEDS MAXIMUM
NO SOLUTION FROM LAMBERT
COMPUTED CDH TIME GT INPUT TPI TIME
NO TIG FOR GIVEN ELEV ANGLE
AGC SELF TEST ERROR
* UNUSED CCS BRANCH EXECUTED
DOWNLINK TOO FAST
UPLINK TOO FAST
* EXECUTIVE OVERFLOW-NO VAC AREAS
* EXECUTIVE OVERFLOW-NO CORE SETS
* WAITLIST OVERFLOW-TOO MANY TASKS
* KEYBOARD AND DISPLAY WAITING LINE
O-FLOW
* NO VAC AREA FOR MARKS
* TWO PROGRAMS USING DEVICE AT SAME
TIME

* ARCSIN-ARCCOS INPUT ANGLE TOO LARGE.

ABORT

*

ABORT

THRUST MISALGN EXCEEDS 90 DEGREES
CDU DOES NOT AGREE WITH COMMAND
TO 1 DEG

* KEYBOARD AND DISPLAY ALARM DURING
INTERNAL USE (NVSUB).ABORT
DRIFT/GYROCOMPSS MISSED TIME STEP-
TEST STILL RUNNING-OPT CHOICE
DRIFT TEST INTEGRATION OVERFLOW
DRIFT TEST ERR IN GYRO TORQUING.
END TEST
PITCH ATTITUDE ERROR LIMIT EXCEEDED
YAW ATTITUDE ERROR LIMIT EXCEEDED
ENGINE IS NOT ON 1 SEC.AFTER ENGINE -
ON SIGNAL
LESS THAN 45 SECS TO IGNITION

SQRT CALLED WITH NEGATIVE ARGUMENT.

SET BY

T4RUPT
P52, P53
INF ALIGN, IMU S2

R52
P52
R22
P53
R25
R21
R25
R25

R22

P20

P32, P72

P32, P72

P32, P72

P32, P72, P33, P73
P32, P72

P32, P72

P32, P72
P32, P72, P33, P73
P32, P72
P34, P74
SELF CHECK
ABORT
T4RUPT
T4RUPT
EXEC

EXEC
WAITLIST
PINBALL

SXTMARK
IMU MODE SWITCH

INTERPRETER
INTERPRETER

P40MC

IMU S2

PINBALL

OPT PRE ALIGN CALIB

OPT PRE ALIGN CALIB
OPT PRE ALIGN CALIB

CSM DAP
CSM DAP
CSM DAP

P40, P41, P42

* INDICATES ABORT TYPE,ALL OTHERS ARE NON-

ABORTIVE EXCEPT 4Q1 WHICH IS BOTH.
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DEDA DATA.

The DEDA front panel (see figure 3-23) contains ten digit pushbuttons, two sign push-
buttons, four control pushbuttons, and three digit address display, a sign plus five digit data
display, and an operator error indicator.

DEDA operation is initiated by depression of the CLEAR pushbutton which enables entry
with the digit pushbuttons. To display the contents of a computer memory cell, its three
digit octal address is entered followed by depression of the READOUT pushbutton. After
each digit is entered, it appears on the address display. When the computer senses the
READOUT command, the display will go blank. After half a second, and at succeeding half
second intervals, the computer will read out the address and its contents. Data will be either
octal or decimal.

To enter data, a three digit address followed by a sign, five digits of data, and the ENTER
pushbutton must be depressed. The computer blanks the panel display upon reading in the
data.

If at any time the ENTER or READOUT is depressed without the right sequence of digits,
the Operator Error Light will be turned on and the computer will discard the data. The same
is true if an 8 or 9 is entered for an address, or a sign is omitted after punching an address.
The DEDA processing software in the AEA limits the AGS to 1 DEDA operator request in
a 2 sec period.

Depression of the HOLD pushbutton, after a readout is accomplished, will hold the last
value displayed rather than update the display every half second. The display is returned to
the normal readout mode, where the data is updated every half second, by depressing the
READOUT pushbutton.

DEDA CODE

DEDA INPUT INSTRUCTION

SYMBOL CODE(7) DEFINITION ;
*Sp00=0 +00000 Attitude Hold
x =1 +10000 Guidance Steering
¥ =2 +20000 Acquisition
* =3 +30000 IMU Align
* =4 +40000 Lunar Align
=5 +50000 Body Axis Align
=6 +60000 Inflight Calibrate
So7=0 +00000 Equations Utilize Rotating External A V Reference Frame
=1 +10000 Freezes the External A V Reference into an Inertial Reference Frame
*S10=0 +00000 Orbit Insertion
* =1 +10000 Coelliptic Sequence Initiate
* =2 +20000 Constant delta ""h"
* =3 +30000 Direct Transfer-Time Increment T A Constant

(7) I the value of the multistate switches is inserted wrong, the computer will treat the number as the
closest state which is less than the number loaded.

DEDA DATA
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‘ SYMBOL CODE(7) DEFINITION
¥ =4 +40000 Direct Transfer-Fixed Time of Ignition
‘ =5 +50000 External A V
*S11=0 +00000 DPS or RCS Burn
=1 +10000 APS Burn
S12=10 +00000 Reset Error Indicators or Re-initiate Testing
=1 +10000 Test Successfully Completed
=3 +30000 Logic Test Failure
=4 +40000 Memory Test Failure
=17 +70000 Logic and Memory Test Failures
*S13=0 +00000 Normal Position
* =1 +10000 Store Lunar Azimuth
*S14 =10 +00000 Initialization Complete Indication
* =] +10000 Initialize IM and CSM via Downlink
* =2 +20000 Initialize LM via DEDA
% =3 +30000 Initialize CSM via DEDA
. *S15=10 +00000 Normal Position
* =4l +10000 Store z axis Direction Cosines
S16=10 +00000 CDH at First Crossing of LM Orbit Line of Apsides
=3l +10000 CDH at Second Crossing of LM Orbit Line of Apsides
S17=0 +00000 Normal Position
=1 +10000 Select CDH at (Sg + 1) = Radians after CS1 for Near Circular Orbits
S55 =10 +00000 Normal Position (Lunar Scaling)
=31 +10000 Change Altitude Rate Scaling for Earth Orbits

(7) X the value of the multistate switches is inserted wrong, the computer will treat the number as the
closest correct state which is /ESS than the number loaded.

DEDA OUTPUTS

SYMBOL QUANTIZATION RANGE ADDRESS DEFINITION
rx 100 ft 18, 388, 500 ft H340 X component of LM Position
‘ ry 100 ft +8, 388, 500 ft H341 Y component of LM Position
ry 100 ft +8, 388, 500 ft H342 Z component of LM Position
DEDA DATA
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SYMBOL QUANTIZATION RANGE ADDRESS DEFINITION
Vx . 11t/sec +8191. 9 ft/sec H360 X component of LM Velocity
Vy .1ft/sec +8191. 9 ft/sec H361 Y component of LM Velocity
Vg . 1ft/sec +8191. 9 ft/sec H362 Z component of LM Velocity
A .1 ft/sec 8191.9 ft/sec H433 LM Velocity Magnitude
rex 100 ft +8, 388, 500 ft H344 X component of CSM Position
rey 100 ft 18, 388, 500 ft H345 Y component of CSM Position
Tey 100 £t +8, 388, 500 ft H346 Z component of CSM Position
Vex . 11ft/sec +8191. 9 ft/sec H364 X component of CSM Velocity
Vey . 1ft/sec +8§191. 9 ft/sec H365 Y component of CSM Velocity
Vez .1ft/sec +8191. 9 ft/sec H366 Z component of CSM Velocity
TAl .1 min 4369 min H377 Absolute Time
q .1 NM +1379. 7 NM H343 Pericynthion Altitude of

Present LM Trajectory
*q1 .1 NM +1379.7 NM TBD Pericynthion Altitude of Pre-

dicted LM Transfer Tra-
jectory (Direct Intercept
Transfer Routine Only)

* AVgx .1 ft/sec +6191. 9 ft/sec TBD Body Axis Components of
Velocity-to-be-Gained to
AVgy . 11t/sec +8191. 9 ft/sec TBD Engfne Shutdown
AVgy .1{t/sec +8191. 9 ft/sec TBD
*Vax .1ft/sec +8191. 9 ft/sec H473 M'inus ll)escer% %tage ga(;i)a-
bility plus A xpende
*Vo .1ft/sec +8191. 9 ft/sec TBD AV for CS1 Maneuver
*Vpo .11{t/sec 8191. 9 ft/sec TBD AV for CDH Maneuver
*ATo .1 NM +1379. 7 NM TBD Differential Attitude
3 .01 deg +90 deg TBD Angle between Local Horizon
and Z-body axis
*TAo .01 min 136. 5 min TBD Coast Time from CSI to CDH
R .1 NM 1379.7 NM TBD Range from LM to CSM
R .1 ft/sec +8191. 9 ft/sec TBD Range Rate
r .11ft/sec +8191. 9 ft/sec H367 LM Altitude Rate
h 100 ft 8,388, 500 ft H337 LM Altitude
*T o .1 min 4369 min TBD Best Predicted Time from
CDH to TPI
*C'o .01 deg 360 deg TBD Best Cost for DEDA Output
Ve .1ft/sec 8191. 1 ft/sec H370 Magnitude of LM Velocity-
to-be-Gained
*tigB .1 min 4369 min TBD Predicted Absolute Time
of CDH Maneuver
* @ LOS .01 deg 360 deg TBD Predicted LOS Angle at tigC
DEDA DATA
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SYMBOL QUANTIZATION RANGE ADDRESS DEFINITION
*rg .1ft/sec +8191. 9 ft/sec TBD Radial Velocity at CSI
(Predicted)
*Vop . 1ft/sec 8191. 9 ft/sec TBD Direct Transfer plus Braking
Impulse A V
g 100 ft 8, 388, 500 ft TBD Predicted Orbit Insertion
Burnout Altitude
y 100 ft 8, 388, 500 ft TBD Out of CSM Orbit Plane Dis-
placement in Orbit Insertion
Vy . 11ft/sec +8191. 9 ft/sec TBD LM Velocity Normal to
CSM Orbit Plane
*A Y i N. A. N. A. TBD Lunar Align Status
* 591 N. A. N. A. TBD Lunar Surface Flag
1K1 .01 deg/hr +10 deg/hr H540 Gyro Drift Compensation
Coefficient
1K6 .01 deg/hr +10 deg/hr H541 Gyro Drift Compensation
Coefficient
1K11 .01 deg/hr +10 deg/hr H542 Gyro Drift Compensation
Coefficient
S00, 810, S11,
S12,513,S14, (See DEDA Inputs)
8.6 NORMAL/BACKUP PROCEDURES.
The following procedures are presented in a manner that cuts across subsystem lines.
That is, the procedures are oriented to the performance of mission tasks rather than sub-
system operations. If, during the performance of a block of procedures, it is necessary to
perform the whole, or a portion of another block of procedures, reference is made to the
second set of procedures.
8.6.1 DEFINITIONS.
Table 8-2 contains the definitions of all terms used in the procedures.
Table 8-2.
Definitions of Terms Used in Procedures
TERM DEFINITION
APSIS Trajectory intersection of orbital plane and ephemeral plane - Apogee and Perigee
ALT (CDH) Altitude of active vehicle above the launch pad radius at TIG (CDH)
Apogee Alt Altitude of apogee above launch pad radius
CDH Constant Delta Altitude Maneuver
CSI Coelliptic Sequence Initiation Maneuver

DELTA ALT (CDH) Altitude between LM and CSM orbits at TIG (CDH)

DEDA DATA
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Table 8-2.
Definitions of Terms Used in Procedures (cont)

TERM

DEFINITION

DELTA H (CDH)

DELTA T TRANS-
FER

DELTA v
DELTA v (CDH)
DELTA V (CDH)
DELTA V (CSI)
DELTA VM
DELTA V (MID)
DELTA V (TPF)

DELTA V (TPI)
DELTA VX (IMU)
DELTA Vy (IMU)
DELTA Vg (IMU)
E

E (TPI)

External Delta v

Altitude between LM and CSM orbits at TIG (CDH)

Time required for transfer from TIG (TPI) to time of intercept

Magnitude of A v vector at TIG

Required impulsive A v to accomplish CDH maneuver at TIG (CDH)
Impulsive A v at TIG (CDH) to accomplish CDH

Required impulsive A v at TIG (CSI) to accomplish CSI

Measured A v magnitude

Required impulsive A v to accomplish next midcourse maneuver at TIG (MID)

Required impulsive A v to accomplish intercept (TPF) maneuver at calculated
time of intercept

Required impulsive A v at TIG (TPI) to accomplish TPI maneuver
Component of integrated acceleration along IMU + X axis
Component of integrated acceleration along IMU + Y axis
Component of integrated acceleration along IMU + Z axis

Elevation angle between LM/CSM LOS and LM local horizontal at TIG (TPI) mea-
sured from direction of flight

Elevation angle; angle between LM/CSM and LM local horizontal plane at TIG
(TPI) measured from direction of flight

Program to accept targeting parameters from a source external to the LGC

g Predicted perigee TPI [DEDA]
GET Ground elapsed time
GETI (CDH) TIG (CDH) - Time of CDH ignition
GETI (CSI) TIG (CSI) Time of CSI ignition (GET)
GETI (TPI) TIG (TPI) Time of ignition in ground elapsed time
H (CDH) Altitude of active vehicle above launch pad radius at TIG (CDH)
HP (CDH) Post CDH altitude of perigee above launch pad radius
HP (TPI) Post TPI altitude of perigee above launch pad radius
HA Altitude of apogee above launch pad radius
Hp Altitude of perigee above launch pad radius
1G Pitch
Ix Moment of inertia above LM x axis
Iy/1z Average moments of inertia about LMy and z axes
MG Yaw
MGA Middle gimbal angle at TIG if +X LM axis is aligned with initial thrust direction
N Number of state vector updates since last thrusting maneuver or initiation of
program 20
N CDH APSIS Future Apsidal crossing at which TIG (CDH) should occur
DEDA DATA
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Table 8-2.
Definitions of Terms Used in Procedures (cont)

TERM DEFINITION
oG Roll
Perigee Alt Altitude of perigee above launch pad radius
Pitch Trim DPS Engine-Bell trim angles at ignition from data taken from fuel loading charts
Yaw Trim and vehicle fuel gauges
R Geocentric radius vector
RANGE Calculated range to CSM
RANGE RATE Calculated range rate between LM and CSM (minus sign indicates closing)
TFF Time of free fall to 300, 000 feet altitude above the launch pad radius
TFI Transfer phase final maneuver
TG Time to go to engine cutoff
THETA Angle between LM + Z axis and local horizontal plane at present time. Plus sign
indicates +Z axis is above the plane
TIG Time of engine ignition (Ground elapsed time)
Tige Fixed absolute time of TPI [DEDA]
TLX DPS maximum thrust times CG to hinge point distance at TIG
T Perigee Time to perigee
TPI Transfer phase initiation maneuver
TTI Time to go to APS ignition
TTI Time to go to DPS ignition (Plus sign is before and minus is after ignition)
TTI NT Time to go to intercept
TTI (CDH) Time to go to TIG (CDH)
TTI (CSI) Time to go to TIG (CSI)
TTI (MID) Time to go to TIG (MID)
TTI (TPI) Time to go to TIG (TPI)
v LM inertial velocity vector at TIG
A% Inertial velocity vector at TIG
Vo Delta V CSI (DEDA)
VG Magnitude of velocity to be gained by thrust maneuver
VGx (LV) Component of VG at TIG along Rx V)X R
VGy (LV) Component of VG at TIG along V x R
VGy (LV) Component of VG at TIG along R
VP, Delta V (CDH) (DEDA)
w Total weight
Yaw Trim (See Pitch Trim)
AV, Differential altitude (DEDA)

Mission 207/208A

Basic Date 1 January 1967
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COMMANDER

SYSTEMS ENGINEER

REMARKS

or

LI-2 IN-FLIGHT UNDOCKED IMU ALIGNMENT

1. LM-IMU REALIGN PROGRAM (P52)

Key V3TE 52E

POSS FL V50 NO7
R1-00005 (PGNCS startup)
V3TE 05E

FLVO6 N - -

R1-000 -- option code for assumed
IMU orientation
R2-0000X assumed option:

00001 preferred

00002 nominal

00003 REFSMMAT

Accept: V33E
Reject: Load desired option.
Select: Nominal V32E

Preferred V37E --E (Program to define
IMU orientation)

POSS FL V06 N-- (nominal selected)
T (align) 00XXX. hrs
000XX. min

0XX. XX sec

Accept: V33E
Reject: Load desired T (Align)

FL V06 N17 (Gimbal angles)
ROLL, PITCH, YAW XXX.XX deg

Check MGA

POSS FL V05 N31
R1-000-- (Preferred IMU not specified)

JOOdANVH SNOLLVHAJO OTT10dV
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COMMANDER

SYSTEMS ENGINEER

REMARKS

ACCEPT: V33E

Verify STAB/CONT/MODE CON-
TROL switch - ATT HOLD.

REJECT: Maneuver using attitude
controller
or
select new program

R50 - Coarse align)

6. Wait -- seconds for completion of
coarse alignment

7. PGNS/AOT LAMP (AC) CB-PRESS.
8. Ascend floor-mounted BACKPACK.
9. AOT azimuth control - F detent.

10. Operate AOT reticle illumination
control for desired illumination.

11. Operate AOT reticle control until AOT
counter indicates 000. 0°.

12. POSS FL V05 N31 (two stars not
available in AOT).

R1-000--
Bypass R56

Verify STAB/CONT/MODE CON-
TROL switch - ATT HOLD.

12. Monitor FDAI to avoid gimbal lock.

If the RR antenna blocks the center AOT detent,
RR antenna be slewed:

Radar/Rendezvous Radar slew switch - SLEW.

RADAR/SLEW switch - as desired

JO009ANVH SNOLLVHAJO OTT10dV
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COMMANDER

SYSTEMS ENGINEER

REMARKS

Maneuver to acquire stars, V33E.
or
Repeat R56

Verify STAB/CONT/MODE
CONTROL switch - ATT HOLD.
Maneuver to possible star
acquisition, V32E.

(R51 - fine align).

13. FL V06 N30
R1 000XX (Star code)
R2 0000X (Detent code)
Accept: V33E
Reject: Repeat steps 6 through 12.

14. AOT azimuth control - appropriate
detent position.

15. FL V50 (please perform checklist item
number - -.

GUID CONT switch - PGNS.

