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1‘ SUI - 0.132719% 1: 1021 n3/sec2 

1 natu- - 3.2806 :1: 1 neru - 7.292115 1: 10‘8 rad/lee 
I 5.3961 x 10.“ :1 n1 - h.178 x 10-6 deg/Ice 

- 6.2137 x 10"" a n1 - 2.507 x 10'“ arc-un/uec 
1 arc-second - h.8h81 x 10-6 nd - 0.0150“ nrc-Iec/m 

h a 2.7778 x 10' deg 1 cn/seca - 3.281 x 10.2 t‘lzloec:2 

1.0191 x 10'3 g 



GUIDANCE AND NAVIGATION SUMMARY 

CM SOFTWARE 
LM SOFTWARE 

ASPO 45 CRT DISPLAYS 
LAUNCH AND BURN SCHEDULE 

BURN PERTURBATIONS 
HARDWARE % 



CMSM CONFIGURATION 

Command Module 

EPS Radiator 

RCS Engines 

DocldngRlnx 

Probe Assembly 
"\‘ o. \\ ' ‘ [3|]   ., 

\ . ‘ \ ‘ \ Pitch Roll [° ] 

Service Module 
on to SM Umbmocl 

ECS Radiator H2; 
VHF Scimitu' Antenna 

High GalnAntenna 
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_ ‘ CM SOFTWARE 

‘* COLOSSUS 20 
_ (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 
DAPDATR] AND DAPDATR2 

- CHANNEL BIT ASSIGNMENTS 
COMPUTER PROGRAM DESCRIPTION 



CM DSKY ‘ 

UPLINK ACTY Lidit 
1. Is  energized by the first charactet of a digital UPLONK message received by the 

A.GC ’ 
2. Is energized during the Rendezvous Navigation program (P20) when the Tracking 

Attitude routine (RG1) detects that a gimbal angle change of water 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, Of in the Coarse Align mode. 
STBY Light — is energized when the AGC IS in the Standby mode and demonized when the 
AGC is in the Operate mode. 
KEY REL Light 

1. Energized when: ' ' 4 ‘ 
a. An internal display comes up while astronaut has the DSKY. 
b. An astronaut keystroke is made when an internal flashing dnplay is currently 

on the DSK 
c. The astronaut makes a keystroke on top of (his own) Monitor Verb Display. 

2. DeanergiZed when: 
a. Astronaut relinquishes DSKY by hitting KEY REL button. 
b. Astronaut terminates his current sequence normally, for cumin, 

(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 E R R  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 stabie 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 1 70 degrees 
from its zero position. When the middle gimbal angle exceeds‘i 85 degrees from its zero 
position, the AGC automatically commands the Coarse Align mode in the ISS to prevent 
gimbal oscillation (except when the S- IVB 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 undet a variety of situatiohs. 
RESTA RT 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 (822) reads VHF 
_ tange data via the VHF DATA link but the DATA GOOD discrete is missing. 

3. It is deenargized if the DATA GOOD discrete is present after reading VHF range gaggfnd by keying in V885 (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 fetm 
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 R I ,  R2, RS. The control display registers are known as VERB, NOUN, and PROGRAM. 
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CM DSKY (CONTINUED) 

woard —contains the following buttons: 
1. 

9
'

1
“

!
”

 
9’

 

7. 

VERB — pushing this button indicates that the next two numorical char-cm 
keyed in are to be interpreted as the Verb Coda. 
NOUN -— pushing this button indicates that the next two numerical c h m  
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 usd. It allows the operator to reload the dam word. 
PRO —This pushbutton performs two functions: 
a. Whén the AGC is in a Standby mode, pressing this button will put the A66 in 

the Operate mode, turn off the STBY light, and automatically select Routine 
00 in the AGC. 

b1. When the A60 is in the Operate mode but Program 06 is not selected, prwing 
the button will provide the ”Proceed" function. I f  the proceed button is 
pressed when VERB lights contain 21, 22, or 23, the action is rejected and 
the CPR E R R  light is energized. 

b2. When the AGC is in the Operate mode and Prowam 06 is selected. pressing 
m button will put the AGC in the Standby mode and mm on the STBY 
' t. 

ENTR —is used in three ways: 
a. To direct the AGC to execute the Verb/Noun code now awning on the 

Verb/Noun lights. 
b. To direct the AGC to accept a data word just loaded. 
c. In response to a "phase perform" mum. 
RSET —-turns off alarm condition: on the DSKY providing the aim condition has 
booncorroctod. 
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PHASE 

Pre- 
launch 
and 
Service 

Pro- 
thrusting 

Thrusting 

.’ 

Align- 
mam 

Entry 

67 

Pre- 
thrusting 

. Other 

. Vehicle 

LIST OF PROGRAMS FOR PROGRAM COLOSSUS 20 ' 

PROGRAM 

00 
01 
02 
03 
06 

\ O7 

11 
17 

PROGRAM TITLE? 

AGC Idling 
Prelaunch or Service-Initialization 
Prelau nch or Sewice—Gyrocompassing 
Prelau nch or Service-Optical Verification of Gyrocompassing 
AGC Power Down 
System Test 

Earth Orbit Insertion Monitor 
TPI Search 

Rendezvous Navigation 
Ground Track Determination 
Orbital Navigation 
Cislunar Midcourse Navigation 
AGC Update 

External Delta V 
Lambert Aim Point Guidance 
CSM Coelliptic Sequence Initiation (CSI) 
CSM Constant Delta Altitude (CDH) 
CSM Transfer Phase Initiation (TPI) Targeting 
CSM Transfer Phase Midcourse (TPM) Targeting 
Return to Earth 
CSM Stable Orbit Rendezvous (SOB) Targeting 
CSM Stable Orbit Midcourse (50M) Targeting 

SP8 

Thrust Monitor 

IMU Orientation Determination 
IMU Realign 
Backup IMU Orientation Determination 
Backup IMU Realign 

Entry—Preparation 
Entry—CM/SM Separation and Pmntry Maneuver 
Entry—l nitial Ization 
Entry—Post O. 056 
Entry—Upcontrol 
Entry—Ballistic 
Entry—Final Phase 

LM Coelliptic Sequence Initiation (CS!) 
LM Constant Delta Altitude (CDH) 
LM Transfer Phase Initiation (TPI) Targeting 
LM Transfer Phase (M idcourse) Targeting 
Target Delta V 
LM TPI Search 
LM Stable Orbit Rendezvous (80R) Targeting 
LM Stable Orbit Midcourse ($0M) Targeting 



ROUTINE 

01 

LIST OF ROUTINES FOR PROGRAM COLOSSUS 20 

ROUTINE TITLE 

Final Automatic Request Terminate 
Erasable and Channel Modification Routine 
IMU Status Check 
Digital Autopilot Data Load 
Saturn Time Base 6 Initiation Routine 
S-Band Antenna 
Rendezvous Tracking Sighting Mark 
Rendezvous Tracking Data Processing 
Backup Rendezvous Tracking Sighting Mark , 
Orbit Parameter Display ' 
Rendezvous Parameter Display Routine No. 1 
AGC/LGC Clock Synchronization 
Rendezvous Parameter Display Routine No. 2 
Rendezvous Out-of-Plane Display Routine 
SP3 Thrust Fail . 
State Vector Integration (Ml D to AVE) 
Coarse Align 
Automatic Optics Positioning 
Sighting Mark 
Sighting Mark Display 
Gyro Torquing 
Alternate LOS Sighting Mark 
Optics Calibration 
Attitude Maneuver 
Tracking Attitude 
Crew-Defined Maneuver 
Rendezvous Final Attitude 
Barbecue Mode Routine 
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LIST OF VERBS USED IN PROGRAM COLOSSUS 20 

REGULAR VERBS 

Not imise - 
Display Octal Component 1 in R I  
Display Octal Component 2 in R 1  
Display Octal Component 3 in R1 
Display Octal Components 1, 2 in R1, R2 . 
Display Octal Components 1. 2, 3 in R1,  82, 8 3 4  
Display decimal in R1  or 81, R2 or R I .  R2, R3 
DiSplay DP decimal in RI ,  R2 (test only) 
Spare 
Spare 
SW9 ' ' V ' :37, 
Monitor Octal Componenfi in R1 ‘ ~ ‘ ‘ “ 
Monitor Octal Component 2 in R1  ‘ ’ 
Monitor Octal Component 3 in R1 
Monitor Octal Components 1, 2 in R1, 82 
Monitor Octal Components 1, 2, 3 in R1, R2, 33 
Monitor decimal in R1 or R1, R2 or R1. R2, R3 
Monitor DP decimal in R1,.RZ (test only) 
Spare ' 
Spare 
Spare - 
Load Component 1 into R1 ' ' ‘ "' 
Load Component 2 into 82 ' 
Load Component 3 into R3 
Load Components 1, 2 into R1, 82- ‘ 
Load Components 1, 2, 3 into R1, 32, R3 
Spare 
Display Fixed Memory ' 
Spare 
Spare ’ 

Request EXECUTIVE ‘ ¥ ‘ ; f ,  * 
Request WAITLIST ' '.-' 255’ 
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 noodles (test only) 
Set Surface flag ‘ 
Reset Surface flag 
Establish G 8: N autopilot control 
Move LM state vector into CM state vector 
Request DAP Data Load routine (R03) 
Start automatic attitude maneuver 

1
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LIST OF VERBS USED IN PROGRAM COLOSSUS 20 

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 (821) 
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 prelau nch alignment 
Vehicles are attached. Move this vehicle state voctoa' 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 
Requmt Orbit Parameter display (R30) 

" Bequest Rendezvous Parameter display No. 1 (R31) 
Sparé 
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 (RG3! 
. Request Out of PIane Rendezvous display (R36) 

Display BANKSUM 
Start IMU performance tests (ground use) 
Enable W matrix initialization 
Perform Cislunar Attitude maneuver (RG4) 
Spare \. 
Terminate integration and go to P00 
Pledse perform engine-fail (R41) 
Spare 

i‘v' '_ "H g r !  i n :  .' . ‘ »  



01 

03 

05 

07 

10 

11 

12 

13 

14 

15 

16 

17 

CM 

LIST OF NQUNS USED IN PROGRAM COLOSSUS 20 

Not in use 

Specify address (fractional) 

Specify address (whole) 

Specify address (degree) 

Spare 

Angular error/differéncd 

Option code ID 
Option code 

FLAGWORD operator 

ECADR 
BIT ID 
Action 

Alarm data 

ADRES 
BBANK 
E RCOUNT 

' Alarmcodes 

First 
Second 
Last 

Channel to be specified 

TIG of CSI 

Option code (extended verbs only) 

116 of CDH 

Spare 

Increment address 

Time of event (used by extended verbs only) 

Astronaut total aftitude 

.xx‘XXx fractional 

.XXXXX fractional 

.XXXXX fractional 

XXXXX.  integer 
XXXXX.  integer 
XXXXX.  integer 

xxx.xx deg 
xxx.xx deg 

- XXX.XX deg 

' xxx.xx'dog 

Octal 
Octal 

Octal - 
0m: . Octal 

Octal 

Octal 

Octal 
Octal 
Octal 

Octal 

OOXXX. h 
OOOXX. min 
0XX.XX s 

Octal ' 
Octal 

' ooxxx. h 
OOOXX. min 
OXX.XX s 

Octal 

OOXXX. h 
OOOXX. min 
OXX.XX s 

xxx.xx dog 
xxx.xx deg 
xxx.xx dag 



18 

19 

21 

23 

24 

3 

LIST OF Nouns useo m PRO’GRAM comssus 20 

Desired automaneuvor FDA! ball angles , 

Bypass Attitude Trim maneuver . 

Present ICDU mates 

PIPA': 

Desired nicou angles 

Spare 

Delta time to} AGC clock 

CHECKLIST (used with V50) 

PR‘IOIDELAY, ADRES. BBCON 

Self-test onIOff Mitch 

Spare 

XSM Launch azimuth 
Targetoodes‘ . 

Time of landing site 

Time from pct-inn 

Time of ignition 

Timq of wont 

Time from «out 
g 

Time of A66 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 dag 

XXXXX. pulses 
XXXXX. pulSes 
XXXXX.  pulses 

xxx.xx deg 
xxx.xx deg 
xxx.xx deg 

OOXXX. h 
OOOXX. min 
OXX.XX s 

XXXXX. 

Octal 
Octal 
Octal 

XXXXX. 

' xxx.xx dag 
XXXXX. 
XXXXX. 
XXXXX. 

OOXXX. h 
OOOXX. min 
OXX.XX s 

OOXXX. h 
OOOXX. min 
OXX.XX s 

OOXXX. h" ' 
OMXX. min‘ 
OXX.XX s 

OOXXX. h 
OWXX. m'in 
0XX.XX s 

OOXXX. h 
OOOXX. min 
0XX.XX s ,_ 

OOXXX. h 
OMXX. min 
0XX.XX s 



41 

4 2 *  

47 

LIST OF NOUNS USED IN PROGRAM COLOSSUS 20 

Time of ignition (TPI) 

Time of state boing intemiod 

Delta time for transfer 

Time from ignitionlcutoff 
VG 
Delta V (accumulated) 

Target 

Azimuth 
EIavation 

Apocenter altitude 
Pericenter altitude 
Delta V (required) 

Latitude 
Longitude 
Altitude 

Apocenter altitude 
Pericenter altitude 
TFF 

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

DAP configuration 

CSM weid'ot 
LM weight 

Gimbal pitch ttim 
Gimbal yaw trim 

Delta R 
Delta V V 
VHF or Optics code 

50 " Splash arm; 

51 

52 

53 

Perm 
TFF . 

S-band antenna angles 

Pitch (Alpha) 
Yaw (Beta) 

Central angle of active vehicle 

Rang 
Range rate I 
Phi . 

OOXXX. h 
OOOXX. min 
OXX.XX s 

OOXXX. h 
OOOXX. min 
oxx.xx s 

OOXXX. h 
OOOXX. min 
0XX.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 mks 
XX b XX min/s 
XXX.XX dag 

, Octal 
Octal 

xXXxx. ibis“ 
X X X X X .  lbs 

XXX.XX deg 
XXX.XX deg 

XXXX.X nmi 
XXXX.X ftls' 
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 ftls 
XXX.XX dag ~ 

”Display cannot be chanmd via data load (that 58. V25 NXXE, and so forth) 
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57 

61 

Chain ' 

LIST OF NOUNS’ USED IN PROGRAM COLossus 20 

33099 
Range rate 
Theta 

Perigee code 
Elevation angle 
Central angle of passive vehicle 

Reentry angle 
Delta V 

Dena R (Son) 

Pericenter altitude (post TPI or 808) 
Delta V (T?! or 80R} , 
Delta V (TPF or $08 final) 

Delta V L08 .1 
Delta V L08 2.  
Delta V L08 3 

GMAX 
VPRED 
GAMMA El 

I mpact 
Latitude 
Longitude. , 

Heads upldoWn 

Inertial velocity magnitude 
Altitude rate 
Altitude above pad radius 

Range from El  altitude to splash 
Predicted inertial velocity 
Time from El altitude . . 

Drag acceleration 
Inertial velocity 
Range to "splash - 

Sampled AGC time 
(fetched in interrupt) 

Commended bank angle 
Cromnge error ‘ 
Downrange error 

Range to target 
Present latitude 
Present longitude 

Commended bank angle 
Inertial velocity 
Altitude rate 

Commended bank angle; 
Drag level f 
Exit velocity 

xxx.xx nmi ' 
xxxx.x ftls 
xxx.xx deg 
(DOOX. . 
xxx.xx deg 
XXX.XX deg ~. 

xxx.xx deg 
xxxxx. ft/s 
XXXX.X nmi (+ passive vehiélc 

leads) A 
XXXX.X nmi 
XXXX.X ftls. 
XXXX.X ft/s : 

XXXX.X ftls . w 
XXXX.X ftls 
XXXX.X ftls 

XXX.XX g 
XXXXX.  ftls 
xxx.xx dog (+ about 

xxx.xx deg (+ north) 
xxx.xx den (4-, east) ' 

’+/- 00001 V 
XXXXX. ftls 
XXXXX.  ftls 
XXXX.X nmi 

XXXX.X nmi 
XXXXX.  {1/3. = 
xx b XX min/s 

XXX.  X X  9 _ 
XXXXX.  ff/s ' 
XXXX. X nmi (+ isover’shoot) 

f 
OOXXX. h 
OOOXX. min 
OXX.XX s 

xxx.xx dag . _ ; ' 
XXXX.X nmi (7" south) 
XXXX.X nmi (+ overshoot) 

xxxx.x nmi.(+ washout) " 
XXX. XX deg (+ north) 
xxx. xx deg t+ east) 
XXX. XX deg - 
XXXXX.  his. 
xxxxx. ft/s 

xxx.xxmn 
xxx.xx o 1 xxxxx. ft/s 

“Display cannot be changed via am load (that is. V25NXXE, and in} forth) 



CM-‘IZ 

LIST OF NQUNS USED IN PROGRAM COLOSSUS 2D 

70 Celestial body code (before mark) Octal 
Landmark data ' Octal 
Horizon data Octal 

71 Celestial body and. (after monk) Octal 
Landmark data Octal 
Horizon data ' Octal 

72 Dena angle (TPI) XXX.XX day (+ active vehicle ahead) Delta altitude (TPI) XXXX.X nmi (+ passive vehicle above) '2 Search option xxxxx. 

73 Altitude XXXXXb. nmi 
Velocity ‘ XXXXX. ft/s ' 
Flight path angle XXX.XX deg 

74 Commended bank angle XXX.XX dag 
Inertial velocity XXXXX. ft]: 
Drag acceleration XXX.XX g 

75 ' Delta altitude (CDH’ XXXX.X nmi 
Delta time (CDH-CSI or TPI-CDH) XX b XX min/s 
Delta time (TPl-CDH or TPI-NOMTPI) XX b XX mini: 

76 Spare 

77 Spare 

78 Spare 

79 Orbrate or FTC rate X.XXXX deals 
Orbrate or PTC‘ deadband XXX.XX dog 
Orbrate or PTC axis option XXXXX.  

80 * Time from ignition/cutoff XX b x x  min/s 
Velocity to be gained XXXXX. ft/s 
Delta V (accumulated) XXXXX. ft]: 

81 Delta VX (LV) XXXX.X ftls Delta VY (LV) XXXX.X ft/s ' 
Delta VZ (LV) XXXX.X ft]: 

82 Delta VX (LV) XXXX.X ft]: Delta VY (LV) XXXX.X his 
Delta VZ (LV) XXXX.X ft]: 

83 Delta VX (body) XXXX.X ft/s 
Delta VY (body) XXXX.X ft/s 
Delta VZ (body) XXXX.X ft]: 

84 Delta vx (LV of other vehicle) xxxx.x ft/s 
Delta VY (LV of other vehicle) XXXX.X ftls 
Delta VZ (LV of 0th.: vehicle) XXXX.X ft]: 

85 VGX (body) XXXX.X ft/s 
VGY (body) xxxx.x ftls 
VGZ (body) XXXX.X W: 

86 Delta VX (LV) XXXXX. ftls 
Delta VY (LV) XXXXX. ft]: 
Delta VZ (LV) XXXXX. ft/s ‘ 

87 Mark data 
Shaft angle XXX.XX dog 
Trunnion anon XX.XXX dog 

88 Celestial body 36 unit vector ' X .XXXXX 
‘ ' Y .xxxxx 

2 .XXXXX 
”Display cannot be chlnmd via data load (that is, VZSNXXE, and n forth) 
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CM-‘I3 

LIST OF MouNs USED IN PROGRAM COLOSSUS 20 

Landmark latitude 
Landmark longitude/2 
Landmark altitude 

Rendezvous out of plane paramount 

Y 
Y dot 
PSI 

Present optics snobs 
Shaft ’ 
Tru nnion 

New optics angles 
Shaft 
Trunnion 

Delta gyro angles 

Alternate LOS 
Shaft angle 
Trunnion angle 

Preferred attitude FDAI angles 

+X axis attitude‘ F DA! angles ' 

System test inputs 

' System test results and input 

HMS in position 
« RMS in velocity 
RMS option code 

N
-

(
X

 

xx.xxx deg (+ north) . 
xx.xxx deg (+ east) ' 
XXX.XX nmi 

XXX.XX nmi 
XXXX.X ftls 
XXX.XX deg 

XXX.XX deg 
xx.xxx deg 

xxx.xx den xx.xxx deg 
xx.xxx dag 
xx.xxx dag 
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 dag 

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 

00611 
00612 
00613 
00777 
01102 
01105 
01106 
01107 

01301 
01407 
01426 
01427 
01520 
01600 

01601 

01602 

01703 

CM-14 

LIST OF ALARM CODES USED WITH V05 N09 
FOR PROGRAM COLOSSUS 20 

PURPOSE 

No mark since last mark reject 
; " Mark not being accepted 

; No inbits 
Mark made but not desired 7 . 
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 ZE ROED 
Optics CDU's no good at time of mark 
Marking not called for 
P17 TPI search-mo 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 degees 
‘ ' 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 

* 
. 

*
#

*
*

*
*

*
 

'I t 

i f  

Perigee altitude after CDH <85 nmi earth orbit, 
35,000 feet moon orbit 
CSI to CDH time <10 minutes 
CDH to TPI time <10 minutes 
Number of iterations exceeds loop maximum 
DV exceeds maximum - 
No TIG for given elevation angle 
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 

Bed IMU torque 

Bad optics during verification 

Inwfficient time for intention, 
TIG was slipped 

SET BY 

SXTMARK _ J . 
SXTMARK ' " 
SXTMARK 
SXTMARK 
Extended verb optics CDU 
T4RUPT 

Extended verb optics CDU 
T4RUPT 
SXTMAR K 
SXTMARK 
TPI search , 
SERVICER 
IMU mode switch 

T4RUPT A 
IMU mode switch, IMU-2 
R02 P51 
IMU m'ode switch ' 
IMU mode switch T4RUPT 
T4RUPT 
T4RUPT 
CURTAINS 
R02 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 
SE LF-CHECK 
T4RUPT , 
T4RUPT 
RESTART 

INTERPRETER 
S408 
P61. P62 
P61 , P62 
V37 
Optical Prealignment 
Calibration 
Optical Prealignment 
Calibration 
Optical Alignment 
Calibration (CSM) 
R41 

' 
'm
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LIST OF ALARM CODES USED WITH V05 Nm 
FOR PROGRAM COLOSSUS 20 

CODE PURPOSE SET BY 

03777 ICDU fail caused the ISS warning T4RUPT 
04777 ICDU, PIPA fails caused the ISS warning T4RUPT 
07777 IMU fail caused the ISS warning T4RUPT 
'10777 IMU, PIPA fails caused the ISS warning T4RUPT 
13777 IMU, ICDU fails caused the ISS warning T4RUPT 
14777 ‘ IMU, ICDU, PIPA fails caused the ISS warning T4RUPT 
20430 Integration abort due to subsurface state All calls to integration 

vector 
20607 No solution from Time-Theta or Time-Radius TIMETHET, TIMERAD 
20610 Lambda less than unity . P37 
21103 Unused CCS branch executed ABORT 
21204 Negative or zero WAITLIST call WAITLIST 
21206 Second job attempts to go to sleep via PINBALL 

Keyboard and DiSplay program ' 
21210 Two programs using device at same time IMU Mode Switch 
21302 SORT called with negative argument INTERPRETER 
21501 Keyboard and Display alarm during internal PINBALL 

use (NVSUB) 
21502 Illegal flashing display GOP LAY 
21521 P01, P07 illegally selected P01, P07 
31104 Delay routine busy ‘ EXECUTIVE 
31201 Executive overflow—no VAC areas available EXECUTIVE 
31202 Executive overflow—no core sets available EXECUTIVE 
31203 WAITLIST overflow—too many tasks WAITLIST 
31207 No VAC area for marks SXTMARK ' 
31211 Illegal interrupt of Extended Verb SXTMARK, 923 

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

Note: For V05 N09 Displays: 
R1—XXXXX (first alarm to occur after last reset). 
R2—XXXXX (second alarm to occur after last reset). 
R3—XXXXX (most recent aIarm). 
npresaigg the RSET key on the DSKY will set R 1  and R2 to zero, but not 
3 act . 

#This alarm is displayed without the astronaut having to key in V05 NOQE. An astronaut 
DSKY response is required by this alarm. 

"This alarm is displayed without the astronaut having to key in V05 N09E. No DSKY 
response is required by this alarm. 

LIST OF OPTION CODES USED WITH V04 NOB/N12 
FOR PROGRAM COLOSSUS 20 

(The specified option codes will be displayed in R 1  in conjunction with Flashing 
V04 NOB/N12 to request the astronaut to load into R2 the option he desires.) 

