DIVISION OF GENERAL MOTORS CDRPQRATIDN
MILWAUKEE, WISCONSIN 53201




EARTH MOON
SATELLITE ORBIT 100 x 100 n mi 60 x 60 n mi’
SATELLITE ORBIT DURATION 1 hr 28 min 2 hr
SATELLITE ORBIT RATE 4.1 deg/min 3.0 deg/min

vV, (SURFACE)

I.E. m
V. =

¢ R

ESCAPE VELOCITY

VOLUME

RADIUS

MASS

DENS ITY

SURFACE GRAVITY

ONE DEGREE ON SURFACE
A

RADIUS

ORBIT CHARACTERISTICS

SEMI MAJOR AXIS

ECCENTRICITY

MEAN VELOCITY

7,905 .4 m/sec
25,936.0 ft/sec
15,356.7 n mi/hr

11,027 m/sec
36,178 ft/sec
21,421 n mi/br

60 n mi
0.3986032 x 10%° m3/sec2
6,378,165 m
20,925,738 ft
3,444 n mi

EARTH ABOUT SUN
1.496 x 1()]':L m
4.908 x 10M £t
8.073 x 107 nmi
0.0167

29,770 m/sec

97,702 ft/sec

1,679.5 m/sec
5,510.2 ft/sec
3,262.6 n mi/or

2,380 m/sec
7,750 ft/sec
4,572 n mi/br

0.0202
0.272
0.0123
0.606
0.16

6.4 nm

0.4902778 x 10%3 u’/sec®
1,738,090 m

5,702,395 ft

938.5 n mi

MOON ABOUT EARTH
384,400,000 m
1,261,139,500 ft
207,430 n mi

0.055
1,022 m/sec

3,353 ft/sec

57,888 n mi/hr 1,980 n mi/hr

PERIOD 365.24 days 27.32 days
INCLINATION 23.44 deg 5.15 deg
MOON SURFACE TEMPERATURE -T2°F to +214°F (sun side), -238°F (dark side)
Mo = 0-132715M5 x 107 md/sec?
1 meter = 3.2808 ft 1 meru 7.292115 x 1078 rad/sec

= 5.39%1 x 10'h n mi 4178 x ].O'6 deg/sec

= 6.2137 x 10 s mi 2.507 x 1074 arc-min/sec
1 erc-second = 4.8481 x 107 raa 0.01504 arc-sec/sec

= 2.7778 x 10"“ deg 1 cm/sec2 3.281 x 1072 ft/sec2

1.0197 x 1073 g




GUIDANCE AND NAVIGATION SUMMARY

CM SOFTWARE
LM SOFTWARE

ASPO 45 CRT DISPLAYS
LAUNCH AND BURN SCHEDULE
BURN PERTURBATIONS
HARDWARE
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LM CONFIGURATION
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CM SOFTWARE

COLOSSUS 2D
(REV 003 OF MANCHE72)
CM DSKY
COMPUTER PROGRAMS
COMPUTER ROUTINES
VERB CODES
NOUN CODES
ALARM CODES
OPTION CODES
CHECKLIST CODES
FLAGWORD BIT ASSIGNMENTS
IMODES30 AND IMODES33

OPTMODES
RCSFLAGS
DAPDATR1 AND DAPDATR2
CHANNEL BIT ASSIGNMENTS
COMPUTER PROGRAM DESCRIPTION



CM-2
CM DSKY

UPLINK ACTY Light
1. Is energized by the first character of a digital UPLINK message received by the
AGC.

2. s energized during the Rendezvous Navigation program (P20) when the Tracking
Attitude routine (R61) detects that a gimbal angle change of greater than 10
degrees is required to align the CSM to the desired attitude and that the V50 N18
flag is not set.

NO ATT Light —is energized when the AGC is in the Operate mode and there is no inertial
reference; that is, the ISS is off, caged, or in the Coarse Align mode.

STBY Light —is energized when the AGC is in the Standby mode and deenergized when the
AGC is in the Operate mode.

KEY REL Light
1. Energized when:
a. An internal display comes up while astronaut has the DSKY.

‘b. An astronaut keystroke is made when an internal flashing display is currently
on the DSKY.

c. The astronaut makes a keystroke on top of (his own) Monitor Verb Display.
2. Deenergized when:
a. Astronaut relinquishes DSKY by hitting KEY REL button.
b. Astronaut terminates his current sequence normally, for examole,
(1) With final ENTR of a load sequence.
(2) The ENTR of a response to a flashing display.
(3) The ENTR of an extended verb request.

OPR ERR Light — is energized when the DSKY operator performs an improper sequence of
key depressions. The light is deenergized by pressing the RSET button.

TEMP Light — The AGC receives a signal from the IMU when the stable member
temperature is in the range 126.3 © F to 134.3° F. In the absence of this signal, the TEMP
light on the DSKY is actuated.

GIMBAL LOCK Light —is energized when the middle gimbal angle exceeds * 70 degrees
from its zero position. When the middle gimbal angle exceeds * 85 degrees from its zero
position, the AGC automatically commands the Coarse Align mode in the 1SS to prevent
gimbal oscillation (except when the S-1VB is attached). The NO ATT light will then be
energized.

PROG Light — The program alarm actuates the PROG light on the DSKY. A program alarm
is generated under a variety of situations.

RESTART Light — In the event of a RESTART during operation of a program, a latch is set
in the AGC which maintains the RESTART light on the DSKY until the latch is manually
reset by pressing RSET.

TRACKER Light

1. The presence of an Optics CDU Fail signal will cause the TRACKER light to be
energized.

2. In addition, the TRACKER light is energized during the Rendezvous Navigation
program (P20} when the Rendezvous Data Processing routine (R22) reads VHF
range data via the VHF DATA link but the DATA GOOD discrete is missing.

3. It is deenergized if the DATA GOOD discrete is present after reading VHF range
gaztg)and by keying in V88E (shuts off the VHF range data processing section of

COMP ACTY Light —is energized when the AGC is occupied with an internal sequence.

Display Panel — consists of 24 electroluminescent sections. Each section is capable of
displaying any decimal character or remaining blank, except the three sign sections. These
display a plus sign, a minus sign, or a blank. The numerical sections are grouped to form
three data display registers, each of five numerical characters; and three control display
registers, each of two numerical characters. The data display registers are referred to as R1,
R2, R3. The control display registers are known as VERB, NOUN, and PROGRAM.
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CM DSKY (CONTINUED)

Keyboard —contains the following buttons:

1.

2,

&

VERB — pushing this button indicates that the next two numerical characters
keyed in are to be interpreted as the Verb Code.

NOUN — pushing this button indicates that the next two numerical characters
keyed in are to be interpreted as the Noun Code.

+ and — — are sign keys used for sign convention and to identify decimal data.

0 - 9 —are numerical keys.

CLR — Used during a data loading sequence to clear or blank the data display
register (R1, R2, R3) being used. It allows the operator to reload the data word.
PRO —This pushbutton performs two functions:

a. When the AGC is in a Standby mode, pressing this button will put the AGC in
the Operate mode, turn off the STBY light, and automatically select Routine
00 in the AGC.

b1. When the AGC is in the Operate mode bul Program 06 is not selected, pressing
the button will provide the “Proceed” function. |f the proceed button is
pressed when VERB lights contain 21, 22, or 23, the action is rejected and
the OPR ERR light is energized.

b2 When the AGC is in the Operate mode and Program 06 is selected, pressing
the button will put the AGC in the Standby mode and turn on the STBY
light.

ENTR —is used in three ways:

a. To direct the AGC to execute the Verb/Noun code now appearing on the
Verb/Noun lights.

b. To direct the AGC to accept a data word just loaded.
c. Inresponse to a “please perform’’ request.

RSET —turns off alarm conditions on the DSKY providing the alarm condition has
been corrected.

.
UPLINK
ACTY ” UETE I
GIMBAL
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I sTBY ” PROG l

l KEY REL “ RESTART]

I OPR ERR ILTRACKER l
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LIST OF PROGRAMS FOR PROGRAM COLOSSUS 2D

PHASE PROGRAM PROGRAM TITLE
Pre- 00 AGC ldling
launch 01 Prelaunch or Service-Initialization
and 02 Prelaunch or Service-Gyrocompassing
Service 03 Prelaunch or Service-Optical Verification of Gyrocompassing
06 AGC Power Down
07 System Test
Boost 1 Earth Orbit Insertion Monitor
17 TPI Search
Coast 20 Rendezvous Navigation
21 Ground Track Determination
22 Orbital Navigation
28 Cislunar Midcourse Navigation
27 AGC Update
Pre- 30 External Delta V
thrusting 31 Lambert Aim Point Guidance
32 CSM Coelliptic Sequence Initiation (CSI)
33 CSM Constant Delta Altitude (CDH)
34 CSM Transfer Phase Initiation {TP1) Targeting
35 CSM Transfer Phase Midcourse (TPM) Targeting
37 Return to Earth
38 CSM Stable Orbit Rendezvous (SOR) Targeting
39 CSM Stable Orbit Midcourse (SOM) Targeting
Thrusting 40 SPS
41 RCS
47 Thrust Monitor
Align- 51 IMU Orientation Determination
ment 52 IMU Realign
53 Backup IMU Orientation Determination
54 Backup IMU Realign
Entry 61 Entry—Preparation
62 Entry—CM/SM Separation and Preentry Maneuver
63 Entry—Initialization
64 Entry—Post 0.05G
65 Entry—Upcontrol
66 Entry—Ballistic
67 67 Entry—Final Phase
Pre- 72 LM Coelliptic Sequence Initiation (CSI)
thrusting 73 LM Constant Delta Altitude (CDH)
Other 74 LM Transfer Phase Initiation (TP1) Targeting
Vehicle 75 LM Transfer Phase (Midcourse) Targeting
76 Target Delta V
77 LM TPI Search
78 LM Stable Orbit Rendezvous (SOR) Targeting

79 LM Stable Orbit Midcourse (SOM) Targeting
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LIST OF ROUTINES FOR PROGRAM COLOSSUS 2D

ROUTINE ROUTINE TITLE
00 Final Automatic Request Terminate
01 Erasable and Channel Modification Routine
02 IMU Status Check
03 Digital Autopilot Data Load
04 Saturn Time Base 6 Initiation Routine
05 S-Band Antenna
21 Rendezvous Tracking Sighting Mark
22 Rendezvous Tracking Data Processing
23 Backup Rendezvous Tracking Sighting Mark
30 Orbit Parameter Display
31 Rendezvous Parameter Display Routine No. 1
33 AGC/LGC Clock Synchronization
34 Rendezvous Parameter Display Routine No. 2
36 Rendezvous Out-of-Plane Display Routine
40 SPS Thrust Fail
41 State Vector Integration (MID to AVE)
50 Coarse Align
52 Automatic Optics Positioning
53 Sighting Mark
54 Sighting Mark Display
55 Gyro Torquing
56 Alternate LOS Sighting Mark
57 Optics Calibration
60 Attitude Maneuver
61 Tracking Attitude
62 Crew-Defined Maneuver
63 Rendezvous Final Attitude

64 Barbecue Mode Routine
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LIST OF VERBS USED IN PROGRAM COLOSSUS 2D

REGULAR VERBS

Not in use
Display Octal Component 1 in R1
Display Octal Component 2 in R1
Display Octal Component 3 in R1
Display Octal Components 1, 2 in R1, R2
Display Octal Components 1, 2, 3 in R1, R2, R3
Display decimal in R1 or R1, R2 or R1, R2, R3
Display DP decimal in R1, R2 (test only)
Spare
Spare
Spare
Monitor Octal Component 1 in R1
Monitor Octal Component 2 in R1
Monitor Octal Component 3 in R1
Monitor Octal Components 1, 2 in R1, R2
Monitor Octal Components 1, 2, 3in R1, R2, R3
Monitor decimal in R1 or R1, R2or R1, R2, R3
Monitor DP decimal in R1, R2 (test only)
Spare
Spare
Spare
Load Component 1 into R1
Load Component 2 into R2
Load Component 3 into R3
Load Components 1, 2 into R1, R2
Load Components 1, 2, 3 into R1, R2, R3
Spare
Display Fixed Memory
Spare
Spare
Request EXECUTIVE
Request WAITLIST
Recycle program
Proceed without DSKY inputs
Terminate function
Test lights
Request FRESH START
Change program (major mode)
Spare
Spare

EXTENDED VERBS
Zero CDU'’s (N20 only)
Coarse align CDU'’s (specify N20 or N91)
Pulse torque gyros
Load IMU attitude error needles (test only)
Set Surface flag
Reset Surface flag
Establish G & N autopilot control
Move LM state vector into CM state vector
Request DAP Data Load routine (R03)
Start automatic attitude maneuver
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LIST OF VERBS USED IN PROGRAM COLOSSUS 2D

Please perform

Please mark

Mark on offset landing site

Please perform COAS mark

Request Rendezvous Backup Sighting Mark routine (R23)
Increment AGC time (decimal)

Terminate tracking (P20 and P25)

Request Rendezvous Sighting Mark routine (R21)

Reset Stick flag and set V50 N18 flag

Please calibrate

Set astronaut total attitude (N17) to present attitude
Display DAP following attitude errors (Mode 1)

Display total attitude errors with respect to Noun 22 (Mode 2)

Display total astronaut attitude error with respect to Noun 17 (Mode 3)

Request S-Band Antenna routine (R05)

Optical verification of prelaunch alignment
Vehicles are attached. Move this vehicle state vector to other vehicle.
Start W-matrix RMS error display

CSM stroke test on

Cause RESTART

Update liftoff time (P27)

Start AGC update; block address (P27)

Start AGC update; single address (P27)

Start AGC update; AGC time (P27)

Initialize erasable dump via DOWNLINK

Backup liftoff

Set Preferred Attitude flag

Reset Preferred Attitude flag

Update prelaunch azimuth

Initiate Orbrate or PTC mode (R64)

Enable LM state vector update

Enable CSM state vector update

Request Orbit Parameter display (R30)

Request Rendezvous Parameter display No. 1 (R31)
Spare

Request Rendezvous Parameter display No. 2 (R34)
Reject Rendezvous Backup Sighting Mark

Set VHF Range flag

Reset VHF Range flag

Request Rendezvous Final Attitude maneuver (R63)
Request Out of Plane Rendezvous display (R36)
Display BANKSUM

Start IMU performance tests {(ground use)
Enable W matrix initialization

Perform Cislunar Attitude maneuver (R64)

Spare

Terminate integration and go to POO

Please perform engine-fail (R41)

Spare

Please Enable Engine Ignition



00
01

02

03

04
05

07
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LIST OF NOUNS USED IN PROGRAM COLOSSUS 2D

Not in use

Specify address (fractional)

Specify address (whole)

Specify address (degree)

Spare
Angular error/difference

Option code ID
Option code

FLAGWORD operator
ECADR
BITID
Action
Alarm data
ADRES
BBANK
ERCOUNT
Alarm codes
First
Second
Last
Channel to be specified

TIG of CSl

Option code {extended verbs only)

TIG of CDH
Spare
Increment address

Time of event (used by extended verbs only)

Astronaut total attitude

<UD

XXXXX fractional
XXXXX fractional
XXXXX fractional

XXXXX. integer
XXXXX. integer
XXXXX. integer

XXX.XX deg
XXX. XX deg
XXX.XX deg

XXX.XX deg

Octal
Octal

Octal
Octal
Octal

Octal
Octal
Octal

Octal
Octal
Octal

Octal

00XXX. h
000X X. min
OXX.XX's

Octal
Octal

00XXX. h
000XX. min
OXX.XX's

Octal

00XXX. h
000XX. min
OXX.XX's

XXX.XX deg
XXX.XX deg
XXX.XX deg
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LIST OF NOUNS USED IN PROGRAM COLOSSUS 2D

Desired automaneuver FDAI ball angles

Bypass Attitude Trim maneuver

Present ICDU angles

PIPA's

Desired ICDU angles

Spare

Delta time for AGC clock

CHECKLIST {used with V50)
PRIO/DELAY, ADRES, BBCON

Self-test on/off switch

Spare

XSM launch azimuth

Target codes

Time of landing site

Time from perigee

Time of ignition

Time of event

Time from event

Time of AGC clock

XXX.XX deg
XXX.XX deg
XXX.XX deg

XXX.XX deg
XXX.XX deg
XXX. XX deg

XXX.XX deg
XXX.XX deg
XXX.XX deg

XXXXX. pulses
XXXXX. pulses
XXXXX. pulses

XXX.XX deg
XXX.XX deg
XXX.XX deg

00XXX. h
000X X. min
0XX.XX s

AXXXX.

Octal
Octal
Octal

XXXXX.

XXX.XX deg

XXXXX.
XXXXX.
XXXXX.

00XXX. h
000X X. min
OXX.XX s

00XXX. h
000X X. min
OXX.XX s

00XXX. h
000X X. min
OXX.XX s

00XXX. h
000XX. min
OXX.XX's

00XXX. h
000X X. min
OXX.XX's

00XXX. h
000X X. min
OXX.XX s



37

39

40 *

4

42

43

45

47

49

50

51

52

*

LIST OF NOUNS USED IN PROGRAM COLOSSUS 2D

Time of ignition (TP1)

Time of state being integrated

Delta time for transfer

Time from ignition/cutoff
VG
Delta V (accumulated)

Target

Azimuth
Elevation

Apocenter altitude
Pericenter altitude
Delta V (required)

Latitude
Longitude
Altitude

Apocenter altitude
Pericenter altitude
TFF

Marks (VHF/optics)
Time from ignition of next burn
Middle gimbal angle

DAP configuration

CSM weight
LM weight

Gimbal pitch trim
Gimbal yaw trim

Delta R
Delta V
VHF or optics code

* Splash error

Perigee
TFF

S-band antenna angles

Pitch (Alpha)
Yaw (Beta)

Central angle of active vehicle
Range

Range rate
Phi

00XXX. h
000XX. min
OXX.XX's

00XXX. h
000XX. min
OXX.XX s

00XXX. h
000X X. min
OXX.XX's

XX b XX min/s
XXXX.X ft/s
XXXX.X ft/s

XXX.XX deg
XX.XXX deg

XXXX.X nmi
XXXX.X nmi
XXXX.X ft/s

XXX.XX deg (+ north)
XXX.XX deg (+ east)

XXXX.X nmi

XXXX.X nmi
XXXX.X nmi
XX b XX min/s

XX b XX marks
XX b XX min/s
XXX.XX deg

Octal
Octal

XXXXX. Ibs
XXXXX. lbs

XXX.XX deg
XXX.XX deg

XXXX.X nmi
XXXX.X ft/s
XXXXX.

XXXX.X nmi
XXXX. X nmi
XX b XX min/s

XXX.XX deg
XXX.XX deg

XXX.XX deg
XXX. XX nmi

XXXX.X ft/s
XXX.XX deg

*Display cannot be changed via data load (that is, V25 NXXE, and so forth)
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60
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64
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67

68

69
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LIST OF NOUNS USED IN PROGRAM COLOSSUS 2D

Range
Range rate
Theta

Perigee code
Elevation angle
Central angle of passive vehicle

Reentry angle
Delta V

Delta R (SOR)

Pericenter altitude (post TPl or SOR)
Delta V (TPi or SOR)
Delta V (TPF or SOR final)

DeltaV LOS 1
Delta V LOS 2
Delta V LOS 3

GMAX
VPRED
GAMMA EI

Impact
Latitude
Longitude

Heads up/down

Inertial velocity magnitude
Altitude rate
Altitude above pad radius

Range from E| altitude to splash
Predicted inertial velocity
Time from El altitude

Drag acceleration
Inertial velocity
Range to splash

Sampled AGC time
(fetched in interrupt)

Commanded bank angle
Crossrange error
Downrange error

Range to target
Present latitude
Present longitude

Commanded bank angle
{nertial velocity
Altitude rate

Commanded bank angle
Drag level
Exit velocity

XXX. XX nmi
XXXX.X ft/s
XXX.XX deg

0000X.
XXX.XX deg
XXX.XX deg

XXX.XX deg
XXXXX. ft/s

XXXX.X nmi (+ passive vehicle

leads)

XXXX.X nmi
XXXX.X ft/s
XXXX.X ft/s

XXXX.X ft/s
XXXX.X ft/s
XXXX.X ft/s

XXX.XX g
XXXXX. ft/s
XXX.XX deg (+ above)

XXX.XX deg (+ north)
XXX.XX deg (+ east)

+/- 00001

XXXXX. ft/s
XXXXX. ft/s
XXXX. X nmi

XXXX.X nmi
XXXXX. ft/s
XX b XX min/s

XXX.XX g
XXXXX. ft/s

XXXX.X nmi (+ is overshoot)

00XXX. h
000X X. min
OXX.XX s

XXX.XX deg
XXXX.X nmi {+ south)

XXXX.X nmi (+ overshoot)
XXXX.X nmi (+ overshoot)

XXX.XX deg (+ north)
XXX.XX deg (+ east)

XXX.XX deg
XXXXX. ft/s
XXXXX. ft/s

XXX.XX deg
XXX.XX g
XXXXX. ft/s

*Display cannot be changed via data load (that is, V26NXXE, and so forth)
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74

76
77
78
79

81

82

83

84

85

87

88
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LIST OF NOUNS USED IN PROGRAM COLOSSUS 2D

Celestial body code (before mark) Octal
Landmark data Octal
Horizon data Gtk
Celestial body code (after mark) Octal
Landmark data Octal
Horizon data Octal
Delta angle (TP1) XXX.XX deg (+ active vehicle ahead)
Delta altitude (TP1) XXXX.X nmi (+ passive vehicle above)
Search option XXXXX.
Altitude XXXXXb. nmi
Velocity XXXXX. ft/s
Flight path angle XXX.XX deg
Commanded bank angle XXX.XX deg
Inertial velocity XXXXX. ft/s
Drag acceleration XXX.XX g
Delta altitude (CDH) XXXX. X nmi
Delta time (CDH-CS| or TPI-CDH) XX b XX min/s
Delta time (TPI-CDH or TPI-NOMTPI) XX b XX min/s
Spare
Spare
Spare
Orbrate or PTC rate X.XXXX deg/s
Orbrate or PTC deadband XXX.XX deg
Orbrate or PTC axis option XXXXX.
Time from ignition/cutoff XX b XX min/s
Velocity to be gained XXXXX. ft/s
Delta V (accumulated) XXXXX. ft/s
Delta VX (LV) XXXX.X ft/s
Delta VY (LV) XXXX.X ft/s
Delta VZ (LV) XXXX.X ft/s
Delta VX (LV) XXXX.X ft/s
Delta VY (LV) XXXX.X ft/s
Delta VZ (LV) XXXX.X ft/s
Delta VX (body) XXXX.X ft/s
Delta VY (body) XXXX.X ft/s
Delta VZ (body) XXXX.X ft/s
Delta VX (LV of other vehicle) XXXX.X ft/s
Delta VY (LV of other vehicle) XXXX.X ft/s
Delta VZ (LV of other vehicle) XXXX.X ft/s
VGX (body) XXXX.X ft/s
VGY (body) XXXX.X ft/s
VGZ (body) XXXX.X ft/s
Delta VX (LV) XXXXX. ft/s
Delta VY (LV) XXXXX. ft/s
Delta VZ (LV) XXXXX. ft/s
Mark data

Shaft angle XXX. XX deg

Trunnion angle XX. XXX deg
Celestial body % unit vector X XXXXX

Y XXXXX
Z XXXXX

*Display cannot be changed via data load (that is, V25NXXE, and so forth)



89

20

91

92

93

94

95

96

97

98

99

CM-13

LIST OF NOUNS USED IN PROGRAM COLOSSUS 2D

Landmark latitude
Landmark longitude/2
Landmark altitude

Rendezvous out of plane parameters

Y
Y dot
PSI

Present optics angles
Shaft
Trunnion

New optics angles
Shaft
Trunnion

Delta gyro angles

Alternate LOS
Shaft angle
Trunnion angle

Preferred attitude FDAI angles

+X axis attitude FDAI angles

System test inputs

System test results and input

RMS in position
RMS in velocity
RMS option code

N =< X

<TD <TD

XX.XXX deg (+ north)
XX. XXX deg (+ east)
XXX. XX nmi

XXX. XX nmi
XXXX.X ft/s
XXX. XX deg

XXX.XX deg
XX. XXX deg

XXX.XX deg
XX. XXX deg

XX. XXX deg
XX. XXX deg
XX. XXX deg

XXX. XX deg
XX. XXX deg

XXX.XX deg
XXX.XX deg
XXX.XX deg

XXX.XX deg
XXX.XX deg
XXX.XX deg

XXXXX.
XXXXX.
XXXXX.

XXXXX.
XXXXX
XXXXX.

XXXXX. ft
XXXX.X ft/s
XXXXX.



CODE

00110
00112
00113
00114
00115
00116

00117
00120
00121
00122
00124
00205
00206

00207
00210

00211
00212
00213
00214
00217
00220
00401

00404
00405
00406
00421

* ok ok % % *

*

*
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LIST OF ALARM CODES USED WITH V05 N09

FOR PROGRAM COLOSSUS 2D

PURPOSE

No mark since last mark reject

Mark not being accepted

No inbits

Mark made but not desired

Optics torque request with switch not at CMC
Optics switch altered before 15-second ZERO
time elapsed

Optics torque request with optics not available
Optics torque request with optics not ZEROED
Optics CDU'’s no good at time of mark
Marking not called for

P17 TPI search—no safe pericenter here

Bad PIPA reading

Zero encode not allowed with coarse align

+ gimbal lock

ISS turn-on request not present for 90 seconds
IMU not operating

Coarse align error-drive> 2 degrees
PIPA fail but PIPA is not being used
IMU not operating with turn-on request
Program using IMU when turned off
Bad return from Stall routines

IMU not aligned (no REFSMMAT)
Desired gimbal angles yield Gimbal Lock

* Target out of view (trunnion angle > 90 degrees)
* Two stars not available

Rendezvous navigation not operating
W-Matrix overflow

Imaginary roots on first interation

Perigee altitude after CSI< 85 nmi earth orbit,
35,000 feet moon orbit

Perigee altitude after CDH <85 nmi earth orbit,
35,000 feet moon orbit

CSl to CDH time <10 minutes

CDH to TPJ time <10 minutes

Number of iterations exceeds loop maximum
DV exceeds maximum

No TIG for given elevation angie

State vector in wrong sphere of influence
Reentry angle out of limits

PIPA fail caused ISS warning

AGC self-test error

Downlink too fast

Uplink too fast

Phase table failure; assume erasable memory is
destroyed

ARCSIN-ARCCOS argument too large

VG increasing

IMU unsatisfactory

IMU reversed

V37 request not permitted at this time
Overflow in Drift Test

Bad IMU torque
Bad optics during verification

Insufficient time for integration,
TIG was slipped

SET BY

SXTMARK

SXTMARK

SXTMARK

SXTMARK

Extended verb optics CDU
TARUPT

Extended verb optics CDU
T4ARUPT

SXTMARK

SXTMARK

TPI search

SERVICER

IMU mode switch

T4RUPT

IMU mode switch, IMU-2
RO2, P51

IMU mode switch

IMU mode switch, TARUPT
T4RUPT

T4RUPT

CURTAINS

RO2, P51

Fine Align, IMU-2

R52

P52, P54

R21, R23

INTEGRV

P32, P72

P32, P72

P32, P72

P32,P33, P72,P73
P32, P72
P32,P72, P37
P32, P72

P34, P74

P37

P37

T4RUPT
SELF-CHECK
T4RUPT
T4RUPT
RESTART

INTERPRETER
S40.8

P61, P62

P61, P62

V37

Optical Prealignment
Calibration

Optical Prealignment
Calibration

Optical Alignment
Calibration (CSM)
R41



CODE

03777
04777
07777
10777
13777
14777
20430

20607
20610
21103
21204
21206

21210
21302
21501

21502
21521
31104
31201
31202
31203
31207
31211

CM-15

LIST OF ALARM CODES USED WITH V05 N09
FOR PROGRAM COLOSSUS 2D

PURPOSE

ICDU fail caused the ISS warning

ICDU, PIPA fails caused the ISS warning

IMU fail caused the ISS warning

IMU, PIPA fails caused the ISS warning

IMU, ICDU fails caused the ISS warning

IMU, ICDU, PIPA fails caused the ISS warning
Integration abort due to subsurface state

vector

No solution from Time-Theta or Time-Radius

Lambda less than unity

Unused CCS branch executed
Negative or zero WAITLIST call
Second job attempts to go to sleep via

TARUPT
T4RUPT
TARUPT
T4RUPT
T4RUPT
T4RUPT

P37
ABORT
WAITLIST
PINBALL

Keyboard and Display program

Two programs using device at same time
SQRT called with negative argument
Keyboard and Display alarm during internal

use (NVSUB)

tllegal flashing display
PO1, PO7 illegally selected
Delay routine busy

Executive overflow—no VAC areas available
Executive overflow—no core sets available
WAITLIST overflow—too many tasks

No VAC area for marks

Illegal interrupt of Extended Verb

PINBALL

GOPLAY
PO1, PO7

EXECUTIVE
EXECUTIVE
EXECUTIVE

WAITLIST
SXTMARK

2XXXX~—Indicates a go-to-routine 00 type abort.
3XXXX—Indicates a bailout type abort.

Note: For V05 NO9 Displays:

R1-=XXXXX (first alarm to occur after last reset).
R2—-XXXXX (second alarm to occur after last reset).
R3—XXXXX (most recent alarm).

Depressing the RSET key on the DSKY will set R1 and R2 to zero, but not

affect R3.

SET BY

IMU Mode Switch
INTERPRETER

SXTMARK, P23

All calls to integration

TIMETHET, TIMERAD

*This alarm is displayed without the astronaut having to key in V05 NO9E. An astronaut

DSKY response is required by this alarm.

**This alarm is displayed without the astronaut having to key in VO5 NOSE. No DSKY
response is required by this alarm.

(The specified option codes will be displayed in R1 in conjunction with Flashing
V04 NOB/N12 to request the astronaut to load into R2 the option he desires.)

CODE

00001
00002
00003

00005
00007

LIST OF OPTION CODES USED WITH V04 NO6/N12
FOR PROGRAM COLOSSUS 2D

PURPOSE

Specify IMU orientation
Specify vehicle
Specify tracking attitude

Specify SOR phase
Specify propulsion system

INPUT FOR R2

1 = preferred, 2 = nominal,

3 = REFSMMAT, 4 = landing site
= this vehicle,

2 = other vehicle

1 = preferred, 2 = +X-axis
= first, 2 = second

1=S5PS, 2= RCS

PROGRAMS

P50’s
P21, R30
R63

P38
P37



CODE

00013
00014
00015
00016
00041
00062
00202
00204

Notes:

CM-16

LIST OF CHECKLIST REFERENCE CODES USED WITH V50 N25
FOR PROGRAM COLOSSUS 2D

ACTION TO BE EFFECTED

Perform coarse alignment

Key in fine alignment option
Perform celestial body acquisition
Key in Terminate Mark sequence
Switch CM/SM separation to UP
Key in AGC power down

Perform GNCS automatic maneuver
Perform SPS gimbal trim

Switch—denotes change position of a console switch
Perform—denotes start or end of a task
Key In—denotes key-in of data through the DSKY



CM-17

FLAGWORD BIT ASSIGNMENTS (ALPHABETICAL)
FOR COLOSSUS 2D

ADVTRK FW8 B10 MIDFLAG FWO
AMOONFLG FWO B2 MKOVFLAG* FW4
APSESW FW8 B5 MOONFLAG FWO
ASTENFLAG* FW7 B12 MRKIDFLG* FW4
ATTCHFLG* FW7 B2 MRKNVFLG Fw4
AVEGBIT FW1 B1 MRUPTFLG* Fw4
AVEGFLAG FW1 B1 MWAITFLG* FW4
AVEMIDSW FW9 B1 NEEDLFLG FWO
AVFLAG FW2 B5 NEWIFLG FW8
CALCMAN2 FW2 B2 NJETSFLG FW1
CMDAPARM* FW6 B12 NODOBIT FW2
CMOONFLG FW8 B12 NODOFLAG FW2
CM/DSTBY FW6 B2 NODOPO1 FW1
COGAFLAG FW8 B4 NOPO1BIT FW1
COMPUTER FW5 B8 NORFHOR FWO
CPHIFLAG FWO B15 NORMSW FW7
CULTFLAG FW3 B7 NOSWITCH FW6
D6ORIFLG FW3 B2 NRMIDFLG* Fw4
DAPBIT1 FW6 B15 NRMNVFLG Fw4
DAPBIT2 FW6 B14 NRUPTFLG* Fw4
DIMOFLAG FW3 B1 NWAITFLG* Fw4
DMENFLG FW5 B9 N220RN17 FW9
DRIFTFLG FW2 B15 OPTNSW FW2
DSKYFLAG* FW5 B15 ORBWFLAG FW3
EGSW FW6 B8 ORDERSW FW8
ENG2FLAG FW1 B11 PDSPFBIT FW4
ENGONBIT FW5 B7 PDSPFLAG Fw4
ENTRYDSP FW6 B13 PFRATFLG FW2
ERADFLAG FW1 B13 PINBRFLG FW4
ETPIFLAG FW2 B7 PRECIFLG FW3
FINALFLG FW2 B6 PRFTRKAT FW5
FIRSTFLG FwW2 B7 PRIODFLG* FW4
FREEFLAG FWO B3 PRONVFLG Fw4
F2RTE FWO B5 POOFLAG FW3
GAMDIFSW* FW6 B11 P21FLAG FW2
GLOKFAIL FW3 B14 P22MKFLG FW3
GLOKFBIT FW3 B14 P39/79SW FW8
GONEBY FW7 B8 QUITFLAG FW9
GONEPAST FW6 B10 REFSMFLG FW3
GRRBKBIT FW5 B5 REINTBIT FW10
GRRBKFLG FW5 BS REINTFLG FW10
GUESSW FW1 B2 RELVELSW FW6
GYMDIFSW* FW6 B1 RENDWFLG FW5
HIND FW6 B6 RETROFLG FW6
IDLEFAIL FW1 B6 RNDVZBIT FWO
IGNFLAG* FW7 B13 RNDVZFLG FWO
IMPULSW FW2 B9 RNGSCFLG FWS
IMUSE FWO B8 RPQFLAG FW8
IMUSEF LG FWO B8 RVSW FW7
INCORFLG FW5 B11 R21MARK FW2
INFINFLG FW8 B7 R22CAFLG* FW9
INRLSW FW6 B5 R23BIT FW1
INTFLBIT FW10 B14 R23FLG FW1
INTYPFLG FW3 B4 R31FLAG FW9
ITSWICH FW7 B14 R53FLAG FWO
JSWITCH FWO B14 R57FLAG FW6
KFLAG FWO B1 RG0OFLAG* FWS
KNOWNFLG FW6 B8 SAVECBIT FW9
LATSW FW6 B4 SAVECFLG FW9
LMOONFLG FW8 B11 SKIPBIT FW2
LUNAFLAG FW3 B12 SKIPVHF FW2
MAXDBBIT FW9 B12 SLOPESW FW1
MAXDBFLG FW9 B12 SLOWFLG FWS
MGLVFLAG FW5 B2 SOLNSW FW5
MID1FLAG FW9 B3 SOURCBIT FwWo
MIDAVFLG FW9 B2

*These switches are never called by name.



SOURCFLG
STATEFLG
STEERSW
STIKBIT
STIKFLAG
STRULLSW
SURFFLAG
SWTOVER*
$32.1F1
S32.1F2
S$32.1F3A
$32.1F3B
TARG1FLG
TARG2FLG
TERMIFLG
TFFSW
TIMRFLAG
TRACKBIT
TRACKFLG
TRMO3BIT
TRMO3FLG
TRUNFLAG
UPDATBIT
UPDATFLG
UPLOCKFL*

FLAGWORD BIT ASSIGNMENTS (ALPHABETICAL)

FW9
FW3
Fw2
FW1
FWi1
FW6
FW8
FW9
FW11
FW11
FW11
FW11
FW1
FW1
FW7
FW7
FW7
FW1
FW1
FW1
FW1
FWO
FW1
FW1
FW7

B8

B5

B11
B14
B14
B13
B8

B15
B15
B14
B13
B12
B10
B9

B15

CMm-18

FOR COLOSSUS 2D

*These switches are never called by name.

VEHUPFLG
VERIFLAG*
VFLAG
VHFRFLAG
VINTFLAG
V37FLAG
V37FLBIT
V50N18BT
VSON18FL
V59FLAG
V67FLBIT*
V82EMFLG
VI94FLAG
VOAFLBIT
VI96ONFLG
XDELVFLG
XDSPFLAG*
ZMEASURE
.05GSW
22DSPFLG
360SW
3AXISFLG

FwW1
FW?7
FW3
FW9
FW3
FW?7
FW7
FW3
FW3
FW5S
FW9
FW9
FW9
FW9
FW8
FW2
FW4
FWO
FW6
Fw2
FW8
FW5
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 2D

{(FLAGWORD 0)

Bit Name
1 KFLAG
2 AMOONFLG
3 FREEFLAG
4 TRUNFLAG
5 F2RTE
6 R53FLAG
7 RNDVZBIT
RNDVZFLG
8 IMUSE
IMUSEFLG
9 NEEDLFLG
10 ZMEASURE
1 NORFHOR
12 MOONFLAG
13 MIDFLAG
14 JSWITCH
15 CPHIFLAG
(FLAGWORD 1)
Bit Name
1 AVEGBIT
AVEGFLAG
2 GUESSW
3 SLOPESW
4 TRMO3BIT
TRMO3FLG
5 TRACKBIT
TRACKFLG
6 IDLEFAIL
7 UPDATBIT

UPDATFLG

1
Search sector < 180 degrees.

State vector in lunar sphere
at MIDTOAVE.

(Temporary flag used in many routines.)
Driving of trunnion allowed.

In time critical mode.

V51 initiated.

P20 running.

IMU in use.

Total attitude error displayed.

Measurement planet and primary
planet different.

Far horizon.
Moon is sphere of influence.

Integration with solar
perturbations.

Integration of W matrix.

Output of CALCGA is CPHIX.

1
AVERAGEG (SERVICER) to continue.

No starting value for iteration exists

Iterate with bias method in
iterator.

Request to terminate PO3 has
been entered.

Tracking allowed.

Inhibit R40.

Updating by marks allowed.

0
Search sector > 180 degrees.

State vector in earth sphere
at MIDTOAVE.

Driving of trunnion not allowed.
Not in time critical mode.
V51 not initiated.

P20 not running.

IMU not in use.

A/P following error displayed.

Measurement planet and primary
planet same.

Near horizon.
Earth is sphere of influence.

Integration without solar
perturbations.

Integration of state vector.

Output of CALCGA is THETAD.

0

AVERAGEG (SERVICER) to ceas

Starting value for iteration exists.

Iterate with Regula Falsi method
in iterator.

No request to terminate PO3 has
been entered.

Tracking not allowed.

Enable R40 (engine fail).

Updating by marks not allowed.



(FLAGWORD 1)

Bit Name
8 VEHUPFLG
9 R23BIT
R23FLG
TARG2FLG
10 TARG1FLG
11 ENG2FLAG
12 NODOPO1
NOPO1BIT
13 ERADFLAG
14  STIKBIT
STIKFLAG
15 NJETSFLG
(FLAGWORD 2)
Bit Name
1 NODOBIT
NODOFLAG
2 CALCMAN2
3 Not Assigned
4 PFRATFLG
5 AVFLAG
6 FINALFLG
7  OPTNSW
FIRSTFLG
ETPIFLAG
XDELVFLG
9 IMPULSW
10 SKIPVBIT
SKIPVHF
11 STEERSW
12 P21FLAG

CM-20

1

CSM state vector being updated.
R23 marking.

Sighting landmark.

Sighting LM.

RCS burn.

P01 not allowed.
EARTH-—compute Fischer ellipsoid
radius.

MOON —use fixed radius

RHC control.

Two-jet RCS burn.

V37 not permitted.

Perform maneuver starting procedure.

Preferred attitude computed.
LM is active vehicle.

Last pass through rendezvous
program computations.

SOl phase of P38/P78.
First pass through S40.9.

Elevation angle supplied for
P34/P74.

External Delta V VG computation.

Minimum impulse burn (cutoff
time specified).

Disregard radar read because of
software or hardware RESTART.

Steering to be done.

Succeeding pass through P21,
use base vector for calculation.

FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 2D

0

LM state vector being updated.

R21 marking.

Sighting star.
Not sighting LM.
SPS burn.

P01 allowed.

EARTH-—use fixed radius.
MOON-—use RLS for lunar radius.

AGC control.

Four-jet RCS burn.

V37 permitted.

Bypass starting procedure.

Preferred attitude not computed.
CSM is active vehicle.

Interim pass through rendezvous
program computations.

SOR phase of P38/P78.
Succeeding pass through S40.9.
TPI time supplied for P34/P74.

Lambert (AIMPOINT) VG computation.

Steering burn (no cutoff time
yet available).

Radar read to proceed normaily.

Steering omitted.

First pass through P21,
calculate base vector.



(FLAGWORD 2)

Bit Name

13  22DPSFLG
14  R21MARK
15  DRIFTFLG

(FLAGWORD 3)

Bit Name

1 DIMOFLAG
2 D60ORIFLG

3  VINTFLAG
4 INTYPFLG
5 STATEFLG

6 ORBWFLAG

7  CULTFLAG
8 PRECIFLG

9 POOFLAG
10 VFLAG

1" P22MKFLG

12 LUNAFLAG
13  REFSMFLG

14  GLOKFAIL
GLOKFBIT

15  V50N18BT
V5ON18FL

CM-21

Display DR, DV.
Option 1 for MARKRUPT.

T3RUPT calls gyro compensation.

W matrix is to be used.

Dimension of W is 9 for
integration.

CSM state vector being integrated.
Conic integration.

Permanent state vector being
updated.

W matrix valid for orbital
navigation.

Star occulted.
CSMPREC, LEMPREC, or INTEGRVS
called.

Inhibit backwards integration.

Less than two stars in the field
of view.

P22 downlinked mark data was
just taken.

Lunar latitude-longitude.
REFSMMAT good.
GIMBAL LOCK has occurred.

Enable R60 attitude maneuver.

FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 2D

0

Do not display DR, DV.
Option 2 for MARKRUPT.

T3RUPT does no gyro compensation.

0

W matrix is not to be used.

Dimension of W is 6 for
integration.

LM state vector being integrated.
Encke integration.

Permanent state vector not being
updated.

W matrix invalid for orbital
integration.

Start not occulted.

INTGRYV called.

Allow backwards integration.
Two stars in the field of view.
P22 downlinked mark data not
just taken.

Earth latitude-longitude.
REFSMMAT no good.

Not in GIMBAL LOCK.

Inhibit R60 attitude
maneuver.



CcMm-22

FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 2D

(FLAGWORD 4)
Bit Name
1 XDSPFLAG*
2 Not Assigned
3 MKOVFLAG*
4 NRUPTFLG*
5 MRUPTFLG*
6 PINBRFLG
7 PRONVFLG
8 NRMNVFLG
9 MRKNVFLG
10 NWAITFLG*
1 MWAITFLG*
12 PDSPFBIT
PDSPFLAG
13 NRMIDFLG*
14 PRIODFLG*
15 MRKIDFLG*
(FLAGWORD 5)
Bit Name
1 RENDWFLG
2 MGLVFLAG
3 SOLNSW
4 R60OFLAG*
[ GRRBKBIT
GRRBKFLG

1

Mark display not to be interrupted.

Mark display over normal display.

Normal display interrupted by
priority or mark display.

Mark display interrupted by
priority display.

Astronaut has interferred with
existing display.

Astronaut using keyboard when
priority display initiated.

Astronaut using keyboard when
normal display initiated.

Astronaut using keyboard when
mark display initiated.

Higher priority display operating
when normal display initiated.

Higher priority display operating
when mark display initiated.

Cannot interrupt priority display.

Normal display in ENDIDLE.
Priority display in ENDIDLE.
Mark display in ENDIDLE.

W matrix valid for rendezvous
navigation.

Local vertical coordinates computed.

Lambert does not converge, or
time-radius nearly circular.

R61 must use R60.
Backup GRR received.

*These switches are never called by name.

0

No special mark information.

No mark display over normal
display.

Normal display not interrupted by
priority or mark display.

Mark display not interrupted by
priority display.

Astronaut has not interferred with
existing display.

Astronaut not using keyboard when
priority display initiated.

Astronaut not using keyboard when
normal display initiated.

Astronaut not using keyboard when
mark display initiated.

No higher priority display operating
when normal display initiated.

No higher priority display operating
when mark display initiated.

No normal display in ENDIDLE.
No priority display in ENDIDLE.
No mark display in ENDIDLE.

W matrix invalid for rendezvous
navigation.

Middle gimbal angle computed.

Lambert converges or time-radius
noncircular.

Normal R61.
Backup GRR not received.



(FLAGWORD 5)
Bit Name
6 3AXISFLG
7 ENGONBIT
8 COMPUTER
9 DMENFLG
10 PRFTRKAT
RNGSCFLG
1 INCORFLG
12 V59FLAG
13 SLOWFLG
14 RETROFLG
15 DSKYFLAG*
(FLAGWORD 6)
Bit Name
1 GYMDIFSW*
2 CM/DSTBY
3 .05GSW
4 LATSW
5 INRLSW
6 HIND
7 NOSWITCH
8 R57FLAG
KNOWNFLG
EGSW
9 RELVELSW

CM-23

1

Maneuver specified by three axes.
Engine turned on.
Computer is’ AGC.

Dimension of W is 9 for
incorporation.

Preferred tracking attitude.

First incorporation.
Calibrating for P23.

P37 transearth coast siowdown
is desired.

P37 premaneuver orbit is
retrograde.

Displays sent to DSKY.

CDU differences and body rates
computed.

ENTRY DAP activated.
Drag over 0.05 g
Downlift not inhibited.

Initial roll V(LV) attitude
not held.

Iterating of HUNTEST calculation
to be done after range prediction.

Lateral roll maneuver inhibited in
ENTRY.

Do not do R57, trunnion bias
has been obtained.

Landmark known.
In final phase.

Targeting uses earth-relative
velocity.

*These switches are never called by name.

FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 2D

0
Maneuver specified by one axis.
Engine turned off.
Computer is LGC.

Dimension of W is 6 for
incorporation.

+X axis tracking attitude.

Second incorporation.
Normal marking for P23.

Slowdown is not desired.

Orbit is not retrograde.

No displays to DSKY.

CDU differences and body rates
not computed.

ENTRY DAP not activated.

Drag less than 0.05 g.

Downlift inhibited.

Initial roll V(LV) attitude held.
Iterating of HUNTEST calculations
to be omitted after range prediction.

Lateral roll maneuver permitted
in ENTRY.

Do R57, trunnion bias needed.

Landmark unknown.
Not in final phase.

Targeting uses inertial velocity.



CM-24

FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 2D

(FLAGWORD 6)

Bit Name
10 GONEPAST
11 GAMDIFSW*
12 CMDAPARM*
13 ENTRYDSP
STRULLSW
14 DAPBIT2
15 DAPBIT1
(FLAGWORD 7)
Bit Name
1 TFFSW
2 ATTCHFLG*
S VERIFLAG*
4 UPLOCKFL*
5 Not Assigned
6 V37FLAG
V37FLBIT
7 Not Assigned
8 GONEBY
RVSW
10 NORMSW
11 TIMRFLAG
12 ASTNFLAG*
13 IGNFLAG*
14 ITSWICH
15 TERMIFLG

Lateral control calculations
to be omitted.

Calculate GAMDOT.

Allow ENTRY firings and
calculations.

Do ENTRY display via ENTRYVN.
Do STEERULL.
Bi4 1 1

1
Bi5 10 0 0 1
A/P | Nonegl RCS| TVC] S

aturn

Calculate TPERIGEE.

LM, CM attached.

Changed when V33E occurs at end of P27.
KKK fail.

AVERAGEG (SERVICER) running.

Passed target.

Do not compute final state vector
in time-theta.

Unit normal input to Lambert.

CLOKTASK operating.
Astronaut has OKed ignition.
TIG has arrived.

Accept next Lambert TPI search
solution.

Terminate R52.

*These switches are never called by name.

Lateral control calculations
to be done.

GAMDOT not to be calculated.

Inhibit ENTRY firings and
control functions.

Omit ENTRY display.
Do ULAGEOFF only.

DAP selection indicator.

Calculate TFF.
LM, CM not attached.

No K-K-K fail.

AVERAGEG (SERVICER) off.

Approaching target.

Compute final state vector in
time-theta.

Lambert computes its own unit
normal.

CLOKTASK inoperative.
Astronaut has not OKed ignition.
TIG has not arrived.

Test Lambert answer against
limits.

Do not terminate R52.



(FLAGWORD 8)
Bit Name
1 360SW

2 Not Assigned
3 VI960ONFLG

4  COGAFLAG

5  APSESW

6 ORDERSW

7 INFINFLG

8 SURFFLAG
9  P39/79sW
10 ADVTRK

1 LMOONFLG

12 CMOONFLG

13 NEWIFLG
14 Not Assigned
15 RPQFLAG

(FLAGWORD 9)

Bit Name

1 AVEMIDSW

2  MIDAVFLG

3  MIDIFLAG

4  R31FLAG

5 QUITFLAG

6  N220RN17

CM-25

Transfer angle near 360 degrees.

POO integration has been inhibited
by V96

No conic solution, too close to
rectilinear (COGA overflows).

RDESIRED outside of PERICENTER-
APOCENTER range in time-radius.

Iterator uses second order
minimum mode.

No conic solution (closure
through infinity required).

LM on lunar surface.
P39/P79 operating.

Advance ground track sighting
wanted.

Permanent LM state vector in
lunar sphere.

Permanent CSM state vector in
lunar sphere.

First pass through integration.

RPQ not computed.
(RPQ = vector between secondary
body and primary body.)

1

AVETOMID calling for W matrix
integration. Do not overwrite
RN, VN, PIPTIME.

Integration entered from one of
MIDTOAYV portals.

Integrate to TDEC.
R31 selected (V83).

Terminate and exit from
integration.

Compute total attitude errors
with respect to N22 (V62).

FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 2D

0

Transfer angle not near 360
degrees.

POO integration is proceeding
regularly.

Conic solution exists, (COGA
does not overflow.)

RDESIRED inside of PERICENTER-
APOCENTER range in time-radius.

Iterator uses first order
standard mode.

Conic solution exists.

LM not on lunar surface.
P38/P78 operating.

No advanced ground track.
Permanent LM state vector in
earth sphere.

Permanent CSM state vector in
earth sphere.

Succeeding iteration of integration.

RPQ computed.

(0]

No AVETOMID W matrix integration.
Allow setup of RN, VN, PIPTIME.

Integration was not entered via
MIDTOAV.

Integrate to the then-present
time.

R34 selected (V85).

Continue integration.

Compute total attitude errors
with respect to N17 (V63).



(FLAGWORD 9)
Bit Name
7  R22CAFLG*
8 SOURCBIT
SOURCFLG
9 VHFRFLAG
10  SAVECBIT
SAVECFLG
11 V94FLAG
VO4FLBIT
12 MAXDBBIT
MAXDBFLG
13 V82EMFLG
14  V6IFLBIT*
15 SWTOVER

CM-26

1
R22 calculations are going on.

Source of input data is from
VHF radar.
Allow R22 to accept range data.

P23 display and data storage
after mark is done.

V94 allowed during P23.

Maximum A/P deadband selected.

Moon vicinity.
Not Assigned.

Switchover has occurred.

*These switches are never called by name.

(FLAGWORD 10, RASFLAG)

Bit

1-6

7

813
14
15

Name

Not Assigned

REINTBIT
REINTFLG

Not Assigned
INTFLBIT
Not Assigned

(FLAGWORD 11)

Bit

1-1

12
13

14
15

Name

Not Assigned

S32.1F3B
S32.1F3A

S§32.1F2
S§32.1F1

Integration routine to be
RESTARTED.

Integration in progress.

FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 2D

0

R22 calculations are not going
on.

Source of input data is from
optics mark.

Stop acceptance of range data.
P23 display and data storage
before mark is done.

V94 not allowed.

Minimum A/P deadband selected.

Earth vicinity.

No switchover yet.

Integration routine not to be
RESTARTED.

Integration not in progress.

(Bits 12 and 13 function as an ordered pair (13, 12) indicating
the possible occurrence of two Newton iterations for $32.1:

(0, 0) — First pass of second Newton iteration,

{0, 1) — First Newton iteration being done,

(1, 0) — Remainder of second Newton iteration,
(1, 1) — 50 ft/s stage of second Newton iteration.)

First pass of Newton iteration.

Delta V at CSI Time 1 exceeds
maximum.

Reiteration of Newton.

Delta V at CSI Time 1 less
than maximum.
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 2D

IMODES30, a flag whose individual bits are used to control the monitoring of IMU
functions associated with Channel 30 (and in a few cases Channel 33).

Bit
15
14

13

12

11

10

Meaning
Last sampled value of Channel 30, Bit 15 (0 if IMU temperature within limits).

Last sampled value of Channel 30, Bit 14 (0 if ISS has been turned on or commanded
to be turned on).

Last sampled value of Channel 30, Bit 13 (0 if an IMU fail indication has been
produced).

Last sampled value of Channel 30, Bit 12 (0 if an IMU CDU fail indication has been
produced).

Last sampled value of Channel 30, Bit 11 (O if an IMU cage command has been
produced by crew).

Last sampled value of Channel 33, Bit 13 (0 if a PIPA fail indication has been
produced), having the same value as Bit 13 of IMODES33.

Last sampled value of Channel 30, Bit 9 (0 if IMU has been turned on and operating
with no malfunctions).

Bit used to control the IMU turn-on sequencing.
Bit used to control the IMU turn-on sequencing.

Bit is set to 1 to indicate that IMU initialization is being carried out. No Verb 37
inputs will be processed while bit is equal to 1 and alarm 01520g is generated.

Bit is set to 1 to inhibit the generation of program alarm 0212g if a PIPA fail signal
(Bit 13 of Channel 33) is produced.

Bit is set to 1 to inhibit generation of an ISS warning based on receipt of an IMU fail
signal.

Bit is set to 1 to inhibit generation of an ISS warning based on receipt of an IMU CDU
fail signal.

Bit is set to 1 to indicate failure of the turn-on delay sequence for IMU turn-on (alarm
0207g is also generated).

Bit is set to 1 to inhibit generation of an ISS warning based on receipt of a PIPA fail
signal (Bit 13 of Channel 33).
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 2D

IMODES33, a flag whose individual bits are used to control the monitoring of functions
associated with Channel 33 (and other items).

Bit
15
14

13
12

1

10-7

42

Meaning

Not assigned.

Last sampled value of Channel 32, Bit 14 (O if a Proceed command is given using the
PRO button).

Last sampled value of Channel 33, Bit 13 (0 if a PIPA fail has been produced).

Last sampled value of Channel 33, Bit 12 (0 if a telemetry end pulse has been rejected
because the downlink rate is too fast).

Last sampled value of Channel 33, Bit 11 (0 if an uplink bit has been rejected because
the uplink rate is too fast).

Not assigned.

Bit is set to 1 to indicate that IMU use for vehicle attitude information should not be
attempted.

Bit is set to 1 in IMU Zeroing routine external to TARUPT while zeroing is taking
place (for an interval of about 10.56 seconds).

Not assigned.

Bit is set to 1 when a Verb 35 (“lamp test”} is received, and reset to O about 5 seconds
later.
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 2D

OPTMODES, a flag whose individual bits are used to control the performance of optics
functions within the T4RUPT package.

Bit

15-

11

10

Meaning

Not Assigned

Bit is set to 1 to indicate that zeroing of optics has been completed since the last
FRESH START or RESTART (both of which set the bit to 0). If an attempt is made
to drive the optics and this bit is found to be zero, alarm 0120g is generated (but
computation proceeds).

Bit is set to 1 if optics has been switched from the Computer Control mode (while
being driven; that is, ‘‘coarse aligned'’) to another mode. Value is used when switch-
back to the Computer Control mode is effected to reenable driving. Bit is set to O as
part of FRESH START and when optics system released (at end of marking); a
RESTART preserves the bit (see, however, Bit 10).

Not assigned.

Last sampled value of Channel 30, Bit 7 (0 if an optics CDU fail indication has been
generated by the optics CDU hardware). If Bit 2 of this word is 0, a Tracker alarm (Bit
8 of DSPTAB + 11) is generated if this bit has a 1 to O transition. Bit issetto 1by a
FRESH START or RESTART.

Not assigned.

Last sampled value of Channel 33, Bit 5 (0 if Optics Mode switch is set to CcMC).

Last sampled value of Channel 33, Bit 4 (0 if Optics Zero switch set to Zero). If Bits
5-4 = 112, the Optics Mode switch has been set to Manual.

Bit is set to 1 when the Optics Zero switch is changed to Zero to indicate that zeroing
of the optics is in progress.

If bit is 1 and Bit 1 of this word is 0, then a switch out of Zero Optics mode will cause
alarm 0116g to be generated (if switched to Manual, a “‘grace period’* of about 5.3
seconds is provided before the optics-zeroing time counter is reset, during which time
a switchback to optics zeroing can be made). Bit remains 1 for about 16.2 seconds,
and is then reset to O (at the same time that Bit 10 of this word is set to 1, and Bits
2-1 of this word are set to 0).

Bit is set to 1 to inhibit generation of Tracker alarm (Bit 8 of DSPTAB + 11) if Bit 7
of this word goes from 1 to 0. Bit is set and reset at the same time as Bit 3.

Bit is set to 1 to indicate that end of optics zeroing delay will occur in 0.4 second
(remains 1 for that length of time, and then is reset to O at the same time as Bits 3-2).
If bit is 1, generation of alarm 0116g (see Bit 3) is inhibited.
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 2D

RCSFLAGS, a flag whose individual bits are used in monitoring the RCS DAP.

Bit
15

14

13

12

11

*10,9

8,7

*%G,5

3,2

Meaning

Bit is set to 1 to indicate that a high rate (2 deg/s) automaneuver is in progress. Bit is
reset to O to indicate that a high rate automaneuver is not in progress.

Bit is set to 1 if rate estimates are not good and a repeat of the rate filter initialization
is required. Bit is reset to O if the G & N is in control and the IMU data is usable.
Approximately 1 second after the bit is reset to O the rate filter initialization is
complete.

Bit is set to 1 if the rate damping has not been completed on the roll axis. Bit is reset
to O if the rate damping on the roll axis has been completed.

Bit is set to 1 if the rate damping has not been completed on the pitch axis. Bit is reset
to O if the rate damping has been completed on the pitch axis.

Bit is set to 1 if the rate damping has not been completed on the yaw axis. Bit is reset
to O if the rate damping has been completed on the yaw axis.

If either or both bits have been set to 1, there has been a change in the RHC roll
command since the last DAP cycle. If both bits are reset to 0, it implies that no
change in the RHC roll command has occurred since the last DAP cycle.

If either or both bits have been set to 1, there has been a change in RHC yaw
command since the last DAP cycle. If both bits are reset to O, it implies that no
change in the RHC yaw command has occurred since the last DAP cycle.

If either or both bits have been set to 1, there has been a change in the RHC pitch
command since the last DAP cycle. If both bits are reset to 0, it implies that no
change in the RHC pitch command has occurred since the last DAP cycle.

Bit is set to 1 to indicate that the AK values should be updated. Bit is reset to O to
indicate that the Needle Drive routine should be processed with the AK values which
have been previously acquired.

If (Bit 3, Bit 2) = (1,1) or (1,0), it is necessary to follow the initialization path of the
Needle Drive routine.

If (Bit 3, Bit 2) = (0, 1), it is necessary to follow Pass 2 of the Needle Drive routine.

If (Bit 3, Bit 2) = (0, 0), it is necessary to follow Pass 3 and greater paths of the
Needle Drive routine.

Bit is set to 1 to indicate that the initial pass path in the T6 program should not be
followed. Bit is reset to O if the T6 program should be initialized.

*Bit 9 will also be set to 1 as a result of executing V79 with the PTC option
**Bit 5 will also be set to 1 as a result of executing V79 with the Orbrate option.
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 2D

DAPDATR1, a flagword for RCS-CSM DAP interface.

Bits 16-13 12-10 9-7 6-4 3-1

|CONFIG!XTAC! XTBD lDB ! RATEj
15-13 CONFIG: Configuration

(o] No DAP or ENTRY DAP
1 CSM
2 CSM/LM
3 CSM/SivB
6 CSM/LM Ascent Stage Only
12-10 XTAC: X-translation using Quads AC
0 No AC
1 Use AC
9-7 XTBD: X-translation using Quads BD
0 No BD
1 Use BD
6-4 DB: Deadband

0 + 0.5 degree
1 % 5.0 degrees

31 RATE: Response to RHC, automatic maneuvers

0 0.05 degree/second
1 0.2 degree/second
2 0.5 degree/second
3 2.0 degrees/second

DAPDATR2, a flagword for RCS-CSM DAP interface.