STAB/CONT/MODE CONTROL switch -

AUTO.
enter

or

STAB/CONT/MODE CONTROL switch -

ATT HOLD.
V33E
Proceed to step 18.

16. FL V06 N17 (gimbal angles)
Rl XXX.XX
R2 XXX.XX
R3 XXX.XX

If under control of preferred tracking attitude
routine proceed to step 17.

JOOddNVH SNOLLVYHJdO OTT0dV
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COMMANDER

SYSTEMS ENGINEER

REMARKS

17. Proceed to step 19.
18. Maneuver using attitude controller.
19. FL V50 N25 R100007 (Attitude trim
maneuver)

Accept: Proceed to step 20.

Reject: Maneuver using attitude

controller

20. a. Autotrim (option)
GUID CONT switch - PGNS
STAB/CONT/MODE control
switch - AUTO
b. No auto trim (option)

V33E

Repeat sequence from step 18.
21, FLV2IN - -
22. Load - - star code and AOT detent.

23. FL V53 (please mark). Verify AOT
reticle counter - 000.0°.

24. Load V - - E (DAP pulse mode).
Verify STAB/CONT MODE CONTROL
switch - ATT HOLD.

25. Maneuver using attitude controller.

26. Mark X or Y.
Accept: Enter

Reject: Mark reject , repeat
steps 24 and 25.

27. FL V51 or FL 52. Verify AOT
reticle counter - 000. 0°.

28. Maneuver using attitude controller.

18. Monitor FDAI to avoid gimbal lock.

An unsatisfactory mark may be rejected by
pressing mark reject (R) any time prior to
terminating the marking sequence.

Possible program alarm if mark reject is
depressed without prior mark or if a surplus
mark is entered.

JOOdANVH SNOLLVHAJO OTT10dV
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COMMANDER

SYSTEMS ENGINEER

REMARKS

29. Mark Yor X
Accept: Enter
Reject: Mark reject
Repeat: Steps 27 and 28 above

30. FL V50 N25 R1-000 16 (Terminate
marks)

Accept: Enter
Reject: V33E
Repeat sequence from step 22.

31. FL V06 N30

Rl— 000XX (star code)
R2 - 0000X (Detent code)

Accept: V33E
Reject: V21E
Repeat step 31.

32. AOT azimuth control - appropriate
detent position, if under control of preferred
tracking attitude routine, proceed to step 35.

33. FL V50 N25 R - 000---
GUID CONT switch - PGNS
STAB/CONT/MODE CONTROL
switch - AUTO
enter
or
STAB/CONT/MODE CONTROL switch -
ATT HOLD,
V33E (proceed to step 36)

34. FL V06 N17 (gimbal angles)
Rl - XXX.XX
R2 - XXX.XX
R3 - XXX.XX
35. Observe attitude maneuver on FDAIL

36. Maneuver using attitude controller.

MOOdANVH SNOLLVHIdO OTT0dV
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317.

FL V50 N25 R1 00007 (attitude

trim maneuver)

38.

39.

40.

41.

42,

43.

44.

or

Accept: V33E
Reject: Repeat steps 33 through 37.

FL V21 N - -

Load star code, AOT detent.

FL V53

Verify AOT reticle counter - 000. 0°.
V - - E (DAP pulse mode)

Verify STAB/CONT/MODE CONTROL
switch - ATT HOLD.

Maneuver using attitude controller.

Mark X or Y.

Accept: Enter

Reject: Mark reject, repeat step 34
above.

FL V51 or V52
Verify AOT reticle counter - 000. 0°.
Maneuver using attitude controller.

Mark Y or X
Accept: Enter
Reject: Mark reject, repeat step 8.

FL V50 N25 R1 00016

Terminate enter.

Continue V33E. Proceed to step 38.
V06 NO5 (10 seconds)

R1 - Star angle difference 000. 0X deg
(Good Data, angle 0.05 deg)

FL V06 NO5
R1 - Star angle difference XXX. XX
deg

(Bad Data, angle 0.05 deg)

Accept: V33E
Reject: V3TE--E (Selectnew program)

(R55 - Gyro torquing) (Optional)

CIN'T-€-06LVIN'T
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45.

or

46.

47.

48.

3

V06 N67 (10 seconds)

Delta gyro angles X,Y,Z XX.XXX deg.
All angles < 5 deg (Gyros are torqued)

FL V06 N67

Delta gyro angles X,Y,Z XX.XXX deg.
If any angle > 5 deg

Accept: V33E (Gyros are torqued)
Reject: V34E (LDC displays P00)

FL V50 N25
R1-00014 (Fine align check)

Accept: Enter (return to step 13)
Reject: V33E

P00
Set controls:

AOT azimuth control - CL
Descend from back pack
PGNS/AOT LAMP CB (AC) - Pull out.

2. IMU ORIENTATION DETERMINATION (P51)

Key V3TE 51E.

FL V50 N25
R1-00015 (star acquisition).

Communicate with CSM to determine

attitude compatible with separation or SPS

backup to avoid gimbal lock in LM or CSM.

4.

Communicate and request CSM to relin-

guish attitude control.

If docked, CSM may re-acquire attitude control.

MOOdANVH SNOLLVHAdO OTT0dV
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COMMANDER
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REMARKS

5. MODE CONTROL switch - ATT HOLD.
6. AOT azimuth control - desired position.
7. PGNS/AOT LAMP CB(AC) - Press.

8. Step onto floor-mounted PLSS.

9. Operate AOT reticle illumination
control for desired light intensity.

10. Operate AOT recticle control switch until
AOT counter indicates 000. 0°.

11. Orient LM to desired attitude (based on
AOT data) with attitude controller.

12. Two navigation stars are in AOT field-
of-view.

13. Key V33E

14. FL V41 N20
R1 00000
R2 00000
R3 00000

15. (R50-coarse align CDU and IMU to body
axes. )

16. Verify that DSKY NO ATT light is
illuminated during coarse align.

17. Coarse align completed, DSKY NO ATT
light out.

18. FL V21 N -- (Load star and AOT
detent codes in R1 and R2, respectively).

19. Refer to star map (flight data Kkit);
identify star in AOT (Obtain star code number
from star catalog)

13. This step is optional, but desirable.

used, key ENTR in place of V33E.

If not

JOOLddNVH SNOLLVYAJO 01104V
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20. KEY star code number E.

21. KEY AOT detent code E.

22. Verify V21 N -- stops flashing.
23. FL V53.

24. Verify AOT counter is still 000. 0°.
25. Key V -- (DAP pulse mode).

26. Verify STAB/CONT/MODE CONTROL
switch - ATT HOLD.

27. Operate attitude controller bringing the
selected star across the X or Y reticle.

28. Selected star crosses X or Y reticle.
29. Mark X or Y pushbutton - depress.
30. FL V51 (Mark X) or V52 (Mark Y).
31. Verify AOT counter is 000.0°.

32. Operate attitude controller bringing the
selected star across the X or Y reticle.

33. Selected star crosses X or Y reticle.
34. Mark X or Y pushbutton - depress.

35. FL V50 N25
R1-00016 (Terminate marks request)

36. a. Decide to terminate marks, depress
ENTR.

36. b. Decide to continue pairs of marks D,
key V33E and repeat steps 23 through
35.

If mark is not satisfactorily executed depress R
pushbutton (rejects marked position), Repeat
steps 27, 28, and 29.

34. See above note.

If at any time a better star marking is desirable,
Key V32E and repeat steps 18 through 35.
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COMMANDER

SYSTEMS ENGINEER

REMARKS

31.

38.

First star sighting completed.

Repeat steps 18 through 36 for second

star sighting.

39.
40.

41.

41.

42.
43.
44,

45.
OF

46.

Second star sighting completed.
FL V06 NO5
Rl1- XXX.XX (Star angle
difference).

a. FL V06 (10 seconds)
(Good data, angle < 0.05°).

b. FL V06 NO5
(Bad data, angle > 0.05°).

Accept: V33E

Reject: V3TE (Select new program).

P 00.

Rotate AOT azimuth control to CL detent.

Descend from floor-mounted PLSS.

STAB/CONT/MODE CONTROL switch -

F.

Communicate with CSM requesting CSM

resume attitude control.

47.

48.

PGNS/AOT LAMP (AC) CB - OPEN.

IMU orientation determination completed.

4la. Good data LGC returns to previous program
or routine.

41p. LGC determines present IMU angles
referenced to LM, then determines IMU inertial
angles referenced to celestial coordinates. These
data are stored as the Reference Stable Member
Matrix (REFSMAT) and the LGC internally sets the
"'orientation known' flag and terminates program
a1.
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2
=
. 3. LM/IMU ALIGN PROGRAM (P53)
S
>
= 1. Set controls to nominal positions, except
> as follows:
LM/IMU Align progam (P53) may be deleted at a
@ PGNS/AOT LAMP CB (AC) - pressed later date.
= HEATERS/AOT CB-pressed
g IMU OPR CB - pressed
o
2. Key V3TE 53E
—_ (RO2 - IMU status check) b
[ go)
£ |3 POSSFLV50NOT 9
o =
3 (R1 00005 o
5 V37E 05E 3g
- 55
POSS FL V50 NO7 E 3
i~
@]
Q R1 00051 = =
= w -
® =
E V3TE 51E B
(]
g | vosn-- :
(]
@]
R1 000 - - option code, assumed IMU POSS FL V05 N31 =
orientation selection R1 000XX (IMU orientation not
R2 0000X LGC assumed option specified)
00001 = Pref
00002 = Nom
Accept: V33E
Reject: V22E Load desired code in R2
Choose nominal orientation: V32E
5
1 & Select new program: V3TE XXE (to
| e specify orientation)
z For preferred IMU orientation, proceed
w to step 8.




adedq

v€-8

UOTSSTIA

ajeq Jtsed  v80%/L02

1961 Arenuep |

aye( a3uey)

COMMANDER SYSTEMS ENGINEER REMARKS
5. FLVO6N - -
T (Align) 00XXX. hrs
000XX. min
0XX. XX sec
Accept: V33E
Reject: V25 E Load desired T
(Align)
6. FL V06N - -

R1 000XX option code, for assumed
LM attitude selection

R2 0000X LGC assumed option
00001 = Pref
00002 = Nom

Accept: V33E
Reject: V22E Load desired code in
R2

Choose nominal attitude: V32E
or
Select new program: V37E XXE
(to specify
orientation)

7. FL V06 N17
0OG, IG, MG, XXX. XX deg
I MG < 45 deg: V33E
If MG > 45 deg: V32E - (Restart
program)
8. V01 N25

R1 0005 (SC attitude, IMU orientation
00051 = Final IMU and final
vehicle.
00052 = Final IMU and interim
vehicle.

POSS FL V05 N31

R1 000XX (LM attitude not specified)

JO0OHdANVH SNOLLVYHEdO OT1T0dV
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COMMANDER

SYSTEMS ENGINEER

REMARKS

10.

11.

or

12.

00053 = Interim IMU and final
vehicle

00054 = Interim IMU and
interim vehicle

Record Value

(R60 - attitude maneuver routine)
FL V50 N25

R1 000XX (auto mode control)

Accept: STAB/CONT/MODE CONTROL
switch - AUTO, GUID CONT
switch - PGNS

Reject: Set GUID CONT AND STAB/
CONT/MODE switches as
desired.

V33E
Maneuver vehicle as desired

POSS FL V06 N17

OG, IG, MG XXX. XX deg
Monitor maneuver on FDAI

POSS FL V50 N25

R1 00007 (attitude trim
maneuver)

Accept: STAB/CONT/MODE CONTROL
switch - AUTO, GUID CONT
switch - PGNS
Enter

Reject: Set GUID CONT AND CONT
switches as desired.
V33E
Maneuver vehicle as desired.
(51 - fine align)

FL V06 N30

R1 000XX (star code)
R2 XXXX (AOT detent)

Accept: V33E
Reject: V21E load desired star code

(R60 - attitude maneuver)

JOOdANVH SNOLLVYHdO OTTI0dV
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COMMANDER

SYSTEMS ENGINEER

REMARKS

13.

14.

15.

16.

17.

FL V50 N25
R1 000XX (auto mode control)

Accept: STAB/CONT/MODE CONTROL
switch - AUTO, GUID CONT
switch - PGNS
Enter

Reject: Set GUID CONT and STAB/
CONT/MODE CONT switches
as desired.

V33E
Maneuver vehicle as desired.

POSS FL V06 N17
0G, IGN, MG XXX. XX deg
Monitor maneuver on FDAI

POSS FL V50 N25

R1 00007 - PERFORM (ATT
trim maneuver)

Accept: STAB/CONT/MODE CONTROL
switch - AUTO, GUID CONT
switch - PGNS
Enter

Reject: Set GUID CONT and STAB/
CONT/MODE CONTROL
switches as desired.

V33E

(R53 - Maneuver vehicle sighting mark
as desired.

FL V21 N - - (request load)

Load star code in R1
Load AOT detent in R2

FL V53
Ascend floor-mounted back pack.
AOT reticle to zero, AOT detent -
to above load position.
Key in V--E (minimum impulse).

JOOdANVH SNOLLVHAJO OT10dV
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LM so star crosses X or Y
reticle line and press
appropriate mark button.

18. POSS FL V51 (Y mark) or V52 (X mark)
If necessary, maneuver LM so star

crosses X or Y reticle line and press
appropriate mark button.

19. FL V50 N25
R1 00016 (terminate marks)

Accept: Enter
Reject for recycle: New star - V32E
same star - V33E

20. Repeat steps 12 through 19 for second
star.

(R54 - star data test)

21. V06 NO5 (static or flashing)
Star angle difference XXX. XX deg
Static indication automatically exits
R54. Flashing indication = angle > 0.5
deg
Key in new program: V37E --E
Proceed on bad data: V33E
(R55 - gyro torquing)

22. FL V06 N67 (static or flashing)

Gyro X, Y, Z XX. XXX deg

COMMANDER SYSTEMS ENGINEER REMARKS
STAB/CONT/MODE CONTROL
switch- ATT HOLD - Maneuver To reselect star: V32E

JOO0dANVH SNOLLVHAdO OTT0dV
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23.

or

24.

or

25.

26.

Flashing indication = any angle > 5 deg,
static indication automatically proceeds
to next step.

Accept: V33E
Reject (for termination): V34E

FL V50 N25
R1 00014 (fine align check)

Accept: Enter
Return to step 11

Reject: V33E Final vehicle attitude
(R60 - attitude maneuver)

POSS FL V50 v25
R1 000XX (auto mode control)
Accept: STAB/CONT/MODE CONTROL
switch - AUTO, GUID CONT
switch - PGNS
Enter
Reject: Set GUID CONT and STAB/
CONT/MODE CONTROL
switches as desired.
V33E
POSS FL V06 N17
oG, IG, MG XXX. XX deg
Monitor maneuver on FDAI

POSS FL V50 N25

R1 00007 (attitude trim
maneuver)

JOOdANVH SNOLLVYAJO OTT10dV
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COMMANDER

SYSTEMS ENGINEER

REMARKS

27.

Accept: STAB/CONT/MODE CONTROL
switch - AUTO GUID CONT
switch - PGNS
Enter

Reject: Set GUID CONT and STAB/
CONT/MODE CONTROL
switches as desired.

V33E

FL V50 NO7

R1 000XX (Original program calling
for alignment)

V3T7E --E
AOT detent - CL

Step down from backpack.
PGNS/AOT LAMP CB (AC) - Pull open.

JO0OdANVH SNOLLVHHdO OTTI0dV
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COMMANDER SYSTEMS ENGINEER

REMARKS

L3-2 PRIMARY GUIDANCE NAVIGATION AND CONTROL SYSTEM UPDATE

1. P01 LGC INITIALIZATION

1. Key V06 N65 (Display sample time)
enter

2. FL V06 N65

XXXXX HOURS
XXXXX  MIN.
XXXXX centi-seconds

3. Obtain value displayed on CMC DSKY.
Compute CMC Minus LGC time difference
and record.

Reject: Repeat steps 1 thru 3 above
to obtain average with desired vari-
ance.

Accept: V55E (average time diff)
00XXX E (HRS)
000XX E (MIN)
0XXXX E (CS)

4. Key V37E 01E (LAC initialization
program)

1. Participate in countdown with CSM.
Navigator to attempt simultaneous depression of
LGC and CMC ENTR Kkeys.

4, This sequence loads 3 double precison (DP)
octal words for each of the following quantities:

CSM Position Vector

CSM Velocity Vector

CSM State Vector Time

Lunar Landing Site Vector

Time for Lunar Landing Vector

Time between Zero Ground Elapsed Time
and 1 July of the reference Besselian year.

MOO9ANVH SNOLLVHAJO OTT0dV
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5. FL V04 NO1

XXXXX (Most significant part of dp
word)

XXXXX (Least significant part of dp
word)

XXXXX (Address of dp word)

6. Obtain DP data word by voice from
CMC address displayed on DSKY and
record.

ACCEPT: V33E

REJECT: Go to step 4 or
If V50 NO7 R1 00000, go to step 11.

7. Key V6 - E
FL V21 NO1
Blank
Unchanged
AAAA

8. Key - Most significant part of DP
word.

Read back to CM
ENTER.
9. FL V22 NO1
MSP
Blank
AAAA

10. Key least significant part of DP
word.

Read back to CM
ENTER.
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11. FL V50 NO7 11. V50 NO7, R1 00000 (Please perform
selection of idling. Program P00).
00000

12,

OR

Accept: Continue sequence
Reject: Return to step 4

Key V37E 00E

2. LM RENDEZVOUS NAVIGATION PROGRAM (P20)

Key V37E 20E
(RO2 - IMU status check)
POSS FL V50 NO7

R1-00005 (PGNCS startup request)
V3T7E 05E

POSS FL V50 NO7

R1-00051 IMU orientation
determination request

V3TE 51E
FL VO6N--

R1 000XX Option code for assumed
State Vector to be updated
R2 0000X LGC assumed option
00001 - LM
00002 - CSM

Accept: (State Vector improvement
assumption):
V33E

Reject: V22E Load desired State
Vector Code in R2

MOOdANVH SNOLLVYHdO OTT10dV
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4. FL V06 N--

R1 000XX Option code for assumed
acquisition mode employ-

ment
R2 0000X LGC assumed option
00001 - AUTO

00002 - MANUAL

Accept: (Assumed acquisition
mode): V33E

Reject: V22E Load desired acqui-
sition mode code in R2

CONFIRM CSM at preferred Attitude
and transponder operable. Verify RR
AC DC CB's CLOSED.