CODE PURPOSE INPUT FOR R2 PROGRAMS ' 

00001 Specify IMU orientation 1 = preferred, 2 = nominal, P50's 
3 = REFSMMAT, 4 = landing site 

(1)002 Specify vehicle 1 = this vehicle, P21, R30 
2 = other vehicle 

00003 Specify tracking attitude 1 = preferred, 2 = +X-axis R63 
00005 Specify SOR phase 1 = first, 2 = second P38 
00007 Specify propulsion system 1 = SP8, 2 = RCS ' P37 
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LIST OF CHECKLIST REFERENCE CODES USED WITH V50 N25 
FOR PROGRAM COLOSSUS 20 

'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 
Kev In—denotes key-in of data through the DSVKY 
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FLAGWORD BIT ASSIGNMENTS (ALPHABETICAL) 
FOR COLOSSUS 20 

ADVTRK FW8 B10 MIDFLAG FWO 
AMOONFLG FWO 32 MKOVFLAG' FW4 
APSESW FW8 as MOONFLAG FWO 
ASTENFLAG' FW7 B12 MRKIDFLG* FW4 
ATTCHFLG* FW7 32 MRKNVFLG FW4 
AVEGBIT FW1 81 MRUPTFLG" FW4 
AVEGFLAG FW‘I 8'1 MWAITFLG' FW4 
AVEMIDSW FW9 B1 NEEDLFLG FWO 
AVFLAG FW2 Bs NEWIFLG FW8 
CALCMAN2 FW2 B2 NJETSFLG FW1 
CMDAPARM‘ FW6 312 NODOBIT FW2 
CMOONFLG FW8 B12 NODOFLAG FW2 
CM/DSTBY FW6 32 NODOP01 FW1 
COGAFLAG FW8 B4 N0P01BIT FW1 
COMPUTER FW5 38 NORFHOR FWO 
CPHIFLAG FWO 315 NORMSW FW7 
CULTFLAG FW3 B7 NOSWITCH FW6 
D6OR9FLG FW3 82 NRMIDFLG‘ FW4 
DAPBIT1 FW6 B15 NRMNVFLG FW4 
DAPBIT2 FW6 B14 NRUPTFLG‘ FW4 
DIMOFLAG FW3 B1 NWAITFLG‘ FW4 
DMENFLG FWS 89 N220RN17 FW9 
DRIFTFLG m2 815 0PTNSW FW2 
DSKYFLAG" FW5 B15 ORBWFLAG FW3 
EGSW FW6 B8 ORDERSW FW8 
ENGZFLAG FW1 B‘I1 PDSPFBIT FW4 
ENGONBIT FW5 a7 PDSPFLAG FW4 
ENTRYDSP FW6 313 PFRATFLG FW2 
ERADFLAG FW1 B13 PINBRFLG FW4 
ETPIFLAG PM 87 PREC'FLG FW3 
FINALFLG W2 86 PRFTRKAT FW5 
FIRSTFLG FW2 B7 PRIODFLG" FW4 
FREEFLAG FWO 33 PRONVFLG FW4 
F2RTE FWO 35 POOFLAG FW3 
GAMDIFSW' FW6 B11 P21FLAG FW2 
GLOKFAIL FW3 314 P22MKFLG FW3 
GLOKFBIT FW3 814 939/793w FW8 
GONEBY FW7 88 QUITFLAG FW9 
GONEPAST FW6 B10 REFSMFLG FW3 
GRRBKBIT FW5 35 REINTBIT Fw1o 
GRRBKFLG FW5 35 REINTFLG FW10 
GUESSW FW1 32 RELVELSW FW6 
GYMDIFSW’ FW6 B1 RENDWFLG A Fws 
HIND FW6 86 RETROFLG FW5 
IDLEFAIL FW1 86 RNDVZBIT FWO 
IGNFLAG" FW7 B13 RNDVZFLG FWO 
IMPULSW FW2 39 RNGSCFLG FW5 
IMUSE FWO B8 RPQFLAG FW8 
IMUSEF LG ' FWO as RVSW FW7 
INCORFLG . ms 811 R21MARK FW2 
INFINFLG FW8 B7 RZZCAFLG’ FW9 
INRLSW FW6 35 nzaan FW1 
INTFLBIT FW1O B14 RZ3FLG FW1 
INTYPFLG FW3 B4 R31FLAG FW9 
ITSWICH FW7 814 R53FLAG FWO 
JSWITCH FWO 814 R57FLAG FW6 
KFLAG FWO B1 RSOFLAG* FW5 
KNOWNFLG FW6 as SAVECBIT FW9 
LATSW FW6 B4 SAVECFLG FW9 
LMOONFLG FW8 B11 SKIPBIT FW2 
LUNAFLAG FW3 B12 SKIPV F s 
MAXDBBIT FW9 B12 SLOPE w FW1 
MAXDBFLG FW9 B12 SLOWFLG FW5 
MGLVFLAG FW5 32 SOLNSW Fws 
MID1FLAG FW9 33 SOURCBIT FW9 
MIDAVFLG FW9 32 

“These switches are never called by name. 



~
.

,
_

.
.

.
.

.
.

,
 

r 
V __

_.
_,

._
,_

 

7 : _—‘q;{~f_ 

SOURCFLG 
STATEFLG. 
STEE s 
STIKBIT » . 
STIKFLAG 
STRULLSW 
SURFFLAG 
SWTOVER* 
832.1F1 . 
S32.1F2 
S32.1F3A 
S32.1F3B 
TARG1FLG 
TARG2FLG 
TE RMIFLG 
TF s 
TIMRFLAG 
TRACKBIT 
TRACKFLG 
TRMO3B|T : 
TRMO3F LG 
TRUNFLAG 
UPDATBIT 
UPDATF LG 
UPLOCKFL* 

FLAGWORD BIT ASSIGNMENTS (ALPHABETICAL) 

FW9' 
FW3 
FW2 
FW1 
FW1 
FW6 
FW8 
FW9 
FW1 1 
FW1 1 
FW1 1 
FW1 1 
FW1 
FW1 
FW7 
FW7 
FW7 
FW1 
FW1 
FW1 
FW1 
FWO 
FW1 
FW1 
FW7 

88 
BS 
B11 
814 
B14 
B13 
38 
B15 

_ 315 
B14 
313 
812 
810 
89 

, B15 
31 
B11 

‘ can-18' 

FOR COLOSSUS 20 

.VEHUPFLG 
VERIFLAG‘ 
VFLAG 
VHFRFLAG 
VINTFLAG 
V37FLAG 

'V37FLBIT 
V50N183T 
V50N 18F L 
V59FLAG 
V67FLB|T* 
V82EMFLG 
V94F LAG 
V94F LBIT 
V960NF LG 
XDE LVF LG 
XDSPF LAG’ 

ZMEASURE 

*These switches are never called by name. 

.OSGSW 
ZZDSPF LG 
360$W 
3AXISFLG‘ 



FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 20 

f 

E‘ 

s: 
;‘ 
f 
h 
~11 
} 
I”; 

L- 

h 
f 4. 
‘ 7 ‘  r. ,. (FLAGWORD 0) 

Bit Name 1 0 
1 KF LAG _ Search sector < 180 degees. Search sector > 180 degrees. 

5"“ 2 AMOONFLG State vector in lunar sphere State vector in earth sphere 
:5 at MIDTOAVE. at MIDTOAVE. 
if 
$7 3 FREEF LAG . (Temporary flag used in many routines.) 
: 4 TRUNFLAG Driving of trunnion allowed. Driving of trunnion not allowed. 
E" 

5 F2 RTE In time critical mode. Not in time critical mode. 

6 353:: LAG V51 initiated. vs1 not initiated. - 
E' 7 RN DVZBIT P20 running. _ 920 not running. RNDVZF LG 
3 8 wuss IMU in use. . mu not in use. 
p IMUSEF LG 

; 9 NEE DLFLG Total attitude error displayed. AIP following error displayed. 
10 ZMEASURE Measurement planet and primary Measurement planet and primary 

L planet different. planet same. 
3 11 NORFHOR Far horizon. Near horizon. 
  12 MOONF LAG Moon is sphere of influence. Earth is sphere of influence. 
i 13 MIDF LAG Integration with soiar Integration without solar 
'gf perturbations. pertmbations. 

14 sn'cn Integration of w matrix. Integration of state vector. 
[ 15 CPHIF LAG Output of CALCGA is CPHIX. Output of CALCGA is T HETAD. 

5. (FLAGWORD 1) - ‘ . ‘ 
f: 

Bit Name ‘I 0 
i 1 AVEGBIT AVE RAGEG (SE RVICER) to continue. AVERAGES (SE RVICE R) to cease. 5' AVEGF LAG . ' ‘ 

7’ 2 GUESSW No starting value for iteration exists Starting value for iteration exists. 

3 SLOPESW lterate with bias method in lterate with Regula Falsi method [a iterator. in iterator. 

4 TRMOSBIT Request to terminate P03 has No request to terminate P03 has TRMO3F LG been entered. been entered. 

CV 5 TRACKBIT ' Tracking allowed. ~ Tracking not aflowed. 
; TRACKFLG 

E 6 IDLEFAIL Inhibit R40. _ Enable n40 (engine fail). 
é;- UPDATBIT ‘ Updating by mark: altovdad. ‘ Updating by marks not allowed. F UPDATFLG 
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Bit Name 

8 VEHUPFLG 
9 Rzaerr 

R23FLG 
TARGZFLG 

1o TARG1FLG 
11 ENG2FLAG' 
12 NODOPO1 

NOPO‘IBIT 
13 ERADFLAG 

14 STIKBIT 
STIKFLAG 

15- NJETSFLG 

(FLAG-WORD 2) 
Bit Name 

1 moooarr 
NODOFLAG' 

2 CALCMAN2 
3 Not Assigned 

4 PFRATFLG 
5 AVFLAG 
6 FINALFLG 

7 op'msw 
, ; FIRSTFLG 

ETPIFLAG 

8 XDELVFLG 
IMPULSW 

‘ '_ 1o SKIPVBIT ;. _ SKIPVHF 
"f _ 11 STEERSW 

¢_ 12 P21FLAG" " 

H 
 

) 

(FLAGWORD 1) 

1 

CSM state vector being updated.- 

R23 marking. 

Sighting landmark. 

Sighting LM. 

.. ROS burn. 

P01 not aflowed. 

EARTH—compute Fischer ellipsoid 
radius. 
MOON—use fixed radius 

RHC control. 

Two-jot RCS burn. 

V37 not permitted. 

Perform maneuver starting procedure. 

Preferred attitude computed. 

LM is active vehicle. 

Last pas thrOugh rendezvous 
program computations. 

SOI phase of P38lP78. 

First pass through $40.9. 

Elevation angle supplied for 
P34/P_74. 

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 B'l-T- ASSiGNMENTS FOR COLOSSUS 26 

0 

LM state vector being updated. 

821 marking. 

Sighting star. 

Not sighting LM. 

SPS burn. 

P01 allowed. " 

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

AGC control. 

Four-jet ROS bum. 

. V37 permitted. 

Bypass starting procedure. 

Preferred attitude not oommmed..' 

CSM is active vehicle. 

Interim pass through rendezvous 
program computations. _ - 

80R phase of P38/P78. 

Succeeding pass through $40.9. 
TPI time supplied for P34IP74. 

Lambert (AIMPOINT) VG computation 

Steering burn (no cutoff time 
yet available). 
Radar read to proceed normally. 

Steering omitted. 

First pass through P21 , 
calculate base vector. , ‘ - 

I 
‘i E 
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(FLAGWORD 2) 
Bit , Name 

13 ZZDPSFLG 
14 R21MARK 
15 DRIFTFLG 

(F‘LAGWORD 3) 
Bit Name 

1 DIMOFLAG 
2' DSORQFLG 

VINTFLAG 
4 INTYPFLG 

STATEFLG 

6 ORBWFLAG 

CULTFLAG 
. 8  rPRECIFLG 

9 ' POOFLAG 
VFLAG 

11 P22MKFLG 

12 LUNAFLAG 
13 REFSMFLG ' 
14 GLOKFAIL GLOKFBIT 
15‘ women V50N18FL 

Dimlay DR, DV. 

Option 1 for MARKRUPT. 

T3R UPT calls gyro compensation. 

W matrix is to be used. 

Dimension of W is 9 for 
integration. 

CSM state vector being integ'atad. 

Conic integation. 

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 oocurmd. 

Enable R60 attitude maneu’vaf. -- 

FLAGWOBD BIT ASSIGNMENTS FOR‘ COLOSSUS 2D 

0 

Do not display DR, DV. 

Option 2 for MARKRUPT. 

TSRUPT does no gyro compensation; 

0 

Wmatrixisnottobeused. 

Dimension of W is 6 for 
integration. 

LM state vector being intag'ated. 

Encke integration. 

- Permanent state vector not being 
updated 

W matrix invalid for orbital 
integration. 

Start not occulted. 

INTGRV called. 

Allow backwards integration. 

Two stars in the field of View. 

P22 downlinkad rmrk data not 
just taken. , 

Earth latitude-longitude. 

REFSMMAT no good. 

Not in GIMBAL LOCK. 

Inhibit R60 attitude 
maneuver. 
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FLAGWOR'D BIT ASSIGNMENTS FOR COLOSSUS 20 

(FLAGWORD 4) 
Bit Name 

1 XDSPFLAG' 
Not Assigned 

'3 MKOVFLAG' 

.4 NRUPTFLG" 

5 MRUPTFLG' 

6 PINBRFLG 

7 PRONVFLG 

8 NRMNVFLG 

9 MRKNVF LG 

10 NWAITFLG*- 

11 MWAITFLG' 

12 ,. PDSPFBIT 
PDSPFLAG 

‘NRMIDFLG" 
14 PRlODFLG" 
15 MRKIDFLG' 

(FLAGWORD 5) . 
Bit Name 

1 RENDWIELG 

2 MGLVFLAG 
3 SOLNSW 

4 neon= LAG' 
GRRBKBIT 
GRRBKFLG 

1 

Mark display not to be interrupted. 

Mark display over normal dhpla‘y. 

Normal dismay interrupted by 
priority or mark display. 

Mark display interrupted by 
priority display. 

Astronaut has interferrod 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 dismay 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.. 

RG1 must use R60. 

Backup GRR received. 

“These switches are never called by name. 

0 

No special mark information. 

No m‘ark display over normal 
display. 

Normal display not interrupted by 1 
priority or mark display. 

Mark display not interrupted by 
priority display. 

Astronaut has not interferred with 
existing diaplay. 

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 dismay in ENDIDLE. 

No priority display in ENDIDLE. 
“No mark display in ENDIDLE. 

o 7 

W matrix invalid for rendezvous 
navigation. 

Middle gimbal angle computed. 

Lambert converges or time-radius 
noncircu lar. . 

Normal R61. 

Backup GRR not recaiyed. 

3
1a,

'1



FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS ZD 

;_: {FLAGWORD 5) 
7:. BR Name 

7 6 3AXISFLG 

7 EN'GONBIT 
8 COMPUTER 
9 DMEN‘FLG 

1o PRFTRKAT 
RNGSCFLG 

11 INCORFLG 
12 V59FLAG 
13 SLOWFLG 

14 RETROFLG 

15 DSKYFLAG' 

(FLAGWORD 6) 
Bit Name 

-1 GYMDIFSW‘ 

2 CMIDSTBY. 

3 .osesw 

4 LATSW “_ 

5 INRLSW ‘ 

' 6 HIND 

7 NOSWITCH 

8 R57FLAG 

KNOWNFLG 
ecsw . 

9 RELVELSW 

1 

Mmuvct specified by three axes. 

Engine turned on. 

Computer is AGO. 

Dimension of W is 9 for 
incorporation. 

Preferred tracking attitude. 

First incorporation. 

Calibrating for P23. 

P37 transearth coast slowdown 
is desired. ‘ 

P37 premaneuver orbit is 
retrograde. 

Displays sent to DS-KY. 

1 

CDU differencas and body rates 
computed. 

ENTRY DAP activated. 

Drag over 0.05 g 

Downlift not inhibited. 

Initial roll V(LV) attitude 
not held. 

lterating 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 um earth-Idaho 
velocity. 

1;, _ “Tm finding}. never called by mm. 

0 

Maneuver specified by one axis. 

Engine turned off. I 

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 dicplaysto osxv. 1

0 

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. 

lterating of HUNTEST caiculations - 
to be omitted after range prediction. ‘ 

Lateral roll maneuver permitted 
in ENTRY. 

Do RS7, trunnion bias needed. 

Landmark unknown. 

Not in final phae. 

Tm“ ““5 “m“! macaw. :r- 
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FLAGWORD BIT ASS!GN‘MENTS 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 ATTCHF’LG’ 
3 VERIFLAG“ 
4 UPLOCKFL’ 

' 5 Not Assigned 
'6 V37FLAG 

V37FLBIT 
7 Not Assigned 

GONEBY 
Rvsw 

1o monmsw 

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 ENT‘RYVN. 
Do STEERULL. 

314 1 1 1 
815 'D 
A7!s Non %E‘3L TVC §atu turn 

Calculate TPERIGEE. 

LM, CM attached. 

Changed when V336 occurs at end of P27. 

- K K K fail. ' 

AVE RAGEG (SERVICER) running. 

Pmd target. 

Do not compute final state vector 
in timecthem. 

Unit normal input t6 Lambert, _ 

CLOKTASK operating. 

Astronaut has OKed ignition. 

TIG has arrived. 

Accept next Lambert TPI search 
solution. 

Terminate 852. 

' ”‘These switches are never called by name. 

" Literal control calculations 
to be done. 

’ GAM DOT not to be calculated. _ 

Inhibit ENTRY firings and 
control functions. 

Omit ENTRY display. 

Do ULAGEOFF only. 

DAP selection indicator, 

0 ' ; 

Calculate TF F. 

LM, CM not attached. - 

No KlE-K fan. ' 

AVE RAGEG (SE RVICE 8) off. 

. Approaching target. 

. Compute final state vector in 
time-theta. 

Lambert computes its own unit 
normal. 

QLQKTASK inoperative. 

Astronaut has not OKed ignition. 

ITIG has not arrived. 

' Test Lambert answer against- 
limits. 

Do not terminate R52. 
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IF LAGWORD 8) 

Bit Name 

1 360$W 

Not Assigned 

3 V960NF LG 

4 COGAF LAG 

5 _ APSESW 

6 OR DE RSW 

7 IN F I NF LG 

8 SURFF LAG 

P391798W 

10 ADVTRK 

1 1 LMOONF LG 

12.. CMOONF LG 

13 ' NEWIF LG 

14 , Not Assigned 

1 5 RPOF LAG 

(F LAGWOR D 9) 

Bit Name 

1 AVEMI new 

2 MI DAVF LG. 

3 MI 01 F LAG 

4 R31 F LAG 

5 OUITF LAG .7 -- 

$12203 N51 ‘. 

Chi-25' 

Transfer 13t near 360 dunes. 

POO intewation has been inhibmd 
by V96 

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

RDESIRED outside of PERICENTE R- 
APOCENTER range in time-radiu’s. 

Iterator uses second order 
minimum mode. 

No conic sqtion (closure 
through infinity required), 

LM on lunar surface. 

P391P79 operating. 

Advance ground track sighting 
wanted. 

Permanent LM state vector in. 
lune: sphere. 

Permanent CSM state vector in 
lunar sphere. 

First pass through integration. 

RPO not computed. ' 
(RPO = vector between secondary 
body and ptimary body.) 

1 

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

Integafion entered from one of 
MIDTOAV portals. 

" Integ’ate to TDE C. 

n31. selected (v33). 

_ 5 Terminate and exit from 
intayation. 

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

FLAGWORDBIT ASSIGNMENTszf-OR (:0m 20 

0 

Tmnsfer angle not near 360 
m .  ‘ 

P00 integration is proceeding. 
regu lady. 

Conic solution exists. (COGA 
does not overflow.) 

RDESI RE D inside of PE RICENTE R- 
APOCENTE R 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 
wth sphere. 

Succeeding iteration of integration. 

' BPO oomputod.‘ 

. 0  .. . 

No AVETOMID W'mat'l‘ix integration. 
Allow setup of RN, VN, PIPTIME. 

Integration was not entered via 
MIDTOAV. 7 ‘ 

Integrate to the then-present 
time. 

R34 selected (V85). 

. Continue inteyation. 

' -Compute total attitfide errors ‘ 
with respect to N1? (V63). 



(FLAGWORD'Q) 
Bit Name 
7 R220AFLG' 

a sou ncan' 
sou RCFLG 

9 VHFRF LAG 
1o SAVECBIT 

SAVECFLG 

11 V94F LAG 
V94F LBIT 

12 MAXDBBIT 
MAXDBFLG 

13 V82EMFLG 

14 V67FLBIT‘ . 

1'5 swrovea 

1 
R22 calculations are going on. 

Source of input data is ftom 
VHF radat. 

AlIow R22 to accept range data. 

923 display and data storage 
after mark is done. 

V94 anowed during 923. 

Maximum A/P deadband selected. 

Moon vicinity. 

Not Assigned. 

Switchover has occurred. 

'Thm switches are never «fled by name. 

(FLAGWORD 10, RASFLAG) 

an 

1-6 . 
7 

8-13 

14 

15 

Name 

Not Assigned 

REINTBIT 
REINTFLG 

Not Assigned 

INTFLBIT 

Not Assigned 

(FLAGWORD 11) 

Bit 

1-11 

12 
13 

14 

15 

Not Assigned 

$32.1F3B 
$32.1F3A 

332.1F2 
532.151 

Intonation routine to be 
RESTARTED. 

Innovation in progress. 

FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS'QD 

O 
322 calculations are not going ’ 
on. 

Source of input data is from 
optic: mark. 

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

V94 not aliowed. 

Mihimum A/P doadband selected. 

Earth vicinity. 

No anitchova yet. 

Into'wation routine not to be 
RESTARTED. 

"negation not in program 

(Bits 12 and 13 function as an ordered pair (13, 12) indicating 
the possible occurrence of two Newton iterations for 832.1: 

(0, O) — First pass of second Newton iteration. 
(0, 1) — First Newton iteration being done, 

u -(1, 0) — Remainder of second Newton iteration, 
(1, 1) -— 50 his stage of second Newton iteration.) 

First pm of Newton iteration. 

Delta V at CSI Time 1 exceeds 
”maximum. - 

Reiteration of Ncwton. 

Delta V at CSI Time 1 less 
than maximum. 

E‘ 
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 20 

IMODESSO, a flag whose individual bits are usedto control the monitoring of IMU 
functions associated with Channel 30 (and in a few cases Chennai ‘33). 

Bit 

15 

14 

13 

11 

10 

Meaning 

Last sampled value of Channel 30, Bit 15 (0 if [MU 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 Chahnel 30, Bit 13 (o 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 13. (0 if a PIPA fail indication has been 
produced). having the same value as BR 13 of IMODESS3. 

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 tum-on sequencing. 

Bit used to control the IMU turn-on sequencing. 

Bit is set to ‘l to indicate that IMU initialization is being carried out. No Verb 37 
inputs will be procamed while bit is equal to 1 and alarm 015208 is generated, 

Bit is set to 1 to inhibit the generation of program alarm 02123 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 tum-on (alarm 
02078 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 COLOSSL‘JS’ZD; 

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 

11 

I 107 

' 4 - 2  

Meaning 

Not assigned. 

Last sampled value of Channel 32, Bit 14 (0. if 3 Proceed command is given using the x 

PRO button) 

Last sampled value of Channel 33, Bit~1~3 (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). A 

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. 

I ’Bit is set to 1 to indibate 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 res'et to 0 about 5 mad: 
later. ' 



FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 20 

0PTMODES, a flag whom individual bits are used to control the performance of Optics 
functions within the T4RUPT package. 
an Meaning 
15 Not Assigned ' 
1‘ 

F” 10 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). I f  an attempt is made 
to drive the optics and this bit is found to be zero. alarm 01208 is generated (but 
computation proceeds). 

9 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 
: RESTA RT preserves the bit (see, however, Bit 10). 
t 8 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 0 transition. Bit is set to 1 by a 
» FRESH START or RESTART. 

6 Not assigned. 

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

4 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. 

3 Bit is set to 1 when the Optics Zero switch is changed to Zero to indicate that zeroing 
of the Optiw 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 
5; alarm 01163 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 
i; a switchback to optics zeroing can be made). Bit remains 1 for about 16.2 seconds, 
7.; and is then reset to O (at the same time that Bit 10 of this word is set to 1, and Bits 
E; 2-1 of this word are set to O). 

2 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 some time as Bit 3. 

1 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 some time as Bits 3-2). 
If bit' l8 1, generation of alarm 01163 (see Bit 3) is inhibited. 



FLAGwonb BIT ASSIGNMENTS FOR COLOSSUS 20 

RCSF LAGS, a flag whose individual bits are used in monitoring the ROS DAP.» 

Bit 

15 

14 

13 

12‘ 

11 

”0,9 

8,7 

"6,5 

3,2 

Meaning 

Bit is set to 1 to indicate that a high rate (2 deals) 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 0 if the G 8; N isin control and the IMU data is usable. 
Approximately 1 second after the bit 'is reset to 0 the rate filter initialization is 
complete. 

Bit is set to 1 if the rate damping has not been; compleied oh'the roll axis. Bit is reset 
to 0. 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 0 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 ax is. Bit is reset 
to 0 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 BHC 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 0, it implies that no 
change in the RHC yaw command has occurred since the last DAP web. 

I f  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. Bii is reset to 0 to 
indicate that the Needle Drive routine should be processed with the AK values which 
have been previous acquired. 

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

I f  (Bit 3, Bit 2) = (O, 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 pas path in the T6 program should not be 
followed. Bit is reset to 0 if the T6 program shpqld 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 optson. 

n
‘  1,

- ‘
L

Iu
IL

.  
L

. ’
 

. 
1.

2.
4“

 .
44

24
.“

 .3 .
.A

A
 iv

} 
' 

' 
vfl

..-
f..

4u
.d

.fi
.‘ 

sm
m

‘.‘
 .. .

 fl
u 

.1._ 
L 

\ 
kl‘

iJa
‘r-

‘A
‘. 

L
m

W
A

‘
M

g
-

J
A

 



< P
(

.
,

:
fi

—
.

‘
'Ifirwl

i' 
9

"
 

«
X

i
-

9
;

,
»

1
.

:
 

A
.

 
‘ 

u 
* Mam! 

1
v 

,, 
é.— 
E: 

§'< 

(SM-31 

FLAGWORD arr ASSIGNMENTS FOR COLOSSUS 2:5 

DAPDATR 1 , a flagword for ROS-CSM DAP interface. 