Bits 15-13 12-10 9-7 6-4 31

AC-Roll | Quad A | Quad B | Quad C| Quad D

15-13 AC-Rolt: Roll jet selection

(1] Use BD Roll
1 Use AC Roll

12-10, A, B, C, D Quad fails

31 0 Quad Failed
1 Quad OK
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CHANNEL BIT ASSIGNMENTS (CM)
OUTPUT CHANNEL 11

BIT
1 ISS Warning
2 Light Computer Activity Lamp
3 Light Uplink Activity Lamp
4 Light Temp Caution Lamp
5 Light Keyboard Release Lamp
6 Flash Verb and Noun Lamps
7z Light Operator Error Lamp
8 Spare
9 Test Connector Outbit
10 Caution Reset
1 Spare
12 Spare
13 Engine On/Off (1—On, 0—Off)
14 Spare
15 Spare
QUTPUT CHANNEL 12
1 Zero Optics CDU's
2 Enable Optics CDU Error Counters
3 Not Used
4 Coarse Align Enable
5 Zero IMU CDU's
6 Enable IMU CDU Error Counters
7 Spare
8 TVC Enable
9 Enable SIVB Takeover
10 Zero Optics
1 Disengage Optics DAC
12 Spare
13 SIVB Injection Sequence Start
14 SIVB Cutoff
15 ISS Turn-on Delay Complete
OUTPUT CHANNEL 13
1 Range Unit Select ¢
2 Range Unit Select b
3 Range Unit Select a
4 Range Unit Activity
5 Not Used
6 Block Inlink
7 Downlink Word Order Code Bit
8 Not Used
9 Spare
10 Test Alarms
1" Enable Standby
12 Reset Trap 31-A
13 Reset Trap 31-B
14 Reset Trap 32
15 Enable TGRUPT
NOTE:

Channel 13 Range Unit Selection: Bits 1 through 4 are assigned control functions
for sampling of the VHF range link. These bits must contain 10018 in order to obtain
control.
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CHANNEL BIT ASSIGNMENTS (CM)

OUTPUT CHANNEL 14

BIT

1 Not Used

2 Spare

3 Spare

4 Spare

5 Spare

6 Gyro Enable

7 Gyro Select b

8 Gyro Select a

9 Gyro Sign (1 = minus)
10 Gyro Activity
1 Drive CDU S
12 Drive CDU T
13 Drive CDU Z
14 Drive CDU Y
15 Drive CDU X

Channel 14-Gyro Selection

a b Gyro
0 0 -
0 1 X
1 0 v
1 1 z

OUTPUT CHANNEL 15
BIT

Key codes from Main DSKY
Key codes from Main DSKY
Key codes from Main DSKY
Key codes from Main DSKY
Key codes from Main DSKY
Spare
Spare
Spare
Spare
10 Spare
1 Spare
12 Spare
13 Spare
14 Spare
15 Spare

QONOOITDWN =

OUTPUT CHANNEL 16
BIT

Key codes from Navigation DSKY
Key codes from Navigation DSKY
Key codes from Navigation DSKY
Key codes from Navigation DSKY
Key codes from Navigation DSKY
Mark button

Mark Reject button

Spare

Spare

10 Spare

11 Spare

12 Spare

13 Spare

14 Spare

15 Spare

OCONOADBWN=
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CHANNEL BIT ASSIGNMENTS (CM)

INPUT CHANNEL 30
BIT
1 Ullage Thrust Present
2 CM/SM Separate
3 SPS Ready
4 SI1VB Separate, Abort
5 Liftoff
6 Guidance Reference Release
7 Optics CDU Fail
8 Spare
9 IMU Operate
10 S/C Control of Saturn
11 IMU Cage
12 IMU CDU Fail
13 IMU Fail
14 ISS Turn-On Request
15 Temperature in Limits
NOTE:
All of the input signals in Channel 30 are inverted; that is, a ZERO bit
indicates that the discrete is ON.
INPUT CHANNEL 31
BIT
1 +Pitch Manual Rotation
2 -Pitch Manual Rotation
3 +Yaw Manual Rotation
4 -Yaw Manual Rotation
5 +Roll Manual Rotation
6 Roll Manual Rotation
7/ +X Translation
8 -X Translation
9 +Y Translation
10 -Y Translation
1 +Z Translation
12 -Z Translation
13 Hold Function
14 Free Function
15 G & N Autopilot Control
NOTE:
All of the input signals in Channel 31 are inverted; that is, a ZERO bit
indicates that the discrete is ON.
INPUT CHANNEL 32
BIT
1 +Pitch Minimum Impulse
2 -Pitch Minimum Impulse
3 +Yaw Minimum Impulse
4 -Yaw Minimum impulse
5 +Roll Minimum Impulse
6 -Roll Minimum Impulse
7 Spare
8 Spare
9 Spare
10 Spare
11 LM Attached
12 Spare
13 Spare
14 Proceed (Standby button)
15 Spare
NOTE

A]I of the input signals in Channel 32 are inverted; that is, a ZERO bit
indicates that the discrete is ON.
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CHANNEL BIT ASSIGNMENTS (CM)

INPUT CHANNEL 33
BIT
1 Spare
2 Range Unit Data Good
3 Spare
4 Zero Optics
5 CMC Control
6 Not Used
7 Not Used
8 Spare
9 Spare
10 Block Uplink Input*
1 Uplink Too Fast
12 Downlink Too Fast
13 PIPA Fail
14 AGC Warning
15 AGC Oscillator Alarm

*This bit reads ONE when accept uplink signal is present at interface.

NOTE:
All of the input signals in Channel 33 are inverted; that is, a ZERO bit
indicates that the discrete is ON.
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POO—CMC IDLING PROGRAM

Purpose:

1.

2.

To provide a program to fulfill the following requirements:

a. Provide an indication to the crew that the AGC is engaged in no con_trol.or
computational operations which might require consideration for coordination
with other crew tasks in progress.

b. To maintain the GNCS in a condition where manual attitude maneuvers can be
made by the crew with minimal concern for the GNCS.

c. Maintain the AGC in a condition of readiness for entry into other programs.
To update the CSM and LM state vectors every four-time steps.

Assumptions:

1.

2.

3.
4.

The IMU may or may not be on. If on, the IMU is inertially stabilized but not
necessarily aligned to an orientation which is known to the AGC.

If non-GNCS controlled attitude maneuvers are made by the crew, care must be
taken to avoid IMU gimbal lock. The IMU gimbal angles may be monitored by
observing the ICDU’s (V16 N20) or by monitoring the FDAI ball.

The program is manually selected by the astronaut by DSKY entry.

This program is automatically selected by V96E, which may be done during any
program. State vector integration is permanently inhibited following VO6E. Normal
integration functions will resume after selection of any program or extended verb.
POO integration will resume when POO is reselected. Usage of V96 can cause incor-
rect W-matrix and state vector synchronization.

Selected Displays:

1. V06 N38
Time of state vector being integrated 00XXX. h
000X X. min
OXX.XX's
PO1—PRELAUNCH OR SERVICE—INITIALIZATION PROGRAM
Purpose:
1. To initialize the platform for the prelaunch programs.
2. To provide an initial stable member orientation for Gyrocompassing (P02).

Assumptions:

1. The program is manually selected by DSKY entry.
2. Erasable locations have been properly initialized. (Azimuth, +1; Latitude, +1;
LAUNCHAZ, +1; IMU compensation parameters).
PO2—PRELAUNCH OR SERVICE—GYROCOMPASSING PROGRAM
Purpose:

1

To provide the proper stable member orientation for launch.

Assumptions:

1.

2,

3.
4.

This program may be interrupted to perform the Prelaunch or Service—Optical
Verification of Gyrocompassing program (P03).

V75 will be keyed in and displayed during this program to permit crew backup of
the liftoff discrete.

The program is automatically selected by the Initialization program (PO1).

This program has the capability (via V78E) to change the launch azimuth of the
stable member while gyrocompassing.

Selected Displays:

1.

V06 N29
XSM launch azimuth XXX.XX deg
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PO3—PRELAUNCH OR SERVICE—OPTICAL VERIFICATION
OF GYROCOMPASSING

Purpose:

1. To provide an optical check for verification of alignment of the stable member
during gyrocompassing prior to launch.

Assumptions:
1. The program is manually selected by the DSKY entry.

2. The astronaut has zeroed the optics just prior to program (P03) selection.

3. A minimum of 45 minutes between V78E and PO3 (V65E) assures proper damping
of transients.

4. In order to prematurely terminate this program and return to P02 the astronaut may
key in V34E on any flashing display.

Selected Displays:

1. V06 N41
Target azimuth XXX.XX deg
Target elevation XX. XXX deg
Target identification 0000X

2. V51 (please mark)
3. V50 N25 (terminate mark sequence)

Checklist code 00016
4, V06 N93
Gyro torque angles X XX.XXX deg

Y XX XXX deg
Z XX.XXX deg

PO6—AGC POWER DOWN PROGRAM
Purpose:
1. To transfer the AGC from the operate to the standby condition.

Assumptions:

1. When this program is turned on the astronaut must power down the AGC to stand-
by. However, the program is not RESTART protected.

2. The normal condition of readiness of the GNCS when not in use is standby. All the
G/N circuit breakers (Panel 5) are closed, the IMU and optics G/N power switches
(LEB Panel 100) are off and the AGC standby light (DSKY) is on. In this condition

the IMU is in standby with only heater power on, optics power is off, and the AGC
is in standby.

3. A possible condition of readiness of the GNCS when not completely on is the same
as standby (2) above, except the AGC standby light on the main and LEB DSKY'’s is

off. In this configuration the AGC is running for computational purposes that do
not require the IMU or optics.

4, |f the computer power is switched off it will be necessary to perform a computer
FRESH START (V36E) to initialize the erasable storage. The AGC Update program
(P27) would have to be done to update the state vector and computer clock time.

5. The AGC is capable of maintaining an accurate value of ground elapsed time (GET)
for only 23 hours when in standby. If the AGC is not brought out of the standby
condition to the running condition (see Assumption 3 above) at least once within 23
hours the AGC value of GET must be updated.

6. The program is selected by the astronaut by DSKY entry.
Selected Displays:
1. V50 N25 (AGC power down)
Checklist code 00062



CMm-38

P11—-EARTH ORBIT INSERTION MONITOR PROGRAM

Purpose:
1. To indicate to the astronaut that the AGC has received the liftoff discrete.

2. To generate an attitude error indication on the FDAI error needles, scaled for the
50/15 setting; from liftoff to the beginning of pitchover/rollout the attitude error is
equal to the difference between the current vehicle attitude and the attitude stored
at liftoff. During pitchover/rollout the attitude error is equal to the difference
between the current vehicle attitude and the AGC nominal computation of vehicle
attitude based on the stored polynomials in pitch and roll.

3. To display AGC computed trajectory parameters.
4. AGC takeover of Saturn during Boost
a. Automatic Control—All Stages: should the Saturn platform fail (during any stage
of earth orbit insertion) the astronaut may set the S/C Control of Saturn switch
to the ON position. This stores the current attitude errors as a bias. The Attitude
Error routine for each cycle thereafter will compute the attitude error, subtract

the bias, and transmit the difference information to the Saturn Instrumentation
Unit (1U) for steering.

b. Manual Control—SI| and SIVB Stages only: The astronaut may select the Saturn
stick function via V46E (DAP configuration = 3). This will terminate the
Attitude Error routine.
Assumptions:

1. The program is normally automatically selected by the Gyrocompassing program
(PO2) when the AGC receives the liftoff discrete from the SIVB. In the backup case
it would have been selected by keying in V75 ENTER.

2. The orbit parameter display routine is available by keying in V82E.

Selected Displays:
1. V06 N62

Inertial velocity magnitude XXXXX. ft/s

Altitude rate XXXXX. ft/s

Altitude XXXX.X nmi
2. V04 N12 (results from V82E)

Option code ID 00002

Option code

3. V06 N16 (results from V82E)
Time to which state vector will be integrated

4. V16 N44 (results from V82E)
Apocenter altitude
Pericenter altitude
TFF

0000X (1—this vehicle,
2—other vehicle)

00XXX. h
000X X. min
OXX.XX s

XXXX.X nmi
XXXX.X nmi
XX b XX min/s
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P17—CSM TRANSFER PHASE INITIALIZATION SEARCH (TPI)

Purpose:

1.

To accept a desired time of Transfer Phase Initiation (TIG(TPI)) as a DSKY input
from the astronaut, and to compute therefrom the parameters associated with a
minimum energy, safe periapsis transfer maneuver at TIG(TPI) and the resultant
rendezvous intercept.

To provide the astronaut with the option of defining to the AGC the initial transfer
trajectory search sector for central angles either greater or less than 180 degrees
from the position of the active vehicle (CSM) at TIG(TPI).

To display to the astronaut the parameters associated with the transfer (TPl and
intercept).

Assumptions:

1.

2.

3.

If P20 is in operation while this program is operating, the astronaut may hold at any
flashing display and turn on the Rendezvous Sighting Mark routine (R21 or R23)
and take optics marks and/or he may allow VHF ranging marks to accumulate.

'(i‘o 3:)xecute the TPl maneuver select the Transfer Phase Initiation (TPI) program
P34).

This program is selected by DSKY entry.

Selected Displays:

1. V06 N37
Time of TPI burn 00XXX. h
000X X. min
OXX.XX s
2. VO6N72
Delta angle (TPI) XXX.XX deg (+ active vehicle ahead)
Delta altitude (TPI) XXXX.X nmi(+ passive vehicle above)
Search option 0000X (1—intercept at a central angle
<180 degrees; 2—intercept at a central
angle > 180 degrees)
3. V06 N58
Pericenter altitude (post TPI1) XXXX.X nmi
Av (TpI) XXXX.X ft/s
Av (TPF) XXXX.X ft/s
4. V06 N55
R1: Perigee code 0000X (1—perigee between TPl and TPF
2—perigee after intercept)
R3: Central angle of passive vehicle XXX.XX deg
P20—RENDEZVOUS NAVIGATION PROGRAM
Purpose:
1. Control CSM attitude and optics to acquire the LM in the SXT field of view and to
point the CSM transponder at the LM or to control the CSM attitude to acquire the
LM along the +X axis (depends on option code).
2. Update either LM or CSM state vector via optical tracking data and/or VHF range

data.
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P20 (continued)

Assumptions:
1. IMU on and aligned.

2. The GNCS is in control of the vehicle in the auto mode in the nominal case. If the
astronaut takes over control of the vehicle with RHC the CSM will remain at the
attitude it is driven to. Regardless of mode selection the GNCS will calculate the
preferred tracking attitude and the +X-axis tracking attitude.

3. Routine RO3 performed prior to selection of this program. In order for the GNCS to
perform the automatic attitude maneuvers, the astronaut should key in V46E at
some time prior to the first maneuver.

4. LM maintaining preferred tracking attitude to correctly orient the optical beacon.

5. Program selected by DSKY entry.
6. Terminated by selecton of P00, P06, P22, P23, V34E from R60 or R22, or by

V56E.

Selected Displays:

1. V50N18
Desired FDAI angles R (0G) XXX.XX deg
P(IG) XXX.XX deg
Y (MG) XXX.XX deg

2. VO6 N18
Final FDAI angles R (OG) XXX.XX deg

P(IG) XXX.XX deg
Y (MG) XXX.XX deg
3. V51 (please perform SXT mark)

4. V06 N49

AR XXXX.X nmi

Av XXXX.X ft/s

Source Code 0000X (1—optics, 2—VHF)
5. V06 N94 (backup optical device)

Alternate LOS shaft angle XXX.XX deg

Alternate LOS trunnion angle XX. XXX deg

6. V53 (please perform COAS mark)

P21-GROUND TRACK DETERMINATION PROGRAM

Purpose:
1. Provide astronaut with details of his ground track.

Assumptions:
1. Program selected by DSKY entry.

2. Can be used while CSM is in either earth or lunar orbit to determine ground track of
either LM or CSM.

3. Vehicle \{vhose ground track parameters are calculated to remain in freefall from the
present time until T Lat Long.

Selected Displays:

1. V04 NO6
Option code ID 00002
Option code ID 0000X (1—this vehicle

2—other vehicle)
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P21 (continued)

2. V06 N34
Time of LAT/LONG 00XXX. h
000X X. min
OXX.XX's
3. V06 N43
Latitude XXX.XX deg (+ north)
Longitude XXX.XX deg (+ east)
Altitude XXXX.X nmi
4. V06 N73 (astronaut initiated)
Altitude XXXXXb. nmi
Velocity XXXXX. ft/s
Flight path angle XXX.XX deg
P22—ORBITAL NAVIGATION PROGRAM
Purpose:

1. Locate and track landmark suitable for navigation purposes.

Obtain sighting marks on chosen landmark.

Calculate the orbital parameter changes generated by landmark sightings.
Update state vector as result of sightings (if sightings ok).

Update coordinates of known landmarks.

Provide coordinates of unknown landmarks.

Track preloaded landing site.

Provide coordinates of new landing site.

Provide coordinates of an offset landing site.

Align optics along an advanced orbit ground track for purpose of tracking and
mapping a new landing site.

SCOPND O S WN

-

Assumptions:
1. There are two types of landmark tracking methods:

a. “Known’ Landmark Tracking—The tracking of an earth landmark made known
to the AGC by latitude, longitude/2, and altitude, and the tracking of a lunar
landmark made known to the AGC by its latitude, longitude/2, and altitude.

b. “Unknown” Landmark Tracking—The tracking of a landmark or surface feature
identified to the AGC as an unknown landmark, one whose coordinates are not
known.

2. There are two types of landing site mapping methods:

a. Landing Site Designation—Track and mark on an unknown landmark. Store the
resulting coordinates in Landmark Code 01. If mapping only is desired (that is,
no state vector calculation or corrections), the astronaut need take only one
mark.

b. Landing Site Offset—While tracking and marking on a primary landmark (known
or unknown), point the optics SLOS at the chosen landing site and mark it once,
(at least one mark on the primary landmark must have been made prior to this),
then continue marking on the primary landmark. Store the resulting coordinates
of the offset landing site in Landmark Code 01.

3. Acquisition of a landmark may be aided by the AGC by use of the Automatic Optics
Positioning routine (R52).

4. Acquisition of a preloaded landing site may be aided by keying Landmark Code 01
i(nto )the V05 N70 display for use by the Automatic Optics Positioning routine
R52).
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P22 (continued)
The Ground Track Determination program (P21) is available to aid the crew in
choosing appropriate landmarks prior to selection of this program.

The Ground Track Determination program (P21) is available to the crew following
this program to provide updated ground track information.

Possible attitude control methods might be as follows (in all cases care must be
taken to monitor possible impending IMU gimbal lock).

a. Manual control by the pilot or navigator with the rotational hand controller.

b. Manual rate control by the navigator with the minimum impulse control in the
GNC free mode.

The program may be performed with SIVB attached if the Launch Vehicle Guidance
switch is placed in the CMC position thereby permitting SIVB attitutde control with
the rotational hand controller. GNC A/P control is required in this case.

The IMU must be on and aligned in order to complete this program.
Selection of this program will terminate the Rendezvous Navigation program (P20).
The program is selected by the astronaut by DSKY entry.

Selected Displays:

1.

2,

V06 N45

R3: Maximum middle gimbal angle XXX.XX deg
V05 N70

R2: ABCDE (before mark)

A — 1 if known landmark

2 if unknown landmark
B — index of offset designator
C — not used
DE — Landmark ID

V06 N89 (landmark coordinates)

Latitude XX.XXX deg (+ north)
Longitude/2 XX. XXX deg (+ east)
Altitude XXX. XX nmi

V06 N92
Shaft angle XXX.XX deg
Trunnion angle XX. XXX deg

V51 (please mark)
V50 N25 (terminate mark sequence)
Checklist code 00016
V05 N71
R2: ABCDE (after mark)
Display same as Item 2 above
V06 N49
AR XXXX.X nmi
Av XXXX.X ft/s
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P23—-CISLUNAR MIDCOURSE NAVIGATION PROGRAM

Purpose:

1

To do midcourse navigation by incorporation of star/earth and star/moon optical
measurements.

Assumptions:

1.
2.

3.

10.

1.

This program does not require that the IMU be on.

If the IMU is not aligned the astronaut must acquire the star/LMK or star/HOR
manually.

If the IMU is:
a. Aligned, the astronaut may acquire the LMK/HOR automatically.
b. Aligned, the astronaut may acquire the star automatically.

c. On, the astronaut must take appropriate precautions to prevent possible IMU
gimbal lock.

Prior to each mark the program will call for an optics calibration which may be done
or bypassed dependent upon the stability history of the calibration.

To perform the mark the astronaut should finally select minimum impulse control
(either GNCS or SCS) and the optics should be in manual in order to maintain the
fix.

The optics should be on for 15 minutes prior to marking.

The AGC does not check for moon/earth occultation or sun brightness in this
program.

This program is designed for one man operation within the constraints of mode
switching while in the LEB.

Nouns 70 and 71 are checked to assure that the codes fall within certain permissible
limits. (Check to assure that R2 and R3 do not both equal zero or do not both not
equal zero, R1 = 0 to 37 (octal), R2= ABCDE, C=1o0or 2, R3= ABCDE,Cand D =
1 or 2). Noun 89 is also checked to assure that the values for R1 and R2 fall within
certain defined limits (-90 degrees to +90 degrees).

Noun 88 allows that any proportional set of components may be loaded for planet
direction. However, a unit vector is recommended.

The program is selected by the astronaut by DSKY entry.

Selected Displays (Optics Calibration):

1.

V05 N70 (before mark)
R1: 000DE
DE—star identification code

R2: ABCDE
AB — not used
C — 1 = earth landmark
2 = moon landmark
DE — not used

R3: 00CDO

C — 1 = earth horizon
2 = moon horizon

D — 1 = near horizon
2 = far horizon

V05 N25 (perform GNCS auto maneuver)

Checklist code 00202
V59 (perform calibration mark)
V06 N87
R2: Trunnion bias angle XX. XXX deg

V51 (please mark)
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P23 (continued)

Selected Displays (Navigation Measurement):

1.

10.

1.

V05 N70 (before mark)
R1: 000DE
DE—star identification code

R2: ABCDE
AB — not used
C — 1 = earth landmark
2 = moon landmark
DE — not used

R3: 00CDO
C — 1 = earth horizon
2 = moon horizon
D — 1 = near horizon
2 = far horizon

V06 N89 (landmark coordinates)
Latitude
Longitude/2
Altitude
V06 N88
Components of celestial body % unit vector
V50 N25 (perform GNCS auto maneuver)
Checklist code
V50 N18
Desired FDAI angles

V06 N18
Final FDAI angles

V06 N92
Shaft angle
Trunnion angle
V51 (please mark)
V50 N25 (terminate mark sequence)
Checklist code
V05 N71 (after mark)
Display same as Item 1 above.
V06 N49
AR
Av

R (0OG)
P (1G)
Y (MG)

R (OG)
P (1G)
Y (MG)

XX. XXX deg (+ north)
XX.XXX deg (+ east)
XXX. XX nmi

XXX XX
00202
XXX.XX deg
XXX.XX deg
XXX.XX deg
XXX.XX deg
XXX.XX deg
XXX.XX deg
XXX.XX deg

XX. XXX deg

00016

XXXX.X nmi
XXXX.X ft/s
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P27—-AGC UPDATE PROGRAM

Purpose:

1.

To insert information into the AGC via the digital uplink by transmission from the
ground or via the DSKY keyboard by crew manual input.

Assumptions:

1.

2.

The AGC must be in the operate condition. The IMU may be in standby or operate
condition.

AGC updates are of four categories:
a. Provide an update for AGC liftoff time (V70).
b. Provide an octal increment for the AGC clock only (V73).

c. Provide load capability for a block of sequential erasable locations (1-18
inclusive locations whose address is specified) (V71).

d. Provide load capability for 1-9 inclusive individually specified erasable locations
(V72).

Update is allowed in the CSM when the AGC is in POO or P02, and if the DSKY is
available.
The UPTEL Accept/Block switch must be in Accept for telemetry update.

The program is manually selected by the astronaut by DSKY entry or by the ground
by uplink transmission.

The automatic mode of update is program selection and update via the ground by
uplink transmission. The only difference between this and manual selection by the
astronaut is that the DSKY responses are keyed in by the astronaut rather than
transmitted.

P30—-EXTERNAL DELTA V PROGRAM

Purpose:

1.

To accept targeting parameters obtained from a source(s) external to the AGC and
compute therefrom the required velocity and other initial conditions required by the
AGC for execution of the desired maneuver. The targeting parameters inserted into
the AGC are the time of ignition (T1G) and the impulsive AV along CSM local
vertical axes at' TIG.

To display to the astronaut and the ground certain specific dependent variables
associated with the desired maneuver for approval by the astronaut/ground.

Assumptions:

1.

2.

3.
4.

Target parameters (TIG and AV(LV)) may have been loaded from the ground during
a prior execution of P27,

External Delta V flag is set during the program to designate to the thrusting program
that external Delta V steering is to be used.

ISS need not be on to complete this program.
Program is selected by DSKY entry.

Selected Displays:

1.

2,

V06 N33
Time of ignition for external AV burn 00XXX. h
000XX. min
OXX.XX s
V06 N81

Components of AV (LV) XXXX.X ft/s
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P30 (continued)

3. V06 N42
Apocenter altitude XXXX. X nmi
Pericenter altitude XXXX.X nmi
AV (required) XXXX.X ft/s

4. V16 N45
Marks (VHF/optics) XX b XX marks
Time from external AV ignition XX b XX min/s
Middle gimbal angle XXX.XX deg

P31-LAMBERT AIM POINT GUIDANCE PROGRAM
Purpose:

1. To accept targeting parameters obtained from a source(s) external to the A_GC and
compute therefrom the required velocity and other initial conditions required by
the AGC for execution of the desired maneuver. The targeting parameters inserted
into the AGC are the time of ignition (TIG), ECSTEER, the target vector, and the
time from TIG until the target is to be reached (Delta T Trans).

2.

To display to the astronaut and the ground certain specific dependent variables
associated with the desired maneuver for approval by the astronaut/ground.

Assumptions:

1.

2,

3.
4.

The target parameters (TIG, Target Vector, ECSTEER, and Delta T Trans) have
been loaded from the ground during a prior execution of P27.

The external Delta V flag is reset during this program to designate to the thrusting
program that Lambert steering is to be used.

ISS need not be on to complete this program.
This program is selected by DSKY entry.

Selected Displays:

1. V06 N33
Time of ignition for Lambert aim point burn 00XXX. h
000X X. min
OXX.XX s
2. V06 N81
Components of AV (LV) XXXX.X ft/s
3. V06 N42
Apocenter altitude XXXX.X nmi
Pericenter altitude XXXX.X nmi
AV (required) XXXX.X ft/s
4. V16 N45
Mark (VHF/optics) XX b XX marks
Time from Lambert aim point ignition XX b XX min/s

Middle gimbal angle XXX.XX deg
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P32—CSM COELLIPTIC SEQUENCE INITIATION (CSI) PROGRAM

Purpose:

1. To calculate parameters associated with the following concentric flight plan
maneuvers: the Coelliptic Sequence Initiation (CSI) and the Constant Delta Altitude
maneuver (CDH), for Delta V burns.

2. To calculate these parameters based upon maneuver data approved and keyed into
the AGC by the astronaut.

3. To display to the astronaut and the ground dependent variables associated with the
concentric flight plan maneuvers for approval by the astronaut/ground.

4. To store the CS| target parameters for use by the desired thrusting program.

Assumptions:

1.

2.

1.

At a selected TPI time the line of sight between the CSM and the LM is selected to
be a prescribed angle (E) from the horizontal plane defined at the active position.

The time between CSI ignition and CDH ignition must be computed to be greater
than 10 minutes for successful completion of the program.

The time between CDH ignition and TPI ignition must be computed to be greater
than 10 minutes for successful completion of the program.

CDH Delta V is selected to minimize the variation of the altitude difference between
the orbits.

CS! burn is defined such that the impulsive Delta V is in the horizontal plane
defined by the active vehicle position at CSl ignition.

The pericenter altitude of the orbit following CSI and CDH must be greater than
35,000 feet (lunar orbit) or 85 nmi (earth orbit) for successful completion of this
program.

The CSI and CDH maneuvers are originally assumed to be parallel to the plane of the
LM orbit. However, crew modification of Delta V (LV) components may result in an
out-of-plane CS| maneuver.

The ISS need not be on to complete this program unless automatic state vector
updating is desired by the Rendezvous Navigation program (P20).
This program is selected by the astronaut by DSKY entry.

The external Delta V flag is set during this program to designate to the thrusting
program that external Delta V steering is to be used.

If P20 is in operation while the program is operating, the astronaut may hold at any
flashing display and turn on the Rendezvous Sighting Mark routine (R21or R23) and
take optics marks, and/or he may allow VHF ranging marks to accumulate.

Selected Displays:

1.

2.

3.

V06 N11
Time of CSI ignition 00XXX. h
000XX. min
OXX.XX s
V06 N55
Number of apsidal crossings 0000X
Elevation angle XXX.XX deg
Central angle of passive vehicle XXX.XX deg
V06 N37
Time of TPI ignition 00XXX. h
000X X. min

OXX.XX s
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P32 (continued)

4. V16 N45
Marks (VHF/optics) XX b XX marks
Time from CSI ignition XX b XX min/s
Middle gimbal angle XXX.XX deg
5. V06 N75
Delta altitude (CDH) XXXX.X nmi
AT (CDH-CSI) XX b XX min/s
AT (TPI-CDH) XX b XX min/s
6. V06 N81
Components of AV(LV) for CSI XXXX.X ft/s
7. V06 N82
Components of AV(LV) for CDH XXXX.X ft/s
8. V06 N13 (astronaut initiated)
Time of CDH ignition 00XXX. h
000X X. min
OXX.XX's
9. V04 N12 (results from VOOE)
Option code ID 00002
Option code 0000X (1—this vehicle

2—other vehicle)
10. V06 N16 (results from VIOE)

Time of event 00XXX. h
000XX. min
OXX.XX's
11. V06 N9O (results from VOOE)
Y XXX. XX nmi
YDOT XXXX.X ft/s
PSi XXX.XX deg,

P33—CSM CONSTANT DELTA ALTITUDE (CDH) PROGRAM
Purpose:

1. To calculate parameters associated with the Constant Delta Altitude maneuver
(CDH), for Delta V burns.

2. To calculate these parameters based upon maneuver data approved and keyed into
the DSKY by the astronaut.

3. To display to the astronaut and the ground dependent variables associated with the
CDH maneuver for approval by the astronaut/ground.

4. To store the CDH target parameters for use by the desired thrusting program.
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P33 (continued)

Assumptions:

1.

This program is based upon previous completion of the Coelliptic Sequence
Initiation (CSI) program (P32). Therefore:

a.

At a selected TPl time (now in storage) the line of sight between the CSM and
the LM was selected to be a prescribed angle (E) (now in storage) from the
horizontal plane defined at the active vehicle position.

The time between CSI ignition and CDH ignition was computed to be greater
than 10 minutes.

The time between CDH ignition and TPI ignition was computed to be greater
than 10 minutes.

The variation of the altitude difference between the orbits was minimized.

CSI burn is defined such that the impulsive Delta V is in the horizontal plane
defined by the active vehicle position at CSI ignition.

The pericenter altitudes of the orbits following CS| and CDH were computed to
be greater than 35,000 feet (lunar orbit) or 85 nmi (earth orbit).

The CSI and CDH maneuvers were assumed to be parallel to the plane of the LM
orbit. However, crew modification of Delta V (LV) components may have
resulted in an out-of-plane CS| maneuver.

If P20 is in operation while this program is operating, the astronaut may hold at any
flashing display and turn on the Rendezvous Sighting Mark routine (R21 or R23)
and take optics marks, and/or he may allow VHF ranging marks to accumulate.

The ISS need not be on to complete this program unless automatic state vector

u

pdating is desired by the Rendezvous Navigation program (P20).

This program is selected by the astronaut by DSKY entry.

The external Delta V flag is set during this program to designate to the thrusting
program that external Delta V steering is to be used.

Selected Displays:

1.

V06 N13
Time of CDH ignition 00XXX h
000X X min
OXX.XX s
V16 N45
Marks (VHF/optics) XX b XX mark
Time from CDH ignition XX b XX min/s
Middle gimbal angle XXX.XX deg
V06 N75
Delta altitude (CDH) XXXX.X nmi
AT (TPI-CDH) XX b XX min/s
AT (TPI-NOMTPI) XX b XX min/s
V06 N81
Components of AV(LV) for CDH XXXX.X ft/s
V04 N12 (results from VOOE)
Option code ID 00002
Option code 0000X (1—this vehicle,

2—other vehicle)
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P33 (continued)

6. V06 N16 (results from VOOE)
Time of event 00XXX. h
000XX. min
OXX.XX s
7. V06 N9O (results from VOOE)
Y XXX.XX nmi
YDOT XXXX.X ft/s
] XXX.XX deg
P34—CSM TRANSFER PHASE INITIATION (TPI)
TARGETING PROGRAM
Purpose:
1. To calculate the required Delta V and other initial conditions required by the AGC
for execution of the Transfer Phase Initiation maneuver. Given:
a. TIG (TPI1) or the Elevation angle (E) of the CSM/LM LOS at TIG (TPI).
b. Central angle of transfer (CENTANG) from TIG (TPI) to intercept time
(TIG(TPF)).
2. To calculate TIG (TPI) given E or E given TIG (TPI).
3. To display to the astronaut and the ground certain dependent variables associated
with the maneuver for approval by the astronaut/ground.
4. To store the TP target parameters for use by the desired thrusting program.

Assumptions:

7

2.

The program must be done over a tracking station for real-time ground participation
in AGC data input and output.

If P20 is in operation while this program is operating, the astronaut may hold at any
flashing display and turn on the Rendezvous Sighting Mark routine (R21 or R23)
and take optics marks, and/or he may allow VHF ranging marks to accumulate.

Once the parameters required for computation of the maneuver have been
completely specified, the value of the active vehicle central angle of transfer is
computed and stored. This number will be available for display to the astronaut
through the use of V06 N52.

The astronaut would call this display to verify that the central angle of transfer of
the active vehicle is not within 170 to 190 degrees. |f the angle is within this zone
the astronaut should reassess the input targeting parameters based upon Delta V and
expected maneuver time.

When determining the initial position and velocity of the target at intercept time,
either conic or precision integration may be used. The time difference for computa-
tion is approximately 10:1 (that is, conic integration is 10 times faster than
precision integration).

ISS need not be on to complete this program unless automatic state vector updating
is desired by the Rendezvous Navigation program (P20).

This program is selected by DSKY entry.

The external Delta V flag is reset during this program to designate to the thrusting
program that Lambert steering is to be used.

Selected Displays:

1.

V06 N37
Time of TPI ignition 00XXX. h
000X X. min
OXX.XX s
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P34 (continued)

2. V06 N55
Integration code 0000X (0O—conic,
# O—precision)
Elevation angle XXX. XX deg
Central angle of passive vehicle XXX.XX deg
3. V16 N45
Mark (VHF/optics) XX b XX marks
Time from TPI ignition XX b XX min/s
Middle gimbal angle XXX.XX deg
4. V06 N58
Pericenter altitude (post TPI) XXXX.X nmi
Av (TP1) XXXX.X ft/s
Av (TPF) XXXX.X ft/s
5. V06 N81
Components of AV (LV) for TP XXXX.X ft/s
6. V06 N59
Components of AV (LOS) for TPI XXXX.X ft/s
7. V06 N52 (astronaut initiated)
Central angle of active vehicle XXX.XX deg
8. V04 N12 (results from VOOE)
Option code ID 00002
Option code 0000X (1—this vehicle,
2—other vehicle)
9. V06 N16 (results from VOOE)
Time of event 00XXX. h
000XX. min
OXX.XX's
10. V06 N9O (results from VOOE)
Y XXX. XX nmi
YDOT XXXX.X ft/s
PSI XXX.XX deg
P35—CSM TRANSFER PHASE MIDCOURSE (TPM)
TARGETING PROGRAM
Purpose:

1. To calculate the required Delta V and other initial conditions required by the AGC
for CSM exectuion of the next midcourse correction of the transfer phase of an

active CSM rendezvous.

Assumptions:

1. If P20 is in operation while this program is operating, the astronaut may hold at any
flashing display and turn on the Rendezvous Sighting Mark routine (R21 or R23)
and take optics marks, and/or he may allow VHF ranging marks to accumulate.



CM-52

P35 (continued)

Once the parameters required for computation of the maneuver have been
completely specified, the value of the active vehicle central angle of transfer is
computed and stored. This number will be available for display to the astronaut
through the use of V06 N52.

The astronaut would call this display to verify that the central angle of transfer of
the active vehicle is not within 170 to 190 degrees. |f the angle is within this zone
the astronaut should reassess the input targeting parameters based upon Delta V and
the expected maneuver time.

The time of intercept (T(INT)) was defined by previous completion of the Transfer
Phase Initiation (TPI) program (P34) and is presently available in AGC storage.

ISS need not be on to complete this program unless automatic state vector updating
is desired by the Rendezvous Navigation program (P20).
The program is selected by DSKY entry.

The external Delta V flag is reset during this program to designate to the thrusting
program that Lambert steering is to be used.

Selected Displays:

1.

V16 N45
Mark (VHF/optics) XX b XX marks
Time from TPM ignition XX b XX min/s
Middle gimbal angle XXX.XX deg
V06 N81
Components of AV (LV) for TPM XXXX.X ft/s
V06 N59
Components of AV (LOS) for TPM XXXX.X ft/s
V06 N52 (astronaut initiated)
Central angle of active vehicle XXX.XX deg
V04 N12 (results from VOOE)
Option code ID 00002
Option code 0000X (1—this vehicle,
2—other vehicle)
V06 N16 (results from VOOE)
Time of event 00XXX. h
000X X. min
OXX.XX s
V06 N9O (results from VOOE)
Y XXX. XX nmi
YDOT XXXX.X ft/s

PSI XXX.XX deg
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P37-RETURN TO EARTH

Purpose:

1.

2,

5.

This program will compute a return-to-earth trajectory providing the CSM is outside
the lunar sphere of influence at the time of ignition.

This program computes and displays a preliminary series of parameters based on a
conic trajectory and:

a. Astronaut specified time of ignition.

b. Astronaut specified maximum change in velocity.
c. Astronaut specified reentry angle.

These parameters are:

Time from ignition to reentry.

Reentry inertial velocity.

Reentry flight path angle.

Latitude of splash.

LIS~

Longitude of splash.
f. DeltaV (LV).

When the initial display is satisfactory to the astronaut, the program recomputes the
same data, using applicable perturbations to the conic trajectory, and displays the
new values.

Upon final acceptance by the astronaut, the program computes and stores the target
;()arar)neters for return to earth for use by the SPS program (P40) or RCS program
P41).

Based upon the specified propulsion system the following are displayed:
a. Middle gimbal angle at ignition.

b. Time of ignition (TIG).

c. Time from ignition (TFI).

Assumptions:

1.

2.
3.

This program assumes that contact with the ground is unavailable, and is completely
self-contained.

The ISS need not be on to complete this program.

If value of VPRED entered in Noun 60 is less than the minimum required to return
to earth, the Delta V required vector will be computed based on a minimum value. If
the value entered is greater than the minimum required to return to earth, then the
astronaut desired value will be used to compute the Delta V required vector. The
computed Delta V required vector will be displayed in Noun 81.

The DAP Data Load routine (RO3) should be performed prior. to completion of this
program.

This program is selected by DSKY entry.

The reentry range calculation provided by the AUGE KUGEL routine may be over-
written by a pad loaded single precision erasable.

The external Delta V flag is reset during this program to designate to the thrusting
program that Lambert steering is to be used.

Selected Displays:

i

V06 N33
Time of return to earth ignition 00XXX. h
000X X. min
OXX.XX's



CM-54

P37 (continued)

V06 N60
R2: Predicted velocity at 400 k ft XXXXX. ft/s
R3: Predicted flight path angle at 400 k ft XXX.XX deg
V06 N61

Impact latitude
Impact longitude

XXX.XX deg (+ north)
XXX.XX deg (+ east)

4. V06 N39
AT for transfer 00XXX. h
000X X. min
OXX.XX s
5. V06 N81
Components of AV (LV) for transfer XXXX.X ft/s
6. V04 NO6 (thrust program option)
Option code 1D 00007
Option code 0000X (1-SPS (P-40),
2-RCS (P-41))
7. V16 N45
Marks (VHF/optics) XX b XX marks
Time from ignition XX b XX min/s
Middle gimbal angle XXX.XX deg
P38—CSM STABLE ORBIT RENDEZVOUS (SOR)
TARGETING PROGRAM
Purpose:

1. To calculate the required Delta V and other initial conditions required by the AGC
for CSM execution of the first phase of the Stable Orbit Rendezvous maneuver.
Given:

a. Time of ignition (TIG).

b." Central angle of transfer (CENTANG) from TIG to intercept time.

c. The offset of the stable orbit point specified as a distance along the passive
vehicle orbit.

2. To calculate the required Delta V and other initial conditions required by the AGC
for CSM execution of the second phase of the Stable Orbit Rendezvous maneuver.
Given:

a. A respecification of 1(a) above.
b. An optional respecification of 1(b) above.

3. To calculate these parameters based upon maneuver data approved and keyed into
the AGC by the astronaut.

4. To display to the astronaut and the ground certain dependent variables associated
with the maneuver for approval by the astronaut/ground.

5. To store the SOR Phase 1 and Phase 2 target parameters for use by the desired

thrusting program.

Assumptions:

1.

The stable orbit point is defined as the final position (at completion of the second
phase) of the active vehicle relative to the passive vehicle.
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If P20 is in operation while this program is operating, the astronaut may hold at any
flashing display and turn on the Rendezvous Sighting Mark routine (R21 or R23)
and take optics marks, and/or he may allow VHF ranging marks to accumulate.

Once the parameters required for computation of the maneuver have been
completely specified, the value of the active vehicle central angle of transfer is
computed and stored. This number will be available for display to the astronaut
through the use of V06 N52.

The astronaut would call this display to verify that the central angle of transfer of
the active vehicle is not within 170 to 190 degrees. If the angle is within this zone,

the astronaut should reassess the input targeting parameters based upon Delta V and
the expected maneuver time.

The second phase of this program requires the TIG input be biased as a function of
TPF and any midcourse corrections performed in the Stable Orbit Midcourse (SOM)
program (P39).

ISS need not be on to complete this program unless automatic state vector updating
is desired by the Rendezvous Navigation program (P20).

This program is selected by DSKY entry.

The external Delta V flag is reset during this program to designate to the thrusting
program that Lambert steering is to be used.

Selected Displays:

1.

V06 N33
Time of SOR ignition 00XXX. h
000XX. min
OXX.XX s
V06 N55
R3: Central angie of passive vehicle XXX.XX deg
V04 NO6 (specify phase)
Option code ID 00005
Option code 0000X (1-first pass,
2-second pass)
V06 N57

Offset of the stable orbit point
V06 N34
Time of arrival at stable orbit

V16 N45
Marks (VHF/optics)
Time from SOR ignition
Middle gimbal angle
V06 N58
Pericenter altitude (SOR)
Av (SOR)
AV (SOR - final)
V06 N81
Components of AV (LV) for SOR

V06 N52 (astronaut initiated)
Central angle of active vehicle

XXXX.X nmi (+ passive
vehicle ahead)

00XXX. h

000X X. min

OXX.XX's

XX b XX marks
XX b XX min/s
XXX.XX deg

XXXX.X nmi
XXXX.X ft/s
XXXX.X ft/s

XXXX.X ft/s

XXX.XX deg
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P39—CSM STABLE ORBIT MIDCOURSE (SOM)
TARGETING PROGRAM

Purpose:

1.

To calculate the required Delta V and other initial conditions required by the AGC
for CSM execution of the next possible midcourse correction of the stable orbit
transfer phase of an active CSM rendezvous.

To compute and display suitable information to enable the crew to enter the final
rendezvous phase at the correct time to complete the required thrusting maneuver.

Assumptions:

1.

2.

ISS need not be on to complete this program unless automatic state vector updating
is desired by the Rendezvous Navigation program (P20).

If P20 is in operation while this program is operating, the astronaut may hold at any
flashing display and turn on the Rendezvous Sighting Mark routine (R21 or R23)
and take optics marks, and/or he may allow VHF ranging marks to accumulate.

Once the parameters required for computation of the maneuver have been
completely specified, the value of the active vehicle central angle of transfer is
computed and stored. This number will be available for display to the astronaut
through the use of V06 N52.

The astronaut would call this display to verify that the central angle of transfer of
the active vehicle is not within 170 to 190 degrees. If the angle is within this zone
the astronaut should reassess the input targeting parameters based upon Delta V and
the expected maneuver time.

The time of intercept (T(INT)) was defined by previous completion of the Stable
Orbit Rendezvous (SOR) program (P38) and is presently available in AGC storage.

This program is selected by DSKY entry.

The external Delta V flag is reset during this program to designate to the thrusting
program that Larmbert steering is to be used.

Selected Displays:

1. V16 N45
Marks (VHF/optics) XX b XX marks
Time from SOM ignition XX b XX min/s
Middle gimbal angle XXX.XX deg

2. V06 N81
Components of AV (LV) for SOM XXXX.X ft/s

3. V06 N52 (astronaut initiated)

Central angle of active vehicle XXX.XX deg

P40—SPS PROGRAM

Purpose:

1. To compute a preferred IMU orientation and a preferred vehicle attitude for an SPS
thrusting maneuver.

2. To calculate and display the gimbal angles which would result from the present IMU
orientation if the vehicle were maneuvered to the preferred vehicle attitude for an
SPS thrusting maneuver. The crew is thereby given an opportunity to perform the
maneuver with:

a. The present IMU orientation (not recommended if middle gimbal angle is greater
than 45 degrees). If the IMU has not been aligned within the last 3 hours,
realignment is desirable.

b. A new orientation achieved by selection of P52.

3. To maneuver the vehicle to the thrusting attitude.

4,

To control the GNCS during countdown, ignition, thrusting, and thrust termination
of a GNCS controlled SPS maneuver.



CMm-57

P40 (continued)

Assumptions:

1.

2.

10.
1.

The target parameters have been calculated and stored in the AGC by prior
execution of a prethrusting program.

The required steering equations are identified by the prior prethrust program, which
either set or reset the external Delta V steering flag. For external Delta V steering,
VG is calculated once for the specified time of ignition. Thereafter, both during
thrusting and until the crew notifies the AGC trim thrusting has been completed, the
AGC updates VG only as a result of compensated accelerometer inputs.

For Lambert steering, VG is calculated and updated similarly; however, it is also
updated periodically by Lambert solutions to correct for changes in the CSM state
vector.

It is normally required that the ISS be on for 15 minutes prior to a thrusting
maneuver.

The TTE clock is set to count to zero at TIG.

Engine ignition may be slipped beyond the established TIG if desired by the crew or
if integration can not be completed on time.

The SPS thrusting program does not monitor the SC control discrete (Channel 31,
Bit 15) during thrusting. This means that the AGC will continue to generate engine
actuator commands, SPS Engine On discrete, and FDAI attitude erorr needle
commands until the AGC solution indicates Engine Off at which time these
commands and the Engine On discrete are terminated. However, this program is not
written to take into account the situation where control may be taken away from
the GNCS and then given back, and it is not recommended. In event control is taken
away from the GNCS, the AGC will only be responsible for computation of position
and velocity.

Routine RO3 has been performed prior to selection of this program. In order for the
GNCS to perform the attitude maneuver and control the thrusting maneuver the
astronaut must key in V46E at some time prior to the attitude maneuver.

The value of Delta V required will be stored in the local vertical coordinate system
and is available during this program until average g turn-on by keying in V06 N81E.

The Orbit Parameter Display routine (R30) may be called during this program by
keying in V82E.

This program is selected by DSKY entry.

The AGC issues an SIVB cutoff command (Channel 12, Bit 14) for possible backup
use. This signal is recognized by Saturn only if the Launch Vehicle Guidance switch
is set to CMC.

Selected Displays:

1.

2.

3.

4.

V50 N18
Desired FDAI angles R (0G) XXX.XX deg
P (IG) XXX.XX deg
Y (MG) XXX.XX deg

V06 N18
Final FDAI angles R (OG) XXX.XX deg

P (1IG) XXX.XX deg
Y (MG) XXX.XX deg
V50 N25 (gimbal drive test)

Checklist code 00204

V06 N40
Time from SPS ignition/cutoff XX b XX min/s
Velocity to be gained XXXX.X ft/s

AV (accumulated) XXXX.X ft/s
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P40 (continued)

5. V99 N40 (request engine on enable)
Display same as Item 4 above.
6. V97 N4O0 (perform engine fail procedure)
Display same as Item 4 above.
7. V16 N4O
Display same as Item 4 above.
8. V16 N85
Components of velocity to be gained (body) XXXX.X ft/s
9. V06 N81 (astronaut initiated)
Components of initial velocity to be gained (LV) XXXX.X ft/s
10. V04 N12 (results from V82E)
Option code ID 00002
Option code 0000X (1—this vehicle
2—other vehicle)
11. V06 N16 (results from V82E)
Time to which state vector will be integrated 00XXX. h
000X X. min
OXX.XX s
12. V16 N44 (results from V82E)
Apocenter altitude XXXX.X nmi
Pericenter altitude XXXX.X nmi
TFF XX b XX min/s
P41—-RCS PROGRAM
Purpose:

1. Compute a preferred IMU orientation and preferred vehicle attitude for an RCS
thrusting maneuver.

2. Calculate the gimbal angles which would result from the present IMU orientation if
the vehicle +X axis were aligned to the thrust vector. The crew is thereby given an
opportunity to perform the maneuver with:

a. The present IMU orientation (not recommended if middle gimbal angle is greater
than 45 degrees). If the IMU has not been aligned within the last 3 hours,
realignment is desirable.

b. A new orientation achieved by selection of P52.

3. Do the vehicle maneuver to the thrusting attitude.

4,

Provide suitable displays for manual execution of the thrusting maneuver.

Assumptions:

1.

2.

The target parameters have been calculated and stored in the AGC by prior
execution of a prethrusting program.

The required steering equations are identified by the prior prethrust program, which
either set or reset the external Delta V steering flag. For external Delta V steering,
VG is calculated once for the specified time of ignition. Thereafter, both during
thrusting and until the crew notifies the AGC trim thrusting has been completed, the
AGC updates VG only as a result of compensated accelerometer inputs.

For Lambert steering, VG is calculated and updated similarly. However, it is also

updated periodically by Lambert solutions to correct for changes in the CSM state
vector.
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P41 (continued)
It is normally required that the ISS be on for 15 minutes prior to a thrusting
maneuver.
The TTE clock is set to count to zero at TIG.

Translation initiation may be slipped beyond the established TIG if desired by the
crew or if integration cannot be completed on time.

This program is selected by DSKY entry.
Routine RO3 has been performed prior to selection of this program.

The value of Delta V required will be stored in the local vertical coordinate system
and is available during this program until Average G turn-on by keying in V06 N81E.

The Orbit Parameter Display routine (R30) may be called during this program by
keying in V82E.

Selected Displays:

1.

P (1IG) XXX.XX deg
Y (MG) XXX.XX deg
2. VO6N18
Final FDAI angles R (OG) XXX.XX deg
P (1G) XXX.XX deg
Y (MG) XXX.XX deg
3. V06 N85
Components of velocity to be gained (body) XXXX.X ft/s
4. V16 N85
Display same as Item 3 above.
5. V06 N81 (astronaut initiated)
Components of initial velocity to be gained (LV) XXXX.X ft/s
6. V04 N12 (results from V82E)
Option code ID 00002
Option code 0000X (1—this vehicle
2—other vehicle)
7. V06 N16 (results from V82E)
Time to which state vector will be integrated 00XXX. h
000X X. min
OXX.XX's
8. V16 N44 (results from V82E)
Apocenter altitude XXXX.X nmi
Pericenter altitude XXXX.X nmi
TFF XX b XX min/s
P47—-THRUST MONITOR PROGRAM
Purpose:

V50 N18

Desired FDAI angles R (OG) XXX.XX deg

1. To monitor vehicle acceleration during a non-GNCS-controlled thrusting maneuver.

2. To display the Delta V applied to the vehicle by this thrusting maneuver.
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P47 (continued)

Assumptions:

1.

2,

9.

It is normally required that the IMU be on for 15 minutes prior to a thrusting
maneuver.

The responsibility of avoiding gimbal lock during execution of this program is upon
the astronaut.

This program is normally used during rendezvous final phase. If the crew desires to
do any final phase thrusting maneuvers automatically under GNCS control, they
must be accomplished via selection of the Transfer Phase Initiation (TPI) program
(P34; and then the SPS Thrusting program (P40) or the RCS Thrusting program
(P41).

Range, Range Rate, and Theta may be displayed during this program by calling the
Rendezvous Parameter Display routine No. 1 (R31) with V83E.

Range, Range Rate, and Phi may be displayed during this program by calling the
Rendezvous Parameter Display routine No. 2 (R34) with V85E.

V1, H, and H-dot may be called by keying in V16 N62E.

The Orbit Parameter Display routine may be called during this program by keying in
V82E.

This program should be turned on just prior to the planned thrusting maneuver and
terminated as soon as possible following the maneuver in order to keep errors of bias
and AVERAGE G at a minimum.

This program is selected by the astronaut by DSKY entry.

Selected Displays:

1.

2.

V16 N83
Components of AV (body) XXXX.X ft/s
V16 N54 (results from V83E)
Range XXX. XX nmi
Range rate XXXX.X ft/s
Theta XXX.XX deg
V16 N53 (results from V85E)
Range XXX. XX nmi
Range rate XXXX.X ft/s
Phi XXX.XX deg
V16 N62 (astronaut initiated)
Magnitude of inertial velocity XXXXX. ft/s
Altitude rate XXXXX. ft/s
Altitude (invalid in moon orbit) XXXX.X nmi
V04 N12 (results from V82E)
Option code ID 00002
Option code 0000X (1—this vehicle,

2—other vehicle)
V06 N16 (results from V82E)

Time to which state vector will be integrated 00XXX. h
000X X. min
OXX.XX s
V16 N44 (results from V82E)
Apocenter altitude XXXX.X nmi
Pericenter altitude XXXX.X nmi

TFF XX b XX min/s
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P51-IMU ORIENTATION DETERMINATION PROGRAM
Purpose:
1. To determine the inertial orientation of the IMU using sightings on two celestial
bodies using the scanning telescope or the sextant.
Assumptions:
1. The IMU may be:
a. Off (standby).
b. On, and aligned or not aligned since turn-on.
If (a) is true, the IMU must be turned on before this program can be performed.
If (b) is true, this program can be completed.
2. There are no restraints upon the CSM attitude control modes in this program.

3. Time and RCS fuel may be saved, and subsequent IMU alignment decisions greatly
simplified if this program is performed in such a way as to leave the IMU inertially
stabilized at an orientation as close as possible to the optimum orientation required
by future AGC programs.

4. The program is selected by DSKY entry.

Selected Displays:
1. V50 N25 (acquire celestial body)

Checklist code 00015
2. V41 N22
Gimbal angles to be coarse aligned to 0OG XXX.XX deg

IG  XXX.XX deg
MG XXX.XX deg
3. V51 (please mark)
V50 N25 (terminate mark sequence)

Checklist code 00016
5. VO1N71
Celestial body code (after mark) 000X X
6. V06 N88
Components of celestial body % unit vector XXXXX
7. V06 NO5
Sighting angle difference XXX.XX deg

P52—IMU REALIGN PROGRAM

Purpose:

1. To align the IMU from a “known’’ orientation to one of four orientations selected
by the astronaut using sightings on two celestial bodies with the scanning telescope
or the sextant:

a. Preferred Orientation (00001)

An optimum orientation for a previously calculated maneuver. This orienyation
must be calculated and stored by a previously selected program or previously
uplinked via P27.
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P52 (continued)

b. Landing Site Orientation (00004)
XsMm = Unit (R g)
Ysm = Unit (Zgp X Xgm)
Zsm = Unit (Hcsm x Xsm)
where
The origin is the center of the moon.
R, « = The position of the most recently defined landing site at time T(align)
se\'e%ted by the astronaut.
Hcsm = The angular momentum vector of the CSM (Rcsm x Vesm) at
time T (align) selected by the astronaut.
c. Nominal Orientation (00002)
Xsm = Unit (Ygpm x Zgw)
Ysm = Unit (V x R)
ZgMm = Unit (-R)
where

R = The geocentric (earth orbit) or selenocentric (lunar orbit) radius vector
at time T (align) selected by the astronaut.
V = the inertial velocity vector at time T (align) selected by the astronaut.

d. REFSMMAT (00003)

Assumptions:

1. The docked configuration may be SIVB/CSM, LM/CSM, or CSM. The present
configuration should have been entered into the AGC by completion of the DAP
Data Load routine RO3.

2. 1f the mode switch is in Attitude Hold during the Gyro Torquing routine (R55), the
DAP will maneuver the vehicle to follow the platform.

3. This program makes no provision for an attitude maneuver to return the vehicle to a
specific attitude. Such a maneuver, if desired, must be done manually. An option is
provided however to point the sextant at astronaut or AGC selected stars either
manually by crew input or automatically under AGC control.

4. The ISS is on and has been aligned to a known orientation which is stored in the
AGC (REFSMMAT). The present IMU orientation differs from that to which it was
last aligned only due to gyro drift (that is, neither gimbal lock nor IMU power
interruption has occurred since the last alignment).

5. The landing site orientation is used for:

a. Aligning the CSM stable member to the same orientation as the LM stable
member prior to LM/CSM separation.

b. Aligning the CSM stable member to the same orientation as the LM stable
member prior to LM ascent from the lunar surface.

6. The program is selected by the astronaut by DSKY entry.
Selected Displays:

1. V04 NO6
Option code ID 00001
Option code 0000X {1—preferred, 2—nominal,
3—REFSMMAT, 4—landing site)
2. V06 N34
Time of alignment 00XXX. h

000XX. min
OXX.XX's



10.

1.

12.

13.

14.

15.

16.
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P52 (continued)

V06 N89 (landing site)
Latitude
Longitude/2
Altitude

V06 N22

Gimbal angles which will result from selected
IMU orientation

V50 N25 (coarse align)
Checklist code

V16 N20
Actual gimbal angles

V50 N25 (acquire celestial body)
Checklist code
V01 N70
Celestial body code (before mark)
V06 N88
Components of celestial body % unit vector
V06 N92
Desired shaft angle
Desired trunnion angle
V51 (please mark)
V50 N25 (terminate mark sequence)
Checklist code
VO1 N71
Celestial body code (after mark)
V06 NO5
Sighting angle difference
V06 N93
Gyro torque angles

V50 N25 (fine align)
Checklist code

0G
MG

oG

MG

XX.XXX deg (+ north)
XX. XXX deg (+ east)

XXX. XX nmi

XXX.XX deg
XXX.XX deg
XXX.XX deg

00013
XXX.XX deg
XXX.XX deg
XXX.XX deg
00015
000X X
XXXXX
XXX.XX deg
XX. XXX deg
00016
000X X
XXX.XX deg
X XX.XXX deg

Y XX.XXX deg
Z XX.XXX deg

00014
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P53—BACKUP IMU ORIENTATION DETERMINATION PROGRAM

Purpose:

1.

To determine the inertial orientation of the IMU using a backup optical device.

Assumptions:

1.

w

5.

The IMU may be:

a. Off (standby).

b. On, and aligned or not aligned since turn-on.

If (a) is true, the IMU must be turned on before this program can be performed.
If (b) is true, this program can be completed.

This program is identical to P51 except that R56 is called in place of R53.

The CSM attitude control mode selected is at the option of the crew.

Time and RCS fuel may be saved and subsequent IMU alignment decisions greatly
simplified if this program is performed in such a way as to leave the IMU inertially
stabilized at an orientation as close as possible to the optimum orientation required
by future AGC programs.

The program is selected by the astronaut by DSKY entry.

Selected Displays:

1.

V50 N25 (acquire celestial body)

Checklist code 00015
V41 N22
Gimbal angles resulting from coarse align 0OG XXX.XX deg

IG  XXX.XX deg
MG XXX.XX deg

V06 N94
Alternate LOS shaft angle XXX.XX deg
Alternate LOS trunnion angle XX. XXX deg

V53 (perform alternate LOS mark)
V50 N25 (terminate mark sequence)

Checklist code 00016
V01 N71

Celestial body code (after mark) 000XX
V06 N88

Components of celestial body % unit vector XXXXX
V06 N05

Sighting angle difference XXX.XX deg
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P54—BACKUP IMU REALIGN PROGRAM

Purpose:

1.