D:9.9.9.9.9.9.9.9.9.0.9.0.9.9.9.9.0.9.9.9.9.9.9.9.9.9.9.9.9.4
XXXXXKXXKXKXKXXKXXXX

(R23 - RR manual acquisition
routine)

FL V50 N25
XXXXX (Perform manual acquisi-
tion)

Set:

RNDZ RADAR mode selector to
SLEW

Verify RATE/ERR MON to RNDZ
RADAR

Search for CSM manually and upon acquisi-
tion verify that acquisition is not side lobe.
Then set RNDZ RADAR mode selector to
LGC and key ENTR

XXXXXXXXXXXXXXX

Recommend LM in preferred tracking
attitude for manual acquisition.

SHFT/TRUN +5° or +50° as
required.
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NOTE:

OR

POSS FL V05 N31
R1 000XX
(CSM > 400 NM)

If desired to wait until CSM

< 400 NM, rendezvous parameter
display routine (R31) may be used
to monitor range by keying in
V--E and return to this display is
made by keying KEY REL. Key
V32E for recycle.

Terminate P20 by V--E

(R61 - Preferred tracking
attitude routine)

5. POSS FL V50 N25

NOTE:

R1-000XX - Perform auto
mode selection

Set MODE CONTROL to
AUTO V33E

(R60 - Attitude maneuver
routine)

Monitor maneuver on
FDAI

(R21 - RR Designate
routine)

POSS FL V05 N31

R1-XXXXX

If ALARM code indicates CSM is
not being acquired, key RESET
and perform one of the following:
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V33E for R24 RR search
routine

OR
V--E to terminate P20

OR
V--E to terminate P20,
then reselect P20

(R20 - RR Data READ routine)

POSS FL V05 N31 (Delta Theta
ALARM)

R1-XXXXX
V33E
6. POSS FL V06 N--
Delta Theta XXX. XX DEG

Accept: V33E
Reject: V32E (Recycle to step 5)

7. POSS FL V06 N75

Delta P XXXX. X NM
Delta V XXXXX, FPS
Accept: V33E

Reject: V32E (Recycle to step 6)
or
V3T7E 20E and select
manual acquisition runs
until terminated by crew

VARIABLE TIME

8. V3TE 00E (No other program in
process)

OR
V--E (Another program beside
P20 in process)

Once CSM acquired P20 runs in the
background until terminated.

JOOH9ANVH SNOLLVHHIJO OTT04dV
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3. LM LGC UPDATE PROGRAM (P27)
[\
2
()
8 Purpose is to enter data in LGC via Uplink
> or by crew input.
jos]
?,,’. AUTO update:
o
v} 1. Coordinate with ground regarding
% parameters and time of update.
2. Observe display of P27 and uplink
— ACTY light ON. »>
: S
§ 3. Observe uplink ACTY light out after e
8 | update 5
<
— s o (e
2 4. LGC displays P00 g E
-J
Voice transmission update: E §
=
o | 1 Key V72E - EXT Delta v % v
(=2
5 or VT70E - LM RVT s
e :
g or VT76E - CSM RVT B
=S o
2. FL V21 NO1 %
BLANK
UNCHANGED
UPADR 000XX.,
NOTE: V34E to terminate program
when desired.
3. Key in update data
- (Data displayed in R1)
&
(0]
oo
[}
[~
-3
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4.

FL V21 NO2 (Load complete)

BLANK
UNCHANGED
UPADR

Review Data: V01 NO1E
Key octal address
at first word
R1 displays first
word
Key N15E to see
next word
Key enter for each
succeeding word

Accept: V33E

Change Data:
Key in octal identifier of
register to be changed
(Data loaded displayed in R1)
Load new data
V33E

P00

4, THRUST MONITOR (P47)

Key V3TE 47E
R2 - IMU status check
Poss FL V50 NO7
R1 - 00005 (PGNCS start up)
V3TE 05E
or
Poss F1 V50 NO7

R1 - 00005

4,

MCC may also review data on Downlink.
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R1 - 00051 (IMU orientation
determination)

V3TE 51E
3. V16 N--
Delta VX (IMU) XXXX.X FPS
Delta VY (IMU) XXXX.X FPS
Delta VZ (IMU) XXXX.X FPS
Perform thrusting maneuver as de-
sired
Monitor maneuver on FDAI to avoid
gimbal lock.

4. When maneuvers are completed:

V3T7E 00E

5. ROUTINE NO. 32 TARGET DELTA V,

1. Key V--E (Target Delta V routine (R32)
2. FL V06 N--
Delta VX XXXXX

Delta VY XXXXX
Delta VZ XXXXX

3. Receive and record actual CSM Delta V
after CSM Thrusting

Accept: V33E
Reject: V25E

Delta VX E
Delta VY E
Delta VZ E

Return to step 2

This action stops automatic state Vector updating
by P20 if in progress, and should be done before

the maneuver is started. This will prevent erro-
neous update of the LM state Vector if in fact the

CSM State Vector has changed.
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6. USE LGC PROGRAM NO. 2
AGS INITIALIZATION

1. Refer to Flight Data Kit for procedure
checklist.

2. Key into Deda UPDATE LM AND CSM
STATE VECTORS, CLR, 414+10000, E

3. Key into DSKY V, 37, E, 02, E

4, FL V50, N25, Ry 00xxx, ZERO AEA
Clock

Accept: Go to step 5

Reject: V33E gotostep 7

5. Key into Deda CLR 377+00000.

6. Attempt to press DSKY and Deda ENTR
buttons simultaneously.

7. FL V06, N , Ry HRS,

Ra MIN, R3 CENTI SECONDS
(Get at which DSKY ENTR interrupt
was processed)

8. Obtain from MCC actual difference (K)
between GET and AGS absolute time.

9. K obtained K is different from DSKY
key into DSKY V23E
CORRECTED CENTI SECONDS, E
OTHERWISE OMIT STEP.
10. Key into DSKY V33E
11. P20 (End of sequence)

FL V50 N0O7, R1 00000
V37E 00E (End of sequence)

¢ NT-€-06LVIN'T

JOOdANVH SNOLLVYHIJO OTT10dV



V802/L0Z UOISSIIN

21 o15eg

L96T Axenuep |

91e(q 28uey)

a3edq

16-8

COMMANDER

SYSTEMS ENGINEER

REMARKS

Key into Deda

CLR, 400 + 30000, VCE, E
(Align AGS to DGNS)

Key into Deda:
CLR, 400 + 0000, VCE, E
(Attitude hold)

8. ENTER RENDEZVOUS RADAR
DATA INTO AGS.

Verify DEADBAND switch - MIN.

MODE CONTROL switch - ATT HOLD.

2. Key into Deda

C, *415 + 00000*%, VCE

(Store 2 AXIS direction Cosines).
3. Perform attitude maneuver with Atti-
tude Controller to obtain precise Antenna
Angle Null.
4. Depress Deda ENTR at null.

5.

15

Communicate MARK at null
note range at null

Key into Deda
C, * # * VCE, E

Operate EVENT TIMER - RESET/

COUNT switch to RESET and release.

8.

STAB/CONT - DEADBAND switch -

MAX

Within 5 minutes of Burn.

JOOdANVH SNOILVHAJO OTTO0dV
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9. Monitor EVENT TIMER

= * MIN * 50 * SEC

10. Verify that criteria for performing an
update are met:

RANGE * * TO * *
RANGE RATE * NEGATIVE *

No. of updates performed in present
series is * *

9. INITIALIZE LM AND CSM STATE
VECTORS VIA DEDA

1. Enter CSM position, velocity, and time
data.

* Z44 + CSM X POSITION *, VCE, E

-

* 745 + CSM Y POSITION *, VCE, E

* Z46 + CSM Z POSITION *, VCE, E

-

* Z64 + CSM X VELOCITY *, VCE,

-

* Z65 + CSM Y VELOCITY *, VCE,

* 266 + CSM Z VELOCITY *, VCE,

* 7272 + CSM EPOCH TIME *, VCE,

-

QO =HO HO HO HO O O O

, * 414 + 30,000 *, VCE, E

In certain cases RANGE RATE may go from nega-
tive to positive and back to negative between burn-
out and docking if using the direct guidance option.

CINT-€-06LVIN'I
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2. Request LM state Vector from MCC
3. Enter LM Position, Velocity, and Time
Data.

1,

* 240 + LM X POSITION *, VCE, E
* 241 + LM Y POSITION *, VCE, E
* 242 + LM Z POSITION *, VCE, E

* 260 + LM X VELOCITY *, VCE, E

* 262 + LM Z VELOCITY *, VCE, E

C,

o

C,

C,

C, * 261 + LM Y VELOCITY *, VCE, E
C,

C, * 254 + LM EPOCH TIME *, VCE, E
C,

* 414 + 20,000 *, VCE, E

10. _AGS MANUAL EXTERNAL
DELTA V MODE RCS BURNS

Record components of Delta V and time

for maneuver as obtained from MSFN.

2, Verify GUID CONT switch - AGS
Verify X-TRANSL switch - 4 JETS
3. Key into Deda X, Y, AND Z Delta V
components.
C, address and value, VCE, E
External Delta V option
C, 410 + 50,000, VCE, «
4, Communicate that EVENT TIMER has

reached Zero
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5. Set SSUB 07 to 1
C, 407 + 10,000, VCE, E
6. STAB/CONT-DEADBAND switch - MIN,

11. INSERT ORBIT INSERTION
TARGETING DATA IN AEA.

1. Key into Deda orbit insertion, Targeted
Injection Altitude, Radius RATE, Horizontal
Velocity, Delta Two.

Desired Absolute Time of CSI Maneu-
ver, and of Transfer Phase Initiate
(TPI) as received from CSM or MGG.
C, address and value, E

12, SET UP AEA FOR DIRECT
TRANSFER

1. Key into Deda values of Delta Time for
direct transfer intercept prediction, for
Absolute Time of Transfer Phase Initiate
(TPI) and for duration of Transfer Phase as
received from MSFN.

C, address and value, E
C, address and value, E

C, address and value, E

¢INT-E£-06LVIN'I
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é.
o 13. GROUND TRACK DETERMINA-
S TION (P21).
3 Soet e
()
8
»> 1. Verify 00 in DSKY program display
o 2. Key V37 E 21 E (Ground Track deter-
g' mination program).
o
g 3. FL V25 N34
g
® XXX XX HOURS
XXXXX MIN
: XXXXX SEC
E 4. KEY HOURS, E
5 MIN, E
= SEC, E
&
= 5. FL V06 N44
XXXXX LATITUDE
a XXXXX LONGITUDE
g XXXXX ALTITUDE
=]
@ 6. Update 10 min later
o}
= KEY V32E (Recycle)
Return to step 6
7. After 10 sec
KEY V34E (Terminate)
8. FLOO
g
o
mQ
(0]
[}
1
(3]
(3]
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14.

1. Key V64E (Start orbit parameter
display routine (R30))

2. FL V06 N43
XXXX.,X APOGEE ALT N.M
XXXX.X PERIGEE ALT N.M
XXXX X TIME OF FREE FALL
IN MIN. SEC.
V33E
Accept: Perigee < 300,001 ft
LGC exits from R30
Reject: V06 N35
XXXXX HRS
XXXXX MIN
XXXXX CENTISEC
Response to time to Perigee

3. Key V33E

4, LGC exits from R30

15. ROUTINE R31 RENDEZVOUS
PARAMETER DISPLAY

1. FL V06 N--

XXX. XX RANGE TO CSM (N. M)

XXXX.X RANGE RATE TO ESM
(FPS)

XXX. XX THETA

2. To cancel display (and R31) key KEY
REL.

¢ NT-€-06LVIN'T
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16.

1. Monitor FDAI error needles for a
Zero + or - * indication in PITCH
and ROLL and * * in YAW.

17. LM2 LANDING RADAR TEST
DURING DPS FIRING.

1. PGNS/LDG RDR CB - PRESS

2. TEST MONITOR switch - LDG RADAR
PWR/VEL XMTR

3. SIGNAL STRENGTH meter > PWR
check mark

4. TEST MONITOR switch - LDG RADAR
PWR/ALT XMTR

5. SIGNAL STRENGTH meter > PWR
check mark

6. MSFN CONFIRMS RADAR OPERATION

7. LDG ANT switch - HOVER AFTER
& * SEC OF DPS FIRING

8. MSFN CONFIRMS RADAR OPERATION

9. LDG ANT switch - DES AFTER * v
SEC OF DPS FIRING

10. MSFN CONFIRMS RADAR OPERATION

11. LDG ANT switch - AUTO AFTER DPS
SHUTDOWN

12. PGNS/LDG RDR CB - PULL

MOOdANVH SNOLLVHHdO OTTOdV
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18.

1. Cross check Rendezvous Radar
parameters using DSKY

2. Routine 31 (Display Range and Rate to

CSM).
V--E

3. Crosscheck Range and Rate from
Rendezvous Radar with DSKY

4, Key REL on DSKY - PRESS

5. Monitor Rendezvous Radar
Parameters

6. Monitor Range and Range Rate.
7. Monitor LOS angles and rates

8. Cross check primary against Abort
Guidance System by FDAI readings.

8. Listen to Attitude Angles and respond
according to agreement.

¢ NT-€-06LVIN'I
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o L5-2 RCS PRETHRUSTING SETUP
3
S
Do
§ 1. INTRODUCTION.
| w | 1. Receive directive from MCC that an
| g‘ RCS thrust maneuver will satisfy the Delta V
‘ o requirements.
| o
§ 2. Prepare PGNCS for a specific maneuver 2. Prepare AGS for backup mode to 2. AGS procedures will be included in a revised
to be performed. PGNCS for the specified maneuver. edition of this block.
b= Choices are: >
3 :
& Program £
g No. Program Title Task No. 5
e L ABRIIN
O
2 30 External Delta V 23530 o e
3 32 Co-elliptic se- 23532 o E
quence initiation g 3
33 Constant Delta 23533 =5
a altitude =5
g 34 Transfer phase 23534 w E
2 initiation i
o 35 Transfer phase 23535 %
g midcourse =
Y 36 Transfer phase 23536 3
final =
2. EXTERNAL DELTA V (P30).
The purpose of this program is to accept targeting
parameters (TIG and impulsive Delta V along LM
local vertical axes at TIG) from sources external
to LGC; calculate Delta V required and other
) initial conditions for the maneuver.
&
@
(e <]
1
o
©
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1. Key into DSKY V37E30E

2. FL V06 N34 TIG

00XXX. hrs (GET)
000XX. min
0XX.XX sec

Accept: V33E
Reject: Reload Data

3. FLVO06N

XXXX.X DELTA Vx
XXXX.X DELTA Vy
XXXX.X DELTA Vg
Accept: V33E
Reject: Reload Data

4. FL V06 N45

HA
HP

XXXX. X NM
XXXX. X NM

Delta V. XXXX.X FPS

Accept:
Reject:

a.

V33E
Reselect V37E 30E and adjust aim
parameters.

Select V37E 27E and load new aim
parameters.

Select new program.

Perform manually using PGNCS/
AGS data.

1. Receive from MCC/CSM and record:

TIG

DELTA VX

DELTA Vy

DELTA Vg

APOGEE ALT. (Hp)
PERIGEE ALT. (Hp)
DELTA V (TIG)

2. Record TIG used if different from
MCC/CSM value.

3. Record Delta Vx, Vy, Vg used if
different from MCC/CSM value.

4. Compare DSKY values with MCC.

1. Delta V may already be available from LGC
update program P27. Oxibital parameters are
optional output information.

a. Reselect P30 and adjust aim parameters.

b. Select P27 and load new aim parameters;
reselect P30.

c. Decide alternatives.

d. See Block_

AOO9dNVH SNOLLVYHdO OTT0dV
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FL V06 N35
TTI

00XXX. hrs

000XX. mins

0XX. XX secs

Accept: V33E

Reject: Select desired program
(R02 - IMU Status check)

FL V06 N

BLANK

TTI XXBXX min - sec
MGA XXX.XX deg

V33E

FL V50 NO7 R1000 40 (Select program)

Select Propulsion System

DPS V3TE 40E
RCS V3TE 41E
APS V3TE 42E

3. LM PRETHRUST CSI PROGRAM (P32).

EVENT TIMER/TIMER CONT - STOP
(MOMENTARY)

RESET/COUNT - RESET
RESET/COUNT - DOWN
SLEW CONT/MIN - TENS
Hold till * * MINS; release.
SLEW CONT/MIN - UNITS
Hold till * * MINS; release.
SLEW CONT/SECS - TENS
Hold till * * MIN; release.
SLEW CONT/SECS - UNITS
Hold till * * SECS; release.
TIMER CONT - START

Verify maneuver with MCC.

Receive MCC go ahead.

6. Done automatically.

7. Set EVENT TIMER to future DSKY time (Time

of EVENT TIMER start).

8. Consider in manuever decision with MCC/

CSM:
a. Delta V magnitude
b. Propellant available
c. Status of propulsion hardware
d. TIME/NEED for IMU realignment

Purpose of this program is to calculate para-
meters for CSI, CDH, TPI AND TPF. Delta V
(TPI) and Delta V (TPF) are computed Delta V

(TPF) assumed to be single impulse. Midcourse

and final corrections are not allowed for.
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Key V3T7E 32E

FL V06 N

GETI (CSI) 00XXX. HRS
000XX. MIN
0XX.XX SEC

Accept: V33E

Reject: Reload data

FL V06 N

N CDH APSIS 0000X.

E (TPI) XXX.XX DEG

Accept: V33E
Reject: Reload data

FL V06 N

GETI (TPI) 00XXX. HRS
000XX. MIN
0XX.XX SEC

Accept: V33E

Reject: Reload data

FL V06 N

Delta T transfer 00XXX. HRS
000XX. MIN
0XX.XX SEC

Accept: V33E
Reject: Reload data
NOTE: If FL V05N31
R1 (Computation difficulty)

Reselect P32 and adjust
parameters or select new
program.