Bits 1513 12-10 9-7 6-4 3-1 
[connelxmcl XTBD [DB I HATE]- 

15—13 CONFIG: Configuration 

0 No DAP or ENTRY DAP 
7| CSM 
2 CSM] LM 
3 CSM/SIVB 
5 CSM] LM Ascent Stage Only 

12-10 mm: X—translation using Quads AC A 
O No AC 
1 Use AC 

9-? XTBD: X-translation using Quads BD 

0 No BD 
1 Use 80 

6-4 DB: Deadband 

O 1-. 0.5 degree 
‘I :t 5.0 degrees 

3-1 _ , 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 ROS-CSM DAP intetface. 

Bits 15-13 1240 9-7 . 6—4 3-1 

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

15-13 AC6ROII: Roll iet selection 

0 Use 3080" 
1 Use AC Roll 

0 ' Quad Failed 
1, Quad OK 



Can-32 

CHANNEL BIT ASSIGNMENTS (CM) 
OUTPUTCHANNEL 11 

BiT ‘ i 

1 ISS Warning - . . I a 
-2 Light Computer Activity Lamp - - ' -' 4
3 Light Uplink Activity Lamp ;‘ 
4 Light Temp Caution Lamp ‘7 
5 Light Keyboard Release Lamp 5 
6 Flash Verb and Noun Lamps ' 
7 Light Operator Error Lamp 3
8 Spare *5
9 Test Connector Outbit 3

10 Caution Reset ;
1 1 Spare 
12 Spar 
13 Engine OnlOff (1—On, O—Off) _ . 
14 Spare * ‘ "- 
15 Spare 1 

OUTPUT 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 Takeovet 

10 Zero Optics 1.; 
11 Disengage Optics DAC 
12 Sp are 
13 SIVB Injection Sequence Start 
14 SIVB Cutoff 
15 I88 Turn-on Delay Complete 

OUTPUT CHANNEL 13' 

1 Range Unit Select c 
2 Range Unit Select b 
3 Range Unit Select a 
4 Range Unit Activity 
5 Not Used 
6 Block lnlink 
7 Downlink Word Order Code Bit 
8 Not Used 
9 Spare 

10 Test Alarms 
1 1 Enable Standby 
1.2 Reset Trap 31-A 
13 Reset Trap 31—8 
14 Reset Trap 32 
15 Enable T6RUPT 

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 10013 m 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 
11 Drive CDU S 
12 Drive CDU T 
13 Drive CDU Z 
14 _ Drive CDU Y 
15 Drive CDU X 

. Channel 14-Gyro Selection 

3 b Gyro 

0 0 . ~— 
0 1 X 
1 0 Y 
1 1 -Z '“"' _ 

OUTPUT CHANNEL 15 

BIT 

1 Key codes from Main DSKY 
2 Key codes from Main DSKY 
3 Key codes from Main DSKY 
4 Key codes from Main DSKY 
5 Key codes from Main DSKY 
6 Spare 
7 Spare 
8 Spare 
9 Spare 

10 Spare 
11 Spam 
12 Spam 
13 Spare 
14 Spare 
15 Spare 

OUTPUT CHANNEL 16 

BIT 

1 Key codes from Navigation DSKY 
. 2. Key codes from Navigation DSKY - 

3 Key codes from Navigation DSKY 
4 Key codes from Navigation DSKY 
5 Key codes from Navigation DSKY 
6 Mark button 
7 Mark Reject button 
8 Spare 
9 Spare 

10 Spare 
‘I 1 Spare 
32 Spare 
13 Spare 
14 Spare 



CHANNEL an ASSIGNMENTS (CM) _ 
.. . INPUT CHANNEL 30 

BIT 

1 Ullage Thrust Present 
2 CM/SM Separate 
3 SP8 Ready 
4 SIVB Separate, Abort 
5 Liftoff 
6 Guidance Reference Release 
7 Optics CDU Fail 
8 Spare 
9 IMU Operate 

10 SIC 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 Channei 30 are inverted; that is. a ZERO bit 
indicates that the discrete is ON. 

INPUT CHANNE L 31 

BIT 

1 +Pitch Manual Rotation 
2 -Pitch Manual Rotation 
3 +Yaw Manual Rotation 
4 -Yaw Manual Rotation 
5 +80" Manual Rotation 
6 Roll Manual Rotation 
7 +X Translation 
8 -X Translation 
9 +Y Translation 

10 -Y Translation 
1 1 +2 Translation. 
12 -2 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, I ZERO hit 
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 Spas 
11 LM Attached 
12 Spare 
13 Spare 
14 Proceed (Standby button) 
15 Spare 

NOTE: 
All of the input signals“ m Chennai 32 are inverted; that’ Is. a ZERO bit 
indicates that the discrete“ as ON. 
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CHANNEL BIT ASSIGNMENTS (CM) 

INPUT CHANNEL 33 

BIT 

1 Spare 
2 Ram 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‘ 
11 Uplink Too Fast 
12 Downlink Too Fast 
13 PIPA Fail 
14 AGC‘Warning 
15 AGC Oscillator Alarm 

”This bit reads ONE when accept uplink Sign! is pram at inurfaco. 

NOTE: 
All of the input simals' m Chamol 33 are imparted; that' It, a ZERO bit 
Indicates that the discrete It, ON. 



Pm-CMC IDLING PROGRAM 

Purpooo: 
1. 

2. 

To provid. a program to fulfilI :6. following roquiromonts: 
a. Provide an indicationwthocnwthatthoAGChomdinnoconmIor 

‘computatioml operations which mid“ roquin consideration for coordination 
with 0th.! crow tasks in progress. 

b. To maintain the GNCS in a condition when manual attitudo m a n  be nude by the crew with minimal ooncom for the GNCS. 
c. Mainuin tho A66 in a condition of readiness for «my into other program 
To update the CSM and LM mt. vectors awry four-time zaps. 

Assumptions: 
1. 

2. 

3. 
4. 

The IMU may or may not be on. I f  on, the IMU is immofly Minted but not m i l y  aligned to on orient-tier: which is known to tho AGC. 
If non-GNCS cdntrollod attitude maneuver: are made by the cm. can mun b0 taken In avoid IMU gimbul lock. The IMU gimbal anal“ may I). mnitond by observing the lCDU's (V16 N20) or by monitoring the FDAI ball. 
The program is manually selected by the astronaut by DSKY entry. 
This pmgtam is automatically selected by V968, which may be done during any progam. State vector integration is permanently inhibitod following V962. Norm-l inwation functions will resume after auction of any prowom or extended verb. P00 integration will resume when P00 is nuloctod. Una. of V96 can can: incur roct w-mmix and ma vector synchronization. 

m Dblm: 
1. V08 N38 

Tim. of m “I being M W  ooxxx. h 
”XX. min 
0XX.XX 8 

POI—PRELAUNCH OR SERVICE-INITIALIZATION PROGRAM 
Porno”: 

‘l. 
2. 

To initidiu the platform for the prdounch m m  
To providn in initial sable number orionmion fot Gymomp-sino (P02). 

Ammptiom: 
1. 
2. 

The prowam is annually ahead by DSKY entry. 
Enable locations have been properly initialized. (Azimuth, +1; Latitudo, +1; LAUNCHAZ, +1; IMU comp-nation mun) .  

m-PRELAUNCH OR SERVICE—GYROCOMPASSING PROGRAM 
Purpou: 

1. Topmvidutlupropusublcmanboromnmionformnch. 

Assumptions: 
1. 

2. 

3. 
4 

This promm may be inurruptod to puform the Prolaunch or Sonics—Optical Verification of Gyrocompnsing prowam (P03). 
V75 will be keyed in and displayed during this program to permit crow backup of the liftoff discrete. 
The program is automatically selected by tho Initialization proyam (P01). 

. This program has the capability (via was) to change tho launch { 2 i  of the stable mom while gyroeompufing. 

m Displays: 
1. V06 N29 

XSM lunch azimuth XXXXX dog 
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CM-37 

PO3-PRELAUNCH OR SE RVICE—OPTICAL VERIFICATION 
OF GYROCOMPASSING 

Purpose: 
1. To provide an optical check for verification of alignment of the stable annular 

during gyrooompasing prior to launch. 

Assumptions: 
1. The program is manually selected by the DSKY envy. 
2. The astronaut has zeroed the optics just prior to program (P03) selection. 
3. A minimum of 45 minutes betwcen V785 and P03 (V655) mum propor damping 

of transients. 
4. In order to prematurely terminate this program and return to P02 the astronaut may 

key in V345 on any flashing display. 

Selected Displays: 
1. V06 N41 

Target azimuth XXX.XX don 
Target elevation 3000‘" dill 
Target identification ' oooox 

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

Checklist code 00016 
4. V06 N93 

Gyro torque angles X XX.XXX dog 
‘ Y XX.XXX dog 

2 XX.XXX dog 

P06—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 AGCto 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 

GIN circuit breakers (Panel 5) are closed, the IMU and optics GIN 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 readinaa 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. I 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 grogram 
(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. I f  the AGC is not brought out of the gmpdby 
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 N26 (AGC powor down) 

Checklist code 00062 



P11—EARTH ORBIT INSERTION MONITOR PROGRAM 

Purpou: 
1. To indicate to the mmut that the AGC has remind thc liftoff disarm. 

2. To poor-to an attitude error indication on the FDAI error noodles, scaled for the 
50/ 15 setting; from liftoff to the beginning of pitchova'lrollout the attitude error is 
oqual to the difference between the current vehicle attitude and the attitude stand 
at liftoff. During pitchover/rollout the attitude error is equal to the difforom 
batman the current vehicle attitude and the AGC nominal computation of which 
attitude bond on the stored polynomials in pitch and roll. 

3. To dimlay AGC computed trajectory pram. 

4. AGC takeover: of Saturn during Boost 

I. Automatic Control—All Stages: should the Saturn platform fail (during any stage 
of earth orbit insertion) the astronaut may at the SIG Control of Saturn switch 
to the ON position. This store: the cumnt 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 (IU) for steering. 

b. Manual Control—SH and SIVB Stag-s only: The astronaut may abet the Saturn 
stick function via V465 (DAP configuration - 3). This will minute the 
Attitude Error routine. 

Animations: 
1. The p m  is normally automatically aloctod by the 6 9 1 m  m m  

(P02) when the AGC natives the liftoff discrete from ttIVB. In the backup can 
it mid .1010 boon aloctod by laying in V75 ENTER. 

2. Th: ovbit panama display rootino is available by laying in V82E. 

Soloctod Displays: 
1. V06 N62 

Inertial vdoclty "unmade 
Alfltudo rat. 
Altitudo 

2. V04 N12 (mm from V825) 
Option cod. ID 
Option code 

3. V06 N18 ("lulu from ME! 
Tinctowhichmmwfllbo immd 

4. V16 N44 (units from V825) 
Apoconter altitude 

Poricontcr altitude 
TF F 

XXXXX. ftls 
XXXXX. ftls 
XXXX.X mi 

00002 
oooox (1-this which. 
2—other which) 

ooxxx. h 

OOOXX. min 
0XX.XX s 

XXXX.X nmi 
XXXX.X nmi 
XX b XX min/8 

i 
i 1
j
3. 



P17—CSM TRANSFER PHASE INITIALIZATION SEARCljl (TPI’ 

Purpou: 
1'. To accept a desired time of Transfer Phase Initiation memm as a DSKY input 

from the astronaut. and to compute therefrom the W mind with a 
minimum energy, safe poriapsis transfer maneuver at TIG(TPI) and the resultant 
rendezvous intercept. 

2. To provido the astronaut with the option of defining to the AGC the initial transfor 
trajectory search sector for central angles either greater or less than 180 degrees 
from the position of tho actiw vehicle (CSM) at TIG(TP|). 

3. To display to the astronaut the parameters associated with the transfer (TPI and 
intercept). ‘ 

Assumptions: 
1. If P20 is in operation while this program is operating, the astronaut may hold at any 

flashing diaplay 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. 

2. Ffikte the TPI maneuver select the Transfer Phat Initiation (TPI) a m  

3. This prowam is ahead by DSKY entry. 

Sdoctod Displays: 
1. V06 N37 

Tim- at TPI bum Ooxxx. h 
' MOXX. min 

OXX.XX s 
2. V06 N72 

Delta angle (TPI) XXX.XX don (+ active vehicle ahead) 
Delta altitude (TPI) . XXXX.X nmi(+ passive vehicle above! 
Sm” option ' OOOOX (1—intercept at a central angle 

(180 degrees; 2—intorcopt at a central 
_ angle > 180 degrees) 

3, V06 N58 
Poricontor altitude (post TPI) XXXX.X nmi 
A] (TPI) xxxx.x ms " ' 
Av mm xxxxx ftls ' 

4. V06 N55 ‘ ‘ 

R1: Forum oooox (1—pwigoobotmn'l1’llndTPF 
2 %  after W ,  

as: (antral and. of native which xxx.xx don 

Pm—RENDEZVOUS NAVIGATOONLPROGRAM - 

Purpose: 

1. Control CSM attitudo and optics to acquire the LM in the sxr fieldof vhwand to 
point the CSM transponder at the LM or to control the CSM attitude to acquire tho 
LM along the +x axis (depends on option coda); 

2. Update eithet LM or CSM state vector via optical tracking data and/or VHF any! 



P20 (continuod) 
Assumptions: 

1. IMU on and aligned. 
2. The GNCS is in control of the vehicle in the auto rmde in the nominal case. I f  the 

astronaut takes over control of the vehicle with RHC the CSM wiIl remain at the 
attitude it is driven to. Regardless of mode selection the GNCS will calculate the 
preferred ttacking attitude and the +X-ax is tracking attitude. 

3. Routine R03 performed prior to selection of this progem. In order for the GNCS to 
perform the automatic attitude maneuvcrs, the astronaut should key in V466 at 
some time prior to the first maneuver. 

4- LM maintaining preferred trading attitude to correctly orient'tho optical bacon. 

5. Program selected by DSKY entry. , 

6. Tetmimted by selecton of P00, P06. P22, P23, V345 from 860 or R22. or by 
vsae. 

Sdactod Displays: 
1. V50 N13 

’ Desired FDAI m : a (as) xxx.xx dog 
P “6) xxx.xx deg 
v (MG) xxx.xx dog 

2. we me 
Find FDAI m « n ('06) xxx.xx dog 

P (I6) xxx.xx dag 
Y (MG) xxx.xx dog 

3. V51 (please pa'form SXT mark) 
4. V06 N49 , 

AR A ‘ xxxx.x nmi 
Av xxxx.x ft/s 
Source Code ' oooox (1—optics, 2—VHF) 

5. V06 N94 (backup optical divioe) 
Alternate LOS shaft angle ’ ' xXx.xx deg 
Alternate LOS trunnion angle XX.XXX dog 

8. V53 (pleas porform COAS mark) - 

P21-GROUND TRACK DETERMINATION PROGRAM 
Purpose: 

1. Provide astronaut with duh“: 0! his mound rack. 

Assumptions: 
1. Program selected by DSKY entry. 
2. Can be used while CSM is in eithet earth or lunar orbit to dotcmim wound track of 

either LM or CSM. 
3. Vehicle whose ground track parameters are calculated to remain in freefall from the 

present time until T Lat Long. 

Selected Displays: 

1. V04 N06 
Obtion code ID 00(D2 
Option code ID A OOOOX (1—this vehicle 

2—other which) 

i

E 
I 
i 
i
5
i
i
3
1



CM-fl 

P21 (continual) 
2. V06 N34 ' 

Tim. of LAT/LONG ' ooxxx. h 
WOXX. min 
OXX.XX s 

3. V06 N43 
Latitude ' XXX.XX day (+ norm, 
Lonaituda XXX.XX dog (4- out) 
Altitude ‘ XXXX.X nmi 

4. we N73 (astronaut inithtod) 
Altitude XXXXXb. nml 
Velocity XXXXX. ft/s 
Flidtt path angle XXX.XX dog 

PTA—ORBITAL NAVIGATION PROGRAM 
: Purpou: 

1. Locate and track landmark suitable for navigation p m  
i 2. Obtain sighting marks on chosen landmark. . 
E 3. Calculate the orbital pumter changes generated by Wk mums. 
; 4. Update state vector as result of sightings (if sighting old. 

5. Update coordinates of known landmarks. 
6. Provide coordinates of unknown landmarks. 

E 7. Track preloaded landing sits. 
8. Provide coordinates of new landing site. 

: 9. Provide coordinates of an offset landing site. 
1 10.Alignopticsalonganadvamodorbitwoundtnckforpumonofmkmafl 
,h mapping a new landing site. 

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

0. "Known" Landmark Tracking—The tracking of an earth landmark mach 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 future 
identified to the AGC as an unknown landmark, one when coordinates” not 
known. 

2. There are two types of landing site mapping methods: 
a. Landing Site Designation—Track and mad: on an unknown landmatk. Store the 

running coordinates in Landmark Code 01. If manning only is duind (that is. 
no sum 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 reuniting 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 
:gzro V06 N70 display for us. by the Automatic Optics Positioning routine 
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8. 

9. 
10. 
11. 

P22 (continua!) 

The Ground Track Datamation prop-am (P21) is available to aid the cm In 
WWWMkspfiormmmnofthkprog-un. 
The Ground Track Datumlnttion prowam (P21) is available to the m followlm 
this proyam to provide updated wound track information. 
Possible mitudo controlmofluodsmlghtboufollomflndlmmmstbo 
than to monitor podblo impending IMU gimbol lock). 
0. Manudcontrolbythopllotormwmmrommmconwm. 
b. Manna! m- control by the W with the minimum impala contra In the 

GNC fm mode. 
The mom may be pwformod with SIVB attached if the Launch Vuhiclo Gum 
switch is placed in the CIVIC position M y  permitting SIVB attitude cannot with 
the rotational hand oontmllot. GNC AIP control is roquind in this can. 
The IMU trust be on and aligned in order to complete this progam. 
Solution of this 9mm will tot-minute the Rendezvous Navigation prognm (P20). 
Thoma": isMbyflnmnNtby DSKY «my. 

Sow Dilplcys: 
1. 

2. 

V06 N46 
R3: Maximum middl- dmbol we XXX.“ dog 

V06 N70 
R2: ABCDE (before mark) 

B-induxofoffatdam 
C-notuaod 
DE—Landmarl 

Luanda xx.xxx do (4» north) 
Lama/2 XX.XXX don (+ and) 
Altitua xxx.xx nmi 

m N92 
Shaft anal. XXX.XX dc. 
Trunnion anal. XX.XXX don 

v51 (plou- mark) 
V50 N25 (terminu- mark Inc-nod 

Checklist code 00016 
V06 N71 

32: Anal): (slur M) 
tlay am. as ltom 2 show 

v06 N49 
An 7 xxxx.x nmi 
Av xxxx.x his 



P23—CISLUNAR MIDCOURSE NAVIGATION PROGRAM 

Purpose: 
1. To do midcoum navigation by incorporation of surloarth and star/anon optical 

mums. 

Assumptions: 
1. 
2. 

3. 

10. 

11. 

This program does not require that the IMU be on. 
If the IMU is not aligned the astronwt mull acquit. tho mlLMK or star/HOB 
manually. 
If the IMU is: 
a. Aligned. the astronaut may acquire the LMKIHOR automatically. 
b. Aligned, the astronaut may acquire the star automaticafly. 
c. On, the astronaut must take appropriate precautions to pment 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 
:ieithor GNCS or SCS) and the optics should be in manual in order to maintain the 

x. _ 
The optics ghould be on for 15 minutes prior to marking. 
The AGC does not check for moon/earth occultation or sun brightmas in this 

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 amre that R2 and R3 do not both equal zero or do not both not 
equal zero, R 1  = 0 to 37 (octal), R2  = ABCDE, C = 1 or 2, R3 = ABCDE, C and D = 
1 or 2). Noun 89 is also checked to assure that the values for R1 and R2 fall within 
certain defined limits (-90 deuce: 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. V06 N70 (before mark) 

R1: OMDE 

7 DE—sur identification cod. 
R2: ABCDE 

AB — not used 
C —- 1 = earth landmark 

2 = moon landmark 
DE - not used 

R3: (13600 
C —- 1‘ = earth horizon 

2 = moon horizon 
D—1=naarhor izon-  

2 = far horizon 
VM N25 (perform GNCS auto maneuver) 

Checklist code (”202 

V59 (perform calibration mark) 
V06 N87 

R2: Trunnion bias angle XX.XXX dog 
V51 (plum mark) 



'T ’ P23 (continued) . 

Selected Displays (Navimion Measurement): 
1. V05 N70 (before mark) 

R1: OMDE 

DE-star idontificltion 00* 
R2: ABCDE 

AB - not used 
C -- 1 = earth landmuk 

2 a moon landmark 
DE — not used 

R3: WCDO 
c -. 1 = earth horizon 

2 = moon horizon 
D — 1 == near horizon 

2 = for horizon 
2. V06 N89 (landmark coordinates) 

Latitude xx. xxx day (+ north) 
Longitude/2 xx.xxx dog (+ and 

. Attitude xxx.xx nmi 
' 3. V06 N88 
j Components of celestial body 15 unit voctot .xxxxx 
1 4. V50 N25 (perform GNCS auto mamuver) ‘ 
1 Checklist code 00202 

5. V50 N18 
Desired FDA! angles n (06) xxx.xx dog 

P “6) XXX-XX den 
v (MG) xxx.xx dog 

6. V06 N18 
Final FDAI angles a (06) xxx.xx dog 

P «6) xxx.xx dog 
: Y (MG) XXX-XX den 
3 7. V06 N92 
I Shaft angle xxx.xx dog 

Trunnion angle xx.xxx dog 
vs1 (please mark) 

9. V50 N25 (terminate mark sequence) 
i Checklist code 00016 
g ' 10. v05 N71 (after mark) 
; Dimlay some as ltom 1 above. 
. 11. V06 N49 

An xxxx.x nmi 
' Av ' xxxx.x ft/s 
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P27—AGC UPDATE PROGRAM 

Purpose: 
1. To inm informotbn Into the AGC VII the digital uplink by mission from the 

wound or via the DSKY keyboard by crew manual input. 

Awmptiom: 
1. “ : 5 ?  muuboin thoomooondition.TholMUmlvboinmflby0tm 

on t n. 
2. A60 updates or. of four «twin: 

3. Provide an update for AGC liftoff timo (V70). 
b. Provide an octal inacmont for the AGC clock only (V73). 
c. Provide load capability for a block of sequential MIC location! (1-18 

inclusive locations Mica address is specified) (V71). 
6. Prov‘ 723:1. load updaility for 1-9 induaivo individually apocificd unable locations 

V . 

3. Updnto is allowed In the CSM when the AGC is in P00 or P02. and if the DSKY is 
Within. 

4. The UPTEL Accept/Block switch must be in Accept for telemetry update. 
5. The program is manuaIly selected by the astronaut by DSKY may or by the wound 

by uplink transmission. 
6. The automatic mode of update is prowam auction and Updlt. via the wound by 

uplink transmission. The only diffmna botwun this and manual selection by the 
astronaut isthattMDSKY monumkwcdinbymmomutmthm 
transmitted. 

Pin-EXTERNAL DELTA V PROGRAM 

Purpou: 
1. To accept taro-ting parameters obtained from a soured!) external to the A60 and 

compute therefrom the required velocity and other initial conditions roquirod by the 
AGC for execution of tho desirod maneuvor. The arguing inserted into 
the AGC are the time of ignition (TIG) and the impulsive along CSM local 
vertical axes at‘aTlG. 

2. To display to the utromut and the ground attain pacific dopendont widths 
mochud with the Mod macaw for appmval by tho mount/round. 

Assumptions: 
1. Tug-t paramotus (TIG and Avuvn may have been loaded from the ground during 

n pil’ execution M P  2.7 
2. External Delta V flag It set during the program to 6.359t to tho thrusting program 

that oxtornal Delta V steering is to be used. 
3. I88 mod not be on to complete this program. 
4. Prowam is selected by DSKY entry. 

Soloctod Displays: 
1. V06 N33 

Time of ignition for oxtornal Av burn ooxxx. h 
OOOXX. min 
0XX.XX s 

2. V06 N81 
Common of Av (LV) ' xxxx.x ftls 



.
a

-
—

 
t

r
a

y
—

w
,

 

930 (continued) 
3. V06 N42 

Apocentor altitude XXXX.X nmi 
Pedant“ altitude XXXX.X nmi 
AV (required) XXXX.X ft]: 

4. V16 N45 
Marks (VHF/optic!) XX b XX marks 
Time from external Av ignition - xx b xx min/s 
Middle gimbal angle ' xxx.xx dog 

B31-LAMBE RT AIM POINT GUIDANCE 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 (TIG), ECSTEER, the tumor 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. 
Ammptions: 

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

2. The external Delta V flag is reset during this program to design“. to tho thrusting prowam that Lambert steering is to be used. 
3. ISS need not be on to complete this program. 
4. This program is selected by DSKY entry. 

Selected Displays: 
. 1. V06 N33 

Time of ignition for Lambert aim point bum OOXXX. h 

OOOXX. min 
0XX.XX s 

2. V06 N81 
Components of Av (LV) xxxx.x ft]: 

3. V06 N42 
Apocenter altitude XXXX.X nmi 
Perioonter altitude XXXX.X nmi 
AV (required) XXXX.X his 

4. V16 N45 
Mll’k (VHF/Optics) _ XX b XX mark's 
Time from Lambert aim point ignition XX b XX min/s 
Middle gimbal angle XXX.XX deg 



,
  ,  

P32—CSM COE LLIPTIC SEQUENCE INITIATION (CSI) PROGRAM 

Purpose: 
1. 

2. 

3.. 

4. 

2. 