To align the IMU from a “’known’’ orientation to one of four orientatiqns seleqted
by the astronaut using sightings on two celestial bodies with a backup optical device:

a. Preferred Orientation (00001)

An optimum orientation for a previously calculated maneuver. This orien_tation
must be calculated and stored by a previously selected program or previously
uplinked via P27.

b. Landing Site Orientation (00004)
XsMm = Unit (Rg)
Ysm = Unit (Zgp x Xgm)
Zgwm = Unit (Hcsm x Xsm)
where
The origin is the center of the moon.

RLs = The position of the most recently defined landing site at time T (align)
selected by the astronaut.

Hcsm = The angular momentum vector of the CSM (Rcsy x Vesm) at
time T (align) selected by the astronaut.

c. Nominal Orientation (00002)
Xgm = Unit (Ygp X Zgm)
Ysm = Unit (V x R)
ZsMm = Unit (-R)
where

R = The geocentric (earth orbit) or selenocentric (lunar orbit) radius vector
at time T (align) selected by the astronaut.

V = The inertial velocity vector at time T (align) selected by the astronaut.
d. REFSMMAT (00003)

Assumptions:

1.

The docked configuration may be SIVB/CSM, LM/CSM, or CSM. The present
configuration should have been entered into the AGC by completion of the DAP
Data Load routine (R03).

If the mode switch is in Attitude Hold during the Gyro Torquing routine (R55) the
DAP will maneuver the vehicle to follow the platform.

This program makes no provision for an attitude maneuver to return the vehicle to a
specific attitude. Such a maneuver, if desired, must be done manually. An option is
provided however to point the backup optical device at astronaut or AGC selected
stars either manually by crew input or automatically under AGC control.

The ISS is on and has been aligned to a known orientation which is stored in the
AGC (REFSMMAT). The present IMU orientation differs from that to which it was
last aligned only due to gyro drift (that is, neither gimbal lock nor IMU power
interruption has occurred since the last alignment).

The landing site orientation is used for:

a. Aligning the CSM stable member to the same orientation as the LM stable
member prior to LM/CSM separation.

b. Aligning the CSM stable member to the same orientation as the LM stable
member prior to LM ascent from the lunar surface.

This program is identical to P52 except that R56 is called in place of R52 and R53.
The program is selected by DSKY entry.
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Selected Displays:

1.

10.

11.
12.

13.

14.

15.

16.

V04 NO6
Option code ID
Option code

V06 N34
Timing of alignment

V06 N89 (landing site)

00001

0000X (1—preferred, 2—nominal,
3—REFSMMAT, 4—landing site)

00XXX. h
000X X. min
OXX.XX's

Latitude XX.XXX deg (+ north)
Longitude/2 XX.XXX deg (+ east)
Altitude XXX. XX nmi

V06 N22
Gimbal angles which will result from selected OG XXX.XX deg

IMU orientation

V50 N25 (coarse align)
Checklist code

V16 N20
Actual gimbal angles

V50 N25 (acquire celestial body)
Checklist code
V01 N70
Celestial body code (before mark)
V06 N88

Components of celestial body % unit vector
V06 N94

Alternate LOS shaft angle
Alternate LOS trunnion angle
V53 (perform alternate LOS mark)
V50 N25 (terminate mark sequence)
Checklist code
VO1 N71
Celestial body code (after mark)
V06 N05
Sighting angle difference
V06 N93
Gyro torquing angles

V50 N25 (fine align)
Checklist code

IG  XXX.XX deg
MG XXX.XX deg

00013

OG XXX.XX deg

IG  XXX.XX deg

MG XXX.XX deg
00015
000XX
XXXXX
XXX.XX deg
XX.XXX deg
00016
000X X
XXX.XX deg

X XX.XXX deg
Y XX.XXX deg
Z XX.XXX deg

00014
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P61-ENTRY—-PREPARATION PROGRAM

Purpose:
1. To start navigation, check IMU alignment, and provide entry monitor system
initialization data.
Assumptions:

1. The program is entered with adequate freefall time to complete the maneuvers from
a worst case starting attitude.

2. The ISS is on and precisely aligned to a satisfactory orientation.
3. The program is selected by the astronaut by DSKY entry.

Selected Displays:

1. V06 N61
Impact latitude XXX.XX deg (+ north)
Impact longitude XXX.XX deg (+ east)
Heads up/down 00001 (+ heads up/
lift down)
2. V06 N60
Maximum predicted acceleration XXX.XX g
Predicted velocity at 400 k ft XXXXX. ft/s
Predicted flight path angle at 400 k ft XXX.XX deg (+ above)
3. V06 N63
Range to go from EMS altitude XXXX. X nmi
Predicted inertial velocity XXXXX. ft/s
Time to EMS altitude XX b XX min/s

P62—ENTRY—CM/SM SEPARATION AND PREENTRY MANEUVER PROGRAM

Purpose:
1. To notify crew when the GNCS is prepared for CM/SM separation.
2. To orient the CM to the correct attitude for atmospheric entry.

Assmptions:

1. The program is entered with adequate freefall time to accomplish CM/SM separation
and complete the maneuver from a worst case starting attitude.

2. The IMU is satisfactorily aligned for entry.

3. The program is automatically selected by the Entry—Preparation program (P61) or it
may be selected manually.

4. The astronaut may monitor N63 (RTOGO, VIO, TFE) by keying in V16 N63 E.

Selected Displays:
1. V50 N25 (CM/SM separation)

Checklist code 00041

2. V06 N61
Impact latitude XXX.XX deg (+ north)
Impact longitude XXX.XX deg(+ east)
Heads up/down 00001 (+ heads up/

lift down)
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P62 (continued)

3. V06 N22
Final gimbal angles at E|

4. V16 N63 (astronaut initiated)
Range from EMS altitude to splash
Predicted inertial velocity
Time from EMS altitude

0G XXX.XX deg
IG  XXX.XX deg
MG XXX.XX deg

XXXX.X nmi
XXXXX. ft/s
XX b XX min/s

P63—ENTRY—INITIALIZATION PROGRAM

Purpose:
1. To initialize the entry equations.

2. To continue to hold the CM to the correct attitude with respect to the atmosphere

for the onset of entry deceleration.
3. To establish entry DSKY displays.

4. To sense 0.05 g and display this event to the crew by selecting the Entry—Post

0.05 g program (P64).

Assumptions:

1. The program is automatically selected by the Entry—CM/SM Separation and

Preentry Maneuver program (P62).

2. The astronaut may monitor N64 (G, VI, RTOTARG) during this program by keying
in V16 NG4E. He also may monitor N68 (BETA, VI, HDOT) by keying in V16
N68E, N63 (RTOGO, VIO, TFE) by keying in V16 N63E, and N74 (BETA, VI, G)

by keying in V16 N74E.

Selected Displays:

1. V06 N64
Drag acceleration
Inertial velocity
Range to splash

2. V16 N63 (astronaut initiated)
Range from EMS altitude to splash
Predicted inertial velocity
Time from EMS altitude

3. V16 N68 (astronaut initiated)
Commanded bank angle
Inertial velocity
Altitude rate

4. V16 N74 (astronaut initiated)
Commanded bank angle
Inertial velocity
Drag acceleration

XXX.XX g
XXXXX. ft/s
XXXX.X nmi (+ is overshoot)

XXXX.X nmi
XXXXX. ft/s
XX b XX min/s

XXX.XX deg
XXXXX. ft/s
XXXXX. ft/s

XXX.XX deg
XXXXX. ft/s
XXX.XX g
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P64-ENTRY—POST 0.05 G PROGRAM

Purpose:

1. To start entry guidance at 0.05 g selecting roll attitude, constant drag level, and drag
threshold, KA, which are keyed to the 0.05 g point.

2. Select final phase (P67) when 0.2 g occurs if V < 27,000 ft/s at 0.05 g.

3. Iterate for upcontrol solution (P65) if V> 27,000 ft/s and if altitude rate and drag
level conditions are satisfied.

4. Select final phase (P67) if no upcontrol solution exists with VL > 18,000 ft/s.
5. To establish the 0.05 g mode in SCS.

To continue entry DSKY displays.

Assumptions:
1. The program is automatically selected by the Entry—Initialization program (P63).

2. The astronaut may monitor N64 (G, VI, RTOTARG) during this program by.keying
in V16 NG4E. He also may monitor N68 (BETA, VI, HDOT) by keying in V16
NG68E.

Selected Displays:

1. V06 N74
Commanded bank angle XXX.XX deg
Inertial velocity XXXXX. ft/s
Drag acceleration XXX.XX g

2. V16 N64 (astronaut initiated)
Drag acceleration XXX.XX g
Inertial velocity XXXXX. ft/s
Range to splash XXXX.X nmi (+ is overshoot)

3. V16 N68 (astronaut initiated)
Commanded bank angle XXX.XX deg
Inertial velocity XXXXX. ft/s
Altitude rate XXXXX. ft/s

P65—ENTRY—UPCONTROL PROGRAM
Purpose:

1. To execute Entry—Upcontrol guidance which steers the CM to a controlled exit
(skip out) condition.

2. To establish Entry—Upcontrol displays which are used in conjunction with the EMS
to determine for the astronaut if the backup procedures should be implemented.

3. To sense exit (drag acceleration less than Q7 ft/s2) and thereupon to select the
Entry—Ballistic Phase program (P66).

4. Where RDOT is negative and the V is sufficiently low (V-VL-C18 neg), the program
will exit directly to P67 (Final Phase).

Assumptions:

1. This program is automatically selected by the Entry—Post 0.05 g program (P64)
when constant drag control has brought range prediction to within 25 nmi of the
desired range. It is skipped in earth orbit missions.

2. The astronaut may monitor N64 (G, VI, RTOTARG) during this program by keying
in6§/16 NG4E. He may also monitor N68 (BETA, VI, HDOT) by keying in V16
NG68E.

3. Manual response to NG9 is not necessary to terminate P65. Selection of either P66
or P67 by entry guidance provides automatic termination.
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P65 (continued)
Selected Displays:

1. V16 N69
Commanded bank angle XXX.XX deg
Drag level XXX.XX g
Skip out velocity XXXXX. ft/s

2. V06 N74
Commanded bank angle XXX.XX deg
Inertial velocity XXXXX. ft/s
Drag acceleration XXX.XX g

3. V16 N64 (astronaut initiated)
Drag acceleration XXX.XX g
Inertial velocity XXXXX. ft/s
Range to splash XXXX.X nmi (+ is overshoot)

4. V16 N68 (astronaut initiated)
Commanded bank angle XXX.XX deg
Inertial velocity XXXXX. ft/s
Altitude rate XXXXX. ft/s

P66-ENTRY—BALLISTIC PROGRAM
Purpose:

1. To maintain CM attitude during ballistic (skip out) phase for atmospheric reentry.

2. To sense reentry (drag acceleration builds up to Q7 + 0.5 ft/s2 or approximately
0.2 g) and thereupon to select the Entry-Final Phase program (P67).
Assumptions:

1. This program is automatically selected by the_Entry—Upcontrol program (P65)
when drag acceleration becomes less than Q7 ft/s2,

2. The astronaut may monitor N64 (G, VI, RTOTARG) during this program by keying
in V16 N64E. He may also monitor N68 (BETA, VI, HDOT) by keying in V16
NG68E, and N74 (BETA, VI, G) by keying in V16 N74E.

Selected Displays:
1. V06 N22
Desired gimbal angles 0G XXX.XX deg
IG  XXX.XX deg
MG XXX.XX deg

2. V16 N64 (astronaut initiated)

Drag acceleration XXX.XX g

Inertial velocity XXXXX. ft/s

Range to splash XXXX.X nmi (+ is overshoot)
3. V16 N68 (astronaut initiated)

Commanded bank angle XXX.XX deg

Inertial velocity XXXXX. ft/s

Altitude rate XXXXX. ft/s
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4. V16 N74 (astronaut initiated)

Commanded bank angle XXX.XX deg
Inertial velocity XXXXX. ft/s
Drag acceleration XXX.XX g

P67—ENTRY—FINAL PHASE PROGRAM

Purpose:

1. To continue entry guidance after Q7F + 0.5 ft/s2 (or approximately 0.2 g) until
termination of steering when the CM velocity WRT earth = 1,000 ft/s (altitude is
approximately 65,000 ft).

2. To continue entry DSKY displays.

Assumptions:
1. The program is automatically selected by:
a. P65 when RDOT is negative and the V is sufficiently low (V-VI-C18 neg).

b. P66 when drag acceleration builds up to Q7F + 0.5 ft/s2 (or approximately
0.2 g).

c. P64 if no upcontrol solution exists with VL > 18,000 ft/s.
2. The astronaut may monitor N64 (G, VI, RTOTARG) during this program by keying
in V16 N64E. He also may monitor N68 (BETA, VI, HDOT) by keying in V16
NG68E, and N74 (BETA, VI, G) by keying in V16 N74E.
Selected Displays:
1. V06 N66

Commanded bank angle
Crossrange error
Downrange error

XXX.XX deg
XXXX.X nmi (+ south)
XXXX.X nmi (+ overshoot)

2. V16 N67
Range to target XXXX.X nmi (+ overshoot)
Present latitude XXX.XX (+ north)
Present longitude XXX.XX (+ east)
3. V16 N64 (astronaut initiated)
Drag acceleration XXX.XX g
Inertial velocity XXXXX. ft/s
Range to splash XXXX.X nmi (+ overshoot)
4. V16 N68 (astronaut initiated)
Commanded bank angle XXX.XX deg
Inertial velocity XXXXX. ft/s
Altitude rate XXXXX. ft/s
5. V16 N74 (astronaut initiated)
Commanded bank angle XXX.XX deg
Inertial velocity XXXXX. ft/s
Drag acceleration XXX.XX g
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P72—LM COELLIPTIC SEQUENCE INITIATION (CSI)
PROGRAM

Purpose:

1.

To calculate parameters associated with the following concentric flight plan
maneuvers for LM execution of the maneuvers under the control of the LGC; the
Coelliptic Sequence Initiation (CSI) and the Constant Delta Altitude maneuver
(CDH).

To calculate these parameters based upon maneuver data approved and keyed into
the AGC by the astronaut.

To display to the astronaut and the ground dependent variables associated with the
concentric flight plan maneuvers for approval by the astronaut/ground.

Assumptions:

1.

2.

9.

10.

At a selected TPI time the line of sight between the LM and the CSM is selected to
be a prescribed angle (E) from the horizontal plane defined at the LM position.

The time between CSI ignition and CDH ignition must be computed to be greater
than 10 minutes for successful completion of the program.

The time between CDH ignition and TPI ignition must be computed to be greater
than 10 minutes for successful completion of the program.

CDH Delta V is selected to minimize the variation of the altitude difference between
the orbits.

CS! burn is defined such that the impulsive Delta V is in the horizontal plane
defined by the active vehicle position at CSI ignition.

The pericenter altitude of the orbit following CSI and CDH must be greater than
35,000 feet (lunar orbit) or 85 nmi (earth orbit) for successful completion of this
program.

The CSI and CDH maneuvers are assumed to be parallel to the plane of the CSM
orbit. However, crew modification of Delta V(LV) components may result in an
out-of-plane CSI maneuver.

If P20 is in operation while this program is operating, the astronaut may hold at any
flashing display and turn on the Rendezvous Sighting Mark routine (R21 or R23)
and take optics marks, and/or he may allow VHF ranging marks to accumulate.

The ISS need not be on to complete this program unless automatic state vector
updating is desired by the Rendezvous Navigation program (P20).

This program is selected by the astronaut by DSKY entry.

Selected Displays:

1.

2.

3.

VO6 N11
Time of CSI ignition 00XXX. h
000XX. min
OXX.XX s
V06 N55
Number of apsidal crossings 0000X
Elevation angle XXX.XX deg
Central angle of passive vehicle XXX.XX deg
V06 N37
Time of TPI ignition 00XXX. h
000X X. min

OXX.XX s
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P72 (continued)

4. V16 N45
Marks (VHF/optics) XX b XX marks
Time from CSI ignition XX b XX min/s
Middle gimbal angle XXX.XX deg
5. V06 N75
Delta altitude (CDH) XXXX.X nmi
AT (CDH-CSI) XX b XX min/s
AT (TPI-CDH) XX b XX min/s
6. V06 N13 (astronaut initiated)
Time of CDH ignition 00XXX. h
000XX. min
OXX.XX s
7. V06 N81
Components of AV(LV) for CSI XXXX.X ft/s
8. V06 N82
Components of AV(LV) for CDH XXXX.X ft/s
9. V04 N12 (results from VOOE)
Option code ID 00002
Option code 0000X (1—this vehicle,
2—other vehicle)
10. V06 N16 (results from VOOE)
Time of event 00XXX. h
000XX. min
OXX.XX's
11. V06 N9O (results from VOOE)
Y XXX. XX nmi
YDOT XXXX.X ft/s
PSI XXX.XX deg
P73—LM CONSTANT DELTA ALTITUDE (CDH)
TARGETING PROGRAM
Purpose:

1. To calculate parameters associated with the concentric flight plan maneuvers with
the exception of Coelliptic Sequence Initiation (CSI) for LM execution of the
maneuvers under control of the LGC. The concentric flight plan maneuvers are the
Coelliptic Sequence Initiation (CSI), the Constant Delta Altitude maneuver (CDH),
the Transfer Phase Initiation (TPI), and the Transfer Phase Final (TPF) or braking
maneuver.

2. To calculate these parameters based upon maneuver data approved and keyed into
the AGC by the astronaut.

3. To display to the astronaut and the ground dependent variables associated with the

concentric flight plan maneuvers for approval by the astronaut/ground.
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P73 (continued)

Assumptions:

1.

3.

This program is based upon previous completion of the Coelliptic Sequence
Initiation (CSI) program (P72). Therefore:

At a selected TPl time the line of sight bétween the LM and the CSM was

a.
selected to be a prescribed angle (E) from the horizontal plane defined at the
active vehicle position.

b. The time between CSI ignition and CDH ignition was computed to be greater
than 10 minutes.

c. The time between CDH ignition and TPl ignition was computed to be greater
than 10 minutes.

d. The variation of the altitude difference between the orbits was minimized.

e. - The CSI burn was defined such that the impulsive Delta V was in the horizontal
plane defined by the active vehicle position at CSI ignition.

f. The pericenter altitudes of the orbits following CSI and CDH were computed to
be greater than 35,000 feet (lunar orbit) or 85 nmi (earth orbit).

g. The CSI and CDH maneuvers were assumed to be parallel to the plane of the

CSM orbit, however, crew modification of Delta V(LV) components may have
resulted in an out-of-plane CS| maneuver.

If P20 is in operation while this program is operating, the astronaut may hold at any
flashing display and turn on the Rendezvous Sighting Mark routine (R21 or R23)
and take optics marks, and/or he may allow VHF ranging marks to accumulate.

The ISS need not be on to complete this program unless automatic state vector
updating is desired by the Rendezvous Navigation program (P20).

4. This program is selected by the astronaut by DSKY entry.

Selected Displays:

1.

V06 N13
Time of CDH ignition 00XXX. h
000X X. min
OXX.XX's

V16 N45

Marks (VHF/optics)
Time from CDH ignition
Middle gimbal angle
V06 N75
Delta altitude (CDH)
AT (TPI-CDH)
AT (TPI-NOMTPI)
V06 N81
Components of AV (LV) for CDH

V04 N12 (results from VOOE)
Option code ID
Option code

V06 N16 (results from VOOE)
Time of event

XX b XX marks
XX b XX min/s
XXX. XX deg

XXXX.X nmi
XX b XX min/s
XX b XX min/s

XXXX.X ft/s

00002

0000X (1—this vehicle,
2—other vehicle)

00XXX. h
000XX. min
OXX.XX s
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P73 (continued)
7. V06 N9O (results from VOOE)

Y XXX.XX nmi
YDOT XXXX.X ft/s
PSI XXX.XX deg

P74—LM TRANSFER PHASE INITIATION (TPI)
TARGETING PROGRAM

Purpose:

1. To calculate the required Delta V and other initial conditions required by the LGC

for LM execution of the Transfer Phase Initiation maneuver, given:

a. Time of ignition (TIG(TPI)) or the elevation angle (E) of the LM/CSM LOS at

TIG(TPI).

b. Central angle of transfer (CENTANG) from TIG(TPI) to intercept time

TIG(TPF).
2. To calculate TIG(TPI) given E or E given TIG(TPI).

3. To display to the astronaut and the ground certain dependent variables associated

with the maneuver for approval by the astronaut/ground.

Assumptions:

1. The program must be done over a tracking station for real-time ground participation

in AGC data input and output.

2. If P20 is in operation while this program is operating, the astronaut may hold at any
flashing display and turn on the Rendezvous Sighting Mark routine (R21 or R23)

and take optics marks, and/or he may allow VHF ranging marks to accumulate.

3. Once the parameters required for computation of the maneuver have been
completely specified, the value of the active vehicle central angle of transfer is
computed and stored. This number will be available for display to the astronaut

through the use of V06 N52.

The astronaut would call this display to verify that the central angle of transfer of
the active vehicle is not within 170 to 190 degrees. If the angle is within this zone,
the astronaut should reassess the input targeting parameters based upon Delta V and

expected maneuver time.

4, When detgrmining the initial position and velocity of the target at intercept time,
e.lther. conic or precision integration may be used. The time difference for computa-
tion is approximately 10:1 (that is, conic integration is 10 times faster than

precision integration).

5. The ISS need not be on to complete this program unless automatic state vector

updating is desired by the Rendezvous Navigation program (P20).
6. This program is selected by DSKY entry.

Selected Displays:

1. V06 N37
Time of TPI ignition 00XXX. h
000X X. min
OXX.XX's
2. V06 N55
Integration code 0000X (0—conic
# O—precision)
Elevation angle XXX.XX deg

Central angle of passive vehicle XXX.XX deg
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3. V16 N45
Marks (VHF/optics) XX b XX marks
Time until TPl burn XX b XX min/s
Middle gimbal angle XXX.XX deg
4. V06 N58 (post TPI)
Pericenter altitude XXXX.X nmi
Av (TP1) XXXX.X ft/s
Av (TPF) XXXX.X ft/s
5. V06 N81
Components of AV (LV) for TPI XXXX.X ft/s
6. V06 N59
Components of AV (LOS) for TPI XXXX.X ft/s
7. V06 N52 (astronaut initiated)
Central angle of active vehicle XXX.XX deg
8. V04 N12 (results from VOOE)
Option code ID 00002
Option code 0000X (1—this vehicle,
2—other vehicle)
9. V06 N16 (results from VOOE)
Time of event 00XXX. h
000X X. min
OXX.XX's
10. V06 N9O (results from VOOE)
Y XXX. XX nmi
YDOT XXXX.X ft/s
PSI XXX.XX deg
P75—LM TRANSFER PHASE MIDCOURSE (TPM)
TARGETING PROGRAM
Purpose:
1. To calculate the required Delta V and other initial conditions required by the LGC

for LM execution of the next midcourse correction of the transfer phase of an active
LM rendezvous.

Assumptions:

1.

If P20 is in operation while this program is operating, the astronaut may hold at any
flashing display and turn on the Rendezvous Sighting Mark routine (R21 or R23)
and take optics marks, and/or he may allow VHF ranging marks to accumulate.

Once the parameters required for computation of the maneuver have been
completely specified, the value of the active vehicle central angle of transfer is
computed and stored. This number will be available for display to the astronaut
through the use of V06 N52.

The astronaut would call this display to verify that the central angle of transfer of
the active vehicle is not within 170 to 190 degrees. If the angle is within this zone
the astronaut should reassess the input targeting parameters based upon Delta V and
expected maneuver time.
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P75 (continued)

The time of intercept (T(INT)) was defined by previous completion of the LM
Transfer Phase Initiation (TPl) program (P74) and is presently available in AGC
storage.

There is no requirement for ISS operation during this program unless automatic
state vector updating is desired by the Rendezvous Navigation program (P20).

The program is selected by the astronaut by DSKY entry.

Selected Displays:

1.

V16 N45

Marks (VHF/optics) XX b XX marks

Time until TPM ignition XX b XX min/s

Middle gimbal angle XXX.XX deg
V06 N81

Components of AV (LV) for TPM XXXX.X ft/s
V06 N59

Components of AV (LOS) for TPM XXXX.X ft/s
V06 N52 (astronaut initiated)

Central angle of active vehicle XXX.XX deg
V04 N12 (results from VOOE)

Option code ID 00002

Option code 0000X (1—this vehicle,

2—other vehicle)
V06 N16 (results from VOOE)

Time of event 00XXX. h
000XX. min
OXX.XX's
V06 N9O (results from VOOE)
Y XXX. XX nmi
YDOT XXXX.X ft/s
PSI XXX.XX deg

P76—TARGET DELTA V PROGRAM

Purpose:

1.

To provide a means of notifying the AGC that the LM has changed its orbital
parameters by the execution of a thrusting maneuver.

2. To provide to the AGC the Delta V applied to the LM to enable an updating of the

LM state vector.

Assumptions:

1.

The CSM crew has the Delta V to be applied by the LM in local vertical axes at a
specified TIG. These values are displayed prior to TIG by the Prethrust Targeting
program in the LM. No provision is made in these thrusting programs to display the
results of the maneuver in a form usable by this routine. If the burn is not nominal
and this Delta V is not as specified or if TIG is not as originally specified, consult
backup procedures.
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P76 (continued)

Care should be exercised to incorporate state vector changes via this program in
logical order with state vector changes resulting from the Rendezvous Navigation
program (P20). A suggested procedure would be to stop optics marking, verify data
incorporation by reviewing Noun 45 mark counters, incorporate state vector changes
via this program, but do not take optics marks or enable VHF range link until the
LM maneuver has taken place.

In the event of an uplink failure, the astronaut can create a reasonable LM state
vector for LM insertion into orbit from the lunar surface by keying in the expected
LM thrusting maneuver from the lunar surface while the surface flag is set. This will
cause the computer to take the position vector of the landing site and add the
inputted Delta V and store the results in the LM state vector. The landing site will
not be altered.

This program is selected by the astronaut by DSKY entry.

Selected Displays:

1. V06 N33
Time of ignition 00XXX. h
000X X. min
OXX.XX s
2. V06 N84
Components of AV (OV) XXXX.X ft/s
P77—LM TRANSFER PHASE INITIATION (TPI)
SEARCH PROGRAM
Purpose:

1. To accept a desired time of Transfer Phase Initiation (TIG(TPI1)) as a DSKY input
from the astronaut, and to compute therefrom the parameters associated with a
minimum energy, safe periapsis transfer maneuver at TIG (TPI) and the resultant
rendezvous intercept for an active LM.

2. To provide the astronaut with the option of defining to the AGC the initial transfer
trajectory search sector for central angles either greater than or less than 180 degrees
from the position of the active vehicle (LM) at TIG(TPI).

3. To display to the astronaut the parameters associated with the transfer (TPl and

intercept).

Assumptions:

1.

2.

3.

If P20 is in operation while this program is operating, the astronaut may hold at any
flashing display and turn on the Rendezvous Sighting Mark routine (R21 or R23)
and take optics marks, and/or he may allow VHF ranging marks to accumulate.

To execute the TPl maneuver, select the LM Transfer Phase Initiation Targeting
(TP1) program (P74) and transmit maneuver data to the LM.

This program is selected by the astronaut by DSKY entry.

Selected Displays:

1.

V06 N37
Time of TPI ignition 00XXX. h
000X X. min
OXX.XX's
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P77 (continued)

2. V06 N72
Delta angle (TPI) XXX.XX deg (+active vehicle ahead)
Delta altitude (TPI) XXXX.X nmi (+ passive vehicle above)
Search option 0000X (1-central angle < 180 degrees;
2-central angle > 180 degrees)
3. V06 N58
Pericenter altitude XXXX.X nmi
Av (TP1) XXXX.X ft/s
Av (TPF) XXXX.X ft/s
4. V06 N55
R1: Perigee code 0000X (1—perigee between TPl and TPF,
2—perigee after intercept)
R3: Central angle of passive vehicle XXX.XX deg
P78—LM STABLE ORBIT RENDEZVOUS (SOR)
TARGETING PROGRAM
Purpose:

1. To calculate the required Delta V and other initial conditions required by the LGC

for LM execution of the first phase of the Stable Orbit Rendezvous maneuver.
Given:

a. Time of ignition (TIG).
b. Central angle of transfer (CENTANG) from TIG to intercept time.

c. The offset of the stable orbit point specified as a distance along the passive
vehicle orbit.
2. To calculate the required Delta V and other initial conditions required by the LGC

for LM execution of the second phase of the Stable Orbit Rendezvous maneuver.
Given:

a. A respecification of 1.a above.
b. An optional respecification of 1.b above.

3. To calculate these parameters based upon maneuver data approved and keyed into
the AGC by the astronaut.

4. To display to the astronaut and the ground certain dependent variables associated
with the maneuver for approval by the astronaut/ground.

Assumptions:

1. The stable orbit point is defined as the final position (at completion of second
phase) of the active vehicle relative to the passive vehicle.

2. If P20 is in operation while this program is operating, the astronaut may hold at any
flashing display and turn on the Rendezvous Sighting Mark routine (R21 or R23)
and take optics marks, and/or he may allow VHF ranging marks to accumulate.

3. Once the parameters required for computation of the maneuver have been
completely specified, the value of the active central angle of transfer is computed
and stored. This number will be available for display to the astronaut through the
use of V06 N52.

The astronaut would call this display to verify that the central angle of transfer of
the active vehicle is not within 170 to 190 degrees. If the angle is within this zone
the astronaut should reassess the input targeting parameters based upon Delta V and
expected maneuver time.

4. The second phase of this program requires the TIG input be biased as a function of
TPF and any midcourse corrections performed in the LM Stable Orbit Midcourse
Targeting program (P79).
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5. There is no requirement for ISS operation during this program unless automatic
state vector updating is desired by the Rendezvous Navigation program (P20).

6. This program is selected by the astronaut by DSKY entry.

Selected Displays:

1. V06 N33
Time of SOR ignition 00XXX. h
000X X. min
OXX.XX s
2. V06 N55
R3: Central angle of passive vehicle XXX. XX deg
3. V04 NO6 (specify phase)
Option code ID 00005
Option code 0000X (1-first pass,
2-second pass)
4, V06 N57 .
Stable orbit offset XXXX.X nmi “;h‘:z's:';ge adi
5. V06 N34
Time of arrival at stable orbit 00XXX. h
000X X. min
OXX.XX's
6. V16 N45
Marks (VHF/optics) XX b XX marks
Time from SOR ignition XX b XX min/s
Middle gimbal angle XXX.XX deg
7. V06 N58
Pericenter altitude (SOR) XXXX.X nmi
Av (SOR) XXXX.X ft/s
AV (SOR-final) XXXX.X ft/s
8. V06 N81
Components of AV (LV) for SOR XXXX.X ft/s
9. V06 N52 (astronaut initiated)
Central angle of active vehicle XXX.XX deg
P79—LM STABLE ORBIT MIDCOURSE (SOM)
TARGETING PROGRAM
Purpose:

1. To calculate the required Delta V and other initial conditions required by the LGC
for LM execution of the next possible midcourse correction of the Stable Orbit
Transfer Phase of an active LM rendezvous.

2. To compute and display suitable information to enable the crew to enter the Final
Rendezvous Phase at the correct time to complete the required thrusting maneuver.

Assumptions:

1. The ISS need not be on to complete this program unless automatic state vector
updating is desired by the Rendezvous Navigation program (P20).

2. If P20 is in operation while this program is operating, the astronaut may hold at any
flashing display and turn on the Rendezvous Sighting Mark routine (R21 or R23)
and take optics marks, and/or he may allow VHF ranging marks to accumulate.
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3. Once the parameters required for computation of the maneuver have been
completely specified, the value of the active vehicle central angle of transfer is
computed and stored. This number will be available for display to the astronaut
through the use of V06 N52.

The astronaut would call this display to verify that the central angle of transfer of
the active vehicle is not within 170 to 190 degrees. If the angle is within this zone
the astronaut should reassess the input targeting parameters based upon Delta V and
expected maneuver time.

4. The time of intercept (T(INT)) was defined by previous completion of the LM
Stable Orbit Rendezvous Targeting (SOR) program (P78) and is presently available
in AGC storage.

5. This program is selected by the astronaut by DSKY entry.

Selected Displays:

1. V16 N45
Marks (VHF/optics) XX b XX marks
Time from SOM ignition XX b XX min/s
Middle gimbal angle XXX.XX deg

2. V06 N81
Components of AV (LV) for SOM XXXX.X ft/s

3. V06 N52 (astronaut initiated)
Central angle of active vehicle XXX.XX deg
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LM DSKY

UPLINK ACTY light —is energized by the first character of a digital UPLINK message
received by the LGC.

NO ATT Light —is energized when the LGC is in the Operate mode and there is no inertial
reference; that is, the ISS is off, caged, or in the Coarse Align mode.

STBY Light —is energized when the LGC is in the Standby mode and deenergized when the
LGC is in the Operate mode.

KEY REL Light
1. Energized when:
a. An internal display comes while the astronaut has the DSKY.

b. An astronaut keystroke is made while an internal flashing display is currently
on the DSKY

c. The astronaut makes a keystroke on top of (his own) Monitor Verb display.
2. Deenergized when:
a. Astronaut relinquishes the DSKY by operating the KEY REL button.
b. Astronaut terminates his current sequence normally, for example:
(1) with final ENTR of a load sequence.
(2) the ENTR of a response to a flashing display.
(3) the ENTR of an extended verb request.

OPR ERR Light —is energized when the DSKY operator performs an improper sequence of
key depressions.

TEMP Light — The LGC receives a signal from the IMU when the stable member
temperature is in the range 126.3° F to 134.3° F. In the absence of this signal, the TEMP
lamp on the DSKY is acutated.

GIMBAL LOCK Light —is energized when the middle gimbal angle exceeds T 70 degrees
from its zero position. When the middle gimbal angles exceeds X 85 degrees 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 — Under a variety of situations a program alarm is generated. The program
alarm actuates the PROG lamp on the DSKY.

RESTART Light — In the event of a RESTART during operation of a program, a latch is set
in the LGC which illuminates the RESTART lamp on the DSKY until the latch is manually
reset by pressing RSET.

TRACKER Light — When the Rendezvous Radar is on, the light is energized when:
1. a RR CDU failed with the RR in the Auto mode and RR CDU’s not being zeroed.
2. when the RR Data Good bar discrete occurs during an LGC data read sequence.

ALT Light — When the Landing Radar is on, the light is energized (on steady or flashing)
when:

1. LR Range Data Good discrete was not present before and after LR altitude
sampling (STEADY).

2. LR Low Scale discrete missing after LR indicated slant range was less than 2,481
feet (STEADY).

3. LR Altitude Reasonability test was failed (FLASHING).

VEL Light —When the Landing Radar is on, the light is energized {on STEADY or
FLASHING) when:

1. LR Velocity Data Good discrete was not present before and after LR velocity
sampling (STEADY).

2. LR Velocity Reasonability test was failed (FLASHING).
COMP ACTY Light —is energized when the LGC is occupied with an internal sequence.

Display Panel — consists of 24 electroluminescent sections. Each section is capable of
displaying a decimal character or remaining blank, except the three sign sections. These
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LM DSKY (continued)

display a plus sign, a minus sign, or a blank. The numerical sections are grouped to form
three data display registers, each of five numerical characters; and three control display
registers, each of two numerical characters. The data display registers are referred to as R1,
R2, R3. The control display registers are known as VERB, NOUN, and PROGRAM.

At maximum activity, the complete display panel may be updated in 0.50 second,

Keyboard —contains the following buttons:

1.

2

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

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

+ and - — are sign keys used for sign convention and to identify decimal data.
0 - 9 —are numerical keys.

CLR —is used during a data loading sequence to blank the data display register
(R1, R2, R3) being used. It allows the operator to reload the data word.

PRO —This pushbutton performs two functions:

a. When the LGC is in the Standby mode, pressing this button will put the LGC
in the Operate mode, turn off the STBY light, and automatically select
Routine 00 in the LGC, after restoring the clock.

b1. When the LGC is in the Operate mode but Program 06 is not selected, pressing
the button will provide the ""Proceed” function.

b2. When the LGC is in the Operate mode and Program 06 is selected, pressing the
button will put the LGC in the Standby mode and turn on the STBY light.

ENTR —is used in three ways:

a. To direct the LGC to execute the Verb/Noun now appearing on the
Verb/Noun lights.

b. To direct the LGC to accept a data word just loaded.
c. To respond to a ‘‘Please Perform'’ request.

RSET —turns off alarm indicator on the DSKY providing the alarm condition has
been corrected.

M= || (e o7

e o L
[ "0-”71[ ngﬁt'—l VERB_ -'NG'U-N
[ ster || eros | ._!_I';l__l_c_li

[ KEY REL 1[ RESTART ]

I OPR ERR ” TRACKEﬂ

l e |

+I8
B
o]

VERB

=

=N

NOUN

-
NS %
Ty
\B
-
L(J1

r
NG s
R
\ =
Ve %
k-J




PHASE

Service

Ascent

Coast

Pre-
thrusting

Thrusting

Align-
ments

Descent

Aborts

and
Backups

LM-4

PROGRAMS FOR PROGRAM LUMINARY 1C

PROGRAM NUMBER
00

PROGRAM TITLE

LGC ldling
LGC Power Down

Powered Ascent

Rendezvous Navigation
Ground Track Determination
Lunar Surface Navigation
Preferred Tracking Attitude
LGC Update

External Delta V

Coelliptic Sequence Initiation (CSI)
Constant Delta Altitude (CDH)
Transfer Phase Initiation (TPI)
Transfer Phase Midcourse (TPM)

DPS
RCS
APS
Thrust Monitor

IMU Orientation Determination
IMU Realign
Lunar Surface Align

Braking Phase
Approach Phase
Landing Phase (ROD)
Landing Confirmation

DPS Abort

APS Abort

CSM Coelliptic Sequence Initiation (CSI) Targeting
CSM Constant Delta Altitude (CDH) Targeting
CSM Transfer Phase Initiation (TPI) Targeting
CSM Transfer Phase Midcourse (TPM) Targeting
Target Delta V



ROUTINE

LM-6

ROUTINES FOR PROGRAM LUMINARY 1C
ROUTINE TITLE

Final Automatic Request Terminate
Erasable Modification

IMU Status Check

DAP Data Load

Rendezvous Radar/Landing Radar Self-Test
S-Band Antenna

R10/R11/R12 Service

Landing Analog Displays

Abort Discretes Monitor

Descent State Vector Update

Landing Auto Modes Monitor

Landing Radar Position Command
Landing Radar/Rendezvous Radar Read
Rendevzous Radar Designate
Rendezvous Radar Data Read
Rendezvous Radar Manual Acquisition
Rendezvous Radar Search

Rendezvous Radar Monitor

Lunar Surface RR Designate

Powered Flight Rendezvous Radar Designate
Orbit Parameter Display

Rendezvous Parameter Display
LGC/AGC Clock Synchronization
Out-of-Plane Rendezvous Display
DPS/APS Thrust Fail

State Vector Integration (MIDTOAVE)
AGS Initialization

Coarse Align

In-Flight Fine Align

Auto Optics Positioning

AOT Mark

Sighting Data Display

Gyrotorquing

Terminate Tracking

MARKRUPT

Celestial Body Definition

Lunar Surface Sighting Mark

Attitude Maneuver

Preferred Tracking Attitude
Crew-Defined Maneuver

Rendezvous Final Attitude

Fine Preferred Tracking Attitude
Extended Verb Interlock

LR Spurious Test



LM-6

LIST OF VERBS USED IN PROGRAM LUMINARY 1C

REGULAR VERBS
00 Not in use
01 Display Octal Component 1 in R1
02 Display Octal Component 2 in R1
03 Display Octal Component 3 in R1
04 Display Octal Components 1, 2 in R1, R2
05 Display Octal Components 1, 2, 3 in R1, R2, R3
06 Display decimal in R1 or R1, R2 or R1, R2, R3
07 Display DP decimal in R1, R2 (test only)
08-10 Spare
1 Monitor Octal Component 1 in R1
12 Monitor Octal Component 2 in R1
13 Monitor Octal Component 3 in R1
14 Monitor Octal Components 1, 2 in R1, R2
15 Monitor Octal Components 1, 2, 3 in R1, R2, R3
16 Monitor decimal in R1 or R1, R2or R1, R2, R3
17 Monitor DP decimal in R1, R2 (test only)
18-20 Spare
21 Load Component 1 into R1
22 Load Component 2 into R2
23 Load Component 3 into R3
24 Load Components 1, 2 into R1, R2
25 Load Components 1, 2, 3 into R1, R2, R3
26 Spare
27 Display Fixed Memory
28-29 Spare
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)
38-39 Spare

EXTENDED VERBS

Zero CDU'’s (specify N20 or N72)

Coarse align CDU'’s (specify N20 or N72)

Fine align IMU

Load IMU attitude error needles

Terminate RR continuous designate (V41N72 Option 2)
Spare

Initialize AGS (R47)

Request DAP Data Load routine (R03)

Request Crew Defined Maneuver routine (R62)
Please perform

Spare

Mark X reticle

Mark Y reticle

Mark X or Y reticle

Increment LGC time (decimal)

Terminate tracking (P20 and P25)

Permit Landing Radar updates

Inhibit Landing Radar updates

Command LR to Positon 2

Display vehicle attitude rates on FDAI error needles



LM-7

LIST OF VERBS USED IN PROGRAM LUMINARY 1C

Display DAP following attitude errors

Display total attitude errors with respect to N22
Sample radar once per second {R04)

Request S-Band Antenna routine (R05)

Disable U and V jet firings during DPS burns
Vehicles are attached. Move this vehicle state vector to other vehicle
Display W matrix

Spare

Cause RESTART

Start LGC update, liftoff time (P27)

Start LGC update, block address (P27)

Start LGC update, single address (P27)

Start LGC update, LGC time (P27)

Initialize erasable dump via DOWNLINK

Enable U and V jet firings during DPS burns
Minimum Impulse Command mode

Rate Command and Attitude Hold mode

Start LR spurious test (R77)

Stop LR spurious test

Enable LM state vector update

Enable CSM state vector update

Request Orbit Parameter display (R30)

Request Rendezvous Parameter display (R31)

Spare

Display Rendezvous Radar LOS azimuth and elevation
Spare

Request Rendezvous Final Attitude maneuver (R63)
Request Out of Plane Rendezvous display (R36)
Display BANKSUM

Start IMU performance tests (ground use)

Enable W matrix initialization

Spare

No update of either state vector allowed (P20 or P22)
Interrupt integration and go to POO

Perform Engine Fail procedure (R40)

Spare

Please Enable Engine Ignition



01

02

03

8§ & B

07

08

10

1

12

13

14

15

16

17
18

LM-8

LIST OF NOUNS USED IN PROGRAM LUMINARY 1C

Not in use

Specify address (fractional)

Specify address (whole)

Specify address (degree)

Angular error/difference
Angular error/difference
Option code ID
Option code
Dat code
FLAGWORD operator
ECADR
BITID
Action
Alarm data
ADRES
BBANK
ERCOUNT
Alarm codes
First
Second
Last
Channel to be specified

TIG of CSI

Option code (extended verbs only)

TIG of CDH

CHECKLIST (used internally by extended verbs only;

N25 is pasted after display)

Increment address

Time of event (used by extended verbs only)

Spare

Desired automaneuver FDALI ball angles

<ox3

XXXXX fractional
XXXXX fractional
XXXXX fractional

XXXXX. integer
XXXXX. integer
XXXXX. integer

XXX.XX deg
XXX.XX deg
XXX.XX deg

XXX.XX deg
XXX.XX deg

Octal
Octal
Octal

Octal
Octal
Octal

Octal
Octal
Octal

Octal
Octal
Octal

Octal

00XXX. h
000XX. min
OXX.XX s

Octal
Octal

00XXX. h
000XX. min
OXX.XX s

XXXXX.

Octal

00XXX. h
000X X. min
OXX.XX's

XXX.XX deg
XXX.XX deg
XXX.XX deg



LM-9

LIST OF NOUNS USED IN PROGRAM LUMINARY 1C

19 Spare

20 Present ICDU angles O0G XXX.XX deg
IG  XXX.XX deg
MG  XXX.XX deg

21 PIPA’s X XXXXX. pulses
Y XXXXX. pulses
Z XXXXX. pulses

22 Desired ICDU angles O0G XXX.XX deg
IG  XXX.XX deg
MG  XXX.XX deg
23  Spare

24 Delta time for LGC clock 00XXX. h
000XX. min
OXX.XX s

25  CHECKLIST (used with V50) XXXXX.

26 PRIO/DELAY, ADRES, BBCON Octal
Octal
Octal

27  Self-test on/off switch XXXXX.

28-31 Spare

32 Time from perigee 00XXX. h
000X X. min
OXX.XX s

33 Time of ignition 00XXX. h
000X X. min
OXX.XX s

34 Time of event 00XXX. h
000X X. min
OXX. XX s

35 Time from event 00XXX. h
000X X. min
OXX.XX s

36 Time of LGC clock 00XXX. h
000X X. min
OXX.XX s

37  Time of ignition (TP}) 00XXX. h
000XX. min
OXX. XX s

38  Time of state being integrated 00XXX. h
000XX. min
OXX. XX s

39  Spare



40

M

42

43

45

46

47

49

50
51

52

53

54

55

56

57
58

LIST OF NOUNS USED IN PROGRAM LUMINARY 1C

» Time from ignition/cutoff
VG

Delta V (accumulated)
Target

Azimuth
Elevation

Apocenter altitude
Pericenter altitude
Delta V (required)

Latitude
Longitude
Altitude

Apocenter altitude

Pericenter altitude

TFF

Marks

Time from ignition of next burn
Middle gimbal angle

DAP configuration

LM weight
CSM weight

Gimbal pitch trim
Gimbal roll trim

Delta R

Delta V

Radar data source code
Spare

S-band antenna angles

Pitch (Alpha)
Yaw (Beta)

Central angle of active vehicle
Spare
Range

Range rate
Theta

Number of apsidal crossings
Elevation angle
Central angle of passive vehicle

RR LOS

Azimuth
Elevation

Spare
Pericenter altitude (post TPI)

Delta V (TPI)
Delta V (TPF)

XX b XX min/s
XXXX.X ft/s
XXXX.X ft/s

XXX.XX deg
XX.XXX deg

XXXX.X nmi
XXXX.X nmi
XXXX.X ft/s

XXX.XX deg (+ nortt
XXX.XX deg (+ east)

XXXX.X nmi

XXXX.X nmi
XXXX.X nmi
XX b XX min/s

XXXXX.
XX b XX min/s
XXX.XX deg

Octal

XXXXX. Ib
XXXXX. Ib

XXX.XX deg
XXX. XX deg

XXXX.X nmi
XXXX.X ft/s
0000X

XXX.XX deg
XXX.XX deg

XXX.XX deg

XXX. XX nmi
XXXX.X ft/s
XXX.XX deg

XXXXX.
XXX.XX deg
XXX.XX deg

XXX.XX deg
XXX.XX deg

XXXX.X nmi
XXXX.X ft/s
XXXX.X ft/s

*Display cannot be changed via a data load (that is, V25 NXXE, and so forth)



59

61 »

62 »

63

67

69

70

7

72

73

74 »

75 *

LM-11

LIST OF NOUNS USED IN PROGRAM LUMINARY 1C

Delta V LOS 1
Delta V LOS 2
Delta V LOS 3

Forward velocity
Altitude rate
Computed altitude

Time to go in braking phase
Time from ignition
Crossrange distance

Absolute value of velocity
Time from ignition
Delta V (accumulated)

Absolute value of velocity
Altitude rate
Computed altitude

Time left for redesignations (TR)/LPD
Altitude rate
Computed altitude

Sampled LGC time (fetched in interrupt)

LR slant range
LR position

LR VX
LR VY
LR VZ

Slant range to landing site
Time to go in braking phase

LR altitude—computed altitude
Landing site correction

Landing site correction

Landing site correction

AOT detent code/star code (before mark)

AOT detent code/star code (after mark)

RR trunnion angle (360 degrees — CDU trunnion angle)

RR shaft angle

z
Y

XXXX.X ft/s
XXXX.X ft/s
XXXX.X ft/s

XXXX.X ft/s
XXXX.X ft/s
XXXXX. ft

XX b XX min/s
XX b XX min/s

- XXXX.X nmi

XXXX.X ft/s
XX b XX min/s
XXXX.X ft/s

AXXX.X ft/s
XXXX.X ft/s
XXXXX. ft

XX b XX seconds/deg

XXXX.X ft/s
AXXXX. ft

00XXX. h
000X X. min
OXX.XX s

AXXXX. ft
+0000X.

XXXXX. ft/s
XXXXX. ft/s
XXXXX. ft/s

XXXX. X nmi
XX b XX min/s
AXXXXX. ft

XXXXX. ft
XXXXX. ft

X XXXXX. ft

Octal
Octal
Octal

Octal
Octal
Octal

XXX.XX deg
AXXX. XX deg

Desired RR trunnion angle (360 degrees — CDU trunnion angle) XXX.XX deg

Desired RR shaft angle

Time from ignition
Yaw after vehicle rise
Pitch after vehicle rise

Delta altitude (CDH)
Delta time (CDH-CSI or TPI-CDH)
Delta time (TPI-CDH or TPI-NOMTP{)

XXX. XX deg

XX b XX min/s
XXX. XX deg
XXX. XX deg

XXXX.X nmi
XX b XX min/s
XX b XX min/s

*Display cannot be changed via a data load (that is, V25 NXXE, and so forth)



76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

LM-12

LIST OF NOUNS USED IN PROGRAM LUMINARY 1C

Desired downrange velocity
Desired radial velocity
Crossrange distance

Time to engine cutoff
Velocity normal to CSM plane

RR range
RR range rate
Time from ignition

Cursor angle
Spiral angle
Position code

Data indicator
Omega

Delta VX (LV)
Delta VY (LV)
Delta VZ (LV)

Delta VX (LV)
Delta VY (LV)
Delta VZ (LV)

Delta VX (body)
Delta VY (body)
Delta VZ (body)

Delta VX (LV of other vehicle)
Delta VY (LV of other vehicle)
Delta VZ (LV of other vehicle)

VGX (body)
VGY (body)
VGZ (body)

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

Backup optics LOS

Azimuth
Elevation

Components of celestial body 1/2 unit vector

Landmark latitude
Landmark longitude/2
Landmark altitude

Rendezvous out of plane parameters

Y
Y dot
PS!

Altitude
Velocity
Flight path angle

N < X

XXXX.X ft/s
XXXX.X ft/s
XXXX.X nmi

XX b XX min/s
XXXX. X ft/s

XXX. XX nmi
XXXXX. ft/s
XX b XX min/s

XXX.XX deg
XXX.XX deg
+0000X

XXXXX.
XXX.XX deg

XXXX.X ft/s
XXXX.X ft/s
XXXX.X ft/s

XXXX.X ft/s
XXXX.X ft/s
XXXX.X ft/s

XXXX.X ft/s
XXXX.X ft/s
XXXX.X ft/s

XXXX.X ft/s
XXXX.X ft/s
XXXX.X ft/s

XXXX.X ft/s
XXXX.X ft/s
XXXX.X ft/s

XXXX.X ft/s
XXXX.X ft/s
XXXX.X ft/s

XXX.XX deg
XXX.XX deg

XXXXX
XXXXX
XXXXX

XX. XXX deg
XX. XXX deg
XXX. XX nmi

XXX. XX nmi
XXXX.X ft/s
XXX.XX deg

XXXXXb. nmi
XXXXX. ft/s
XXX. XX deg

*Display cannot be changed via a data load (that is, V25 NXXE, and so forth)



92

93

94
95

97

98

29

LM-13

LIST OF NOUNS USED IN PROGRAM LUMINARY 1C

Percent of full thrust (10,500 Ib)
Altitude rate
Computed altitude

Delta gyro angles

Spare
Spare
Spare

System test inputs

System test results and input

RMS in position
RMS in velocity
RMS in bias

00X XX %
XXXX.X ft/s
XXXXX. ft

X XX.XXX deg
Y XX.XXX deg
Z XX.XXX deg

XHUXXX.
XXXXX.
XXXXX.

XXXXX.
XXXXX
XXXXX.

XXXXX. ft
XXXX.X ft/s
XXXXX. milliradians



CODE

LM-14

LIST OF ALARM CODES USED WITH VERB 05
NOUN 09 FOR PROGRAM LUMINARY 1C

PURPOSE

More than five mark pairs in flight, five marks
on lunar surface

Mark missing

Mark or mark reject not being accepted

No inbits

Mark made but not desired

No marks in last pair of reject

Zero Encode not allowed with Coarse Align
plus Gimbal Lock

ISS turn-on request not present for 90 seconds
IMU not operating

Coarse Align error
PIPA fail but PIPA is not being used

IMU not operating with turn-on request
Program using IMU when turned off

Bad return from IMUSTALL

Bad REFSMMAT

Desired gimbal angles yields Gimbal Lock

FINDCDUMW routine not controlling attitude
because of inadequate pointing vectors
Two stars not available in any detent
Two stars not available

W-matrix overflow

Radar antenna out of limits

Bad radar gimbal angle input

Radar antenna designate fail

Radar auto discrete not present

LR not in Position 2 or repositioning
RR goes out of Auto mode while in use
RR CDU Fail discrete present
RADARUPT not expected at this time
Could not read radar

LR position change

LR antenna did not achieve Position 2

Delta Theta greater than 3 degrees

Range greater than 400 nmi

LOS not in Mode 2 coverage in P22

Or vehicle maneuver required in P20

LOS not in Mode 2 coverage while on lunar
surface after 600 seconds

Imaginary roots on first iteration

Perigee altitude after CSI < 85 nmi earth orbit,
< 35,000 feet moon orbit

Perigee altitude after CDH < 85 nmi earth orbit,
<35,000 feet moon orbit

CSl to CDH time less than 10 minutes

CDH to TPI time less than 10 minutes
Number of iterations exceeds P32/P72 loop

maximum

DV exceeds maximum

No TIG for given E angle

Ilegal option code selected

PIPA Fail caused ISS warning

LGC self-test error

DOWNLINK too fast

UPLINK too fast

Phase table failure. Assume erasable

memory is suspect.

SET BY

R57

R53

R57

R57

R57

R57

IMU mode switching
V40 N20

T4RUPT

IMU mode switching,
RO2

IMU mode switching, P51,
P57, R50

IMU mode switching,
T4RUPT

T4RUPT

T4RUPT

P51, P57, R50

RO2, R47

In-flight alignment, IMU-2,
FINDCDUW
FINDCDUW

R59

R51
INTEGRV
R23
V41N72

R21, non-* in V41 N72
R25, V40 N72

Radar read, P20, P22, R12
R12, R22

R12

R12, v60

(non-* in V60)

R22

P20, P22
R24
R24
R21

P32, P72
P32, P72

P32, P72
P32, P33, P72, P73
P 72

P32, P72

P32, P72

P33, P34, P73, P74
P57

TARUPT
SELFCHECK
T4RUPT

T4RUPT
RESTART



CODE

01301
01406
01407

01410
01412
01466
01520
01600
01601
01703
01706

02001
02002

02004
03777
04777
07777
10777
13777
14777
20105

20607

21103
21204

21302
21406
21501

31104
31201
31202
31203
31206

31207
31210
31211
31502
32000

NOTE:

LM-15

LIST OF ALARM CODES USED WITH VERB 05
NOUN 09 FOR PROGRAM LUMINARY 1C

PURPOSE

ARCSIN-ARCCOS input angle too large

Bad return from ROOTSPRS during descent guidance
VG increasing (Delta V accumulated at

90 degrees from desired thrust vector)
Unintentional overflow in guidance

Descent ignition algorithm not converging
Throttle servicing insufficient

V37 request not permitted at this time
Overflow in drift test

Bad IMU torque :

Too close to ignition; slip time of ignition
Incorrect program selected for vehicle
configuration

Jet failures have disabled Y-Z translation

Jet failures have disabled X translation

Jet failures have disabled P rotations

Jet failures have disabled U-V rotations

ICDU fail caused the ISS warning

ICDU, PIPA fails caused the ISS warning

IMU fail caused the ISS warning

IMU, PIPA fails caused the ISS warning

IMU, ICDU fails caused the ISS warning

IMU, ICDU, PIPA fails caused the ISS warning
AOT mark system in use

Acceleration overflow in integration

No solution from TIME-THETA or TIME-RADIUS

Unused CCS branch executed

WAITLIST, VARDELAY, FIXDELAY,
DELAYJOB, or LONGCALL called with zero
or negative delta time

SQRT called with negative argument

Bad return from ROOTSPS during descent preignition
Keyboard and Display alarm during internal
use (NVSUB)

Delay routine busy

Executive overflow—no VAC areas

E xecutive overflow—no core sets

WAITLIST overflow—too many tasks

Second job attempts to go to sleep via
Keyboard and Display program

No VAC area for marks

Two programs using device at same time
Hlegal interrupt of extended verb

Two priority displays waiting

DAP still in progress at next TSRUPT

For V05 NO9 displays:

R1—-0XXXX (first alarm to occur after last RSET)
R2—-0XXXX (second alarm to occur after last RSET)
R3—-XXXXX (alarm which occured last)

R3 will be of the form 4XXXX if more than three alarms

occurred since the last RSET or FRESH START.

SET BY

INTERPRETER
P63, P64
P40, P42

P63, P64, P66

Ground Test
Ground Test
R41

P40, P42

DAP

DAP

DAP

DAP
T4RUPT
T4RUPT
T4RUPT
T4RUPT
TARUPT
T4RUPT
R53

Orbital integration
TIMETHET,
TIMERAD
ABORT
WAITLIST

INTERPRETER
Ignition algorithm
PINBALL

EXECUTIVE
EXECUTIVE
EXECUTIVE
WAITLIST
PINBALL

R53

IMU mode switching
R53

GOPLAY

DAP

3XXXX indicates an Abort code that results in a software RESTART
2XXXX indicates a more serious Abort code that results in the program

going to ROO

*This alarm displayed without having to key in V05 NOSE.

An astronaut response is required by this alarm.



R1 CODE

00013
00014

00015
00062
00201
00203

00205
00500

NOTES:

LM-16

LIST OF CHECKLIST REFERENCE CODES USED WITH
VERB 50 NOUN 25 PROGRAM LUMINARY 1C

ACTION TO BE EFFECTED PROGRAM
Key in normal or gyro torque coarse align P52
Proceed: Do fine alignment option R51, P63, P57
Enter: Do landing site determination (N89) P57 Option 2
Perform celestial body acquisition R51, P51
Switch LGC power down P06
Switch RR mode to automatic P20, P22, RO4

Switch guidance control to PGNS, mode to Auto, P12, P42, P71, P40,

thrust control to Auto P63, P70
Perform manual acquisition of CSM with RR R23
Switch LR antenna to Position 1 P63

Switch: denotes change position of a console switch
Perform: denotes start or end of a task
Key In: denotes key-in of data through the DSKY

LIST OF OPTION CODES DISPLAYED IN R1 IN
CONJUNCTION WITH VERB 04 NOUN 06 TO REQUEST THE
ASTRONAUT TO LOAD INTO R2 THE OPTION HE DESIRES

FOR PROGRAM LUMINARY 1C

PURPOSE

00001  Specify IMU Orientation

00002 Specify vehicle

00003 Specify tracking attitude

00004  Specify radar

00006  Specify RR coarse align
option

00010  Specify alignment mode

00012  Specify CSM orbit
option

INPUT FOR R2 PROGRAM
1 = preferred, 2 = nominal P52, P57
3 = REFSMMAT, 4 = landing site
1 = this, 2 = other P21, R30
1 = preferred, 2 = other R63
1=RR,2=LR RO4
1 = lockon, 2 = continuous V41N72
designate
0 = anytime, 1 = REFSMMAT +g P57
2 = two bodies, 3 = one body + g
1 = no orbit change, P22

2 = change orbit to pass over LM



LM-17

FLAGWORD BIT ASSIGNMENTS (ALPHABETICAL)

ABTTFLG
ACCSOKAY
ACC4-2FL
ACC40R2X
ACMODFLG
ALTSCBIT
ANTENBIT
AORBSYST
AORBTFLG
AORBTRAN
APSESW
APSFLAG
APSFLBIT
ASTNBIT
ASTNFLAG
ATTFLAG
ATTFLBIT
AUTOMBIT
AUTRI1FLG*
AUTR2FLG*
AUXFLBIT
AVEGFBIT
AVEGFLAG
AVEMIDSW
AVFLAG
CALCMAN2
CALCMAN3
CDESBIT
CDESFLAG
CMOONBIT
CMOONFLG
COGAFLAG
CSMDOCKD
CULTFLAG
DBSELECT
DBSELECT2
DESIGBIT
DESIGFLG
DIDFLBIT
DIMOFLAG
DMENFLG
DRFTBIT
DRIFTBIT
DRIFTDFL
DRIFTFLG
DSKYBIT
DGORIFLG
ENGONBIT
EDRADFLAG
ETPIFLAG
FINALFLG
FLAP

FLPC

FLP{

FLRCS
FLRCSBIT
FLUNDBIT
FLUNDISP
FLVR
FREEFBIT
FREEFLAG
FSPASFLG
GLOKFAIL
GMBDRBIT

FW9
FW13
FW13
FW13
FW2
FW12
FW12
FW5
FW13
FW13
FW8
FW10
FW10
FW7
FW7
FW6
FW6
FW12
FW13
FW13
FW6
FW7
FW7
FW9
Fw2
Fw2
FW2
FW12
FW12
FW8
FW8
FW8
FW13
FW3
FW13
FW13
FW12
FW12
FW1
FW3
FW5
FW2
FW13
FW13
FW2
FW5
FW3
FW5
FW1
FW2
FW2
FW9
FW9
FW9
FW9
FW9
FW8
FW8
FW9
FWO
FWO
FWO
FW3
FW6

FOR LUMINARY 1C

B7
B3
B11
B11
B13
B9
B12
B5
B10
B10
B5
B13
B13
B12

B10

*These switches are never called by name.