1. Receive from MCC/CSM and record

TIG (CSI)

N CDH APSIS

E (TPI)

TIG (TPI)
DELTA T TRANS

2. Record TIG (CSI) if different from
MCC value

3. Record N CDH APSIS if different
from MCC value

4. Record TIG (TPI) if different from
MCC value

5. Record Delta T Trans if different
from MCC value

If alarm flashes communicate which
alarm to MCC

2. Compare DSKY and MCC values

3. Compare DSKY and MCC values

4. Compare DSKY and MCC values

5. Compare DSKY and MCC values
ALARMS

No intersection of desired LOS at TPI with CSM.
Magnitude of delta V (CSI) > 1000 fps.

Computer cycles for solution excessive.

Perigee altitude (CSI) < 80 nm.

Perigee altitude (CDH) < 80 nm.

Time (CSI to CDH) < 10 MINUTES.

Time (CDH to TPI) < 10 MINUTES.

Hyperbolic velocity achieved at TPI using orbital

parameters planned.
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COMMANDER SYSTEMS ENGINEER REMARKS
6. FL V06N 6. Record value of Delta V (CSI) key
into DEDA
Delta V (CSI) XXXX.X FPS
CLR TBD, Readout (Delta V C51, V.
V33E Compare PENCS and AGS Delta V C?
7. FL V06N 7. Key into DEDA
GETI (CDH) 00XXX. HRS CLR, TBD,Readout (COAST TIME
000XX. MIN CSI to CDH Ta).
0XX.XX SEC
Record value.
V33E
8. FL V06N 8. Subtract GETI (CSI) from GETI (CDH).
Compare result with AGS key into
Delta V (CDH) XXXX.X FPS Key into Deda
H (CDH) XXXX.X NM CLR TBD Readout (Delta V CDH,
Delta H (CDH) XXXX.X NM VPO)
Compare PGNS and AGS Delta V CDH
V33E Key into Deda
CLR TBD, Readout (Differential
altitude, vo)
Compare PCNS and AGS Delta H.)
9. FLVO06 N 9. Record values
Delta V (TPI) XXXX.X FPS
HP (TPI) XXXX.X NM
Delta V (TPF) XXXX.X FPS
V33E
10. FL V16 N35
TTI (CSI) 00XXX. HRS
000XX. MIN
0XX.XX SEC
V33E

JOOddNVH SNOLLVYHdO OTT0dV
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Z 11. FL V16N 11. Check maneuver parameters with 11. Accept if TTI >10 MINUTES. Reject if TTI
- MCC. < 10 MINUTES or data is unsatisfactory.
N 000XX. MARKS
TTI (CSI) XXBXX MIN-SEC a. Recycle to step 02.
’§ Check N increases 1/MIN b. Adjust input data.
3 Accept: V33E
85 Reject:
S
R a. V32E
2 b. V3TE 32E
>
12. (RO2 - IMU status check) 12. No crew action required. %
g 13. FLVO6 N 13. EVENT TIMER/TIMER CONT - 13. Set EVENT TIMER to future DSKY time S
= STOP (MOMENTARY) (Time of EVENT TIMER start). S
o N 000XX. MARKS O
=4 TTI (CSI) XXBXX MIN-SEC RESET/COUNT - RESET g E
id MGA XXX.XX DEG RESET/COUNT - DOWN @ 5
SLEW CONT/MIN - TENS = 3
ok V33E Hold till * * MINS; release. o) z
o SLEW CONT/MIN - UNITS 2
g Hold till * * MIN; release. 25
g SLEW CONT/SECS - TENS o
< Hold till * * SECS; release. é
= SLEW CONT/SECS - UNITS %
@ Hold till * * SECS; release. 8
| TIMER CONT - START e
\
i 5 Record MGA value.
| =
| = 14, FL V50 NO7 14. Consider in maneuver decision with MCC/
o CSM:
o (Select program)
% Select propulsion system a. Magnitude of Delta V.
DPS - Select P40
RCS - Select P41 b. Status of propulsion hardware.
APS - Select P42
c. Time/Need to realign IMU.
Select P02 AGS initialization first.




=2
é' COMMANDER SYSTEMS ENGINEER REMARKS
§.
2 4. LM PRETHRUST CDH PROGRAM (P33)
>
S The purpose of this program is to calculate para-
> meters for CDH, TPI and TPF. Delta V (TPI)
and Delta V (TPF) are computed. Delta V (TPF)
w assumed to be single impulse. Midcourse and
g. final correction are not allowed for.
o
> 1. Key V37E 33E 1. Receive from MCC/CSM and record
o
TIG (CDH)
N CDH APSIS
= E
‘g‘ TIG (TPI)
E DELTA T TRANS
S |2 FLVOBN 2. Record TIG (CDH) if different from
© MCC value.
=3 GETI (CDH) 00XXX. HRS
000XX. MIN
0XX.XX SEC
Q
B Accept: V33E
® Reject: Reload data
o
¥ |3 FLVOSN 3. Record Delta T TRANS if different
@ from MCC value.
Delta T transfer 00XXX. HRS
000XX. MIN
0XX.XX SEC
Accept: V33E
Reject: Reload data
4. FLVO06N 4. Record TIG (TPI) if different from
MCC value.
GETI (TPI) 00XXX. HRS
rd 000XX. MIN
% 0XX.XX SEC
Accept: V33E
0 Reject: Reload data
(=2}
(3,

MOOdANVH SNOLLVHAJO OT10dV
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COMMANDER

SYSTEMS ENGINEER

REMARKS

FL V05 N31 ALARM V32E Recycle

5. FL V06N

Delta V (CDH)
Alt (CDH)
Delta alt (CDH)

XXXX.X FPS
XXXX.X NM
XXXX.X NM

V33E
6. FL V06 N
Blank

Blank

HP (CDH) XXXX.X NM

V33E
7. FLVO6N

Delta V (TPI) XXXX.X FPS

HP (TPI)
Delta V (TPF) XXXX.X FPS

V33E

If ALARM flashes, communicate to MCC
which alarm.

5. Record values.

6. Record values.

7. Record values.

If GETI (TPI) - GETI (CDH) < 10 MIN.
FL V05 N31 R1

Program ALARM,
define GETI (TPI)

Reset, recycle V32E and

If Hyperbolic LM velocity results:
FL V05 N31
R1

Program ALARM.
adjust parameters.

Reset, recycle V32E and
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COMMANDER

SYSTEMS ENGINEER

REMARKS

8. FL V16 N35

TTI (CDH) 00XXX. HRS
000XX. MIN
0XX.XX SEC

9. FLVI6N

N 000XX. MARKS

TTI (CDH) XXBXX MIN-SEC

Blank

Check N increase 1/Minute

Accept:
Reject:

a. V32E
b. V3TE 33E

10. FLVI6N

N 000XX. MARKS
XXBXX MIN-SEC

TTI (CDH)
MGA XXX.XX DEG

V33E

11. FL V50 NO7
R1 00040 (Select Program)
Select propulsion system
DPS - Select P40

RCS - Select P41
APS - Select P42

9. Check maneuver parameters with
MCC.

10. EVENT TIMER/TIMER CONT -
STOP (MOMENTARY)
RESET/COUNT - RESET
RESET/COUNT - DOWN
SLEW CONT/MINS - TENS
Hold till * * MINS; release.
SLEW CONT/MINS - UNITS
Hold till * * MINS; release.
SLEW CONT/SECS - TENS
Hold till * * SECS; release.
SLEW CONT/SECS - UNITS.
Hold till * * SECS; release.
TIMER CONT - START.

Record MGA value.

Key into Deda
CLR, 410 + 20,000 E
(CDH BURN)

9. Accept if TTI> 8 minutes. Reject if TTI
< 8 minutes or data unsatisfactory.

a. Recycle to step 02.

b. Adjust input data.

10. Set EVENT TIMER to future DSKY time.
(Time of EVENT TIMER start).

Consider in maneuver, decision with MCC/CSM:

a. Magnitude of delta V
b. Status of propulsion hardware
c. Time/Need to realign IMU

Select P02 AGS initialization first.
Exact time TBD.

JOOH9dNVH SNOLLVYHdO OTT10dV

¢ IN'T-€-06LVIN'I



a3eg

89-8

V802/L0Z UOISSIN

a1e( J15tg

L96T Arenuep |

91e( 93uey)n

COMMANDER

SYSTEMS ENGINEER

REMARKS

5. LM PRETHRUST TPI PROGRAM (P34).

Key V30TE 34E

FL V06 N

R1-0000X (TPI load option)

R2-00001 - Load GETI (LGC computes E)
OR 00002 - Load E (LGC computes GETI)

Accept: V33E
Reject: Load data

If 00001 accepted:

FL V06 N34

GETI (TPI) 00XXX. HRS
000XX. MIN
0XX.XX SEC

Accept: V33E

Reject: Reload data

OR If 00002 Accepted:

FL V06 N

R2-E (TPI) XXX.XX DEG

Accept: V33E
Reject: Load data

Receive from MCC/CSM and record:
TIG (TPI)
E

Delta T TRANS

Purpose of this program is to calculate Delta V
required and initial conditions for TPI given GETI
(TPI) or E (TPI) and transfer duration.
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COMMANDER

SYSTEMS ENGINEER

REMARKS

POSS FL V05 N31
R1 (GETI impossible)

V32E - Load NEW E (TPI)
or reselect P34 - Load new GETI

FL V06 N

Delta T TRANS 00XXX. HRS
000XX. MIN
0XX.XX SEC

Accept: V33E

Reject: Load data

POSS: FL V05 N31

R1 (Delta V too great)

V32E - Load new Delta T TRANS
IF 00001 accepted:

FL V06 N

R2 - E (TPI)
V33E

XXX.XX DEG

OR If 00002 accepted:

FL V06 N34

GETI (TPI) 00XXX. HRS
000XX. MIN
0XX.XX SEC

V33E

FL V06 N

Delta V (TPI) XXXX.X FPS

HP (TPI) XXXX.X NM

Delta V (TPF) XXXX. X FPS

V33E

5. Key into Deda

CLR, TBD +XXXXX (TIG C1/MIN
DESIRED FIXED ABSOLUTE
TIME OR TPI)

CLR TBD +XXXXX (60 .01 MIN

Record Delta T TRANS used if different
from MCC value

6. Tell MCC if ALARM flashes.

7. Record value(s) used if different
from MCC value(s).

8. Record values.
CLR, TBD, READOUT
Key into DEDa
(q, 1000 ft, Predicted Perigee TPI)

Compare (q, with HP)

6. Use of MCC values should prevent this

alarm.
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SLEW CONT/MIN - UNITS
Hold till * * MINS on EVENT
TIMER; release.

SLEW CONT/SECS - TENS
Hold till * * SEC on EVENT
TIMER; release.

SLEW CONT/SECS - UNITS
Hold till * * SECS on EVENT
TIMER; release.

TIMER CONT - START

COMMANDER SYSTEMS ENGINEER REMARKS

9. FLVO6N Must convert between NM and thousands of feet.

TTI (TPI) 00XXX. HRS

000XX. MIN
0XX.XX SEC

V33E
10. FLVI6N 10. RR active.

N 000XX. MARKS

TTI (TPI) XXBXX MIN-SEC

Check data with ground

Check N increases 1/MIN.

Accept: V33E (No later than TTI =

8 MIN)

Reject: If time permits recycle V32E

(R02-IMU Status check)
1'1. FL V06 N 11. EVENT TIMER/TIMER CONT - 11. Set EVENT TIMER to future DSKY time.

STOP (MOMENTARY) (Time of EVENT TIMER start.)

N 000XX. MARKS RESET/COUNT - RESET

TTI (TPI XXBXX MIN-SEC RESET/COUNT - DOWN

MGA XXX.XX DEG SLEW CONT/MIN - TENS

Hold till * * MINS on EVENT
V33E TIMER; release.

JOOddNVH SNOLLVYHdO OTT0dV
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SYSTEMS ENGINEER

REMARKS

12. FL V50 NO7
R1 00040 (SELECT PROGRAM)

Select propulsion system
DPS - V3TE 40E

RCS - V3TE 41E
APS - V3TE 42E

6. LM PRETHRUST TPM PROGRAM (P35).

1. Key V37E 35E

2. FL V16 N35

TT INT 00XXX. HRS
000XX. MIN
0XX.XX SEC

V33E

12. Record N and MGA used.

1. Verify RR actively tracking CSM.
EVENT TIMER/TIMER CONT - STOP
(MOMENTARY)
RESET/COUNT - RESET
RESET/COUNT - DOWN
SLEW CONT/MIN - TENS

Hold till * * MIN; release.
SLEW CONT/MIN - UNITS

Hold till * * MIN; release.
SLEW CONT/SECS - TENS

Hold till * * SECS; release.
SLEW CONT/SECS - UNITS

Hold till * * SECS; release.
TIMER CONT - START

12. Consider in maneuver decision with MCC/
CSM:

a. Value of Delta V
b. Status of propulsion hardware
c. Time available for IMU realignment.

Select P02 AGS initialization first.

Purpose of this program is to calculate Delta V
required and initial conditions for next MCC
during active LM Rendezvous to display data for
CREW to enter P36 at correct time to complete
thrust maneuver at first Range Gate.

Set EVENT TIMER to future DSKY time.
(Time of EVENT TIMER start. )

JOOddNVH SNOLLVYHdO OTT0dV
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COMMANDER

SYSTEMS ENGINEER

REMARKS

FL V16N

N 000XX. MARKS
TT INT XXBXX MIN-SEC

NOTE: IF TT INT < 20 MIN select P36.

Check N increases 1/MIN when ready:
V33E

Note time on mission timer add 7 MIN
result TIG (MID) communicate to SE

FLVI6 N

N 000XX. MARKS
TTI (MID) XXBXX MIN-SEC
MGA

V33E

FL V16 N

Delta V (MID) XXXX.X FPS

TTI (MID) XXBXX MIN-SEC

Delta V (TPF) XXXX.X FPS

If MCC burn not required:’ V32E recycle
to step 1. If MCC burn required: V33E

FL V50 NO7
R1-00040 (Select program)

Select propulsion system
DPS - Select P40

RCS - Select P41
APS - Select P42

7. LM TRANSFER PHASE (P36) FINAL.

Key into Deda

CLR, TBD +XXXX.X

(TIG C .1 MIN desired fixed absolute
time mid-course

Record values

Record values.

4. This assumes additional state vector updates
not required.

5. Consider in maneuver decision:
a. Magnitude of DELTA V.
b. Status of propulsion hardware.

c. Time/Need to realign IMU.
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COMMANDER

SYSTEMS ENGINEER

REMARKS

4

Key V37E 36E

FL V06 N (Rendezvous Data)
Range XXX. XX NM
Range Rate XXXX.X FPS
Theta XXX.XX DEG

SHFT/TRUN  5°
MODE CONTROL - ATT HOLD
RNG ALT MON - RNG/RNG RT

Drive pilot roll angle to zero using

ATCA. Maintain attitude.

5.

Drive LOS Azimuth and elevation angles

to null on FDAI using ATCA. Maintain null.

6.

Drive azimuth and elevation angular

rates to null using TTCA. Maintain null.

1. Receive from MCC/CSM and record:

a. Range/Range Rate Schedule at
each check point

b. Angle between +Z LM axis and
local horizontal plane per check
point.

1. RR is active. Program 20 (Rendezvous Navi-
gation) points LM +Z axis to CSM within +30°. FDAI
Pointer needles display LOS angles. Pointer
meters display LOS azimuth and elevation angle
rates.

5. FLY TO X-Pointer needles on FDAI

6. FLY TO X-Pointer needles on X-Pointer
meters. TTCA LEFT/RIGHT &/OR UP/DOWN.

7. RANGE * * 7. Communicate Range/Range Rate 7. Follow MCC schedule. Correct all NON-NULL
RANGE RATE * * data at each check point to MCC. deviations immediately rather than allow devia-
DRIVE RANGE RATE to * * using tion buildup TTCA IN/OUT.

TTCA. Receive new Range/Range Rate schedule
from MCC as required.

8. 8. Monitor DSKY TRACKER. 8. RR data lost. Malfunction or CSM < 0. 02 NM

away.

9. Repeat step 7 as required.

V33E

10. 10. Verify FL V06 N Stops All maneuvers complete.

11. FL V50 NO7
00000
V37E 00E

12. P00
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COMMANDER

SYSTEMS ENGINEER REMARKS
8. RCS MANEUVER (23541). 1. Observe on FDAI
PITCH ANGLE * *
ROLL ANGLE * *
YAW ANGLE * *
ATTITUDE MON switch - PGNS
Verify on FDAI:
PITCH ANGLE * *
ROLL ANGLE * *
YAW ANGLE * * to be within
+5 DEGS of previous readings.
ATTITUDE MON switch - AGS
Communicate to CDR that PGNS and
AGS agree.
Key V3T7E 41E
(RO2 - IMU status)
FL V06 N (Mass parameters) 3. Request from MCC and/or CSM data | 3. MCC Data
on estimated thrust parameters. Record
X XXXXX. SLUG-FT SQ infor mation; transmit information to CDR. Ix
IY/IZ XXXXX. SLUG-FT SQ Iy/Iz
w XXXXX. LB w
VGX (LM)
Accept: V3TE VGY (LM)
Reject: V25E VGZ (LM)
PILOT PITCH
Reload data. PILOT ROLL : for maneuver
PILOT YAW
FL V06 N 4. Set EVENT TIMER to * * MIN 4. Reset EVENT TIMER only if update required
* * SEC. (ignition time slipped etc.)

Assumed TRANS. axis code 000
LM assumed axis option code 0000X
Blank

Accept: V33E
Reject: V22E

Reload axis option code in R2

EVENT TIMER/TIMER CONT
switch - STOP (MOMENTARY)
RESET/COUNT switch - RESET
RESET/COUNT switch - DOWN
SLEW CONT/switch/MIN - TENS
Hold until * * MINS on
EVENT TIMER; release
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COMMANDER SYSTEMS ENGINEER REMARKS
SLEW CONT/switch/SEC - TENS
Hold until * * SEC on EVENT
TIMER; release.
SLEW CONT switch/SEC - UNITS
Hold till * * SEC on EVENT
TIMER; release.
5. FLV06 N (VG AT IGNITION)
VGX (LM) XXXX.X FPS
VGY (LM) XXXX.X FPS
VGZ (LM) XXXX.X FPS

Estimate approx. thrust direction and
attitude for various axes.

Accept: V33E

Reject: V32E

Recycle to step 4

6. FL V06 N17 (RESULTING GIMBAL
ANGLES).

ROLL, PITCH, YAW XXX.XX DEG

Accept: V33E
Reject: V32E

Recycle to step 4

or

V3T7E 53E (or 52E)

Reselect P41 at completion of P53

(or P52)
7. FL V06 N (Velocity to be gained local
vertical).