‘ 10. 

11. 

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. 
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 tho 
concentric flight plan maneuvers for approval by the astronaut/ground. 
To store the CSI target parameters for use by the desired thrusting program. 

. Ammptions: 
1 . At a selected TPI time the line of sight between the CSM and the LM inflected 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 batman 
the orbits. 

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 poricenter altitude of the orbit following CSI and CDH must be water than 
35,000 feet (lunar orbit) or 85 nmi (earth orbit) for succmful completion of this 
program. 

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

The ISS need not be on to complete this mam unless automatic mu vocnor 
updating is desired by the Rendezvous Navigation program (P20). 
This program is seIocted by the astronaut by DSKY entry. 
The external Delta V flag is set during this prowam to dosigmto to the thrusting 
prom-am 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 (R210: R231 and 
take Optics "mks, and/or he may allow VHF ranging maria to accumlate. 

Selected Displays: 
1. 

2. 

3. 

V06 N11 
Time of cs: ignition ' ooxxx. h 

MOXX. min 
OXX.XX s 

V06 N55 _ ' 
Number of apaidal atoning: oooox 
Elevation angle XXXXX dog 
Central angle of passive vehicle XXX.XX dog 

V06 N37 
Time of TPI ignition WXXX. h 

OOOXX. min 
OXX.XX s 



A
r

.
 

_
 

10. 

11. 

P32 (command) 

V16 N45 
M 8  (VH Floptia) 
Tim. from CSI iymbn 
Middle gimbol snob 

V06 N75 
DOM altitude (CDH’ 
AT (CDH-CS" 
AT (TPl-CDH) 

V“ N81 
Components of AWLV) for 08! 

V“ N82 
Compomms of AWLV) f0: CDH 

V06 N13 (stromut initiated) 
Tm of CDH ifllitbn 

. V04 N12 (vaults from VQOE) 
OptioncodnlD 
Optioncodo 

V06 N16 (mlufrom V905) 
Tim-damn 

VOONW(MMM) 

YDOT 
PSI 

XX b XX mlks 
XX b XX min/s 
XXX.XX dc 

XXXX.X mi 
XX b XX mid! 
XX b XX min/I 

XXXX.X flls 

XXXX.X flls 

”XXX. h 
MXX. min 
0XX.XX 8 

oooox (1—this which 
2-0!“ Mid.) 

ooxxx. h 

oooxx. min 

0XX.XX s 

xxx.xx nmi . 
xxxx.x «I: 
xxx.xx dog, 

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

. 
To calculate panmotm associated with the Constant 0 q  Altitude maneuver (CDH). fat Delta V burns. 
To calculate those parameters based upon manouvor data approvod and keyed into the DSKY by the astronaut. 
To display to the astronaut and the wound dependent variabm associated with the COM "uncover fat approval by the mount/wound. 
TomtInCDl-i mmpmmmforuubymmmmimm 



. 
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Chi-49 

P33 (continued) 
Assumptions: 

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

1. 

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 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 CSI 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 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 DS KY 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 OOXXX h 
OOOXX 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) “XXXXX 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 XXXXX ftls 

V04 N 12 (results from V90E) 
Option code ID . 00002 
Option code ' OOOOX (1—this vehicle, 

2—other vehicle) 



P33 (continual) 

6. V08 N16 (mm from VQOE) 
m. of «m ooxxx. h 

000xx. min 
OXX.XX s 

7. V06 N90 (mum from M )  
y xxx.xx nmi 
YDOT xxxx.x his 
PSI xxx.xx do. 

P34-CSM TRANSFER PHASE INITIATION (TPI) 
TARGETING PROGRAM 

Purpou: 
‘l. 

2. 
3. 

4. 

To calculate the required Delta V and other initial conditions required by the A66 
for exocufion of the Transfer Phat Initiation maneuver. Given: 
a. TIG (TPI) or the Elwation angle (E) of the CSM/LM LOS at TIG (TPI) 
b. Central angle of transfer (CENTANG) from TIG (TPI) to mutant time 

(TtTPFH 
To calculate TIG (TPI) given E or E given TIG (TPI). 
To display to the mount and the wound «ruin dependent varioblu associated 
with the numuvor for approval by the amount/mum. 
TostontheTPlumetparmtmforus-bythedulrodthmningpmm. 

Assumptions: 
1. 

2. 

The program must be done over a tracking station for real-time round patticipation 
in AGC data input and output. 
If P20 is in operation while this program is opcrating. the astronaut may hold at any 
flashing dbplay and turn on the Rendezvous Shining Mark routine (R21 or R23) 
and take optics marks, and/or he may allow VHF ranging rmrks to accumulate. 

Once the parameters required for computation of the maneuvor have boon 
completely spocified, the value of the active vehicle conml angle of trench is 
computed and stored. This number will be available for dimlay to the astronaut 
through the use of V06 N52. 
The astronaut would call this display to verify that the central angle of transfot of 
the active vehicle is not within 170 to 190 downs. I f  the angle is within this zone 
the astronaut should m 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 inwation may be used. Tho 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 prov-m unless automatic m vocto: updating 
is desired by the Rendezvous Navigation prowam (P20). 
This PM.“ is selected by DSKY army. 
The external Delta V flag is reset during this prowam to designate to the thrusting 
program that Lambert steering is to be used. 

Sdoctod Dimlays: 
1. V08 N37 

Time of TPI ignition OOXXX. h 
OOOXX. min 
0XX.XX : 



10. 

Oil-61 

P34 (continued) 

V06 N55 
lnmion coda 

Elovation angle 
Central snub of M .  which 

V16 N45 
Mark (VHF/optics) 
Time from TPI ignition 
Middle gimbal angle 

V06 N58 
Poricanter altitude (post TPI) 
Av (TPI) 
Av (TPF) 

V06 N81 
Components of A V (LV) for TPI 

V06 N59 
Components of Av (L08) for TPI 

V06 N52 (astronaut initiated) 
Central angle of active vehicle 

V04 N12 (results from V905) 
Option cod. ID 
Option coda 

V06 N16 (mm from V90E) 
Time of wont 

V06 N90 ("wits from VQOE) 
Y 
YDOT 
PSI 

OMX (O—conic. 
#O—pncision) 
XXX.XX dog 
XXX.XX dog 

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

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

XXXX.X ft/s 

XXXX.X ft/S 

XXX.XX dog 

00002 
oooox (1—this vohich. 
2—othor which) 

”XXX. h 
WOXX. min 
OXX.XX s 

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

P35—CSM TRANSFER PHASE MIDCOU RSE (TPM) 
TARGETING PROGRAM 

Purpose: 
To caiculato the required Dom V and other initial conditions muirod by the AGC 
for CSM exoctuion of the next midooum correction of the transfer pm of an 

1. 

active CSM rendezvous. 

Asumptions: 

If P20 is in operation while this prowam is operating, the astronau} may hold at any 
flashing dignity and turn on the Randozvous Sighting Mark routine (R21 or 823) 
and take optics marks, and/or be may allow VHF ranging marks to accumulm. 



P35 (continua!) 

2. O m d n p w m m n q u i o d h t c o n p u ufio n o ffln m h m b u n  
complctoly mocifiod, the vine of the active which control and. of W h 
0 0 t  and stored. This numb“ will be available for «13m to tho astronaut 
through the us. of V06 N52. 
The astronaut would call this display to verify that the contra! and. of transit! of 
the active vehicle is not within 170 to 190 downs. If the angle is within minor» 
the astronaut should m m .  imuttarguingpmmbuodupon Don-Vane: 
the expected maneuver time. 

3. The time of intercept (TUNTH wadefinod by previous completion of tho T m  
Phat. Initiation (TPI) mam (P34) and is proantly mandala ln AGO m .  

4. ISS mod not be on to complain this pmmm unlos utomntic m m  updating 
is duirod by the Rondozvous Navigtion pm'am (P20). 

5. The PIT-Vim is aloctod by DSKY entry. 
6 .Thcoxtorml oanwmunmduringmbpmmmmmwmw 

pmmMminoismboua-d. 

sum-d DW: 
1. V16 N45 

m (VHF/optics) xx b xx m 
Time from TPM ignition xx b xx mini: 
mum. gimbol mu. xxx.xx a. 

2. we N81 - 
Compomnu of Av (LV) for TPM xxxx.x his 

3. we ~59 
Compomnu of Av (L08) for TPM xxxx.x his 

4. we ~52 ( m t  initiated) 
Central ml. of active vehicle xxx.xx dog 

5. v04 ~12 (mum fram was) 
Option cod. no 00002 
Option code oooox (1—mh which. 

2—mhor which) 
a. V06 me (mum from was} 

Tim- of mm ooxxx. h 
oooxx. Min 
oxx.xx s 

7. V06 N90 (mum from VQOE) 
v xxx.xx nmi 
voo1' xxxx.x ftl‘s 
PSI XXX.XX dq 
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P37-RETURN TO EARTH 

Puma: 
1. 

2. 

This program will compute a ntum-to-unh traioctory providing the CSM is could. 
the lunar mm of inflame. at the time of ignition. 
This program computes and displays a preliminary mics of puma bad on a 
conic trajectory and: 

I- Astronaut specified time of ignition. 

b. Astronaut spocifiod maximum chm in velocity. 
c. Astronaut pacified reentry angle. 
Thea perimeter: are: 

Time from ignition to reentry. 
Roontry inertial velocity. 
Reentry fllght path undo. 

Latitude of splash. 
Longitudo of mluh. 
Dom V (LV) 

When the initial display is mainstay to flu mum. thc prowam momma: the 
am. 3.10 using applicable perturbations to the conic trajectory, and dbl-y: the 
ncwv nos. 
Upon final acceptance by the astronaut the program compute: and m the target 
‘PmnmfornmmmmhforuubytheSPSpmgnmPltmorRCSpm 

Based upon the specified propulsion systun m folbwing as displayed: 
a. Middle gimbal angle at ignition. 
b. Time of ignition (TIG). 
c. Time from ignition (TFI). 

7
‘

9
9

?
?

?
 

Assumptions: 
1. 

2. 
3. 

This program mama Mametwiththomnd humildalqand tantrum-Iv 
all-connimd. 
The ISS mod not be on to oomplm this prowam. 

If nine of VPRED entered in Noun 60 is “than tho minimum roquind to mum 
to oath, the Delta V required vector will be computed based on a minimum value. If 
the value catered is water than the minimum required to return to min. than the 
astronaut desired value will be uad to compute the Doha V required vector. The 
computod 0 q  V roquind vector will be displayud In Noun 81. 

. The DAP Data Load routine (ROS) should be pa'formod prionto nonunion of this 
program. 

. This program is selected by DSKY entry. 

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

The external Dom V,flao is reset during this p m  to design-to to mun-using 
progamthltunhnmimkmbouud. 

Sol-cud Displays: 
1. V06 N33 

Tim- of "turn to earth Imitbn OOXXX. h 
- oooxx. min 

0XX.XX s 



for CSM execution of the second phase of the Stable Orbit Ronduvous mquwr. 
Given: 
a. A respecification of He) above. 

_b. An optional "specification of Nb) above 

P31 (continued) 

2. V06 N60 . 
R2: Pndictcd velocity at 400 k ft XXXXX. his 

83: Prodictod Milt path M I !  400 I: It XXX.XX do. 

3. V08 N61 
' Impact latitudu xxx.xx as (+ norm) 

llnpact longitudo XXX.XX dog (+ out) 

4. V08 N3 
AT for W ooxxx. h 

WOXX. min 
0XX.XX s 

6. V06 N81 
oompomnu of Av (LV) fut um xxxx.x his 

6. V04 N06 (thrust prom option) ' 

Option cod. ID 00007 

Option cod. oooox ( 1-SPs (P40). 
2-RCS «Mm 

1. we N45 ’ 
Marks (VHF/optics) xx b xx marks. 
Time from Ignition XX b XX min/s 
Middlu gimbo! angle XXX.XX dog 

P38—CSM STABLE ORBIT RENDEZVOUS (SOB) 
TARGETING PROGRAM 

Purposl: 
1. To cdculau the required Dom v and other initial conditions mind by tho AGC ‘7 

gEMoxmbnafmofMph-udmemomltflmm. ,; 

a. Time of ignition (TIG). 
b. Canal and. of u m  (CENTANG) from TIG to M W  time. ‘1 

c. The offset of the stable orbit point spociflod as a distance along the mom 4‘ 
vehicle orbit. 

2. To calculate the remind Dom V and other initial conditions required by the A60 

3. To calculate these parameters based upon maneuver data approved and keyed into 1 
the AGC by the astronaut. ‘ 

4. To display to the astronaut and the ground 00min dopondbnt variables meiotic! 
with the maneuver for approval by the astronaut/ground. , 

5. To store the SOR Phase 1 and Phase 2 tam“ parameters for use by the desired 
thrusting program. 

Assumptions: 
1. The stable: orbn point is dufimd as the final position (at completion of the ascend ‘. 

plus.) of the active voh iclo relative to the plum which 



P38 (continued) 

- 2. If 920 is in operation while this 'program is operating. the astronaut may hold at any 
flashing dismay and turn on the Rendezvous Sighting Mark routine ( R21 or R23) 
and take Optics marks, and/or be 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 
the expected maneuver time. 
The second phase of this program requires the TIG input be biased as a function of 
TPF and any midoourse corrections performed in the Stable Orbit Midcourse ($0M) 
program (P39). 
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;‘ 5. I88 need not be on to complete this prom unlea automatic state vector updating 
’ 'is desired by the Rendezvous Navigation program (P20). 

6. This prowam is selected by DSKY entry. 

7. The external Delta V flag is rout during this p m  to m to the thmsting 
program that Lambert steering is to be used. 
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A Solocud tlays: 
5 1. V06 N33 _ 

Time of son ignition ooxxx. h 
I oooxx. min 

oxx.xx s 
’1’ 2. V06 N55 _ 

n3: Central and. of mm which xxx.xx do. 
i 3. v04 N06 (specify pm.) 

Option cod. ID 00005 
Option code OOOOX (1-fim pus, 

2mm! pass) 
4. V06 N57 

Offset of tho mm orbit point XXXXX mm infirm) 
a V06 ~34 

Time of arrival at sable orbit ooxxx. h 

OOOXX. min 
oxx.xx s 

6. V16 N45 . 
Marks (VHF/optics) xx b xx mark; 
Time from SOR ignition XX b XX min/s 
Middle gimbal angle xxx.xx dog 

7. V06 N58 
Porscemor altitudo (son) xxxx.x nmi 
Av (som' xxxx.x ftls 
Av (son - final) xxxx.x ft]: 

8. V06 N81 
Components of AV (LV) for SOR XXXX.X ft]: 

9. V06 N52 (astronaut initiated) 
Central angle of active which xxx.xx dog 



CAR-56 

P39—CSM STABLE ORBIT MIDCOU RSE (SOM) 
- TARGE‘TING PROGRAM 

Pam: 
' 1 .  To calculate the required Delta V and other initial conditions rmired by the AGC 

for CSM execution of the next possible midcoursa correction of the stable orbit 
transfer phase of an active CSM rendezvous. 
To compute and display amiable 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 pray-am 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 albw 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 mamas the input targeting parameters based upon Delta V and 
the expected maneuver time. 
The time of intercept (THNTH 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 Lambert steering is to be used. 

Selected Dismays: 

1. V16 N45 
Marks (VH F/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 his 
3. V06 N52 (astronaut initiated) ' 

Central angle of active vehicle XXX.XX dag 

P40—SPS PROGRAM 

Purpose: 
1. To compute a preferred IMU orientation and a preferred vehicle attitude for an SP8 

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 I MU 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. 
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P40 (continued) 
Alumptions: 

1. 

2. 

10. 
11. 

Theurgotparmtmhmbocncalculand andstorodinthoAGbprior 
execution of a prethrusting program. 
The required steering equations unidentified 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 accelerometet inputs. 
For Lambert steering, VG is calculated and updated similarly; however. it is also 
updated periodically by Lambon 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 at 
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 pufformed prior to selection of this program. In order for the 
GNCS to perform the attitude maneuver and conttol the thrusting maneuver the 
astronaut must key in V465 at some time prior to the attitude maneuver. 
The value of Delta V required will be stored in the local vertical coatdinata system 
and is available during this pmgram until m g turn-on by keying in V06 N818. 
The Orbit Parameter Display routine (830) may be cdlod during this prog'am by 
keying in V82E. 
This program is ulcetod by DSKY entry. 
The AGC hues an SIVB cutoff nomad (Chasm! 12. Bit 14) forpoaible backup 
use. This signal is recognized by Saturn only if the Launch Vohick Guiana switch 
is at to CMC. . 

Selected Displays: 
1. 

2. 

vso N18 . 
paired FDAI m - a (om xxx.xx an 

P (IG) xxx.xx dog 
Y (MG) xxx.xx don 

V06 N18 
Flu-l FDAI m a (06) xxx.xx dag 

P «6) xxx.xx dog 
Y (MG) xxx.xx dog 

_ 3. V50 N25 (gimbol drivc m) 

4. 
Checklist coda ' 00204 

V06 N40 
Time from SPS mulch/cutoff XX b XX min/s 
Volocity to be gained XXXX.X ft/s 
Av (accumlatod) xxxx.x ft]: 
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940 (continua 
5. V99 N40 (must engine on enable) 

‘ Dicky same a Itom 4 above. 
8. V97 N40 (perform engine fail procedun) 

Display am: a Itom 4 above. 
'I. V16 N40 

Display same as Item 4 show. . 
8. V16 N85 

Components of velocity to b. gained (body) I xxxx.x his 
9. V“ N81 (mnaut Initiated) 

Components of initial velocity to be pimd (LV) XXXXJ‘ his 
10. V04 N12 (results from V828) 

Option coda ID 00002 
Option cod! oooox (1-thb which 

2—othcr «New 
11. Wt N16 (mlufvom V822) 

Thnnwhlchsuumwulbflnw OOXXXJI 
WOXX. min 
oxx.xx a 

12. V16 N44 (alum from V828) 
Ame-nut anitudt XXXX.X nmi 
Puriconur altitude XXXX.X nmi 
TFF xx b xx min/s 

P41—RCS PROGRAM 
I ’ m :  

1. Compute a W IMU orientation and profound which mind: for an 808 thrusting maneuver. 
2. Calculate the gimbal angle: which would result from the mount IMU orientation if the vehicle +X axis wore aligned to the thrust voctor. The crew is thereby given an opportunity to perform the man-war with: 

a. The present IMU orientation (not momndod if middle gimbul angle is m than 45 dorm). If the IMU has not boon m within tho Ian 3 hon“. realignment is desirable. 
b. A new orientation achiovod by auction of P52. 

3. Do the vehicle maneuver to the thrusting attitude. 
4. Provide sum dimlays for manna! execution of the thrusting m .  

Asumptions: 
1. The mm planners have been calculated and stored in the AGC by prior execution of a pmhrusting program. 
2. The required steering equations are identified by the prior prothrust prowem, which oithor set or met the enema! Delta V steering flag. For external Dom V staring, V6 is cdculatod once for the specified time of ignition. Thereafter, both during thrusting and until the crew notifies the AGC trim thrusting has been complatod the AGC updates VG only as a result of compensated accelerometcr inputs. 

For Lambert staring, VG is calculated and updated similarly. However. it is she updated periodically by Lambort solutions to correct for charms in tho CSM state voctor. 
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P41 (continued) 

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

4. The TTE clock is set to count to zero at TIG. 
5. Translation initiation may he slipped beyond the established TIG if desired by the 

crew or if integration cannot be completed on time. 
6. This program is selected by DSKY entry. 
7. Routine RO3 has been performed prior to selection of this program. 
8. 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. 
9. The Orbit Parameter Display routine (R30) may be called during this program by 

keying in V82E. 

Selected Displays: 
1. V50 N18 

Desired FDAI m R (CG) xxx.xx dog 
P HG) xxx.xx dog 
Y (MG) xxx.xx dog 

2. V06 N18 
Final FDAI mom R (06) xxx.xx dog 

MIG) xxx.xxmo 
Y (MG) xxx.xx dog 

3. we N85 
; Components of velocity to be mind (body) xxxx.x h]: 

j 4. V16 N85 
:‘ Display same as Item 3 above. 

5. we N81 (astronaut initiated) 
L Components of initial velocity to be gained (LV) XXXX.X his 
f; 6. v04 N12 (rmlts from vazs) 
Eh Option code ID 00002 
: Option code OOOOX (1—this vehicle 
; 2-other vehicle) 

7. V06 N16 (mm from vszs) 
I Time to which state vector will be intey‘atod OOXXX. h 
S OOOXX. min 

. oxx.xx s 
l a. V16 N44 (results from vsze) 
' Apocenter altitude XXXX.X nmi 

Perimnter altitude XXXX.X nmi 
TFF XX b XX min/s 

P47—TH RUST MONITOR PROGRAM 

Purpose: 
1. To monitor vehicle acceleration during a non-GNCS-oontrollad thrusting mneuver. 
2. To dbplay the Delta V applied to the vehicle by this thrusting maneuver. 



P47 (continued) 
Ammptions: . 

1. It is normdly nquind that the IMU be on for 15 mlnutu prior to a thrusting 
nun-war. 

2. The wondbility of avoiding gimbd lock during execution of this program is upon 
tho astronaut. 

3. This program is normally used during rendezvous final phase. If the crow desires to 
do any final phaa thrusting maneum automatically undur GNCS control, they 
must be accomplidud via selection of the Transfer Phase Initiation (TPI) prowtm 
$34;- and than the SPS Thrusting program (P40) or the ROS Thrusting program 

4. Huge, Range Ram, and Theta may_ be dnphyod during this man by caning the 
' Randezvous Parameter Display toutim No.1 (831) with V83E. 

5. Range, Range Rate, and Phi may be dnphyed during this m m  by calling tho 
Rendezvous Parameter Display routine No. 2 (R34) with V85E. 

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

7. 52.23"," Parameter Display routine may be coiled during this prowam by keying in 

8. This program would be turned on just prior to the planned thrusting manouvcr and 
terminated as soon as possible following the manouvor in order to keep 0mm of bias 
and AVERAGE G at a minimum. 

9. This program is ahead by the astronaut by DSKY «my. 

Soloctod Dbplays: 
1. V16 N83 

Cements of Av (body) xxxx.x ms 
2. V16 N54 (remit: from V835) 

Rance xxx.xx nmi 
Range rate . XXXX.X ft]: 
Theta XXX.XX dog 

3. V16 N53 ("SUNS from V85E) 
ROM. XXX.XX nmi 
Rana: rate , XXXX.X ftls 
PM xxx.xx dog 

4. V16 N62 (mm initiated) 
Magniuodo of inertial velocity XXXXX. ft/s 
Altitude rate XXXXX. ftls 
Altitude (invalid in moon 01bit) xxxx.x "ma 

5. V04 N12 (reams from V82E) 
Option code ID 00002 

Option cod- NOOX (1-this which. 
2—othor which) 

6. VIE N16 (rum: from V825) 
Time to which state vectof will be inter-tad OOXXX. h 

OOOXX. min 
OXX.XX s 

7. V16 N44 (remit: from V825) 
Apocontet altitude XXXX.X nmi 
Pcrioomar altitud- xxxx.x nmi 
TFF xx b XX min/s 
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P51-IMU OR|ENTATION 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: 

3. 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 ROS 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 «”15 

2. V41 N22 

Gimbal angles to be coarse aligned to 06 XXX.XX deg 
IG XXX.XX deg 

. MG xxx.xx deg 
3. V51 (please mark) 
4. V50 N25 (terminate mark sequence) 

Checklist code M16 
5. V01 N71 

Celestial body code (after mark) OOOXX 
6. V06 N88 _ ‘ 

Components of celestial body '/a unit vector .XXXXX 

7. V06 N05 
Sighting angle difference XXX.XX den 

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 oriengation 
must be calculated and stored by a previously selected program or DI'GVIOUSIY 
unlinked via P27. 
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P52 (continual) 

b. Landing Sin Odom-um (00004) 
XSM - Unit (3L3) 
YSM '- Unit (23M " X3") 
23M - Unit ‘HCSM 3: X5") 

who" ’ 
Tho migin is the cantor of tho man. 

-Thoponition of the most neonflydofhod landings!" It time Tull!) 
stated by the moon-n. 

"CSM -Thoanguhr mmmmvoctorofthoCSM (“CSM csm)at 
time T (align) aloctad by the astronaut. 

e. W Orientation (00002) 
XSM - Unit (YSM x 23”) 
YSM I Unit (V x R) 
25M - Unit (-8) 

when 
B -  The concentric (oath orbit) or mace-attic (lunar orbit) radium 
attimoT (sum) almodbythomonaut. 
v -  the inmial vdocity vector at time T (align) ahead by the account. 

d. REFSMMAT (0W3) 

Munitions: 
1. The docked configuration may b0 Siva/CSM, LM/CSM, or CSM. The proton! 

configuration should have been unwed into the AGC by completion of th- DAP 
Data Load routine 303. 

2. If the mod- switch is in Attitude Hobd during the Gyro Tanning routine (365). the 
DAP will momma the vehicle to follow the platform 

3. This program makes no provision for an attitude "uncover to return the which to a 
pacific 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 cithor 
manually by crcw 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 diffon from that to which it w. 
last aligned only due to gyro drift (that is, neither gimbal lock net IMU power interruption has occurred since the Ian alignment). 

5. The landing siu orientation is used for: 
a. Aligning the CSM stable member to the am: oricntltion a the LM mblo 

membor prior to LM/CSM separation. 
b. Aligning tho CSM std)“ member to the same orientation as the LM stable 

mom prior to LM ascent from the lunar surf-cm 
6. The program is selected by the astronaut by DSKY entry. 