GMBDRVSW
GUESSW
HFLSHBIT
HFLSHFLG
IDLEFBIT
IDLEFLAG
IGNFLAG
IGNFLBIT
IMPULBIT
IMPULSW
IMUSE
IMUSEBIT
INFINFLG
INITABIT
INITALGN
INTFLBIT
INTYPFLG
ITSWICH
JSWITCH
LETABBIT
LETABORT
LMOONBIT
LMOONFLG
LOKONBIT
LOKONSW
LOSCMBIT
LOSCMFLG
LPOS2BIT
LPOS2FLG
LRALTBIT
LRBYBIT
LRBYPASS
LRINH
LRINHBIT
LRPOSBIT
LRVELFLG*
LUNAFLAG
MANUFLGG*
MGLVFLAG
MIDAVFLAG
MIDFLAG
MIDIFLAG
MKOVBIT
MOONFLAG
MRKIDFLG*
MRKNVBIT
MRKNVFLG
MRUPTFLG*
MUNFLAG
MUNFLBIT
MWAITFLG*
NEEDLBIT
NEEDLFLG
NEED2BIT
NEED2FLG
NEWIFLG
NJETSFLG
NODOBIT
NODOFLAG
NOLRRBIT
NOLRREAD
NORMSW
NORRMBIT

FW6
FW1
FW11
FW11
FW7
FW7
FW7
FW7
FW2
FW2
FWO
FWO0
FW8
FW8
FW8
FW10
FW3
FW7
FWO
FW9
FW9
FW8
FW8
FWO
FWO0
Fw2
FW2
FW11
FW11
FW12
FW11
FW11
FW11
FW11
FW12
FW12
FW3
FW7
FW6
FW9
FWO
FW9
Fw4
FWO
FW4
Fw4
Fw4
FW4
FW6
FW6
FW4
FWO0
FWO
FWO
FWO
FW8
FW1
FW2

FW11
FW11
FW7
FW5



NORRMON
NOR29FLG
NOTHRBIT
NOTHROTL
NOUPFBIT
NOUPFLAG
NO511BIT
NO511FLG
NRMNVFLAG
NRMIDBIT
NRMIDFLG*
NRUPTFLG*
NR29FBIT
NTARGFLG
NWAITFLG*
OLDESBIT
ORBWFLAG
ORDERSW
OURRCBIT
PDSPFBIT
PDSPFLAG
PFRATBIT
PFRATFLG
PINBRFLG
POOHFLAG
PRECIFLG
PRIODBIT
PRONVFLG
PSTHIBIT
PULSEFLG
PULSES
P21FLAG
P21FLBIT
P25FLAG
P25FLBIT
P7071BIT
P7071FLG
QUITFLAG
RCDUFBIT
RCDUOBIT
READRBIT
READRFLG
READVBIT
READVEL
REDFLAG
REDFLBIT
REFSMBIT
REFSMFLG
REINTBIT
REINTFLG
REMODBIT
RENDWBIT
RENDWFLG
REPOSBIT
RHCSCALE
RNDVZBIT
RNDVZFLG
RNGEDBIT
RNGSCBIT
RNGSCFLG
RODFLAG
RODFLBIT
ROTFLAG
RPQFLAG
RRDATABIT
RRNBSW
RRRSBIT

FLAGWORD BIT ASSIGNMENTS (ALPHABETICAL)

FW5
FW3
FW5
FW5
FW1
Fw1
FW11
FW11
Fw4
Fw4
FwW4
FW4
FW3
FW6
Fw4
FWO
FW3
FW8
FW13
FW4
FW4
FwW2
FW2
Fw4
FW3
FW3

FW8
FW12
FWO
FW12

LM-18

FOR LUMINARY 1C

B4
B11

B3

*These switches are never called by name.

RVSW
RO4AFLAG
ROAFLBIT
R10FLG
R1OFLBIT
RG1FLAG
RG1FLBIT
R77FLAG
R77FLBIT
SLOPESW
SNUFFBIT
SNUFFER
SOLNSW
SRCHOBIT
SRCHOPTN
STATEBIT
STATEFLG
STEERBIT
STEERSW
SURFFBIT
SURFFLAG
SWANDBIT
SWANDISP
S32.1F1
S§32.1F2
S32.1F3A
$32.1F3B
TFFSW
TRACKBIT
TRACKFLG
TURNONBT
ULLAGER
ULLAGFLG
UPDATBIT
UPDATFLG

- UPLOCBIT

USEQRJTS
VEHUPFLG
VELDABIT
VERIFBIT
VFLAG
VFLSHBIT
VFLSHFLG
VINTFLAG
VXINH
VXINHBIT
V37FLAG
V37FLBIT
V67FLAG
V82EMFLG
XDELVFLG
XDSPBIT
XDSPLFAG
XORFLBIT
XORFLG
XOVINFLG
XOVINHIB
ZOOMBIT
ZOOMFLAG
3AXISBIT
3AXISFLG
360sW

FW11
FW11
FW13
FW13
FW5
FW5
FW5

FW8
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(FLAGWORD 0)
Bit Name
1 OLDESBIT
2 R10FLAG
R10FLBIT
g FREEFBIT
FREEFLAG
4 NEEDLBIT
NEEDLFLG
g LOKONBIT
LOKONSW
6 RRNBSW
i RNDVZBIT
RNDVZFLG
8 IMUSE
IMUSEBIT
9 P25FLAG
P25FLBIT
10 FSPASFLG
11 P21FLAG
P21FLBIT
12 MOONFLAG
13 MIDFLAG
14  JSWITCH
15 NEED2BIT
NEED2FLG

1

R29 gyro command loop requested.

R10 outputs data to altitude and
altitude rate meters only.

0

R29 gyro command loop not
requested.

Besides outputs to altitude and
altitude rates, when set, R10 also
outputs data to forward and
lateral velocity crosspointer

Used by P51-563 in many different routines and by lunar

and solar ephemerides.

Total attitude error displayed.

Radar lock-on desired.

Radar target in NB coordinates.

P20 running (radar in use).
IMU in use.

P25 operating.

First pass through resposition

routine.

Succeeding pass through P21; use
base vectors already calculated.

Moon is sphere of influence.

Integration with secondary body and
solar perturbations.

Integration of W matrix.

Display DAP rates on FDAI
needles.

A/P following error displayed.

Radar lock-on not desired.

Radar target in SM coordinates.

P20 not running.

IMU not in use.

P25 not operating

Not first pass through reposition

routine.

First pass through P21; calculate
base vectors.

Earth is sphere of influence.

Integration without solar
perturbations.

Integration of state vector.

Check Bit 4 of this FLAGWORD
for display modes (1 or 2).
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(FLAGWORD 1)

Bit
1
2
3

10

1
12

13

14

15

Name
Not Assigned
GUESSW
SLOPESW

Not Assigned

TRACKBIT
TRACKFLG

NOUPFBIT
NOUPFLAG

UPDATBIT
UPDATFLG

VEHUPFLG
Not Assigned

R61FLAG
RG1FLBIT

Not Assigned
RODFLAG
RODFLBIT
ERADFLAG
DIDFLBIT

NJETSFLG

No starting value for iteration.

Iterate with bias method in
iterator.

Tracking allowed.

Neither CSM nor LM state vector may
be updated.

Updating by marks allowed.

CSM state vector being updated.

Run R61 LM.

If in P66, normal operation continues.
Restart clears flag.
Compute REARTH Fischer ellipsoid.

Inertial data is available.

Two-jet RCS burn.

Starting value for iteration exists.

iterate with Regula Falsi method
in iterator.

Tracking not allowed.

Either state vector may be
updated.

Updating by marks not allowed.

LM state vector being updated.

Run R65 LM.

If in P66, reinitialization is
performed.

Use constant REARTH pad
radius.

Perform data display initialization
functions.

Four-jet RCS burn.
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(FLAGWORD 2)
Bit Name
1 NODOBIT
NODOFLAG
2 CALCMAN2
3 CALCMAN3
4  PFRATBIT
PFRATFLG
5 AVFLAG
6  FINALFLG
7 ETPIFLAG
XDELVFLG
IMPULBIT
IMPULSW
10 Not Assigned
11 STEERBIT
STEERSW
12 LOSCMBIT
LOSCMFLG
13 ACMODFLG
14 SRCHOBIT
SRCHOPTN
15 DRFTBIT

DRIFTFLG

V37 not permitted.

Perform maneuver starting procedure.
No final roll.

Preferred attitude computed.

LM is active vehicle.

Last pass through rendezvous
program computations.

Elevation angle supplied for
74.

External Delta V VG computation.

Minimum impulse burn (cutoff
time specified).

Sufficient thrust is present.

Line of sight being computed (R21).
In R29, RR gyro command loop
running.

Manual acquisition by Rendezvous
Radar.

Radar in automatic search option
(R24).

T3RUPT calls gyro compensation.

V37 permitted.

Bypass starting procedure.
Final roll is necessary.

Preferred attitude not computed.

CSM is active vehicle.

Interim pass through rendezvous
program computations.

TPI time supplied for P34, P74 to
compute elevation.

Lambert (aimpoint) VG computation.

Steering burn (no cutoff time yet
available).

Insufficient thrust is present.

Line of sight not being computed (R21).
In R29, RR gyro command loop off.

Auto acquisition by Rendezvous
Radar.

Radar not in automatic search
option.

T3RUPT does no gyro compensation.
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(FLAGWORD 3)
Bit Name
1 DIMOFLAG
2 D60ROFLG
VINTFLAG
INTYPFLG
STATEBIT
STATEFLG
6 ORBWFLAG
CULTFLAG
8 PRECIFLG
9 READRBIT
READRFLG
RO4FLBIT
10 VFLAG
11 NOR29FLG
NR29FBIT
12 LUNAFLAG
13 REFSMBIT
REFSMFLG
14  GLOKFAIL
15 POOHFLAG

1

W matrix is to be used.

Dimension of W is 9 for
integration.

CSM state vector being integrated.
Conic integration.

Permanent state vector being
updated.

W matrix valid for orbital
navigation.

Star occulted.

Normal integration in POO.
Reading RR data pursuant

to R29.

Alarm 521 suppressed.

Less than two stars in the field
of view.

R29 not allowed.

Lunar latitude-longitude.

REFSMMAT good (protected
from FRESH START).

GIMBAL LOCK has occurred.
Inhibit backwards integration.

0

W matrix is not to be used.

Dimension of W is 6 for
integration.

LM state vector being integrated.
Encke integration.

Permanent state vector not being
updated.

W matrix invalid for orbital
navigation.

Star not occulted.

Engages four-time step (P00)
logic in integration.

Not reading RR data pursuant
to R29.

Alarm 521 allowed.

Two stars in the field of view.
R29 allowed (RR designate,
powered flight).

Earth latitude-longitude.

REFSMMAT no good (protected
from FRESH START).

Not in GIMBAL LOCK.
Allow backwards integration.
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(FLAGWORD 4)
Bit Name
1 XDSPBIT
XDSPFLAG
2 Not Assigned
3 MKOVBIT
4  NRUPTFLG*
5 MRUPTFLG*
6  PINBRFLG
7 PRONVFLG
8 NRMNVFLG
9 MRKNVBIT
MRKNVFLG
10  NWAITFLG*
1 MWAITFLG*
12 PDSPFBIT
PDSPFLAG
13 NRMIDFLG*
14 PRIODBIT
15 MRKIDFLG*

Mark display not to be interruped.

Mark display over normal.

Normal display interrupted by
priority or mark display.

Mark display interrupted by
priority display.

Astronaut has interferred with
existing display.

Astronaut using keyboard when
priority display initiated.

Astronaut using keyboard when
normal display initiated.

Astronaut using keyboard when
mark display initiated.

Higher priority display operating
when normal display initiated.

Higher priority display operating
when mark display initiated.

P20 sets so as to turn a normal
display into a priority display
in R6O.

Normal display in ENDIDLE.
Priority display in ENDIDLE.

Mark display in ENDIDLE.

*Theses switches are never called by name.

0

No special mark information.

No mark display over normal.

Normal display not interrupted by
priority or mark display.

Mark display not interrupted by
priority display.

Astronaut has not interferred with
existing display.

Astronaut not using keyboard when
priority display initiated.

Astronaut not using keyboard when
normal display initiated.

Astronaut not using keyboard when
mark display initiated.

No higher priority display operating
when normal display initiated.

No higher priority display operating
when mark display initiated.

Leave as normal display.

No normal display in ENDIDLE.
No priority display in ENDIDLE.
No mark display in ENDIDLE.
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(FLAGWORD 5)
Bit Name
1 RENDWBIT
RENDWFLG
2 MGLVFLAG
3 SOLNSwW
4 NORRMBIT
NORRMON
5 AORBSYST
6  3AXISBIT
SAXISFLG
7 ENGONBIT
8 ZOOMBIT
ZOOMFLAG
9 DMENFLG
10 RNGSCBIT
RNGSCFLG
1" R77FLAG
R77FLBIT
12 NOTHRBIT
NOTHROTL
13 SNUFFER
SNUFFBIT
14 Not Assigned
15 DSKYFBIT

1

W matrix valid for rendezvous
navigation.

Local vertical coordinates computed.

Lambert does not converge, or
time-radius nearly circular.

Bypass RR gimbal monitor.

Prefer P-axis jet
pairs 7, 15 and 8, 16.

Maneuver specified by three axes.

Engine turned on.

Throttleup has occurred
in PG3.

Dimension of W is 9 for
incorporation.

Scale change has occurred during
RR reading.

R77 is on; suppress all radar alarms
and tracker fails.

Inhibit full throttle.

U, V jets disabled during DPS
burns (V65).

Displays sent to DSKY.

0

W matrix invalid for rendezvous
navigation.

Middle gimbal angle computed.

Lambert converges or time-radius
noncircular.

Perform RR gimbal monitor.

Prefer P-axis jet
pairs 4,12 and 3, 11.

Maneuver specified by one axis;
R60 call VECPOINT.

Engine turned off.

Throttleup has not
occurred in P63.

Dimension of W is 6 for
incorporation.

No scale change has occurred during
RR reading.
R77 is not on.

Permit full throttle.

U, V jets enabled during DPS
burns (V75).

No displays to DSKY.
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(FLAGWORD 6)
Bit Name
1 ATTFLAG
ATTFLBIT
2  AUXFLBIT
3 NTARGFLG
4  Not Assigned
5 Not Assigned
6 REDFLAG
REDFLBIT
7 Not Assigned
8 MUNFLAG
MUNFLBIT
] Not Assigned
10 GMBDRBIT
GMBDRVSW
11 Not Assigned
12  S32.1F3B
13  S32.1F3A
14  S32.1F2
15  S32.1F1

1

LM attitude exists in moon-fixed
coordinates.

Providing IDLEFLAG is not set,
SERVICER will exercise DVMON on
its next pass.

Astronaut did overwrite Deita' V
at TPl or TPM (P34, P35).

Landing site redesignation permitted.

SERVICER calls MUNRVG.

TRIMGIMB over.

0

No LM attitude available in moon-
fixed coordinates.

SERVICER will skip DVMON on its
next pass even if the IDLEFLAG

is not set. It will then set
AUXFLBIT

Astronaut did not overwrite
Delta V.

Landing site redesignation not
permitted.

SERVICER calls CALCRVG.

TRIMGIMB not over.

(Bits 12 and 13 function as an ordered pair (13, 12) indicating the possible
occurrence of two Newton iterations for $32.1:
(0, 0) — First pass of second Newton iteration,

(0, 1) — First Newton iteration being done,

(1, 0) — Remainder of second Newton iteration,
(1, 1) — 50 ft/s stage of second Newton iteration.)

First pass of Newton iteration.

Delta V at CSI Time 1 exceeds
maximum.

Reiteration of Newton.

Delta V at CSI Time 1 less than
maximum.
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(FLAGWORD 7)
Bit Name
1 TFFSW
2  V82EMFLG
3 VERIFBIT
4 UPLOCBIT
5 AVEGFBIT
AVEGFLAG
6 V3I7FLAG
V37FLBIT
7 IDLEFBIT
IDLEFLAG
8 V67FLAG
9 RVSW
10  NORMSW
11 SWANDBIT
SWANDISP
12  ASTNBIT
ASTNFLAG
13 IGNFLAG
IGNFLBIT
14  MANUFLAG*
16 |ITSWICH

1

Calculate TPERIGEE.

Moon vicinity.

0

Calculate TFF.
Earth vicinity.

{Changed when V33E occurs at end of P27).

KKK fail.
AVERAGEG (SERVICER) desired.

AVERAGEG (SERVICER) running.

No Delta V monitor.
Astronaut overwrites W-matrix
initial values.

Do not compute final state vector
in time-theta.

Unit normal input to Lambert.

b e Fover
L 9 g display

Astronaut has OKed ignition.

TIG has arrived.

Attitude maneuver going on during
RR search.

P34; TPI time to be computed.

*These switches are never called by name.

No K-K-K fail.

AVERAGEG (SERVICER) not desired.

AVERAGEG (SERVICER) off.

C t Delta V

Astronaut does not overwrite
W-matrix initial values.

Compute final state vector in
time-theta.

Lambert computes its own normal.

Landing analog displays suppressed.
Astronaut has not OKed ignition.
TIG has not arrived.

No attitude maneuver during

RR search.
TPI has been computed.



(FLAGWORD 8)
Bit Name
1 360SwW
2 INITABIT
INITALGN
Not Assigned
COGAFLAG
5 APSESW
6 ORDERSW
7 INFINFLG
8 SURFFBIT
SURFFLAG
9 Not Assigned.
10 FLUNDBIT
FLUNDISP
11 LMOONBIT
LMOONFLG
12 CMOONBIT
CMOONFLG
13 NEWIFLG
14 Not Assigned
15 RPQFLAG

Lm-27

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 1C

1
Transfer angle near 360 degrees.

Initial pass through P57.

No conic solution, too close to
rectilinear (COGA overflows).

RDESIRED outside of PERICENTER-
APOCENTER range in time-radius.

Iterator uses second order
minimum mode.

No conic solution (closure
through infinity required).

LM on lunar surface (protected
from FRESH START).

Current guidance displays
inhibited.

Permanent LM state vector in
lunar sphere (protected
from FRESH START).

Permanent CSM state vector in
lunar sphere (protected
from FRESH START).

First pass through integration.

RPQ not computed.
(RPQ = vector between secondary
body and primary body.)

0

Transfer angle not near 360
degrees.

Second pass through P57.

Conic solution exists (COGA
does not overflow).

RDESIRED inside of PERICENTER-
APOCENTER range in time-radius.

Iterator uses first order
standard mode.

Conic solution exists.

LM not on lunar surface {protected
from FRESH START).

Current guidance displays
permitted.

Permanent LM state vector in
earth sphere (protected from
FRESH START).

Permanent CSM state vector in
earth sphere (protected from
FRESH START).

Succeeding iteration of integration.

RPQ computed.
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(FLAGWORD 9)
Bit Name
1 AVEMIDSW
2 MIDAVFLAG
3 MID1FLAG
4 Not Assigned
QUITFLAG
6 ROTFLAG
7 ABTTFLAG
8 FLAP
9 LETABBIT
LETABORT
10 FLRCS
FLRCSBIT
11 FLPI
12 FLPC
13 P7071BIT
P7071FLG
14 FLVR
15 Not Assigned

1
AVETOMID calling for W-matrix
integration. Do not overwrite
RN, VN, PIPTIME.

Integration entered from one of
MIDTOAYV portals.

Integrate to TDEC.

Discontinue integration.

P70 and P71 will force vehicle

rotation in the preferred direction.

J2, K2 parameters used for abort
targeting.

APS continued abort after
DPS staging (ascent guidance).

Abort programs are enabled.
RCS injection mode (ascent
guidance).

Preignition phase (ascent
guidance).

No position control (ascent
guidance).

P70 or P71 is using ascent
guidance equations.

Vertical rise (ascent
guidance).

0

No AVETOMID W-matrix integration.

Allow setup of RN, VN, PIPTIME.

Integration was not entered via
MIDTOAV.

Integrate to the then-present
time.

Continue integration.

P70 and P71 will not force
vehicle rotation in the preferred
direction.

J1, K1 parameters used for abort
targeting.

APS abort is not a continuation.
Abort programs are not enabled.
Main engine mode.

Regular guidance.

Position control.

P12 is using ascent
guidance equations.

Nonvertical rise.
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(FLAGWORD 10, RASFLAG)

Bit Name 1

1-6  Not Assigned

7 REINTBIT Integration routine to be
REINTFLG RESTARTED.

8-12 Not Assigned

13 APSFLAG Ascent stage (protected from
APSFLBIT FRESH START).
14 INTFLBIT Integration in progress.

15 Not Assigned

(FLAGWORD 11)

Bit Name 1
1 HFLSHBIT LR altitude fail lamp should be
HFLSHFLG flashing.
2 VFLSHBIT LR velocity fail lamp should be
VFLSHFLG flashing.
3  NO511BIT Do not test LR antenna
NOS11FLG position in R12.
4 RNGEDBIT LR altitude measurement made.
5 READVBIT OK to read LR velocity data.
READVEL
6 LPOS2BIT Use LR Position 2
LPOS2FLG transformation.
VELDABIT LR velocity measurement made.
8 LRINH LR updates permitted by astronaut.
LRINHBIT
9 XORFLBIT Below limit; inhibit X-axis
XORFLG override.
10 NOLRRBIT LR repositioning; bypass
NOLRREAD update.
11 PSTHIBIT Posthigate.
12 VXINH If Z velocity data unreasonable,
VXINHBIT bypass X-axis velocity update on
next pass.

13-14 Not Assigned

15 LRBYBIT Bypass all LR updates.
LRBYPASS

Integration routine not to be
RESTARTED.

Descent stage (protected from
FRESH START).

Integration not in progress.

0

LR altitude fail lamp should not
be flashing.

LR velocity fail lamp should not
be flashing.

Test LR antenna position
in R12.

LR altitude measurement not made.

Do not read LR velocity data.

Use LR Position 1
transformation.

LR velocity measurement not made.

LR updates inhibited by astronaut.

Above limit; do not inhibit.

LR not repositioning.

Prehigate.

Update X-axis velocity.

Do not bypass LR updates.
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(FLAGWORD 12, RADMODES)

Bit Name 1
1 TURNONBT RR turn-on sequence in progress
(zero RR CDU'’s; fix antenna
position).
2  AUTOMBIT RR not in Auto mode. Auto mode
discrete is not present.
3 RRRSBIT RR range reading on the high
scale.
4 RRDATABT RR data fail. Data could not be
read successfully.
5 LRALTBIT LR altitude data fail. Data could
not be read successfully.
6 LRPOSBIT LR in Position 2.
7 RCDUFBIT RR CDU fail has not occurred.
8 LRVELFLG* LR velocity data fail.
9 ALTSCBIT LR altitude reading is on
high scale.
10 DESIGBIT RR designate requested or in
DESIGFLG progress.
1" REPOSBIT Reposition monitor, RR reposition
is taking place.
12 ANTENBIT RR antenna is in Mode 2.
13 RCDUOBIT RR CDU'’s being zeroed.
14 REMODBIT Change in antenna mode has
been requested.
15 CDESBIT Continuous designate. LGC commands
CDESFLAG RR regardless of lock-on.

*These switches are never called by name.

0
No RR turn-on sequence in
progress.
RR in Auto mode.
RR range reading on the low
scale.

No RR data fail.

No LR altitude data fail.

LR in Position 1.
RR CDU fail has occurred.
No LR velocity data fail.

LR altitude reading is on
low scale.

RR designate not requested or
in progress.

No RR resposition taking place.

RR antenna is in Mode 1.
RR CDU'’s not being zeroed.

No remode requested or
occurring.

LGC checks for lock-on when
antenna being designated.
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(FLAGWORD 13, DAPBOOLS)

Bit

1
2

10

"

12

13
14
15

Name

AUTR1FLG*
AUTR2FLG*

ACCSOKAY

DBSELECT
DBSLECT2
ULLAGER
ULLAGFLG

RHCSCALE

DRIFTBIT
DRIFTDFL

XOVINFLG
XOVINHIB

AORBTFLG
AORBTRAN

ACC4-2FL
ACC40R2X

OURRCBIT

CSMDOCKD
USEQRJTS

PULSEFLG
PULSES

1

0

These bits (2, 1) are used together to indicate astronaut-chosen

KKALCMANU maneuver rates:

(0, 0) =.0.2 deg/second (Bit 2, Bit 1),

(0, 1) = 0.5 deg/second,
(1, 0) = 2.0 deg/second,
(1, 1) = 10.0 deg/second.

Control authority values from
1/ACCS usable.

1-degree deadband selected
by crew.

5-degree deadband selected

by crew (maximum deadband).

Ullage request by mission
program.

Normal RHC scaling requested.

Assume zero offset
drifting flight.

X-axis override locked out.
B system for X-translation
preferred.

Four-jet X-axis translation
requested.

Current DAP pass is rate
command.

CSM docked; use backup DAP.
Gimbal unusable; use jets only.

Minimum impulse command mode

in “‘attitude hold" (V76).

*These switches are never called by name.

RESTART or FRESH START since

last 1/ACCS; outputs suspect.

Minimum deadband selected
by crew (0.3 degree).

1- or 0.3-degree deadband
selected by crew (See Bit 4).

No internal ullage request.

Fine RHC scaling requested.

Use offset acceleration estimate.
X-axis override OK.
A system for X-translation

preferred.

Two-jet X-axis translation
requested.

Current DAP pass is not rate
command.

CSM not docked to LM.
Trim gimbal may be used.

Not in minimum impulse command

mode (V77).
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IMODES30, a flag whose individual bits are used to control the monitoring of IMU
functions associated with Channel 30 (and in a few cases Channel 33).

Bit
15
14

13

12

1

10

o O N

Meaning
Last sampled value of Channel 30, Bit 15 (0 if IMU temperature within limits).

Last sampled value of Channel 30, Bit 14 (0 if ISS has been turned on or commanded
to be turned on).

Last sampled value of Channel 30, Bit 13 (0 if an IMU fail indication has been
produced).

Last sampled value of Channel 30, Bit 12 (0 if an IMU CDU fail indication has been
produced).

Last sampled value of Channel 30, Bit 11 (0 if an IMU cage command has been
produced by crew).

Last sampled value of Channel 33, Bit 10 (0 if a PIPA fail indication has been
produced), having the same value as Bit 13 of IMODES33.

Last sampled value of Channel 30, Bit 9 (0 if IMU has been turned on and operating
with no malfunctions).

Bit used to control the IMU turn-on sequencing.
Bit used to control the IMU turn-on sequencing.
Bit is set to 1 to indicate that IMU initialization is being carried out.

Bit is set to 1 to inhibit the generation of program alarm 0212g if a PIPA fail signal
{Bit 13 of Channel 33) is produced.

Bjt is| set to 1 to inhibit generation of an ISS warning based on receipt of an IMU fail
signal.

fBi;' is_ set'to 1 to inhibit generation of an ISS warning based on receipt of an IMU CDU
ail signal.

Bit is set to 1 to indicate failure of the turn-on delay sequence for IMU turn-on (alarm
0207g is also generated).

Bit is set to 1 to inhibit generation of an ISS warning based on receipt of a PIPA fail
signal (Bit 13 of Channel 33).
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IMODESS3, a flag whose individual bits are used to control the monitoring of functions
associated with Channel 33 (and other items).

Bit
15
14

13

12

1

10,9

4-2

Meaning
Not assigned.

Last sampled value of Channel 32, Bit 14 (0 if a Proceed command is given using the
old ““standby’’ button).

Last sampled value of Channel 33, Bit 13 (0 if an accelerometer fail signal, or PIPA
fail, has been produced by hardware).

Last sampled value of Channel 33, Bit 12 (0 if a telemetry end pulse has been rejected
because the downlink rate is too fast).

Last sampled value of Channel 33, Bit 11 (0 if an uplink bit has been rejected because
the uplink rate is too fast).

Not assigned.

Bit is set to 1 when R10 routine is initialized during the powered descent trajectory.
A switch employed in R10 for alternate computations of altitude rate and altitude.

Bit is set to 1 to indicate that IMU use for vehicle attitude information should not be
attempted.

Bit is set to 1 in IMU Zeroing routine external to T4RUPT while zeroing is taking
place (for an interval of about 10.56 seconds).

Not assigned.

Bit is set to 1 when a Verb 35 (“lamp test”) is received, and reset to 0 about 5 seconds
later.
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CHANNEL BIT ASSIGNMENTS (LM)
OUTPUT CHANNEL 11

BIT

1 ISS Warning

2 Light Computer Activity Lamp

3 Light Uplink Activity Lamp

4 Light Temperature Caution Lamp

5 Light Keyboard Release Lamp

6 Flash Verb and Noun Lamps

7 Light Operator Error Lamp

8 Spare

9 Test Connector Outbit
10 Caution Reset
11-12 Spare
13 Engine On
14 Engine Off
15 Spare

OQUTPUT CHANNEL 12

BIT

1 Zero Rendezvous Radar CDU'’s

2 Enable Rendezvous Radar Error Counters

3 Not Used

4 Coarse Align Enable

5 Zero IMU CDU'’s

6 Enable IMU Error Counters

7 Spare

8 Display Inertial Data

9 +Pitch Vehicle Motion (-Pitch Gimbal Trim, Bell motion)
10 -Pitch Vehicle Motion (+Pitch Gimbal Trim, Bell motion)
11 +Roll Vehicle Motion (-Roll Gimbal Trim, Bell motion)
12 -Roll Vehicle Motion (+Roll Gimbal Trim, Bell motion)
13 Landing Radar Position 2 Command
14 Rendezvous Radar Enable Auto Track

15 ISS Turn-on Delay Complete



BIT
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CHANNEL BIT ASSIGNMENTS (LM)

OUTPUT CHANNEL 13

Radar Select ¢

Radar Select b

Radar Select a

Radar Activity

Inhibit Uplink, Enable Crosslink (should not be set to 1)
Block Inlink
Downlink Word Order
RHC Counter Enable
Start RHC Read

Test Alarms

Enable Standby

Reset Trap 31-A
Reset Trap 31-B

Reset Trap 32

Enable TEGRUPT

Channel 13 Radar Selections

e el l~=Y=] o

BIT

OCONOHDWN =

b c Function

0 0 -

0 1 Rendezvous Radar range

1 1] Rendezvous Radar range rate
1 1 -

0 0 Landing Radar X velocity

0 1 Landing Radar Y velocity

1 0 Landing Radar Z velocity

1 1 Landing Radar range

OUTPUT CHANNEL 14

Qutlink Activity (should not be set to 1)
Altitude Rate Select
Altitude Meter Activity
Thrust Drive

Spare

Gyro Enable

Gyro Select b

Gyro Select a

Gyro Sign Minus

Gyro Activity

Drive CDU S
DriveCDU T

Drive CDU Z

Drive CDU Y

Drive CDU X

Channel 14-Gyro Selection

@

-0

b Gyro
0 o
1 X
0 Y
1 z

INPUT CHANNEL 15

Key codes from Main DSKY
Spare
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CHANNEL BIT ASSIGNMENTS (LM)
INPUT CHANNEL 16

BIT
1-2 Spare
& Mark X
4 Mark Y
5 Mark reject
6 Descent +
7 Descent -
8-15 Spare
INPUT CHANNEL 30
BIT
1 Abort with Descent Stage
2 Descent Stage Attached
3 Engine Armed
4 Abort with Ascent Stage
5 Auto Throttle
6 Display Inertial Data
7 Rendezvous Radar CDU Fail
38 Spare
9 IMU Operate
10 G/N Control of S/C
11 IMU Cage
12 IMU CDU Fail
13 IMU Fail
14 ISS Turn-On Request
15 Temp in Limits
NOTE:

All of the input signals in Channel 30 are inverted; that is, a ZERO bit
indicates that the discrete is ON.

INPUT CHANNEL 31

BIT

1 +EL (LPD), + PMI

2 -EL (LPD), - PMI

3 + YMI

4 -YMI

5 +AZ (LPD), +RMI

6 -AZ (LPD), -RMI

7 +X Translation

8 -X Translation

9 +Y Translation
10 -Y Translation
11 +2Z Translation
12 -Z Translation
13 Attitude Hold
14 Auto Stabilization
15 Attitude Control Out of Detent
NOTE:

All of the input signals in Channel 31 are inverted; that is, a ZERO bit indicates
that the discrete is ON.
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CHANNEL BIT ASSIGNMENTS (LM)
INPUT CHANNEL 32

BIT

1 Thruster 2 — 4 Disabled by Crew

2 Thruster 5 — 8 Disabled by Crew

3 Thruster 1 — 3 Disabled by Crew

4 Thruster 6 — 7 Disabled by Crew

5 Thruster 14 — 16 Disabled by Crew

6 Thruster 13 — 15 Disabled by Crew

7 Thruster 9 — 12 Disabled by Crew

8 Thruster 10 — 11 Disabled by Crew

9 Descent Engine Gimbals Disabled by Crew
10 Apparent Descent Engine Gimbal Fail
11-13 Spare
14 Proceed
15 Spare
NOTE:

All of the input signals in Channel 32 are inverted; that is, a ZERO
bit indicates that the discrete is ON.

INPUT CHANNEL 33

BIT
1 Spare
2 Rendezvous Radar Auto-Power On
3 Rendezvous Radar Range Low Scale
4 Rendezvous Radar Data Good
5 Landing Radar Range Data Good
6 Landing Radar Position 1
7 Landing Radar Position 2
8 Landing Radar Velocity Data Good
9 Landing Radar Range Low Scale
10 Block Uplink Input*
" Uplink Too Fast
12 Downlink Too Fast
13 PIPA Fail
14 LGC Warning (repeated hardware or software alarms)
15 Oscillator Alarm

*This bit reads ONE when accept uplink signal is present at interface.

NOTE:
All of the input signals in Channel 33 are inverted; that is, a ZERO bit
indicates that the discrete is ON.
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POO—-LGC IDLING PROGRAM

Purpose:
1. To provide a program to fulfill the following requirements:

a. Provide an indication to the crew that the LGC is engaged in no control or
computational operations which might require consideration for coordination
with other crew tasks in progress.

b. Maintain the LGC in a condition of readiness for entry into any other program.

Assumptions:

1. If the IMU is on, the DAP is available for manually controlled attitude maneuvers.
Care must be taken to avoid IMU gimbal lock by observing the ICDU’s (V16 N20) or
monitoring the FDALI ball.

2. This program uses the Coasting Integration routine periodically to update the LM
and CSM state vectors to the present time and inhibits selecting any other LGC
program (V37EXXE) during the integration. While the LGC is integrating, attempts
to select another program results in program alarm 1520.

3. POO is automatically selected by V96E (possible during any program), and state
vector integration is permanently inhibited. Normal integration functions will
resume after selection of another program. Since state vector synchronization is not
maintained, use of V96 can cause incorrect W-matrix extrapolation.

Selected Displays:
1. V06 N38 (astronaut selected when desired)
Time of state vector being integrated 00XXX. h
000X X. min
OXX.XX s

P06—LGC POWER-DOWN PROGRAM

Purpose:
1. To transfer the LGC from the operate to the standby condition.

Assumptions:

1. The normal condition of readiness of the PGNCS when not in use is standby. In this
condition, the IMU standby circuit breaker is on, the IMU operate circuit breaker is
off, the LGC/DSKY circuit breaker is on, and the standby light on the DSKY is on.
Both the IMU and LGC are off, with power applied only to the IMU heat control
circuitry, the LGC timing circuitry, and gyro and accelerometer suspension.

2. A possible condition of readiness of the PGNCS when not completely on is the same
as standby (Assumption 1) except that the standby light on the DSKY is off. In this
configuration the LGC is running for computational purposes that do not require
the IMU.

3. If the computer power is switched off it will be necessary to perform a Computer
FRESH START (V36E) to initialize the erasable storage. The LGC Update program
(P27) would have to be done to update the LM and CSM state vectors and computer
clock time.

4. The LGC is capable of maintaining an accurate value of ground elapsed time (GET)
for only 23 hours when in the Standby mode. If the LGC is not brought out of the
standby condition to the running condition at least once within 23 hours the LGC
value of GET must be updated.
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P06 (continued)

Once the program has been selected the LGC must be shut down. After P06
selection the LGC will not honor a new program request (V37EXXE), a terminate
(V34E), or an enter in response to the LGC request for LGC standby.

Selected Displays:

1. V50 N25 (LGC power down)

Checklist code 00062
P12—POWERED ASCENT PROGRAM
Purpose:

1. To display to the crew, prior to ascent engine ignition, certain LGC-stored
parameters associated with the powered ascent, for possible modification by the
crew.

2. To display to the crew, prior to ascent engine ignition, certain FDAI ball readings
associated with the early phases of the ascent maneuver.

3. To control the PGNCS during countdown, ignition, thrusting, and thrust

termination of a PGNCS-controlled APS powered ascent maneuver from the lunar
surface.

Assumptions:

1.

The LGC has stored injection values which define an ascent trajectory that will
result in in an orbit coplanar with the CSM orbit and an apolune of 45 nmi. These
values at orbit insertion are altitude, distance between the LM and CSM orbital
planes, LM vertical (V(R)), LM horizontal (V(Y)), and (V(Z)). All altitudes are
measured with respect to the LGC stored landing site vector.

The predefined ascent trajectory may be partially modified during this program by
the astronaut.

The PGNCS will control the LM ascent maneuver such that the LM velocity at
injection is parallel to the CSM orbital plane, either in that plane, or at a specified
distance from that plane as controlled by astronaut definition of crossrange. The
astronaut can also change the required injection conditions by modifying the
nominal initial downrange and radial velocity display values. Crossrange should not
be specified such as to cause the ascent trajectory to cross through the CSM orbital
plane.

The initial period of the ascent trajectory consists of two phases:

a. Vertical Rise Phase — From TIG until the LM radial velocity (V(R)) exceeds 40
ft/s. During this phase, the PGNCS holds the LM attitude with the +X axis
parallel to the LM position vector at TIG. At TIG the PGNCS commands the LM
around its X axis (yaw) until the LM +Z axis points downrange.

b. Pitchover Phase — When V(R) exceeds 40 ft/s and the LM X axis is within 5
degrees of the desired attitude. During this phase, the PGNCS commands the LM
to pitch down (about the Y axis) an amount defined by the guidance equations.

The X-axis override option provides the crew with the ability to exercise manual
control about the LM X axis with the attitude controller even though the PGNCS
Attitude Control mode is Auto. When the controller is returned to detent, the
PGNCS damps the yaw rate, stores the yaw attitude when the yaw rate is damped,
and then maintains that attitude.

The X-axis override option is always available to the crew except when the LGC is
specifying a desired yaw attitude. Thus the option is inhibited by this program from
TIG(AS) until 10 seconds after V(R) equals 40 ft/s and the LM yaw attitude is
within 5 degrees of the desired attitude for pitchover initiation.
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P12 (contineud)

The IMU is on and must be at a known orientation before this program may be
completed. Normally, the Lunar Surface Align program (P57) has been completed
before selection of this program. It is normally required that the ISS be on for a
minimum of 15 minutes prior to a thrusting maneuver.

Engine ignition may be slipped beyond TIG(AS) if desired by the crew or if state
vector integration cannot be completed in time. Variation of the time of ascent
ignition (TIG(AS)), either by design or inadvertent slippage, changes the relative
phasing of the ascent trajectory with respect to the CSM and alters the resultant LM
orbit.

If a thrusting maneuver is performed with the Guidance Control switch in PGNS and
the Mode Control switch in Auto, the PGNCS controls the total vehicle attitude and
generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The
crew may exercise control about only the yaw axis with the ACA (X-axis override)
provided the X-axis override capability is permitted (see Assumption 4).

If a thrusting maneuver is performed with the Guidance Control switch in PGNS and
the Mode Control switch in Attitude Hold, the PGNCS holds the vehicle attitude
and generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The
crew may exercise manual control about all vehicle axes with the ACA using either
the Rate Command or Minimum Impulse mode. However, it is strongly recom-
mended that powered flight not be attempted in the Minimum Impulse mode.

Control of the LM RCS and APS is transferred from the PGNS to the Abort Guid-
ance System (AGS) by changing the Guidance Control switch from PGNS to AGS.

The AGS is capable of taking control of the LM during any phase of the lunar ascent
and guiding it to a state orbit and should be initialized by manual selection of R47,
the AGS Initialization routine, prior to the selection of P12.

If the Guidance Control switch is changed from PGNS to AGS during a thrusting
maneuver, the LGC continues computation of position, velocity, desired thrust
vector, and desired attitude errors.

The PGNS generates two types of errors for display on the FDAI as selected by the
astronaut:

a. Mode 1—Selected by Verb 61. Autopilot following errors used as a monitor of
the DAP’s ability to track automatic steering commands.

b. Mode 2—Selected by Verb 62. Total attitude errors used to assist the crew in
manually maneuvering the vehicle.

The Landing Analog Displays routine (R10) is enabled at TIG. However, R10 use of
the Rendezvous Radar CDU'’s is inhibited by P12. The Powered Flight Rendezvous
Radar Designate routine (R29) is enabled after the pitchover phase. R10 and R29
are terminated after the Average G is stopped.

For each burn a total allowable ignition delay time will be specified in the mission
rules. If engine restarts are involved, the accounting of the total time is an option of
the crew.

Either the Load DAP Data routine (RO3) or the Landing Confirmation program
(P68) has been performed prior to selection of this program.

The DAP will be energized whenever the PGNS Control mode and the Auto Attitude
or Attitude Hold Control mode have been selected. If this occurs prior to the PGNS
autocheck in this program, the attitude errors will be zeroed and the attitude dead-
band will be set to the value specified by P68 (5 degrees) or RO3 (astronaut
defined), whichever occurred most recently. Immediately prior to the PGNCS auto-
check, this program will set the attitude deadband to 1 degree.

The LGC and crew procedures in cases of LGC-assumed thrust failure are defined by
the DPS/APS Thrust Fail routine (R40) which is called at APS ignition by P12.

This program is selected by the astronaut at least 5 minutes before the estimated
time of ascent ignition (TIG(AS)).
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P12 (continued)

16. This program is selected by the astronaut by DSKY entry at least 5 minutes before
the estimated time of ascent ignition TIG(AS).

Selected Displays:

1. V06 N33
Time of ascent ignition 00XXX. h
000XX. min
OXX.XX's
2. V06 N76
Desired downrange velocity XXXX.X ft/s
Desired radial velocity XXXX.X ft/s
Crossrange distance XXXX. X nmi
3. V50 N25 (change guidance mode)
Checklist code 00203
4. V06 N74
Time from ascent ignition XX b XX min/s
Yaw after vehicle rise XXX.XX deg
Pitch after vehicle rise XXX.XX deg
5. V99 N74 (request engine on enable)
Display same as Item 4 above
6. V16 N63
Absolute value of velocity XXXX.X ft/s
Altitude rate XXXX.X ft/s (+ ascent)
Computed altitude XXXXX. ft
7. V16 N85
Components of VG (LM body axis) XXXX.X ft/s
8. V16 N77 (astronaut initiated)
Time to engine cutoff XX b XX min/s
LM velocity normal to CSM plane XXXX.X ft/s
9. V16 N56 (results from V85E)
RR LOS azimuth XXX.XX deg
RR LOS elevation XXX.XX deg
P20—RENDEZVOUS NAVIGATION PROGRAM
Purpose:

1. To control the LM attitude and the Rendezvous Radar (RR) to acquire and track
the CSM with the RR while the LM is in flight.

2. To update either the LM or CSM state vector (as specified by the astronaut by
DSKY entry) on the basis of RR tracking data or to track the CSM without updating
either vehicle state vector.

3. To point the LM optical beacon at the CSM.

Assumptions:

1. Normally the IMU would be on and the IMU Orientation Determination program
(P51) completed before using P20. A preferred orientation is not required for this
program because the Attitude Maneuver routine (R60) can always calculate a vehicle
orientation about the LM +2Z axis that can avoid gimbal lock for any IMU inertial
orientation.

The appropriate program alarm will be issued by P20 if the ISS is off or on and not
aligned since turn-on. If the 1SS has drifted from its initial alignment, the LGC may
or may not have a satisfactory inertial reference for satisfactory completion of the
program.
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The CSM is maintaining a preferred tracking attitude that correctly orients the CSM

radar transponder for RR tracking by the LM.

At the beginning of the program, the state vector update option is automatically set
to the LM. This option may be changed at any time later by one of the following
manual entries:

a. V80E—Update LM state vector,

b. V81E—Update CSM state vector,

c. V95E—No state vector update.

The Rendezvous Radar is on, and preliminary checkout has been completed.
The initialization of the W matrix is enabled by:

a. A manual DSKY entry (V93E),

b. Computer Fresh Start (V36E),

c. State vector update from the ground (P27) (Except for update of Landing Site
vector when the LM is on the lunar surface).

d. The powered ascent program (P12) invalidates the W-matrix used by P22 and
causes P20 to reinitialize the W-matrix when selected.

The RR tracking mark counter counts the number of RR marks processed by the
LGC. This counter is zeroed by:

a. Manual selection of P20/22 (V37E20/22E),

Completion of the Target Delta V program (P76),

Selection of a new program from a program which had turned on Average G.
Initialization of the W matrix.

Completion of RR search routine (R24) in P20.

® o000

The crew may manually adjust the LGC-stored values of RR shaft and trunnion bias
by a direct load of four registers. However, unless the RR has been jarred, the LGC
bias estimate should be more accurate than that from another source.

The selection and termination of P20, P22, and P25 are subject to special operating
procedures different from all other programs:

a. Selection

(1) By selection of P00, V56E, or by V34E.

(2) If any other program is running at the time of P20/22/25 selection the new
program will replace the old. This includes P20/22/25 selection whenever
either P20, 22, or 25 is running.

(3) If P20 or P25 is running, selection of any program other than POO or P22
will result in P20 or P25 continuing and the new program also operating with
its number in the DSKY program lights.

(4) If P20 or P25 is running, selection of POO or P22 will result in the
termination of the old program and operation of the new.

b. Termination
(1) By selection of POO, V56E, or by V34E.

(2) POO selection will terminate P20, 22, and 25 and any other program in
process, and establish POO.
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P20 (continued)

(3) VB6E selection will select the Terminate Tracking routine (R56) which will
terminate only P20 or P25 if either of these programs is running in
conjunction with another program. In all other cases R56 will select ROO.
V56E may be performed any time during P20, 22, or 25 operation.

(4) The LGC will act upon V34E only in response to a flashing verb-noun. If this
display was originated by P20, 22, or 25, V34E will result in an identical
LGC response to that of V56E; that is, selection of R56. If this display was
not originated by P20, 22, or 25 (such as P32, while running with P20), the
LGC will go to ROO; however, the program in the background will continue.
The new program selected follows the selection rules above.

9. The RR Manual Acquisition routine (R23) may be selected only if P20 is not
running in conjunction with another program.

10. When P20 is selected any time prior to the landing phase in the lunar mission, this
program must be operated in the no update mode to prevent modifying a precision
state vector for landing.

11. The RMS position and velocity errors computed from the W matrix are available by
Extended Verb (V67E). Based upon values in this display and the details of the
mission, the astronaut can elect to stop or continue the current navigation procedure
or to reinitialize the W matrix and continue navigating. The capability to reinitialize
the W matrix is also provided via V67E.

12. State vector integration may be permanently inhibited by V96E. This entry will
terminate all present programs and select the LGC Idling program (P0O) with the
POO automatic state vector integration permanently inhibited until selection of
another program. Use of V96 can cause incorrect W-matrix extrapolation since state
vector synchronization is not maintained.

Selected Displays:
1. V50 N25 (change RR mode)

Checklist code 00201
2. V06 NO5
Difference angle between RR LOS and XXX.XX deg
state vector
3. V06 N49
AR due to RR mark data incorporation XXXX.X nmi
AV due to RR mark data incorporation XXXX.X ft/s
Source code 0000X (1—RR range, 2—RR range rate,

3—RR shaft angle, 4—RR trunnion angle)
4. V50 N25 (manual RR acquisition of CSM)

Checklist code 00205
5. V16 N80
Data indicator (displays 11111 when search is XXXXX
successful, otherwise blank)
Angle between RR LOS and +Z axis XXX.XX deg
6. V50N18
Desired automaneuver FDAI ball angles R XXX.XX deg
P XXX.XX deg
Y XXX.XX deg
7. VO6N18
Final FDAI ball angles R XXX.XX deg

XXX.XX deg
XXX.XX deg

<
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8. V50 N72
RR Trunnion angle (360 degrees — CDU XXX.XX deg
trunnion angle)
RR shaft angle XXX. XX deg
9. V16 N45 (astronaut initiated)
Marks XXXXX. marks
Time from ignition of next burn XX b XX min/s
Middle gimbal angle XXX.XX deg
10. V06 N38 (astronaut initiated)
Time of state being integrated 00XXX. h
000X X. min
OXX.XX s
11. V06 N99 (results from V67E)
RMS in position XXX XX. ft
RMS in velocity XXXX.X ft/s
RMS in bias XXXXX. mrad

P21—GROUND TRACK DETERMINATION

Purpose:
1. To provide astronaut with details of his ground track.

Assumptions:

1. Vehicle whose ground track parameters are calculated remains in freefall from start
of program until T LAT/LONG.

2. Program may be selected while LM is either in earth or lunar orbit to define ground
track of either LM or CSM.

Selected Displays:

1. V04 NO6
Option code ID 00002
Option code 0000X (1—this vehicle,
2-other vehicle)
2. VO6 N34
Time of LAT/LONG 00XXX. h
000XX. min
OXX.XX's
3. V06 N43
Ground track latitude XXX.XX deg (+ north)
Ground track longitude XXX.XX deg (+ east)
Altitude above ground XXXX. X nmi
4. V06 N91 (astronaut initiated)
Altitude XXXXXb. nmi
Velocity XXXXX. ft/s
Flight path angle XXX.XX deg

P22—LUNAR SURFACE NAVIGATION PROGRAM

Purpose:

1. To control the Rendezvous Radar (RR) to acquire and track the CSM while the LM
is on the lunar surface.
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P22 (continued)

To update the CSM state vector on the basis of RR tracking data.
To track the CSM without updating either vehicle state vector.

Assumptions:

1.

Normally the IMU would be on and the Lunar Surface Alignment program (P57)
completed before using P22. The appropriate program alarm will be issued by P22 if
the ISS is off or on and not aligned since turn-on. If the ISS has drifted from its
initial alignment, the LGC may or may not have a satisfactory inertial reference for
satisfactory completion of the program.

The CSM may be above or below the horizon, outside the available RR coverage
sector, or outside the allowable RR coverage sector. -

The program will always track the CSM with the radar in Mode 2, whose available
coverage is always less than horizon to horizon.

The CSM is maintaining a preferred tracking attitude that correctly orients the CSM
transponder for RR tracking of the LM.

At the beginning of the program the state vector update option is automatically set
to the CSM, which may be inhibited at any time and later restored by the following
manual entries:

a. V81E — Update CSM state vector.
b. V95E — No state vector update.

The initialization of the W matrix is enabled by:
a. A manual DSKY entry (V98E).

b. Computer FRESH START (V36E).

c. State vector update from the ground (P27).

The RR tracking mark counter counts the number of RR marks processed by the
LGC. This counter is zeroed:

a. By manual selection of P20/P22 (V37E20/22E)

b. Completion of the Target Delta V program (P76).

c. Selection of a new program from a program which had turned on Average G.
d. Initialization of the W matrix (Assumption 6).

The RMS position and velocity errors computed from the W matrix are available by
Extended Verb (VG67E). Based upon values in this display and the details of the
mission, the astronaut can elect to stop or continue the current navigation procedure
or to reinitialize the W matrix and continue navigating. The capability to reinitialize
the W matrix is also provided via V67E.

The selection and termination of P20, P22, and P25 are subject to special operating
procedures different from all other programs:

a. Selection
(1) Always by V37E XXE.
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(2) If any other program is running at the time of P20/22/25 selection the new
program will replace the old. This includes P20/22/25 selection whenever
either P20, 22, or 25 is running.

(3) If P20 or P25 is running, selection of any program other than POO or P22
will result in P20 or P25 continuing and the new program also operating with
its number in the DSKY program lights.

(4) If P20 or P25 is running, selection of POO or P22 will result in the
termination of the old program and operation of the new.

Termination
(1) By selection of P00, V56E, or by V34E.

(2) POO selection will terminate P20, P22, and P25 and any other program in
process and establish POO.

(3) V56E selection will select the Terminate Tracking routine (R56) which will
terminate only P20 or P25 if either of these programs is running in
conjunction with another program. !n all other cases R56 will select ROO.
V56E may be performed any time during P20, 22, or 25 operation.

(4) The LGC will act upon V34E only in response to a flashing verb-noun. If this
display was originated by P20, 22, or 25, V34E will result in an identical
LGC response to that of V56E; that is, selection of R56.

If this display was not originated by P20, 22, or 25 (such as P32, while
running with P20) the LGC will go to ROO; however, the program in the
background will continue. The new program selected follows the selection
rules shown above.

State vector integration may be permanently inhibited by V96E. This entry
terminates all present programs and selects the LGC Idling program (P0O) with the
POO automatic state vector integration permanently inhibited until selection of
another program. Use of V96 can cause incorrect W-matrix initialization because
state vector synchronization is not maintained.

Selected Displays:

1.

6.

7.

V04 NO6
Option code ID 00012
Option code 0000X (1--no orbit change,
2—change orbit to pass over LM)
V06 N33
Time of ascent ignition 00XXX. h
000X X. min
OXX.XX's
V50 N25 (change RR mode)
Checklist code 00201
V06 NO5
Difference angle between RR LOS and state vector XXX.XX deg
V06 N49
AR due to RR mark data incorporation XXXX. X nmi
AV due to RR mark data incorporation XXXX.X ft/s
V16 N80
Data indicator (displays 11111 when search XXXXX
is successful otherwise blank)
Angle between RR LOS and +Z axis XXX.XX deg

V50 N25 (manual RR acqusition of CSM)

Checklist code 00205
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8. V16 N56 (results from V85E)
RR LOS azimuth XXX.XX deg
RR LOS elevation XXX.XX deg
9. V06 N38 (astronaut initiated)
Time of state vector being integrated 00XXX. h
000XX. min
OXX.XX's

10. V16 N45 (astronaut initiated)
Marks XXXXX. marks
Time from ignition of next burn XX b XX min/s
Middle gimbal angle XXX.XX deg

11. V06 N99 (results from V67E)
RMS in position XXXXX. ft
RMS in velocity XXXX.X ft/s
RMS in bias XXXXX. mrad

P25—PREFERRED TRACKING ATTITUDE PROGRAM
Purpose:
1. To compute the preferred tracking attitude of the LM which enables CSM tracking
of the beacon.
2. To perform the maneuver to the preferred tracking attitude.

Assumptions:

1.

During the Rendezvous Navigation program (P20) the LM attitude control is
intimately associated with the Rendezvous Radar (RR). Should RR malfunction
preclude correct operation of P20, this program (P25) should be selected to provide
a LM preferred tracking attitude.

The preferred tracking attitude is defined as follows:
a. The LM +Z axis is aligned along the LOS to the CSM.

b. The roll attitude (about LM +Z axis) is unconstrained and is defined as necessary
to avoid gimbal lock.

Normally the IMU would be on and the IMU Orientation Determination program
(P51) completed before using P25. A preferred orientation is not required for this
program because the Attitude Maneuver routine (R60) can always calculate a vehicle
orientation about the LM +Z axis that can avoid gimbal lock for any IMU inertial
orientation.

The appropriate program alarm will be issued by P25 if the ISS is off or on and not
aligned since turn-on. If the ISS has drifted from its initial alignment, the LGC may
or may not have a satisfactory inertial reference for satisfactory completion of the
program.

The LM tracking beacon field of view is a 30-degree half-angle cone with the cone
axis parallel to the LM +Z axis.

The selection and termination of P20, P22, and P25 are subject to special operating
procedures different from all other programs.

a. Selection
(1) Always by V37EXXE.
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(2) If any other program is running at the time of P20/22/25 selection the new
program will replace the old. This includes P20/22/25 selection whenever
either P20, 22, or 25 is running.

(3) If P20 or P25 is running, selection of any program other than POO or P22
will result in P20 or P25 continuing and the new program also operating with
its number in the DSKY program lights.

(4) If P20 or P25 is running, selection of POO or P22 will result in the
termination of the old program and operation of the new.

Termination
(1) By selection of POO, V56E, or by V34E.

(2) POO selection will terminate P20, 22, and 25 and any other program in
process and establish POO.

(3) V56E selection will select the Terminate Tracking routine (R56) which will
terminate only P20 or P25 if either of these programs is running in
conjunction with another program. In all other cases R56 will select POO.
V56E may be performed any time during P20, 22, or 25 operation.

(4) The LGC will act upon V34E only in response to a flashing verb-noun. If this
display was originated by P20, 22, or 25, V34E will result in an identical
LGC response to that of V56E; that is, selection of R56. If this display was
not originated by P20, 22, or 25 (such as P32, while running with P20) the
LGC will go to R0OO. However, the program in the background will continue.
The new program selected follows the selection rules above.

Selected Displays:

1. V50N18
Desired automaneuver FDAI ball angles R XXX.XX deg
P XXX.XX deg
Y XXX.XX deg

2. VO6N18
Final FDAI ball angles R XXX.XX deg
P XXX.XX deg
Y XXX.XX deg

P27—-LGC UPDATE
Purpose:

1.

To enter data into the LGC via the digital uplink or by crew input via the DSKY .

Assumptions:

1.
2.

LGC must be in operate condition; IMU may be in the standby or operate condition.

LGC updates are of four categories:

a.

b.

d.

Provide a decrement for the LGC clock and the orbital integration state vector
time tags, and an increment for TEPHEM (V70).

Provide load capability for a block of sequential erasable locations (1 through 18
whose addresses are specified) (V71).

Provide load capability for individually specified erasable locations (1 through 9)
(V72).

Provide an octal increment for the LGC clock only (V73).

The uplink may be blocked by placing the Voice/Off/Voice BU switch to Voice BU.

Update is allowed in the LM only when the LGC is in the LGC Idling program (P0O).
P27 exit is always to POO.

The program is manually selected by the astronaut by DSKY entry or by the ground
by uplink transmission.
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P30—EXTERNAL DELTA V PROGRAM

Purpose:

1.

To accept targeting parameters obtained from a source(s) external to the LGC and
compute therefrom the required velocity and other initial conditions required by the
LGC for execution of the desired maneuver. The targeting parameters inserted into
the LGC are the time of ignition (TIG) and the implusive Delta V along LM local
vertical axes at TIG.

To display to the astronaut and the ground certain specific dependent variables
associated with the desired maneuver for approval by the astronaut/ground.

Assumptions:

1.

2.

3.

5.

The target parameters (TIG and Delta V(LV)) may have been loaded from the
ground during a prior execution of P27.

The External Delta V flag is set during this program to designate to the thrusting
program that External Delta V steering is to be used.

The 1SS need not be on to complete this program unless the Rendezvous Radar is to
be used for automatic state vector updating by the Rendezvous Navigation program
(P20).

The Rendezvous Radar may or may not be used to update the LM or CSM state
vectors for this program. If radar use is desired, the ISS should be in operation and
the radar should have been turned on and locked on the CSM by previous selection
of P20. Radar sighting marks will be made automatically approximately once a
minute when enabled by the Track and Update flags.

This program is applicable in either earth or lunar orbit.