VGX (LV) .I FPS

VGY (LV) .I FPS

VGZ (LV) .I FPS

V33E

6. Record values.

Record values. Transmit to CSM for
R32, target Delta V.
Key to Deda CLR,
CLR, 400 +30,000 E
(Align AGS to PGNCS)
CLR, 400 +10,000 E
(Auto Submode)

6. Consider if YAW > 45° if +X axis translation

used, in decision to accept or reject.

May also select P52 or P53 based on time since
last alignment. TIME AVAILABLE RCS fuel
available and ground concurrence.

Time Constraint TIG - 5 minutes

JO0dANVH SNOILLVHHJO OTT10dV
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COMMANDER

SYSTEMS ENGINEER
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8.

(R50 Attitude maneuver) monitor

maneuver on FDAI.

9.

FL V50 N25 R1 000 (Perform PGNS

AUTO SELECTION)

10.

11.

a. Verify GUID CONT - PGNS MODE
CONTROL - AUTO

Key into DSKY ENTR

b. If trim or manual thrust maneuvers:

GUID CONT - PGNS
MODE CONTROL - ATT HOLD

V33E
FLVO6 N _ _
R1 VGX (LM)
R2 VGY (LM)
R3 VGZ (LM)
Null VG components using TTCA
V33E

Do Orbital Parameter display routine
(R30).

Observe V06 N51

MM-SS TTI (Time to ignition)

(.I FPS) VG (Velocity to be gained)
(.1 FPS) Delta VM (Delta V measured)

Monitor FDAI Roll and Yaw angles for

stability.

8. Monitor maneuver on FDAI.

Key into Deda (Readout magnitude of
velocity to be gained VG) CLR, READ-
ouT

Update EVENT TIMER if required.

Verify CDR's warning lights, and
MASTER ALARM lights - EXT and tone
OFF.

10. If TIG has slip DSKY/EVENT TIMER will

disagree.
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REMARKS

12,

Verify these CDR/WARNING lights

are extinguished:

13.

AGS

LGC

ISS

RCS TCA

RCS A REG

RCS B REG

DC BUS

CABIN
SUIT/FAN
MASTER ALARM

Verify SE's TONE-OFF and

MASTER ALARM, and CAUTION lights
are extinguished:

14,

ASC HI REG
ASC QTY

ENG GMBL
PGNS
INVERTER
BATTERY
RNDZ RDR
LDG RDR

PRE AMPS
RCS

HEATER

C/W PWR

ECS

02 QTY
GLYCOL
WATER QTY
MASTER ALARM
TONE

Verify the following:
MAIN PROPULSION/FUEL and

OXID - TEMP meter pointers in
Green Band

Do not scan propulsion parameters after last

ascent burn.
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COMMANDER

SYSTEMS ENGINEER

REMARKS

15. Communicate count down to thrust
maneuver from Minus 10 seconds to SE,
CSM, MSFN.

16. FL V50 N11 (Please perform ENGINE
ON).

17. Key into DSKY ENTR

18. Experience RCS firing by vibration and
acceleration.

Observe V06 N51

R1 T6 (Time to go to shutdown)
R2 VG

R3 Delta VM

19. Monitor FDAI for Attitude Error
indication.

MAIN PROPULSION/FUEL and
OXID - PRESS meter pointers
aligned

REACTION CONTROL/SYS A and
B TEMP meter pointers in Green
Band

Communication links to CSM/MCC
are usable

ENVIRONMENTAL CONTROL -
SUIT and CABIN/PRESS meter
pointers in Green Band
ENVIRONMENTAL CONTROL/PART
PRESS COg meter in Green Band
ENVIRONMENTAL CONTROL/
GLYCOL TEMP and PRESS meter
pointers in Green Band

18. Experience RCS firing by vibration
and acceleration.

Verify RCS firing to CSM) MCC.

Monitor FDAI

FDAI: ATT ERR < - - DEG
ATT RATES < - - DEG/SEC

16. Option to inhibit thrust here
Key V34E
FL V50 NO7
R1 00000
Key V3TE 00E

18. At TTI = O, TTI becomes TG.
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COMMANDER

SYSTEMS ENGINEER

REMARKS

20. Monitor DSKY AS engine shutdown
occurs.

23.

FL V06 N51
R1 TG (NO)
R2 VG

R3 DELTA VM

(No trim maneuver. ) V33E

9. POST THRUST EVALUATION.

MODE CONTROL - AUTO

(R30 orbital parameter routine)

Do orbital parameter routine (R30).

Compare VG on DSKY with VG on Deda.

21. Record final VG and A VM
Key into Deda (Readout Perigee)
CLR, 343 Readout, Record
Perigee
Transmit final values to MSFN

22. Observe PITCH, ROLL AND YAW
angles in FDAI

ATTITUDE MON - PGNS

Verify PITCH, ROLL and YAW angles on
FDAI are within 5 degrees or previous
readings.

ATTITUDE MON - AGS

2. Receive trajectory data from

MCC

Perigee

Apogee

Time to free fall

TOTAL SENSED Velocity----
Time to Perigee

2. The orbital parameter routine may also be
entered by Key V64E, though it is normally
entered automatically after a thrust program.

Time to free fall to 300,000 ft above Launch pad

radius.
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COMMANDER SYSTEMS ENGINEER REMARKS
FL V06 N43 3. Record values if different from MCC
values.

Apogee ALT XXXX.X NM
Perigee ALT XXXX.X NM
TFF XXBXX MIN-SEC
V33E
POSS FL V06 N35 4. Record value of T Perigee.
T Perigee

00XXX. HRS

000XX. MIN

0XX.XX SECS
V33E
FL V50 NO7 5. Verify LM safe orbit

R1 00000
V37 EOOE
Key V37 E 00E 6. Receive request from CSM for

tracking attitude.
Monitor FDAI Tracking Light * * (2 R to CSM Beacon Mode
PITCH * * Eye 1500 ft <R< 10 NM DIM
ROLL * * 10 NM <R< 130 NM BRIGHT
YAW * *
Telescope 1500 ft <R< 30 NM DIM
30 NM <R< 130 NM
130 NM <R< 400 NM  BRIGHT

AZ RT * * MRAD/SEC
ELEV RT * * MRAD/SEC

FDAI Attitude Error - in deadband
Attitude rates - *ZERO + * DEG/SEC
FDAI PITCH - * * DEG
FDAI ROLL and YAW - STABLE

9. Verify CDR/WARNING lights
extinguished:

ASC PRESS
DES REG
DES QTY

¢ IN'T-€-06LVIN'T
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COMMANDER

SYSTEMS ENGINEER

REMARKS

11.

CES AC
CES DC
AGS

LGC

ISS

RCS TCA

RCS A REG
RCS B REG
DC BUS
CABIN
SUIT/FAN

Verify SE/CAUTION lights extinguished:

ASC HI REG
ASC QTY
ENG GMBL
PGNS
INVERTER
BATTERY
RNDZ RDR
LDG RDR
PRE AMPS
RCS
HEATER
C/W PWR
ECS

O9 QTY
GLYCOL
WATER QTY

11. Monitor the following:

MAIN PROPULSION/FUEL TEMP * *
MAIN PROPULSION/OXID TEMP * *
MAIN PROPULSION/FUEL

PRESS ALIGNED
MAIN PROPULSION/OXID

PRESS

REACTION CONTROL/SYSTEM A

TEMP - in Green Band

REACTION CONTROL/SYSTEM B

TEMP - in Green Band

JOOddNVH SNOLLVHHJO OTT0dV
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COMMANDER

SYSTEMS ENGINEER

REMARKS

12. Receive optical tracking trajectory
data from CSM.

13. R/D TLM CALIBRATE ON. Hold for
12 seconds.

14, Prepare for next maneuver.

REACTION CONTROL/,
SYSTEM A PRESS
REACTION CONTROL/ ] ALIGNED
SYSTEM B PRESS
ENVIRONMENTAL CONTROL/
PRESS SUIT - in Green Band
ENVIRONMENTAL CONTROL/
PRESS CABIN - in Green Band
ENVIRONMENTAL CONTROL/
PART PRESS CO2 - in Green Band
ENVIRONMENTAL CONTROL/
GLYCOL TEMP - in Green Band
ENVIRONMENTAL CONTROL/
GLYCOL PRESS - in Green Band

12. Record. Compare MCC, CSM,
DEDA, and DSKY trajectory values.
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COMMANDER

SYSTEMS ENGINEER

REMARKS

L8-2 DPS BURN PRE

-THRUSTING SETUP

1. INTRODUCTION

1. Receive directive from MCC that a DPS
BURN maneuver will satisfy the Delta V
requirements.

2. Prepare PGNS setup for specific
maneuver to be performed. The choices
are as follows:

Program Title Task
No. No.
30 External Delta V 23530
32 Co-eliptic Sequence 23532

Initiation
33 Constant Delta Altitude 23533
34 Transfer Phase Initiation 23534
35 Transfer Phase Mid- 23535

course

2. SELECT ELECTRICAL POWER SYSTEM MODES FOR POWERED DESCENT

i3
28.0

Verify CDR BUS on VOLTS indicator -

POWER/TEMP MON switch - BUS/SE
VOLTS indicator - 28.0
POWER/TEMP MON switch - BUS/AC
VOLTS indicator - GREEN BAND

POWER/TEMP MON switch BAT/1
thru 4

1.

The 28. 0 volts indications in this step are

nominal readings.

MOOdANVH SNOLLVYAJdO OTT10dV
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COMMANDER

SYSTEMS ENGINEER

REMARKS

EPS/INV 1 - press

EPS/CROSS TIE/BAT LOADS - pullout

VOLTS indicator: AMPS indicator,
each position:

VOLTS - 28.0
AMPS - TBD

POWER/TEM MON switch - BAT/5
BAT/5 NORMAL FEED switch - ON

BAT/5 NORMAL FEED indicator -
GRAY FLAG

VOLTS indicator - 28.0

AMPS indicator - TBD
POWER/TEMP MON switch - BAT/6
BAT/6 NORMAL FEED switch - ON

BAT/6 NORMAL FEED indicator -
GRAY FLAG

VOLTS indicator - 28.0

AMPS indicator - TBD

POWER/TEMP MON switch - BUS/CDR
VOLTS indicator - 28.0

POWER/TEMP MON switch - BUS/SE
VOLTS indicator - 28.0

POWER/TEMP MON switch - BUS/AC
VOLTS indicator - GREEN BAND

AC PWR switch - INV-1

VOLTS indicator - GREEN BAND

EPS/INV 2 - pull out

SIOOE9ANVH SNOLLVYEJO OT1T0dY
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COMMANDER

SYSTEMS ENGINEER

REMARKS

1.

CALIBRATE DFI TELEMETRY.

Calibrate DFI telemetry by positioning
R/D TLM CALIBRATE switch to ON,

and hold switch position for 12 seconds.

3. EXTERNAL DELTA V (P30)

Key into DSKY V37E 30E

EPS/CROSSTIE/BAT LOADS - pullout
VOLTS indicator - GREEN BAND
POWER/TEMP MON switch - BUS/SE
VOLTS indicator - 28.0

POWER/TEMP MON switch - BUS/CDR

3. Prepare AGS for backup mode to
PGNCS for the specified maneuver.

1. Receive from MCC/CSM and Record:

TIG

Delta VX

Delta VY

Delta VZ

Apogee ALT (Hp)
Perigee ALT (Hp)
Delta V (TIG)

1.
upd

AGS procedures will be included in a re-
vised edition of this block.

The purpose of this program is to accept
targeting parameters (TIG and impulsive
Delta V along LM local vertical axes at
TIG) from sources external to LGC; cal-
culate Delta V required and other initial
conditions for maneuver.

Delta V may already be available from LGC
ate program P27. Orbital parameters are

optional output information.
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COMMANDER

SYSTEMS ENGINEER

REMARKS

FL V06 N34 TIG

00XXX.  HRS (GET)
000XX. MIN
0XX.XX SEC

Accept: V33E
Reject: ReLoad Data

FL V06 N--
XXXX.X Delta Vg
XXXX.X Delta Vy
XXXX.X Delta Vg

Accept: V33E
Reject: ReLoad Data

FL V06 N45
HA XXXX.X NM
Hp XXXX. X NM

DeltaVn XXXX.X FPS

Accept: V33E
Reject:

a. Reselect V3TE30E and adjust aim
parameters.

b. Select V37TE27E and load new aim
parameters.

c. Select new program.

d. Perform manually using PGNCS/
AGS data.

2. Record TIG used if different from
MCC/CSM value.

3. Record Delta Vx, Vy, Vg used if
different from MCC/CSM value.

4. Compare DSKY values with MCC.

Reselect P30 and adjust aim parameters.

Select P27 and load new aim parameters;
reselect P30.

Decide alternatives.

See Block
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§.
5. FL V06 N35
Do
3 TTI
~
S
0:3 00XXX. HRS
000XX. MINS
o 0XX.XX SECS
o
n
Y Accept: V33E
E Reject: Select Desired Program
& |
® 6. (RO2 - IMU status check) 6. Done automatically. ;
- 7. FL V06 N-- 7. EVENT TIMER/TIMER CONT - STOP 7. Set EVENT TIMER to future DSKY time »>
E‘ (MOMENTARY) (TIME OF EVENT TIMER START). 8 ‘
2 BLANK £
B TTI XXBXX MIN-SEC RESET/COUNT - RESET g
< MGA XXX. XX DEG RESET/COUNT - DOWN o
© SLEW CONT/MIN - TENS o e
- V33E Hold till * * MINS release. =S
SLEW CONT/MIN - UNITS = s
Hold till * * MINS . release. 29
- SLEW CONT/SECS - TENS > &
= Hold till * * MIN; release. = E
E SLEW CONT/SECS - UNITS =N
o Hold till * * SECS; release. %
E TIMER CONTROL - START o
=g o
° 8. FL V50 NO7 8. Verify maneuver with MCC. 8. Consider in maneuver decision with MCC/ %
CSM:
R1 00040 (Select program)
a. Delta V magnitude.
Select propulsion system
b. Propellant available.
DPS V37E40E Receive MCC go ahead.
RCS V3TE41E c. Status of propulsion hardware.
APS V3TE42E
d. Time I need for IMU realignment.
g
G
(0]
(o]
1
3




aded

88-8

UOTSSTIA

v802/L02

21e( dIseg

L96T Axenuep |

are( a8ury)

COMMANDER

SYSTEMS ENGINEER

4,

LM PRETHRUST CSI PROGRAM (P32)

Key V3TE 32E

FL V06 N--
GETI (CSI) 00XXX,
000XX.
0XX. XX
Accept: V33E
Reject: Reload data
FL V06 N--
N CDH APSIS 0000X.
E (TPI) XXX, XX

Accept: V33E
Reject:

FL V06 N--

GETI (TPI)

Accept: V33E
Reject:

Reload data

00XXX.
000XX.
0XX. XX

Reload data

HRS
MIN
SEC

DEG

HRS
MIN
SEC

1. Receive from MCC/CSM and record

TIG (CSI)

N CDH APSIS

E (TPI)

TIG (TPI)
DELTA T TRANS

2. Record TIG (CSI) if different from
MCC value.

3. Record N CDH APSIS if different from
MCC value

4. Record TIG (TPI) if different from
MCC value

The purpose of this program is to calculate
parameters for CSI, CDH, TPI, and TPF,
Delta V (TPI) and Delta V (TPF) are com-
puted Delta V (TPF) assumed to be single
impulse Midcourse and final corrections are
not allowed for.

2. Compare DSKY and MCC values

3. Compare DSKY and MCC values

4. Compare DSKY and MCC values

JOO9dNVH SNOLLVYHIJdO OTT10dV
CINT-€-06LVIN'T




UOISSTIN

o1eq o1sed  y80z/L0%

L96T Axenuep |

91e(q a8ury)

aded

68-8

COMMANDER SYSTEMS ENGINEER REMARKS
5. FL V06 N-- 5. Record Delta T Trans if different from Compare DSKY and MCC values
MCC value.
Delta T Trans- 00XXX., HRS ALARMS
fer If alarm flashes communicate which
000XxX, MIN alarm to MCC No intersection of desired LOS at TPI will
0XX. XX SEC CSM. Magnitude of Delta V (CSI) > 1000 fps.
Computer cycles for solution excessive.
Accept: V33E Perigee altitude (CSI) < 80 NM.
Reject: Reload data Perigee altitude (CDH) < 80 NM.
Time (CSI to CDH) < 10 minutes.
NOTE: K FL VO05N31 Time (CDH to TPI) < 10 minutes.
R1 ----- (computation Hyperbolic velocity achieved at TPI.
difficulty) using orbital parameters planned.
Reselect P32 and ad-
just parameters or
select new program.
6. FL V06 N-- 6. Record value of Delta V (CSI)
Delta V (CSI) XXXX. X FPS Key into Deda:
V33E CLR, TBD, READOUT (Delta V
CsI, V)
Compare PGNCS and AGS
Delta V CSI
7. FL V06 N-- 7. Key into Deda:
GETI (CDH) 00XXX., HRS CLR, TBD, READOUT (Coast time
000XX. MIN CSIto CDH, T Ao)
0XX. XX SEC
Record value
V33E

Subtract GETI (CSI) from GETI
(CDH)
Compare result with AGS

Key into Deda:

CLR, TBD, READOUT
(Delta V CDH, VPo)

Compare PGNCS and AGS
Delta V CDH

JOOdANVH SNOLLVYHAdO OTT0dV
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COMMANDER SYSTEMS ENGINEER REMARKS
Key into Deda:
CLR, TBD, READOUT (DIFFER-
ENTIAL ALTITUDE, Ar,)
Compare PGNCS and AGS Delta H
8. FL V06 N--

Delta V (CDH)
H (CDH)
Delta H (CDH)
V33E

9. FL V06 N--
Delta V (TPI)
HP (TPI)
Delta V (TPF)
V33E

10. FL V16 N35

TTI (CSI)

V33E

XXXX. X

XXXX. X

XXXX. X

XXXX. X

00XXX.
000XX.
0XX. XX

FPS
NM
NM

FPS
NM
FPS

HRS
MIN
SEC

9.