Select-d Dimlays: 
1. V04 N06 

Option cod. ID 00001 
Option coda oooox (1—W. 2—nomiml. 

3-RE FSMMAT, Funding sit.) 
2. V06 N34 

Time of alignmnt OOXXX. h 
OOOXX. min 
OXX.XX s 



P62 (continuod) 

. V06 N89 (landing 8h.) ' 
xx.xxx dog (+ north) 

10. 

11. 
12. 

13. 

14. 

15. 

Latitude 
Longitude/2 xx.xxx dog (+ out) 
Altitude XXX.XX nmi 

V06 N22 
Gimbai and“ which will fault from ahead 06 XXX.XX dog 
IMU orientation IG XXX.XX don 

MG XXX.XX don 

V50 N25 (coarse align) 
Checklist cod. ([3013 

V16 N20 
Actual gimbol m 06 XXX.XX dog 

IG XXX.XX dog 

MG XXX.XX (In 

V50 N25 (acquit. colutial body) 
Chocklist cod. M15 

V01 N70 
Colonial body cod. (befon mark) W K  

V06 N88 
Components of «lactic! body x unit vector .XXXXX 

V06 N92 
Dulrod shaft and. XXX.XX dog 

Duirod trunnion anal. xx.xxx dog 

V51 (plow mark) 
V50 N26 (terminm malt aquatic.) 

Checklist cod. @016 

V01 N71 
Colonial body code (the! mark) OMXX 

V06 N05 
Sighting and. di f fm XXX.XX dun 

V06 ~93 
GYM torqu- N “  X xx.xxx don 

Y xx.xxx day 
2 xx.xxx don 

. VSO N25 (fin. dim) 
Chocklist cod. 00°" 



P53—BACKUP IMU ORIENTATION DETERMINATION PROGRAM 
Parana: 

‘I. Tommuahnt-tionofflumu udmabockupopfluldwbo. 
Ammflom: 

1. TholMUmybo: 
a. 0mm). 
b. Ommddiomdou'not‘aligmddmmm-on. 
IN.)huw,thalMUmstbotumodonbofonthismununbowformo¢ 
If (mum... thisprowamanbooomplcud. 

2. Thisprognm istdumcal' mP51 exceptthat 866 ballad in placoof RS3. 
3. The CSM attitude control mode sdoctod is at the option of the crow. 
4. Time and ROS fuel may be saved and subuquont IMU alignment decisions M y  

sinnlifiodifthisprowun isperformdinwchamyutoltIMUlmi-fly 
stabilized at an orientation as close as posibh to the optimum orientation required 
by future AGC programs. 

5. Theprowam R W W W M t W  DSKY entry. 
Sol-cud Diplays: 

1. _V50 N26 ( ” m m  body) 
Chpcklist code «”15 

2. V41 N22 
Gmmmlfimflommdh OG XXX.Xag 

' IG XXX.XX do 
MG XXX.XX dag 

3. we ~94 
Alum-to L06 M ml. XXX.XX duo 
Alumna LOS trunnion mob XX.XXX dog 

4. vsa (pa-form altemm Los mark) 
5. V50 N25 (taminm mark aquatic.) 

Checklist coda M16 
6. V01 N71 

Colonial body coda (that mark) oooxx 
7. V06 N88 

Comm of celestial body 16 unit new .XXXXX 
8. V06 Nm 

Sidltlng and. diffm XXX.XX dog 



CM-65 

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 catculated maneuver. This orionyation 
must be calculated and stored by a previously selecud mam or prewously 
uplinked via P27. 

b. Landing Site Orientation (00004) 
XSM = Unit (RLs) 
YSM 8 Unit ‘ZSM x Xsm) 
ZSM '- Unit (“CSM x XSM, 

where 
The origin is the center of the moon. . 

RLS = The position of the most recently defined landing site at time Thlign) 
selected by the astronaut. 
“CSM = The angular momentum vector of the CSM (“CSM x. VCSM’ at 
time T (align) selected by the astronaut. ‘ 

c. Nominal Orientation (00002) 
xSM = Unit (YSM X ZSM) 
YSM = Unit (V x R) 
ZSM = Unit (-8) 

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, LMICSM, or CSM. The present 
configuration shouid have been entered into the AGC by completion of the DAP 
Data Load routine (R03). ' 

I f  the mode switch is in Attitude Hold during the Gyro Torquing routine (855) 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 onIy 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 853. 
The program is selected by DSKY entry. - 



CM-66 

g P54 (continued) 

' Selected Displays: 
1. V04 N08 

Option code ID 00001 
- Option cod. ‘ - OOOOX (1—prefon'ed. 2—minal, 
' 3-REFSMMAT, 4—Ianding sit!) f 2. V06 N34 

Timing of dignment OOXXX. h 
OOOXX. min 
0XX.XX 8 

3. V06 N89 (landing site) 

, “mm" . xx.xxx dog (+ north) 
? WNW? xx.xxx dog (+ out) 

Mini“ xxx.xx nmi 
. 4. V06 N22 
! Gimbal m which will result from selected OG XXX.XX  deg 
‘ .IMU orientation IG xxx.xx dog 

MG xxx.xx day 
i- 

i 5. V50 N25 (coarse align) 
Checklist code ”13  

6. V16 N20 

Actual gimbll angles 06 xxx.xx  dag 

IG xxx.xx dog 
, MG xxx.xx day 
7, 7. V50 N25 (acquire celestial body! 
l Checklist code 00015 

8. V01 N70 
Celestial body code (before mark) OOOXX 

9. V06 N88 
Components of celestial body 16 unit vector .XXXXX 

10. V06 N94 
Alternate L06 shaft angle xxx.xx deg 
Alternate LOS trunnion angle xx.xxx deg 

11. V53 (perform alternate L06 mark) 
12. V50 N25 (terminate mark mum) 

Checklist code (11016 
13. V01 N71 

Celestial body code (after mark) oooxx 
14. V06 N05 

Sighting angle difference xxx.xx dog 
15. V06 N93 

Gyro torquing angles X xx.xxx deg 
Y xx.xxx dog 
2 xx.xxx dog 

18. V50 N25 (fine align) 
Checklist code 00014 



A 

Purpose: 
1 . 

Oil-87 

P61-ENTRY—PREPARATION PROGRAM 

To nan min-flan, chock IMU alignment, and provide may m m  system 
initialization dun. 

Assumptions. 
1. Th. program is tutu-ad with adequate froofall time to oomplm the m m  from 

a worn can starting attitude. 
2. The BS“ as on and precisely aligned to a mishcuwy omnmion.‘ 
3. Thoprogrom islalocudbythcatromtby DSKY ontry. 

Selectod Displays: 
1. V06 N61 . 

Impact Iatitudo xxx.xx dog 1+ north) 
Impact mom 3 ‘ - r xxx.xx dog 1+ on) 
Hands up/down 00001 (+ heads up], 

- lift down) 

2. was N60 ~ 
Maximum predicted valuation ' ' XXX.XX g 
Predict-d velocity at 400 k ft ' Xxxxx. his 
Predicted flight path angle at 400 k n ‘ xxx.xx don 4+ m )  

3. V06 N63 
Range to 90 from EMS altitude xxxx.x nmi 
Prodictod inertial velocity ' ' ' xxxxx. is]; 
Time to EMS altitude xx b xx minis 

P62—ENTRY-CM/3M SEPARATION AND PREENTRY MANEUVER PROGRAM 

Purpose: 
1. To notify crew when the GNCS is prepared for CMISM mien. 
2. To orient the CM to tho correct attitude for mitotic entry. 

“nations: 

1. The program is entered with adequate freofall time to accomplish CWSM mutation 
and compute 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 pmm (P61) or it 

may be selected manually. ' 

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

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

Checklist cod: - _ ' 00041 
2. V06 N61 

impact latitude XXX.XX don (+ north) 
Impact longitude XXX.XX duh out! 
Hands up/down ' - 00001 (+ had: up] 

lift down) 



'62 (comm) 

3. “~22 
Fm-mmum 

* 4. we use (mu-at mm) 
m from ems mm to apt-h 
Pndicud imrtial vcbcity 
Tim- from ems mm 

06 xxx.xx“ 
IG xxx.xx“ 
MG xxx.xx don 

XXXX.X llnl 
XXXXX. fill 
XX b XX min/s 

m—ENTRY-INITIALIZATION PROGRAM 
Pumon: 

To initialize the entry motions. ‘ 
O

 

2. T o m fi m m m m M m m m m m w m fl n m  
for the mat of ontry Mention. 

3. To «was: onuy DSKY dimlays. 

“ 4.Tomonsa’mdmbythbmmmmbyubcflmmEm-Pw 
0.06 9 mm 

Munitions: 
1. The mm is automatically ahead by the Em—CMISM Suction and Pmntry Momma prowam (P62). 
2. The astronaut may monitor N64 (G. VI, RTOTARG) during this ptomm by kw 

in V16 N64E. He also my monitor N68 (BETA, VI, HDOT) by keying in V1 
N88E, N63 (RTOGO. VIO, TFE) by laying in V16 N83E, and N74 (BETA, VI. 6) * by keying in V16 N746. 

sum Ditphys: 
1. V06 N64 

Duo W i n n  
Inertial velocity 
Range to splash 

2. V18 N83 (astronaut initilhd) 
Range from EMS ahitudo to m 
Predicted inertial veIocity 
Time from EMS altitude 

3. V“ N. (mm! initiaud) 
Commended bank mob 
Inertial velocity 
Altitude rate 

4. V16 N74 (mount Bum-ad) 
Commandod bank and. 
Inertial velocity 
Dm W i n n  

xxx.xx g 
XXXXX. his 
XXXXJ‘ nmi H h m  

XXXX.X nmi 
XXXXX. his 
XX b XX MINI 

xxx.xx don 
xxxxx. his 
xxxxx. ftls 

xxx.xx don 
XXXXX. filo 
xxx.xx g 



PMENTRY—POST 0.05 G PROGRAM 

Purpose: 
1. To start entry guidance at 0.05 9 selecting roll attitude, constant drag level. and drag 

threshold, KA, which are kwed to the 0.05 9 point. 

2. Select final phase (P67) when 0.2 9 occurs if V < 27,000 ft]: It 0.05 g. 
3. karate for upcontrol solution (P65) if V)  27,000 fl]: and if altitude mo and drag 

level conditions are satisfied. 
4. Select final phase (P67) if no upcontrol solution exists with VL > 18,000 ftls. 
5. To establish the 0.059 mode in SOS. 
6. To continue entry DSKY displays. 

Assumptions: 

1. The program 6: automatically selected by the Entry—Initialization program (P63). 

2. The astronaut may monitor N64 (G. W} RTOTARG) during this program by keying 
in V16 N64E. He also my monitor N68 (BETA, VI. HDOT) by kcying in V16 
N68E. . 

Selected Displays: 

1. V06 N74 
Commandod bank angle xxx.xx dog 
Inertial velocity XXXXX. ftls 
Drag acceleration xxx.xx a 

2. V16 N64 (astronaut initiated) 
Drag acceleration ‘ xxx.xx g 

Inertial velocity XXXXX. ftls 
Range to splash XXXX.X nmi (+ is W t )  

3. V16 N68 (astronaut initiated) ' 
Commended bank snob - xxx.xx dog 

Inertial velocity XXXXX. ft]: 
Altitude rate XXXXX. ft]: 

PBS—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 07 W3) and thereupon to select the 
Entry—Ballistic Phase program (P66). 

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

Assumptions: 
1. This program is automatically selected by the Entry—Post 0.05 9 program (P64) 

when constant drag control has brought range prediction to within 25 nmi of the 
desired range. I t  is skipped in earth orbit missions. 

2. The astronaut may monitor N64 (G, VI, RTOTARG) during this program by keying 
meg/E16 N64E. He may also monitor N68 (BETA, VI, HDOT) by keying in V16 
N . 

3. Manual response to N69 is not necessary to terminate P65. Selection of either P66 
or P67 by entry guidance provides automatic termination. 



CAI-70 

P65 (continued) 
Saint-d Displays: 

1. V18 N69 
Commended bank and! XXX.XX dog 
Drag level XXX.XX 9 

Skip out velocity XXXXX. ft]: 
2. VM N74 

Commanded bank angle ' XXX.XX dog 
Inertial valocity XXXXX.  “I! 4 

Drag acceleration xxx.xx g j 

3. V16 N64 (astronaut inithtod) - '3 

Drag acceleration XXX.XX g '3 

Inertial velocity XXXXX. his g 

Range to splash xxxx.x nmi (+ is overshoot) "E 
4. V16 N68 (astronaut initiated) i' 

Commended bank angie XXX.XX dog , 

Inertial velocity XXXXX. ftls j1 

Altitude rate ' xxxxx. his 5 
A 

PGGENTRY—BALLISTIC PROGRAM 1 

Purpou: j 

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

2. To some reontry (drag acceleration builds up to 07 + 0.5 “ /32.  or approximately 
0.2 9) and thereupon to select the Entry- -Fina| Phase program (P67 

Assumptions: 
1. This program is automatically selected by the Entry—Upcontrol program (P65) 

when drag acceleration becomes less than 07 ftlsz. 
2. The astronaut my monitor N64 (G, VI ,  RTOTARG) during this proyam by keying 

in V16 N64E. He may also miter N68 (BETA, VI, HDOT) by keying in V16 
N686. and N74 (BETA, VI, (3) by keying in V16 N74E. 1

Selected Displays: 1:

1. V06 N22 1
i

1

.. 
(a 

.
1

1
:

 
. 

A
- t

'  

Duane: gamma males 06 xixxx dog 
IG xxx.xx m 
MG xxx.xx dog 

2. V16 N64 (astronaut initiated) 

Altitude rm xxxxx.  11/: 

Drag acceleration XXX.XX g ’

_ Inertial velocity xxxxx. ftls 
Range to splash xxxx.x nmi (+ is Wt) 

3. V16 N68 (astronaut initiated) 
Cammanded bank angle xxx.xx dog 
Inertial velocity XXXXX. ft]: 7:

I 
k

n
it

..
. 

..
. '

.r
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P66 (continue!) 

4. V16 N74 (covenant initiated) 
Commended bank angle XXX.XX dog 
lnortial velocity XXXXX; ft]: 
Drag acceleration xxx.xx g 

P67—ENTRY-FINAL PHASE PROGRAM 

Purpose: 
1. 

2. 

To continue entry guidance aflor O7F+ 0.5 ft]:2 (or approximately 0.2 9) until 
termination of merino when the CM vdocity WRT earth - 1.!!!) ft]: (altitude is 
approximtoly 65.0“) ft). 
To continue entry DSKY displays. 

Assumptions: 
1. The prowam is automatically selected by: 

1:. P65 whcn RDOT is negative and the V is sufficiently low (V-VI-018 non). 

b. P66 {when drag acceleration builch up to 07F + 0.5 M3 (or approximndy 
0.2 g . ' 

. c. P64 if no upcontrol solution exists with VL > 18,000 his. 
2. The astronaut may monitor N64 (G, VI, RTOTARG) during this proram by laying 

in V16 N64E. He also my monitor N68 (BETA. VI, HDOT) by keying in V16 
N68E, and N74 (BETA, VI, 6) by keying in V16 N745. 

Sci-cred Displays: 
1. V06 N66 

Commandod bank anal. XXX.XX dog 

Crowange error XXXX.X nmi (+ south) 
Downrange error XXXX.X nmi (+ W t )  

2. V16 N67 ‘ 
Range to target XXXX.X nmi 1+ washout) 
Present latitude xxx.xx (+ north) 
Present longitude ‘ ‘ XXX.XX H- “t ,  

3. V16 N64 (astronaut inflict-d) 
Drag acceleration - XXX.XX g 
Inertial velocity XXXXX. ft]: 
Range to splash XXXX.X mi (-1- manhunt) 

4. V16 N68 (astronaut initiatod) 
Commandod bank angle XXX.XX duo 
Inertial velocity . XXXXX. ft]: 
Altitude rate XXXXX. RI: 

5. V16 N74 (astronaut initiated) 
Commended bank angue _ xxx.xx duo 
Inertial velocity _ " xXxxx. ftls 
Drag accusation xxx.xx g 



CM-72 

P72——LM COELLIPTIC SEQUENCE INITIATION (CSI) 
PROGRAM 

Form: 
1. To calculate parameters mined with the following concentric flight plan 

maneuvers for LM execution of the maneuvers under the control of the LGC; the 
fuellifnic Sequence Initiation (CSI) and the Constant Deita Altitude maneuver 
CDH . 

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

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

Assumptions: 
1. 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. 
2. The time between CSI ignition and CDH ignition must be computed to be greater 

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

than 10 minutes for successful completion of the program. 
4. CDH Delta V is selected to minimize the variation of the altitude difference between 

the orbits. 
5. CSI burn is defined suCh that the impulsive Delta V is in the horizontal plane 

' defined by the active vehicle position at CSI ignition. 
6. 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. 

7. 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. 

8. If P20 is in Operation while this program is Opetating, the astronaut may hold at any 
flashing display and turn on the Rendezvous Sighting Mark routine (821 or R23) 
and take Optics marks, and/or he may allow VHF ranging marks to accumulate. 

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

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

Selected Displays: 

1. V06 N11 
Time of CSI ignition OOXXX. h 

OOOXX. min 
0XX.XX s 

2. V06 N55 
Number of aptidal crossings OWOX 
Elevation angle xxx.xx deg 
Central angle of passive vehicle XXX.XX dag 

3. V06 N37 
Time of TPI ignition OOXXX. h 

OOOXX. min 
0XX.XX s 
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CM-73 

P72 (continued) 

4. V16 N45 
Marks (VHF/optics) XX b XX marks 
Time from CS! ignition XX b XX min/s 
Middle gimbal angte XXX.XX dog 

5. V06 N75 
Delta altitude (CDH) XXXX.X nmi 
AT (CDH-CSI) xx b xx min/s 
AT (TPI-CDH) xx b xx mini: 

6. V06 N13 (astronaut initiated) 
Time of CDH ignition OOXXX. h 

OOOXX. min 
0XX.XX s 

7- V06 N81 
Components of AWLV) for cs: xxxx.x ft]: 

8. V06 N82 
Components of AWLV) for CDH xxxx.x his 

9. V04 N12 (results from V90E) 
Option code ID 00002 
Option code OONX (I-this vehicle. 

2—other vehicle) 
10. V06 N16 (results from V905) 

Time of event ooxxx. h 

OOOXX. min 
OXX.XX s 

11. V06 N90 (results from V90E) 
Y XXX.XX nmi 
YDOT XXXX.X ftls 
PSI XXX.XX dag 

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) 0f 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 wound dependent variables associated with the 
concentric flight plan maneuvers for approval by the astronaut/ground. 



P73 (continued) 

Assumptions: 

1. This program is Md upon previous completion of the Coolliptic Sequence 
Initiation (CSI) program (P72). Therefore: 

At a selected TPI time the line of sight between the LM and the CSM was selected to be a prescribed angle (E) 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 ignitioh was computed to be greater 
than 10 minutes. 
The variation of the altitude difference between the orbits was minimized. 
The CSI bum was defined such that the impulsive Deita V was in the horizontal 
plane defined by the active vehicle position at CSI ignition. 
The pgricenter altitudes of the orbits following CSI 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 
CSM orbit, however, crew modification of Delta V(LV) components may have 
resulted in an out-of-plane CSI maneuver. 

2. If P20 is in operation whiIe 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 hq may allow VHF ranging marks to accumulate. 

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

Seiocted Displays: 
1. V06 N13 

Time of CDH ignition ooxxx, h 

OOOXX. min 
OXX.XX s 

2. V16 N45 _ 

Marks (VHF/optics) XX  6 XX marks 
Time from CDH ignitioh xx b XX min/s 
Middle gimbal angle ' XXX.XX deg ' 

3. V06 N75 
Delta altitude (CDH) XXXX.X nmi 
AT (TH-CDH) XX b xx  min/s 
AT (TPI-NOMTPI) X X  b X X  min/s 

4. V06 N81 
Components of AV (LV) for CDH XXXX.X his 

5. V04 ~12 (results from V90E) _ 
Option coda ID ‘ 00002 
Option code ' ' oooox (1—this vehicle. ’ 2-other which) 

6. V06N16 (realm from V905) 
Time of event OOXXX. h 

OOOXX. min 
OXX.XX s 
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(BM—75 

P13 (continued) 

7. V06 N90 (rmflsfrom V905) 
Y xxx.xx nmi , 

YDOT XXXX.X fill 

PSI xxx.xx don 

P74—LM TRANSFER PHASE INITIATION (TPI) 
TARGETING PROGRAM 

Purpou: 
To calculate the required Delta V and othor initial conditions required by tho LGC 
for LM oxocution of the Transfer Phat Initiation W t ,  given: 

a. The: of’ignition ’(TIGH'PIM or the elevation angle (E) of the LMICSM L06 at 
Tl TPI . 

b. Central angle of transfer (CENTANG) from TIG(TPI) to inure-pt timo 
TIG(TPF). 

To calculate T|G(TPI) given E or E given TIG(TPI). 
To display to the astronaut and the wound certain m m :  with: noel-tad 
with the maneuver for approval by the astronaut/ground. 

Assumptions: 
1. 

2. 

5. 

The program must be done over a tracking station for mat-time wound participation - 

in AGC data input and output. 

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

. Once the parameters required for computation of the maneuver have bean 
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 domes. If 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 intewation may be used. The time difference for computa- 
tion is approximately 10:1 (that is, conic intewation is 10 times faster than 
precision integration). 
The [SS peed not be on to complete this proyam unles automatic state vector 
updatmg us desired by the Rendezvous Navigation mun (P20). 

6. This program is siected by DSKY entry. 

Soloctod Displays: 
1. WE N37 

Time of m ignition ' ooxxx. h 
OOOXX. min 
0XX.XX s 

2. V06 N55 . . 
lntogmtioncodl . - ‘ OMOX (O—conic 

--- = 1! 0—pr0cision) 
Elevation angle xxx.xx dq 

Contra! angle of passive which xxx.xxuog 



CM-76 

P74 (continued) 

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

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

XXXX.X ftls 

X X X X X  ftls 

XXX.XX dag 

0W2 
OOWX (1-this vehicIe, 
2—other vehicle) 

OOXXX. h 

OOOXX. min 
0XX.XX s 

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

P75—LM TRANSFER PH'ASE MIDCOURSE (TPM) 
TARGETING PROGRAM 

To calculate the required Delta V and other initial conditions required by the LGC 
for LM execution of the next midoourse correction of the transfer phase of an active 

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 accumuIate. 

3. V16 N45 
Marks (VHF/optics) 
Time until TPI bum 
Middle gimbal angle 

4. V06 N58 (post TPI) 
Pericenter altitude 
Av (TPI) 
Av (TPF) 

5. V06 N81 
Components of Av (w) for TPI 

6. V06 N59 
Components of AV (L05) for T?! 

7. V06 N52 (astronaut initiated) 
' Central angle of active which 

8. V04 N12 (results from V90E) 
Option code ID 

Option code 

9. V06 N16 (results from V905" 
Time of mm 

10. V06 N90 (roam: from VQOE) 
Y 
YDOT 

PSI ~ . 

Purpose: 
1. 

LM rendezvous. 

Assumptions: 

1. 

2. Once the parameters required for computation of the maneuver have been 
completely specified, the value of the active vehicie central angle of ttansfer 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 dag-m. I f  the angIe is within this zone 
the astronaut should reassess the input targeting parameters based upon Delta V and 
expected maneuver time. 
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4. 

P75 (continued) 

The time of intercept (NINTH was defined by provious completion of the LM 
Transfer Phase Initiation (TPI) program (P74) and is presently manual. in AGC 
storage. 
There is no requirement for ISS operation during this prom union automatic 
stats vector updating is desired by the Rendezvous Navigation progmn (P20). 
The program is aloctod by the astronaut by DSKY entry. 

smcud Displays: 
1. V16 N45 

Marks (VHF/optics) 
Time until TPM ignition 
Middle gimbul angle 

V06 N81 
Components of AV (LV) for TPM 

V06 N59 
Components of Av (1.05) for TPM 

V06 N52 (astronaut initmd) 
Control angle of active vehicle 

V04 N12 (mm from V908) 
Option coda ID  
Option cod. 

V06 N16 (results from V905) 
Time of Mm 

V” N” (Mm from V“) 
Y 
YDOT 
PSI 

P76-TARGET DELTA V PROGRAM 

Purpose: 
To provide a mum of notifying the AGC that the LM has changed in «him! 1. 
parameters by the execution of a thrusting mum. 

XX b XX Mk8 
XX b XX min/s 
xxx.xx don 

XXXX.X ft/I 

XXXX.X ft/S 

XXX.XX dog 

00002 
oooox (1 -thls which. 
2—othar which) 

OOXXX. h 
oooxx. min 
OXX.XX s 

XXX.XX nml 
XXXX.X W8 
XXX.XX dog 

2. To provide to the AGC the Delta V appliod to the LM to and“. on updating of the 
LM not. voctor. 

Assumptions: 
The CSM crew has the Doha V to be applied by the LM in local vertical axes at a 
apocifiod TIG. The“ wines an displayed prior to TIG by the Prathrust Targeting 
prowam in the LM. No provision is made in than thrusting program“: display the 
results of the maneuvu in a form usable by this routine. I f  the burn is not nominal 
and this Delta V is not a specified or if TIG is not as originally spocifiod. comlt 

1. 

backup procedures. 
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2. 

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. 

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

Selected Displays: 

1. V06 N33 
Time of ignition . OOXXX. h 

OOOXX. min 
OXX.XX s 

2. V06 N84 _ 
Compononuof A V  (0V) XXXX.X his 

P77—LM TRANSFER PHASE INITIATION (TPI) 
SEARCH PROGRAM 

Purpose: 
1. To accept a desired time of Transfer Phase Initiation (TIG(TP|)) 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(TP|). 