Selected Displays:

1. V06 N33
Time of ignition 00XXX. h
000X X. min
OXX.XX s
2. V06 N81
Components of AV (LV) XXXX.X ft/s
3. V06 N42
Apocenter altitude XXXX.X nmi
Pericenter altitude XXXX.X nmi
AV (required) XXXX.X ft/s
4. V16 N45
Marks XXXXX. marks
Time until next burn XX b XX min/s
Middle gimbal angle XXX.XX deg
P32—LM COELLIPTIC SEQUENCE INITIATION (CSI) PROGRAM
Purpose:

1. To calculate parameters associated with the following concentric flight plan
maneuvers: the Coelliptic Sequence Initiation (CSI) and the Constant Delta Altitude
maneuver (CDH), for Delta V burns.

2. To calculate these parameters based upon maneuver data approved and keyed into
the LGC by the astronaut.

3. To display to the astronaut and the ground dependent variables associated with the
concentric flight plan maneuvers for approval by the astronaut/ground.

4. To store the CSI target parameters for use by the desired thrusting program.
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P32 (continued)

Assumptions:

1.

2.

At a selected TPI time the line of sight between the LM and the CSM is selected to
be a prescribed angle (E) from the horizontal plane defined at the active position.

The time between CSI ignition and CDH ignition must be computed to be greater
than 10 minutes for successful completion of the program.

The time between CDH ignition and TPl ignition must be computed to be greater
than 10 minutes for successful completion of the program.

CDH Delta V is selected to minimize the variation of the altitude difference between
the orbits.

CSlI burn is defined such that the impulsive Delta V is in the LM horizontal plane at
CSlI ignition.

The pericenter altitude of the orbit following CSI and CDH must be greater than
35,000 ft (lunar orbit) or 85 nmi (earth orbit) for successful completion of this
program.

The CSI and CDH maneuvers are originally assumed to be parallel to the plane of the
CSM orbit. However crew modification of Delta V (LV) components may result in
an out-of-plane CS| maneuver.

The Rendezvous Radar' may or may not be used to update the LM or CSM state
vectors for this program. |f radar use is desired the radar was turned on and locked
on the CSM by previous selection of P20. Radar sighting marks will be made
automatically approximately once a minute when enabled. The rendezvous tracking
mark counter is zeroed by the selection of P20 and after each thrusting maneuver.

The ISS need not be on to complete this program unless the Rendezvous Radar is to
be used for automatic state vector updating by the Rendezvous Navigation program
(P20). P20 will define the status of the ISS.

Selected Displays:

1.

VO6 N11
Time of CSI ignition 00XXX. h
000X X. min
OXX.XX s

V06 N55

Number of apsidal crossings

Elevation angle

Central angle of passive vehicle
V06 N37

Time of TPI ignition

V06 N75

Delta altitude (CDH)

AT (CSI-CDH)

AT (CDH-TPI)
V06 N81

Components of AV (LV) for CSI
V06 N82

Components of AV (LV) for CDH
V16 N45

Marks

Time from CSI ignitiion

Middle gimbal angle

0000X. crossings
XXX.XX deg
XXX.XX deg

00XXX. h
000X X. min
OXX.XX s

XXXX.X nmi
XX b XX min/s
XX b XX min/s
XXXX.X ft/s
XXXX.X ft/s
XXXXX. marks

XX b XX min/s
XXX.XX deg
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P32 (continued)

8. V06 N16 (results from VOOE)

Time of event 00XXX. h
000X X. min
OXX.XX's
9. V06 N9O (results from V9OE)
Y XXX. XX nmi
YDOT XXXX.X ft/s
PSI XXX.XX deg

P33—LM CONSTANT DELTA ALTITUDE (CDH) PROGRAM

Purpose:

1.

2.

3.

To calculate parameters associated with the Constant Delta Altitude maneuver
(CDH), for Delta V burns.

To calculate these parameters based upon maneuver data approved and keyed into
the LGC by the astronaut.

To display to the astronaut and the ground dependent variables associated with the
CDH maneuver for approval by the astronaut/ground.

Assumptions:

1.

This program is based upon previous completion of the Coelliptic Sequence
Initiation (CS!) program (P32). Therefore:

a. At a selected TPI time (now in storage) the line of sight between the LM and the
CSM was selected to be a prescribed angle (E) (now in storage) from the
horizontal plane defined at the active position.

b. The time between CSI ignition and CDH ignition was computed to be greater
than 10 minutes.

c. The time between CDH ignition and TPI ignition was computed to be greater
than 10 minutes.

d. The variation of the altitude difference between the orbits was minimized.

e. CSI| burn was defined such that the impulsive Delta V was in the LM horizontal
plane at CSI ignition.

f. The pericenter altitudes of the orbits following CSI and CDH were computed to
be greater than 35,000 ft (lunar orbit) or 85 nmi for earth orbit.

g. The CSI and CDH maneuvers were assumed to be parallel to the plane of the
CSM orbit. However, crew modification of Delta V (LV) components may have
resulted in an out-of-plane CSI maneuver.

The Rendezvous Radar may or may not be used to update the LM or CSM state
vectors for this program. |f radar use was desired the radar was turned on and locked
on the CSM by previous selection of P20. Radar sighting marks will be made
automatically approximately once a minute when enabled. The rendezvous tracking
mark counter is zeroed by the selection of P20 and after each thrusting maneuver.

This ISS need not be on to complete this program unless automatic state vector
updating is desired by the Rendezvous Navigation program (P20). If selected, P20
will define the status of the ISS.

4. This program is selected by the astronaut by DSKY entry.

Selected Displays:

1.

V06 N13
Time of CDH ignition 00XXX. h
000X X. min
OXX.XX's
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P33 (continued)

2. V06 N75
Delta altitude (CDH) XXXX.X nmi
AT (CDH-TPI) XX b XX min/s
AT (TPI-NOMTPI) XX b XX min/s
3. V06 N81
Components of AV (LV) for CDH XXXX.X ft/s
4. V16 N45
Marks XXXXX.
Time from CDH ignition XX b XX min/s
Middle gimbal angle XXX.XX deg
5. V06 N16 (results from VIO0E)
Time of Event 00XXX. h
000XX. min
OXX.XX's
6. V06 N9O (results from V9OE)
Y XXX. XX nmi
YDOT XXXX.X ft/s
PSI XXX.XX deg

P34—LM TRANSFER PHASE INITIATION (TP!) PROGRAM

Purpose:

1. To calculate the required Delta V and other initial conditions required by the LGC
for LM execution of the transfer phase initiation (TP1) maneuver. Given:

a. Time of ignition (TIG(TPI)) or the elevation angle (E) of the LM/CSM LOS at
TIG(TPI).

b. Central angle of transfer (CENTANG) from TIG(TPIl, to intercept time
(TIG(TPF)).

To calculate TIG(TPI) given E or E given TIG(TPI)

3. To calculate these parameters based upon maneuver data approved and keyed into
the LGC by the astronaut.

4. To display to the astronaut and the ground certain dependent variables associated
with the maneuver for approval by the astronaut/ground.

Assumptions:

1. This program is based upon previous completion of the Constant Delta Altitude
(CDH) program (P33). Therefore:

a. At a selected TPI time (now in storage) the line of sight between the LM and the
CSM was selected to be a prescribed angle (E) (now in storage) from the
horizontal plane defined at the LM position.

b. The time between CDH ignition and TPI ignition was computed to be greater
than 10 minutes.

c. The variation of the altitude difference between the orbits was minimized.

The pericenter altitudes of the orbits following CSI and CDH were computed to
be greater than 35,000 ft (lunar orbit) or 85 nmi (earth orbit).

e. The CSI and CDH maneuvers were assumed to be parallel to the plane of the
CSM orbit. However, crew modification of Delta V (LV) components may have
resulted in an out-of-plane CDH maneuver.
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2. The Rendezvous Radar may or may not be used to update the LM or CSM state
vectors for this program. |f radar use is desired the radar was turned on and locked
on the CSM by previous selection of P20. Radar sighting marks will be made
automatically approximately once a minute when enabled. The rendezvous tracking
mark counter is zeroed by the selection of P20 and after each thrusting maneuver.

3. The ISS need not be on to complete this program unless automatic state vector
updating is desired by the Rendezvous Navigation program (P20). If selected, P20
will define the status of the ISS.

4. Once the parameters required for computation of the maneuver have been
completely specified, the value of the active vehicle central angle of transfer is
computed and stored. This number will be available for display to the astronaut
through the use of V06 N52.

The astronaut would call this display to verify that the central angle of transfer of
the active vehicle is not within 170 to 190 degrees. If the angle is within this zone
the atronaut should reassess the input targeting parameters based upon Delta V and
expected maneuver time.

5. This program is selected by the astronaut by DSKY entry.

Selected Displays:

1. V06 N37
Time of TPI ignition 00XXX. h
000X X. min
OXX.XX's
2. V06 N55
Integration constant N 0000X (00000—Kepler conic
integration with no target offset,
00001—Precision integration with
one target offset,
00002—Precision integration with
two target offsets.)
Elevation angle XXX.XX deg
Central angle of passive vehicle XXX.XX deg
3. V06 N58
Pericenter altitude XXXX. X nmi
Av (TP1) XXXX.X ft/s
Av (TPF) XXXX.X ft/s
4. V06 N81
Components of AV (LV) for TPI XXXX.X ft/s
5. V06 N59
Components of AV (LOS) XXXX.X ft/s
6. V16 N45
Marks (RR) XXXXX. marks
Time from TPI ignition XX b XX min/s
Middle gimbal angle XXX.XX deg
VOE N52 (astronaut initiated)
Central angle of active vehicle XXX.XX deg
V06 N16 (results from VOOE)
Time of event 00XXX. h
000XX. min

OXX.XX's
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9. V06 N9O (results from V90E)

Y XXX. XX nmi
YDOT XXXX.X ft/s
PSI XXX.XX deg

P35—LM TRANSFER PHASE MIDCOURSE (TPM) PROGRAM

Purpose:

1.

To calculate the required Delta V and other initial conditions required by the LGC
for LM execution of the next midcourse correction of the transfer phase of an active
LM rendezvous.

Assumptions:

1.

The ISS need not be on to complete this program unless automatic state vector
updating is desired by the Rendezvous Navigation program (P20). If selected, P20
will define the status of the ISS.

The Rendezvous Radar is on and is locked on the CSM. This was done during
previous selection of P20. Radar sighting marks will be made automatically
approximately once a minute when enabled. The rendezvous tracking mark counter
is zeroed by the selection of P20 and after each thrusting maneuver.

The time of intercept (T(INT)) was defined by previous completion of the Transfer
Phase Initiation (TPI) program (P34) and is presently available in LGC storage.

Once the parameters required for computation of the maneuver have been
completely specified, the value of the active vehicle central angle of transfer is
computed and stored. This number will be available for display to the astronaut
through the use of V06 N52.

The astronaut would call this display to verify that the central angle of transfer of
the active vehicle is not within 170 to 190 degrees. If the angle is within this zone
the astronaut should reassess the input targeting parameters based upon Delta V and
expected maneuver time.

The program is selected by the astronaut by DSKY entry prior to any anticipated
rendezvous midcourse correction.

Selected Displays:

1.

V06 N81

Components of Av (LV) XXXX.X ft/s
V06 N59

Components of AV (LOS) XXXX.X ft/s
V16 N45

Marks XXXXX. marks

Time from TPM ignition XX b XX min/s

Middle gimbal angle XXX.XX deg
V06 N52 (astronaut initiated)

Central angle of active vehicle XXX.XX deg

V06 N16 (results from V9O0E)

Time of event 00XXX. h
000X X. min
OXX.XX's
V06 N9O (results from V9OE)
Y XXX. XX nmi
YDOT XXXX.X ft/s

PSI XXX.XX deg
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P40—-DPS PROGRAM

Purpose:

1.

To compute a preferred IMU orientation and a vehicle attitude for an LM DPS
thrusting maneuver.

To maneuver the vehicle to the thrusting attitude.

To control the PGNCS during countdown, ignition, thrusting, and thrust
termination of a PGNCS controlled DPS maneuver.

Assumptions:

1.

2.

The target parameters have been calculated and stored in the LGC by prior
execution of a prethrusting program.

The required steering equations are identified by the prior prethrust program, which
either reset ("ASTEER"’) or set (External Delta V) the External Delta V flag. For
External Delta V steering, VG is calculated once for the specified time of ignition.
Thereafter both during DPS thrusting and until the crew notifies the LGC that RCS
trim thrusting has been completed, the LGC updates VG only as a result of
accelerometer inputs.

For steering control when using “ASTEER", the velocity required is calculated from
the most recent intercept trajectory semimajor axis. The Lambert routine
periodically recomputes the intercept trajectory semimajor axis for the “ASTEER"
calculations. The interval between Lambert solutions is controlled by an erasable
load value (UT).

The IMU is on and must be at a known orientation before this program may be
completed. It is normally required that the ISS be on for a minimum of 15 minutes
prior to a thrusting maneuver.

The event timer is set to count to zero at TIG.

Engine ignition may be slipped beyond the established TIG if desired by the crew, or
if state vector integration cannot be completed in time.

If a thrusting maneuer is performed with the Guidance Control switch in PGNS and
the Mode Control Switch in Auto, the PGNCS controls the total vehicle attitude and
generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The
crew may exercise control about only the yaw axis with the ACA (X-axis override)
provided the X-axis override capability is permitted (see Assumption 4).

If a thrusting maneuver is performed with the Guidance Control switch in PGNS and
the Mode Control switch in Attitude Hold, the PGNCS holds the vehicle attitude
and generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The
crew may exercise manual control about the vehicle axes with the ACA using either
the Rate Command or Minimum Impulse mode. However, it is strongly recom-
mended that powered flight not be attempted in the Minimum Impulse mode.

If Guidance Control switch is changed from PGNS to AGS during a thrusting
maneuver, the LGC continues computation of position, velocity, desired thrust
vector, and desired attitude errors.

The PGNS generates two types of errors for display on the FDAI as selected by the
astronaut.

a. Mode 1 — Selected by Verb 61. Autopilot following errors used as a monitor of
the DAP’s ability to track automatic steering commands.

b. Mode 2 — Selected by Verb 62. Total attitude errors used to assist the crew in
manually maneuvering the vehicle.
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P40 (continued)

The X-axis override option provides the crew with the ability to exercise manual
control about the LM X axis with the attitude controller even though the PGNCS
Attitude Control mode is Auto. When the controller is returned to detent the
PGNCS damps the yaw rate, stores the yaw attitude when the yaw rate is damped,
and then maintains that attitude.

The X-axis override option is always available to the crew. However, it should not be
exercised when the LGC is specifying a desired yaw attitude; that is, during the
attitude maneuver to the thrusting attitude.

When the thrust/translation controller is set to minimum thrust position and the
LGC throttle command is zero, the DPS will start at 10 percent thrust.

The Load DAP Data routine (R03) has been performed prior to selection of this
program and the DPS engine gimbal has been previously driven to the correct trim
position. If this burn is of sufficient duration that vehicle transients at ignition due
to CG/thrust do not affect accomplishment of maneuver aim conditions, then the
gimbal need not be driven to the trim position before TIG. Driving the gimbal to the
trim position in worst case conditions could required 2 minutes.

During DPS burns only, the pitch-roll RCS jet autopilot (U and V jets) may be

“disabled by (V65) or enabled by (V75). This capability is intended to be used to

prevent LM and descent stage thermal constraint violations during CSM-docked DPS
burns (P40). The capability exists during P63 and P70 also. Performance of FRESH
START (V36E) will always enable the capability in the autopilot.

For each burn a total allowable ignition delay time will be specified in the mission
rules. If engine restarts are involved, the accounting of the time is an option of the
crew.

The LGC and crew procedures in cases of LGC-assumed thrust failure are defined by
the DPS/APS Thrust Fail routine (R40) which is called by P40.

The LGC will neither designate nor read the Rendezvous Radar (RR) during this
program.

This program should be selected by the astronaut by DSKY entry at least 5 minutes
before the estimated time of ignition.

The Orbit Parameter Display routine (R30) may be called during this program by
keying in V82E.

The value of Delta V required will be stored in the local vertical coordinate system
and is available during this program by keying VO6 N81E.

Selected Displays:

1. V50 N25 (change guidance control mode)
Checklist code 00203
2. V50N18
Desired automaneuver FDAI ball angles R XXX.XX deg
P XXX.XX deg
Y XXX.XX deg
3. VO6N18
Final FDAI ball angles R  XXX.XX deg
P XXX.XX deg

Y XXX.XX deg
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4. V06 N4O
Time from DPS ignition/cutoff XX b XX min/s
Magnitude of velocity to be gained XXXX.X ft/s
AV (accumulated) XXXX.X ft/s
5. V99 N40 (request engine on enable)
Display same as Item 4 above
6. V16 N85
Components of VG (LM body axes) XXXX.X ft/s
7. V06 N81 (astronaut initiated)
Components of VG (LV) for thrusting maneuver XXXX.X ft/s
8. V06 N38 (astronaut initiated)
Time of state vector being integrated 00XXX. h
000XX. min
OXX.XX s
9. V04 N12 (results from V82E)
Option code 1D 00002
Option code 0000X (1—this vehicle,
2—other vehicle)
10. V16 N44 (results from V82E)
Apocenter altitude XXXX.X nmi
Pericenter altitude XXXX.X nmi
TFF XX b XX min/s
P41—-RCS PROGRAM
Purpose:
1. To compute a preferred IMU orientation and a vehicle attitude for an RCS thrusting
maneuver.
2. To perform the vehicle maneuver to the thrusting attitude.
3. To provide suitable displays for manual execution of the thrusting maneuver in the

Attitude Hold mode.

Assumptions:

1.

2.

3.

The target parameters have been calculated and stored in the LGC by prior
execution of a prethrusting program.

The required steering equations are identified by the prior prethrust program, which
either reset ("ASTEER") or set (External Delta V) the External Delta V flag. For
External Delta V steering, VG is calculated once for the specified time of ignition.
Thereafter until the crew notifies the LGC that RCS thrusting has been completed,
the LGC updates VG only as a result of accelerometer inputs.

For steering control when using “ASTEER", the velocity required is calculated from
the most recent intercept trajectory semimajor axis. The Lambert routine
periodically recomputes the intercept trajectory semimajor axis for the “ASTEER"
calculations. The interval between Lambert solutions is controlled by an erasable
load value (UT).

The IMU is on and must be at a known orientation before this program may be
completed. It is normally required that the 1SS be on for a minimum of 15 minutes
prior to a thrusting maneuver.

The event timer is set to count to zero at TIG.

RCS ignition may be slipped beyond the established T1G if desired by the crew, or if
state vector integration cannot be completed on time.
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If a thrusting maneuver is performed with the Guidance Control switch in PGNS and
the Mode Control switch in Attitude Hold, the PGNCS holds the vehicle attitude
and generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The
crew may exercise manual control about all vehicle axes with the ACA using either
the Rate Command or Minimum Impulse mode. However, it is strongly recom-
mended that powered flight not be attempted in the Minimum Impulse mode.

The PNGS generates two types of errors for display on the FDAI as selected by the
astronaut.

a. Mode 1 — Selected by Verb 61. Autopilot following errors used as a monitor of
the DAP’s ability to track automatic steering commands.

b. Mode 2 — Selected by Verb 62. Total attitude errors used to assist the crew in
manually maneuvering the vehicle.

The X-axis override option provides the crew with the ability to exercise manual
control about the LM X axis with the attitude controller even though the PGNS
Attitude Control mode is Auto. When the controller is returned to detent, the
PGNCS damps the yaw rate, stores the yaw attitude when the yaw rate is damped,
and then maintains that attitude.

The X-axis override option is always available to the crew. However, it should not be
exercised when the LGC is specifying a desired yaw attitude; that is, during the
attitude maneuver to the thrusting attitude.

The Load DAP Data routine (R03) has been'performed prior to selection of this
program.

The LGC will neither designate nor read the Rendezvous Radar (RR) during this
program.

This program should be selected by the astronaut by DSKY entry at least 5 minutes
before the estimated time of ignition.

The Orbit Parameter Display routine (R30) may be called during this program by
keying in V82E.

The value of Delta V required will be stored in the local vertical system and is
available in this program until Average G turns on by keying in VO6 N81E.

Selected Displays:

1.

V50 N18
Desired automaneuver FDAI ball angles R XXX.XX deg
P XXX.XX deg
Y  XXX.XX deg
V06 N18
Final FDAI ball angles R XXX.XX deg
P XXX.XX deg
Y XXX.XX deg
V16 N85
Components of VG (LM body axis) for thrusting XXXX.X ft/s
maneuver
V06 N81 (astronaut initiated)
Components of VG (LV) for thrusting maneuver XXXX.X ft/s
V06 N38 (astronaut initiated)
Time of state vector being integrated 00XXX. h
000X X. min
OXX.XX's
V04 N12 (results from V82E)
Option code ID 00002
Option code 0000X (1—this vehicle

2—other vehicle)
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7. V16 N44 (results from V82E)
Apocenter altitude XXXX. X nmi
Pericenter altitude XXXX. X nmi
TFF XX b XX min/s
P42—APS PROGRAM
Purpose:
1. To compute a preferred IMU orientation and a vehicle attitude for an LM APS

thrusting maneuver.
To maneuver the vehicle to the thrusting attitude.

To control the PGNCS during countdown, ignition, thrusting, and thrust
termination of a PGNCS-controlled APS maneuver.

Assumptions:

1.

The target parameters have been calculated and stored in the LGC by prior
execution of a prethrusting program.

The required steering equations are identified by the prior prethrust program, which
either reset ("ASTEER) or set (External Delta V) the External Delta V flag. For
external Delta V steering, VG is calculated once for the specified time of ignition.
Thereafter both during APS thrusting and until the crew notifies the LGC that RCS
trim thrusting has been completed, the LGC updates VG only as a result of
accelerometer inputs.

For steering control when using “ASTEER", the velocity required is calculated from
the most recent intercept trajectory semimajor axis. The Lambert routine
periodically recomputes the intercept trajectory semimajor axis for the “ASTEER"
calculations. The interval between Lambert solutions is controlled by an erasable
load value (UT).

The IMU is on and must be at a known orientation before this program may be
completed. It is normally required that the ISS be on for a minimum of 15 minutes
prior to a thrusting maneuver.

The event timer is set to count to zero at TIG.

Engine ignition may be slipped beyond the established TIG if desired by the crew or
if state vector integration cannot be completed in time.

If a thrusting maneuver is performed with the Guidance Control switch in PGNS and
the Mode Control switch in Auto, the PGNCS controls the total vehicle attitude and
generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The
crew may exercise control about only the yaw axis with the ACA (X-axis override)
provided the X-axis override capability is permitted.

If a thrusting maneuver is performed with the Guidance Control switch in PGNS and
the Mode Control switch in Attitude Hold, the PGNCS holds the vehicle attitude
and generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The
crew may exercise manual control about all vehicle axes with the ACA using either
the Rate Command or Minimum Impusle mode. However, it is strongly recom-
mended that powered flight not be attempted in the Minimum | mpulse mode.

The PGNS generates two types of errors for display on the FDAI as selected by the
astronaut:

a. Mode 1 — Selected by Verb 61. Autopilot following errors used as a monitor of
the DAP’s ability to track atuomatic steering commands.

b. Mode 2-—-Selected by Verb 62. Total attitude errors used to assist the crew in
manually maneuvering the vehicle.
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The X-axis override option provides the crew with the ability to exercise manual
control about the LM X axis with the attitude controller even though the PGNCS
Attitude Control mode is Auto. When the controller is returned to detent the
PGNCS damps the yaw rate, stores the yaw attitude when the yaw rate is damped,
and then maintains that attitude.

The X-axis override option is always available to the crew. However, it should not be
exercised when the LGC is specifying a desired yaw attitude; that is, during the
attitude maneuver to the thrusting attitude.

For each burn a total allowable ignition delay time will be specified in the mission
rules. If engine restarts are involved, the accounting of the total time is an option of
the crew.

The Load DAP Data routine (R0O3) may have been performed prior to selection of
this program.

The LGC and crew procedures in cases of L GC-assumed thrust failure are defined by
the DPS/APS Thrust Fail routine (R40), which is called at APS ignition by P42.

The LGC will neither designate nor read the Rendezvous Radar (RR) during the
program.

This program should be selected by the astronaut by DSKY entry at least 5 minutes
before the estimated time of ignition.

The Orbit Parameter Display routine (R30) may be called during this program by
keying in V82E.

The value of Delta V required will be stored in the local vertical system and is
available in this program until Average G turns on by keying V06 N38E.

Selected Displays:

1.

V50 N25 (change guidance control mode)

Checklist code 00203
V50 N18
Desired automaneuver FDAI ball angles R XXX.XX deg
P XXX.XX deg
Y  XXX.XX deg
V06 N18
Final FDAI ball angles R XXX.XX deg
P XXX.XX deg
Y  XXX.XX deg
V06 N40
Time from APS ignition/cutoff XX b XX min/s
Magnitude of velocity to be gained XXXX.X ft/s
AV (accumulated) XXXX.X ft/s

V99 N40 (request engine on enable)

Display same as Item 4 above
V16 N85

Components of VG (LM body axes) XXXX.X ft/s
V06 N81 (astronaut initiated)

Components of VG (LV) for thrusting maneuver XXXX.X ft/s
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8. V06 N38 (astronaut initiated)
Time of state vector being integrated 00XXX.h
000XX. min
OXX.XX's

9. V04 N12 (results from V82E)
Option code ID 00002

Option code 0000X (1—this vehicle,
2—other vehicle)

10. V16 N44 (results from V82E)

Apocenter altitude XXXX. X nmi
Pericenter altitude XXXX.X nmi
TFF XX b XX min/s

P47—-THRUST MONITOR PROGRAM

Purpose:
1. To monitor vehicle acceleration during a non PGNCS controlled thrusting maneuver.
2. To display Delta V applied to the vehicle by this thrusting maneuver.

Assumptions:

1. The IMU would normally be on and the IMU Orientation Determination program
(P51) completed before selection of this program.

2. The responsibility of avoiding gimbal lock during execution of this program is upon
the astronaut.

3. This program is normally used during the final phase of the rendezvous. If the crew
desires to do any final phase thrusting maneuvers automatically under PGNCS
control they must be accomplished via selection of the Transfer Phase Initiation
(TP1) program (P34) and then the DPS Thrusting program (P40).

4. Range, range rate, and theta may be displayed during this program by calling the
Rendezvous Parameter Display routine (R31).

5. This program should be turned on just prior to the planned thrusting maneuver and
terminated as soon as possible after the maneuver in order to keep errors associated
with Average G integration at a minimum.

6. The Orbit Parameter Display routine (R30) may be called during this program by
keying in V82E.

Selected Displays:

1. V16 N83

Components of AV (LM body axes) XXXX.X ft/s
2. V16 N54 (results from V83E) ‘

Range XXX. XX nmi

Range rate XXXX.X ft/s

Angle between LM +Z axis and local horizontal XXX.XX deg
3. V04 N12 (results from V82E)

Option code ID 00002

Option code

4. V16 N44 (results from V82E)

0000X (1—this vehicle,
2—other vehicle)

Apocenter attitude XXXX.X nmi
Pericenter attitude XXXX. X nmi
TFF XX b XX min/s



LM-62

P51—-IMU ORIENTATION DETERMINATION PROGRAM

Purpose:

1.

To determine the inertial orientation of the IMU using sightings on two celestial
bodies with the AOT or a backup optical system.

Assumptions:

1.
2.
3.

This program may only be performed while the LM is in flight.
The ISS must be turned on before this program can be completed.

There are no restraints upon the LM attitude control modes until a PGNCS

controlled maneuver is called by a program or the crew wishes to manually
maneuver the vehicle.

Time and RCS fuel may be saved, and subsequent IMU alignment decisions greatly
simplified, if this program is performed in such a way as to leave the IMU inertially
stabilized at an orientation as close as possible to the optimum orientation sequence
followed by future LGC programs.

Extended verbs should not be exercised during this program because of possible
interference with the AOT Mark routine (R53).

Selected Displays:

1.

2.

3.

V50 N25 (star acquisiton)

Checklist code 00015
V41 N22
CDU gimbal angles 0OG XXX.XX deg

IG  XXX.XX deg

MG XXX.XX ‘eg
VO1 N71 (after mark)

R1: ABCDE
AB-Blank

C—AOT Detent
0--COAS calibration (not allowed), 1—Front left,
2—Front center, 3—Front right, 4—Right rear,

5—Rear center, 6—-Rear left, 7—Backup optical system
DE—Celestial body code

00—Planet, 01/45—Star from star code list
46—Sun, 47—Earth, 50—Moon

V06 N87
Backup optics LOS azimuth XXX.XX deg
Backup otpics LOS elevation XXX.XX deg

V54 N71 (mark X or Y reticle)
Display same as item 3 above

V52 N71 (mark X reticle)
Display same as Item 3 above

V53 N71 (Mark Y reticle)

Display same as Item 3 above
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8. V06 NO5
Star angle difference XXX.XX deg
9. V06 N88
Components of celestial body % unit vector XXX XX
P52—IMU REALIGN PROGRAM
Purpose:

1. To align the IMU from a “known’’ orientation to one of four orientations selected
by the astronaut using sightings on two celestial bodies with the AOT or a backup
optical system.

a. Preferred Orientation (Option 0001). An optimum orientation for a previously
calculated maneuver. This orientation must be calculated and stored by a
previously selected program.

b. Landing Site Orientation (Option 0004)
Xgm = Unit (Rig)
Ysm = Unit (Zgpm x Xgm)
Zsm = Unit (Hcgm x Xgm)
where:
The origin is the center of the moon.

Ris = The position vector of the LM on the lunar surface at a landing site
and a time T(align) selected by the crew.

Hcsm = The angular momentum vector of the CSM (Rcgy x Veswm)-

A special case of the landing site orientation occurs when T (align) is defined
as the time of lunar landing T(land). This case occurs only if T(land) has
been defined by the MSFN, transmitted to the crew, and the crew has then
defined T(align) to be T(land) in this program.

c. Nominal Orientation (Option 00002)
Xsm = Unit (R)
YSM = Unit (V x R)
Zgm = Unit (Xgm x Ygwm)
where:

R = The geocentric (earth orbit) or selenocentric (lunar orbit) radius vector
at time T(align) selected by the astronaut.

V = The inertial velocity vector at time T(align) selected by the astronaut.
d. REFSMMAT (Option 00003)

Assumptions:
1. This program may only be performed while the LM is in flight.

2. The configuration may be docked (LM/CSM) or undocked (LM alone). The present
configuration should have been entered into the LGC by completion of the DAP
Data Load routine (R03).

3. There are no restraints upon the LM attitude control modes until a PGNCS
controlled maneuver is called by a program or the crew wishes to manually
maneuver the vehicle. The Guidance Control switch may be at PGNS or AGS and, if
at PGNS, the mode may be Auto or Attitude Hold. Prior to PGNCS controlled
maneuvers the LGC will request the correct mode if it is not in effect. For manually
controlled maneuvers the crew must select the correct modes.
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4. This program makes no provision for an attitude maneuver to return the vehicle to a
specific attitude. Such a maneuver, if desired, must be done manually. An option is
provided however to allow pointing of the AOT at astronaut or LGC selected stars
either manually by the crew or automatically by an LGC controlled attitude
maneuver.

5. The ISS is on and has been aligned to a “’known’’ orientation which is stored in the
LGC (REFSMMAT). The present IMU orientation differs from that to which it was
last aligned only due to gyro drift; that is, neither gimbal lock nor IMU power
interruption has occurred since the last alignment).

6. An option is provided to realign the IMU to the preferred, nominal, or landing site
orientations without making celestial body sightings.

7. Extended verbs should not be exercised during this program because of possible
interference with the AOT Mark routine (R53).

Selected Displays:

1. V04 NO6
Option code ID 00001
Option code 0000X (1—preferred, 2—nominal,
3—REFSMMAT, 4—landing site)
2. VO6 N34
Time of alignment 00XXX. h
000XX. min
OXX.XX's
3. V06 N89
Designated landing site latitude XX.XXX (+ north)
Desginated landing site longitude/2 XX. XXX (+ east)
Designated landing site altitude XXX. XX nmi
4. V06 N22
IMU gimbal angles at desired orientation 0OG XXX.XX deg

IG XXX.XX deg

MG XXX.XX deg
5. V50 N25 (coarse align)

Checklist code 00013
6. V16 N20
IMU gimbal angles 0OG XXX.XX deg

IG  XXX.XX deg
MG XXX.XX deg
7. V50 N25 (fine alignment)
Checklist code 00014

8. V50 N25 (star acquisition)
Checklist code 00015
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9. V01 N70 (before mark)

R1: ABCDE
AB—Blank

C—AOT Detent
0—COAS calibration, 1—Front left, 2—Front center,
3—Front right, 4—Right rear, 5—Rear center,
6—Left rear, 7—Backup optical system
DE—Celestial body code
00—Planet, 01/45—Star from star code list
46—Sun, 47—Earth, 50—Moon

10. V06 N87
Backup optics LOS azimuth XXX. XX deg
Backup optics LOS elevation XXX.XX deg

11. VO1 N71 (after mark)
Display same as Item 9 above
12. V54 N71 (Mark X or Y-reticle)
Display same as Item 9 above
13. V52 N71 (Mark X-reticle)
Display same as Item 9 above
14. V53 N71 (Mark Y-reticle)
Display same as Item 9 above

15. v06 NO5
Sighting angle difference XXX.XX deg
16. V06 N93
Gyro torque angles X XX.XXX deg
Y  XX.XXXdeg
Z XX.XXX deg
17. V06 N88
Components of celestial body % unit vector XXXXX
18. V50N18
Desired automaneuver FDAI ball angles R XXX.XX deg
P XXX.XX deg
Y XXX.XX deg
19. V06 N18
Final FDAI ball angles R XXX.XX deg
P XXX.XX deg
Y XXX.XX deg
P57—LUNAR SURFACE ALIGN PROGRAM
Purpose:

1. While on the surface of the moon to align or realign the IMU to one of three types
of orientations:

a. Landing Site Orientation Site (Option 4)
Xsm = Unit (Rg)
Ysm = Unit (Zgp x  Xgm)
Zsm = Unit (Hcgm x Xsm)
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where:

The origin is the center of the moon.

RLs = The position vector of the LM on the lunar surface at the most
recently designated landing site and a time T(align) selected by the crew.

Hcsm = The angular momentum vector of the CSM (Rcgm x Vesm)-
b. Preferred Orientation (Option 1)
An IMU orientation specified by the ground and loaded into the LGC by the

LGC Update program (P27). When such an orientation is loaded by the ground
the preferred orientation flag will be also set during P27.

c. REFSMMAT (Option 3).

Assumptions:

1.

10.

There are several methods available to the crew for completing an IMU alignment.
The resultant accuracy of the IMU to the specified desired orientation (that is, that
orientation defined by the final REFSMMAT) is dependent upon the mode of
alignment which the crew selects. This selection will be dictated by the
circumstances at the time of alignment.

The LM has landed on the lunar surface. The LM yaw angle with respect to the
inertial orientation of the IMU at landing was not constrained during landing.

All possible efforts have been made by the crew to assure that the LM will not shift
its position with respect to the lunar surface. No provision has been made to
incorporate in the LGC any measurement of LM settling on the lunar surface.
However, a shifting of the LM will result in a misaligned IMU only in the case where
an alignment is made from a stored LM attitude with respect to the lunar surface
(Option Codes 00000 and 00001) and the IMU is not subsequently aligned by
reference to celestial bodies and/or lunar gravity.

The ISS is on and may be:

a. At an inertial orientation “unknown’ to the LGC; that is, having been shut
down and restarted since landing without subsequent orientation determination.

b. At an inertial orientation “known’’ by the LGC; that is, neither gimbal lock nor
IMU power interruption has occurred since the last IMU alignment or
orientation determination. Therefore the present orientation differs from that
stored in REFSMMAT only due to gyro drift and/or the initial misalignment of
the IMU to the stored REFSMMAT.

Extended verbs should not be exercised during the Lunar Surface Sighting Mark
routine (R59) because of possible interference with the AOT Mark routine (R53).

No monitor or control of the Rendezvous Radar (RR) will be exercised by the LGC
during this program except as defined by the RR Monitor routine (R25).

The LM attitude with respect to the lunar surface is available in LGC storage; that is,
it will have been stored by the Landing Conformation program (P68). Once this
attitude has been stored it will be preserved by the LGC until it is replaced by a
more recent value.

This program is selected by the astronaut by DSKY entry. It will normally be
selected to perform an alignment of the IMU immediately after landing on the lunar
surface, prior to selection of the RR Lunar Surface Navigation program (P22), prior
to AGS initialization, and approximately 15 minutes prior to ascent. This program
may also be used to provide an IMU alignment in time-critical emergencies prior to
ascent.

The DAP should be off during gyro torquing by this program to preclude RCS jet
firings due to realignment of the IMU causing attitude errors exceeding the
maximum deadband.

A determination of the LM position vector while on the lunar surface (R g) can be
accomplished only in conjunction with IMU alignment mode option 2 (using AOT
sightings on two celestial bodies). It is valid only if the lunar gravity vector has been
previously defined during P57, using IMU alignment mode option 1 (using
REFSMMAT or stored LM attitude and determination of lunar gravity vector) or
option 3 (using single celetial body sighting and determination of lunar gravity
vector).
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Selected Displays:

1. V06 N34
GET(ALIGN)
2. V04 NO6

Assumed IMU option
LGC assumed IMU orientation

3. V05 NO6

Option code assumed alignment
technique

4. V06 NO4 (angle between present and stored gravity vector)

R1: Angle
5. VO1 N70 (before mark)
R1: ABCDE
AB—Blank
C—AOT Detent

0—COAS calibration (not allowed)

1—Front left

2—Front center

3—Front right

4—Right rear

5—Center rear

6—Left rear

7—Backup optical system

DE —Celestial body code

00—Planet
01/45—Star list
46—Sun
47—Earth
50—Moon

6. V06 N79
Cursor angle
Spiral angle
Position code
7. VO1N71
R1: ABCDE (see Item 5 above)
8. V06 N87 (LOS definition)
Azimuth
Elevation
9. V52 (Mark X)

00XXX. h
000X X. min
OXX.XX's

00010

0000X (1—preferred,
2—nominal (not valid),
3—REFSMMAT, 4—landing site)

R1: 00010

R2: 0000X (O—prestored attitude,
1—prestored attitude + g,

2—two celestial bodies,

3—one celestial body + g)

R3: 00CDO (C = 1—-REFSMMAT
defined, C = 0—REFSMMAT not
defined, D = 1—stored LM
attitude available,

D = 0—stored LM attitude not
available

XXX.XX deg

XXX.XX deg
XXX.XX deg
0000X

XXX.XX deg
XXX.XX deg
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10. V06 N88
Components of celestial body % unit vector XXXXX
11. V50 N25 (celestial body acquisition)
Checklist code 00015
12. V06 NO5
R1: Sighting angle difference XXX.XX deg
13. V06 N93
Gyro torque angles X XX.XXX deg
Y XX. XXX deg
z XX. XXX deg
14. V50 N25 (fine align)
Checklist code 00014
15. V06 N22
Desired ICDU angles 0OG XXX.XX deg
IG  XXX.XX deg
MG XXX.XX deg
16. V06 N89
Landing site latitude XX. XXX deg
Landing site longitude/2 XX. XXX deg
Landing site altitude XXX.XX nmi
P63—BRAKING PHASE PROGRAM
Purpose:

1. To calculate the required time of DPS ignition (TIG) and other initial conditions
required by the LGC for a PGNCS-controlled, DPS-executed, braking phase of the
powered landing maneuver.

2. To provide option to fine align the IMU to an existing REFSMMAT.

3. To align the LM to the thrusting ignition attitude.

4. To control the PGNCS during countdown, ignition, and thrusting of the powered
landing maneuver until HI gate.

5. To indicate to the crew that HI gate has been reached by automatic selection of the

Approach Phase program (P64).

Assumptions:

1.

The LM is on a descent coast orbit (Hohmann transfer) approaching the braking
ignition point which is nominally 50,000 feet above the lunar radius at the
designated landing site. The descent coast orbit is approximately coplanar with the
CSM orbital plane. If the designated landing site is not in the descent coast plane at
the nominal time of landing the plane change will be accomplished by the powered
landing maneuver (Braking program, P63, and Approach program, P64).

The CSM is in a near-circular orbit around the moon at a nominal altitude of 60
nautical miles. The CSM is maintaining a preferred tracking attitude for optical
tracking of the LM.

The IMU is on and aligned to a landing site orientation defined for the designated
landing site and the nominal time of landing (T (land)), but should be fine aligned to
this orientation as closely as possible prior to DPS ignition. The LM has not yet been
aligned to the correct attitude for ignition for the powered landing maneuver.
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The Landing Radar (LR) was energized, checked out, and made ready at LR
Position No. 1 prior to selection of this program. Radar data will not be
incorporated into the LM state vector until the astronaut sets the LR permit flag via
V57E indicating he is satisfied with the quality of the data. V58E will reset the LR
permit flag.

The LGC will neither designate nor read the Rendezvous Radar (RR) during this
program.

The _Landing Analog Displays routine (R10) is enabled at DPS ignition and is
terminated upon termination of Average G. The Powered Flight Designate routine
(R29) is not enabled during the lunar descent.

The entire powered landing maneuver (braking, approach, and landing) will be
accomplished using the DPS engine.

The aim conditions for braking phase are stored in the LGC.

The following parameters required by this program have been stored by the LGC
since LGC initialization by erasable load.

a. The LM and CSM state vectors. The LGC has updated these as required. No
further state vector updates from any external source other than the LR will be
accepted by this program.

b. The nominal landing time at the designated landing site T(land) and the position
RLS. Corrections to the landing site position R| g may be made by keying V21
through V25 N69 and entering the appropriate correction.

The DPS is not throttlable over the whole range (0 to maximum). It must be
operated either at maximum throttle or over a specific throttle range of lower
settings. These throttle settings are total throttle settings; that is, the sum of the
manual setting (whose minimum is about 10 percent) and the PGNCS commanded
setting.

This program assumes the Throttle Control switch to be in Auto (the DPS receives
the sum of the manual and PGNCS commanded settings) and the manual throttle to
be set at minimum for ZOOMTIME seconds of thrusting, and thereafter at a level
less than that required by the LGC. The value ZOOMTIME is in erasable storage,
having been loaded prior to launch or by P27.

Due to the region of forbidden throttling, thrust command logic in conjunction with
the interim terminal conditions assures that the commanded throttle remains at
maximum until the guidance equations first require it to be within the allowable
throttle range. Thereafter it should remain within the allowable throttle range.

Furthermore, the DPS must be started in the following sequence: (1) +X axis 2-jet
ullage for 7.5 seconds, (2) ignition at minimum throttle, (3) ullage off 0.5 seconds
after ignition, (4) ZOOMTIME seconds at minimum thrust, and (5) maximum
throttle. The throttle setting then becomes controlled by the guidance equations.

During the powered landing maneuver, the LGC will monitor the presence or
absence of the Auto Stabilization discrete. This discrete is issued to the LGC when
the Mode Control switch is in the Auto position.

The LGC will also monitor the presence or absence of the Auto Throttle discrete.

Thi§ .discrete is issued to the LGC when the Thrust Control switch is in the Auto
position.

Should either of these discretes be interrupted during the powered landing

maneuver, the LGC assumes that it no longer has complete automatic control of the
maneuver.

The monitor and the associated LGC logic is included in the Landing Auto Modes
Monitor routine (R13) which will be called by this program.
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The X-axis override option provides the crew with the ability to exercise manual
control about the LM X axis with the attitude controller even though the PGNCS
Mode Control switch is in Auto. When the controller is returned to detent the
PGNCS damps the yaw rate, stores the yaw attitude when the yaw is damped, and
then maintains that attitude.

The X-axis override option is available to the crew (until the estimated altitude is
below 30,000 feet); however, it should not be exercised when the LGC is specifying
a desired yaw attitude; that is, during the attitude maneuver to the thrusting
attitude. The option is inhibited by this program from midway in the program to the
end.

The LGC specifies LM attitude during the powered landing maneuver based upon
the requirements of thrust vector control, landing site visibility, and LR orientation.
After DPS ignition, thrust vector control is required through the remainder of this
program. The landing site becomes visible at the beginning of the approach phase.

Thrust vector control does not constrain the LM orientation about the thrust axis
(yaw attitude). Rotation about the LM Y and LM Z axes is used to point the
measured thrust vector along the desired thrust vector.

The first restraint upon the LM yaw attitude to occur is that of LR orientation. The
LGC will not attempt to use LR data until the LGC estimation of altitude is 50,000
feet. Automatic X-axis override lockout and yaw attitude specification by the LGC
will not occur until the LGC estimated altitude is 30,000 feet. Before this time, the
astronaut must maneuver to a roughly-window-up yaw orientation to prevent
subsequent loss of S-band lock-on. The LGC will then command the vehicle to the
LGC-specified yaw attitude.

Subsequent to X-axis override lockout, control of the vehicle about the LM X axis is
governed by LR orientation requirements during this program. The landing site
becomes visible to the command pilot if the ““look’* angle (the angle between the LM
-X axis and the LOS to the landing site) is greater than 25 degrees and the LOS is in
or near the LM X/Z plane.

At any time during P63 or P64, the magnitude of the look angle and the orientation
of the look angle plane (that plane containing the LOS and the LM X axis) are
defined by the inertial orientation of the LM X axis and the position of the LM with
respect to the landing site.

The crew has the capability to display LGC calculated values of forward velocity,
lateral velocity, altitude, and altitude rate on certain LM meters during this program.
The calculations of these parameters is under the control of the Landing Analog
Displays routine.

The crew can select a display of the LGC computed throttle setting by keying V16
N92.
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The Rate of Descent (ROD) mode is not enabled during this program.

16. An abort from the lunar descent may be required at any time during the descent

17.

18.

orbit injection, the descent coast, or the powered descent (P63), (P64), or (P66).

For aborts after DPS ignition for the powered landing maneuver, time is critical.
During this period an abort is nominally commanded by pushing one of two buttons
in the LM. The abort may be commanded to use the descent stage (Abort button) or
the ascent stage (Abort Stage button). If the descent stage is selected, and the DPS
propellant approaches exhaustion, control must be switched to the ascent stage by
the crew by ascent stage selection (Abort Stage button).

During the powered landing maneuver, the LGC will continuously monitor the
Abort and Abort Stage discretes, and upon receipt of either will terminate the
program in process and call the appropriate abort program (DPS Abort program
(P70) or APS Abort program (P71)). Both abort programs will guide the LM to an
acceptable orbit.

The monitor of the Abort and Abort Stage buttons is controlled by the Abort
Discretes Monitor routine (R11) which will be enabled by this program.

If a thrusting maneuver is performed with the Guidance Control switch in PGNS and
the Mode Control switch in Auto, the PGNCS controls the total vehicle attitude and
generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The
crew may exercise control about only the yaw axis with the ACA (X-axis overrride)
provided the X-axis override capability is permitted.

If a thrusting maneuver is performed with the Guidance Control switch in PNGS and
the Mode Control switch in Attitude Hold, the PGNCS holds the vehicle attitude
and generates either Mode 1 or Mode 2 attitude errors for display on the
FDAI. The crew may exercise manual control about all vehicle axes with the ACA
using either the Rate Command or Minimum Impulse mode. However, it is strongly
recommended that powered flight not be attempted in the Minimum Impulse mode.

During a thrusting maneuver in the PGNS/Attitude Hold mode the astronaut is
responsible for maintaining small enough attitude errors to achieve guidance
objectives.

Control of LM DPS, RCS, and APS is transferred from PGNCS to the Abort
Guidance System (AGS) by changing the Guidance Control switch from PGNS to
AGS.

The AGS will be capable of taking over control of the LM during any portion of the
lunar descent or ascent or during either of the abort programs (P70 or P71). The
AGS will guide the LM to a safe orbit.

The AGS may be initialized by the LGC at any time by manual selection of the AGS
Initialization routine (R47). However, it is not recommended that the AGS be
initialized during powered flight because DAP attitude control is interrupted during
the CDU zero part of the routine.

In the event that the Guidance Control switch is changed from PGNS to AGS during
a thrusting maneuver, the LGC will continue computation of position and velocity,
the desired thrust vector, and the desired attitude errors. However, the PGNCS will
not be responsible if register overflows occur within the LGC.

The PGNS generates two types of errors for display on the FDAI as selected by the
astronaut.

a. Mode 1—Selected by Verb 61. Autopilot following errors used as a monitor of
the DAP’s ability to track automatic steering commands.

b. Mode 2 — Selected by Verb 62. Total attitude errors used to assist the crew in
manually maneuvering the vehicle.

Display selection is always based upon the last entry made in the DSKY.
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The event timer was set prior to selection of this program to count to zero at T
BRAK based on a time from ignition provided by the ground.

The Load DAP Data routine (R0O3) has been performed prior to selection of this
program. At that time the DPS engine gimbal should have been driven to the correct
trim position.

During DPS burn only, the pitch-roll RCS jet autopilot (U and V jets) may be
disabled (V65E) or enabled (V75) by Extended Verb as shown. This capability is
intended to be used to prevent LM and descent stage thermal constraint violations
during CSM-docked DPS burns (P40). The capability exists during P70 also.
Performance of FRESH START (V36E) will always enable the pitch-roll jets.

LGC and crew procedures in cases of LGC-assumed thrust failure are defined by the
DPS/APS Thrust Fail routine (R40). This routine is enabled at DPS ignition by this
program.

This program is selected by the astronaut by DSKY entry. It should be selected at
least 20 minutes before the nonminal time of ignition for the powered landing
maneuver (T BRAK).

It is normally required that the ISS be on for a minimum of 15 minutes prior to a
thrusting maneuver.

Engine ignition may be slipped beyond the established TIG if desired by the crew or
if state vector integration cannot be completed in time.

Two alarm conditions may be originated by the PGNCS powered landing equations:

a. If subroutine ROOTSPRS in the RG/VG calculation fails to converge in 8 passes
the LGC will turn on the Program Alarm light, store Alarm Code 1406, and go
immediately to the final Automatic Request routine (R00). This alarm can occur
only in P63 or P64.

b. If an overflow occurs anywhere in the landing equations the LGC will turn on
the Program Alarm light, store Alarm Code 1410, stop all vehicle attitude rates,
and continue. This alarm can occur only in P63, P64, or P66.

This program allows manual control of LM attitude and the selection of P66.

During P63 (P64) the astronaut can display the PGNCS total guidance error on the
FDAI error needles (Attitude Monitor switch in PGNCS) by having keyed m_V62E
through the DSKY. He can then steer out the PGNCS P63 attitude errors with the
PGNCS manually (Guidance Control switch in PGNCS and the PGNCS Mode Con-
trol switch in Attitude Hold); or automatically (PGNCS Mode Control switch in
Auto); or with the AGS manually (Guidance Control switch in AGS and the AGS
Mode Control switch in Attitude Hold).

NOTE: If the astronaut hits the ROD (Rate of Descent) switch while the PGNCS
Mode Control switch is in Attitude Hold, the LGC will irrevocably transfer him out
of the automatic guidance program modes (P63 and P64) into the ROD
program (P66).

Selected Displays:

1. V06 N61
TG XX b XX min/s
TF GETI (DPS ignition) XX b XX min/s
Crossrange XXXX.X nmi
2. V06 N33 (astronuat initiated)
Time of PDI ignition 00XXX. h
000X X. min
OXX.XX s
3. V50 N25 (fine align)
Checklist code 00014
4. V50N18
Desired automaneuver FDAI ball angles R XXX.XX deg
XXX.XX deg

<

XXX.XX deg
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P63 (continued)

5. VO6N18
Final FDAI ball angles R XXX.XX deg
P XXX.XX deg
Y  XXX.XX deg
6. V06 N62
Absolute value of velocity XXXX.X ft/s
Time from ignition XX b XX min/s
V (measured) XXXX.X ft/s
7. V99 N62 (request engine on enable)
Same display as Item 15 above
8. V06 N63
Absolute value of velocity XXXX.X ft/s
Altitude rate XXXX.X ft/s (+ ascent)
Computed altitude XXXXX. ft
9. V50 N25 (reposition LR antenna)
Checklist code 00500
10. V50 N25 (change guidance mode)
Checklist code 00203
11. V06 N68 (astronaut initiated)
Slant range to landing site XXXX. X nmi
Time to go in braking phase XX b XX min/s
LR altitude - computed altitude XXXXX. ft
12. V16 N68 (astronaut initiated)
Display same as Item 11 above.
13. V21 N69 (astronaut initiated)
Landing site correction z XXXXX ft
Y  XXXXX ft
X XXXXX ft
14. V16 N92 (astronaut initiated)
Percent full thrust (10,500 Ib) 00XXX %
Altitude rate XXXXX. ft/s
Altitude XXXXX. ft
P64—APPROACH PHASE PROGRAM
Purpose:
1. To control the PGNCS during the thrusting of the powered landing maneuver
between HI gate and LO gate.
2. To control the DPS thrust and attitude between HI gate and LO gate.
To provide the crew with the capability of redesignating the landing site to which
the PGNCS is guiding the LM.
4. To select P65 automatically when TG is less than TENDAPPR (time to end of

approach phase).

Assumptions:

1.
2.

The LM is on the powered landing descent between HI gate and LO gate.

The CSM is in a near circular orbit around the moon at a nominal altitude of 60
nautical miles. The CSM is maintaining a preferred tracking attitude for optical
tracking of the LM.

The IMU is on and accurately aligned to a landing site orientation defined for the
designated landing site and the nominal time of landing (T(land)).
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P64 (continued)

The Landing Radar (LR) is on, checked out, and should have been providing to the
LGC velocity and range information with respect to the moon. This information
should have been incorporated into the LM state vector. The LGC/LR operation is
under the control of the Descent State Vector Update routine (R12) which is
already in process.

The LGC will neither designate nor read the Rendezvous Radar (RR) during this
program.

The entire powered landing maneuver (braking, approach, and landing) will be
accomplished using the DPS engine.

The aim conditions (LO gate) for the approach phase are stored in the LGC.

The LM state vector has been stored in the LGC since initialization py ERASABLE
register load. The LGC has updated this as required during thrusting. No furthgr
state vector updates from any source other than the LR will be accepted by this
program.

The DPS is not throttlable over the whole range from 0 to maximum. It must be
operated either at maximum throttle or over a specific throttle range of lower
settings. These throttle settings are total throttle settings; that is, the sum of the
manual setting (whose minimum is about 10 percent) and the PGNCS commanded
setting.

This program assumes the Throttle Control switch to be in Auto (the DPS receives
the sum of the manual and PGNCS commanded settings) and the manual throttle to
be set at a level less than that required by the LGC.

Nominally, if the Approach Phase program is completed without any redesgination
of the landing site (see Assumption 11), the throttle will remain within the allowable
throttle range throughout the phase. Excessive target redesignations during this
program, however, may result in required throttle excursions outside the allowable
range. In such cases the LGC will command maximum throttle for at least 2 seconds,
and until the required throttle setting returns to the permitted throttle region.

During the powered landing maneuver, the LGC will monitor the presence or
absence of the Auto Stabilization discrete. This discrete is issued to the LGC when
the Mode Control switch is in the Auto position.

The LGC will also monitor the presence or absence of the Auto Throttle discrete.
This discrete is issued to the LGC when the Thrust Control switch is in the Auto
position.

Should either of these discretes be interrupted during the powered landing
maneuver, the LGC assumes that it no longer has complete automatic control of the
maneuver.

The monitor and the associated LGC logic is included in the Landing Auto Modes
Monitor routine (R13) which is already in process.

The X-axis override option is not provided to the crew whenever the LGC estimated
altitude is below 30,000 feet.

During most of the approach phase, the LGC provides the crew with the option to
redesignate the landing site to which the PGNCS is guiding the LM. This option is
called the Landing Point Designator (LPD) mode. The PGNCS Mode Control switch
must be in Auto for the ACA to function as a landing site redesignator.

The landing point redesignation, if exercised, is based upon visual assessment of the
lunar terrain with respect to the presently designated landing site. During the LPD
mode the present landing site is displayed on the DSKY in terms of coordinates on
the LPD sighting grid on the left hand LM window (LPD angle). Landing site
redesignations are manually put into the computer via the attitude controller on an
incremental basis; that is, a limit switch actuation in the attitude controller causes
the LGC to redesignate the landing site as a fixed angular increment (% degree in
elevation, 2 degrees in azimuth) from the present LM/landing site LOS. The
applicable attitude controller polarities are:

a. -Pitch Rotation gives -LPD Elevation (new site beyond present site).

b. +Pitch Rotation gives +LPD Elevation (new site short of present site).
c. +Roll Rotation gives +LPD Azimuth (new site to right of present site).
d. -Roll Rotation gives -LPD Azimuth (new site to left of present site).
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P64 (continued)

The initial maneuver of the approach phase is the LM attitude transition from the
LM attitude at the start of P64 to a satisfactory attitude for landing site visibility.
After the completion of this maneuver the LM attitude is constrained by thrust
pointing requirements and is controlled about the thrust axis so as to maintain the
current landing site in the LM X-Z plane. The conditions achieved at the start of
P64 should be such that the thrust pointing requirements of the approach phase will
yield satisfactory visibility and radar orientations.

The landing site becomes visible to the command pilot if the “look’ angle (the angle
between the -X LM axis and the LOS to the landing site) is greater than 25 degrees
and the LOS is in or near the LM X-Z plane.

At any time during P63 or P64, the magnitude of the look angle and the orientation
of the look angle plane (that plane containing the LOS and the LM X axis) are
defined by the inertial orientation of the LM X axis and the position of the LM with
respect to the landing site.

The inertial orientation of the LM X axis is controlled by requirements of thrust
vector control. The orientation of the LM windows with respect to the look angle
plane is controlled by rotation of the vehicle about the LM X axis.

The crew has the capability to display LGC calculated values of forward velocity,
lateral velocity, altitude, and altitude rate on certain LM meters during this program.
The calculation of these parameters is under control of the Landing Analog Display
routine which is already in process.

The Rate of Descent (ROD) mode is not enabled during this program.

An abort from the lunar descent may be required at any time during the descent
orbit injection, the descent coast, or the powered descent (P63), (P64), or (P66).

For aborts after DPS ignition for the powered landing maneuver, time is critical.
During this period an abort is nominally commanded by pushing one of two
buttons in the LM. The abort may be commanded to use the descent stage (Abort
button) or the ascent stage (Abort Stage button). If the descent stage is selected, and
the DPS propellant approaches exhaustion, control must be switched to the ascent
stage by the crew by ascent stage selection (Abort Stage button).

During the powered landing maneuver the LGC will continuously monitor the Abort
and the Abort Stage discretes, and upon receipt of either will terminate the program
in process and call the appropriate abort program (DPS Abort program (P70) or APS
Abort program (P71)). Both abort programs will guide the LM to an acceptable
orbit.

Monitoring the Abort and Abort Stage buttons is controlled by the Abort Discretes
Monitor routine (R11) which is already in process.

If a thrusting maneuver is performed with the Guidance Control switch in PGNS and
the Mode Control switch in Auto, the PGNCS controls the total vehicle attitude and
generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The
crew may exercise control about only the yaw axis with the ACA (X-axis override)
provided the X-axis override capability is permitted.

If a thrusting maneuver is performed with the Guidance Control switch in PGNS and
the Mode Control switch in Attitude Hold, the PGNCS holds the vehicle attitude
and generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The
crew may exercise manual control about all vehicle axes with the ACA using either
the Rate Command or Minimum Impulse mode. However, it is strongly recom-
mended that powered flight not be attempted in the Minimum Impulse mode.

Control of the LM DPS, RCS, and APS is transferred from the PGNCS to the Abort
Guidance System (AGS) by placing the Guidance Control switch from PGNS to
AGS.

The AGS will be capable of taking over control of the LM during any portion of the
lunar descent or ascent or during either of the abort programs (P70 or P71). The
AGS will guide the LM to a safe orbit.



19.

20.

21.

22.

23.

24.

25.

LM-76

P64 (continued)

The AGS may be initialized by the LGC at any time during this program by manual
selection of the AGS Initialization routine (R47). However, it is not recommended
that the AGS be initialized during powered flight because DAP attitude control is
interrupted during the CDU zero part of the routine.

In the event that the Guidance Control switch is changed from PGNS to AGS during
a thrusting maneuver, the LGC will continue computation of position and velocity,
the desired thrust vector, and the desired attitude errors. However, the PGNCS will
not be responsible if register overflows occur within the LGC.

The PGNS generates two types of errors for display on the FDAI as selected by the
astronaut:

a. Mode 1—Selected by Verb 61. Autopilot following errors are used as a monitor
of the DAP’s ability to track automatic steering commands.

b. Mode 2—Selected by Verb 62. Total attitude errors used to assist the crew in
manually maneuvering the vehicle.