Record values

MOOdANVH SNOLLVYHJO OTTI0dV
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COMMANDER

SYSTEMS ENGINEER

REMARKS

11. FL V16 N--

N 000XX. MARKS
TTI (CSI) XXBXX MIN-SEC

Check N increases 1/MIN

Accept: V33E

Reject:
a) V32E
b) V3TE32E
12, (RO2 - IMU STATUS CHECK)
13. FL V06 N--
N 000XX. MARKS
TTI (CSI) XXBXX MIN-SEC
MGA XXX. XX DEG
V33E

14. FL V50 NO7

(SELECT PROGRAM)
SELECT PROPULSION SYSTEM

DPS - SELECT P40
RCS - SELECT P41
APS - SELECT P42

11. Check maneuver parameters with MCC.

13. EVENT TIMER/TIMER CONT switch -
STOP (momentary)

RESET/COUNT - RESET
RESET/COUNT - DOWN
SLEW CONT/MIN - TENS

Hold till * * mins; release
SLEW CONT/MIN - UNITS

Hold till * * min; release
SLEW CONT/SEC - TENS

Hold till * * secs; release
SLEW CONT/SECS - UNITS

Hold till * * secs; release

TIMER CONT - START

Record MGA value

11. Accept if TTI > 10 MINUTES
Reject if TTI < 10 MINUTES or
data is unsatisfactory.
a. Recycle to step 02

b. Adjust input data

12. No crew action required.

13. Set EVENT TIMER to future DSKY time
(Time of EVENT TIMER start).

14. Consider in maneuver decision with MCC/
CSM:

a. Magnitude of DELTA V
b. Status of propulsion hardware
c. Time/need to realign IMU

Select P02 AC3 initialization first.

JOOdANVH SNOLLVHHdO OTTO0dV
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&g COMMANDER SYSTEMS ENGINEER REMARKS
(=]
S 5. LM-PRE-THRUST CDH PROGRAM (P33)
no
The purpose of this program is to calculate
parameters for CDH, TPI and TPF. Delta
= V (TPI) and Delta V (TPF) are computed.
cﬁﬂ' 1. Key V37TE 33E 1. Receive from MCC/CSM and record: Delta V (TPF) assumed to be single impulse.
e Midcourse and final correction are not
= TIG (CDH) allowed for.
N CDH APSIS
g E
(=]
= TIG (TPI)
8 DELTA T TRANS
(o=
>
2. FL V06 N-- 2. Record TIG (CDH) if different from
» MCC value.
& GETI (CDH) 00XXX. HRS
= 000XX. MIN
- 0XX. XX SEC
}¥)
L Accept: V33E
Reject: Reload data
: 3. FL V06 N-- 3. Record DELTA T TRANS if different
g from MCC value.
B DELTA T 00XXX. HRS
R TRANSFER
- 000XX. MIN
1 0XX. XX SEC
Accept: V33E
a Reject: Reload data
=5
‘;2,; 4, FL V06 N-- 4, Record TIG (TPI) if different from MCC
n value.
(@] GETI (TPI) 00XXX. HRS If GETI (TPI) - GETI (CDH) < 10 min.
% 000XX. MIN I alarm flashes, communicate to MCC FL V05 N31 Rl--=-ceeeaua
0XX. XX SEC which alarm. Program alarm, Reset, recycle V32E
and define GETI (TPI)
Accept: V33E
Reject: Reload data
FL V05 N31 ALARM If hyperbolic LM velocity results:
FL V05 N31
V32E Recycle Rl----ccemeee
Program alarm. Reset, recycle V32E
and adjust parameters.
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COMMANDER

SYSTEMS ENGINEER

REMARKS

FL V06 N--

DELTA V XXX. X
(CDH)
ALT (CDH) XXXX.X

DELTA ALT XXXX. X
(CDH)
V33E
FL V06 N--
BLANK
BLANK
HP (CDH) XXXX. X
V33E
FL V06 N--
DELTA V XXXX X
(TPI)
HP (TPI) XXXX. X
DELTA V XXXX. X
(TPF)
V33E
FL V16 N35
TTI (CDH)  00XXX.
000XX.
0XX. XX

FPS

NM

NM

FPS

NM
FPS

HRS
MIN
SEC

5.

6.

Ts

Record values.

Record value.

Record value.

JO0OdANVH SNOLLVHHIdO OTTOdV

¢ INT-€-06LVIN'T



aded

UOTSSTIA 76-8

v802/L0%

a1e( 21sed

L96T Arxenuep T

918 aduey)d

COMMANDER SYSTEMS ENGINEER REMARKS
9. FL V16 N-- 9. Check maneuver parameters with MCC. | 9. Accept if TTI> 8 minutes
Reject if TTI < 8 minutes or
N 000XX. MARKS data unsatisfactory.
TTI (CDH) XXBXX MIN-SEC

BLANK
Check N increase 1/minute

Accept: V33E

Reject:

a) V32E

b) V3TE33E

10. FL V16 N--

N 000XX. MARKS
TTI (CDH) XXBXX MIN-SEC
MGA XXX. XX DEG
V33E

11. FL V50 NO7
R1 00040 (Select Program)
Select Propulsion System
DPS - Select P40

RCS - Select P41
APS - Select P42

10. EVENT TIMER/TIMER CONT - STOP
(momentary)

RESET/COUNT - RESET
RESET/COUNT - DOWN
SLEW CONT/MINS - TENS

Hold till * * mins; release
SLEW CONT/MINS - UNITS

Hold till * * mins; release
SLEW CONT/SECS - TENS

Hold till * * secs; release
SLEW CONT/SECS - UNITS

Hold till * * secs; release

TIMER CONTROL - START
Record MGA value

Key into Deda

CLR, 410 + 20000, E (CDH BURN)

a. Recycle to step 02.

b. Adjust input data.

10. Set EVENT TIMER to future DSKY time
(Time of EVENT TIMER start).

11. Consider in maneuver decision with MCC/
CSM:

a. Magnitude of delta V.

b. Status of propulsion hardware.
c. Time/need to realign IMU.
Select P02 AGS initilization first

Exact time TBD.

¢ NT-€-06LVIN'T
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COMMANDER

SYSTEMS ENGINEER

REMARKS

6.

LM-PRETHRUST TPI PROGRAM (

P34)

1. Key V3TE 34E

2. FL V06 N--

R1-0000X (TPI LOAD OPTION)
R2-00001 - LOAD GETI

(LGC COMPUTES E)
OR 00002 - LOAD E

(LGC COMPUTES GETI)

Accept: V33E
Reject: Load Data

3. I 00001 accepted:

FL V06 N34
GETI (TPI) 00XXX. HRS
000XX. MIN
0XX.XX SEC

Accept: V33E
Reject: Reload Data

OR If 00002 accepted:

FL V06 N--

R2-E (TPI) XXX.XX DEG

Accept: V33E
Reject: Load data

1.

Receive from MCC/CSM and record:

TIG (TPI)
E
DELTA T TRANS

The purpose of this program is to
calculate Delta V required and initial
conditions for TPI given GETI (TPI)
or E (TPI) and transfer duration.
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COMMANDER
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REMARKS

OR

POSS FL V05 N31
Rl-=mmama= (GETI impossible)

V32E - Load New E (TPI)
or reselect P34 - Load New GETI

FL V06 N--
DELTA T 00XXX. HRS
TRANS
000XX. MIN
0XX. XX SEC
Accept: V33E

Reject: Load Data
POSS FL V05 N31

Rl —snemi= (DELTA V TOO
GREAT)

V32E - LOAD NEW DELTA T
TRANS

If 00001 accepted:

FL V06 N--
R2 - E (TPI) XXX.XX DEG
V33E

If 00002 accepted:

FL V06 N34

GETI (TPI)

5. Key into Deda

CLR, TBD + XXXX.X (TigC 1/min, de-
sired fixed absolute time of TPI)
CLR, TBD + XXX.XX (60 .01 min.

Record DELTA T TRANS used if
different from MCC value.

6. Tell MCC if ALARM flashes.

7. Record value(s) used if different from
MCC value(s).

6. Use of MCC values should prevent this
alarm.
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COMMANDER SYSTEMS ENGINEER REMARKS
8. FL V06 N-- 8. Record values.
DELTA V XXXX. X FPS Key into Deda
(TPI)
HP (TPI) XXXX. X NM CLR, TBD, READOUT (q,
DELTA V XXXX. X FPS 1000 ft, PREDICTED PERI-
(TPF) GEE TPI)
COMPARE (q, with HP) Must convert between N, M. and thousands of
V33E feet.
9. FL V06 N--
TTI (TPI) 00XXX. HRS
000XX, MIN
0XX. XX SEC
V33E
10. FL V16 N--
N 000XX, MARKS
TTI (TPI) XXBXX MIN-SEC

11.

CHECK DATA WITH GROUND

CHECK N INCREASES 1/MIN.

Accept: V33E (No later than

TTI=8 min)

Reject: K time permits re-

cycle V32E

(RO2-IMU status check)

FL V06 N--

N 000XX. MARKS
TTI (TPI) XXBXX MIN-SEC
MGA XXX. XX DEG
V33E

11. EVENT TIMER/TIMER CONT -
STOP (momentary)

RESET/COUNT - RESET
RESET/COUNT - DOWN
SLEW CONT/MIN - TENS
Hold till * * mins on EVENT
TIMER; release

RR active.

11. Set EVENT TIMER to future DSKY time
(Time of EVENT TIMER start).
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12. FL V50 NO7
R1 00040 (Select Program)
Select Propulsion System
DPS - V3TE40E

RCS - V3TE41E
APS - V3TE42E

SLEW CONT/MIN - UNITS
Hold till * * MINS on EVENT
TIMER; release

SLEW CONT/SECS - TENS
Hold till * * SEC on EVENT
TIMER; release

SLEW CONT/SECS - UNITS
Hold till * * SECS on EVENT
TIMER; release

TIMER CONT - START

12. Record N and MGA used.

7. LM - PRETHRUST TPM PROGRAM (P35)

1. Key V37E 35E

2. FL V16 N35

TT INT 00XXX. HRS
000XX. MIN
0XX.XX SEC

V33E

1. Verify RR actively tracking CSM

2. EVENT TIMER/TIMER CONT - STOP
(momentary)

RESET/COUNT - RESET
RESET/COUNT - DOWN
SLEW CONT/MIN - TENS

Hold till * * MIN; release
SLEW CONT/MIN - UNITS

Hold till * * MIN; release
SLEW CONT/SECS - TENS

Hold till * * SECS; release
SLEW CONT/SECS - UNITS

Hold till * * SECS; release

TIMER CONT - START

12. Consider in maneuver decision with MCC/
CSM:

a. Value of Delta V.
b. Status of propulsion hardware.
c. Time available for IMU realignment.

Select P02 AGS Initialization first.

The purpose of this program is to calculate
Delta v required and initial conditions.

2. Set EVENT TIMER to future DSKY time.
(Time of EVENT TIMER start).
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COMMANDER SYSTEMS ENGINEER REMARKS
3. FL V16 N--
N 00XXX. MARKS
TT INT XXBXX MIN-SEC
NOTE: If TT INT < 20 MIN
select P36.
CHECK N INCREASES 1/MIN
When ready: V33E
Note Time on Mission Timer Key into Deda This assumes additional State Vector
Add 7 MIN, Result TIG (MID) updates not required.
Communicate to SE CLR, TBD + XXXX. X (TigC
. 1 MIN, desired fixed absolute
time mid course)
4. FL V16 N--
N 000XX. MARKS Record values.
TTI (MID) XXBXX MIN-SEC
MGA
V33E
5. FL V16 N--

DELTA V XXXX. X FPS

(MID)

TTI (MID) XXBXX MIN-SEC
DELTA V XXXX. X FPS

(TPF)

If MCC BURN not required: V32E

Recycle to step 1.
required: V33E

If MCC BURN

Record values.

Consider in maneuver decision:
a. Magnitude of DELTA V
b. Status of propulsion hardware

c. Time/need to realign IMU.

MOOdANVH SNOLLVYAJO 01104V
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6. FL V50 NO7

R1-00040 (Select Program)

Select Propulsion System

DPS - Select P40
RCS - Select P41
APS - Select P42

8. LM - OPS PROGRAM (P40)

1. Key V3TE 40E

(RO2 - IMU status check)

2. POSS FL V50 NO7
R1 00005
V3T7E 05E

3. POSS FL V50 NO7

R1 00051
V3TE 51E
4. FL V06 N--
X XXXXX.
IY/1Z XXXXX.
w XXXXX.

SLUG-
FT SQ
SLUG-
FT SQ

1.

4.

Receive from MCC/CSM and record

Ix

Iy/1Z

YAW TRIM
PITCH TRIM
TLX

VGX (LV)
VGY (LV)
VGZ (LV)

Record IX, IY, IZ and W if different

from MCC values.
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COMMANDER

SYSTEMS ENGINEER

REMARKS

Accept: V33E
Reject: Load Desired Parameters

5. V06 N70
PITCH TRIM XXX.XX DEG
YAW TRIM XXX. XX DEG
TLX XXXXX. 100 LB

Accept: V33E
Reject: Load Desired Parameters

6. FL V06 N--
VGX (LV) XXXX. X FPS
VGY (LV) XXXX.X FPS
VGZ (LV) XXXX. X FPS
V33E

7. FL V06 N17
0G XXX. XX DEG
IG XXX. XX DEG

MG XXX. XX DEG
D:9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.0.9.9.9.9.9.9.9.9.9.9.4
IF IMU ORIENTATION UNSATISFACTORY,
SELECT P52 OR P53, UPON COMPLETION
RESELECT P40
D.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.¢
IMU ORIENTATION IS SATISFACTORY:

V33E

(R60 - ATTITUDE MANEUVER).

5. Record VGX, VGY, VGZ if different
from MCC values.

Communicate values to CSM.

7. Observe PITCH, ROLL, and YAW
angles on FDAI

ATTITUDE MON - PGNS

Observe PITCH, ROLL, and YAW
angles on FDAI

ATTITUDE MON - AGS

COMPARE MANEUVER REQUIRE-
MENTS AND ON BOARD PROPELLANT
SUPPLIES.

Communicate with MCC/CSM on
maneuver Attitude Propellant Quantities,
and Ground Station Coverage.

Key into Deda

7.

Assumes angles are in FDAI coordinates.

SE angles should be within +5° of former
values. I not, see LI TASK 23552.

Consider in decision on IMU orientation:
a. Is MGA>45°?
b. Is reorientation required?
c. Is alignment required ?

d. Impact of Manual Thrust control

MOO9ANVH SNOLLVHHdO OTTI0dV
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10.

11.

12.

POSS FL V50 N25
R1 000-- (CMC MODE - AUTO)
Accept: MODE CONT SW - AUTO
ENTER
Reject: SELECT GUID CONT AND
MODE CONT AS DESIRED
V33E
POSS FL V06 N17
oG XXX. XX DEG
IG XXX.XX DEG
MG XXX. XX DEG
MONITOR MANEUVER ON FDAI
FL V50 N25

RIXXXXX -(ENGINE GIMBAL
DRIVE ENABLE)

Accept: ENTR
Reject: V33E

POSS FL V05 N31
R1 XXXXX (IGNITION TIME > 45 SEC)
SLIP ENGINE IGNITION - V33E

Verify restraint cables attached and

secure cabin.

CLR, 400 + 30000 E
(ALIGN AGS to PGNCS)
CLR, 400 + 10000 E
(AUTO SUBMODE)

Verify the following:

MODE CONTROL - AUTO
GUID CONT - PGNS

Observe EVENT TIMER and communi-
cate time to CDR.

Verify ENG GMBL - ENABLE
ENG GMBL - EXT (CWEA)

12. Verify restraint cables attached and
secure cabin.

8.

NO thrusting without GROUND STATION
coverage.

Time Constraint TIG - 5 minutes.

MOOdANVH SNOLLVYAJO OTT0dV
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13. Verify the following: 13. RCS/QTY MON SW - SYS A

STAB/CONT-DEAD BAND switch-MIN Verify REACTION CONTROL-TEMP/
ATTITUDE CONTROL/MODE CONTROL PRESS MON switch - He

switch - AUTO
MODE SEL switch - PGNS Verify HE MON SW - DESC/PRESS
RATE/ERR MON switch - LDG RDR/ PRPLNT TEMP/PRESS MON switch -

CMPTR DES 1

PRPLNT/QTY MON switch - DES 1
Verify Angle Error needles are within
DEADBAND, and ATTITUDE on FDAI Verify 02/H20 QTY MON switch - DES
is approximately as follows: :
Verify RATE/ERR MON switch - LDG

PITCH * -77 DEG* RDR/CMPTR
ROLL * 0DEG*
YAW * 180 DEG*
Verify the following:
ENGINE THRUST CONT/THR CONT

switch - AUTO
ENGINE THRUST CONT/MAN THROT

switch - CDR

14. FL V06 N51

TTI XXBXX MIN-SEC If DELTA VM is greater than 0.5 FPS
VG XXXX.X FPS consider:

DELTA VM XXXX.X FPS

UPDATE TTE CLOCK

CHECK C/W LAMPS

DELTA VM > 0.5 FPS FOR TTI
" BETWEEN 15 AND 30 SEC

a.

b.

C.

Switching to AGS CONTROL
Manual firing of the Engine.

Firing with LGC anyway.

JOOdANVH SNOLLVYHIdO OTT10dV
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REMARKS

15.

16.

When DELTA VM > FPS position
ENGINE THRUST CONT/ENG ARM -
DES

Monitor EVENT TIMER.

Monitor X-POINTER for AZ RT in the
interval * + OR - 0.7 * M RAD/SEC
and ELEV RT in the interval * + OR

- 5.0 * M RAD/SEC as per Flight
Plan.

Monitor FDAI Attitude Error Display
- within DEADBAND. .

Monitor FDAI for Zero ATTITUDE
RATES * + OR - DEGREES PER
SEC *

Monitor FDAI PITCH angle is in
appropriate interval for Mission
Phase * to Degrees *

Monitor FDAI ROLL and YAW
angles for stability.