3. To display to the astronaut the ”parameters associated with the transfer (TPI and 
intercept). 

Assumptions: 

1. If  P20 is in operation while this prog'am is Operating, the astronaut mew 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. 

2. To execute the TPI maneuver, select the LM Transfer t Initiation Targeting 
(TPI) program (P74) and transmit maneuver data to the LM. 

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

Selected Displays: 
1. V06 N37 

Time of TPI ignition OOXXX. h 
OOOXX. min 
OXX.XX s 
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2. V06 N72 _ 
Delta angle (TPI) XXX.XX dog (+activo which chad) 

Delta altitudo (TPI) XXXX.X nmi (+ pauivo vehicle lbw.) 

Surch option OWOX “antral angle < 180 dorm: 
2mm» angle) 1% w 

3. V06 N58 
Porioontu dfltudo XXXX.X nmi 
Av mm xxxx.x his 
Av (TPF) xxxx.x ft]: 

4. V06 N55 
81: Paigooeodo MOOXH—porigubnwunTPl andTPF, 

2-porlgu after inurupt} 
R3: Central angle of mm which xxx.xx dog 

P78—LM STABLE ORBIT RENDEZVOUS (SOB) 
TARGETING PROGRAM 

Puma: 
1. 

3. 

4. 

CM-79 

P77 (continued, 

To calculate tho roquirod Delta V and other initial conditions roqulnd by tho LGC 
gov LM «caution of the flat pm of the Stabl- Orbit Rendezvous maneuver. 

won: 
3. Tim. of ignition (TIG). 
b. Control anal. of transfcr (CENTANG) from TIG to intercept time. 
c. The offset of the stable orbit point specified as a distance along the native 

vehicle orbit. 
. To calcuhto the required Dom V and other initial conditions roquirod by the LGC 

1‘q LM execution of the second phase of the Stable Orbit Bond-mus monomer. 
won: 

I. A reunification of 1.3 above. 
b. An optional ramification of Lb damn. 
To calculate than pararmtors had upon maneuver dun approved and kayod into 
the AGC by the astronaut. 

To display to the astronaut and tho ground cumin dupondcnt warm unscented 
with the maneuver for approval by tho mount/ground. 

Ammiom: 
1. 

2. 

The stable orbit point is defined as the firm position (at comm-flan 6f mood 
phase) of the active vehicle relative to the passive vehicle. 
If P20 is in operation while this prowam is operating. the «tram: may hold at any 
flashing display and turn on the Rendezvous Sighting Mark routino (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 central angle of transfer is command 
and stored. This number will be available for dimlay to the astronaut throuw the 
us 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 downs. I f  the angle is within this zone 
the astronaut should rows the input targeting parameters had upon Delta V and 
expected maneuver time. 

The second phase of this program requires the TIG input be biased as a function of 
TPF and any midcourso corrections performed in tho-LM Stable Orbit Midcounl 
Targeting prowom (P79). 
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P78 (continued) 
5. There is no requirement for ISS Operation during this program unless automatic 

state vector updating is dosind by the Rendezvous Navigation program (P20). 
6. This program is selected by the astronaut by DSKY entry. 

Selected Dimim: 
1. V06 N33 

Time of son ignition OOXXX. h 
OOOXX. min 
oxx.xx s 

2. V06 N55 
R3: mm: mm of pain which xxx.xx dog 

3. v04 N06 (specify pm) 
Option code ID 00005 
Option coda oooox (Him pus, 

2-900nd pan) 
4. V06 N57 

Stable orbit off”! XXXX.X nmi m m )  
5. V06 N34 7 

Time of arrival at stable orbit OOXXX. h 
(DOXX. 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 dog 

7. we N58 
Pericontor altitude (son) xxxx.x nmi 
Av (503) ' xxxx.xms 
Av (SOB-final) xxxx.x ft]: 

8. V06 N81 
Components of Av (LV) for son xxxx.x ft]: 

9. V06 N52 (astronaut initiated) ’ 
Comm angle of active voh icle xxx.xx dog 

P79—LM STABLE ORBIT MIDCOURSE ($0M) TARGETING PROGRAM 
Purpoa: 

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

2. To compute and dismay suitable information to enable the crew to enter the Fine! 
Rendezvous Phase at the correct time to complete the roquired 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. I f  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 0! R23) 
and take optics mks. and/or he may allow VHF ranging marks to accumulate. 



V
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P79 (continued) 
3. Once the paramotats required for computation of the WW have men 

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 transfar of 
the active vehicle is not within 170 to 190 degrees. If the angle is within this zone 
the astronaut should masses the input targeting parameters based upon Dona V and 
expected maneuver time. 

4. The time of intercept (NINTH was defined by pravious completion of tin LM 
Stable Orbit Rendezvous Taunting (808) program (P78) and is pnaontly mild». 
in M50 norm. 

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

Schctod Displays: 

1. V16 N45 . 
Marks (VHF/optics! XX b XX racks 
Time from 80M ignition xx b XX min/s 
Middle gimbol angle . xxx.xx dog 

2. V06 N81 
Components of AV (LV) for 80M XXXXX his 

3. VCB N52 (astronaut initiated) 
Control angle of activo vehicle xxx.xx dun 

J A “  ‘:.i- ' - ‘1' 5.43."- 



K w
 

B
 

m
 

l—
 

Y 
l—

 
L A 
N

 m
 

T N
 E T m
 

E G
 A 

P w
 

H
 

T. 

‘
l

‘
\

‘
‘ \r 

V
,

 
, .I ‘ 

‘w 
“

\
 

1
.

1
.

1
 

. 
.

A
 

‘ ‘ 
. 

.l 
I 

(1.14.... y 1,! 
.1 :1. 



LM SOFTWARE 

LUMINARY 'IC 
(REV 131A or LUMINARY.) 

LM DSKY 
COMPUTER PROGRAMS 

COMPUTER ROUTINES 
VERB CODES 

NOUN CODES 
ALARM CODES 
OPTION CODES 

CHECKLIST CODES 
FLAGWORD BIT ASSIGNMENTS 

IMODESBO AND IMODES33 
CHANNEL BIT ASSIGNMENTS 

COMPUTER PROGRAM DESCRIPTION 



L»: A 
LM osxv 

UPLINK ACTY light — is energized by the first character of a digital UPLINK m m  
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 deemized when the 
LGC is in the Operate mode. _ 
KEY REL Light 

1. Energized whén: 
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. Deanergized when: . . 
a. Astronaut relinquishes the DSKY by operating the KEY REL button. 
b. Astronaut terminates his current sequence normally, for cumin: 

(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 E RR Light — is energized when the DSKY operator performs an impmmr 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 1 70 degrees 
from its zero position. When the middle gimbal angles exceeds i85 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. 

w , ; , 

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 tha 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. 

2%: Light - When the Landing Radar is on, the light is energized (on steady or flashing) 
n: 
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). I 
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 Reasonabilitv 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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display a plus Sign, a minus sign, or a blank. The numerical sections are grouped to form ‘ 

LM-3 

LM DSKY (continued) 

three data dwplay 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, 
82, R3. The control display registers are known as VERB, NOUN, and PROGRAM. 

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

Keyboard —oontains the following buttons: 

1. 

2. 

:"
 

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

NOUN .- Pushing this button indicates that the next two numerical chum 
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 
(81. 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 wiIl 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 scioctod. 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 liflvt. 

ENTR —is used in three ways: 
a. To direct the LGC to execute the Verb/Noun now appeaflno on the 

Verb/Noun lights. 
b. To direct the LGC to accept a data word just loaded. 

c. To remand to a "l Perform" request. 

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

Service 

Ascent 

thrusting 

Thrusting 

Align- 
menu 

Aborts 

Backups 

W 4 .  

7 PROGRAMS FOR PROGRAM LUMIN‘ARY 1C 7 

PROGRAM NUMBER 
00 
06 

12 

2O 
21 
22 
25 
27 

PROGRAM TITLE _ 
‘LGC Idling 
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 (CS!) Targeting 
CSM Constant Delta Altitude (CDH) Targeting 
CSM Transfer Phase Initiation (TPI) Targeting 
CSM Transfer Phase Midoourse (TPM) Targeting 
Target Delta V 
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ROUTINE- 

8
 

01 

u
33

88
89

8$
$$

$$
fl

$3
98

33
88

83
88

8 
LM-5 

ROUTINES FOR PROGRAM LUMINARY ‘IC 

ROUTINE TITLE 

Final Automatic Request Taminm 
Erasable Modification 
IMU Status Check 
DAP Data Load 
Rendezvous Radarl Landing Radar Self-Tut 
S—Band Antenna 
R10/R11lR12 Service 
Landing Analog Displays 
Abort Discretes Monitor 
Descent State Vector Update 
Landing Auto Modes Monitor 
Landing Radar Position Command 
Landing Radar/ Rendezvous Radar Rood 
Rendevzous Radar Designate 
Rendezvous Radar Data Read 
Rendezvous Radar Manual Acquisition 
Rendezvous Radar Search 
Rendezvous Radar Monitor 
Lunar Surface R R  Designate 
Powered Flight Rendezvous Radar O W  
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 
ln-Flight Fine Align 
Auto Optic: 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 Attituth 
Extended Verb Interlock 
LR Spurious Test 



LM-6 

LIST OF VERBS USED IN PROGRAM LUMINARY 1C 

REGULAR VE‘RBS 

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,  82. R3 
06 Display decimal in R 1  or R1, R2  or R1, R2, R3 
07 Display DP decimal in R1, R2 (test only) 
08-10 Spare 
11 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 81', R2 ' 
15 Monitor Octal Components 1, 2, 3 in R1, 82, R3 
16 Monitor decimal in R 1  or R1, R2  or R1, R2, R3 
17 Monitor DP decimal in R1, R 2  (test only) 
18-20 Spare 
21 Load Component 1 into R 1  
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 
3 Proceed without DSKY inputs ' 
34 Terminate function 
35 Test lights 
36 Request FRESH START 
37 Change program (major mode) 
38-39 Spare 

EXTENDED VERBSi 

40 Zero CDU' 3 (specify N20 or N72) 
41 Coarse align CDU' 3 (specify N20 or N72) 
42 Fine align IMU 
43 Load IM U attitude error needles 
44 Terminate RR continuous designate (V41 N72 Option 2) 
4546 Spare 
47 Initialize AGS (R47) 
48 Request DAP Data Load routine (803) 
49 Request Crew Defined Maneuver routine (862). 
50 Please perform 
51 Spare 
52 Mark X reticle 
53 Mark Y reticle 
54 Mark X or Y reticle 
55 Increment LGC time (decimal) 
56 Terminate tracking (P20 and P25) 
57 Permit Landing Radar updates 
58 Inhibit Landing Radar updates 
59 Command LR to Positon 2 
60 Display vehicle attitude rates on FDAI error needles 

-' 
J J

in
an

 ‘
4 

.



_
.

w
-

 
.. 

w
..

. 
__,.

— 
r 

a 
1

 
.

_
-

 
3

-
,

1
-

 
g 

.. 
_

"
'

W
"

T
‘

2
,

v 
. 

.- 
. 

V 
- 

. 

‘1
 

N
 

C
O

O
 

LM-7 

LIST OF VERBS USED IN PROGRAM LUMINARY IC ‘ 

Display DAR following attitude errors 
Display total attitude errors with respect to N22 
Sample radar once per second (R04) 
Request S-Band Antenna routine (ROS) 
Disable U and V jet firings during DPS burns 
Vehicles are attached. Move this vehicle state vector to other which 
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 DOWN LINK 
Enable U and V jet firings during DPS bums 
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 (863) 
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 P00 
Perform Engine Fail procedure (R40) 
Spare 
Please Enable Engine Ignition 
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LIST OF NOUNS USED IN PROGRAM LUMINARY 10 

Not in use 

Specify addi’os (minnow " ' _ .xxxxx fractional 
.XXXXX fractional 

g ., .XXXXX fractional 

Spacify m (wholi) ’ , . . ' ' , , xxxxx. integer 
V ._ . XXXXX. integer 

I . XXXXX. integer 

Specify m (down) ' ‘ xxx.xx deg ' 
xxx.xx dog 

7 _ xxx.xx deg 
Annular error/difference A . I. “ ‘ ’ T xxx.xx dog 
Angular error/difference ' ‘ _ xxx.xx dog 
Option code ID , . '- _ ‘ ‘ ’ - 0cm 
Option code ' ’ ' J " Octal on code ' _ ' . - Octal 
FLAGWORD opemor ’ _ 

ECADR ‘ Octal -- BIT ID . - ' r ' 0cm 
Action ‘ _ _ , ' V Octal 

Alarm data . _ _ ' . 
ADRES ' ‘ ‘ Octal 
BBANK - . ~ - - ‘ . ' Octal ERCOUNT , ‘ , Octal 

Alum codes I V 

First ' ’ ' 0cm Second . . ‘ ,. ‘ , 1 , . Octal Last .V . ’ Dual 
Channel to be specified ‘ A Octal 

TlGofCSl ’ " ' ' ooxxx.h 
OOOXX. min 
OXX.XX 3 

Option coda (exundad verbs only) _ Octal 
' Octal 

TIG of CDH ’ - , OOXXX. h 
OOOXX. min 
OXX.XX s 

CHECKLIST (used internally by extended verbs only; XXXXX. 
N25 is pasted after display) _ 

Increment address Octal 

Time of event (used by extended verbs only) OOXXX. h 
OOOXX. min 
OXX.XX 8 

Spare 

Desired automaneuver FDAI ball angles R xxx.xx deg 
P xxx.xx dog 
Y xxx.xx dog 
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LIST OF NOUNS USED IN PROGRAM LUMINARY 10 

Spare 

Pusan! ICDU mobs 

i’lPA's 

Dasha ICDU Indus 

Spas 

Donatimofo'LGCchck 

CHECKLIST I“ with V50) 

PRIOIII LAY, ADRES. BBCON 

Sou-tut onlofl “witch 

Spare 

Timofrom wipe 

Time of iymion 

Timeofm 

Timcfmmcwm 

n... of LGC clock 

function-marl) 

Throofmboimw 

8
 

a
g

 

xxx.xx dog 
xxx.xx don 
xxx.xx dog 
XXXXX. pubis 
XXXXX. pulses 
XXXXX. pulses 

XXX.XX don 
XXX.XX duo 
XXX.XX don 

ooxxx. i. 
W .  min 
OXX.XX s 

XXXXX. 

Och. 
Octal 
Octal 

XXXXX. 

MXXX. h 
WX. min 
0XX.XX s 

WXXX. h 
oooxx. min 
0XX.XX s 

MXXX. h 
oooxx. min 
0XX.XX s 

ooxxx. h 
oooxx. min 
oxx.xx s 

ooxxx. h 
”XX. min 
0XX.XX s 

WXX. h 
”XX. min 
OXX.XX s 

ooxxx. h 
onoxx. min 
(”000! s 



40 

41. 

47 

51 

53 

55 'l 

57 

58 

LIST OF NOUNS USED IN PROGRAM LUMINARY 1C 

4. Time from ignition/cutoff 
VG 
Delta V (accumulated) 

Target 

Aiimuth, 7 
E levation 

‘ Apdcenter altitude 
Poricenter altitude 
Delta V (required) 

Latitude 
Longitude _ 
Altitude 

Apocenter altitude 
' Pericentor altitude 

ATFF' - 

I Macks 
Time from ignition of next bum 
Middle gimbal angle 

DAP configuration 

LM weight 
CSM weight 

Gimbal pitch trim 
Gimbal roll trim 

Delta 8 
Do": V 
Roda: data source end. 

rs-bahdantemanglu 
_ ‘Pi‘tch (Alpha) . Yaw (Beta) 

Con'ml angle of active vehicle 

Ratios - 
Range‘ rate 
Theta 

Number of apsidal erasing: 
Elevation angle 
Central angle of pasive vehicle 

" R a m s  
. Azimuth 
Elwation 

Pericenter altitude (post TP" 
Delta V (TPI) 
Delta V (TPF) 

XX b XX  minis 
XXXX.X ftls 
XXXX.X'ftIs 

xxx.xx dog 
XX.XXX dog 

XXXX.X nmi 
XXXX.X  nmi 
XXXX.X ftls 

xxx.xx dog ('I- nonl- 
XXX.XX deg H can! 
XXXX.X nmi 

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

XXXXX.  
XX 6 XX-minls 
xxx.xx dog 

Octal 

XXXXXJb 
xxxxx.m 
xxx.xx deg xxx.xx deg 

' ' XXXX.X nmi 
XXXX.X ftls 
oooox 

. xxx.xx dog 
xxx.xx dog 

xxx.xx dq 

xxx.xx nmi 
XXXX.X ft/s 

’XXXXX deg 

XXXXX. 
xxx.xx deg 
xxx.xx don 

' '- xxx.xx‘dog 
xxx.xx dog 

xxxxx aim xxxx.x ft/s xxxx.x ft/s 
‘Diaplay cannot be changed via a data load (that is. V25 NXXE, and so forth) 
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LM-I 1 

LIST OF NOUNS USED IN PROGRAM LUMINARY 1C 

,DOMVLOS1 
Delta V L08 2 

4 Delta V L08 3 

Fomard velocity 
Altitude rate 
Computed altitude 

Time to go in braking phat 
Time fl'om ignition 
Cmmnge distance 

Absolute value of velocity 
Time from ignition 
Delta V (accumulated) 

Absolute value of velocity 
Altitude rate 
Computed altitude ‘ . 

Time left for W i n n !  (TRHLPD 
Altitude rate 
Computed altitude 

SomphdLGCtimeCfotchodinmm) 

Lflsbntnnoo 
LB position 

LR VX 
LR W 
LR VZ 

Slant range to landing sit. 
Time to go in braking phat 
LR altitude—computed altitude 

Landing site correction 
Landing site correction 
Landing site correction 

AOT datum code/sat cod. (More malt) 

.AOTMMWMMWM) 

xxxx.x ft]: 
xxxx.x ft/s 
xxxx.x ft/s 
XXXX.X his 
XXXX.X ft/s 
XXXXX. ft 

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

XXXX.X W8 
' XX b XX min/s 

X
-

(
N

 

XXXX.X ft]; 

XXXX.X ft]: 
XXXXJC “It 
XXXXX. ft 

XX b XX W e »  
xxxx.x his 
XXXXX. ft 

MXXX. h 
OWXX. min 
0XX.XX s 

XXXXX. ft 
WX. ' 

XXXXX.  his 
XXXXX. W8 
XXXXX. ft]: 

RR trunnion we (360 dogmas — CDU tnmnion undo) XXX.XX dog 
BR shaft angle XXX.XX din 

Desired RR trunnion male (360 dam — CDU trunnion angle) XXX.XX deg 
Duired RR shaft angle XXX.XX dog 

Time from ignition XX b XX min/s 
Yaw aftet vehicle rise XXX.XX an 
Pitch after which rise XXX X X  deg 

Dona altitude (com ' xxxx.x nmi 
Delta time (CDH-CSI or TPI-CDH) XX b X X  min/8 
Delta time (TPl-CDH or TPl-NOMTPI) XX b XX min/s 

'Dipfiymmtbeclwmdviaadatalood («unmanagmnmm 
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77 

78 

81 
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87 

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 

Da'ta indicator 
Omega 
Delta VX (LV) 

' Delta VY (LV) 
Delta VZ (LV) 

Delta VX  (LV) 
Delta VY (LV, 
Delta VZ (LV) 

Delta VX (body) 
Deita VY (body) 
Delta VZ (body) 

Delta VX  (LV of other vehicle) 
Delta V_Y (LV of other vehicle) 
Delta VZ (LV of other vehicle) 

VVVGX (body) 
VGY (body) 
VGZ (body) 

VGX (LV) 
' VGY (LV) 

vez (LV) 

Backup optics Los 

Azimuth 
E levation 

Components of celestial body 1/2 unit vector 

Landmark latitude 
Landmark longitude/2 
Landmark altitude 

Rendezvous out of plane parameters 

Y 
Y dot 
PSI 

Altitude 
Velocity 
Flight path angle 

XXXX.X ft]; 
XXXX.X ftls 
XXXX.X nmi 

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

xxx.xx nmi 
XXXXX.  ftls 
XX b XX  min/s 

xxx.xx deg 
XXX.XX dog 
+0000X 

xxxxx. 
xxx.xx dag 
XXXX.X ft/s 
XXXX.X ft/s 
XXXX.X ft/s 

XXXX.X ftls 
XXXX.X ft]: 

' XXXX.X ft/s 
N

-(
X

 
XXXX.X ft]: 
XXXX.X ft/s 
XXXX.X ft]; 

XXXX.X ft]: 
XXXX.X ft/s 
XXXX.X ft/s 

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

. XXXX.X ft]: 
XXXX.X ftls 
XXXX.X fl/s 

xxx.xx dag 
xxx.xx deg 
.XXXXX 
.XXXXX 
.XXXXX 

XX.XXX deg 
xx.xxx dag 
xxx.xx nmi 

xxx.xx nuii 
xxxx.x ft/s 
xxx.xx deg 
XXXXXb. nmi 
XXXXX. ftls 
xxx.xx don 

'05:p who: be changed via a dam bad (that is, v25 nxxe, and so forth) 
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LM-‘l3 

LIST OF NOUNS USED IN PROGRAM LUMINABY 1C 

Porcent of full thrust (10,500 lb) 
Altitude rate 
Computed altitude 

Datum/r0 angles 

Spar. 

Spun 

Spa. 

s w a m  

w w w m m d m  

RMS in position 
EMS in velocity 
EMS in bias 

(”XXX 96 
XXXXX ft]: 
XXXXX. ft 

x xx.xxx dog 
v xx.xxxm 
z xxxxxaq 

XXXXX. 
XXXXX. 
XXXXX. 

XXXXX. 
.XXXXX 
XXXXX. 

XXXXX. fl 
\- XXXX.X his 

XXXXX. mfllinditm 



00107 

00111 
00112 
00113 
00114 
00115 
00206 

([1207 
00210 

00211 

00212 

M213 
(13214 
00217 

00401 

00421 
00501 

00503 . 
00510 
00511 
00514 
00515 

00521 
00522 
00523 

00525 
00526 
00527 

00601 

00602 

00603 

00611 
00701 
00777 
01102 
01105 
01106 
01107 

*1
- 

LM-‘M 

LIST OF ALARM cones USED WITH VERB 05 ‘ 
NOUN 09 FOR PROGRAM LUMINARY 1C 

PURPOSE 

More than five mark pairs in flight, five walks. 
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 
Zeto Encode not allowed with Costa Align 
plus Gimbal Lock 
ISS turn-on request not present for 90 seconds 

. ' IMU hot 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 

FINDCDUW routine not controlling attitude 
because of inadequate p_ointing 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 ahtenna 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 douse: 
Range greater than 400 nmi 
L08 not in Mode 2 coverage in P22 
0r 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 

CSI 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 TlG for given E angle 
Illegal option code selected 
PIPA Fail caused ISS warning 
LGC self-test error 
DOWN LINK too fast 
UPLINK too fast 
Phase table failure. Assume «usable 
memory is suspect. 

' _V41N72 

SET BY 

R57 

R53 
RS7 
R57 
R57 

' R57 
IMU mode switching 
V40 N20 
T4RUPT 
IMU mode switching, 
R02 
IMU mode switching, P61, 
P57, 850 
IMU mode switching, 
T4RUPT 
T4RUPT 
T4RUPT. 
P51 P57 R50 
R02, R47 

" 'In-flight alignment IMU-2 
FINDCDUW 
FINDCDUW 

: R59 
R51 _ 
INTEGRV 
H23 ._ . 
R21; nOn-* ih' V41 N72 
325, V40 N72 
R12 
P20, P22 
R25 
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 
P32,l’ 72 
P32 P72 

P32. P72 
P33, P34. P73, P74 
P57 
T4RUPT 
SE LFCHECK 
T4RUPT 
T4FIUPT 
RESTA RT 



LM-15 

LIST OF ALARM CODES USED WITH VEBB as 
NOUN 09 FOR PROGRAM LUMINARY IC ' 

PURPOSE SET BY 

ARCSIN- ARCCOS input angle too large INTERPRETER 
Bad return from ROOTSPRS during descent guidance P83. P64 
VG increasing (Delta V accumulated at P40. P42 
90 degrees from desired thrust vector) 
Unintentional overflow in guidance P63, P64. P66 
Descent ignition algorithm not converging P63 
Throttle servicing insufficient P66 
V37 request not permitted at this time R00 
Overflow in drift test Ground Tut 
Bad IMU torque Ground Test 
Too close to ignition; slip time of ignition R41 
Incorrect program selected for vehicle P40, P42 
configuration 
Jet failures have disabled Y-Z translation DAP 
Jet failures have disabled X translation DAP 
Jet failures have diwbled P rotations DAP 
Jet failures have disabled U-V rotations DAP 
ICDU fail caused the ISS warning T4RUPT 
ICDU, PIPA fails caused the ISS warning T4RUPT 
IMU fail caused the ISS warning T4RUPT 
IMU, PIPA fails caused the ISS warning T4RUPT 
IMU, ICDU fails caused the ISS warning T4RUPT 
IMU, ICDU, PIPA fails caused the ISS warning T4RUPT 
AOT mark system in use RS3 
Acceleration overflow in integration Orbital intention 
No solution from TlME-THETA or TIME-RADIUS TIMETHET, 

TIMERAD 
Unused CCS branch executed ABORT 
WAITLIST, VARDE LAY, FIXDELAY, » WAITLIST 
DELAYJOB, or LONGCALL called with zem ' 
or negative delta time 
SORT called with negative argument INTE RPRETER 
Bad return from ROOTSPS during descent proignition Ignition algorithm 
Keyboard and Display alarm during internal PINBALL 
use (NVSUB) 
Delay routine busy EXECUTIVE 
Executive overflow—no VAC areas EXECUTIVE 
Executive overflow—no core sets EXECUTIVE 
WAITLIST overflow—too many tasks WAITLIST 
Second job attempts to go to sleep via PINBALL 
Keyboard and Display program 
No VAC area for marks RS3 
Two programs using device at same time IMU mode switching 
Illegal interrupt of extended verb 853 , 
Two priority displays waiting GOPLAY 
DAP still in progress at next TSRUPT DAP 

For V05 N09 displays: 
R1—OXXXX (first alarm to occur after Ian RSET) 
RZ-OXXXX (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. 
3XXXX indicates an Abort code that results in a software REST ART 
2XXXX indicates a more serious Abort code that resurts in the prowam 
going to 800 

*This alarm displayed without having to key in V05 N095. 
An astronaut response is required by this alarm. 