The Load DAP Data routine (RO3) has been performed prior to the start of the
powered landing maneuver and should not be required during this program.

LGC and crew procedures in cases of LGC-assumed thrust failure are defined by the
DPS/APS Thrust Fail routine (R40). This routine is in effect during this program,
having been enabled by P63.

This program is automatically selected by the Braking Phase program (P63) at the
completion of the P63 aim conditions.

Two alarm conditions may be originated by the PGNCS powered landing equations:

a. If Subroutine ROOTSPRS in the RG/VG calculation fails to converge in 7
passes the LGC will turn on the Program Alarm light, store Alarm Code 1406,
and go immediately to the Final Automatic Request routine (R00). This alarm
can occur only in P63 or P64.

b. If an overflow occurs anywhere in the landing equations the LGC will turn on
the Program Alarm light, store Alarm Code 1410, stop all vehicle attitude rates,
and continue. This alarm can occur only in P63, P64, or P66.

This program allows manual control of the LM attitude. If manual control is desired,
put the PGNCS Mode Control switch in Attitude Hold and use the ACA to control
the LM attitude.

If P66 is desired, click the ROD switch while the PGNCS Mode Control switch is in
Attitude Hold. The ACA does not redesignate the landing site while the Mode
Control switch is in Attitude Hold. To use the ACA to redesignate the landing site,
put the Mode Control in Auto and rotate the ACA in the desired direction.

NOTE: Landing Site Redesignation must be completed before P66 is selected
because P64 cannot be reentered once it has been exited.

The crew can select a display of the LGC computed throttle setting by keying V16
N92.

Selected Displays:

1.

2.

V06 N64
Time left for redesignations (TG)/LPD XX b XX s/deg
Altitude rate XXXX.X ft/s
Computed altitude XXXXX. ft
V16 N92 (astronaut initiated)
Percent full thrust (10,500 Ib) 00XXX %
Altitude rate XXXX.X ft/s
Altitude

XXXXX ft.
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P66—LANDING PHASE (ROD) PROGRAM

Purpose:

1. To modify the rate of descent of the LM (with respect to the lunar surface) in
response to astronaut originated inputs via the LM Rate of Descent (ROD) switch to
the LGC.

2. To modify the inertial attitude of the LM in response to astronaut originated inputs
via the attitude controller only if the Mode Control switch is in Attitude Hold.

3. To null the forward and lateral surface velocities of the LM when the Mode Control
switch is in Auto and still respond to the Rate of Descent (ROD) switch inputs.

4. To update the LM state vector with vehicle acceleration and Landing Radar (LR)

data.

Assumptions:

1
2.

3.

12.

The LM is in the late stages of landing, with a low inertial velocity.

The IMU is on and accurately aligned to a landing site orientation defined for the
designated landing site and the nominal time of landing (T(land)).

The Landing Radar (LR) is on, checked out, and providing to the LGC velocity and
range information with respect to the moon. This information has been incorporated
into the LM State Vector. The LGC/LR operation is under the control of the
Descent State Vector Update routine (R12) which is already in process.

The LGC will neither designate nor read the Rendezvous Radar during the program.

The entire powered landing maneuver (braking, approach, and landing) will be
accomplished using the DPS engine.

The LM State Vector has been stored in the LGC since initialization by erasable
register load. The LGC has updated this as required during thrusting. No further
state vector updates from any source other than the LR will be accepted by this
program.

The DPS is not throttlable over the whole range from O percent to maximum. It must
be operated either at maximum throttle or over a specific throttle range of lower
settings. These throttle settings are total throttle settings; that is, the sum of the
manual setting (whose minimum is 10 percent) and the PGNS commanded setting.

This program*assumes the Throttle Control switch to be in Auto (the DPS receives
the sum of the manual and PGNS commanded settings) and the manual throttle to
be set at a level less than that required by the LGC.

Nominally the throttle will remain within the allowable throttle range through this
program.

During the powered landing maneuver, the LGC will monitor the presence or
absence of the Auto Stabilization discrete. This discrete is issued to the LGC when
the Mode Control switch is in the Auto position.

In the Auto Stabilization mode, the PGNS will operate to null the forward and
lateral surface velocities by controlling the inertial attitude of the spacecraft.

In the Attitude Hold mode, the LGC will hold an inertial attitude. However, the
attitude may be changed by manual control via the attitude controller.

The LPD option is not provided to the crew during this program.

The crew can display LGC calculated value of forward velocity, lateral velocity
altitude, and altitude rate during this program. The calculation of these parameters is
under the control of the Landing Analog Displays routine (R10) which is already in
process.

During this program the LGC monitors the output of the Rate of Descent (ROD)
switch in the LM. This switch is operated by the astronaut in response to his
assessment of the present LM rate of descent based on out-of-window references and
LM/DSKY displays.

Switch operation is on an incremental basis: - (increase ROD) or + (decrease ROD).
Each command results in an LGC—commanded change of “ROD SCALE" in LM
rate of descent. (ROD SCALE is a value loaded into erasable storage prior to flight.
Presently 1 foot per second.)

An abort from the lunar descent may be required at any time during descent coast
or powered descent (P63, P64, or P66).
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P66 (continued)

For aborts after DPS ignition for the powered landing maneuver, time is critical.
During this period an abort is commanded by pushing one of two buttons in the LM.
The abort may be commanded to use the descent stage (Abort button) or the ascent
stage (Abort Stage button). If the descent stage is selected, and the DPS propellant
approaches exhaustion, control must be switched to the ascent stage by the crew by
ascent stage selection (Abort Stage button).

During the powered landing maneuver, the LGC will continuously monitor the
Abort and Abort Stage discretes, and upon receipt of either will terminate the
program in process and call the appropriate abort program (DPS Abort program
(P70) or APS Abort program (P71)). Both abort programs will guide the LM to an
acceptable orbit.

Monitoring the Abort and Abort Stage buttons is controlled by the Abort Discretes
Monitor routine (R11) which is already in process.

If a thrusting maneuver is performed with the Guidance Control switch in PGNS and
the Mode Control switch in Attitude Hold, the PGNCS will hold the vertical attitude
and will generate either Mode 1 or Mode 2 attitude errors for display on the FDAI.
The crew may exercise manual attitude control about all vehicle axes with the ACA
in either the Rate Command or Minimum Impulse mode. It is strongly recom-
mended that powered flight not be attempted in the Minimum Impulse mode.

The LGC is not permitted to compute body rates via V60 during this program. The
attitude will always be available for astronaut display so that they are aware of the
impending S/C motion when switching from Attitude Hold to Auto.

Control of the LM DPS, RCS, and APS is transferred from the PGNCS to the Abort
Guidance System (AGS) by placing the Guidance Control switch from PGNS to
AGS.

The AGS will be capable of taking over control of the LM during any portion of the
lunar descent or ascent or during either of the abort programs (P70 or P71). The
AGS will guide the LM to a safe orbit.

The AGS may be initialized by the LGC at any time by manual selection of the AGS
Initialization routine (R47). However, it is not recommended that the AGS be
initialized during powered flight because DAP attitude control is interrupted during
CDU Zero in that routine.

In the event the Guidance Control switch is changed from PGNS to AGS during a
thrusting maneuver, the LGC will continue computation of position and velocity,
the desired thrust vector, and the desired attitude errors; however, the PGNCS will
not be responsible if register overflows occur within the LGC.

The Load DAP Data routine (RO3) has been performed prior to the start of the
powered landing maneuver and should not be required during this program.

This program is automatically selected by the Landing Auto Modes Monitor routine
(R13) during the powered landing maneuver when:

a. The targeted conditions for P64 are met (either automatically or astronaut
flown).

b. When the Rate of Descent (ROD) switch is activated by the astronaut after P63
throttle up in Attitude Hold.

Once this program has been selected it is no longer possible to return to the
completely automatic powered landing programs (P63 or P64).

The crew has the capability to select a display of the LGC computed throttle setting
by keying V16 N92.

Selected Displays:

1.

2.

V06 N60
Forward velocity XXXX.X ft/s
Altitude rate XXXX.X ft/s
Computed altitude XXXXX ft
V16 N92 (astronaut initiated)
Percent full thrust (10,500 Ib) 00XXX%
Altitude rate XXXX.X ft/s

Computed rate XXXXX. ft
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P68—LANDING CONFIRMATION PROGRAM

Purpose:
1. To terminate landing program and DAP functions.
2. To initialize the LGC for lunar surface operation.

3. To permit the astronaut to prevent RCS jet firings on the lunar surface.

Assumptions:

1. This program is selected by the astronaut by DSKY entry. It is to be selected only
after the LM has landed on the lunar surface (Program P66).

2. V37EGSE selection of P68 will terminate Average G and command the engine off
(see ROO).

3. The selection of this program places the DAP in the Minimum Impulse mode. As
long as the astronaut keeps the mode control in Attitude Hold, RCS jet firings will
not occur, even while the platform is being torqued (in P57).

4. This program will not shut off the DAP. However, the attitude errors are zeroed and
the maximum deadband is set. No jet firings should result until one of the following
occurs in sufficient magnitude to cause the attitude errors to exceed the deadband:

a. The moon rotates,

b. The LM shifts on the lunar surface,

c. The IMU gyros are torqued for alignment by P57,

d. The IMU drifts.

The DAP may be shut off by setting the Mode-Control-PGNS switch to Off.

Selected Displays:

1. V06 N43
Latitude XXX.XX deg (+ north)
Longitude XXX.XX deg (+ east)
Altitude XXXX.X nmi

2. V16 N56 (results from V85E)
RR LOS Azimuth XXX.XX deg
RR LOS Elevation XXX.XX deg

P70—DPS ABORT PROGRAM
Purpose:

1. To control a PGNCS controlled DPS abort from the powered landing maneuver
(P63, P64, or P66) when required.

Assumptions:
1. This program will control a DPS abort in one of two ways:

a. If the altitude is greater than 25,000 feet, this program will command maximum
DPS throttle, continue DPS thrusting, perform an attitude maneuver (using the
RCS) to the correct attitude to continue the abort ascent, and complete the
abort ascent to insert the LM on an abort orbit.

b. If the altitude is less than 25,000 feet, this program will command maximum
DPS throttle and enter a vertical rise phase which will terminate either when the
LM altitude exceeds 25,000 feet or when both of the following conditions are
met: the LM Y axis is within 5 degrees of the desired pitchover axis and the LM
vertical velocity is greater than 40 ft/s.

During the vertical rise phase, the vehicle is maneuvered to align the LM +X axis
with the local vertical (using the RCS), and the LM +Y axis normal to the
anticipated pitch maneuvers plane. The program will then pitch the LM to the
correct attitude for ascent and complete the abort ascent to insert the LM on an
abort orbit.
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P70 (continued)

The LM is on the powered landing descent somewhere between DPS iginition for the
maneuver (P63) and DPS shutdown on the lunar surface (P66).

The CSM is in a near circular orbit around the moon at a nominal altitude of 60
nautical miles. The CSM is maintaining a preferred tracking attitude for optical
tracking of and RR tracking by the LM.

The IMU is on and accurately aligned to the landing orientation.

The Landing Radar (LR) is on and was checked out when in Position No. 1. The
LGC/)LR operation is under the control of the Descent State Vector Update routine
(R12).

The Rendezvous Radar (RR) was energized and checked out prior to selection of
this program.

The Landing Analog Displays routine (R10) is enabled upon entry to this program,
having been enabled by P63. R10 use of RR CDU’s is inhibited by this program.
R29 is enabled after completion of the vertical rise phase (if any). R10 and R29 are
terminated upon termination of Average G.

The DPS is not throttlable over the whole range from zero to maximum. It must be
operated either at maximum throttle or over a specific throttle range of lower
settings. These throttle settings are total throttle settings; that is, the sum of the
manual setting (whose minimum is 10 percent) and the PGNCS commanded setting.

This program assumes the Throttle Control switch to be in Auto (the DPS receives
the sum of the manual and PGNCS commanded settings) and the manual throttle to
be set at a level less than that required by the LGC. The LGC will command
maximum throttle for all DPS thrusting controlled by this program.

If a thrusting maneuver is performed with the Guidance Control switch in PGNS and
the Mode Control switch in Auto, the PGNCS controls the total vehicle attitude and
generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The
crew may exercise control about only the yaw axis with the ACA (X-axis override)
provided the X-axis override capability is permitted.

If a thrusting maneuver is performed with the Guidance Control switch in PGNS and
the Mode Control switch in Attitude Hold, the PGNCS holds the vehicle attitude
and generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The
crew may exercise manual control about all vehicle axes with the ACA using either
the Rate Command or Minimum Impulse mode. However, it is strongly recom-
mended that powered flight not be attempted in the Minimum Impulse mode.

Control of the LM DPS, RCS, and APS is transferred from the PGNCS to the Abort
Guidance System (AGS) by placing the Guidance Control switch from PGNS to
AGS.

The AGS will be capable of taking over control of the LM during any portion of the
lunar descent or ascent or during either of the abort programs (P70 or P71). The
AGS will guide the LM to a safe orbit.

The AGS may be initialized by the LGC at any time by manual selection of the AGS
Initialization routine (R47).

In the event that the Guidance Control switch is changed from PGNS te AGS during
a thrusting maneuver, the LGC will continue computation of position and velocity,
the desired thrust vector, and the desired attitude errors. However, the PGNCS will
not be responsible if register overflows occur within the LGC.

The PGNS generates two types of errors for display on the FDAI as selected by the
astronaut:

a. Mode 1—Selected by Verb 61. Autopilot following errors used as a monitor of
the DAP’s ability to track automatic steering commands.

b. Mode 2—Selected by Verb 62. Total attitude errors used to assist the crew in
manually maneuvering the vehicle.
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P70 (continued)

The Load DAP Data routine (R03) was completed prior to DPS ignition for the
powered landing maneuver and should not be selected during this program.

During DPS burns only, the Pitch-Roll RCS jet autopilot (U and V jets) may be
disabled (V65) or enabled (V75) by Extended Verb as shown. This capability is
intended to be used to prevent LM and descent stage thermal constraint violations
during CSM-docked DPS burns (P40). The capability exists during P63 also.
Performance of FRESH START (V36E) will always enable the capability of the
autopilot.

This program may be called in two ways:

a. Abort button—If the Abort button is used during the powered descent it will be
detected by the Abort Discretes Monitor routine (R11). R11 will then call this
program.

b. V37E 70E—This program may be called by the same procedure as other
programs are manually called.

The LGC will not automatically select the APS Abort program (P71) if DPS fuel
exhaustion occurs during execution of P70. The crew must anticipate DPS fuel
exhaustion and select P71 by the Abort Stage button or by V37E 71E.

Selected Displays:

1.

V16 N77 (astronaut initiated)

Time to engine cutoff XX b XX min/s
LM velocity normal to CSM plane XXXX.X ft/s
V16 N85 (astronaut initiated)
Components of velocity to be gained (body axis) XXXX.X ft/s
V50 N25 (change guidance control mode)
Checklist code 00203
V06 N63
Absolute value of velocity XXXX.X ft/s
Altitude rate XXXX.X ft/s (+ ascent)
Computed altitude XXXXX. ft
V06 N76 (astronaut initiated)
Downrange velocity XXXX.X ft/s
Radial velocity XXXX.X ft/s
Crossrange XXXX.X nmi
V16 N44 (results from V82E)
Apocenter altitude XXXX.X nmi
Pericenter altitude XXXX.X nmi

TFF XX b XX min/s
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P71—-APS ABORT PROGRAM

Purpose:

1. To control a PGNCS controlled APS abort from the powered landing maneuver
(P63, P64, or P66) or a DPS Abort (P70) when required.

Assumptions:
1. The program will control an APS abort in one of two ways:

a. If the altitude is greater than 25,000 feet this program will ignite the APS,
continue APS thrusting, perform an attitude maneuver (using the RCS) to the
correct attitude to continue the abort ascent, and complete the abort ascent to
insert the LM into an abort orbit.

b. If the altitude is less than 25,000 feet this program will ignite the APS, continue
APS thrusting, enter a vertical rise phase which will terminate either when the
LM altitude exceeds 25,000 feet or when both of the following conditions are
met: the LM Y axis is within 5 degrees of the desired pitchover axis and the LM
vertical velocity is greater than 40 ft/s.

During the vertical rise phase the vehicle is maneuvered to align the LM +X axis
with the local vertical {using the RCS) and the LM +Y axis normal to the
anticipated pitch maneuver plane. The program will then pitch the LM to the
correct attitude for ascent, and then complete the abort ascent to insert the LM
on an abort orbit.

2. This program does not check to see if the DPS has been staged. Thus if P71 is
selected via V37 and the descent stage has not been manually staged this program
may command engine on (Assumption 1.a or 1.b above). In such cases the command
will go to the DPS.

3. The CSM is in a near circular orbit around the moon at a nominal altitude of 60
nautical miles. The CSM is maintaining a perferred tracking attitude for optical
tracking of and RR tracking by the LM.

4. The IMU is on and accurately aligned to the landing site orientation.

5. The Landing Radar (LR) is on and was checked out when in Positior. No. 1. The
LGC/LR operation is under the control of the Descent State Vector Update routine
(R12).

6. The Rendezvous Radar (RR) was energized and checked out prior to selection of
this program.

7. The Landing Analog Displays routine (R10) is enabled upon entry to this program,
having been enabled by P63. R10 use of the RR CDU's is inhibited by this program.
R29 is enabled after completion of the vertical rise phase (if any). R10 and R29 are
terminated upon termination of Average G.

8. If a thrusting maneuver is performed with the Guidance Control switch in PGNS and
the Mode Control switch in Auto, the PGNCS controls the total vehicle attitude and
generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The
crew may exercise control about only the yaw axis with the ACA (X-axis override)
provided the X-axis override capability is permitted.

If a thrusting maneuver is performed with the Guidance Control switch in PGNS and
the Mode Control switch in Attitude Hold, the PGNCS holds the vehicle attitude
and generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The
crew may exercise manual control about all vehicle axes with the ACA using either
the Rate Command or Minimum Impulse mode. However, it is strongly recom-
mended that powered flight not be attempted in the Minimum Impulse mode.
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P71 (continued)

9. Control of the LM DPS, RCS, and APS is transferred from the PGNCS to the Abort
Guidance System (AGS) by placing the Guidance Control switch from PGNS to
AGS.

The AGS will be capable of taking over control of the LM during any portion of the
lunar descent or ascent or during either of the abort programs (P70 or P71). The
AGS will guide the LM to a safe orbit.

The AGS may be initialized by the LGC at any time by manual selection of the AGS
Initialization routine (R47).

In the event that the Guidance Control switch is changed from PGNS to AGS during
a thrusting maneuver, the LGC will continue computation of position and velocity,
the desired thrust vector, and the desired attitude errors. However, the PGNCS will
not be responsible if register overflows occur within the LGC.

10. The PGNS generates two types of errors for display on the FDAI as selected by the
astronaut.

a. Mode 1—Selected by Verb 61. Autopilot following errors used as a monitor of
the DAP’s ability to track automatic steering comands.

b. Mode 2—Selected by Verb 62. Total attitude errors used to assit the crew in
manually maneuvering the vehicle.

11. The Load DAP Data routine (R03) was completed prior to DPS ignition for the
powered landing maneuver and should not be selected during this program.
12. This program may be called in two ways:

a. Abort Stage button—If the Abort Stage button is used during the powered
descent or the DPS Abort program (P70), it will be detected by the Abort
Discretes Monitor routine (R11). R11 will then call this program.

b. V37E71E—This program may be called by the same procedure as other programs
are manually called.
Selected Displays:
1. V16 N77 (astronaut initiated)

Time to engine cutoff XX b XX min/s
LM velocity normal to CSM plane XXXX.X ft/s
2. V16 N85 (astronaut initiated)
Components of velocity to be gained (body axis) XXXX.X ft/s
3. V50 N25 (change guidance control mode)
Checklist code 00203
4. V06 N63
Absolute value of velocity XXXX.X ft/s
Altitude rate XXXX.X ft/s (+ ascent)
Computed altitude XXXXX. ft
5. V06 N76 (astronaut initiated)
Downrange velocity XXXX.X ft/s
Radial velocity XXXX.X ft/s
Crossrange XXXX.X nmi
6. V16 N44 (results from V82E)
Apocenter altitude XXXX. X nmi
Pericenter altitude XXXX. X nmi

TFF XX b XX min/s
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P72—CSM COELLIPTIC SEQUENCE INITIATION (CSI)
TARGETING PROGRAM

Purpose:

1.

To calculate parameters associated with the following concentric flight plan
maneuvers for CSM execution of the maneuvers under the control of the CMC: the
Coelliptic Sequence Initiation (CSI) and the Constant Delta Altitude maneuver
(CDH).

To calculate these parameters based upon maneuver data approved and keyed into
the LGC by the astronaut.

To display to the astronaut and the ground dependent variables associated with the
concentric flight plan maneuvers for approval by the astronaut/ground.

Assumptions:

1.

2.

10.

At a selected TPl time the line of sight between the CSM and the LM is selected to
be a prescribed angle (E) from the horizontal plane defined at the CSM position.

The time between CSI ignition and CDH ignition must be computed to be greater
than 10 minutes for successful completion of the program.

The time between CDH ignition and TPI ignition must be computed to be greater
than 10 minutes for successful completion of the program.

CDH Delta V is selected to minimize the variation of the altitude difference between
the orbits.

CSlI burn is defined such that the impulsive Delta V is in the CSM horizontal plane at
CSl ignition.

The pericenter altitude of the orbit following CSI and CDH must be greater than
35,000 feet (lunar orbit) or 85 nmi (earth orbit) for successful completion of this
program.

The CSI and CDH maneuvers are assumed to be parallel to the plane of the LM
orbit, however crew modification of Delta V(LV) components may result in an
out-of-plane CSI maneuver.

The Rendezvous Radar may or may not be used to update the LM or CSM vectors
for this program. If radar use is desired the radar was turned on and locked on the
CSM by previous selection of P20. Radar sighting marks will be made automatically
approximately once a minute when enabled. The rendezvous tracking mark counter
is zeroed by the selection of P20 and after each thrusting maneuver.

The ISS need not be on to complete this program unless automatic state vector
updating is desired by the Rendezvous Navigation program (P20). If selected, P20
will define the status of the ISS.

This program is selected by the astronaut by the DSKY entry.

Selected Displays:

1. VO6 N11
Time of ignition for CSI 00XXX. h
000X X. min
OXX.XX s
2. V06 N55
Number of apsidal crossings 0000X
Elevation angle at TPI XXX.XX deg
Central angle of passive vehicle XXX.XX deg
3. V06 N37
Time of TPI ignition 00XXX h
000X X min

OXX.XX s



P72 (continued)

XXXX.X nmi
XX b XX min/s
XX b XX min/s

XXXX.X ft/s

XXXX.X ft/s

XXXXX.
XX b XX min/s
XXX.XX deg

00XXX. h
000X X. min
OXX.XX's

XXX. XX nmi
XXXX.X ft/s
XXX.XX deg

P73—CSM CONSTANT DELTA ALTITUDE (CDH)

TARGETING PROGRAM

To calculate parameters associated with the concentric flight plan maneuvers with
the exception of Coelliptic Sequence Initiation (CSI) for CSM execution of the
maneuvers under control of the CMC. The concentric flight plan maneuvers are the
Coelliptic Sequence Initiation (CSI), the Constant Delta Altitude maneuver (CDH),
the Transfer Phase Initiation (TP1), and the Transfer Phase Final (TPF) or braking

To calculate these parameters based upon maneuver data approved and keyed into

4. V06 N75
Delta altitude
AT (CDH-CSI)
AT (TPI-CDH)
5. V06 N81
Components of AV (LV) for CSI
6. V06 N82
Components of AV (LV) for CDH
7. V16 N45
Marks
Time from CS| ignition
Middle gimbal angle
8. V06 N16 (results from VOOE)
Time of event
9. V06 N9O (results from V90E)
Y
YDOT
PSI
Purpose:
1.
maneuver.
2.
the LGC by the astronaut.
3.

To display to the astronaut and the ground dependent variables associated with the

concentric flight plan maneuvers for approval by the astronaut/ground.
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P73 (continued)

Assumptions:

1.

This program is based upon previous completion of the Coelliptic Sequence
Initiation (CSI) Targeting program (P72). Therefore:

a. At a selected TP| time the line of sight between the CSM and the LM was
selected to be a prescribed angle (E) from the horizontal plane defined at the
CSM position.

b. The time between CSI ignition and CDH ignition was computed to be greater
than 10 minutes.

c. The time between CDH ignition and TPl ignition was computed to be greater
than 10 minutes.

d. The variation of the altitude difference between the orbits was minimized.

CS| burn was defined such that the impulsive Delta V was in the CSM horizontal
plane at CSlI ignition.

f. The pericenter altitudes of the orbits following CSI and CDH were computed to
be greater than 35,000 feet (lunar orbit) or 85 nmi (earth orbit).

g. The CSI and CDH maneuvers were assumed to be parallel to the plane of the LM
orbit. However, crew modification of Delta V(LV) components may have
resulted in an out-of-plane CS| maneuver.

Unless the inputs to this program are changed from those values inserted in P72, the
calculated parameters for the remaining maneuvers of the concentric flight plan will
vary from those originally calculated and displayed only due to the continuous radar
updating of the LM or CSM orbit.

The Rendezvous Radar may or may not be used to update the LM or CSM state
vectors for this program. |f radar use is desired the radar should have been turned on
and locked on the CSM by previous selection of P20. Radar sighting marks will be
made automatically approximately once a minute when enabled. The rendezvous
tracking mark counter is zeroed by the selection of P20 and after each thrusting
maneuver.

The ISS need not be on to complete this program unless automatic state vector
updating is required by the Rendezvous Navigation program (P20). If selected, P20
will define the status of the ISS.

4. This program is selected by the astronaut by DSKY entry.

Selected Displays:

1. VO6N13
Time of ignition for CDH 00XXX. h
000XX. min
OXX.XX's
2. V06 N75
Delta altitude XXXX. X nmi
AT (TPI-CDH) XX b XX min/s
AT (TPI-NOMTPI) XX b XX min/s
3. V06 N81 )
Components of AV (LV) for CDH XXXX.X ft/s
4. V16 N45
Marks XXXXX.
Time from CDH ignition XX b XX min/s

Middle gimbal angle XXX.XX deg
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P73 (continued)

V06 N16 (results from VOOE)

Time of event 00XXX. h
000X X. min
OXX.XX s
6. V06 N9O (results from VOOE)
Y XXX.XX nmi
YDOT XXXX.X ft/s
PSI XXX.XX deg

P74—CSM TRANSFER PHASE INITIATION (TPI)
TARGETING PROGRAM

Purpose:

1.

To calculate the required Delta V and other initial conditions required by the CMC
for CSM execution of the Transfer Phase Initiation (TPl) maneuver. Given:

a. Time(: of)ignition (TIG(TPI)) or the elevation angle (E) of the CSM/LM LOS at
TIG(TPI).

b. Central angle of transfer (CENTANG) from TIG(TPI) to intercept time.

To calculate TIG(TPI) given E or E given TIG(TPI).

To calculate these parameters based upon maneuver data approved and keyed into
the LGC by the astronaut.

To display to the astronaut and the ground certain dependent variables associated
with the maneuver for approval by the astronaut/ground.

Assumptions:

1.

This program is based upon previous completion of the Constant Delta Altitude
(CDH) Targeting program (P73). Therefore:

a. At a selected TPI time (now in storage) the line of sight between the CSM and
the LM was selected to be a prescribed angle (E) (now in storage) from the
horizontal plane defined at the CSM position.

b. The time between CDH ignition and TPI ignition was computed to be greater
than 10 minutes.

c. The variation of the altitude difference between the orbits was minimized.

The pericenter altitudes of the orbits following CSI and CDH were computed to
be greater than 35,000 feet (lunar orbit) or 85 nmi (earth orbit).

e. The CSI and CDH maneuvers were assumed to be parallel to the plane of the LM
orbit. However, crew modification of Delta V(LV) components may have
resulted in an out-of-plane CDH maneuver.

Unless the inputs to this program are changed from those inserted in P72 and/or
P73, the calculated parameters for the remaining maneuvers of the concentric flight
plan will vary from those originally calculated and displayed only due to the
continuous radar updating of the LM or CSM orbit.

The Rendezvous Radar may or may not be used to update the LM or CSM state
vectors for this program. If radar use is desired the radar should be turned on and
locked on the CSM by previous selection of P20. Radar sighting marks will be made
automatically approximately once a minute when enabled. The rendezvous tracking
mark counter is zeroed by the selection of P20 and after each thrusting maneuver.

There is no requirement for ISS operation during this program unless automatic
state vector updating is desired by the Rendezvous Navigation program (P20). If
selected, P20 wiil define the status of the ISS.
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P74 (continued)

4. Once the parameters required for computation of the maneuver have been
completely specified, the value of the active vehicle central angle of transfer is
computed and stored. This number will be available for display to the astronaut
through the use of V06 N52.

The astronaut would call this display to verify that the central angle of transfer of
the active vehicle is not within 170 to 190 degrees. If the angle is within this zone,
the astronaut should reassess the input targeting parameters based upon Delta V and
expected maneuver time.

5. This program is selected by the astronaut by DSKY entry.

Selected Displays:

1. V06 N37
Time of ignition for TPI 00XXX. h
000X X. min
OXX.XX's
2. V06 N55
Integration constant 0000X (00000—Kepler conic
integration with no target offset)
00001 —Precision integration with
one target offset.
00002 —Precision integration with
two target offsets.)
Elevation angle XXX.XX deg
Central angle of passive vehicle XXX.XX deg
3. V06 N58
Perigee altitude (post TPI) XXXX.X nmi
AV for TPI XXXX.X ft/s
AV for TPF XXXX.X ft/s
4. V06 N81
Components of AV (LV) for TPI XXXX.X ft/s
5. V06 N59
Components of AV (LOS) for TPI XXXX.X ft/s
6. V16 N45
Marks (RR) XXXXX.
Time from TPI ignition XX b XX min/s
Middle gimbal angle XXX.XX deg
7. V06 N52 (astronaut initiated)
Central angle of active vehicle XXX.XX deg

8. V06 N16 (results from V90E)

Time of event 00XXX. h
000XX. min
OXX. XX s
9. V06 N9O (results from V9OE)
Y XXX. XX nmi
YDOT XXXX.X ft/s

PSI XXX.XX deg
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P75—CSM TRANSFER PHASE MIDCOURSE (TPM)
TARGETING PROGRAM

Purpose:

1.

To calculate the required Delta V and other initial conditions required by the CMC
for CSM execution of the next midcourse correction of the transfer phase of an
active CSM rendezvous.

Assumptions:

1.

There is no requirement for ISS operating during this program, unless automatic
state vector updating is desired by the Rendezvous Navigation program (P20). If
selected, P20 will define the status of the ISS.

The Rendezvous Radar is on and is locked on the CSM. This was done during
previous selection of P20. Radar sighting marks will be made automatically
approximately once a minute when enabled. The rendezvous tracking mark counter
is zeroed by the selection of P20 and after each thrusting maneuver.

The time of intercept (T(INT)) was defined by previous completion of the Transfer
Phase Initiation (TPI) Targeting program (P74) and is presently available in LGC
storage.

Once the parameters required for computation of the maneuver have been
completely specified, the value of the active vehicle central angle of transfer is
computed and stored. This number will be available for display to the astronaut
through the use of V06 N52.

The astronaut would call this display to verify that the central angle of transfer of
the active vehicle is not within 170 to 190 degrees. |f the angle is within this zone
the astronaut should reassess the input targeting parameters based upon Delta V and
expected maneuver time.

The program is selected by the astronaut by DSKY entry prior to any anticipated
CMC rendezvous midcourse correction requiring LM parameter computation.

Selected Displays:

1.

V06 N81
Components of AV (LV) for TPM XXXX.X ft/s
V06 N59
Components of AV (LOS) for TPM XXXX.X ft/s
V16 N45
Marks (RR) XXXXX.
Time of TPM ignition XX b XX min/s
Middle gimbal angle XXX. XX deg
V06 N52 (astronuat initiated)
Central angle of active vehicle XXX.XX deg
V06 N16 (results from VOOE)
Time of event 00XXX. h
000X X. min
OXX.XX's
V06 N9O (results from V9OE)
Y XXX. XX nmi
YDOT XXXX.X ft/s

PSI XXX.XX deg
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P76—TARGET DELTA V PROGRAM

Purposes:

1. To provide a means of notifying the LGC that the CSM has changed its orbital
parameters by the execution of a thrusting maneuver.

2. To provide to the LGC the Delta V applied to the CSM to enable an updating of the
CSM state vector.

Assumptions:

1. The LM crew has the Delta V to be applied to the CSM in local vertical axes at the
specified TIG. These values are displayed prior to TIG by the thrusting programs
(P40 and P41 in the CMC). No provision is made in these thrusting programs to
display the results of the maneuver in a form usable by this program.

2. If the Rendezvous Navigation program (P20) or the Lunar Surface Navigation
program (P22) is in process this program must be selected prior to the CSM thrusting
maneuver. This can be assured by voice communication between the LM and CSM.

3. This program is selected by the astronaut by DSKY entry.

Selected Displays:

1. VO6 N33
Time of ignition of other vehicle 00XXX. h
00XX. min
OXX.XX s

2. V06 N84

Components of AV (other vehicle) XXXX.X ft/s
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ASPO 45 CRT DISPLAYS

MSK—683 (CM)

MSK—966 (CM)
MSK-1123 (LM)
MSK-1137 (LM)
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LB-1

LAUNCH AND BURN SCHEDULE

STABLE MEMBER ORIENTATIONS
TRANSLUNAR INJECTION
MIDCOURSE CORRECTIONS
LUNAR ORBIT INSERTION
DESCENT ORBIT INSERTION
LM DESCENT AND LANDING
LM ASCENT AND RENDEZVOUS
TRANSEARTH INJECTION
MIDCOURSE CORRECTIONS
ENTRY



LB-2

PRELAUNCH IMU COMPENSATION

CM
GYRO DRIFTS PIPA
POSITION NBD ADIA ADSRA BIAS SCALE
(meru) (meru/g) (meru/g) (cm/s?) FACTOR
(ppm)
X
Y
Z
LM
GYRO DRIFTS PIPA
POSITION NBD ADIA ADSRA BIAS SCALE
(meru) (meru/g) (meru/g) (cm/s?) FACTOR
(ppm)
X
Y
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IMU COMPENSATION UPDATES

TIME OF UPDATE

SPACECRAFT POSITION GYRO PIPA GET

(CM or LM) NBD (meru) | BIAS (cm/s?)

h min s
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LB-7
BOOST MONITOR ERROR ANALYSIS

The equation for the time history of thrust applied to achieve earth orbital insertion
is

A7 (t) =Ay(t) -G
where

Ar(t) = measured acceleration
Ay(t) = vehicle acceleration

G

gravitational acceleration

Define an earth-centered inertial coordinate system such that the X, Y, Z axes are
coincident with the IMU X, Y, Z stable member axes, respectively. The radius vector,
R, is

R=X+Y+2Z
= =y =gV
IRl =R = (R2+¥2+72y) "}

Thus, vehicle acceleration and gravitational acceleration are

XV =X+Y+ Z

G--4 ¥

Propagation of errors to the thrust profile due to initial misalignments and inertial
instrument anomalies may be evaluated from the perturbation equation

A3=g—% AR

sT--p 2 ) oF
Aa:WAR_%‘“ia%(R‘a)'A'ﬁ
Aa=-u%§-+ 3#%‘%’%‘-Aﬁ
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Since 9R/6R = UR,
— AR R - =
AG = ‘M'F+3liﬁ (UR * AR)

AG =—pAR—I§+3-1% (R AR) R

The perturbation equations for measured acceleration and vehicle acceleration are
AAp = AAy - AG
AAy = AX+AY+AZ

Combine the last three equations and form the three component equations.

AAx =A'X+-I%3- AX-%%(T{-AE)X
AAy =AY+-I% AY—%‘% (R- AR) Y

AAy = AZ+E Az -2 (R. AR) 2z
Z R R5

The expression (R * Aﬁ) can be written as
(R* AR) = XAX+YAY+ ZAZ

The platform misalignments are represented by o, 3, and §, which are the small angle

misalignments about the X, Y, and Z axes, respectively. The acceleration error due
to this misalignment is

ex = 0Ay - BAy
€Y = -0 Ax+ aAZ
€7 = BAz- aly
where
Ax = X-axis sensed acceleration

Ay = Y-axis sensed acceleration

Ay = Z-axis sensed acceleration
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The gyro drift rate causes the platform to become misaligned with time,

6.X=d
6Y=3
5z=é

The complete set of error equations are obtained by adding in the misalignment error

and gyro drift rate error.

These three equations are

AAx = A32+-I‘;—3 AX - %‘% (X2AX + XYAY + XZAZ) + 0 Ay - Ay

AAy = A§+-R% AY -%% (XYAX + YEAY + YZAZ) - 0 Ax+ oAy

AAg = A'z'+-1';‘—3 AZ - %‘% (XZAX + YZAY + ZPAZ) - oAy + BAx

The following graphs illustrate how these errors propagate with time during boost.

Sensed Acceleration — Z Accelerometer (ft/s?)

Scnsed Acceleration — X Accelerometer (ft/s?)
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Sensed Acceleration — Y Accelerometer (ft/s?)
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BOOST MONITOR ERRORS
Uncompensated Z PIPA Bias (3 em/s?)
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Acceleration Error —X Stable Member (ft/s?)

Acceleration Error — Y Stable Member (ft/s?)
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P52—IMU REALIGN (CM)

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT, 4 — Landing Site

V51 Flashing — Please Mark

Xx|o|jo0|j0o}| O P52 Option X
+ |0 0 Hours +
+ |0 0|0 Minutes GET +
+ 10 Seconds +
Celestial
X|0o| O0]o0 Body Code 1 N71| X
Celestial
Xx|o0o| o0}]O Bod: de 2 N71| X
Star Angle
Difference (degrees) NOS
X N93
Gyro
Y Torquing
Angles
(degrees)
z

X Calculated
It Gyro

Drift
(meru)

X{ojo0jo0o}|oO P52 Option

+.0 V] Hours

+ 0 [N Minutes GET

+10 Seconds +

! Celestial

Body Code 1 NT1

Celestial
X| 0 0|o0 Body Code 2 N71 | X

H Star Angle

Difference (degrees) NO5

X N93

Gyro
Y Torquing

Angles
J (degrees)

Calculated
Y Gyro
Drift

z (meru)

NOTES:
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CSM IMU REALIGNMENT — P52

OPTION DESCRIPTION CALCULATION OF ORIENTATION
00001 PREFERRED Thrusting YSM
(PREFERRED) -
Urp =¥sm v
Py PREFERRED Xsm Y
Ry /[ REFSMMAT | =|vgy| = | Unit (Ugpx Rig)
Zsm (Thrusting) zgy| |unit (Bqpx (Gppx Ry
The PREFERRED option refers to one of two possibilities: where
a. The PREFERRED thrusting orientation which is calculated ETD is a unit vector in the desired thrust direction

and stored by P40 and P41,

b.  Any orlentation uplinked by MSFN via P27. Ry 18 the position vector of the vehicle at ignition
The CMC is unable to distinguish between a and b. Whenever a expressed in the basic reference system.
PREFERRED orlentation has been computed by P40 or P4l and
stored, or uplinked by MSFN via P27, the PREFERRED ATTITUDE
flag is set. This flag indicates to the CMC that a usable platform
orientation has been stored in the locations allotted to PREFERRED
ATTITUDE. The PREFERRED ATTITUDE flag being reset indicates
the information in the PREFERRED ATTITUDE locations is unusable.
This option is not used for gyro drift determinatio

expressed in the basic reference system.

00002 Nominal 3 VENTR
(NOMINAL) *em z .
NOMINAL XSM YSI! ; ZSM
rermamat| = | Yo | = [Unt Ventrx Renrm)
2 TR unit (-RgyR)
e Zem ENTR
- T where
Zem Bpyrr| e position and velocity vectors of vehicle
The CMC requests the g.e.t. for which the vehicle R and V are to VENTR at the time specified.
be selected to define the NOMINAL orientation. This option is not
used for gyro drift determination.
00003 This option is used for gyro drift determination. This option re- Xsm Currently maintained
(REFSMMAT) aligns the platform to the platform orlentation currently maintalned _ R
in the CMC. The actual platform orlentation differs from the CMC BEFSMMAT. | =Ygy = | CMC platlorm
maintained orientation due to gyro drift. zm orientation
00004 Landing Site -
v, P
(Landing Site) ENTR *gq] [Unit (Rrs)
Landing Site | _ 1z .3
ReFsmuMaT |~ |YoM| = [Zem* Xsm B
Zgym| |Untt [(REnTRX VENTRIX Xgyl
Zam where
The latitude, longitude/2, and altitude above the mean lunar radius "
of the landing site must be entered to determine Ry s. The g.e.t. R is the landing site position vector, defined by the
for which the CSM R and V are to be selected must also be entered. latitude, longitude, and altitude, specified in the
This option is not used for gyro drift determination. basic reference system.
RenTR are the CSM position and velocity vectors at the
VENTR time specified.

PROCEDURE FOR SPECIFYING OPTIONS

a. When P52 is entered, the CMC checks the PREFERRED ATTITUDE flag.
b. If the flag is set, the DSKY flashes Verb 04, Noun 06, R2 = 00001, indicating the PREFERRED option may be selected.
c. If the flag is not set, the DSKY flashes Verb 04, Noun 06, R2 = 00003, indicating the PREFERRED option may not be selected.

d. The desired option is loaded into R2 via Verb 22.
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IMU REALIGNMENT - P52

Z
*  Star 2
* Star 1
e 7
X X
X1 X3
Ui = | Yy Ysy Yy
7 Z
U] kar 2 JEar

Ugy and 952 are known unit vectors in ECI space of the stars and are stored
in the AGC.

XM Xom
Ugm = | Yim Usom = | Yam
Z1m Zom

SM SM

Ugyp and Uggpy are the measured unit vectors (optics mark) in stable member (SM)
space of the stars.

Usy Usim
[sa] = | UsixUsyp x Ug, | [ECT] [s8] = | Wsimx Usypp * Usim | [SM]
Ugy x Ugy Ysim * YUsam

[sa] = [4] [ec1] [55] = [8] [sm]
[5a] - [5]
(8] [ect] = [®][s]
[sm] =[] [a][Ec1]

[REFSMMAT] = [B]"1 [A]
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P47-THRUST MONITOR

V37 Enter, 47 Enter

V16 N83 Flashing, AV XYZ Body Axes

N62 Enter

V16 N62 Flashing, Inertial Velocity, Altitude Rate, Altitude

X TB 6p* (h:min:s) X
X 4 x X R x| x| x
Predictpd Spacecraft
x o B R E
X X % v (degrees) X " "
X | x| X BT  Duration of TLI (min:s) x| x| x
AVC'** (ft/s)
+ VIT (ft/s) +
X | x| X R SEP x| x| x

Predicted S/C IMU

Gimbal Angles at

X X X P SEP Completion of S-IVB X X X
Maneuver to CSM/SIV-B
Separation Attitude
X /X X Y SEP (degrees) X X X
X X X R X X X
Predicted S/C IMU
X X X P Gimbal Angles at X X X
Extraction
X X X Y X X X
X | N83
Y AV ft/s
z
vV ftls I N62
HDOT  ft/s
H nmi

*predicted Time of Beginning of S-IVB Restart Preparation for TLI (TB6 = TLI| Ignition - 9 minutes)
**Nominal TLI AV Set into EMS AV Control

TNominal Inertial Velocity Displayed on DSKY at TLI Cutoff




LB-16

P30-EXTERNAL AV

TLI+90
V37 Enter, 30 Enter
V06 N33 Flashing, Load Desired GETI
V06 N81 Flashing, Load Desired AV
Purpose
Prop/Guidance
+ Weight (Ib) N47|
o 0 PTrim N48|
0 o YTrim ioSames
+ 0 0 Hours LNSB
+ 0 0o ] Minutes GETI
+ o] Seconds
Avy T N8t
Avy Lv
Avy (ft/s)
X X X R
SEE P
X X X Y
<
+ Hapogee l Na4
Hperigee nmi
* AvT (fs)
X X X BT (min:s)
X Avc (f/s)
X X X X SXT Star
+ 0 | SFT (degrees)
% o o TRN (degrees)
X X X BSS (Coas Star)
X X SPA (Coas Pitch, deg)
X X X SXP (Coas X Pos, deg)
o LAT ] N61
LONG
* RTGO (nmi) EMS
+ VIO (ft/s)
IGET 0059
Hr:min:s
SET STARS
x| x| x RAlign
x | x| x PAlign
x| x| x YAlign
ULLAGE

NOTES:
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PRO/GUID

WT XXXXX (1bs)
P TRIM X.XX (DEG)
Y TRIM X.XX (DEG)
GETI XX:XX:XX
(HRS :MIN:SEC)

avx XXXX. X (fps;
avy XXXX.X (fps
avz XXXX.X (fps)
R XXX (DEG
P XXX (DEG
Y XXX (DEG)
Ha XXXX.X (nm)
HP XXXX.X (nm)
avT XXXX. X
BT X:XX (MIN:SEC)
ave XXXX.X (fps)
SXTS XX (OCTAL)
SFT XXX.X (DEG)
TRN XX.X (DEG)
BSS XXX (OCTAL)
SPA XX.X (DEG)
SXP X.X (DEG)
LAT XX. XX
LONG XXX. XX
RTGO XXXX. X
VIO XXXXXX (fps)
GET(.05G) XX:XX: XX
SET STARS

, Py Y
(ALIGN)
ULLAGE
HORIZON
WINDOW

PROPULSION SYSTEM (SPS/RCS)/
GUIDANCE (SCS/G&N)

PREMANEUVER VEHICLE WEIGHT

SPS PITCH GIM3AL OFFSET TO
PLACE THRUST

SPS YAW GIMBAL OFFSET TO
PLACE THRUST

TIME OF MNVR IGNITION

P30 VELOCITY TO BE GAINED
COMPONENTS IN LOCAL VERTICAL
COORDINATES

IMU GIMBAL ANGLES OF
MANEUVER ATTITUDE

PREDICTED APOGEE ALTITUDE
AFTER MANEUVER

PREDICTED PERIGEE ALTITUDE
AFTER MAHEUVER

TOTAL VELOCITY OF MANEUVER
MANEUVER DURATION

PREMANEUVER AV SETTING IN
EMS AV COUNTER

SEXTANT STAR FOR MANEUVER
ATTITUDE CK

SEXTANT SHAFT SETTING FOR
MANEUVER ATTITUDE CK

SEXTANT TRUNNION SETTING FOR
MANEUVER ATTITUDE CK

BORESIGHT STAR FOR MANEUVER
ATTITUDE CK USING THE COAS

BSS PITCH ANGLE ON COAS

BSS X POSITION ON COAS
LATITUDE AND LONGITUDE OF THE
LANDING POINT FOR ENTRY
GUIDANCE

RANGE TO GO FOR EMS
INITIALIZATION

INERTIAL VELOCITY AT .05G FOR
EMS INITIALIZATION

TIME OF .05G

STARS FOR TELESCOPE FOR
BACKUP GDC ALIGN

ATTITUDE TO BE SET IN
ATTITUDE SET TW FOR BACKUP
GDC ALIGN

NO. OF SM RCS JETS USED AND
LENGTH OF TIME OF USSAGE

WINDOW MARKING AT WHICH
HORIZON IS PLACED AT A
SPECIFIED TIG (ATT CK)
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P37 — RETURN TO EARTH

V37 Enter, 37 Enter
V06 N33 Flashing
Time of Ignition (h, min, 0.01's)
V06 N60 Flashing
Blank, AV Desired, GAMMA E| Desired (ft/s, 0.01 deg)
V06 N61 Flashing
Impact Latitude and Longitude (0.01 deg, 0.01 deg)
V06 N39 Flashing
AT of Transfer (h, min, 0.01 s)
V06 N60 Flashing
Blank, V Predicted GAMMA E| (ft/s, 0.01 deg)
V06 N81 Flashing
AVX (LV), AVY (LV), AVZ (LV) at TIG (0.1 ft/s)
V04 NO6 Flashing
R1: 00007
R2: 0000 X (1— SPS, 2—RCS)
V06 N33 Flashing
Time of Ignition (h, min, 0.01 s)
V16 N45 Flashing
Marks, TFI, Middle Gimbal Angle (marks, min/s, 0.01 deg)

4
p [Time of Ignition (h, min) N33

AV Required (ft/s) llG_O_

Longitude of Splash Point (deg)

:; Time of Entry Interface (h, min)
:' Time of Ignition (h, min) N33

£
~ N60

AV Required (ft/s)

Longitude of Splash Point (deg)

4 Time of Entry Interface (h, min)
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P47-THRUST MONITOR

V37 Enter, 47 Enter

V16 N83 Flashing, AV XYZ Body Axes

N62 Enter

V16 N62 Flashing, Inertial Velocity, Altitude Rate, Altitude

X TB 6p* (h:min:s) X

X X X R X X X
Predicted Spacecraft
IMU Gimbal Angles

x| x| X P atTLI Ignition x| x| X
d

X X X Y (degrees) X X X

X X X BT  Duration of TLI (min:s) X X X

AVC'** (ft/s)
+ VIT (ft/s) +
X X X R SEP X X X

Predicted S/C IMU
Gimbal Angles at

X X X P SEP Completion of S-IVB X X X
Maneuver to CSM/SIV-B
Separation Attitude
X /X X Y SEP (degrees) X X X
X X X R X X X
Predicted S/C IMU
X X X P Gimbal Angles at X X X
Extraction
X X X Y X X X
X l N83
Y AV ftis
z
Vv ft/s l N62
HDOT  ft/s
H nmi

*predicted Time of Beginning of S-1VB Restart Preparation for TLI (TB6 = TLI Ignition - 9 minutes)
**Nominal TLI AV Set into EMS AV Control

tNominal Inertial Velocity Displayed on DSKY at TLI Cutoff
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P52—IMU REALIGN (CM)

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT, 4 — Landing Site

V51 Flashing — Please Mark

X{ojJofo}|oO P52 Option X

+ |0 0 Hours +

+ |0 0|0 Minutes GET +

+(0 Seconds +

Celestial
X|0]|0f|oO Body Code 1 N71| X

x|o|olfo mZ N71| X

Star A

ngle
Difference (degrees) No5

X N93
Gyro

Y Torquing
Angles

(degrees)

X Calculated
Gyro

Drift
(meru)

X|ofojofoO P52 Option

+10 0 Hours

+({0}| 0|0 Minutes GET

+10 Seconds

Celestial
xlo|ofo Body Code 1 N7t

Celestial
xjojojo Body Code 2 e

Star Angle

Difference (degrees) No5

X N93

Gyro
Y Torquing

Angles
(degrees)

N

Calculated
Y Gyro
Drift

z (meru)

NOTES:
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P37 — RETURN TO EARTH

V37 Enter, 37 Enter
V06 N33 Flashing
Time of Ignition (h, min, 0.01 s)
V06 N60 Flashing
Blank, AV Desired, GAMMA E| Desired (ft/s, 0.01 deg)
V06 N61 Flashing
Impact Latitude and Longitude (0.01 deg, 0.01 deg)
V06 N39 Flashing
AT of Transfer (h, min, 0.01 s)
V06 N60 Flashing
Blank, V Predicted GAMMA E| (ft/s, 0.01 deg)
V06 N81 Flashing
AVX (LV), AVY (LV), AVZ (LV) at TIG (0.1 ft/s)
V04 NO6 Flashing
R1: 00007
R2: 0000 X (1- SPS, 2—RCS)
V06 N33 Flashing
Time of Ignition (h, min, 0.01 s)
V16 N45 Flashing
Marks, TFI, Middle Gimbal Angle (marks, min/s, 0.01 deg)

AV Required (ft/s)

: [Time of Ignition (h, min) LS :
AV Required (ft/s) l_@_
< Longitude of Splash Point (deg)
:t Time of Entry Interface (h, min) :
:' Time of Ignition (h, min) LR 1
N N60

Longitude of Splash Point (deg)

Time of Entry Interface (h, min)
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P23—-CISLUNAR MIDCOURSE NAVIGATION

V37 Enter, 23 Enter
VOS5 N70 Flashing

R1: 000X X  Celestial Body Code

R2: 00X00 0 — Horizon 1 — Earth Landmark 2 — Moon Landmark

R3: 00CDO C=0,D=0Landmark C-1 Earth Horizon C-2 Moon Horizon
V59 Flashing, Perform Optics Calibration D-1 Near Horizon D-2 Far Horizon

V51 Flashing - Please Mark
OPTICS CALIBRATION

+ 0 0 Hours + 0 0
+ o 1] 0 Minutes GET + 1] 0 (1]
+ V] Seconds + /]
X 0 0 0 Star ID N70 X 0 /] [+]
+ Trun Angle Bias N87 +
R2 4
+ Trun Angle Bias 237 +
+ Trun Angle Bias 227 +

MIDCOURSE NAVIGATION

+ 0 0 Hours + 0 0
+ 0 0 [} Minutes GET + 0 0
+ 0 Seconds * 0
X X R X X
IMU
x | x P Gimbal x | x
Angles

X X Y (degree) X | x
+ Pos Err (ft) IV67 +

W Matrix
+ Vel Err (ft/s) +
X 0 0 0 Star ID ] N70 X 0 0
X 0 o o 1] LMK ID X 1] (4]
X 0 0 1] Hor ID X o 0

Celestial I N88

Body

Vector
+ Trun Angle Degrees N92 | 4

R2
AR nmi N49
AV ft/s

NOTES:




P23 — ASTRONAUT LOCATOR CALIBRATION

LB-23

OUA BORESIGHT

(LLOS)

OUA STAR LOS ( TRUNNION)

ZSC' ZNB

£

HE

[

HEEEE

=
=

=| X
L .
8IS

APOLLO 8 LOVELL
APOLLO 10 YOUNG

APOLLO 11 COLLINS
APOLLO 12 GORDON
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P23—CISLUNAR MIDCOURSE NAVIGATION

V37 Enter, 23 Enter

VOB N70 Flashing

R1: 000X X  Celestial Body Code

R2: 00X00 O- Horizon 1 — Earth Landmark 2 — Moon Landmark

R3: 00CDO C=0,D=0Landmark C-1 Earth Horizon C-2 Moon Horizon
V59 Flashing, Perform Optics Calibration D-1 Near Horizon D-2 Far Horizon

V51 Flashing - Please Mark
OPTICS CALIBRATION

+ ] 0 Hours + o 0
+ 0 o 0o Minutes GET + 0 0 o
+ 0o Seconds + 0
X [ 0o 0 Star 1D N70 X 0 (] ]
+ Trun Angle Bias N87 +
R2 4
+ Trun Angle Bias 237 s
+ Trun Angle Bias 227 + 4

MIDCOURSE NAVIGATION

+ o 0 Hours + 0 0
+ L] 1] 0 Minutes GET + 0o [}
+ o Seconds + 0
X X R X X
IMU
x| x P Gimbal x | x
Angles

X X Y (degree) X X
+ Pos Err (ft) lvs7 +

W Matrix
+ Vel Err (ft/s) +
x|olo]o Star ID [ no| x [ o] o
X 1] 0 0o o LMK ID X 1] V]
X 1] 0 o Hor ID X 0 0

Celestial I N88

Body

Vector
+ Trun Angle Degrees :32 +

AR nmi N49

AV ft/s

NOTES:
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P23—-CISLUNAR MIDCOURSE NAVIGATION

V37 Enter, 23 Enter

VOS5 N70 Flashing

R1: 000X X  Celestial Body Code

R2: 00X00 O0-—Horizon 1 —Earthl k 2 — Moon L k

R3: 00CDO C=0,D=0Landmark C-1 Earth Horizon C-2 Moon Horizon
V59 Flashing, Perform Optics Calibration D-1 Near Horizon D-2 Far Horizon

V51 Flashing - Please Mark
OPTICS CALIBRATION

+ 0 0 Hours + o 0

+ [} ] 0o Minutes GET + 0 0 0
+ [} Seconds + 0

X 0 0 o Star 1D N70 X [} 0o 0
+ Trun Angle Bias ::287 + )

+ Trun Angle Bias 237 +

+ Trun Angle Bias :g., + )

MIDCOURSE NAVIGATION

+ o 0 Hours + 0 o
+ 0 0 o Minutes GET + 0o 0o
+ 0o Seconds + 0
X X R X X
IMU
x | x P Glmbal x | x
Angles.