15. Verify the following CDR's WARNING
lights:

ASC PRESS - EXT
DES REG - EXT
DES QTY - EXT
CES AC - EXT
CES DC - EXT
AGS - EXT

LGC - EXT

ISS - EXT

RCS TCA - EXT
RCS A REG - EXT
RCS B REG - EXT
DC BUS - EXT
CABIN - EXT
SUIT/FAN - EXT

Verify the following SE's CAUTION
lights:

ASC HI REG - EXT
ASC QTY - EXT
ENG GMBL - EXT
PGNS - EXT
INVERTER - EXT
BATTERY - EXT
RNDZ RDR - EXT
LDG RDR - EXT
PRE AMPS - EXT
RCS - EXT
HEATER - EXT
C/W PWR - EXT
ECS - EXT

02 QTY - EXT
GLYCOL - EXT
WATER QTY - EXT

JOOdANVH SNOLLVHHdJO OTT04dV
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COMMANDER

SYSTEMS ENGINEER

REMARKS

17. Communicate Countdown to Engine
Ignition from - 10 SEC.

Verify RCS ULLAGE IGNITION by
sound, vibration and acceleration
at -7.5 SEC.

Monitor Error Needles on FDAI for
within DEADBAND.

Monitor FDAI for constant Attitude of:

PITCH * *
ROLL * *
YAW 2 ¥

Verify the following:

MAIN PROPULSION-FUEL/OXID
TEMP meter -in Green band.

MAIN PROPULSION-FUEL/OXID
PRESS meters aligned

REACTION CONTROL/TEMP A andB
in Green Band

REACTION CONTROL/PRESS A and B
meter aligned

ENVIRONMENTAL CONTROL / SUIT
and CABIN PRESS meter in Green Band

ENVIRONMENTAL CONTROL/PART
PRESS CO2 meter in Green Band

ENVIRONMENTAL CONTROL/GLYCOL
TEMP and PRESS meter in Green Band

17. Monitor ENG GMBL CWEA light for
malfunction indication.

JOOdANVH SNOLLVYAdO OTTO0dV
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COMMANDER
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REMARKS

18. FL V50 N11 (ENGINE ENABLE)
ITI XX XX  MIN-SEC
VG XXXX. X FPS
DELTA VM XXXX.X FPS

Accept: ENTR
Reject: -V34E

(THRUST ON AT TTI = 0)
19. Monitor Descent Engine Ignition
* 5.5 * SEC after RCS Ignition by vibra-

tion, sound, and acceleration.

Verify that both thrust needles are

aligned and indicate * * PC
Thrust for * * SEC and then
* * PC Thrust for * * SEC.

Verify Error Needles Stabilize at the
Error Signal required to offset thrust
misalignment.

Verify that Position Error decreases
as Engine Gimbaling decreases
Vehicle moment unbalance.

Verify that thrust increases to * *
PC after Error Needles move to within
DEADBAND and that both needles are
aligned.

Monitor EVENT TIMER.

19. Monitor REACTION CONTROL/ QUAN-
TITY System A and B quantities for about

* * PC. Usage during Gimbal alignment
with decreased propellant expenditure as a
function of decreasing Vehicle moment of
unbalance.

Monitor MAIN PROPULSION/QUAN-
TITY - descent-OXIDIZER * *x 0
descent-FUEL * * %

Communicate DELTA V to CDR.

The option of inhibiting Engine Ignition
EXITS AT THIS TIME. It has been as-
sumed that the option will not be exer-
cised during Nominal Sequences.

MO0 dNVH SNOLLVHHdO OTT0dV
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Monitor X-POINTER for Zero LAT
VEL * + - FPS * and * * FWD
VEL indication.

Monitor THRUST meter for ENG and
CMD needles aligned * + OR - * %

Monitor FDAI Attitude Error Display
for within DEADBAND.

Monitor FDAI for Zero ATTITUDE
RATES * + or - DEG PER
SECOND*

Monitor FDAI PITCH Angle is in
appropriate interval for Mission
Phase * to DEGREES*,

Monitor FDAI ROLL and YAW
Angles for Zero Degrees * +
or - DEGREES*,

Monitor T/W is in the appropriate
interval for mission Phase * to
LUNAR G's*

Verify CDR's Warning Lights are:

ASC PRESS - EXT
DEC REG - EXT
DES QTY - EXT
CES AC - EXT
CES DC - EXT
AGS - EXT

LGC - EXT

ISS - EXT

RCS TCA - EXT
RCS A REG - EXT
RCS B REG - EXT
DC BUS - EXT
CABIN - EXT
SUIT/FAN - EXT

Verify SE's Caution Lights are:

ASC HI REG - EXT
ASC QTY - EXT
ENG GIMBAL - EXT
PGNS - EXT
INVERTER - EXT
BATTERY - EXT
RNDZ RDR - EXT
LDG RDR - EXT
PRE AMPS - EXT
RCS - EXT
HEATER - EXT
C/W PWR - EXT
ECS - EXT

02 QTY - EXT
GLYCOL - EXT
WATER QTY - EXT

Verify the following:

MAIN PROPUI.SION-FUEL/OXID TEMP
- meter in Green Band.

MAIN PROPULSION-FUEL/OXID PRESS
meters - aligned

The forward Velocity indication depends upon

whether the MODE SEL switch was set to

PGNS or AGS in a previous Task. In AGS it
always reads Zero, but in PGNS it reads cor-

rectly up to full scale.
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REACTION CONTROL/TEMP A and B
meter in Green Band.

REACTION CONTROL/PRESS A and B
meters aligned

ENVIRONMENTAL CONTROL/SUIT
and CABIN PRESS meters in Green
Band.

ENVIRONMENTAL CONTROL/PART
PRESS CO2 meter in Green Band.

ENVIRONMENTAL CONTROL/GLYCOL
TEMP and PRESS meters in Green Band.

Read MAIN PROPULSION/QUANTITY-
OXIDIZER and FUEL for * * to
X * O remaining.

Read MAIN PROPULSION/HELIUM
pressure as * * to * * PSIA

Read REACTION CONTROL/QUANTITY
systems A and B for about * * to
* * % remaining.

20. Verify POWER/TEMP MON switch-
BUS/CDR reading is * * VOLTS.

Operate POWER/TEMP MON switch to
BUS/SE and BUS/AC positions and
verify voltages.
Operate POWER/TEMP MON switch to
BAT 1-6 and verify following parame-
ters:
BAT1 BAT2 BAT3 BAT4 BAT5 BAT6
VOLTS
AMPS

POWER/TEMP MON switch-BUS/CDR
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V06 N51 Flash starts at TG = 0.
TG XXBXX MIN-SEC
VG XXXX.X FPS
Delta VM XXXX. X FPS
When TG and VG = 0, position ENG
ARM - OFF
Verify engine shutdown by displays Compare VG on DSKY with VG on DEDA.
and cessation of noise, vibration and Record final VG & Delta VM.
acceleration. Key into DEDA (readout perigee) CLR,

343, READOUT.

Record perigee.

MASTER ARM - OFF Key into DEDA CLR, 400 + 10000 E (AUTO

SUBMODE)
V06 N51 23. Transmit to MCC terminal values of

DELTA VM and VG. Receive opinion from

i) ZBBKS  NNGHEG MCC on need for final RCS trim. Compare
VG XXXX.X FPS .
Delta VM XXXX. X FPS DELTA VM value on DSKY against VG

' value on DEDA. Call up perigee on DEDA.
V33E - No trim maneuver Record VG & perigee from DEDA and

DELTA VM from DSKY. Transmit DEDA

Key V3TE 41E for final trim - RCS values to MCC.

Receive orbital data from MSFN
(R30 - orbital parameter display)

9. POST THRUST EVALUATION.

MODE CONTROL - AUTO

(R30 orbital parameter routine. ) 2. Receive trajectory data from MCC 2. The orbital parameter routine may also be
Perigee ensured by Key V64E, though it is normally
A entered automatically after a thrust program.

pogee

Time to freefall Time to freefall to 300, 000 ft above launch pad
TOTAL sensed velocity radius.
Time to go to perigee

FL V06 N43 3. Record values if different from MCC

Apogee AlL, XXXX.X NM pe s

Perigee Alt. XXXX. X NM

TFF XXBXX MIN-SEC

V33E
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POSS FL V06 N35 4. Record value of T Perigee.
T Perigee
00XXX. HRS
000XX. MIN
0XX.XX SECS
V33E
FL V50 NO7 5. Verify LM safe orbit.
R1 00000
V3T7E 00E
Key V3TE 25E 6. Receive request from CSM for tracking
attitude.
Monitor FDAI Tracking light - * * - R to CSM Beacon Mode
i * *
e . Eye 1500 ft < R <100m DIM
Yaw * * 1onm< R < 130nm BRIGHT
Telescope 1500 ft <R < 30"™ DIM
3onm< R < 130nm
130" < R < 4p0nm BRIGHT

X-POINTER/AZ RT - * * MRAD/
SEC

X-POINTER/ELEV RT - * %
MRAD/SEC

FDAI Attitude Error - In Deadband

Attitude Rates - * ZERO + *
DEG/SEC

FDAI PITCH - * * DEG

FDAI Roll and Yaw - STABLE

8. Communication from CSM locked and
tracking.

9. Verify the following CDR/CWEA lights
are extinguished:
ASC PRESS
DES REG
DES QTY
CES AC
CES DC
AGS
LGC
ISS
RCS TCA

¢ N'T-€-06LVIN'T
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RCS A REG
RCS B REG
DC BUS
CABIN
SUIT/FAN

v802/L02

10. Verify the following SE/CWEA lights

are extinguished:
ASC HI REG
ASC QTY
ENG GMBL
PGNS
INVERTER
BATTERY
RNDZ RDR
LDG RDR
PRE AMPS
RCS
HEATER
C/W PWR
ECS
09 QTY
GLYCOL
WATER QTY

a1eq o1seg
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11. Monitor the following:
MAIN PROPULSION/FUEL TEMP * *
MAIN PROPULSION/OXID TEMP *  *
MAIN PROPULSION/FUEL
PRESS

978 98uey)
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ALIGNED
MAIN PROPULSION/OXID
PRESS
REACTION CONTROL/SYSTEM A
TEMP - In Green Band
REACTION CONTROL/SYSTEM B
TEMP - In Green Band
REACTION CONTROL/SYSTEM A
PRESS

ALIGNED
REACTION CONTROL/SYSTEM B
PRESS
ENVIRONMENTAL CONTROL/PRESS
SUIT - In Green Band
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COMMANDER

SYSTEMS ENGINEER

REMARKS

12. Receive optical tracking trajectory
data from CSM.

13. R/D TLM CALIBRATE - ON
Hold for 12 seconds.

14. Prepare for next maneuver.

ENVIRONMENTAL CONTROL/PRESS
CABIN - In Green Band

ENVIRONMENTAL CONTROL/PART
PRESS COg - In Green Band

ENVIRONMENTAL CONTROL/GLYCOL

TEMP - In Green Band

ENVIRONMENTAL CONTROL/GLYCOL

PRESS - In Green Band

Record:
Compare MCC, CSM, DEDA, and DSKY
trajectory values.

MOO9ANVH SNOLLVYHJO OTT10dV
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2
=
5 L9-2 APS BURNS
3
=
4 1. INTRODUCTION.
>
o) 1. Communicate with MCC and verify APS
o burn maneuver will satisfy delta V require-
& ments.
E
o 2. Prepare PGNCS for one of the following 2. Prepare AGS to backup PGNCS during| 2. AGS operation procedure to be provided at a
maneuver operations: APS burns. later date.
— a. External delta V, Program 30
[
%)
E b. Coelliptic sequence initiation, The 5 maneuver operations listed in step 2 are
& Program 32 followed by an APS thrusting maneuver (program
= 42) and a post thrust evaluation operation.
§ c. Constant delta Altitude, Program 33
-3
d. Transfer Phase initiation, Program
34
Q X
g e. Transfer Phase (Midcourse),
"E Program 35
g 3. Calibrate DF1 telemetry;
&
[¢]
R/D TLM CALIBRATE switch - ON
(hold for 12 seconds)
2. EXTERNAL DELTA V (P30). '
The purposes of this program are to accept target-
ing parameters (TIG and impulsive delta V along
LM local vertical axes at TIG) from sources
g external to the LGC and to calculate delta V re-
i quired and other initial conditions for the man-
@ euver.
e}
1
—
—
w
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Key into DSKY V37E 30E
FL V06 N34 TIG

00XXX. hrs (GET)
000XX. min

0XX. XX sec

Accept: V33E
Reject: Reload data

FL V06 N

XXXX.X Delta Vx
XXXX.X  Delta Vy
XXXX.X  Delta Vg

Accept: V33E
Reject: Reload data

FL V06 N45
HA XXXX.X NM
Hp XXXX.X NM

DeltaV XXXX.X fps

Accept: V33E
Reject: a. Reselect V37E 30E and
adjust aim parameters.

b. Select V37E 27E and load
new aim parameters.

c. Select new program.

d. Perform manually using
PGNCS/AGS data.

2. Receive from MCC/CSM and record

TIG

Delta Vx

Delta Vy

Delta Vz

APOGEE ALT. (Hp)
PERIGEE ALT (Hp)
Delta V (TIG)

Record TIG readout if different from
MCC/CSM value.

3. Record Delta Vx, Vy, Vg7 readout
if different from MCC/CSM value.

4. Compare DSKY values with MCC.

2. Delta V may be available from LGC update
program P27. Orbital parameters are optional
output information.

4. a. Reselect P30 and adjust aim parameters.

b. Select P27 and load new aim parameters;
reselect P30.

c. Decide alternatives.

d. See block

JO0O0dANVH SNOLLVHAdO 01104V
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COMMANDER SYSTEMS ENGINEER REMARKS
5. FL V06 N35
TTI
00XXX. hrs
000XX. mins
0XX. XX secs
Accept: V33E
Reject: Select desired program
6. (RO2 - IMU status check)
7. FLV06N 7. EVENT TIMER/TIME CONT - 7. Set EVENT TIMER to future DSKY time (time
STOP (MOMENTARY) of EVENT TIMER start).
Blank RESET/COUNT - RESET
TTI XXBXX min-sec RESET/COUNT - DOWN
MGA XXX.XX deg SLEW CONT/MIN/TENS
Hold until * * minutes, then
V33E release.
SLEW CONT/MIN/UNITS -
Hold until * * minutes, then
release.
SLEW CONT/SECS/TENS
Hold until * * minutes, then
release.
SLEW CONT/SECS/UNITS -
Hold until * * seconds, then
release.
TIMER CONTROL - START
8. FL V50 NO7 8. Verify maneuver with MCC. 8. Consider in maneuver decision with MCC/

R1 00040 (Select program)
Select Propulsion System
DPS V3T7E 40E

RCS V3TE 41E
APS V3TE 42E

Receive MCC go ahead.

CSM:
a. Delta V magnitude.

b. Propellant available.

c. Status of propulsion equipment.

d. Time needed for IMU realignment.
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3. LM PRETHRUST CSI PROGRAM (P3

1).

Key V3TE 32E
FL V06 N - -

GETI (CSI)

Accept: V33E
Reject: Reload data

FL VO6 N - -

N CDH APSIS
E (TPI)

Accept: V33E
Reject: Reload data

FL VO6 N - -

GETI (TPI)

Accept: V33E
Reject: Reload data

00XXX. hrs
000XX. min
0XX.XX sec
0000X.
XXX.XX deg
00XXX. hrs
000XX. min
0XX.XX sec

Receive from MCC/CSM and record:

TIG (CSI)

N CDH APSIS

E (TPI)

TIG (TPI)

Delta T Transfer

Record TIG (CSI) if different from MCC
value.

3.

Record N CDH APSIS if different

from MCC value.

4.

Record TIG (TPI) if different from

MCC value.

Purpose to calculate parameters for CSI, CDH,
TPI and TPF. Delta V (TPI) and delta V (TPF)
are computed. Delta V (TPF) is assumed to be
single impulse. Midcourse and final corrections
are not allowed for.

2. Compare DSKY and MCC values.

3. Compare DSKY and MCC values.

4. Compare DSKY and MCC values.

¢ WT-€-06LVIN'T
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COMMANDER SYSTEMS ENGINEER REMARKS
FL V06 N_ _ 5. Record Delta T Transfer if different 5. Compare DSKY and MCC values.
from MCC value.
Delta T transfer 00XXX. hrs Alarms:
000XX. min If alarm flashes, inform MCC.
0XX.XX sec No intersection of desired LOS at TPI with CSM.
Magnitude of delta V (CSI) > 1000 fps.
Accept: V33E Computer cycles for solution excessive.
Reject: Reload data Perigee altitude (CSI) < 80 NM.
Perigee altitude (CDH) < 80 NM.
Time (CSI to CDH) < 10 minutes.
Time (CDH to TPI) < 10 minutes.
Hyperbolic velocity achieved at TPI using orbital
parameters planned.
If FL VO5 N31 - - - - -
(computation difficulty)
Reselect P32 and adjust parameters or select
new program.
FL VO6 N _ _ 6. Record value of Delta V (CSI) key
into DEDA
Delta V (CSI) XXXX.X fps CLR, TBD, READOUT (DELTA V CSI,
Vo)
V33E Cg)mpare PGNCS with AGS delta V (CSI)
FL V06 N _ _ 7. Key into DEDA
CLR, TBD, READOUT (COAST TIME
GETI (CDH) 00XXX. hrs ESI to EDH, Tp)
000XX. min Record value.
0XX.XX sec Subtract GETI (CSI) from GETI (CDH).
Compare result with AGS, Key into
V33E DEDA

CLR, TBD, READOUT (delta V CDH,
Vo). Compare PGNCS and AGS delta V
CDH. Key into DEDA

CLR, TBD, READOUT (Differential
altitude, Ay). Compare PGNCS and AGS
delta H.
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COMMANDER SYSTEMS ENGINEER REMARKS
8. FLVO6N _ _
Delta V (CDH) XXXX.X fps
H (CDH) XXXX.X NM
Delta H (CDH) XXXX.X NM
V33E
9. FLVO6N. . 9. Record values.
Delta V (TPI) XXXX.X fps
HP (TPI) XXXX.X NM
Delta V (TPF) XXXX.X fps
V33E
10. FL V16 N35
TTI (CSI) 00XXX. hrs
000XX. min
0XX.XX sec
V33E
11. FLVI6N._ _ 11. Verify maneuver parameters with 11. Accept if TTI > 10 minutes.
MCC. Reject if TTI < 10 minutes or if data are
N 000XX. marks unsatisfactory:
TTI (CSI) XXBXX min-sec
a. Recycle to step 02.
Check N increases 1/MIN.
b. Adjust input data.
Accept: V33E
Reject: a. V32E
b. V3TE 32E
12. (R0O2 - IMU status check)
13. FLVO6 N_ _ 13. EVENT TIMER/EVENT TIMER 13. Set EVENT TIMER to future DSKY TIME
CONT - STOP (MOMENTARY) (Time of EVENT TIMER START).
N 000XX. marks RESET/COUNT - RESET
TTI (CSI) XXBXX min-sec RESET/COUNT - DOWN
MGA XXX.XX deg SLEW CONT/MIN/TENS -
Hold until * * minutes, then
V33E release.
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COMMANDER

SYSTEMS ENGINEER

REMARKS

14. FL V50 NO7

(Select program)
Select propulsion system
DPS - Select P40
RCS - Select P41
APS - Select P42

4. LM PRETHRUST CDH PROGRAM (P33).

1. Key V37E 33E

2. FLVO6N _ _
GETI (CDH) 00XXX. hrs
000XX. min
0XX.XX sec

Accept: V33E
Reject: Reload data

SLEW CONT/MIN/UNITS -

Hold until * * minutes, then
release.