LM-‘IB 

LIST OF CHECKLIST REFERENCE cones USED WITH 
~. _ vane 50 NOUN 25 PROGRAM LUMINARY 1c . - 

R1 CODE ' ‘ ' ' ACTION TO BE EFFECTED - PROGRAM 

00913 Key in normal or gyro torque coarse align ' P52 
00014 Proceed: Do fine alignment option RS1; P63, P57 

Enter: Do landing site determination (N89) ' ‘ P57 Option 2 
00015 Perform celestial body acqu nition - R51, P51 
00062 Switch LGC power down P06 
00201 Switch R R  mode to automatic P20, P22, R04 ‘ 
00203 Switch guidance control to PGNS.‘ mde to Auto. P12, P42, P71 , P40, -_- 

thrust control to Auto ' ' P63, P70 ' 
00205 Perform manual acquisition of CSM with RR ' R23 
00500 Switch LR antenna to Position 1 _ . P63 

NOTES: Switch: denotes change position of a console-switch 

CODE... 

Perform: denotesstartorendofausk 
_ Kev In: denotes key-in of data thrpugh the DSKY- 

. LIST OF OPTION CODES DISPLAYED IN R1 IN A 
, .CONJUNCTION WITH VERB 04 NOUN 06 TO REQUEST THE 

ASTRONAUT TO LOAD INTO R2 THE OPTION HE DESIRES 
FOR PROGRAM LUMINAHY 1C 

- — PURPOSE INPUT FOR R2 . PROGRAM;- 

Specify IMU Orientation 1 = preferred, 2 == nominal .- P52, P57 
3 = REFSMMAT. 4 =- landing site - 

Specify vehicle 1 = this, 2 = other P21. B30 
Specify tracking attitude 1 = preferred, 2 = other _ 363 - 
Specify radar 1 =  RR,  2 = LR . ‘ - - R04 
Specify R R  coarse align 1 = lockon, 2 = continuous VV41N72 
Option designate ‘. 
Specify alignment mode 0 = anytime, 1 = REFSMMAT + g ' P57 

2=twobodies,3=onebody+o 
Specify CSM orbit ‘l = no orbit change, _. P22 
option 2 f  change orbit to pas over LM - ‘ - 
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FLAGWORDBIT ASSIGNMENTS (ALPHABETICAL) 

ABTTFLG 
ACCSOKAY 
ACC4—2FL 
ACC4OR2X 
ACMODFLG 
ALTSCBIT 
ANTENBIT 
AORBSYST 
AORBTF LG 
AORBTRAN 
APSESW 
APSF LAG 
APSFLBIT 
ASTNBIT 
ASTNFLAG 
ATTF LAG 
ATTFLBIT 
AUTOMBIT 
AUTR1 F LG * 
AUTR2FLG" 
AU XF LBIT 
AVEGFBIT 
AVEGF LAG 
AVEMIDSW 
AVF LAG 
CALCMAN2 
CALCMAN3 
CDESBIT 
CDESF LAG 
CMOON BIT 
CMOONFLG 
COGAF LAG 
CSM DOCKD 
CU LTF LAG 
DBSE LECT 
DBSELECT2 
DESIGBIT 
DESIGFLG 
DIDFLBIT 
DIMOF LAG - 
DMENFLG 
DR FTBIT 
DRIFTBIT 
DRIFTDFL 
DRIFTFLG 
DSKYBIT 
DBORQF LG 
ENGONBIT 
EDRADF LAG 
ETPIFLAG 
FINALFLG 
FLAP 
FLPC 
FLPI 
FLRCS 
FLRCSBIT 
FLUNDBIT 
FLUNDISP 
FLVR 
FREEFBIT 
FREEFLAG 
FSPASFLG 
GLOKFAIL 
GMBDRBIT 

FW9 
FW13 
FW13 
FW13 
FW2 
FW12 
FW12 
FW5 
FW13 
FW13 

FOR LUMINARY 1C 

87 GMBDRVSW 
33 . _ ,. GUESSW 
B11 HFLSHBIT 
B11 HFLSHFLG 
813 . IDLEFBIT 
39 IDLEFLAG 
312 . IGNFLAG 
B5 - 'GNFLBIT 
31o IMPULBIT 
B10 . IMPULSW 
35 - IMUSE 
813 IMUSEBIT 
B13 INFINFLG 
B12 ' INITABIT 
812 . . INITALGN 
BI ~ INTFLBIT 
81’ .INTYPFLG 
32 » ITSWICH 
31 ' ‘ JSWITCH 
32 ‘ LETABBIT 
32 -‘ LETABORT 
35 " ' LMOONBIT 
BS , LMOONFLG 
B1 LOKONBIT 
35 LOKONSW 
32 ‘ LOSCMBIT 
33 LOSCMFLG 
815 LPOSZBIT 
315 »_ LPOS2FLG 
312 LRALTBIT 
812 LRBYBIT 
34 LRBYPASS 
B13 . LRINH 
B7 = LRINHBIT 
B4 LRPOSBIT . 
35 ‘ LRVELFLG‘ 
31o LUNAFLAG 
31o ' MANUFLGG‘ 
B14 MGLVFLAG 
31 ' MIDAVFLAG 
39 ‘ MIDFLAG 
315 MIDIFLAG 
88 MKOVBIT 
33 MOONFLAG 
B15 MRKlDFLG* 
B15 { MRKNVBIT 
32 ' MRKNVFLG 
B7 MRUPTFLG' 
B13 MUNFLAG 
87 MUNFLBIT 
86 MWAITFLG’ 
33 . . NEEDLBIT 
B12 _ NEEDLFLG 
B11 NEEDZBIT 
31o NEEDZFLG 
31o - ~ NEWIFLG 
B10 ‘ NJETSFLG 
810 NODOBIT 
314 NODOFLAG 
33 NOLRRBIT 
33 NOLRREAD 
B10 NORMSW 
BM NORRMBIT 
B10 ' 

“These switches are never called by name. 



NORRMON 
NOR29F LG 
NOTHRBIT 
NOTHROTL 
NOUPFBIT 
NOUPFLAG ‘ 
NOS‘I‘IBIT 
N0511FLG' 
NRMNVFLAG 
NRMIDBIT 
NRMIDFLG“ NRUPTFLG' NR'29FBIT NTARGFLG NWAITFLG’ 
OLDESBIT 
ORBWFLAG 
onoensw ouancan' PDSPFBIT PDSPFLAG PFRATBIT PFRATFLG PINBRFLG POOHFLAG PRECIFLG 
PHIODBIT 
PRONVFLG PSTHIBIT . 
PULSEFLG PULSES P21FLAG P21FLBIT P25FLAG P25FLBIT P7071BIT - P7071FLG QUITFLAG RCDUFBIT 
RCDUOBIT- 
READRBIT 
READRFLG 
READVBIT 
READVEL REDFLAG REDFLBIT REFSMBIT 
REFSMFLG 
REINTBrr . 
REINTFLG REMODBIT RENDWBIT 
RENDWFLG REPOSBIT 
RHCSCALE 
RNDVZBIT 
RNDVZFLG RNGEDBIT 
RNGSCBIT 
RNGSCFLG 
RODFLAG RODFLBIT ROTFLAG RPQFLAG RRDATABIT RRNBSW RRRSBIT 

FLAGWORD BIT ASSIGNMENTS (ALPHABETICAL! - 

FM 
FW3 
FW5 
FW5 
FW1 
FW1 

FW‘I 1 
FW5 
FW5 
FWI 
FW 1 
FW9 
FW8 
FW12 
FWO 
FW12 

Lid-18 

FOR LUMINARY 1C 

3.4 
B11 

83 
'Thm switches are never called by name. 

RVSW 
R04F LAG 
RO4FLBIT 
FHOF LG 
R10FLBIT 
RS1 FLAG 
R61FLBIT 
R77FLAG 
R77FLBIT 
SLOPESW 
SNU FF BIT 
SNUFFER 
SOLNSW 
SRCHOBIT 
SRCHOPTN 
STATE BIT 
STATEFLG 
STEERBIT 
STEERSW 
SURFFBIT 
SUR F F LAG 
SWAN DBIT 
SWAN DISP 
$32.1 F1 
532.1 F2 
$32.1F3A 
$32.1F3B 
TFFSW 
TRACKBIT 
TRACKFLG 
TURNONBT 
ULLAGER 
ULLAGF LG 
UPDATBIT 
UPDATFLG 
UPLOCBIT 
USEORJTS 
VEHUPFLG 
VE LDABIT 
VERIFBIT 
VFLAG 
VF LSH BIT 
VFLSHFLG 
VINTF LAG 
VXINH 
VXINHBIT 
V37FLAG 
V37FLBIT 
V67FLAG 
V82EMFLG 
XDE LVFLG 
XDSPBIT 
XDSPLFAG 
XORFLBIT 
XORFLG 
XOVINFLG 
XOVINHIB 
ZOOMBIT 
ZOOMFLAG 
3AXISBIT 
3AX|SFLG 
W 
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LM-19 

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY ‘IC 
(FLAGwoRD 0) 

Bit Name 

1 OLDESBlT 

2~ R1OFLAG 
R1OFLBIT 

3 FREEFBIT 
FREEFLAG 

4 NEEDLBrr 
NEEDLFLG 

5 LOKONBH’ 
Loxonsw 

6 RRNBSW 

7 RNDVZBIT 
RNDVZFLG 

8 IMUSE 
IMUSEBIT 

9 P25FLAG 
P25FLBIT 

1o FSPASFLG 

11 P21FLAG' 
P21FLBrr 

12 MOONFLAG 

13 MIDFLAG 

14 sn'cn 

15 NEED2BIT NEED2FLG 

1 

R29 gyro comma loOp requested. 

RIO output: 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 fomard and 
lateral velocity crosspointer 

Used by P51-53 in many different routines and by lunar 
and solar ephemerides. 

. Total attitude war displayed. 

Radar lock-on desired. 

Radar target in NB coordinates. 

P20 running (radar in use). 

IMU in use. 

P25 Operating. 

First pass through reposition ‘ ' 
routine. 

Succeeding pass through P21; (no ' 
base‘voctors already calcu lated. 

Moon is sphere of influence. ‘ 

Integration with swam body am} 
solar perturbations. 

Integration of W matrix. 

Display DAP rats: on FDAI 
noodles. 

AIP fouowing error displayad. 

Radar lock-on not desired. 

Radar target in SM coordinates. 

- 920 not running. 

IMU not in use. ‘ I 

P25 not operating 

- Not first pass through reposition 
- routine. 

First pass through P21: calculate 
base vectors. 

Earth is sphere of influence. 

Integration without sols 
permutations. 

Integration of state vector. 

Check Bit 4 of this FLAGWORD 
fordisplay modes (1 or 2). 



LM-ZO 

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY IC 

(FLAGWORD 1) 

Bit Name 

1 Not A m  

(SUE-SSW 

SLOPESW 

4 Not Assigned 

TRACKBIT 
TRACKFLG 

6 NOUPF BIT 
NOUPF LAG 

7 UPDATBIT 
‘ UPDATF LG 

VEHUPFLG 

Not Assigned 

10 R61 FLAG 
' R61 F LBIT 

1 ‘I Not Assigned 

12 RODF LAG 
RODFLBIT 

13 ERADFLAG 

14 DI DFLBIT 

15 NJETSFLG 

No stating value for iteration. 

lteratc with bias mthod in 
tumor. 

Tracking allowed. 

Neither CSM nor LM mm water may 
be updated. 

Updating by marks allowed. 

CSM state vector being updated. 

Run R61 LM. 

If in P66. normal operation continua. 
R m  clears flag. 

Compute REARTH Fischer cuboid. 

Initial data is available. 

Two-jet ROS bum. 

Swing value for iteration exists. 

mm: with Raoul: Falsi mthod 
in iterator. 

Tracking not allowed. 

Either state vector may be 
updated. 

Updating by mrks nqt allowed. 

LM mu vector being updated. 

Run R85 LM. 

If in P86. reinitialization is 
performed. 

Us constant REARTH pad 
radius. 

For-form data dismay initialization 
functions. 

_ Four-jet ROS burn. 
I 
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(FLAGWORD 2) 
Bit Name 

1- Home” 
NODOFLAG 
CALCMANZ 
CALCMANa 

4 , P-FRATBl-T 
PFRATFLG 
AVFLAG 

6 FINALFLG 

7 ETPIFLAG ‘ 

F XDELVFLG 
IMPULBIT 
IMPULSW' 

a 10 NotAsslgned 
11 mean” 

31155s 

12 Loscmarr 
LOSCMFLG 

13 AQMODFLG 

14 SBCHOBIT 
sncuop'm 

1.5 nan-an" 

LII-21 

FLAGWOHD BIT WIGNMENTS- FOR LUMINARY 1C 

DRIFTFLG‘ 

V3.7 not permitted. 

Pol-form maneuver starting pm". 

No final roll. 

Preferred attitude comm. 

LM is active vehicle. 

Last pass through rendezvous 
program computations. 

Eiwation angle supplied for 
P34. P74. 

External Delta V VG computation. 

Minimum impala burn (cutoff ' 
time spocifiad). 

Sufficientflwustisprumt. 

Line of sight being computed (R21). 
In F129 RH gyro command loop 
running. 
Manual acquisition by Rendezvous 
Radar. 

' Radar in automatic search option 
(R24) 
TanUPTcalhwroconmfion,~ _ _' _' 

0 

V37 permitted. 

Bypm starting procedure. 

Final roll is necessary. 

Preferred attitude not computed”. 

‘CSM is active vehicle. 
Interim pass through rendezvous 
program computations. 

' TPI time supplied for 934, 974 to 
compute elevation. 

Lambert laimpoint) VG computation. 

' - Stuntinn'burn (no cutoff time y‘et 
available). 

Imfflcignt thrust is present, 

Line of sight not being m (3211-. 
- In B29. RR gyro manna loop off. 

Auto acquisition by Rendezvous 
Radar. _ _ 

Roda not in automatic search 
Option. 

T3RLIPT docs no gyro m i e n .  ’ 



(FLAGwonb 3) 
Bit Nam 

DIMOFLAG 
2 0609mm ‘ 

3 VINTFLAG 
INTYPFLG 

s STATEBIT 
STATEFLG 

6 ORBWFLAG 

1 CULTFLAG 
PRECIFLG 

9 READRBIT 
READRFLG 
R04FLAG 
R04FLB|T 

10 ' VFLAG 

11 non'zssLG 
unzerr 

12 LUNAFLAG 
13 REFSMBIT 

REFSMFLG 
14 GLOKFAIL 
15 POOHFLAG 

LEG-22 

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 1C 

1 

Wmatrix istobouud. 

Dimension of W is 9 for 
inwation. 

CSM state vector being M W .  

Conic intog'ation. 

Permanent state vector being 
updated. 

W matrix valid for orbital 
navigation. 

Star occulted. 

Normal integration in POD. 

Reading RR data pursuant 
to 829. 

Norm 521 supptemd. 

L08 than two m in the field 
of viaw. 

R29 not allowed. 

Luna latitude-low. 

RE FSMMAT good (Drama , 
from FRESH START). 

GIMBAL LOCK haoccurrod. 

Inhibit backhand: integration. 

0 

Wmatrixismttobouud. 

Dimension of w is 6 for 
inmion. 

'LM state vector being inmd. 

Encke integration. 

Permanent state vector not hang 
updated. 

W matrix invalid for orbital 
navigation. 

Star not occultod. 

Engages four-time step (P00) 
logic in integration. 

Not wading RR data pursuant 
to R29. 

Alarm 521 allowed. 

Two m in the field» of with. 

R29 allowed (an dam. 
powered flight). 

Euth Iatitudo-longitudc. 

REFSMMAT no good ( from FRESH START}. 
Not in GIMBAL LOCK. 

Allow backwards intonation. 

. 
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LII-23 

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 10 

IFLAGWOBD. 4) ‘ 
Bit Name 

1 . xospan 
XDSPF LAG 

2 Not Asigmd 

MKOVBIT 
NRUPTFLG' 

5 MRUPTFLG' 

6 PINBRFLG 

7 PRONVFLG ' 

s NRMNVFLG 

'9 MRKNVBIT ' 
MRKNVFLG 

1o NWAITFLG‘ 

11 MWAITFLG" 

12 PDSPFBIT 
PDSPFLAG 

13 NRMIDFLG? 
14 PRIODBIT 
15 MRKIDFLG' 

Muk dimhy not to be inurrupad. 

Mark display over normal. 

Normal display interrupted by 
priority or mark display. 

Mgrk‘disp-lay interrupted by 
priority dtsplav. 
Astronaut has interferred with 
existing display. 

Astronaut using keyboard when 
priority display initiated. 

Astronaut using keyboard when 
normal display initiated. 

Astronaut using keyboaid when 
mark display initiated. 

Higher priority display operating 
when normal dismay initiated. 

Higher priority display operating 
when mark display initiated. 

P20 sets so as to turn a normal 
display into a priority display 
in R60. 

Normal display in ENDIDLE. 

Priority display in ENDIDLE. 

Mark dispIay in ENDIDLE. 

'Thnu switch: on mar called by norm. 

0 

No spacial mlrk informflpm 

No mark display over normal. 

Normal display not interrupted by 
priority or mark display. 

Mark display not interrupted by 
priority dismay. 

Astronaut has not interfered with 
existing display. 

Astronaut not using keyboard when 
priority diaplay initiated. 

Astronaut not using keyboard when 
normal display initiated. 

Astronaut not using keyboard when 
mwk diaplay initiated. 

. No higher priority display operétino 
when normal display initiated. 

No higher priority display operating 
when mark display initiated. 

Leave 38 normal dbplay. 

No normal diaphy in ENDIDLE. 

No priority display in ENDIDLE. 

No mark display in ENDIDLE. 



LM~24 

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 10 

(FLAGWORD 5) 

Bit Name 

1 RENDWBIT 
RENDWFLG 

2 MGLVFLAG 

"3 somsw 

4 NORRMBIT 
NORRMON 

6 AORBSYST 

- 6 3AXISB|T 
3AXISFLG 

7 ENGONBIT 

,8 ZOOMBIT' _ 
ZOOMFLAG 

9 DMENFLG 

10 RNGSCBIT 
RNGSCFLG 

11 R77FLAG 
R77FLBIT 

12 NOTHRBIT 
NOTHROTL 

13 SNUFFER 
SNUFFBIT 

14 Not Assigned 

15 DSKYFBIT 

‘ . 

W matrix valid for rendezvous 

Local vertical coordinates computed. 

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

' Bypass an gimbal monitor. 

Prefer P-axis jet 
pairs 7,15 and 8,16. 

Maneuver specified by thm axes: 

Engine turned on. 

Throttleup has occurred 
in P63. 

Dimension of W is 9 for 
7 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 
bums (V65). ' ' 

“Displays am to DSKY. 

0 

W matrix invalid for mndoz‘vous 
naviption. 

Middle gimbai angle computed. 

Lambert converges or time-radius 
noncircular. 

Perform RR ginbal monitor. 

Prefer P-ax'is jet 
pairs4,12 and 3,11. 

Maneuver specified by one axis; 
860 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. j 

R77 is not on. 

Parmit full throttle. 

U, V in: enabled during DPS 
. bums. (V75). » . 

No dimhysto DSKY'.‘ . 
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W25 

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 1C 

(FLAGWOBD 6) 
an Name 

1 ATTF LAG 
ATTFLBIT 

2 AUXF LBIT 

3 NT‘ARGFLG 

4 Not Assigned 

Not Asian-d 

RE DF LAG 
RE DFLBIT 

Not Assigned 

8 MUNF LAG 
MUNFLBIT 

9 Not Asigmd 

10 GMBDR BIT 
GMBDRVSW 

11 Not Assigned 
12 532.1 F38 
13 $32.1F3A 

14 - 832.1F2 

16 832.1F1 ' 

1 

LM attitude exists In man-fixed 
coordinates. 

Providing IDLEF LAG is not at, 
SERVICER will exorcise DVMON on 
its next pas. 

Astronaut did cumin Dolu'v 
at TPI or TPM (P34. P35). ’ 

Landing lit. W i n n  pun-rim. 

SE RVICEH culls MUN BVG. 

TRIMGIMP our. 

0 

No LM attitude «mum in man- 
flxod coordinates. 

SE RVICER will skip DVMON on its 
next pas even if the IDLEFLAG 
is not at. It  will then at 
AUXFLBIT. 

Astronaut did not m m  
Doluv 

Landing sin mitigation not 
"mm-d. 

SERVICER culls CALCRVG. 

TRIMGIMB not m". 

(Bits 12 and 13 function asan ordered M(13:12)Mhtium podbh 
occurrence of two Newton iterations for 832.1 
(0. 0) - First pass of second Newton iteration. 
(0, 1) - First Newton iteration being done. 
(1, 0} — Reminder of second Newton iteration, 
(1,1)— 50ftlsstage of second Ncwton itontion.) 

Fin! pan of Nowton iteration. 

Delta V at 08! Tim. I oxen-d: 
maximum. 

Roiuration of NW. 
Dom V at CSITime1 louthun 
maximum. 



LII-28' 

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 1C 

(FLAGWORD 7) 

Bit 

D
 

10 

11 

12 

13 

14 

Nam 

TFFSW 

VBZEMFLG 

VERIF BIT 

UPLOCBIT 

AVEGFBIT 
AVEGF LAG 

V37FLAG V3'lFLBIT 
IDLEFBIT 
IDLEFLAG 

V67F LAG 

RVSW 

NORMSW 

SWANDBIT 
SWANDISP 

ASTNBIT 
ASTNFLAG 

IGNFLAG 
IGNFLBIT 

MANUFLAG‘ 

ITSWICH 

1 

Calculltl TPERIGEE. 

_ Moonviclnity. 

_(Chmoodwhen V335 matadofm). 

K-K-K fail. 

AVERAGES (SERVICER’ Mud. 

AVERAGES‘SERVICER) fuming. 

No Dom V monitor. 

Astronaut ovuwrim W-mmrix 
Initial values. 

Do not compute final state vector 
in time-thou. 

Unit normal input to Lam. 

Landing analog displays unblod.‘ - ' 

Astronaut has OKod Ignition. 

TIG has mind. 

Attitude mama going on during 
RR starch. 

P34; TPI time to b. compund. 

'flmmitchummulhdbym. 

0 

Cdcullu TFF. 

Bath vicinity. 

No xii-K fan. 
AVERAGEG (SERVICER) notdoiind. 

AVERAGES (SE HVICER) off. 

Connect Delta V monitor. 

Astronaut does not ovomriu 
W-mltrix initial voluu. 

Cormuto final state vector In 
'time-thm. 

Lambort computes in .own noun-l. 

Landing analog displays s a w .  

Amount has not OKod Ignition. 

116 has not mind. 

No attitude m m  during 
RR arch. 

TPI museum. ' 
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. ‘ELAGWORD 3,, 

Bit Name 

- 1 . aeosw 

2 ‘ I ITABIT 
IN TALGN 

Not fission“! 
COGAF LAG 

5 APSESW 

6 _ ORDE RSW 

7 INFINF LG 

8 SURF FBIT 
SURF F LAG 

9 Not Assigned. 

10 F LUN DBI T 
F LUN DISP 

1 1 LMOON BIT 
, LMOON FLG 

12 CMOON BIT 
CMOONFLG, 

13 NEWI F LG 

14 Not Assigned 

15 RPOF LAG 

LIA-27 

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 1C 

1 

Transfer angle near 360 m .  

lnitisl 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 made. 

No conic solution (closure 
through infinity required). 

LM on ulnar 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 F RESH START). 

First pass through integration. 

FIFO not computed. 
(RPQ 8 water between seam 
body and primary body.) 

0 

Tamranahnotmam 
- W 

Second pasthrough P57. ' 

Conic solution exists (COGA 
does not overflow). 

RDESIRED inside of PERICENTER- 
APOCENTE R range in time-radius. 

. Iterator uses first order 
standard mode. 

Conic solution exists. 

LM not on lunar surfaca (protomd 
' from FRESH START). , 

Current" guidance displays 
permitted. 

Permanent LM mtcvector in 
earth sphere (protected from 
FRESH START). 

Permanent CSM state W in 
oath sphere (protected from 
FRESH START). 

Succeeding iteration of innovation. 

HPO computed. 

H
IM

“ 



(FLAGWORD 9) 

Bit Name 

1 AVEMIDSW 

2 MIDAVFLAG 

3 MIDIFLAG 

Not Assigned 

QUITF LAG 

ROTFLAG 

7 ABTTFLAG ' 

8 FLAP 

9 LETABBIT 
LETABORT 

10 FLRCS 
FLRCSB‘IT 

11 FLPI 

12 FLPC ' 

13 P707IBIT ' 
P7071FLG 

14 F LVR 

15 Not A m  

LAG-28 

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 1C 

1 

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

Integration entered from one of 
MIDTOAV portals. 

lntmte to TDEC. 