X X Y (degree) X x
+ Pos Err (ft) I ver | +

W Matrix
+ Vel Err (ft/s) *
X 0 0 ] Star ID l N70 X 0 1]
X 0 0 (] 0 LMK ID X o 0
X 0 0 o Hor ID X 0 0

Celestial [ N88

Body

Vector
+ Trun Angle Degrees N92 | 4

R2
AR nmi N49
AV fi/s

NOTES:
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P30-EXTERNAL AV

MCC 1
V37 Enter, 30 Enter
V06 N33 Flashing, Load Desired GETI
V06 N81 Flashing, Load Desired AV
Purpose
Prop/Guidance
+ Weight (Ib) N47|
0 o PTrim N48
° 0 Yriim (degrees)
+ [} o Hours l N33
+ ) o ] Minutes GETI
¥ o Seconds
Avy I N81
Avy Lv
Avy (ft/s)
X X X R
ABE P
X X X Y
+ Hapogee N44
nmi
Hperigee
+ AvT (ft/s)
X X X BT (min:s)
x Avc (fi/s)
X X X X SXT Star
+ o SFT (degrees)
+ o 0 TRN (degrees)
X X X BSS (Coas Star)
X X SPA (Coss Pitch, deg)
X X X SXP (Coas X Pos, deg)
o LAT N61
LONG
+ RTGO (nmi) EMS
+ VIO (ft/s)
GET 0.05¢g l
Hr:min:s
SET STARS
x | x | x RAlign
x | x| x PAlign
x| x| x Y Align
ULLAGE

NOTES:



LB-27

P52—IMU REALIGN (CM)

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT, 4 — Landing Site

V51 Flashing — Please Mark

XxX|o|jofo]| o P52 Option X

+ |0 0 Hours +

+ |0 0|0 Minutes GET +

+ |0 Seconds +

Celestial
X|o|O0fO Body Code 1 N71| X

Celestial
X|o|ofoO Body Code 2 N71| X

Star Angle

Difference (degrees) NOS

X N93
Gyro

v Torquing
Angles

(degrees)

X Calculated
Gyro

Drift
(meru)

Xx|ojofoj| o P52 Option

+ |0 0 Hours

+|0 ofo Minutes GET

+10 Seconds +

Celestial
x|o 0]o Body Code 1 N71

Celestial
Xfojof|o Body Code 2 N71 | X

Star Angle

Difference (degrees) NO5

X N93

Gyro
Y Torquing
Angles

z (degrees)

Calculated
Y Gyro
Drift

z (meru)

NOTES:



LB-28

P40 — SPS THRUSTING CSM

V37 Enter, 40 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles
V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude
V50 N25 Flashing, R1 = 0 0 2 0 4, Gimbal Actuator Test Option

V06 N40, Time from Ignition, Velocity to be Gained, Measured Change
in Velocity

V99 N4O0 Flashing, Engine On Enable Request

V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change
in Velocity

V16 N40 Flashing, Final Values at Engine Cutoff
V16 N85 Flashing, Body Axes Residuals (to be Nulled)
V37 Flashing, V82 Enter

V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall
to 35 K ft Moon Orbit, 300 K ft Earth Orbit

P41 — RCS THRUSTING

V37 Enter, 41 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y, Angles
V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude
V06 N85, X, Y, Z Body Axes Velocity to be Gained

V16 N85 (Average G on at TIG -30) Velocity to be Gained

V16 N85 Flashing, Body Axes Residuals (to be Nulled)

TFF (min:s)

50-18 | Roll 50-‘8' Roll
Pitch  (deg) Pitch (deg)
Yaw Yaw
06-18 I Roll 06'8] Roll
Pitch  (deg) Pitch (deg)
Yaw Yaw
06-40 l TFI (min:s) 06-85 | X
VG (ft/s) Y VG (ft/s)
AVM (fi/s) z
06-40 l TFC (min:s) 16-85 | X
VG (ft/s) Y VG (ft/s)
AVM (ft/s) z
16-40 | TFC (min:s) 16-85[ X
VG (ft/s) Y Residuals
(ft/s)
AVM (ft/s) z
85 l X X
Y Residuals Y Trim
(ft/s) (ft/s)
z z
85 I x
Y TRIM
(ft/s)
z
44 l HA (nmi)
HP (nmi)




LB-29

P37 — RETURN TO EARTH

V37 Enter, 37 Enter
V06 N33 Flashing
Time of Ignition (h, min, 0.01 s)
V06 N60 Flashing
Blank, AV Desired, GAMMA E| Desired (ft/s, 0.01 deg)
V06 N61 Flashing
Impact Latitude and Longitude (0.01 deg, 0.01 deg)
V06 N39 Flashing
AT of Transfer (h, min, 0.01 s)
V06 N60 Flashing
Blank, V Predicted GAMMA E| (ft/s, 0.01 deg)
V06 N81 Flashing
AVX (LV), AVY (LV), AVZ (LV) at TIG (0.1 ft/s)
V04 NO6 Flashing
R1: 00007
R2: 0000 X (1— SPS, 2—RCS)
V06 N33 Flashing
Time of Ignition (h, min, 0.01 s)
V16 N45 Flashing
Marks, TF1, Middle Gimbal Angle (marks, min/s, 0.01 deg)

p [Time of Ignition (h, min) N33

AV Required (ft/s) | o |

4 Longitude of Splash Point (deg)

b [Time of Entry Interface (h, min)

b Time of Ignition (h, min) LN33

~
AV Required (ft/s) NOD

Longitude of Splash Point (deg)

[ 4 Time of Entry Interface (h, min)




V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001

LB-30

P52—IMU REALIGN (CM)

R2: 0000X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT, 4 — Landing Site

V51 Flashing — Please Mark

P52 Option X

Hours +

Minutes GET +

Seconds +

Celestial

Body Code 1 N71 | X

Celestial 2 N71 ] x

Star Angle

Difference (degrees) NO5

X N93
Gyro

Y Torquing

X Calculated
Gyro

Drift
Y (meru)

P52 Option

Hours

Minutes GET

Seconds

Celestial

Body Code 1 NT1

Celestial

Body Code 2 N71

Star Angle

Difference (degrees) | N5

X NO3

Gyro
Y Torquing
Angles

z (degrees)

Calculated
Y Gyro
Drift

z (meru)

NOTES:




LB-31

P30—EXTERNAL AV

mcC 2
V37 Enter, 30 Enter
V06 N33 Flashing, Load Desired GETI
V06 N81 Flashing, Load Desired AV
Purpose
Prop/Guidance
+ Weight (Ib) Na7|
o o PTrim N48
° ° Yrrim (degrees)
+ [} o Hours [ N33
+ o o [} Minutes  GETI
+ o Seconds
Avy l N8t
Avy Lv
Avz (ft/s)
X X X R
SEE p e
X X X Y
+ Hapogee N44
nmi
Hperigee
* AvT (fys)
X X X BT (min:s)
X Avc (fus)
X X X X SXT Star
+ o SFT (degrees)
+ 0 | 0 | TRN (degrees)
X X X BSS (Coas Star)
X X SPA (Coas Pitch, deg)
X X X SXP (Coas X Pos, deg)
o LAT N61
LONG
+ RTGO (nmi) EMS
+ VIO (ft/s)
GET005¢g I
Hr:min:s
SET STARS
x | x| x RAlign
x | x| x PAlign
x| x| x Y Align
ULLAGE

NOTES:



LB-32

P40 -- SPS THRUSTING CSM

V37 Enter, 40 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles

V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude

V50 N26 Flashing, R1 =00 2 0 4, Gimbal Actuator Test Option

V06 N40, Time from Ignition, Velocity to be Gained, Measured Change
in Velocity

V99 N40 Flashing, Engine On Enable Request

V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change
in Velocity

V16 N4O Flashing, Final Values at Engine Cutoff

V16 N85 Flashing, Body Axes Residuals (to be Nulled)

V37 Flashing, V82 Enter

V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall
to 35 K ft Moon Orbit, 300 K ft Earth Orbit

P41 - RCS THRUSTING

V37 Enter, 41 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y, Angles
V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude
V06 N85, X, Y, Z Body Axes Velocity to be Gained

V16 N85 (Average G on at TIG -30) Velocity to be Gained

V16 N85 Flashing, Body Axes Residuals (to be Nulled)

44 I HA (nmi)

HP (nmi)

T‘FF (min:s)

50-18 I Roll 50»18| Roll
Pitch (deg) Pitch {deg)
Yaw Yaw
06-18 l Roll 06-18[ Roll
Pitch  (deg) Pitch (deg)
Yaw Yaw
06-40 I TF1 (min.s) 06-85 [ X
VG (ft/s) Y VG (ft/s)
AVM (ft/s) r4
06-40 ' TEC (minis) 16-35] x
VG (ft/s) Y VG (ft/s)
AVM (fi/s) z
16-40 l TFC (min:s) 16-85 I X
VG (ft/s) Y Residuals
(ft/s)
AVM (ft/s) z
85 l X X
Y (R’:r/sslfunls Y '(r‘rtllr:;
z r4
85 | X
Y TRIM
(ft/s)
z




LB-33

P23—CISLUNAR MIDCOURSE NAVIGATION

V37 Enter, 23 Enter
VOB N70 Flashing

R1: 000X X  Celestial Body Code

R2: 00X00 0-— Horizon 1 — Earth Landmark 2 — Moon Landmark

R3: 00CDO C=0,D=0Landmark C-1 Earth Horizon C-2 Moon Horizon
V59 Flashing, Perform Optics Calibration D-1 Near Horizon D-2 Far Horizon

V51 Flashing - Please Mark
OPTICS CALIBRATION

+ [} [ Hours + [} (1]
+ 0 0o 0o Minutes GET + 0 0 [
+ [} . Seconds + V]
X 0 0 0 Star 1D N70 X 0 o [}
+ Trun Angle Bias N87 +
R2 4
+ Trun Angle Bias 237 +
+ Trun Angle Bias 237 +

MIDCOURSE NAVIGATION

+ [} 0 Hours + 0 1}
+ 0 0 0 Minutes GET + 0 [}
+ 0 Seconds + 0o
X X R X X
IMU
x | x P Sifmtal x | x
Angles

x X v (degree) % X
+ Pos Err (ft) I ve7 +

W Matrix
+ Vel Err (ft/s) +
X 0 (1} 0o Star ID l N70 X 0 4]
X 1] L] 0 0 LMK ID X 0 0
X 0 0 0 Hor ID X 0 0

Celestial l N88

Body

Vector
+ Trun Angle Degrees NO2 | 4

R2
AR nmi N49
AV ft/s

NOTES:




V37 Enter, 23 Enter

LB-34

P23—-CISLUNAR MIDCOURSE NAVIGATION

VOS5 N70 Flashing

R1: 000X X  Celestial Body Code

R2: 00X00 O0— Horizon 1 — Earth Landmark 2 — Moon Landmark

R3: 00CDO C=0,D=0Landmark C-1 Earth Horizon C-2 Moon Horizon
V59 Flashing, Perform Optics Calibration D-1 Near Horizon D-2 Far Horizon

V51 Flashing - Please Mark

OPTICS CALIBRATION

+ 0 0 Hours + [} 1]
+ 0 0 Minutes GET + 0 0 0
+ o Seconds + o
X V] [} Ster 1D N70 X 1] 1] 0
+ Trun Angle Bias N87 +
R2 E
i N87
+ Trun Angle Bias R2 +
" N87
+ Trun Angle Bias R2 + )
MIDCOURSE NAVIGATION
+ (1] 1] Hours + 0 0o
+ o /] Minutes GET + 0 0o
+ 0 Seconds + o
X X R X X
IMU
x | x e Gimbal (o )
Angles
% % v (degree) X X
+ Pos Err (1) Lvs7 +
W Matrix
+ Vel Err (ft/s) +
x| oo Star ID I No| x [ o o
X [+] 0 0 LMK ID X 1] 0
X [} 0 ] Hor 1D X 0 0
Celestial I N88
Body
Vector
+ Trun Angle Degrees N92 | 4
R2
AR nmi N49
AV fi/s

NOTES:




V37 Enter, 23 Enter
VOB N70 Flashing

R1: 000X X
R2: 00X00
R3: oocDO

V59 Flashing, Perform Optics Calibration

V61 Flashing - Please Mark

LB-35

P23—-CISLUNAR MIDCOURSE NAVIGATION

Celestial Body Code
0 — Horizon 1 — Earth Landmark 2 — Moon Landmark

C=0,D=0Landmark C-1 Earth Horizon
D-1 Near Horizon D-2 Far Horizon

OPTICS CALIBRATION

C-2 Moon Horizon

+ 0 0 Hours 0 1}
+ 0 0 [} Minutes GET 0 0 [
+ 0 Seconds [
X [ [} 0 Star 1D N70 0 0 0
+ Trun Angle Bias N87
R2 4
+ le Bi N87
Trun Angle Bias R2
3 N87
+ Trun Angle Bias R2
MIDCOURSE NAVIGATION
A 0 V] Hours V] 0
+ 0 0 0 Minutes GET 0 0
+ 0 Seconds 0
X X R X
IMU
% X P Gimbal X
Angles
X X v (degree) X
+ Pos Err (ft) LV67
W Matrix
+ Vel Err (ft/s)
x|o]|o]o Star ID I N70 ol of o
X 0 o ] LMK ID 0 0
X 0 0 0 Hor ID 0 0
Celestial l N88
Body
Vector
+ Trun Angle Degrees N92
R2
AR nmi N49
AV ft/s

NOTES:




LB-36

P30-EXTERNAL AV

LOI-5
V37 Enter, 30 Enter
V06 N33 Flashing, Load Desired GET!
V06 N81 Flashing, Load Desired AV
Purpose
{ Prop/Guidance
+ Waeight (Ib) N47|
o o PTrim N4g|
0 0 YTrim {degrees
+ o o Hours b:ﬁ
+ [} 0o ] Minutes GETI
+ o Seconds
Avy Tum
Avy Lv
Avy (ft/s)
X X X R
x|+ e Huoms
X X X d Y
* Hapogee Na4
nmi
Hperigee
* AVT (ft/s)
X X X BT (min:s)
X Avc (ft/s)
X X X X SXT Star
+ [} SFT (degrees)
+ 1] 1] TRN (degrees)
X X X BSS (Coas Star)
X X SPA (Coas Pitch, deg)
X X X SXP (Coas X Pos, deg)
1] LAT N61
LONG
i+ RTGO (nmi) EMS
+ VIC (ft/s)
GET0.05¢ |
Hr:min:s
SET STARS
x | x| x RAlign
x [ x| x PAlign
x | x| x YAlign
ULLAGE

NOTES:



LB-37

P52—IMU REALIGN (CM)

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT, 4 — Landing Site

V51 Flashing — Please Mark

X|ojo0j|j0o}|o P52 Option X

+ 10 0 Hours +

+ |0 0|0 Minutes GET +

+ |0 Seconds *

Celestial
X|0]|] 0]|0 Body Code 1 N71( X

Celestial
X |0 o|o Body Code 2 N71| X

Star Angle

Difference (degrees) NOS5

X N93
Gyro

Y Torquing
Angles

(degrees)

X Calculated
Gyro

Drift
e (meru)

X{ofojojo P52 Option

+i0 0 Hours

+ 0|l0]o0 Minutes GET

+10 Seconds

Celestial
X|0] 040 Body Code 1 N7

Celestial
x{ojojo Body Code 2 N2 | X

Star Angle

Difference (degrees) NG5

X N93

Gyro
Y Torquing
Angles

z (degrees)

Calculated
Y Gyro
Drift

z (meru)

NOTES:



LB-38

P30—EXTERNAL AV

Mcc3
V37 Enter, 30 Enter
V06 N33 Flashing, Load Desired GET!
V0B N81 Flashing, Load Desired AV
Purpose
Prop/Guidance
+ Weight (Ib) N47|
o 0 PTrim N48|
° 0 Yrrien (degrees)
+ (1] [} Hours I N33|
+ oo ]o Minutes  GET!
+ V] Seconds
Avy | Ng1
Avy Lv
Avz  (ts)
x | x | x R
x | x| x Y
* Hapogee Na4
nmi
HParign
+ AT (fu/s)
X X X BT (min:s)
x Avc (fs)
X | x| x| x SXT Star
+ 0 | SFT (degrees)
+ 0 | 0 | TRN (degrees)
x | x| x BSS (Coas Star)
x | x SPA (Coas Pitch, deg)
x| x| x SXP (Coas X Pos, deg)
0 LAT ] N61
LONG ¢
+ RTGO (nmi) EMS
+ VIO (ft/s)
GET0.05g [
Hr:min:s
SET STARS
X | x| x RAlign
x| x [ X PAlign
x | x | x T 1 YAlign
ULLAGE

NOTES:



LB-39

P40 - SPS THRUSTING CSM

V37 Enter, 40 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles

V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude

V50 N2S Flashing, R1= 0 0 2 0 4, Gimbal Actuator Test Option

V06 N40 Time from Ignition, Velocity to be Gained, Measured Change
in Velocity

V99 N 40 Flashing, Engine On Enable Request

V06 N40 Time from Cutoff, Velocity to be Gained, Measured Change
in Velocity

V16N 40 Flashing, Final Values at Engine Cutoff

V16 N85 Flashing, Body Axes Residuals (to be Nulled)

V37 Flashing, V82 Enter

V16N 44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall
1035 K ft Moon Orbit, 300 K ft Earth Orbit

P41 — RCS THRUSTING

V37 Enter, 41 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y, Angles
V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude
V06 N85, X, Y, Z Body Axes Velocity to be Gained

V16 N85 (Average G on at TIG -30) Velocity to be Gained

V16 N85 Flashing, Body Axes Residuals (to be Nulled)

TFF (min:s)

50-18 I Roll 50-18] Roll
Pitch  (deg) Pitch (deg)
Yaw Yaw
06-18 | Roll 06-18] Roll
Pitch  (deg) Pitch {(deg)
Yaw Yaw
06-40 [ TFI (min:s) 06-85 l X
VG (ft/s) Y VG (f/s)
AVM (ft/s) r4
06-40 I TFC (min:s) 1&35' x
VG (ft/s) Y VG (ft/s)
AVM (ft/s) z
16-40 I TFC (min:s) 16-85 I X
VG (ft/s) Y Residuals
(ft/s)
AVM (ft/s) r4
85 | X X
Y Residuals Y Trim
(ft/s) (f/s)
r4 r4
85 l X
Y TRIM
(ft/s)
z
44 T HA (nmi)
HP (nmi)




LB-40

P30—EXTERNAL AV

MCC-4 & PERICYNTHION + 2HR
V37 Enter, 30 Enter

V06 N33 Flashing, Load Desired GETI
V06 N81 Flashing, Load Desired Av

Purpose
Prop/Guidance
+ Waeight (ib) N47| +
o|o PTrim N4 [
° ° Yrrim (degrees) P
+ 0o 0 Hours um + 0o
+ o|o 0 Minutes  GETI + 0
+ ) Seconds + o
Avy | N81
Avy Lv
Avz (ft/s)
x | x| x R x| x
x | x| x v x| x
x | x| x 1Y x| x
+ Hapogee Nad| 4
Hpuw nmi
+ AvT (ts) +
X X X BT (min:s) X X
X . Avc (fus) X
X | x| x| x SXT Star x| x
+ 0 | SFT (degrees) +
+ [+] 1] TRN (degrees) +
X X X BSS (Coas Star) X X
x | x| SPA (Coas Pitch, deg) x| x
X X X SXP (Coas X Pos, deg) X X
(] LAT N61 (]
LONG
+ RTGO (nmi) EMS +
+ VIO (ft/s) +
GET005¢g |
Hr:min:s
SET STARS
x | x| x Ralign x| x
x| x| x PAlign x| x
x| x| Xx YAlign x| x
ULLAGE

NOTES:



V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000X

LB-41

P52—IMU REALIGN (CM)

IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT, 4 — Landing Site

V51 Flashing — Please Mark

P52 Option X

Hours +

Minutes GET +

Seconds +

Celestial

Body Code 1 N71| X

Celestial
B Code 2 N71| X

Star Angle

Difference (degrees) NO5

X NO3

Gyro
v Torquing
Angles

(degrees)

X Calculated
Gyro

Drift
(meru)

P52 Option

Hours

Minutes GET

Seconds

Celestial

Body Code 1 N71

Celestial

Body Code 2 N71

Star Angle !

Difference (degrees] NO5

X N93

Gyro
Y Torquing
Angles

z (degrees)

Calculated
Y Gyro
Drift

z (meru)

NOTES:




P40 — SPS THRUSTING CSM

V37 Enter, 40 Enter

V50 N 18 Flashing, Request Maneuver to FDAI R, P, Y Angles
V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude
V50 N25 Flashing, R1 =00 2 0 4, Gimbal Actuator Test Option

V06 N40, Time from Ignition, Velocity to be Gained, Measured Change
in Velocity

V99 N40 Flashing, Engine On Enable Request

V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change
in Velocity

V16 N40 Flashing, Final Values at Engine Cutoff
V16 N85 Flashing, Body Axes Residuals (to be Nulled)
V37 Flashing, V82 Enter

V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall
10 35 K ft Moon Orbit, 300 K ft Earth Orbit

LB-42

P41 — RCS THRUSTING

V37 Enter, 41 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y, Angles
V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude
V06 N85, X, Y, Z Body Axes Velocity to be Gained

V16 N85 {Average G on at TIG -30) Velocity to be Gained

V16 N85 Flashing, Body Axes Residuals (to be Nulled)

50-18 | Roll 5048] Roll
Pitch  (deg) Pitch (deg)
Yaw Yaw

06-18 I Rolt 06-!8! Roll
Pitch  (deg) Pitch (deg)
Yaw Yaw

06-40 l TF1 (min:s) 06-85 | X
VG (ft/s) Y VG (ft/s)
AVM (f/s) z

06-40 TFC (min:s) 16-85 I X
VG (ft/s) Y VG (ft/s)
AVM (ft/s) z

16-40 | TFC (min:s) 16-85 | X
VG (ft/s) Y Residuals

(ft/s)

AVM (ft/s) z

85 | X X
Y Residuals i
"o Lo

85 l X
Y TRIM

(ft/s)

z

44 | HA (nmi)
HP (nmi)
TFF (min:s)




LB-43

P30-EXTERNAL AV
LOI (PRELIMINARY)
V37 Enter, 30 Enter

V06 N33 Flashing, Load Desired GETI
V06 N81 Flashing, Load Desired AV

Purpose
Prop/Guidance
+ Weight (Ib) N47
o o PTrim N48
0 0 YTrim egrams)
+ [} o Hours I N33|
+ o o [ Minutes GETI
+ o Seconds
Avy I N8t
Avy Lv
Avz (ft/s)
X X X R
3EE L
X X X p Y
+ HApogee I N44
nmi
HPerigee
+ AVT (ft/s)
X X X BT (min:s)
X Avc (fus)
X X X X SXT Star
+ 0 | SFT (degrees)
+ 0 o TRN (degrees)
X X X BSS (Coas Star)
X X SPA (Coas Pitch, deg)
X X X SXP (Coas X Pos, deg)
o LAT N61
LONG
+ RTGO (nmi) EMS
¥ VIO (ft/s)
GET0.05¢ l
Hr:min:s
SET STARS
x X X RAlinn
x | x| x PAlign
X | x| x ¥ Align
ULLAGE

NOTES:



LB-44

P30-EXTERNAL AV

TEI1&TEI 4
V37 Enter, 30 Enter
V06 N33 Flashing, Load Desired GETI
V06 N81 Flashing, Load Desired AV
Purpose
Prop/Guidance
+ Waight (ib) N47|
o o PTrim N4g|
0 ° Yrim (degrees)
+ ) o Hours l N33]
+ ofo]o Minutes  GETI
+ 0 Seconds
Avy | N8t
Avy Lv
Avz (ft/s)
X | x| x R
S EE o
x | x| x 1Y
+ Hapogee l Na4
nmi
Hperigee
+ AVT (fi/s)
X X X BT (min:s)
X Avc (fus)
x| x| x| x SXT Star
+ 0 | SFT (degrees)
+ 0 | 0 | TRN (degrees)
X | x [ X BSS (Coas Star)
X X SPA (Coas Pitch, deg)
x | x| x SXP (Coas X Pos, deg)
0 LAT ] N61
LONG
+ RTGO (nmi) EMS
+ VIO (ft/s)
|GET 0059
Hr:min:s
SET STARS
x X x RAliyn
x | x| x Palign
x | x| x Y Align
ULLAGE

NOTES:



LB-45

P52—IMU REALIGN (CM)

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT, 4 — Landing Site

V51 Flashing — Please Mark

xX|jojofo}o P52 Option X

+ 10 0 Hours +

+ 1|0 0|0 Minutes GET =,

+ 10 Seconds +

Celestial
X|0jo0]}|o0 Body Code 1 N71 (| X

Celestial
X0 0]0 Bo de 2 N71| X

Star Angle

Difference (degrees) NO5

X N93
Gyro

v Torquing
Angles

(degrees)

X Calculated
Gyro

Drift
(meru)

X!l o o|o0 (o] P52 Option

+10 0 Hours

+!0 0|0 Minutes GET

+10 Seconds

Celestial
xjo ol Body Code 1 N71

Celestial
x{ojojo Body Code 2 N71

Star Angle

Difference (degrees) DS

X NO3

Gyro
¥ Torquing

Angles
J (degrees)

Calculated
Y Gyro
Drift

2 (meru)

NOTES:
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P30-EXTERNAL AV

Lol
V37 Enter, 30 Enter

V06 N33 Flashing, Load Desired GETI
V06 N81 Flashing, Load Desired AV

Purpose
Prop/Guidance
+ Weight (Ib) N47|
o0 PTrim N4g|
0 0 Yrrim (degrees)
+ 0 0 Hours ] N33|
+ 0 [ [ Minutes  GETI
+ Y Seconds
Avy —[ N81
Avy Lv
Avz (ft/s)
X X X R
X X X 4 ¥
* Hapogee N44
nmi
Hperigee
+ AVT (ft/s)
X X X BT (min:s)
x Avc (ft/s)
X X X X SXT Star
# [} SFT (degrees)
+ 0 [} TRN (degrees)
X X X BSS (Coas Star)
X X SPA (Coas Pitch, deg)
X X X SXP (Coas X Pos, deg)
0 LAT N61
(degrees|
LONG
+ RTGO (nmi) EMS
+ VIO (ft/s)
IGET 005g
Hr:min:s
SET STARS
x | x| x RAlign
X X X PAlign
X [ x| X YAlign
ULLAGE

NOTES:
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LUNAR ORBIT INSERTION MANEUVER

The approach of a spacecraft to the moon follows a hyperbolic trajectory with respect
to the moon. To enter into an orbit about the moon, a transfer from a hyperbolic
orbit to an elliptical orbit is desired. This transfer can be accomplished by applying
a AV at pericynthion of the hyperbolic orbit (Figure A).

The velocity change, AV, required is
AV = Vg - Vg ft/s at pericynthion
where

Vy is the hyperbolic velocity at pericynthion
, 1/2 _p 1/2

Vg = -%) <1+I%) ft/s

and Vg is the desired elliptical velocity at pericynthion
1/2 1/2

s (i) (w%%) v

The complete equation for AV is
1/2

1/2 2 1/2
av =<ﬂ) [(1+ Ep Vg ) . (—A—r ) ] ft/s
rp 2 p rp + TP

where

2p
V°°2 = v2 - -
rp = radius of apocynthion
rp = radius of pericynthion

In order to obtain the sensitivity of changes in apocynthion and pericynthion to errors
in AV burned, the following form of the targeting equation is used

1/2 1/2

_ _ 2p r
o) (g )
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Pericynthion

Hyperbolic
Approach

Elliptical Orbit

Figure A. Celestial Mechanics of a Transfer From
a Hyperbola to an Ellipse
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For Vp constant, the targeting equation for execution of an orbital transfer has the
following functional form.

AV = f (rp, rp) ft/s

Errors in r, and rp which are caused by anomalies in the AV achieved are evaluated
from the perturbed targeting equation.

AV +6 = f (rp +4ry, rp +Arp) ft/s

Expanding the function on the right into a Taylor series and ignoring all higher order
terms results in a linearized error relation.

) 9
AV +6 =f (rp, rp) + (Arpy 57a + Arp 5rp ) f (rp, Tp) ft/s
This reduces to
= -2 |t Ar, + =2 [f A £t/
= Brp [f(ra, Tp)] Ary Brp [f (rp, Tp)] Arp s
where
1/2
9 _ urp .
EIIN [f(rp, Tp)] = (21'A (rA"'i‘p)s) ft/s/nmi

1/2

(rA2+ ZrArP) Bry rp+urp2
ft/s/nmi

a—z— [ f(rp, Tp)] =( = -
P (r A +ry rP) 2r A

The total linearized error equation relating errors in AV burned to errors in apocynthion

and pericynthion is

1/2
kTp
6 = A(AV) = -(—> Ar,
2rp (rp +1p)?
1/2
(rp%+ 2rp rp) prp TP +pTpd
+( X ) Arp  ft/s
2 2rp

(rp’+ 1y Tp)

A graph illustrating these relationships is shown on the next page (Figure B).
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LUNAR ORBIT INSERTION

PROPULSION/ PRETHRUST
EVENT BT/ AV G.E.T. GUIDANCE TARGETING
LOI 356. 6 A SPS/G & N
(RETROGRADE) 2815.3| 77:24:52.9 | pym Ay (P-40) P-30
AVx N85 +|x |x h
AVy RESIDUALS @t/s)f+ |x |x | x min  GET
AV, (BODY AXIS) +x s
——— eV g VT —— ——V, (#t/s)
*TRIM YTRIM TRIM
Hyperbolic 9

APV

.Sun
LOS

NOTE: Shadow is with
Respect to the
CSM Orbit



V32 Enter, 22 Enter

V06 N45 Flashing, R3: Middle Gimbal Angle
V05 N70 Flashing, R2: A B O D E Landmark Code

LB-52

P22—-ORBITAL NAVIGATION

REV 2

A1 — Known, A2 — Unknown, B — Index of offset designator, DE — Landmark ID
V06 N89: Flashing Landmark Coordinates
Latitude, R2: Longitude/2, R3: Altitude
V51 Flashing — Please Mark

+ [} 0 Hours 0
TI GET at
+ o o Minutes 0 degree 0
Elevation
+ ) Seconds
H o
e ours T2GET at
% 35 degrees
0
+ V] o Minutes Elevation
# 0 Seconds
X N or nmi or
X X X Shaft X
SXT
x | x| x Trun Angles x
Control Point
LAT (+ north) l N89
LONG/2 (+ east)
ALT (nmi)
LAT (+ north) l N89
LONG/2 (+ east)
ALT (nmi)
+ 0 0 Hours v}
TI GET at
+ o 0o Minutes 0 degree o
Elevation
Rg o Seconds
He )
tlee ours T2GET at
o 35 degrees
0
+ 0 0o Minutes Elevation
+ o Seconds
X N or nmi or
X X X Shaft X
SXT
x | x | x Trun Angles x
Control Point
LAT (+ north) l 89
LONG/2 (+ east)
ALT (nmi)
LAT (+ north) j N89
LONG/2 (+ east)
ALT (nmi)

NOTES:
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P22—-ORBITAL NAVIGATION

MARK DATA
REV 2
+ 0 0 Hours
+ 0 1] (1] Minutes GET
+ 0 Seconds
4
P
IMU Gimbal
Y Angles (degree)
R
+ Shaft
SXT Angles
# Trunnion (degree)
+ 0 0 Hours
+ 0 0 0 Minutes GET
+ 0 Seconds
P
IMU Gimbal
Y Angles (degree)
R
+
Shaft SXT Angles
d
* ) Trunnion (degree)
+ 1] o Hours
+ 0 0 0 Minutes GET
+ 0 Seconds
4
P
IMU Gimbal
p Y Angles (degree)
R
b
+ Shaft SXT Angles
(degree)
+ Trunnion

NOTES:
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P30-EXTERNAL AV

DOI & TEI S
V37 Enter, 30 Enter
V06 N33 Flashing, Load Desired GETI
V06 N81 Flashing, Load Desired AV
Purpose
Prop/Guidance
+ Weight (Ib) N47|
o 0 PTrim N4g|
° ° Yrrim (degrees)
+ [} o Hours LNSS
+ ) 1] Minutes GETI
+ 0 Seconds
Avy I N81
Avy Lv
Avz (ft/s)
x | x| x R
x | x| x 3 m‘;’lg'{f“;‘
x | x| x Y
M Hapogee [ N44
nmi
Hperigee
+ AT (f/s)
X X X BT (min:s)
X Avc (fus)
x | x| x SXT Star
+ SFT (degrees)
+ TRN (degrees)
X [ x| x BSS (Coas Star)
X X SPA (Coas Pitch, deg)
x | x| x SXP (Coas X Pos, deg)
[} LAT N61
LONG
+ RTGO (nmi) EMS
+ VIO (ft/s)
GET0.05¢g |
Hr:min:s
SET STARS
x | x| x RAlign
x | x [ x Palign
x | x [ x Y Align
ULLAGE

NOTES:
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P52—IMU REALIGN (CM)

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT, 4 — Landing Site

V51 Flashing — Please Mark

X|(o|loj|jo|o P52 Option X

+ |0 0 Hours +

+ [0 0|0 Minutes GET +

+ 10 Seconds +

Celestial
X|0|]o0]oO Body Code 1 N71| X

Celestial
X|o0jojo Body Code 2 N71| X

Star Angle

Difference (degrees) NOS

X N93
Gyro

Torquing
L Angles

(degrees)

X Calculated
Gyro

Drift
Y L (meru)

X| 0 0|j0] O P52 Option

+ (0 0 Hours

+(0 0|0 Minutes GET

+(0 Seconds

Celestial
X|oj0jo Body Code 1 N7

Celestial

Body Code 2 N7

Star Angle

Difference (degrees) NOS

X N93

Gyro
Y Torquing
Angles

z (degrees)

Calculated
Y Gyro
Drift

z (meru)

NOTES:
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DESCENT ORBIT INSERTION

PROPULSION/ PRETHRUST
EVENT BT/ AV G.E.T. GUIDANCE TARGETING
DOI 23.1/, , 4|8115:20.5 | SPS/G &N P-30
(RETROGRADE) 212. EXT AV (P-40)
AVx N85 X |x h
AVy RESIDUALS (ft/s)| + |x |x [x min GET
AV, (BODY AXIS) + | 5
————v, S e g V. (ft/s)
TRIM YTRIM ZTRIM

NOTE: Shadow is with e

Respect to
CSM Orbit

the

Sun
LOS
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P22—-ORBITAL NAVIGATION

V32 Enter, 22 Enter
V06 N45 Flashing, R3: Middle Gimbal Angle
VOS5 N70 Flashing, R2: A BO D E Landmark Code
A1 — Known, A2 — Unknown, B — Index of offset designator, DE — Landmark ID
V06 N89: Flashing Landmark Coordinates
R1: Latitude, R2: Longitude/2, R3: Altitude
V51 Flashing — Please Mark

+ [} (] Hours + [} ]
TI GET at
+ ] o ) Minutes 0 degree + o o o
Elevatio
+ [} Seconds * o
+ [} [
+ o o Hours T2 GET st
. 35 degrees
1]
+ 0 [} [} Minutes Elsvition + ] [}
+ o Seconds + ]
X N or S nmi x N | or s
X X X X Shaft X X X X
SXT
x | x | x| x Trun Angles x| x| x| x
Control Point
LAT (+ north) l N89

LONG/2 (+ eest)

ALT (nmi)

LAT (+ north) I N89

LONG/2 (+ east)

ALT (nmi)
+ o o Hours * g ]
T GET at
+ ) o o Minutes 0 degree + o o [
+ o Seconds + o
@ [
* o V] Hours T2 GET at + [}
" 35 degrees
+ o Minut + ] o o
o o inutes Etevation
+ o Seconds + 0
X N or S nmi X N or S
X X X X Shaft X X X X
SXT
x| x| x| x Trun Angles x| x| x| x
Control Point
LAT (+ north) I N89

LONG/2 (+ east)

ALT (nmi)

LAT (+ north) l N89

LONG/2 (+ east)

ALT (nmi)

NOTES:
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P52—IMU REALIGN (CM)

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT, 4 — Landing Site

V51 Flashing — Please Mark

X|0|O0|O0O| O P52 Option X

+ 10 0 Hours +

+ |0 o|o Minutes GET +

+ |0 Seconds +

Celestial
X{o|o0o]o Body Code 1 N71| X

Celestial
X |0 ofo Body Code 2 N71| X

Star Angle

Difference (degrees) NO5

X N93
Gyro

Y Torquing
Angles

(degrees)

X Calculated
Gyro

Drift
b4 (meru)

X| 0 o|o0 o] P52 Option

+{0 0 Hours

+ 0| o0fo0 Minutes GET

+|0 Seconds

Celestial
x|jojojo Body Code 1 NT1

Celestial
X| 0 ofo Body Code 2 N71

Star Angle

Difference (degrees) NOS

X N93

Gyro
Y Torquing
Angles

z (degrees)

Calculated
Y Gyro
Drift

z (meru)

NOTES:
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P30—EXTERNAL AV
TEI 11 & TEI 35
V37 Enter, 30 Enter

V06 N33 Flashing, Load Desired GETI
V06 N81 Flashing, Load Desired AV

Purpose
Prop/Guidance
+ Weight (ib) N47
0 o PTrim N48
0 0 Yrim (degrees)
+ 0 0 Hours l N33|
+ 0 0 0 Minutes GETI
+ 0 Seconds
Avy ’ Ng1
Avy Lv
Avz (ft/s)
X X X R
dEE -~
X X X d ¥
® Hapogee [ N44
nmi
Hperigee
+ AvT (ft/s)
X X X BT (min:s)
X Avc (fys)
X X X X SXT Star
+ (] SFT (degrees)
+ 1] 1] TRN (degrees)
X X X BSS (Coas Star)
X X SPA (Coas Pitch, deg)
X X X SXP (Coas X Pos, deg)
o LAT N61
(degrees]
LONG
+ RTGO (nmi) EMS
+ VIO (ft/s)
lGET 0059 |
Hr:min:s
SET STARS
X X X RAlign
X X X PAlign
X X X Y Align
ULLAGE

NOTES:
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P52—-IMU REALIGN (CM)

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT, 4 — Landing Site

V51 Flashing — Please Mark

X|{o|lof0o}| O P52 Option X

+ {0 0 Hours +

+ |0 0}|0 Minutes GET +

+|0 Seconds +

Celestial
Xpo 0. 19 Body Code 1 N71| X

Celestial
X |0 ofo Body Code 2 N71| X

Star Angle

Difference (degrees) NOS

X N93
Gyro

Y Torquing
Angles

(degrees)

X Calculated
Gyro

Drift
(meru)

X! 0 [ ] P52 Option

+,0 0 Hours

+ 0 00 Minutes GET

+10 Seconds

Celestial
X:0; 0|0 Body Code 1| N71

Celestial
XxX|ofofo Body Code 2 N71 | X

Star Angle

Difference (degrees) HO5

X N93

Gyro
Y Torquing

Angles
J (degrees)

Calculated
Y Gyro
Drift

(meru)

N

NOTES:
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LM DOCKED ALIGNMENT

Docking Tunnel Index Angle:

R = deg. (Recorded during 1lst IVT to LM
N Verified during succeeding IVT's)
Docked Coarse Align:
1. CSM should be in Min. Deadband, Attitude Hold.
2. CMP executes VO6N20OE and reports ICDU angles.
3 CDR calculates coarse align angles:
Quter Gimbal Inner Gimbal Middle Gimbal
300.00° 180.00° 360.00°
+ . R
c
- . X + . - .z
cm cm cm
¥ Xy | ———Tin E — 2
L, CDR executes VHIN2OE and loads X, Y, Z CDU angles.
S'e CDR executes VLON2OE -~ IMU goes inertial.
NOTE: The accuracy of this procedure is limited by
(a) the coarse align accuracy of the ISS
(b) vehicle attitude changes between steps 2 and 5.
Docked Fine Align:
6. CMP and CIR enter simultaneous VO6N20O in CM and IM. The ICDU
angles are recorded and reported to MCC.
GET = s (for gyro drift calculation)
Outer Gimbal Inner Gimbal Middle Gimbal
CM: ; ; -
m: . . -
Te MCC calculates gyro torquing angles and reports them to IM.
IM GTA's = . X, o Y, Z

8. CDR disables jet firings and performs fine align (V42E), loading
the gyro torquing angles voiced up from MCC.
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P22-ORBITAL NAVIGATION

V32 Enter, 22 Enter REV 12
V06 N45 Flashing, R3: Middle Gimbal Angle
V05 N70 Flashing, R2: A B0 D E Landmark Code
A1 — Known, A2 — Unknown, B — Index of offset designator, DE — Landmark 1D
V06 N89: Flashing Landmark Coordinates
R1: Latitude, R2: Longitude/2, R3: Altitude
V51 Flashing — Please Mark

+ 0 0 Hours + o )]
TI GET at
+ o [} 0 Minutes 0 degree + 1] o [}
+ | o Seconds +] o
+
1ol Hours T2GET ot °ofe°
" 35 degrees +
1] o o
+ [} o ] Minutes Elevation
+ o Seconds + 0
X N or S nmi X N or s
X X X X Shaft X X X X
SXT
x | x| x| x Trun Angles x| x| x| x
Control Point
LAT (+ north) N89

LONG/2 (+ east)

ALT (nmi)
LAT (+ north) N89
LONG/2 (+ eest)
ALT (nmi)
+ 0 1] Hours + 1] ']
TI GET at
+ o [} o Minutes 0 degree + o 0o o
+ 0o Seconds + o
+ [} ] Hours T2GET st + o o
. 35 degrees
+ ] 0 ] Minutes Elevation + [ [} o
+ o Seconds + o
x N or S nmi X N or S
X X X X Shaft X X X X
SXT
x| x | x| x Trun Angles x| x| x| x
Control Point
LAT (+ north) l N89

LONG/2 (+ east)

ALT (nmi)

LAT (+ north) l N89

LONG/2 (+ east)

ALT (nmi)

NOTES:



n

LM GYRO DRIFT

Docked (Noun 20 Method)
The LM IMU drift check is performed by MCC using a set of simultaneous CM and LM ICDU angles.

Crew Report: GET H 2 AT= . hrs.

(Time since previous Noun 20)

Outer Gimbal Inner Gimbal Middle Gimbal
CM: : . .
LM: . . .
MCC calculates gyro torquing angles: m o X, L—_] 5 Y, _1' . 2

If GTA's exceed
gyro compensation values.

.230°X, .520°Y, 1.90°Z, MCC will calculate and uplink new

The above limits are based on the following requirements:

1. Maximum platform misalignment at PDI = .19° about xsm to assure that crossrange error at touchdown
<1 kilometer.

2. Maximum platform misalignment at PDI = .5° about Ys - to assure a safe descent abort capability.

3. PGNCS is No/Go if drift rate > 100 meru about any axis.

Although the restrictive requirements concern the state of platform alignment at PDI, high drift rate can
negate a perfect platform realignment (P52) performed 80 minutes before PDI.

The equivalent drift rates allowable are:
.45 deg/hr (X)

.376 deg/nr (Y) 1.5 deg/hr (2)

The GTA limits utilize these drift rates, assume 75 minutes between Noun 20 entries, and allow .05° for
total measurement error.

Undocked (P52 Method)

The gyro torquing angles obtained during the IMU realignment program (P52) can be used to calculate the
rate of platform drift since the last realignment.

Rev. 12 P52 GET = B 3
Time of previous align = H H
A 7 (difference) = : = . hours
Gyro Torquing Angles [ ] . x)d__, (il . °(z)
<+ (.015)AT (8) §=-1 §5=-1 =1
= Drift Rate (meru): (x) (Y) (2)

NCTE: As presently planned, the Rev. 12 GTA's will be torqued out to serve as a baseline for the Rev 13 P52.
The time-of-previous-align used in the Rev 12 drift calculation will nominally be the GET of the Noun 20
during Docked Fine Align. However, allowance must be made for any ch in the Ip tion values

during this period. In spite of the GTA limits defined for Docked Gyro Drift (above), Mission Rules provide
for uplinking new compensation values whenever the drift rate exceeds 5 meru on any axis.

Rev. 13 P52 GET = H H
Time of Previous Align = H s
A T (aifference) = : = & hours
12.0)
Gyro Torquing Angles [ . . °(x) [ . vy [ . °(z)
Limits .3707 830 3.0007
era+ (.015) AT (S) s=-1 § = -1 S =41
Drift Rate (meru): (x) (Y) (z)

The Rev 13 GTA's will be torqued if they do not exceed the limits shown. These limits are based
on the equivalent drift rates allowed during the Docked Gyro Drift measurement (above). They
assume 2.0 hours between the two P52's, and allow .08° for AOT measurement errors. If the limits
are exceeded PDI will be delayed 1 Rev.

NCTE:
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P30-EXTERNAL AV

Separation
V37 Enter, 30 Enter
V06 N33 Flashing, Load Desired GETI
V06 N81 Flashing, Load Desired AV
Purpose
Prop/Guidance
+ Weight (ib) N47!
o o PTrim N4g|
o ° Yrrim (degrees)
+ 0o 0 Hours l N33|
+ [} [} o] Minutes  GETI
+ 1] Seconds
Avy ] N1
Avy Lv
Avz (ft/s)
X X X R
X X X 4 Y
+ Hapogee N44
nmi
Hperigee
+ AvT (fus)
X X X BT (min:s)
X Avc (ft/s)
X X X X SXT Star
+ o SFT (degrees)
4+ 1] [} TRN (degrees)
X X X BSS (Coas Star)
X X SPA (Coas Pitch, deg)
X X X SXP (Coas X Pos, deg)
0 LAT N61
LONG
+ RTGO (nmi) EMS
+ VIO (ft/s)
T ‘“TG_ET()I)E;T ''''
Hr:min:s
SET STARS
x | x | x RAlign
X X X PA!ign
x| x|x YAlign
ULLAGE

NOTES:
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P41 — RCS THRUSTING

V37 Enter, 41 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles
V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude
V06 N85, X, Y, Z Body Axes Velocity to be Gained

V16 N85 (Average G on at TIG -30) Velocity to be Gained

V16 N85 Flashing, Body Axes Residuals (to be Nulled)

60-18 Roll
Pitch (deg)
Yaw
06-18[ Roll
Pitch (deg)
Yaw
06-85 l X
Y VG (ft/s)
z
16-85 r X
Y VG (ft/s)
z
16-85 | X
Residuals
(ft/s)
z
X
v Trim
(ft/s)
z




V37 Enter, 47 Enter
V16 N83 Flashing, AV XYZ Body Axes

N62 Enter
V16 N62 Fisshing, Inertisl Velocity, Altitude Rate, Altitude

LB-66

P47-THRUST

MONITOR

X X X R
AEE el
X X X Y
X X X BT  (min:s)
Vi (ft/s)
X |N83
Y AV /s
z
v ts [lsz
HDOT  ft/s
H omi

NOTES:
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P22-ORBITAL NAVIGATION

MARK DATA
REV 12
+ 1] o Hours
+ 0 0 0o Minutes GET
+ 0 Seconds
P
IMU Gimbal
Y Angles (degree)
R
9
+ Shaft
SXT Angles
+ Trunnion (degree)
+ 0 o Hours
+ 1] 0 o] Minutes GET
+ 0 Seconds
P
3 IMU Gimbal
Y Angles (degree)
R
4
* 4 Shaft  SxT Angles
d
+ Trunnion (degree)
+ 0 o Hours
+ 0 0 0 Minutes GET
+ 0 Seconds
L
P
IMU Gimbal
) Y Angles (degree)
R
L
* Shaft SXT Angles
(degree)
+ Trunnion

NOTES:




V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000X
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P52—IMU REALIGN (CM)

IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT, 4 — Landing Site

V51 Flashing — Please Mark

P52 Option X

Hours +

Minutes GET +

Seconds +

Celestial

Body Code 1 N7T| X

Celestial

o 2 N71| X

Star A

ngle
Difference (degrees) NOS

X N93
Gyro

Y Torquing

X Calculated
Gyro

Drift
(meru)

P52 Option

Hours

Minutes GET

Seconds

Celestial
Body Code 1 N71

Celestial

Body Code 2 N71 | X

Star Angle

Difference (degrees) NOS

X N93

Gyro
Y Torquing
Angles

z (degrees)

Calculated
Y Gyro
Drift

(meru)

N

NOTES:




V37 Enter, 52 Enter

V04 NO6 Flashing
R1: 00001
R2: 0000X

LB-69
P52—IMU REALIGN (LM)

IMU Align Option

1 — Preferred, 2 — Nominal
3 — REFSMMAT, 4 — Landing Site

VO1 N70 Flashing
R1: 00CDE

C — AOT Detent

0—-COAS CAL,1-FL,2-FC,3-FR,

4 - RR,5— RC,6 — RL,7 — COAS

DE — Celestial Body Code

V51 Flashing — Please Mark

1] P62 Option

Hours

Minutes GET

Seconds

AOT Detent
and Star 1 1D

N71

AOT Detent
and Star 2 1D

N71

Star Angle
Difference (degrees)

NO5

X
Gyro

Y Torquing
Angles

(degrees)

NO3

X Calculated
Gyro

Drift
(meru)

P52 Option

Hours

Minutes GET

Seconds

AOT Detent
and Star 1 1D

N71

AOQT Detent
and Star 2 ID

N71

Star Angle
Difference (degrees)

NO5

X

Gyro
Y Torquing
Angles

z (degrees)

N93

Calculsted
Drift

z (meru)

NOTES:
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P30—EXTERNAL AV

CIRCULARIZATION
V37 Enter, 30 Enter

V06 N33 Flashing, Load Desired GET!
V06 N81 Flashing, Load Desired Av

Purpose
Prop/Guidance
+ Weight (ib) N47|
o o PTrim N48
0 ° Yrrim (degrees)
+ 0 0 Hours l N33
+ [} [} 0o Minutes GETI
* o Seconds
Avy l NB1
Avy Lv
Avz (f/s)
X X X R
2ERE y S
X X X p Y
+ HApogee I N44
nmi
Hperigee
+ AvT (fys)
X X X BT (min:s)
X Avc (fs)
X X X X SXT Star
+ ] SFT (degrees)
+ 1] o TRN (degrees)
X X X BSS (Coas Star)
X X SPA (Coas Pitch, deg)
X X X SXP (Coas X Pos, deg)
1] LAT N61
LONG
* RTGO (nmi) EMS
+ VIO (ft/s)
GET 005 g |
Hr:min:s
SET STARS
x| x]x RAlign
x| x| x PAlign
X | X | X ¥ Align
ULLAGE

NOTES:
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P22-ORBITAL NAVIGATION

V32 Enter, 22 Enter REV 13

V06 N45 Flashing, R3: Middle Gimbal Angle
V05 N70 Flashing, R2: A BO D E Landmark Code
A1 — Known, A2 — Unknown, B — Index of offset designator, DE — Landmark 1D
V06 N89: Flashing Landmark Coordinates
R1: Latitude, R2: Longitude/2, R3: Altitude
V51 Flashing — Please Mark

+ [} o Hours + o o
TI GET at
+ 1] (] 0 Minutes 0 degree + [} [} [J
+ 0o Seconds + o
+ o
+ oo Hours T2GET ot °
‘ 35 degrees G 0
+ 0o o ] Minutes Elevation o o
+ [} Seconds + o
X N or S nmi X N or s
X X X X Shaft X X X X
SXT
x| x [ x| x Trun Angles x| x| x| x
Control Point
LAT (+ north) l NB9
LONG/2 (+ east)
b
ALT (nmi)
LAT (+ north) l N89
LONG/2 (+ east)
ALT (nmi)
+ V] [} Hours + [ (1]
TI GET at
+ (] o o Minutes 0 degree + o o o
+ 0 Seconds + o
H + ] [}
1ol ours T2GETat
" 35 degrees ¥ 0 0 0
+ o o o Minutes Elevation
+ 0o Seconds + o
X N or S nmi X N or S
X X X X Shaft X X X X
SXT
x| x| x| x Trun Angles x| x| x| x
Control Point
LAT (+ north) N89
LONG/2 (+ east)
ALT (nmi)
LAT (+ north) —[ N89
LONG/2 (+ east)
ALT (nmi)

NOTES:
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PDI 0 ABORT PAD

Hours |l\l33 0
Minutes GETI 0o
Seconds 0
Avy LN81
Av LV
b4 (ft/s)
Av,
Hapogee N42
(nmi)
HPerigee
Avg (ft/s)
BT (min:s) X
R X
FDAI Inertial
Angles (d\
P ngles (degrees) %
Avy ] N86
AGS
Avy Targ;ating
(ft/s
Av,
Hours l N11 0
TIG
Minutes of 1]
Csl
Seconds 0
Hours | N37 0
TIG
Minutes 0
of
Seconds TPI 0
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CSM CIRCULARIZATION

PROPULSION/ PRETHRUST
EVENT BT/ AV G.E.T. GUIDANCE TARGETING
CSM CIRCULARI-
ZATION 3-970.3 |100:35:05.2 | SES/G & N P-30
(POSIGRADE : R EXT AV (P-40)
AVy N85 +1x |x h
AVy  RESIDUALS @t/s)l + |x [x | x min GET
AV; (BODY AXIS) + Ix s
————v, = e Vy —— =V, (ft/s)
TRIM TRIM TRIM

CSM Orbit

Sun
LOS

NOTE: Shadow is with
Respect to the
CSM Orbit

Earth
LOS



LB-74

NO PDI +12 ABORT PAD

Hours N33
Minutes GETI
Seconds
Avy N81
LV
Av
Y {ft/s)
Av,
H Apogee | N42
(nmi)
HPerigee
AVR (ft/s)
BT (min:s)
R FDAI Inertial
P Angles (degrees)
Avy l N86
AGS
AVY Targeting
(ft/s)
AV,
Hours l N11
TIG
Minutes of
Csl
Seconds
Hours l N37
TIG
Minutes of
TPI
Seconds
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P63—BRAKING PHASE

V37 Enter, 63 Enter
V06 N61 Flashing
TG, TFI, crossrange (min/s, min/s, 0.1 nmi)
V50 N25 Flashing
R1: 000 14 Fine align option
V50 N25 Flashing
R1: 00 50 0 (position LR to Position 1)
V50 N25 Flashing
R1: 00203 (switch Guidance Control to PGNS, Mode to Auto, Thrust Control to Auto)
V06 N62 Flashing
Inertial velocity, time from ignition, AV (accumulated) (0.1 ft/s, min/s, 0.1 ft/s)
V99 N62 Flashing
Enable on enable
V06 N63 Flashing
Inertial velocity, HDOT, H (0.1 ft/s, 0.1 ft/s, ft)
V16 N68
Slant range, TG, LR Alt - computed altitude (0.1 nmi, min/s, ft)

+ 0 0 Hours bSS + 0 0
TIG
+ 1] 0 0 Minutes for + 0 (1]
PDI
% 0 Seconds + Y
x | x min:s TGO LN61 x | x
nmi Crossrange
X X X Roll X X X
FDAI inertial
x | x [ x Pitch angles at PDI x | x| x
(deg)
X X X Yaw X X X
231 Landing Site Radius (AGS)
IF RQD

NOTES;
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(1 <PDI <5) ABORT PAD

Log Insertion GET (h:min:s)
o (] 0o
Boost GET (h:min:s)
o lo|o
HAM, GET (h:min:s)
0 ] 1]
CSI, GET (h: min:s)
Hours N37| +
TIG
Minutes of +
TPI
Seconds +

T1(5<PDI < 15) MIN ABORT PAD

Log Insertion GET (h:min:s)
5 /] o
TIG of CSI (h:min:s)
Hours l N37| +
TIG
Minutes +
of
Seconds TPl +

T2 (PDI + 20:45) ABORT PAD

Log Insertion GET (h:min:s)
1] ] 0
Boost GET (h:min:s)
1] 1] o
HAM, GET (h:min:s)
[} 0 0
CSI, GET (h:min:s)
Hours [ N33 +
TIG
Minutes +
Seconds +
Hours N37| +
TiG
Minutes of +
TPI
Seconds +
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P22—ORBITAL NAVIGATION

MARK DATA
REV 13
+ 0 V] Hours
+ 0 0 0 Minutes GET
+ 0 Seconds
P
IMU Gimbal
Y Angles (degree)
R
9
+ Shaft
SXT Angles
+ Trunnion (degree)
+ 1] (1] Hours
+ ] V] 0 Minutes GET
& 0 Seconds
P
5 IMU Gimbal
Y Angles (degree)
R
<
i L Shaft SXT Angles
d
+ Trunnion laegren)
+ 0 0 Hours
+ 0 0 0 Minutes GET
+ 0 Seconds
r
P
IMU Gimbal
) Y Angles (degree)
R
3
* Shaft SXT Angles
(degree)
+ Trunnion

NOTES:




LB-78
P52—IMU REALIGN (CM)

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT, 4 — Landing Site

V51 Flashing — Please Mark

X |0 0(0 0 P52 Option X

+ 10 0 Hours +

+ |0 [N Minutes GET +

+ |0 Seconds +

Celestial
X|0o]| O0]O Body Code 1 N71| X

Celestial
Xx|0fo0]o Body Code 2 N711 X

Star Angle
Difference (degrees) | NO®

X N93
Gyro

Y Torquing
Angles

(degrees)

X Calculated
Gyro

Drift
(meru)

X| 0 ojo0o]| o0 P52 Option

+ |0 0 Hours

+ 0]lo0]|o Minutes GET

+|0 Seconds

Celestial
x|o oo Body Code 1 N7

Celestial
X{fo|lofo Body Code 2 N71 | X

Star Angle

Difference (degrees) NO5

X N33

Gyro
Y Torquing

Calculated
Y Gyro
Drift

z (meru)

NOTES:
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P52—IMU REALIGN (LM)

V37 Enter, 52 Enter

V04 NO6 Flashing
R1: 00001
R2: 0000X

IMU Align Option

1 — Preferred, 2 — Nominal
3 — REFSMMAT, 4 — Landing Site

V01 N70 Flashing
R1: 00CDE
C — AOT Detent

0—COASCAL, 1 —FL,2 — FC,3 — FR,

4 — RR,5 — RC,6 — RL,7 — COAS

DE — Celestial Body Code

V51 Flashing — Please Mark

P62 Option

Hours
Minutes GET

Seconds

+

+

+

AOT Detent
and Star 1 1D

N71

AOT Detent
and Star 2 ID

N71

Star Angle
Difference (degrees)

NOS

X

Gyro
Torquing
Angles
(degrees)

Y

z

N93

X ] Calculated
Gyro

Drift
(meru)

P52 Option

Hours
Minutes GET

Seconds

AOT Detent
and Star 1 ID

N71

AOT Detent
and Star 2 1D

N71

Star Angle
Difference (degrees)

NO5

X
Gyro

Y Torquing
Angles

z (degrees)

N93

Calculated
Y Gyro
Drift
z (meru)




LB-80

cHAA0LVALVAL
A3JISDA AHL IATIHONY Q- LaANIJIVIOVAS
BAHRL A8 GRLOVRXA DAV SANWWKHOD
3A0LLAN 3 1SAANL BHL *SNOILLIGNQD *SININBAONSYAH  IVANYI  HNIANNA
AQNI03d HIV 033134 AL QAN A0AD3AN $ Vdid NO Q3SVE "WOLRAN AWNLS 3TDIN3AN
BAVLIS AN AN LNRS3IBL ML NO AASNa AHL AUVKHILSA 0L 33104 (NWVHIYX A33I00K
SANVWROD AANLLIN 3 1SABNL  31VWA3N3D ¥ SASA HOWM 3NILACA 31NAdA 2013N
SNOLLNADA IVNVAIND NINAAVND INL

ALVIS AHL AS GINAOAARAL SV NOVANDIAYN
F20NNAIND DNIANY T AVNNTT NOTLNOIAYTN DNIANY T dVNO

A01N3AN  1SOBHL

/7
3

Loma oLy (avavy Soianyy)
SCNVNINOD v ALID0T3N F NOILISOd
3001111V R (Sva1d) EYSER =
SANYWINOD e NOLLYZ213MY Y13 3N
1AsQuni
Y B woioan bouLmod
damp Mol
3
SNOILNND3A _w 3NILNOY
— 31V¥adn
A20NNAIND
woroaA Aivis | BOLIIA 3INLS
J1LYIAVNO AALVWILSA ¢

r SNOQILIQNQD

ANIOd-HIV  a331S3Q

NOLLYDIAYN 3 32NVAIND
SNIANY AYNM



PRIMARY CONSTRAINTS ON LUNAR LANDING

THE TERMINAL POWT 'S CONSTRAINED TTHE INITIAL POWNT \S CONSTRAWED
N POSITION AND VELOCITY W POS\TION) AND VELOQITY
Yty = Ris  (LanDNG SITE) CLlte) = Yo ¥ PRESENT POSITION
M) « © ( SOFT LANDING) Ar(t) = AW = PRESENT VELOCITY
WWITIAL
TERMINAL
caRBiSN TR
E e
| ooy | 0K
! H TIME
vy Tt

BASIC GUIDANCE SCHEME

EXPRESS LEM POSITION AS A EXPRESS VELOCITY AND ACC- COMPUTE  “THRUST COMMANDS
TAYLOR SERIES IN TIME EXPANDED ELERATION AS THE FIRST AND FROM THE ACCELERATION
ABOUT THE TERMINAL TIME tg, SECOND DERWATIWES OF POSITION. PROFILE AND GRAVYTY.
O = vl + Ve e-Tg) + 'r"(q\(x;}‘ﬁ... @ = Arltg) + 0le(k-Tg) ~j(t¢)(x§;)z e Q). oum\t = Ol + HedE K)o e
= Vltg) v (tdle-Tg) vo.(t.;)(t_—éo".\, = Ol = oLlty) « Jleg)(R-Tg) +oee THRUST (%)= Qe = Qe - 9D

CAPABILITY OF THE BASIC GQUIDANCE SCHEME

THE FORM OF THE ACCELERATION PROFWE |5 DETERMINED BY THE
NUMBER OF “TERMS INCLUDED IN THE TAYLOR SERIES EXPANSION OF r( .

ORDER OF =

SxPanSan N-=2 N-3 NES

POSITION " a a ~ 3 “

EQUATION P = G Nleg) on‘(\—g\ Yh}lﬁvﬁ‘lt-‘.‘\'aq(\-?3 P st | vl = O et + 0 (10 4 ji T L sg (et
e 2 b )

VELOQITY 3 2 o -

EQUATION @ N e O ety wl)e Ve O ety * Isteg = 07 O L) 3 (At s et
R 3
e oD INTS s Og + ig (419 ) = 0+ iglaty) + Sg @A
£}
WA ConDmens = W\ ! SrrioNs
RIENA Fleorgg
LICRSL ¥ s g
AccELERATION Flearog
PROFILT Nl g
e G
T Tiwme
o <
EFFECT OF WITIAL CONSTRAWTS — ON THE ACCELERKTION PROFILE

POSITION . Y SNaz
CONSTRAWT O = [t ~MT] 2, | Qa6 Ty k] | & ((6-f) iTye —ie T -Se T 15
e s G STy LAY »

VELOCKTY Qg = (MmN L Oy = (- ) =ig Tt Qg =[ Lr-13) ~ig T - S5 Tt 1L
CONSTRAINT % T R el E TR Tt ST o
w)e W jTetete

e““m/z URKNOWV'S awu(nnus/_s UNKWOWNS 2 aqwmovs/q VNKROWNS
Re 3 Tye As 335 ;e Moy 35485 3Ty
COMHENTS Ag € Tyo e UMIQUELY — 1 DEGREE of FReEpoM — — 2 ORGRRES of WREEDOM —
DETERMIED  BY \WMAL Jg cAL Re  PaRsPEORED Ay t iy CAL RE PREIPRCWIED
CoNITRATS THER  Ag & Ty ARe upiQuely TTHEL 33§ Ty ARE vNIQUELY
PETERHINED DRTERMNED.




SECONDARY CONSTRAINTS OF LUNAR LANDING

® REACH TERMINAL CONDITIONS WITH HIGH ACCURACY
® VERTICAL DESCENT FOR LAST 100 ft. AT A RKTE OF -3 % /qec.
® LANDING SITE VISIBILITY FOR 200 SEC. BEFORE TOUCHDOWN

MODIFICATIONS TO BASIC GUIDANCE SCHEME

THE FOLLOWING MODIFICATIONS WERE MADE TO THE
BASIC QUADRATIC GUIDANCE SCHEME IN ORDER “TO ACHIEVE
THE GCECONDARY CONSTRAINTS OF LONAR LANDING

® THE DOESIRED TRAJECTOR 1S REDEFINED ON EVERY
ITERATION CYQLE (2 SEC.) SUCH THAT THE \NTTIAL CONDITIONS
(r(t 3I_\_J‘(t,)) ARE THE CURRENT BEST ESTIMKTE OF VEHWICLE
STRTE AS DETERMINED BY THE STATE VECTOR UPDKTE ROUTINE.
THIS ENABLES PIN-POWT ACCURACY BY ELIMINATING CUMULKTIVE
ERRORS 1N THE IMPLEMENTATION OF THE RASIC SCHEME.,

® THE LANDING SEQUENCE IS DIVIDED INTO THREE PHASES EACH
WITH TS DWN) FINAL CONDITIONS OR A\M POWNTS.