SLEW CONT/SECS/TENS
Hold until * * seconds, then
release.

SLEW CONT/SECS/UNITS -
Hold until * * seconds, then
release.

TIMER CONT - START
Record MGA value

1. Receive from MCC/CSM and record:

TIG (CDH)

N CDH APSIS

E

TIG (TPI)
Delta T Transfer

2. Record TIG (CDH) if different from
MCC value.

14. Consider in maneuver decision with MCC/
CSM:

Magnitude of delta V.
Status of propulsion equipment.
Time needed to realign IMU.

Purpose to calculate parameters for CDH, TPI
and TPF. Delta V (TPI) and Delta V (TPF) are
computed. Delta V (TPF) is assumed to be
single impulse. Midcourse and final correction
are not allowed for.

JOOdANVH SNOLLVHHJO OT1T0dV
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3 3. FLVO6N- - 3. Record Delta T Transfer if
> different from MCC value.
Delta T transfer 00XXX. hrs
000XX. min
2 0XX.XX sec
0
g' Accept: V33E
. Reject: Reload data
Do
S 4. FLVO6N_ _ 4, Record TIG (TPI) if different from
™ MCC value.
2 GETI (TPI) 00XXX. hrs
> 000XX. min
0XX.XX sec
jos)
2 Accept: V33E
& Reject: Reload data
@)
2 FL V05 N31 (Alarm) If Alarm flashes inform MCC.
V32E Recycle.
- I GETI (TPI) - GETI (CDH) min. FL V05 N31 R1
oy
)
2 Program ALARM, reset,
E Recycle V32E and define GETI
) (TPI)
©
3 If hyperbolic LM velocity results: FL V05 N31 R1
Program alarm reset,
a Recycle V32E and adjust parameters.
=
= 5. FL V06N _ _ 5. Record values.
[}
o Delta V (CDH) XXXX.X fps
o ALT (CDH) XXXX.X NM
Delta ALT (CDH) XXXX.X NM
V33E
6. FLVO6N _ _ 6. Record values.
Blank
Blank
HP (CDH) XXXX.X NM
V33E

JOO0ddNVH SNOLLVYHIdO OTT10dV
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COMMANDER

SYSTEMS ENGINEER

REMARKS

7. FLVO6N . .
Delta V (TPI)
HP (TPI)
Delta V (TPF)
V33E

8. FL V16 N35

TTI (CDH)

9. FLVI6N_._

N
TTI (CDH)
Blank

XXXX.X fps

XXXX.X fps

00XXX. hrs
000XX. min
0XX.XX sec

000XX.
XXBXX

marks
min-sec

Check N increase 1/minute.

Accept: V33E
Reject: a. V32E
b. V37E 33E

10, FLVI6 N . _
N
TTI (CDH)
MGA

V33E

000XX. marks
XXBXX min-sec
XXX.XX deg

7. Record values.

9. Check maneuver parameters with
MCC.

EVENT TIMER/TIMER CONT - STOP
(MOMENTARY EVENT)
RESET/COUNT-RESET
RESET/COUNT-DOWN
SLEW CONT/MINS/TENS -
Hold until * * minutes, then
release.
SLEW CONT/MINS/UNITS -
Hold until * * minutes, then
release.
SLEW CONT/SECS/TENS -
Hold until * * seconds, then
release.
SLEW CONT/SECS/UNITS -
Hold until * * seconds, then
release.
TIMER CONT/START.
Record MGA value.

9. Accept if TTI > 8 minutes.

Reject if TTI < 8 minutes or data are
unsatisfactory:

a. Recycle to step 02.
b. Adjust input data.

10. Set EVENT TIMER to future DSKY time.

(Time of EVENT TIMER START).
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COMMANDER SYSTEMS ENGINEER REMARKS
11. FL V50 NO7 11. Consider in maneuver decision with MCC/
CSM:
R1 00040 (Select program)
Select propulsion system a. Magnitude of delta V.
DPS - Select P40
RCS - Select P41 b. Status of propulsion equipment.
APS - Select P42
12. Key into DEDA CLR, 410 + 20000 c. Time or need to realign IMU.
E (CDH Burn)
5. LM PRETHRUST TPI PROGRAM(P34).
Purpose to calculate delta V required and for
TPI given GETI (TPI) or E (TPI) and transfer
duration.
1. Key VO7E 34E 1. Receive from MCC/CSM and record:
TIG (TPI)
E
Delta T transfer
2. FLVO6N_ _
R1-0000X (TPI load option)
R2-00001 - Load GETI (LGC computes E)
R3-00002 - Load E (LGC computes
GETI)
Accept: V33E
Reject: Load data
3. If 00001 accepted:

FL V06 N34

GETI (TPI) 00XXX. hrs
000XX. min
0XX.XX sec

Accept: V33E
Reject: Reload data

JMOO0OHANVH SNOLLVHIdO OT10dV
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COMMANDER

SYSTEMS ENGINEER

OR if 00002 accepted:
FL VO6 N - -
R2-E (TPI) XXX. XX deg

Accept: V33E
Rejecty Load data

4, POSS FL V05 N31
R1 (GETI impossible)

V32E - Load new E (TPI)
or reselect P34 - Load new GETI

5. FLVO6N. .
Delta T transfer 00XXX. hrs
000XX. min
0XX.XX sec

Accept: V33E
Reject: Load data

6. POSS FL V05 N31
R1 (Delta V too great)
V32E - Load new delta T transfer

7. If 00001 accepted:

FL V06 N . .

R2 - E (TPI) XXX.XX deg

V33E

OR if 00002 accepted:

FL V06 N34

GETI (TPI) 00XXX. hrs
000XX. min
0XX.XX sec

V33E

5. Key into DEDA CLR, TBD + XXXXX
(TIG within . 1 min of desired fixed
absolute time of TPI) CLR, TBD +
XXX.XX (60 < .03 min delta T transfer)
Record delta T transfer USE) If different
from MCC value.

6. If alarm flashes, inform MCC.

7. Record value readout if different
from MCC values.

6.

Using MCC values should prevent this alarm.
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COMMANDER

SYSTEMS ENGINEER

REMARKS

10.

11

FL VO6 N _ _

Delta V (TPI) XXXX.X fps

HP (TPI) XXXX.X NM

Delta V (TPF) XXXX.X fps

V33E

FL V06 N_ .

TTI (TPI) 00XXX. hrs
000XX. min
0XX.XX sec

V33E

FLVI6N. .

N 000XX. marks

TTI (TPI) XXBXX min-sec|

Check data with MCC
Check N increases 1/MIN.

Accept: V33E (no later than TTI = 8
min)
Reject: If time permits recycle V32E

(R0O2 - IMU status check)

FL VO6 N - .

N 000XX. marks
TTI (TPI) XXBXX min-sec]
MGA XXX.XX deg
V33E

8. Record values.

Key into DEDA CLR, TBD, READOUT
(q1 1000 ft, predicted perigee TPI)

Compare (ql with HP)

11. EVENT TIMER/TIMER CONTROL -
STOP (MOMENTARY)
RESET/COUNT - RESET
RESET/COUNT - DOWN
SLEW CONT/MIN/TENS -
Hold until * * minutes on
EVENT TIMER, then release.
SLEW CONT/MIN/UNITS -
Hold until * * minutes on
EVENT TIMER, then release.
SLEW CONT/SECS/TENS -
Hold until * * seconds on
EVENT TIMER, then release.

8. NM must be converted into thousands of feet.

10. RR is active.

11. Set EVENT TIMER to future DSKY time

(Time of EVENT TIMER start).
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COMMANDER

SYSTEMS ENGINEER

REMARKS

12. FL V50 NO7

R1 00040 (Select program)

Select propulsion system

DPS - V37E 40E
RCS - V37E 41E
APS - V3TE 42E

6. LM PRETHRUST TPM PROGRAM (P35).

1. Key V37E 35E

2. FL V16 N35

TT INT

V33E

00XXX.
000XX.
0XX. XX

hrs
min
sec

SLEW CONT/SECS/UNITS -
Hold until * * seconds on
EVENT TIMER, then release.

TIMER CONTROL - START

Record N and MGA value used.

2. Verify RR actively tracking CSM.
EVENT TIMER/TIMER CONT - STOP

(MOMENTARY)
RESET/COUNT - RESET
RESET/COUNT - DOWN
SLEW CONT/MIN/TENS -
Hold until * * minutes, then

release.

SLEW CONT/MIN/UNITS -
Hold until * * minutes, then
release.

SLEW CONT/SECS/TENS -
Hold until * * seconds, then
release.

SLEW CONT/SECS/UNITS -
Hold until * * seconds, then
release.

TIMER CONTROL - START

12. Consider in maneuver decision with MCC/
CSM:

a. Value of delta V.
b. Status of propulsion equipment.
c. Time available for IMU realignment.

Purpose to calculate delta V required and initial
conditions for next midcourse corrections during
active LM rendezvous. To display data for crew
to enter P36 at correct time to complete thrust
maneuver at first range gate.

2. Set EVENT TIMER to future DSKY time.
(Time of EVENT TIMER START).
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COMMANDER SYSTEMS ENGINEER REMARKS
FLV16 N_ _ 3. I TT INT < 20 minutes select P36.
N 000XX. marks
TT INT XXBXX min-sec]

Check N increases 1/MIN
When ready: V33E

Note time on MISSION TIMER, add
7 minutes. Result is TIG (MID), com-
municate to SE.

FLV1I6 N_ _

N 000XX. marks
TTI (MID) XXBXX min-sec]
MGA

V33E

FLV1I6N - -

Delta V (MID) XXXX.X fps

TTI (MID) XXBXX min-sec]
Delta V (TPF) XXXX.X fps

If midcourse corrections burn is not
required: V32E recycle to step 1. If
midcourse corrections burn required:
V33E

FL V50 NO7
R1-00040 (Select program)

Select propulsion system
DPS - Select P40
RCS - Select P41
APS - Select P42

4. Key into DEDA. CLR, TBD
+ XXXX.X (TIG within .1 minute of
desired fixed absolute midcourse)

Record values

5. Record values.

4. This assumes that no additional state vector
updates are required.

6. Consider in maneuver decision:
a. Magnitude of delta V.
b. Status of propulsion equipment.

c. Time needed to realign IMU.
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REMARKS

OR

7. LH-APS THRUSTING PROGRAM (P42).

Key V37E 42E

(RO2 - IMU status check)

POSS FL V50 NO7
R1 00051 (PGNCS start up)

V37E 05E

R1 00051 (IMU orientation deter mination)

V37E 51E

FL V06 N _ _

X XXXXX. 100
IY/1Z XXXXX. 100
w XXXXX. LB

Accept: V33E
Reject: V25E Load desired parameters

FL VO6 N _ .

VGX (LV) XXXX.X fps
VGy (LV) XXXX.X fps
vGg (LV) XXXX.X fps
V33E

il

Receive from MCC the following

data:

2.
via

IxX

Iy/1z

W

VGx (LV)
VGy (LV)
VGy, (LV)

Cross check PGNCS against AGS
SE's FDAI

ATTITUDE MON switch - PGNCS
Verify pitch, roll, and yaw angles
are +5° of previous readings
ATTITUDE MON switch - AGS.
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5. FL V06 N17

0G XXX.XX deg
I1G XXX.XX deg
MG XXX.XX deg

Record angles and confirm with MCC.

7. IMU orientation is satisfactory - V33E
(R60 - attitude maneuver)

8. POSS FL V50 N25
R1 00007 (Attitude trim maneuver)

Accept: Mode cont ROL switch - AUTO
enter

Reject: Set GUIDE CONT AND MODE
CONTROL switches as desired.

V33E
9. POSS FL V50 N25

R1 000XX (ignition time < 45 sec)
Slip engine ignition: V33E

OR
Terminate: V34E

10. Secure self and cabin.

5. Transmit DSKY values to MCC.

6. Communicate with MCC concerning
maneuver attitude, propellant quantities,
and MSFN coverage.

Key into Deda

CLR, 400 +30,000 E (Align AGS to
PGNCS) CLR, 400 +10,000 E (Auto sub-
mode)

8. Verify

GUID CONT switch - PGNCS
MODE CONT ROL switch - AUTO
ENG GMBL switch - ENABLE
ENG GMBL (CWEA) - extinguished

9. Observe EVENT TIMER and trans-
mit time to CDR.

10. Secure self and cabin.

5. If IMU orientation is unsatisfactory (MGA
> 45 deg), select P52 or P53. On completion
reselect P42.

6. Time constraint: TIG-5 minutes.
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COMMANDER SYSTEMS ENGINEER REMARKS
11. FL V06 N51 11. Update EVENT TIMER if ignition
slipped.
TEL XXBXX min-sec
VG XXXX.X fps
DELTA VM XXXX.X cps

12.

13.

OR

14.

Check delta VM < 0. 5 fps for TTI
between 30 and 15 seconds.

RATE/ERR MON switch - LDG RDR/
CMPTR

ATTITUDE MON switch - PGNS
SHFT/TRUN < switch - + 50°
X-POINTER SCALE switch - HI MULT
GUID CONT switch - PGNS

MODE SEL switch - AGS

RNG/ALT MON switch - ALT/ALT RT
X-TRANSL switch - 2 JETS

BAL CPL switch - ON

DEAD BAND switch - MIN

ROLL switch - MODE CONT

PITCH switch - MODE CONT

YAW switch - MODE CONT

MODE CONTROL switch - AUTO

(+X translation: TTI = 12.5 seconds)
When delta VM > fps, ENG ARM switch
ASC

FL V50 N11

TTI XXBXX min-sec
VG XXXX.X fps
Delta VM XXXX.X fps

Engine ignition enable: Enter

Terminate: V34E
(Thrust on at TTI = 0)

Monitor ascent engine ignition via vib-

ration, sound, and acceleration.

12. RATE/ERR MON switch - LDG RDR/
CMPTR

ATTITUDE MON switch AGS

X-POINTER SCALE switch - HI MULT
02/H20 QTY MON switch - ASC 1
REACTION CONTROL/TEMP/PRESS
MON switch - HC

PRPLNT TEMP/PRESS MON switch -
ASC

HELIUM MON switch - ASC/PRESS 1

Verify all caution and warning lamps are
extinguished.

14. Notify MCC/CSM of ascent engine
firing.
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15.
to *

16.

mately

18.

19.

Monitor T/W indicator increase from 0
* o!
g's.

Monitor Zero attitude rates.

Monitor termination of +X translation
0.5 seconds after engine ignition.
Monitor change from TTI to TG on
DSKY.

BAL CPL switch - OFF (after approxi-
8 seconds of ascent thrust).

Observe pitch, roll, and yaw on FDAIL

ATTITUDE MON switch - AGS
Verify pitch, roll, and yaw

are within +5 degrees of previous
reading.

ATTITUDE MON switch - PGNS

Monitor EVENT TIMER and DSKY TG.

Monitor Zero lateral velocity *+-* fps,
and * * fps forward velocity. Moni-
tor attitude error within deadband.
Monitor for zero attitude rates or *+
deg/sec*

Monitor pitch angle is *
degrees.

Verify roll and yaw angles are zero or
* * to * * degrees verify T/W
indicator is * * g's.

* to * *

17. Enable supply of ascent propellant
to RCS thrusters and disable RCS pro-
pellants.

REACTION CONTROL/SYSTEM A/
ASC FEED switch - OPEN
REACTION CONTROL/SYSTEM A/
MAIN SOV switch - CLOSE
REACTION CONTROL/SYSTEM B/
ASC FEED switch - OPEN
REACTION CONTROL/SYSTEM B/
MAIN SOV switch - CLOSE

CRSFD switch - OPEN

19. Monitor EVENT TIMER and DSKY
TG.

Monitor zero lateral velocity *+-* fps,
and * * fps forward velocity. Moni-
tor attitude error within deadband.
Monitor for zero attitude rates or *+
deg/sec*,

Monitor pitch angle is *
degrees.

Verify roll and yaw angles are zero or
i * to * * deg.

* to * *

Verify T/W indicator is * * g's,

15. If LM CG unbalance occurs, pitch and/or
roll rates will decrease as RCS fires to correct
recurrence of CG. Offset can result in varying
pitch and/or roll rates during this task.

17. This task is intended to be used shortly
after engine ignition.
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§ COMMANDER SYSTEMS ENGINEER REMARKS
§.
’ 20. Verify MAIN PROPULSION/PRESS/
= METER/FUEL AND OXID pointers -
& aligned
2 Verify HELIUM MON switch - ASC/
> PRESS 1 OR ASC/PRESS 2.
HELIUM indicator - * * to * *
o psia.
& Verify REACTION CONTROL/QUANTITY
& indicator - * * to * *
=)
% 21. Communicate countdown to thrust ter - 21. Disable supply of ascent propellant 21. This task is intended to be used just prior to
mination from minus 10 seconds. to RCS thrusters and enable RCS pro- completion of nominal ascent engine burn.
pellants:
- >
& CRSFD switch - CLOSE 8
= REACTION CONTROL/SYSTEM B/ £
é MAIN SOV switch - OPEN o
o REACTION CONTROL/SYSTEM B/ O
© ASC FEED switch - CLOSE i S
= REACTION CONTROL/SYSTEM A/ g L=
MAIN SOV switch - OPEN 58
REACTION CONTROL/SYSTEM A/ B &
a ASC FEED switch - CLOSE &
g =
U%: 22. FL V06 N51 22. Compare VG on DSKY with VG on 22. Flash <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>