1. BRAKING PHASE
THIS PHASE BRAKES THE LEM DOWN FROM ORBITAL
VELOCITY AND \S TARGETED SUCH THAT “THE LANDING S\TE
VAGIBILITY CONSTRAINTS CAN BE MET DURIWNG THE VIS\BWTY
PHASE .

2. VISIBILITY PHASE  (APPROACM PHMASE)
THIS PHAGE 1S FLOWN WITH THE LEM ORIENTED SULH
THAT THE LANDING SITE 1S VISIBLE FOR LANDING SITE RE-
DESIGNATION. TARGETING S CHOSEN TO VIELD THE PROPER
INITIAL  CONDITIONS FOR VERTICAL DESCENT CONSISTENT
WITH THE VISIBILITY CONSTRAINTS.

3. VERTICAL DESCENT PHASE
THIS PHASE REDUCES THE SPACECRAFT HORIZONTAL
VELOCITY TO ZERO AND VERTICAL VELOCITY TO —3$t/gec,
QUADRKTIC GUIDANCE 1S NOT USED.

IGNITION HI ouw
V= 5600 $tfsec. GATE GQATE
H= 50,000 §+t. V= 500 ftfsec. V= 10 $4/sec.
B2-5' 8o Y= 70008t H= 100t
= B -170 Mg, W 23 gt/SEC
TOUCHDOWN
§
S VERTICAL
N DESCENT
| — le—
< DURKTION
% 30 s.
BRAKING PHASE APPROACH
DURKTION =~ 480 sEc DU, 160 st

SURFACE RANGE
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DERIVATION OF QUADRATIC GUIDANCE LAW

EXPRESS THE POSITION,VELOCITY & ACCELERATION EQUATIONG W MATRIX FORM

\
QW) Tgo? /z T 11 0 O] |ss
@) Teo /4, Ty /z: *r,; Lt 0 |ds

0 3,
[$0) Teolh,, T,,/b: Teh T 1|24
Ne
WHERE T,g —t-‘\'.g o
%

REARRANGE THE MATRIX EQUATION SUCH THATY QeS¢ ¢J; 3 VHE DEPENDANT

VAR\ABLES ARE EXPRESSED W) TTERMS OF
VKQ\kBLEE- .

O 5 TW | Qg ¥y A yTHE INDEPENDANT

, q
1 T,‘,/z _Tgo aw| |0 o011 o of [ww [BJ [ M]
1o -m Tdillss =1 0T 19| |ew A=CG+DH
; 3"/&, 3°/2. " . “’2 il B=Ec.n=u
0 E \*3‘,/?“f T, s o ~1ET%°2T3., 1| log Aecq =
we -EG = BbFH
T -c|[a]_[o o|[&
L o -g|[g|7|-T F|H|
SOLVE THE ABOVE EQUATION FOR QW) , 95 yif -
S 1% e Y S Bllee 18 =18
.gx =| 24 2 ‘72/1,:: nz/,f; '13/_“; 72/“: ) AL E
- [y - Y -
% g g hy T%Rg Al (e
v
Te

QUADRATIC ACCELERKTION EQUATION

TIME-TO-GO COMPUTATION

at 3 (6Te) + S (hTp
k) = Q¢+ I ¢) Y S¢ pg

WHERE 2

de= -2 (f-Yo)-b (an +305) -6 Q,
§= 2 (n o) e s Tzc-c

S¢= 72 (f-Yo)+24 (Wor28p)+12 Q,
R w(. ;Ta“:

LEADTIME COMPENSATION

Q) =0 rip (=T + Sp (-te)
z

T (LEADTIME)

T
to t, tg t
. Tao*
5
ig § S¢ ARE EVALUATED AT to . Q(8) s

EVALUATED A t; TO YIELD LEADTIME
COMPENSATION.

Q) = Qg + g T *suz'g:
24 -333 +35_§”_)(_r‘_[a)
-8 3- +24 i ) N

—,_4-12.")

t)es

+

=
(
4’
( Tbo

+

T"l"‘

ATTT=

TIME TO GO 1S COMPUTED TO SKTISFY
THE REQUIRED FINAL VALUE OF DOWN-
RANGE JERK .

FROM THE ABOVE EQUATIONS ¢
Jo. = 24 (V-0 -b
Y5z %1 (og ) = Ty ( “"’i*gﬂia) q‘h

THIS EQUATION 'S SOLVED FOR T

BY A
NEWTON- RHAPSON |TERATION TECHNI

VE .

$£ea) % e oF que»cv
ngvrog swope=d§
RHAPSO du
£n) *o
~
M ’l"NK'l
oy (fo0T) %o
TO FIND At an= fs——(""’)
INITIAL GUESS = Abo /‘1"-\4.

NEW APPROXIMATION = Ao—AA

TO FIND TIME-TO-GO
INITAL GUESS = TTT
NEW APPROXIMATION = TTT-ATTT

. 2
T o0 TTT 4l (W 4305) TTT =24 (g )

H 2
:uhTT*r +12. 06 7T *L"(m;'s”ﬁ)
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BASIC MECHANIZATION OF QUADRATIC GUIDANCE (Pe3,P6t)

THE FOLLOWING SEQUENCE OF COMPUTATIONS 'S PERFORMED
DURING EACH TWO SECOND GUIDANCE CYCLE.

1. COMPUTE TIME-TO-GO

COMPUTE _ DTTT| DTTT =-

» 3
Jra TTT 4 60e TV 4 (B, + b3V TTT+24(5,%,)
33;;\'1'11 120, TTT + (18 N, +bAs,)

LIIT =TT7+07T7T]

€ \S WITIALRED ON EACH 2 SEC. CYCLE

o €=TTT/0g

1406 EX\T

2. COMPUTE ACCELERATION COMMAND

Tad® TH2 ¥ T2
g,v(-z»%, +Bb% )(r,;-r_‘a) + (-\9 o S 1'?;-4 ) V%

ToX T2 ToE  Tu¥
+ (- =¥ + i) AL _
(b"’s«?‘ 255 ) o +(b_\_¥,_ o +1)g_.¢ )

WHERE 2
Yo | PRESENT VEWICLE r
o L Rrrion ¢ Yevesity ERASARBLE DATA LOAD AIM-POINTS
FROH s‘\'h‘\'a ~VECTOR
POKTE ROUTINE P63 Pll
Q.g) DESIRED AIM-POINT re - [— 3,582.05] [ 8. 392]
CONDYTIONS FO! -
N5 T o8 e Pon, FOR sty |-1370s5.71 ~20.16
(ERASABLE LOAD) [— 196 .903 -.319
W= 0
Tao =TTIT As -99.73% ] .3123
* 7 pevernmed asove (#t/sec)
" e qsoozv‘i s 20999
Tgd =TTT + LEADTIME
~9.s1509 —.40lb
( LEADTIME = 2.2 sec (f¢/sec®)
ERASABLE LOAD) .
9= GRAVITY VECTOR Jp = —.0/HT +. 0376
(ft/sec?)

RADIAL. GUIDANCE
IF THE DESIRED ACCELERATION 1S GREATER THAN MAX. ENGINE
THRUST , THEN DOWNRANGE THRUST 1S LIMITED.

X
@ 4 MAX. THRUST LEVEL

RADIAL THRUST COMPORNENT

“%q YCORRECTED DOWNRANGE THRUST

DESIRED DOWN RANGE THRUST
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BASIC MECHANIZATION (conm)

3. ALIGN THE GUIDANCE COORDINATE FRAME

THE GUIDANCE FRAME \S ALIGNED SO THAT THE CROSS-RANGE (Y- COMPONENT)

OF JERK 1S ZERO AT PHASE TERMINUS.
GWEN BY THE QUADRATIC GUIDANCE EQUATIONG.
b
T,.,O‘“v
THE Y -COMPOMENTS OF THE AIM-POINT VECTORS
ARE SPECIFIED AS ZERO @ Y};Y= Ney=Ogy =0

. e
. O=--‘-:°z
. ~Tao = -, 9e

OF: oy~ Woy =0 D (LH-th¥)=0

THUS , THE GUIDANCE FRAME \$ ALIGNED WITH \TS
Y-AX)$ PERPENDICULAR TO THE VECTOR (r,,-g;\:g)

. 3 24
J‘Y = ’Tﬁ"z (’%‘ 4-3/\}‘,‘\') - :‘,:,o(r,‘-r,‘)_

24
")6.‘, + ﬁo’ QY

THE Y-COMPONENT OF _3_; \S

Uy = UNIT ()

Wyg = UNIT (Vs X (6ot T3))
9

Uag = Uyg X Yyq

4. COMPUTE THE WINDOW POINTING VECTOR

‘\éww =UNIT (Cp)

P-bl

R F o4 1S° THE LANDIN

P-63

e

WINDO W- POINTY
ALIGNED ALON

IF «2 25°

Za-

ALIGNED ALONG Iy .
\F 1s°¢a<as®
THE ASOUE TWO CASES

81 82

|
SITE 1S NOT VISIBLE AN(;‘THE
VECTOR IS

THE  LANDING
SITE 1S VISIBLE AND THE
WINDOW -POWTING VECTOR \S

A SHMOOTH
TRANSITION S MADE BETWEEN

Wwop = 81 Uz, + B2 (fi5-lp)

——
“TUNAR
SURFACE

SPACE-CRAF T 1s° as*
ORIENTATION

THE X-BODY AXIS 1S
AL\GNED ALONG THE
DESIRED THRUST VECTOR Ay.

THE Z-BODY AX\S \S
ALIGNED I\ THE PLANE
CONTAMNING Ay § Uwop

L= (UNIT(FQ) % War) -y,

= ANGLE BETWEEN Yg 4 Ay NORMALIZED FoR
ANY CROSS-RANGE “THRUSTING .

5. COMPUTE THRUST MACNITUDE

ACTUAL THROTTLE SETTINGS ARE
LIMITED 8Y ENGINE CONS\DERKTIONS
TO =93 % OF FULL SCALE OR LESS

THAN 3% .

1 o0

FRAC —
5798.684%
93.035 %

HIGHCRIT__

4
o

LOCRYT 5985L8S =
HIGHCRIT bb)S LBS =

ERASABLE DATA LOAD PARAMETERS
57%
63 7

§

THROTTLE SETTING (%
n -
o Q

— MANVAL TRROTTLE LEVEL

20 4o O @80 100
DESIRED THRUST ALY (%)
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LUNAR LANDING — STATE VECTOR UPDATE RECURSIVE FILTER

BLOCK DIAGRAM
LR DATA REASONABLENESS

LANDING RADAR TESTS AND ASTRONAUT
MEASUREMENT TESTS APPROVAL wUnp
xR UPDATED
LANDING AR X iSTATE
RADAR WEIGHTING YECTOR
FUNCTION
(w, wu) hd
+*
EXTRAPOLATED
GEOMETRY VECTOR % STATE
RELATING PIP's - USING PIPA
TO LR OUTPUTS
T ONCE EACH 2
SECONDS
e  STATE VECTOR EXTRAPOLATION PIPA AV PULSES
T — AVp  gnAt Ay
Ip It (ta-tyy) (.Yn—l T3

5>
"
1

~ At
Yp Vp-1+AVp + (Bp +Bp-1)

4 L

P = PLATFORM FRAME

e STATE VECTOR UPDATE

Ip 5p wupp

Yp 84y wulyp,

CONDITIONS NECESSARY TO UPDATE STATE USING LR RANGE DATA:
e LANDING RADAR IS NOT BEING SWITCHED FROM POSITION NO. 1 TO POSITION NO. 2
e  RANGE DATA MEASUREMENT TESTS ARE SATISFIED.
DATA GOOD DISCRETE HAS BEEN PRESENT FOR 4 SECONDS OR MORE.
LR RANGE SCALE HAS NOT BEEN CHANGED WITHIN LAST SECOND.
e MEASUREMENT RESIDUAL (6q) IS WITHIN SPECIFIED LIMITS |6q| < DELQFIX* +0.125 (q')
e  ASTRONAUT APPROVAL FOR UPDATING HAS BEEN GIVEN (V57).
CONDITIONS NECESSARY TO UPDATE STATE USING LR VELOCITY DATA:
e  ESTIMATED VELOCITY IS LESS THAN 6,000 ft/s. (VUP)
o  LANDING RADAR IS NOT BEING SWITCHED FROM POSITION NO. 1 TO POSITION 2.
e VELOCITY DATA MEASUREMENT TESTS ARE SATISFIED:
DATA GOOD DISCRETE HAS BEEN PRESENT FOR AT LEAST 4 SECONDS.
e MEASUREMENT RESIDUAL IS WITHIN SPECIFIED LIMITS |3qy| = 7.5 + 0.125 (V{ - wpX Ip)-
e  ASTRONAUT APPROVAL FOR UPDATING HAS BEEN GIVEN (V57).

*DELQFIX = 500 ft
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STATE VECTOR EXTRAPOLATION

State vector extrapolation is accomplished by an Average G routine at 2-second inter-
vals coincident with PIPA AV processing,

LM position vector (x_'p) is extrapolated assuming constant acceleration
over the 2-second interval

1'=1-(,+v,,At+—;-aAt2

AV =
+=2E‘At+ s_l;_iAtZ

Ip=Iny+ Y poylty - thy
where

Tp-1 = position vector (gp) at end of previous interval

Vp-1 = velocity vector (vp) at end of previous interval

A_Vp = accumulated PIPA AV pulses during 2-second interval

£n-1 = lunar gravitational acceleration at end of previous interval

LM velocity vector (gp) is extrapolated using PIPA AV pulses and the average gravita-
tional acceleration over the 2-second interval

vV = vy + alt

Yp=Ypoit A_’\}'p+ [&{_52] At

where

Vn-1 = velocity (vp) at end of previous interval

A_Vp = accumulated PIPA AV pulses over 2-second interval

gn-1 = lunar gravitational acceleration at end of previous interval
Ep = lunar gravitational acceleration at end of present interval

- *M
E,=—5 Ip

Tp
In addition to the state vector update, the following terms are computed
Altitude h'= Tp-TLg
where
rp= magnitude of position, r p

r1,g = magnitude of landing site, r LS

Velocity v's= I!pl

Mass my=my_ - l§p| m o /V‘3 (V, = Exhaust Velocity Constant)
Velocity -

Increment AV = AV + |Av p|
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UPDATE THE STATE VECTOR USING
LR RANGE DATA

Compute the measurement residual
6q=q*-q’

where
qN* = altitude derived from LR slant range (corrected for doppler effect)

q' = estimated altitude

Surface

= Unit (r
@)

@ Update the position vector using the precomputed gain and measurement residual
r =r +woéqu
P P 9 Zhp

hl
— ,<
©=K_ (1-7—=). h'=hy

K =0.35 -
o _ /
3 =0, h'>h
g
8
- Altitude (h')

1
h  =50,000 ft
m
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UPDATE THE STATE VECTOR USING LR VELOCITY DATA

The Landing Radar has three velocity components, They are used (one during eack
2-gecond interval) to update state according to the time line shown below.

ay AV n AV 4o

n
| % je— 2seconds —] | -

PIPA Process{?g Times
X Ly | = -

LR Velocity Read Times

q =V ~ ~
box 9= Vy 9, =V,
u [Chp u U, =[C_. ]u
—AP PB ' —x =AP = —AP —
u u u [CPB ! lly u PBu z

@ Compute the measurement residual corresponding to the time that the
velocity data is read (tu).

89 =y -qy
g, = LR velocity component read at time ty
q, = estimated component of LM relative velocity in the direction of ﬁ’u
9y = (Ly-@p X Ip) - Upp
where
Wp X Ip = velocity of lunar surface
upap, = unit vector in direction of LM velocity data
Vo - Wp X Iy = velocity of LM relative to lunar surface
v, = estimated LM velocity at time ty
Yy = Yo +&l!u+ En-1 (tu - thy)
where
¥n-1 = LM velocity at end of previous update cycle

~

Av,, = PIPA AV read at time of LR velocity data ty

E£n-1 = lunar gravitational acceleration at end of previous cycle

@ Update the LM velocity vector at time t using measurement residual
and extrapolate velocity (\_rp ) n

Yp=Yptwydqupp,

s ’
W, = 0, v >vp

?0 2 9, =0.3(1-v"/vy),vpm1 =V’ = vy
8 _ '
8 w =0,2, v< Vinl

lVelocity w’)

200 ft
& vm = 2,000 ft/s

<

)

=
[



LUNAR LANDING GUIDANCE FRAME PARAMETERS (TYPICAL)

VERTICAL IS CROSS RANGE DOWN RANGE IS
ALONG GUIDANCE FRAME PARAMETERS ALONG GUIDANCE FRAME
X-AXIS ARE NOMINALLY ZERO 2-AXIS
10 DOWNRANGE
ACCELERATION
8 (ft/s?)
2
6 2 Time (s)
VERTICAL 100 200 300 400 500 700
A ACCELERATION W
(/s Pos - o4
2 Atmpoint Atmpolnt
-4
°™ 100 200 300 ~5 600] 700 -6| Throttle
s 4| Time Dowo
-
Alm .
-4 Throttle | point 10 e
Down / Ype3
-6 Aim-
-12] / point
-2 sl /
l— P63 ——'e-PBA
-10 gl P63 o P64,
Acceleration Vector Is solution
of equation
8 12
Ag =1 Wty Y (I thy
® L3
(y, and r  are plotted below) Veloclty is determined by
1,400} integrating applied acceleration
(thrustegravity) .
1, 200} 6,000 DOWNRANGE
VERTICAL o VELOCITY
1,000 VELOCITY 4 ®/s)
(/) 4,000
3,000
2,000
P63
1,000, Throttle, Aimpoiat
Down . P64
” # Aimpotnt
0 100 200 300 400 600 | 700
Time (s)
A Pe4
VERTICAL DOWNRANGE
POSITION POSITION
() [e]
e P63 P63 P64
20k Atmpolnt 200k m;rom Atmpolat
4 Time (s) 0. 1/
160 /260 360 400 00" 600) Yoo 100 200 300 500 600 700
-20k Pt -~200k. Time (8)
Atmpoint
40k e —~400K]
-60k -600k]
P63 P64
-80k -800k]
P63 Pe4
-100k -1, 000k]
120k Guidance Frame -1, 200k
~140k X (AlongBrg) -1, 400k}
-1,800k]
z
Down-
range
X Bis
Cross-
raoge




LUNAR LANDING GUIDANCE FRAME PARAMETERS (TYPICAL) (Continued)

VERTICAL DOWNRANGE
THRUST ACCELERATION THRUST ACCELERATION
(1t/s%) (1t/8%)
Thrust Vector =Ar =Ag - g
Time (s)
(Thrust magnitude is limited by 100 200 300 400 500 600 700
5 radial guidance and engine
-2
6 Radial Lunar
o (?uidance Travity 4
4 in Effect
2 Thzoule -6 Throtiie
Down
-8 Down
0 Y
100 200 300 400 500 600 700 10
-2 Time (8)
-12
-4 Radial
f—— ®68 —+ P64 ~l _14/~— Guidance
in Effect
b P63 —— P64
LOOK ANGLE
(degrees)
50k ALTITUDE 120
(1)
40k 100
30k
80 Visibili
Region
20 k %0 I
Throttle
Down
10k 4o
0 f— P63 —— P64
0 100 200 300 400 500 600 700 20
Time (8)
I'_‘ P63 —+ P64‘| 100 200 300 460 500 600 700
Time (s)
/ SwDP
O} Look Angle
il
FI
'UEL CONSUMPTION A lo) L{s%gng
(pounds) = t
Ris
. ALTITUDE
Timei(e) PROFILE
100 200 300 400 500 600
0 8k
2,000 -
40000\ o
6,000 - g
]
8,000 Throttle % 3
Down s
<
10, 000 4 "
12,000 %
14,000
1k
16,000
-28k -24k -20k -16k -12k -8k -4k
18,000

Downrange Position (ft)
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LM LANDING DISPLAYS

P63, P64, P66

Gimbal Roll, Yaw Attitude
Angles [GASTA]
MU — — —_ -
* om£©: Plich Attitude
RATE GYRO Pitch, Yaw, Roll Attitude Rates s
ASSEMBLY
LmoupancE P Yew Ron (| Attitude Errors
COMEUTER Attitude Errore
(DAP Outputs)
Forward/Lateral Velocity
LANDING
RADAR
Altitude/Altitude Rate
L R1: Slant Range DSKY
V16N68 R2: Time-to-go
R3: Delta H
R1: Time-to-go TPLINK e (T pacc)
£e3 VO6N6L |  R2: Time from DPS Ignition [_.“L e @ 00
R3: Crossrange Distance LiXatd Locx T T
Antenna Position I sToY PROG { S &
[[xevne ][ mesranr o ~ o
o3 Vo6N62
R1: Inertial Velocity oou enn | [rmaceen
R2: Time from DPS Ignition
Volooity Data LM R3: Measured AV
LANDING gc';‘l:’:;‘cs’:
RADAR MPUTER R1: Inertial Velocity
P63 VO6N63 R2: Altitude Rate
Range Data R3: Altitude
R1: Time-to-go/LPD Angle
P64 £0, ngl
VoeNG4 R2: Altitude Rate
R3: Altitude
R1: Forward Velocity
P66 VO6N60 R2: Altitude Rate
R3: Altitude




LB-91

— HOLVOIGN! 31VH 3GNLILIV/3ANLILTIV ‘ILVH IONVH/IONVY 1_

1
|
| O
1 | B
o=
! 997—3anLIV

nnwot
[ —
S5V — 31v8 30nLILY @
[ —
367 31v8 3GNLILV
[ S — 10N
=T | ¥7-31v8 3an0ILW 43103 x
I ! 2
a8 Lv/1v sovy “
]
& -@ |
|
14 ONY/ONY %0y 901
NOW 1IV/9NY 73S 300W I

OV —3aNL11Y

HOLVOIIANI H3LNIOd X

YLND/4QY 9ONT il
¥vavy 20Ny yvawy 907
NOW ¥H3/31vy 73S 300w

[o S ——
(S9V) T3A w3V

|
|
|
|
!

(9971734 WHa

o S

[o S —
(VAA) 13A a1

|

IvENONNAEL |

o

I

lo
i

(297) 13A am4
HY - 39NVY CREE"YUR ?m»ﬂk LIVHS ¥y © (V2A) 73A ¥
— HOLVIIANI 3ANLILLY HOLD3HIQ LHOINS _
¥YNNT 8 Hi¥v3
S3T9NV NGD IN3IS3¥d = IN3SHWIW ‘I ‘0 AVIdSIQ 31vd 11980
$379NV N@J 03¥IS30 = Q3YISIAW ‘IO 4<mﬁmo
(2) 379NV WENIS 300N = W
(A) 379NV WEWIO ¥3NNI = T
(x) 379NV WENIS ¥3100 = O
Q3uISI0N - 1N3S3UAW | [ 050D Owis 0s0d @ 708 ¢
Q341530 T - IN3S38d T WNIS 0SOOWS0d O |=| HOLId © ¥OLVOIGNI 3aNLILLY
ISR - IS0 o s 4 AV HOLO3MIQ LHOIN4
5,029 NOLLVWAOSNVYL Ivad
34wy AQOS QL sov H1dWD/ ¥OYN 907 =
31vy vamo
997 — SNOILYNO3 @ @
1071401NV TVLI9I0 SNod yvave zany
% NOW 30NLILIV NOW ¥¥3/31vy
NOILI3S a/Vv o! "
L1INO VIV SNINdNOD gwy o
nas -
|
[
| _® “
! !
" SN9d i
. |
[
| HOLYOIONI 3aNLILLY L NOW 3aniiLiy |
M woloawid 1weis [ e
Va3 30N11LLY TVI0L
I LINN
K18W3SSV NOILYWHOISNYYL ANINNNSYIN
770!
.MMEB S9V) 2 3ON3N03S 39NV TVENIO M_w._mo‘q_M AVILY3NI
1vy AG08
S3XV 28 A'x V1SV9 NNt

SAV1dSIa IN3DS3a




LB-92

(ITANVH d149-T0LSId)
¥ITTOYLNOD

/m_?.~ . JANLILLY TOYLNOD
J JANLILLY
110"

TOYLNOD
IANLILLY HOLId

ASTOINY/ 03+ f ASTNANY o3/
LYOHS = HOLId + LIdT=TI0H -
/I\‘

J40 J40
HOLIMS
IVIOLHSNE
dT1O0H L1V @ dTOH LLV @

oLrav orayvy

_ SOV s NOd _
(X7INO MOANIM S, MIANVININOD TOYLNOD TAOK

NO HOLVNDISZA LNIOd DNIANVD
MOANIM S HIANVININOOD

XTINO 79d
NOILVNDISIAHTY TLIS DNIANVI




LB-93

SIXV-Z +
J 108INO
TO¥INOD anuuv
ELLTUV ) Moy
HOlId

%
W
x +
430 MVX +

ad0

\

\ QTOH 11V a'1oH .E.<A V
\—/

10¥INOD olny orny

aniuv HILIMS
MVA NV1-01-HSNd ‘ SOV S NOd —
TOYINOD JAOW

YA TTOYLNOD HANLILLLY WT TVANVIN

Sdd 1 -

=)

Sdd 1+

(@oy)
LNJOSHd 40 JLVY

99d
TOYLNOD HAOW ASVHd DNIANVT




LB-94

00 ..
435 O'H
ol v nevsio
9
o;

VN
dOud VOV WS Ay

= wom — iy T = (10v)
edodsejey
|oondo iuewuByy

1
o, I Ielz)

x x §
@__.D:[ E—
]

vawio  tawno | vavio

25
o @
wiea

i3
ous

™ on wun

SAV'IdSId ANV STOYINOD NI



LB-95

sAsidsig pue ${03u0D UIged

(vov) Ajquessy o)) D of

navsia

©

n9vN3
109/ vov

sianva 30 | i,
ONiLHON ————

SAVIdSId ANV STOYLNOD T



V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000X

LB-96

P52—IMU REALIGN (CM)

IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT, 4 — Landing Site

V51 Flashing — Please Mark

P52 Option X

Hours

+

Minutes GET

+

Seconds

+

Celestial

Body Code 1 N71| X

Celestial
Body C 2 N71| X

Star Angle

Difference (degrees) NO6

X N93
Gyro

v Torquing
Angles

(degrees)

X Calculated
Gyro

Drift
b4 (meru)

P52 Option X

Hours +

Minutes GET +

Seconds +

Celestial

Body Code 1 N71] X

Celestial

Body Code 2 N71 | X

Star Angle

Difference (degrees) NOS

X N93

Gyro
Y Torquing
Angles

z (degrees)

Calculated
Y Gyro
Drift

z (meru)

NOTES:
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PDI + 20 (103:53)

LANDING ALIGNMENT OPTION
P57, R2 00003 (REFSMMAT alignment option)

No6, 00010 REFSMMAT + gravity alignment
00001 >—< technique, REFSMMAT defined,
00110 stored attitude available

(NO ATT LT - on/off twice) (Gravity measured)

NO4+__ (Gravity tilt vs vehicle X axis) (0. 01°)
V32E (Recycle)
NO4+___ (Spacecraft X axis stability)

PRO

N22 ICDU angles
PRO (NO ATT LT - on/off twice)

No05 Angle difference (0. 01°)

N93 X Torquing angles (0. 001°)
Y
Z

V34E, POOE (Terminate, do not torque platform)
PDI + 45 (104:18)

TWO-STAR PLATFORM ALIGNMENT-Landing Site Location Check

P57, R2 00003 (REFSMMAT alignment option)
PRO

No06, 00010 Two-celestial body alignment
00002 p—<technique, REFSMMAT defined,
00110 stored attitude available

PRO

First Star (Atria 134)
Cursor
Spiral

N79 Load then V32E

Cursor > First Star Marks
Spiral

N79 Load then V32E
Cursor
Spiral

N79 Load then PRO

N
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Second Star (Rasalhague 335)

Cursor
Spiral
N79 Load then V32E
Cursor > Second Star Marks
Spiral
N79 Load then V32E
Cursor
Spiral
N79 Load then PRO /
NO05 Star Angle Difference (0.01°)
PRO
N93 X Torquing angle (. 001°)
Y
Z

PRO (gyro torquing)
N25 00014 ENTR
N89 Lat (0. 001°)

Long/2 (0. 001°)
Alt (0.01 nmi)

PDI + 1:00 (104:33)

TWO-STAR PLATFORM ALIGNMENT - Landing Site Location Check

P57, R2 00003 (REFSMMAT alignment option)
PRO

NO06 00010 Two-celestial body alignment
00002 »—| technique, REFSMMAT defined,
00110 stored attitude available

First Star (Antares 233)7
Cursor
Spiral
N79 Load then V32E
Cursor
Spiral
N79 Load then V32E
Cursor
Spiral

N79 Load then PRO /

> First Star Marks
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Second Star (Formalhaut 645)
Cursor
Spiral
N79 Load then V32E
Cursor
Spiral > Second Star Marks
N79 Load then V32E
Cursor
Spiral
N79 Load then PRO /
NO5 Star Angle Difference (0.01°))
PRO (gyro torquing)
N93 X Torquing angle (. 001°)
Y
Z
N25 00014 ENTR
N89 Lat (0.001°)
Long/2 (0. 001°)
Alt (0.01 nmi)
Consult MSFN

PRO - (Update RLS)
V34E-(Terminate)

CB AOT - Open, CL/0, 0°
POOE
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LUNAR SURFACE ALIGNMENT
AOT DETENT POSITIONS

Right Rear

Left Rear
0° Forward

Front Left

+
YLM

Inner)

+Z S

LM =5

i

0
Middle
0
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LUNAR SURFACE ALIGNMENT - P57

PREFERRED

VERB 37 ENTR,
57 ENTR

1}

VERB 04 NOUN 06 (FLASHING)
SPECIFY IMU ORIENTATION
a. PREFERRED (00001)
b. REFSMMAT (00003)
c. LANDING SITE (00004)

REFSMMAT

LANDING SITE

|

A

3

[ VERRB 22 ENTR, 00001 ENTR1

I VERB 22 ENTR, 00003 ENTR I

I VERB 22 ENTR, 00004 ENTR I

¥

VERB 06 NOUN 34 (FLASHING)
TIME OF ALIGNMENT

¥

\ TIME OF ALIGNMENT CAN BE MODI-)
FIED WITH A VERB 25 DATA LOAD_l

———— ===

VERB 05 NOUN 06 (FLASHING)
SPECIFY ALIGNMENT TECHNIQUE
a. STORED ATTITUDE (00000)
b. STORED ATTITUDE + GRAVITY
(00001)
c. TWO CELESTIAL BODIES (00002)
d. ONE CELESTIAL BODY + GRAVITY

(00003)
v

VERB 22 ENTR, 0000X ENTR

TECHNIQUE 1 OR 3

TECHNIQUE 0 OR 2

TION ROUTINE
VERB 06 NOUN 04 (FLASHING)

STORED GRAVITY VECTOR)

EXECUTE THE GRAVITY DETERMINA-

+ XXX.XX° (ANGULAR DIFFERENCE
BETWEEN PRESENT AND PREVIOUSLY

v

GRAVITY DETERMINATION NOT RELE-
VANT TO THESE TECHNIQUES

TECHNIQUE 2 OR 3

TECHNIQUE 0 OR 1

v

2ERQ PERFORM AOT i STAR I AOT NOT USED FOR THESE TECHNIQUES
STAR SIGHTINGS ON
CELESTIAL BODIES
AS REQUIRED BY enor
TECHNIQUE
CURSOR SPIRAL
MEASUREMENT MEASUREMENT

]

VERB 06 NOUN 05 (FLASHING)
+XXX.XX° (ALIGNMENT ANGLE
DIFFERENCE)

1!

COMPUTE AND STORE NEW
REFSMMAT AND ALIGN IMU TO
DESIRED ORIENTATION
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LUNAR SURFACE AL

T — P57

OPTION DESCRIPTION CALCULATION OF ORIENTATION
00001
(PREFERRED) ANY ORIENTATION UPLINKED BY MSFN VIA P-27 XM
PREFERRED =y,
REFSMMAT ™
Zsm
00003
(REFSMMAT) ‘THIS OPTION REALIGNS THE SM TO THE SM ORIENTATION Xsm
CURRENTLY MAINTAINED IN THE LGC. THE ACTUAL SM REFSMMAT] = |Y. [CURRENTLY MAINTAINED
ORIENTATION DIFFERS FROM THE LGC MAINTAINED [ N 1 SM | = [LGC 5M ORIENTATION
ORIENTATION DUE TO GYRO DRIFT. Zgm
00004 Vesm N
(LANDING Xsm UNIT ( Rp g
SITE) = XM LANDING SITE 5z
Resm REFSMMAT = | Ygy| = |UNIT (Zgy X Xgy

:&?c\é'

BQ\

Zsm|  |UNIT KRogy x Vosm) * Foml
WHERE

iw IS THE LANDING SITE POSITION VECTOR

Ris Eas
Rogye Veau ARE THE POSITION AND VELOCITY
OSM" "CSM U EGTORS FOR THE CSM AT TIME OF
. ALIGNMENT
THIS OPTION ALIGNS THE Xgy ALONG Ry g AND Zgy .
DOWNRANGE.
P57 SEQUENCES
APOLLO 11 APOLLO 12 APOLLO 13
0 Hours —— Landing r—— Landing (= Landing
P57
- Opt3 Tech1 - - P57
P57 [ Opt3Tech1l
- - Opt 3 Tech 1 - Ps7
— Opt 3 Tech2
= P57 o P57
P57 Opt 3 Tech 2 [~ Opt3Techz
1Hour — 3 Tech 2 B ps7 -
—— Opt 3 Tech 2
- - =
P57 B |
Opt 4 Tech 3
2 Hours |—  Power Down
—— Power Down
5 = -
=18 Hours
-3 Hours [~ = -
Power Up
- | Power Up -
— P57
B e op&s?reeh 3 B Opt 4 Tech 3
P57 - -
[ Opt4 Tech3
-2 Hours [~ - -
-1Hour L. - -
P57
L P57 | - Opt 4 Tech 3
Opt 4 Tech 3 | P57 |
[ Opt4 Tech3
0 Hours L Liftoff L Liftoff | Liftost
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LUNAR SURFACE ALIGNMENT — P57

TECHNIQUE LOS DIRECTION IN BASIC REFERENCE COORDINATES CALCULATE REFSMMAT

SA = T x2) 5T | Ty & Tuct
(specified) _
¥z
[ Ym
" - - - o= |- a =
8p = Yy X Zag) * Ym| 1smcs = 1B1 1gmca
N measured) - .=
- ( Ym* 2y

+7

;’A T (A IM(:x =S~ (B —"BMCS

i
N - % =
////4//, Tgmcs = (REFSMMAT] Tpc; «(B] ™ [A] Tpq,

-t

LM * Y and +7Z stored from previous alignment
(P57, P68)

Tis
By |Frex D% Fig | Tuer® 141 Ty
 apecified) -
FLs*Z
Bis
o .} = P
1 = |(8 g*Zym) *BLg| lsMCS = [B] lgmcs
(measured) -
| BLs*?m
s = -t -
Tomcs " (REFSMMAT] Ty =817 IA] Ty
K
8o | xBXTy | Tyep 1A T,
L mMe1 mMc1
8 x5
z SM
8p = |(BiM* ) XSim | lgmcs - (B) Tgmes
(measured) - -
M X &M

Tgmcs = [REFSMMAT] Tycy = [B)~! [A) Iycy

Tis
“ - 8o = |[(Fuex®) xFig| Tmcr = 1A) Tyar
) N (specified) _
TrgX 8
BLs
Nxr - - - - - -
3 8p - (BLg* BaM) *Brs| lsmce * [B) lgmcs
Mcl (measured)

s Bm

v Tgmes = [REFSMMAT] Tycq = (B! (A) Tygy

MCI - Moon Centered Inertial; SMCS - Stable Member Coordinate System
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LUNAR SURFACE ALIGNMENT
GRAVITY DETERMINATION ROUTINE

1. COARSE ALIGN THE IMU TO THE FIRST ORIENTATION: XNB

OGA = +42°
MGA +35. 25°
IGA =~ -42°

Zynp, DOWNRANGE

YNB

2. PLACE THE IMU IN AN INERTIAL MODE AND SAMPLE THE OUTPUT OF THE PIPA's OVER A PERIOD OF 40 SECONDS.
(PIPAy, PIPAy, PIPA;). FORM A UNIT VECTOR g

PIPAy Xg + PIPAy Ygy + PIPAy, Zgy

[
/P!PAXZ + PIPAy® + PIPA

Z
WHERE %; INDICATES THE DIRECTION OF THE FIRST ESTIMATE OF THE LUNAR GRAVITY VECTOR IN SM COORDINATES.

3. COARSE ALIGN THE STABLE MEMBER 180" ABOUT THE MEASURED GRAVITY VECTOR.

X
OGA ~ -138° i
MGA =~ +35. 25°

IGA ~ -42°

ZnB
DOWNRANGE

4. PLACE THE IMU IN AN INERTIAL MODE AND SAMPLE THE OUTPUT OF THE PIPA's OVER A PERIOD OF 40 SECONDS
(PIPAy, PIPAy, PIPAy). FORM A UNIT VECTOR %2

PIPAy Xgy + PIPAy Ygy + PIPA, Zgy

B2 =
Jepay® + PPay” + PIPA,E

where EZ INDICATES THE DIRECTION OF THE SECOND ESTIMATE OF THE LUNAR GRAVITY VECTOR IN SM COORDINATES.

@

DEFINE A UNIT VECTOR BG OUT OF El ANDEZ WHICH REPRESENTS THE DIRECTION OF THE LUNAR GRAVITY VECTOR.

Tg = UNIT (&) +&)

NOTE: THE ELS VECTOR IS CONSIDERED TO BE COLINEAR WITH THE GRAVITY VECTOR.
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P57— ]
V37 Enter, 57 Enter 57—LUNAR SURFACE ALIGNMENT

V04 NO6 Flashing
R1: 00001
R2: 0000X Alignment option
1—Preferred, 2—Invalid
3—-REFSMMAT, 4—-Landing Site
V05 NO6 Flashing

R1: 00010
R2: 0000X Alignment Mode

0 — REFSMMAT or Stored, 1 — REFSMMAT +g
2 — Two Bodies, 3 — One Body + g

R3: 00ABO Data Code

A = 0 — REFSMMAT Not Defined, A = 1 — REFSMMAT Defined,
B =0 — LM Attitude Not Available, B = 1 — LM Attitude Available

VOB NO4 Flashing
Gravity Error Angle (0.01 deg)
V06 N22 Alignment Final OG, IG, MG ICDU Angles (XXX.XX deg)
V06 N93 Flashing
X, Y, and Z Gyro Torquing Angles (0.001 deg)
V50 N26 Flashing
R1: 00014 Fine Align Option
V06 NO9 Flashing
Latitude, longitude, attitude landing site (0.001 deg, 0.001 deg, 0.01 nmi)

X [ [ [ 0 1 Alignment Option I NO6| X o o I
o ]
+ 1] 0 Hours ‘N:M + [}
Time
+ o o o Minutes of + o
+ ] Seconds +
x |[ojo]o o Alignment Mode x o
Gravity Error Angle {deg)
06 N22
G Alignment Final
ICDU Angles
MG
X o o Star Code 1 N71 X (4]
Cursor Angle (deg) N79
Spiral Angle (deg) Star No. 1
X 0 o [} o Position Code X [ o
X ] o Star Code 2 N74 X [}
Cursor Angle (deg) N79
Spiral Angle (deg) Star No. 2
X o o [} [} Position Code X [} o

Star Angle Difference (deg) NO5

X N93
Gyro
Y Torquing
Angles
z (deg)
X
C
Y Gyro
Drifts (meru)
z
Latitude (deg) N89

Longitude/2 (deg) Landing
Site

Altitude (nmi)
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APOLIO 13 P57's

1st P57

Done to option 3 (REFSMMAT) with technique 1 (gravity and Z
Nav base). Normally two gravity measurements. First gravity
error angle indicates angle between X-nav base and local
vertical. Second gravity measurement indicates stability of
spacecraft.* The N93 GTA's are the relationship between the
SM and local horizontal. The latter gravity measurement will
be used in the next P57 for co-ordinates of landing site.

No gyro drifts can be calculated from N93. The GTA's are not
normally torqued.

2nd P57

Done to option 3 (REFSMMAT) with technique 2 (two body). No
gravity measurements are made. The N93 GTA's will put SM on
the pre descent defined REFSMMAT in preparation for display of
the landing site co-ordinates. ILatitude, longitude and
altitude of the landing site are displayed based on the
previous gravity vector. If the co-ordinates are accepted
(via proceed) they are converted and stored as R,_. The N93
may be used to calculate gyro drift over the int€rval from
the last P52. The drift terms will include acceleration
sensitive terms due to descent and 1/6G.

3rd P57

Same as the second P57 except gyro drift cannot be calculated
due to the short interval of time. This P57 is mainly used
to verify the results of the second P57.

Lth P57

Done to option 4 (landing site, time to be specified) with
technique 3 (gravity and one star). First P57 after power up
on the lunar surface. Normally two gravity measurements are
made. The first measurement indicates any change in the nav
base since the last gravity measurement. Second gravity
measurement indicates stability of spacecraft. The N93

GTA's will align the SM to the REFSMMAT defined by option k4.
Mo gyro drift calculation from N93 since this is first align-
ment since power up.

5th P57

Same as fourth P57. Normally done to same time of liftoff

as fourth P57. Normally only one gravity measurement made.
Gyro drift may be calculated from N93 if above is true.

Final alignment before liftoff. The drift terms will include
1/6G acceleration sensitive terms.

*Gravity error angle of .01° is within accuracy of system.
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P22-ORBITAL NAVIGATION

V32 Enter, 22 Enter REV 15

V06 N45 Flashing, R3: Middle Gimbal Angle
V05 N70 Flashing, R2: A BO D E Landmark Code
A1 — Known, A2 — Unknown, B - Index of offset designator, DE — Landmark 1D
V06 N89: Flashing Landmark Coordinates
R1: Latitude, R2: Longitude/2, R3: Altitude
V51 Flashing — Please Mark

+ ] V] Hours + 0o V]
TI GET at
+ 0o o 0 Minutes 0 degree + /] 0o 0o
Elevatk
+ 0 Seconds + 0
+ 1]
+ o ) Hours T2 GET ot 1]
i 35 degrees + 0 0 0
+ 0 o [} Minutes Elevation
+ 4] Seconds + [
X N or S nmi X N or s
X X X X Shaft X X X X
SXT
x| x| x| x Trun Angles x| x| x| x

Control Point

LAT (+ north) l N89

LONG/2 (+ east)

ALT (nmi)

LAT (+ north) l NB89

LONG/2 (+ east)

ALT (nmi) 4
+ (1] 1] Hours + V] (/]
TI GET at
+ (1] 1] o Minutes 0 degree + 0 V] 1]
+ (] Seconds + o
+
+ o o Hours T2 GET st ] ]
¢ 35 degrees
M + ]
+ (1] [|] ) inutes Elevation o 0
+ o Seconds + o
X N or S nmi X N or s
X X X X Shaft X X X X
SXT
x| x | x| x Trun Angles x| x| x| x
Control Point
LAT (+ north) Luag

LONG/2 (+ east)

ALT (nmi)

LAT (+ north) \l N89

LONG/2 (+ eest)

ALT (nmi) b

NOTES:
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P22-ORBITAL NAVIGATION

MARK DATA
REV 15
+ 0 0 Hours
+ 0 0 0 Minutes GET
+ 0 Seconds
P
IMU Gimbal
Y Angles (degrec)
R
+ Shaft
SXT Angles
+ Trunnion (degree)
+ 0 o Hours
+ 0 0 0 Minutes GET
+ 0 Seconds
P
: IMU Gimbal
Y Angles (degree)
R
L
* y Shaft  SXT Angles
d
+ Trunnion {degrec)
+ 0 1] Hours
+ 1] 0 0 Minutes GET
+ 0 Seconds
4
P
IMU Gimbal
) Y Angles (degree)
R
L
+ Shaft SXT Angles
(degree)
+ 4 Trunnion

NOTES:
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P22—LUNAR SURFACE NAVIGATION

V37 Enter, 22 Enter
V04 NO6 Flashing
R1: 00012
R2: 0000 X (1—CSM will not change orbit,
2—CSM will change orbit)
V06 N33 Flashing
Time of ascent (h, min, 0.01s)
V50 N25 Flashing (if RR Auto mode not selected)
R1: 0020 1 — switch RR mode to Auto

X V] 0 0 0 Option Code NO6
+ 1] 0 Hours N33
Time
+ 0 [} 0 Minutes of
Ascent
+ (1] Seconds
X 0 0 0 0 Option Code NO6
+ o 0 Hours N33
Time
+ 0 0 0 Minutes of
Ascent
+ 0 Seconds
X (] 1] V] 1] Option Code NO6
+ [} 0 Hours N33
. Time
+ 0 0 0 Minutes of
Ascent
+ 1] Seconds




LB-111

P22-ORBITAL NAVIGATION

REV 17
V32 Enter, 22 Enter

V06 N45 Flashing, R3: Middle Gimbal Angle
VOS5 N70 Flashing, R2: A BO D E Landmark Code
A1 — Known, A2 — Unknown, B — Index of offset designator, DE — Landmark 1D
V06 N89: Flashing Landmark Coordinates
R1: Latitude, R2: Longitude/2, R3: Altitude
V51 Flashing — Please Mark

+ o [} Hours * 1) [}
T) GET at
+ (] o 0 Minutes 0 degree + [} ] ]
Elevation
+ o Seconds + o
+ 1]
+ 0 0 Hours T2 GET st [}
" 35 degrees + 0 0
+ [} 0o o Minutes Elevstion o
+ 1] Seconds + o
X N or S nmi X N or s
X X X X Shaft X X X X
SXT
x| x | x| x Trun Angles x| x| x| x
Control Point
LAT (+ north) I N89
LONG/2 (+ east)
3
ALT (nmi)
LAT (+ north) I N8g9
LONG/2 (+ east)
ALT (nmi)
+ ] [} Hours + ] [
TI GET at
+ o ] o Minutes 0 degree + ) o o
Elevation
+ [} Seconds * o
H +
+ 0 0 lours T2 GET at 0o o
+ o oo Minutes 35 dewrees +]ofo]o
Elevation
+ [} Seconds + o
X N or S nmi X N or s
X X X X Shaft X X X X
SXT
x| x| x| x Trun Angles x| x| x| x
Control Point
LAT (+ north) ‘ N89
LONG/2 (+ east)
b
ALT (nmi)
LAT (+ north) l N89
LONG/2 (+ east)
ALT (nmi)

NOTES.



LB-112

P22—-ORBITAL NAVIGATION

MARK DATA
REV 17
+ 0 0 Hours
+ 0 0 0 Minutes GET
+ 0 Seconds
P
IMU Gimbal
Y Angles (degree)
R
o
+ Shaft
SXT Angles
+ Trunnion (degree)
+ 0 1] Hours
+ 0 1] (V] Minutes GET
+ 0 Seconds
P
3 IMU Gimbal
| Y Angles (degree)
R
L
* ) Shaft  SxT Angles
+ Trunnion (dogres)
+ 0 /] Hours
+ 1] (4] 1] Minutes GET
+ V] Seconds
L
P
IMU Gimbal
) Y Angles (degree)
R
b
* ! Shaft SXT Angles
(degree)
+ 4 Trunnion

NOTES:




LB-113

P22-ORBITAL NAVIGATION

REV 18
V32 Enter, 22 Enter

VOB N45 Flashing, R3: Middle Gimbal Angle
V08 N70 Flashing, R2: A B O D E Landmark Code
A1 — Known, A2 — Unknown, B — Index of offset designator, DE — Landmark 1D
V06 N89: Flashing Landmark Coordinates
R1: Latitude, R2. Longitude/2, R3: Altitude
V61 Flashing — Please Mark

+ o o Hours + o o
TI GET at
+ 1] o ] Minutes 0 degree + 1] ] [+]
Elevation
+ o Seconds + o
+ o + o
[} Hours T2GET st [}
" 35 degrees
+ /] ] + /] 1] o
[ Minutes Elevation
+ 0 Seconds + 0
X N | or S nmi X N | or s
X X X X Shaft X X X X
SXT
x| x| x| x Trun Angles x| x| x| x

Control Point

LAT (+ north) [ N89

LONG/2 (+ east)

ALT (nmi)

LAT (+ north) l N89

LONG/2 (+ east)

ALT (nmi)
+ 1] o Hours + ] 1]
TI GET at
+ 1] (1] (1] Minutes 0 degree + [\] ['] ]
Elevation
+ [} Seconds + 0
+ o
+ 0 o Hours T2 GET ot o
. 35 degrees
Mi + 4] o o
+ o o o inutes Elevation
+ (] Seconds + 0
X N or S nmi X N | or S
X X X X Shaft X X X X
SXT
x | x| x| x Trun Angles x| x| x| x

Control Point

LAT (+ north) l NB9

LONG/2 (+ east)

ALT (nmi)

LAT (+ north) j N89

LONG/2 (+ eest)

ALT (nmi)




LB-114

P22-ORBITAL NAVIGATION

MARK DATA
REV 18
+ 0 0 Hours
+ V] 0 0 Minutes GET
+ 0 Seconds
P
IMU Gimbal
Y Angles (degree)
R
4
+ Shaft
SXT Angles
+ Trunnion (degree)
+ 0 (1] Hours
+ 1] 0 ] Minutes GET
+ 0 Seconds
P
: IMU Gimbal
Y Angles (degree)
R
L
+ 4 Shaft SXT Angles
* Trunnion {degroe)
+ 0 0 Hours
+ 0 0 0 Minutes GET
+ 0 Seconds
q
P
IMU Gimbal
4 Y Angles (degree)
R
3
+ Shaft SXT Angles
(degree)
+ Trunnion

NOTES:




LB-115

P30—EXTERNAL AV

Plane Change
V37 Enter, 30 Enter

V06 N33 Flashing, Load Desired GETI
V06 N81 Flashing, Load Desired AV

Purpose
Prop/Guidance
+ Waight (Ib) N47
o | o PTrim N48
° 0 Yrim (degrees)
+ 0 1] Hours I N33
+ o 0 0 Minutes GETI
+ o Seconds
Avy l N81
Avy Lv
Avy (ft/s)
X X X R
X X X 4 Y
+ HApogee I N44
nmi
Hperigee
+ AvT (ft/s)
X X X BT (min:s)
X Avc (fus)
X X X X SXT Star
+ 0 | SFT (degrees)
+ 1] 0 TRN (degrees)
X X X BSS (Coas Star)
X X SPA (Coas Pitch, deg)
X X X SXP (Coas X Pos, deg)
1] LAT N61
(degrees|
LONG
+ RTGO (nmi) EMS
+ VIO (ft/s)
IGET 005g [
Hr:min:s
SET STARS
x| x| X RAlign
x| x [ x PAlign
X X X Y Align
ULLAGE




LB-116

P52—IMU REALIGN (CM)

V37 Enter, 52 Enter
V04 NO06 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT, 4 — Landing Site

V51 Flashing — Please Mark

x|0o|0j0] O P52 Option X

+|0| O Hours +

+(0|l 0|0 Minutes GET +

+ |0 Seconds +

Celestial
X({o|lot|o Body Code 1 N71| X

Celestial
x|{o] o]0 Body Code 2 N71| X

Star Angle

Difference (degrees) NO5

X N93
Gyro

Y Torquing
Angles

(degrees)

X Calculated
Gyro

Drift
¥ (meru)

X|ojofo]oO P52 Option

+({0f| 0 Hours

+°0l0]0 Minutes GET

+|0 Seconds

Celestial
X| 0 oo Body Code 1 N71

Celestial
X|]o0fo0]0 Body Code 2 N71

Star Angle

Difference (degrees) NGS5

X N93

Gyro
Y Torquing

Angles
z (degrees)

Calculated
Drift

z (meru)

NOTES:



LB-117
P40 — SPS THRUSTING CSM

V37 Enter, 40 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles

V06 N18, DAl R, P, Y Angles After Maneuver to Burn Attitude

V50 N25 Flashing, R1 = 0 0 2 0 4, Gimbal Actuator Test Option

V06 N43, "ime from Ignition, Velocity to be Gained, Measured Change in Velocity
V99 N4G Fiashing, Engine On En:bie Request

V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity
V16 N40 Flashing, Final Values at Engine Cutoff

V16 N85 Flashing, Body Axes Residuals (to be Nulled)

V37 Flashing, V82 Enter

V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 35 K ft Moon Orbit,
300 K ft Earth Orbit

50-18 l Roll

Pitch (deg)

Yaw

06-18 l Roll

Pitch (deg)

Yaw

06-40 ] TFI (min:s)

VG (ft/s)

AVM (ft/s)

06-40 | TFC (min:s)

VG (ft/s)

AVM (ft/s)

16-40 I TFC (min:s)

VG (ft/s)

AVM (ft/s)

SSJX

v Residuals

(ft/s)
z
85 I X
TRIM
Y o (fus)
z

44 | HA (nmi)

HP {nmi)

TFF (min:s)




LB-118

LUNAR ORBIT PLANE CHANGE -1

PROPULSION/ PRETHRUST
EVENT BT/AV | G.E.T. | GUDANCE TARGETING
e SPS/G & N _
LOPC-1 10.0/ g0 o [118:42:02.7 | pon )y (P-40 P-30
AVy N85 +|x|x h
AvVy RESIDUALS (ft/s)| + |x |x |x min  GET
AV (BODY AXIS) + x s
- e e—V —_—————V —_—— —e—V (ft/s)
*TRIM YTRIM TRIM
Old Orbit's Longitude
of Ascending Node
\
New Orbit's Longitude \

of Ascending Node

R = -82°

P =+82°

Y = +87° Sun
LOsS

Shadow is with
Respect to the
CSM Orbit

NOTE:

Earth
LOS



LB-119
P52—IMU REALIGN (CM)

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT, 4 — Landing Site

V51 Flashing — Please Mark

X|o0 o]0 o P52 Option X

+ |0 0 Hours ik

+ 10 o| o0 Minutes GET +

+ 10 Seconds +

Celestial
X |0 o 0 Body Code 1 N71| X

x|of| oo c""“:" > N71| x

Star Angle

Difference (degrees) NOS

X N93
Gyro

v Torquing

X(ojo0jofo0 P52 Option

+(0| O Hours

+ 0| 0|0 Minutes GET +

+|0 Seconds

Celestial
X|jojojo Body Code 1 N71

Celestial
X(o|lojo Body Code 2 N71 | X

Star Angle

Difference (degrees) NO5

X N93

Gyro
Y Torquing
Angles

2 (degrees)

Calculated
Drift

z (meru)

NOTES:



LB-120

P22-ORBITAL NAVIGATION

REV 29
V32 Enter, 22 Enter

V06 N45 Flashing, R3: Middle Gimbal Angle
V05 N70 Flashing, R2: A B0 D E Landmark Code
A1 — Known, A2 — Unknown, B — Index of offset designator, DE — Landmark 1D
V06 N89: Flashing Landmark Coordinates
R1: Latitude, R2: Longitude/2, R3: Altitude
V51 Flashing — Please Mark

+ 1] 1] Hours + [} 1]
TI GET at
+ 1] 0 0 Minutes 0 degree + 0 0 )]
+ /] Seconds + 1]
+
+ [} 0 Hours T2 GET st 0 o
" 35 degrees . 0 P 0
+ 1] o o Minutes Elevation
+ [} Seconds + 0
X N or S nmi x N | or s
X X X X Shaft X X X X
SXT
x| x| x| x Trun Angles x| x| x| x
Control Point
LAT (+ north) [ N8o
LONG/2 (+ east)
3
ALT (nmi)
LAT (+ north) ] N89
LONG/2 (+ east)
ALT (nmi)
+ )] o Hours + 0 o
TI GET at
+ o o 1] Minutes 0 degree + )] 4] 1]
Elevation
+ o Seconds + 0
+ 10 o Hours T2GET at lefe
. 35 degrees i
+ o 0 0o Minutes Elevation (4] [} [}
* ] Seconds + 1)
X N or S nmi X N | or s
X X X X Shaft X X X X
SXT
x| x| x| x Trun Angles x| x| x| x
Control Point
LAT (+ north) N89
LONG/2 (+ east)
9
ALT (nmi)
LAT (+ north) —I N89
LONG/2 (+ east)
ALT (nmi) b

NOTES:



LB-121

P22—ORBITAL NAVIGATION

MARK DATA
REV 29
+ 0 0 Hours
+ 1] 0 0o Minutes GET
+ 0 Seconds
P
IMU Gimbal
Y Angles (degree)
R
+ Shaft
SXT Angles
+ Trunnion (degree)
+ 0 0 Hours
+ 0 1] 0 Minutes GET
+ Y Seconds
4 P
IMU Gimbal
! Y Angles (degree)
R
L
+
4 Shaft  sxT Angles
¥ Trunnion Idsores)
+ 0 0 Hours
+ 0 0 0 Minutes GET
+ 0 Seconds
r
P
IMU Gimbal
4 Y Angles (degree)
L R
* | Shaft SXT Angles
(degree)
+ 4 Trunnion

NOTES:




V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001

LB-122

P52—IMU REALIGN (CM)

R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT, 4 — Landing Site

V51 Flashing — Please Mark

P52 Option X

Hours +

Minutes GET +

Seconds +

Celestial
Body Code 1 N71| X

Celestial
Body Code 2 N71 ] X

Star Angle

Difference (degrees) NO5

X N93
Gyro

Y Torquing
Angles

(degrees)

X Calculated

Gyro
Drift
Y (meru)

P52 Option

Hours

Minutes GET

Seconds

Celestial
Body Code 1 N71

Celestial
Body Code 2 N7A

Star Angle

Difference (degrees) il

X N93

Gyro
Y Torquing

Calculated
Y Gyro
Drift

z (meru)

NOTES:




LB-123

P22—-ORBITAL NAVIGATION

V32 Enter, 22 Enter REV 30

V06 N45 Flashing, R3: Middle Gimbal Angle
V05 N70 Flashing, R2: A BO D E Landmerk Code
A1 — Known, A2 — Unknown, B — Index of offset designator, DE — Landmark ID
V06 N89: Flashing Landmark Coordinates
R1: Latitude, R2: Longitude/2, R3: Altitude
V51 Flashing — Please Mark

+ o 0o Hours + o 0o
TI GET at
+ o ] [ Minutes 0 degree + (1] ] o
Elevation
+ [+] Seconds + o
+ 0 0 Hours T2 GET ot + 0 0
" 35 degrees
+ (] 0 o + o 0o o
Minutes Elevation
+ o Seconds + [}
X N|o | S nmi X N|o | s
X X X X Shaft X X X X
SXT
x| x| x| x Trun Angles x| x| x| x
Control Point
LAT (+ north) I NB9
LONG/2 (+ east)
ALT (nmi)
LAT (+ north) l N8o
LONG/2 (+ east)
ALT (nmi)
+ o o Hours + o [
TI GET at
+ o (] o Minutes 0 degree + o o 0
Elevation
+ ] Seconds * o
+ (1] (1]
o Hours T2 GET ot * o
i 35 degrees
+ [ [} 0 + o
Minutes Elevation o o
+ o Seconds + 0
X N or S nmi X N or s
X X X X Shaft X X X X
SXT
x| x| x| x Trun Angles x| x| x| x
Control Point
LAT (+ north) [ NB9
A LONG/2 (+ east)
ALT (nmi)
LAT (+ north) ‘ N89
LONG/2 (+ eest)
ALT (nmi)

NOTES:



LB-124

P57—LUNAR SURFACE ALIGNMENT

V37 Enter, 57 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000X Alignment option
1—Preferred, 2—Invalid
3—-REFSMMAT, 4—Landing Site
VOB NO6 Flashing

R1: 00010
R2: 0000X Alignment Mode

0 — REFSMMAT or Stored, 1 — REFSMMAT + g
2 — Two Bodies, 3 — One Body + g

R3: 00ABO Data Code

A = 0 — REFSMMAT Not Defined, A = 1 — REFSMMAT Defined,
B = 0 — LM Attitude Not Available, B = 1 — LM Attitude Available

VOB NO4 Flashing
Gravity Error Angle (0.01 deg)
V06 N22 Alignment Final OG, IG, MG ICDU Angles (XXX.XX deg)
V06 N93 Flashing
X, Y, and Z Gyro Torquing Angles (0.001 deg)
V50 N25 Flashing
R1: 00014 Fine Ali<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>