Discontinue intoyation. 

P70 and P71 will force which 
rotation in the preferred direction. 

J2, K2 parameters used for abort 
targeting. 

APS continued abort after 
DPS staging (ascent guidance). 

Abort programs are enabled. 

ROS injection mode (ascent 
guidance). 

Praignition phase (ascent 
guidance). 

No position control (ascent 
guidance). 

P70 or P71 is using ascent 
guidance equations. 

Vertical rise (mm 
guidance). 

0 

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

Integration was not entarod via 
Ml DTOAV. 

Integrate to the thewpronnt 
time. 

Continue integration. 

P70 and P71 will not force 
vehicle rotation in the pmfernd 
direction. 

J1, K‘l parameters used fat abort 
targeting. 

APS abort is not at continuation. 

Abort programs are not enabled. 

Main angina mode. 

Begum guidance. 

" Fashion control. 

.912 is using ascent 
' guidance equations. . 

Nomnrflcll rile. 
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LM-Q 

FLAGWORD BIT ASSIGNMENTS FDR LUMINARY ‘IB ' 

(FLAGWORD 10. HASP LAGI 

Bit Nam. 

1-6 Not Assigned 

7 REINTBIT 
REINTFLG 

8-12 Not Assigned 

13 -APSFLAG 
APSFLBH‘ 

14 INTFLBIT 

16- Not-Aaigmd' 

tFLAGWOR-D 11) 

Bit Name 

‘I HFLSHBIT 
HFLSHFLG 

2 VF LSHBIT 
VF LSHF LG 

3 N051IBIT 
N0511FLG 

RNGE DBIT 

READVBIT 
READVEL 

- B LPOSZBIT 
LPOS2FLG 

VE LDABIT 

8 LRINH 
LRINHBIT 

9 XORFLBIT 
XORFLG 

10 NOLRRBIT 
NOLRREAD 

11 PSTHIBIT 

12 VXINH 
VXINHBIT 

13-14 Not Assigned 

15 LRBYBIT - LRBYPASS 

maturation routing to be 
REST ARTE D. 

Aunt stage (protected firm- 
FRESH START). 

Integration in prowess. 

1 

LR altitude fail lamp should be 
fluhing. 

LR velocity fail lamp should b3 
flashing. 

Do not test LR antenna 
position in R12. 

LR altitude measurement made. 

OK to road LR velocity data. 

Use LR Position 2 
transformation. 

LR velocity mummt made. 

LR updates permitted by astronaut. 

Below limit; inhibit X-axis 
ovmida. 

LR repositioning; bypass 
update. _ 

Posthigate. 

If  2 velocity data unreasonable. 
bypass x-axisvolocity update on 
next pas. 

Bypass'au LR updates. 

Intonation routine not ta 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 warrant not nude. 

Do not read LR velocity data. 

Use LFI Position 1 
transformation. 

LR velocity mnment not made. 

LR updates inhibited by astronaut. 

Above limit; do not inhibit. 

LR not repositioning. 

Prehigate. 

u m  x-axis velocity. 

DonotbypusLR updates. 



Bit 

1 

10 

‘I1 

12 

13 

14 

15 

LM-3O 

FLAGWORD BIT ASSIGNMENTS FOB LUMINARY 1c 

(FLAGWORD12, RADMODES) ' , - ' 

Name 

TU RNONBT 

AUTOMBIT 

RRRSBIT 

RRDATABT . 

LRALTBIT 

LRPOSBIT 

RCDUFBIT 

LRVELF LG' 

ALTSCBIT V 

DESIGBIT 
DESIGF LG 

REPOSBIT 

ANTEN-BIT 

RCDUOBIT 

REMODBIT 

CDESBIT 
CDESF LAG 

1 

RR turn-on sequence in progress 
(zero RR CDU's; fix antenna 
position). 

RR not in Auto mode. Auto mode 
discrete is not present. 

RR range reading on the high 
scale. 

RR data fail. Data could not be 
read successfully. 

LR altitude data fail. Data could 
not be read successfully. 

LR in Position 2. 

RR CDU fail has not occurred. 

LR veIocity data fail. 

LR altitude reading is on 
high scale. 

RR designate requested or in 
progress. 

Reposition monitor. RR reposition 
is taking place. 

R R  antenna is in Mode 2. 

RR CDU's being zeroed. 

Change in antenna mode has 
been requested. 

Continuous designate. LGC commands 
RR regardless of lock-on. 

“These switches am never called by name. 

0 

No RR turn-on sequence in- 
W95- 

R R  in Auto mode. 

RR range reading on the low 
scale. 

No RR data fail. 

No LR altitude data fail. 

LR in Position 1. 

‘ an cou fail has occurred. 
No LR velocity data fail. 

LR altitude reading is on 
scale. 

RR designate not requested or 
in progress. 

No RR resposition taking piece. 

RR antenna is in Mode 1. 

RR CDU's not being zeroed. 

No remade requested or 
occurring. 

LGC checks for lock-on when. 
antenna being designated. 
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FLAGWORD BIT ASSIGNMENTS FOR LUMINARY IC 

(FLAGWORD 13. DAPBOOLS) 
Bit 

1 
2 

10 

11 

1.2 

13 
1 4 '  

15. 

Name 

AUTR 1 F LG' 
AUTFIZFLG' 

ACCSOKAY 

DESE LECT 

DBSLECT2 

ULLAGE R 
ULLAGF LG 

'HHCSCA LE 

DRIFTBIT 
DRIFTDFL 

XOVINFLG 
XOVINHIB 

AORBTFLG 
AORBTRAN 

ACC4-2F L 
ACC4OR2X 

oun’ncBIT 

CSMDOCKD 

USEORJTS 

PULSEFLG 
PULSES 

1 0 
These bits (2 1) are used mouths to indicate utomt-choun 
KALCMANU maneuver rates: 
(0, 0) = 0.2deglseoond (Bit2. Bit 1). 
(0. 1) = 0.5 deg/second, 
(1. O) = 2.0 deg/second. 
(1 ,1 )=  10.0 deg/second. 

Control authority values from 
1IACCS usable. 

1 m  deadband selected 
by crew. 

5-day” deadband selected 
by crew (maximum deadband). 

Ullage request by mission 
program. ‘ 

Normal RHC scaling requeflod. 

Amme zero offset 
drifting flight. 

x-axis overridd looked 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 unuablei use jets only. 

Minimum impulse command mode 
in ”attitude hold" W76). 

'Thm with“ m m calls! by, name. 

REST ART or FRESH START since 
last 1IACCS; outputs sum. 

Minimum deadband selected 
by crew (0.3 degree). 

1- or 0.3-deg'ee deadband 
selected by crew (Sea Bit 4). 

No internal ullage raquest. 

Fine RHC scaling requested. 

Us offset acceleration estimate. 

X—axis override OK. 

A system for X-translatibn 
preferred 5 

Two~iet X-axis translation 
requested 

Current DAP pass is not rate 
command. 

, CSMnotdodtodtoLM. 

Trim gimbal may be used. 

Not in minimum impulse acme! 
made (V77). 
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FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 10 

IMODE530. 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 (o 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 Channe! 30, Bit 12 (0 if an IMU CDU fail indication hasbecn 
produced). 

Last sampled value of Chennai 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 tum-on sequencing. 

Bit used to control the IMU turn-on sequencing. 

Bit is set to 1 t6 indicate that IMU initialization is being carried out. 

Bit is set to 1 to inhibit the generation of program alarm 02123 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 lMU fail 
signal. 

fBitI i5 set'to 1 to inhibit generation of an ISS warning based on receipt of an IMU CDU 
a: sauna . 

Bit is set to 1 to indicate failure of the turn-on delay sequence for IMU turn-on (alarm 
02073 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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LM-33 

FLAGWORD BIT mlGNMENTS FOR LUMINARY 1C" 

IMODES33 a flag whose individual bits are used to control the monitoring of functions 

Bit 

15 

14 

I 1.3 

12 

11 

10,9 

iated with Channel 33 (and other items). 

Meaning 

Not assigned. 

Last sampled value of Chennai 32, Bit 14 (.0 if a'Proc'eed 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 and 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 reiectod because 
the uplink rate is too fastL 

Not assigned. 

Bit is set to 1 when R10 routine is initialized during the powered descent trajectory. 
A switch empbyed in B10 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 uking 
place (for an interval of about 10 56 seconwi. 

Not assigned. _ . 

ms set to 1 when Mind: 36 (”lamp test") is renewed. and reset to'Odaout 533::d 
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LM-34 

CHANNEL BIT ASSIGNMENTS (LM) 

OUTPUT CHANNEL 11 

ISS Warning 
Light Computer Activity Lamp 
Light Uplink Activity Lamp 
Light Temperature Caution Lamp 
Light Keyboard Release Lamp 
Flash Verb and Noun Lamps 
Light Operator Error Lamp 
Spare 
Test Connector Outbit 
Caution Reset 
Spare 
Engine On 
Engine Off 
Spare 

OUTPUT CHANNEL 12 

Zero Rendezvous Radar CDU's 
Enable Rendezvous Radar Error Counters 
Not Used " 
Coarse Align Enable 
Zero IMU CDU's 
Enable IMU Error Counters 
Spare 
Display Inertial Data 
+Pitch Vehicle Motion (-Pitch Gimbal Trim, Bell motion) 
-Pitch Vehicle Motion (+Pitch Gimbal Trim, Bell motion) 
+Roll Vehicle Motion (-Roll Gimbal Trim, Bell motion) 
-Ro|l Vehicle Motion (+Roll Gimbal Trim, Bell motion) 
Landing Radar Position 2 Command 
Rendezvous Radar Enable Auto Track 
ISS Turn-on Delay Complete 
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CHANNEL BIT ASSIGNMENTS (LN) 

'   ‘ 'OUTPUTCHANNEL13 
i an _ 
" 1 Radar Select c 

2 Fladal' Select b 
3 Radar Select a 
4 Radar Activity ' 
5 Inhibit Uplink. Enable Croulink (should not b. at to 1) . 
6 Block lnlink " 

E 7 Downlink Word Orda' 
? 8 RHC Counter Enable 

9 Start RHC Read 
5 10 Test Alarms 
g - 11 Enable Standby 
'; r 12 Reset Trap 31-A 
’- 13 Reset Trap 31-3 

14 Reset Trap 32 
15 Enable T6RUPT 

Channel 13 finds Solcctiom 

a b c Function - 

7 o o o — 
0 0 ‘l Rendezvous Radar range 
0 1 5') Rendezvous Radar range rate 
0 ‘l -— 
‘l 0 0 Landing Radar X velocity 
1 0 1 Lending Radar Y velocity 
1 ‘l 0 Landing Radar 2 velocity ' 
1 1 1 Landing Radar range _ I 

. OUTPUT CHANNEL 14 > ' 
BIT ' 

1 OutIink Activity (should not he at an 1') -' ‘ . J
2 Altitude Rate Solect ' - . i
3 Altitude Meter Activity :
4' Thrust Drive 
5 Spare - ‘ V ‘ 
6 Gyro Enable 
7 Gyro Select b 
8 Gyro Select a 
9 Gyro Sign Minus 

10 (5e Activity 
11 Drive CDU S 
12 Drive CDU T 
13 Drive CDU Z 
14 Drive CDU Y 
15 Drive CDU X 

Chanml “-6e Selection 

I b Gyro 

0 0 - 
O 1 x 
1 0' Y 
I 1 2 

INPUT CHANNEL 15 
BIT 

1-5 Key codes from Main DS‘KY 
6-15 Spare 
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CHANNEL BlT ASSIGNMENTS (LM) 

INPUT CHANNEL 16 

BIT 

1’2 Spare 
3 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 Dacent Stage Attached 
3 Engine Armed 
4 Abort with Ascent Stage 
5 Auto Throttle 
6 Display Inertial Data 
7 Rendezvous Radar CDU Fail 
8 Spare 
9 IMU Operate 

10 GIN Control of SIC 
11 IMU Cage 
12 IMU CDU Fail 
13 IMU Fail ' _ ~ 
14 ISS Turn-On Request 
15 Temp in Limits ' a

O .

NOTE: 
All of the input signals" m 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 -YM| 
5 +AZ (LPD). +RMI 
6 -AZ (LPD). -RMI 
7 +X Translation 
8 ’X Translation 
9 +Y Translation 

10 -Y Translation 
11 +2 Translation 
12 -2 Translation 
13 Attitude Hold 
14 Auto Stabilization 
15 Attitude Control Out of Detent 

NOTE: 
All of the input signal: in Channel 31am invertsd; that is, a ZERO bit indicates 
that the discrete is ON. 
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I NOTE: 

LM-37 

CHANNEL BIT ASSIGNMENTS (LM) 

INPUT CHANNEL 32 

Thruster 2 —— 4 Disabled by Crew 
Thruster 5 —- 8 Disabled by Crew 
Thruster 1 — 3 Disabled by Crew 
Thruster 6 - 7 Disabled by Crew 
Thruster 14 — 16 Disabled by Crew 
Thruster 13 — 15 Disabled by Crew 
Thruster 9 — 12 Disabled by Crew 
Thruster 1O — 11 Disabled by Crew 
Descent Engine Gimbals Disabled by Crew 
Apparent Descent Engine Gimbal Fail 
Spare 
Proceed . 
Spare 

All of the input signals in Channel 32 are inverted; that is. a ZERO 
bit indicates that the discrete is ON. 

BIT 

D
Q

N
U

J
U

I -
h
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INPUT CHANNEL 33 

Spare 
Rendezvous Radar Auto-Power On 
Rendezvous Radar Range Low Scale 
Rendezvous Radar Data Good 
Landing Radar Range Data Good 
Landing Radar Position 1 
Landing Radar Position 2 
Lending Radar Velocity Data Good 
Landing Radar Range Low Scale 
Block Uplink Input” 
Uplink Too Fast 
Downlink Too Fast __ 
PIPA Fail _ . . g 
LGC Warning (repeated hardware or software alarms) - |
Oscillator Alarm ' !

*This bit reads ONE when accept uplihk signal is prennt‘at intqrfaoe. 

NOTE : 
All of the input signals in Channel 33 are inverted; thatjs, a ZERO bit . 
indicates that the discrete is ON. 



v 
‘ 

"
1

LM-38 

I’m—LGC IDLING PROGRAM 

Purpose: 
1. To provide a program to fuifill the following requirements: 

a. Provide an indication to the crew that the LGC is ensued 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 entty into any othet program. 

Ammp'tions: 
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 lCDU's (V16 N20) or 
monitOring the F DAI 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 intewating, attempts 
to select another program results in program alarm 1520. 

3. P00 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 integated OOXXX. h 

OOOXX. min 
0XX.XX s 

FOG—LGC POWE R-DOWN PROGRAM 

Purpose: 
1. TotransferflvoLGCfrommooporatetoflustmdbyoondhion. 

Ammptions: 

1. The normal condition of readiness of the PGNCS when not in use is standby. In this -; 
condition, the IMU stancby circuit breaker is on, the IMU operate circuit breaker is .- 
off, the LGCIDSKY 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 1 
the IMU. i 

3. I f  the computer power is switched off it will be'necessary to perform a Computer 
FRESH START (V368) 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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P08 (continued) 

5. 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-POWE RED 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 
towination of a PGNCS-controlled APS powered ascent maneuver from the lunar 
su ace. 

Assumptions: 

1. The LGC has stored injection values which define an ament 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 (WW).  and (WZH. 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. 

3. The initial period of the ascent trajectory consists of two phases: 
a. Vertical Rise Phase —- From TIG until the LM radial velocity (WRM exceeds40 

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 +2 axis points downrange. 

b. Pitchover Phase -— Wheh vm) 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. 

,4' 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 
T|G(AS) until 10 seconds after V(R) equals 40 his and the LM yaw attitude is 
within 5 degrees of the desired attitude for pitchover initiation. 



LM§40 
P12 (continuum 

- 5. The IMU is on and must be at a known orientation before this program may be 

10. 

'11. 

12. 

13. 

'14. 

completed. Manually, the Lunar Surface Align program (P57) has been completed 
before selection of this pr_ogram. 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 T|G(AS) if desired by the crew or if state 
vector integration cannot be completed in time. Variation of the tim'e of ascent 
ignition (T|G(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. 
I f  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-ax is override capability is permitted (see Assumption 4). 

I f  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 RC8 and APS is transferred from the PGNS to the Abort Guid- 
ance System (AGS) by changing the Guidance Control switch from PGNS to A68. 
The A68 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 bf 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 (829) is enabled after the pitchover phase. R10 and 829 
are terminated after the Average G is stopped. 
For each burn a total aliowable ignition delay time will be specified in the mission 
rules. I f  engine restarts are involved, the accounting of the total time is an option of 
the crew. 
Either the Load DAP Data routine (R03) 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. I f  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 R03 (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 (TIGMSH. m
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P12 (continued) 

16. This program is selected by the astronaut by DSKY entry at least 5 minutes before 

Selected Displays: 
1. V06 N33 , 

Time of mm ignition : ooxxx. h 
- OOOXX. min 

0XX.XX s 

2. V06 N76 
Desired downrango vdocity XXXX.X ftls 
Desired radial velocity XXXX.X fl/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 dog 
Pitch after vehicle rise XXX.XX dog 

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 ftls H mm) 
Computed altitude XXXXX.  ft 

7. V16 N85 . ' 

Components of VG (LM body axis) XXXX.X ft]: 
8. V16 N77 (astronaut initiated) 

Time to engine cutoff XX  b XX min/s 
LM velocity normal to CSM plane XXXX.X ft]: 

9. V16 N56 (results flom vase ' 
RR LOS azimuth XXX.XX deg 
RR LOS elevation XXX.XX dog 

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. 

the animated time of ascent ignition TIG(AS). 

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 vehicie 
Orientation about the LM +Z 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. I f  the ISS has drifted from its initial alignment, the LGC may 
or may not have a satisfactory inertial reference for satisfactory completion of the 
prog'am. 
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P20 (continued) _ 

. The CSM is maintaining a preferred tracking attitudé that correctly orients the CSM 
radar transponder for HR 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: 
3. 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 initiaiization of the W matrix is enabled by: 
a. A manual DSKY entry (V935), 

Computer Fresh Start (V36E). 
c. State vector update from the ground (P27) (Except for update of Lending 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 R R  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. 

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 920, 922, and 925 are subject to special operatihg 
procedures different from all other programs: 
a. Selection 

(1) By selection of P00, V56E, or by V34E. 
(2) I f  any other program is running at the time of P20/22125 selection the new 

program will replace the old. This includes P20/22l25 selection whenever 
either P20, 22, or 25 is running. 

(3) If P20 or P25 is running, selection of any program other than P00 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 P00 or P22 will result in the 
termination of the old program and operation of the now. 

D. Termination 

(1) By selection of P00, V56E, or by V34E. 
(2) P00 selection will terminate P20, 22, and 25 and any other prawn in 

process, and establish P00. 
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P20 (continued) 

(3) V56E selection will seloct 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 Rm. 
V56E may be performed any time during P20, 22. or 25 operation. 

(4) The LGC will act upon V345 only in response to a flashing verb-noun. If this 
dimlay was originated by P20, 22, or 25, V346 will result in an identical 
LGC remonsa to that of V565; 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 R00; however, the program in the background will continue. 
The new program selected follows the selection rules above. 

9. The HR 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 made to prevent modifying a precision }
state vector for landing. ‘ 

11. The HMS position and velocity errors computed from the W matrix are availabh by 
Extended Verb (V67E). Based upon values in this display and the details of the 
mission, the astronaut can oloct to step or continue the current nuiption procoduro 
or to reinitialize the W matrix and continue navigating. The capability to «initialize 
the W matrix is also provided via V67E. 

12. State vector integration may be permanently inhibited by V96E. This entry will 
torminata a" present programs and abet the LGC Idling pray-m (P00) with the 
Pm automatic mt. vector integration permanently inhibit-d until auction of 
mother program. Use of V96 can mus incorrect W-matrix utmolation since m 
vector synchronization is not maintained. 

Soloctod Displays: 
1. v50 N25 (chom- RR mod.) 

Checklist coda - ‘ “.3201 
2. V06 N05 

Diflm and. human BR LOS and - ,. xxx.xx dog 
state vector 

3. V06N49 
An an. to an mark dun incorporation xxxx.x nmi 
Av duo m an murk dun incorporation xxxx. x ftls 
Sourcccodo ooooxu— Raw.  2—Rflnnpnu. 

3—RR M and; 4-83 trunnion unit! 
4. V50 N25 (manual RR canal-him of QM) 

Chocklist code 00205 
5. V16 N80 ‘ 

Data indicator (diam: 11111 when starch in XXXXX 
wocoaful. othuwlu bunk) . 
Anglo between an LOS and +2 axis XXX.XX dog 

6. V50 N18 ' 
Duirod W FDAI ball and. R xxx.xx dun 

P XXX.XX do. 
Y XXX.XX dd. 

7. V08 N18 
Find FDAI hi! “I R XXX.XX dog 

' XXX.XX doo’ ' 
Y XXX.XX Cl” 

‘0
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P20 (continued) 

8. _ V50 N72 
an Trunnion angle (360 dogma -- cw ' xxx.xx dug 
trunnion angle) 

RR shaft angle XXX.XX dq 
9. V16 N45 (mam initiatod) '” 

Marks . _ xxxxx. marks 
Timefrominnitionofnoxtbum X X b X X  min/s 
Middle oimbal angle ‘ ‘ ' XXX.XX dog 

10. ' V06 N38 (astronaut initiated) 
Time of m being smegma . ‘ ooxxx. h 

~ oooxx. min 
OXX.XX s 

11. V06 N99 (result; from VB‘IE) 
EMS in position XXXXX. ft 
RMS in velocity ' XXXX.X ftls' 
HMS in bias XXXXX. mud 

FTP-GROUND TRACK DETERMINATION 

Purpose: 
1. To provide astronaut with details of his round track. 

Assumptions: 

1. Vehicle whose ground track parameters are calculated remains in'fmfafl from start 
of progam until T LAT/LONG. 
Program may be selected while LM is either in earth or lunar orbit to dafinc ground 
track of either LM or CSM. 

Soloctod Displays: 
1. v04 N06 __ 

Option code In E ‘ ' ’ 00002 1 
Option cod. - ' ' oooox (1—this vehicle. 

2-othor vehicle) 
2. V06 N34 _ _ 

Tim. of LAT] LONG ooxxx. h 

OWXX. min 
oxx.xx s 

3. V06 N43 
Ground track latitude . xxx.xx deg (+ north) 
Ground track longitude ' ‘ ' “xxx.xx deg (+ em) 
Altitude above ground XXXX.X nmi 

4. V06 N91 (astronaut initiated) 
Altitude . XXXXXb.- nmi 
Velocity XXXXX. ftls 
Flight path ands XXX.XX dog 

P22—LUNAR SURFACE NAVIGATION PROGRAM 

Purpose: ' 
1. To control the Rundown: Radar (an) to acquire and track thi CSM while the LM 

is on tho lunar surface. 
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P22 (continued) 

2. To update the CSM state vector on the basis of R R  tracking data. 
3. To track the CSM without updating either vehicle state vector. 

Assumptions: 

1. Normally the IMU wouId 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. I f  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 R R 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 HR 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: 
3. V818 ~_ Update CSM state vector. 

H b. V95E —— No state vector update. 

The initialization of the W matrix is enabled by; 
a. A manual DSKY entry (V985). 
b. Computer FRESH START (V36E). 
c. State vector update from the ground (P27). 
The HR tracking mark counter counts the number of R R  marks processed by the 
LGC. This counter is zeroed: 
a. By manual selection of P20/P22 (V37E20/225) 
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). I" 
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. 
The selection and termination of P20, P22, and P25 are subject to special operating 
procedures different from all other programs: 
a. Selection V ' 

(1) Alwaysby V37E XXE. 
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P22 (confirmed) 
(2) I f  any other program is running at the time of P20/22/25 seIection 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 P00 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 P00 or P22 will rault in the 
termination of the old program and operation of the new. 

b. Termination 
(1) By selection of P00 V56E or by V34E. 

(2) P00 seiection will terminate P20, P22, and P25 and any other program in 
process and establish P00. 

(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 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 verbmoun. 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 856. 

I f  this display was not originated by P20, 22, or 25 (such as P32, while 
running with P20) the LGC will go to R00; however. the program in the 
background will continue. The new program selected follows the selection 
ruies shown above. 

9- State vector integration may be permanently inhibited by V96E. This entry 
terminates all present programs and selects the LGC Idling program (PM) with the 
P00 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. V04 NM 

Option code ID W12 
Option code (KNOX (1-110 «bit change, 

' 2—change orbit to pass over LM) 
2. v06 N33 

Time of ascent ignition OOXXX. h 
‘ OOOXX. min 

OXX.XX s 
3. V50 N25 (change RR mode) 

Checklist code 00201 
4. V06 N05 

Difference angle between RR LOS and state vector xxx.xx day 
5. V06 N49 

An due to an mark data incorporation _ xxxx.x nmi 
AV due to RR mark data incorporation XXXX.X ft]: 

6. V16 N80 
Data indicator (displays 11111 when march X X X X X  
is successful otherwise blank) 
Angle between R R  LOS and +2 axis X X X . X X  dog 

7. V50 N25 (manual RR acqusition of CSM) 
Checklist code 00205 



8. V16 N56 (results from V85E) — 
RR LOS azimuth XXXLXX deg 

RR LOS elevation XXX.XX deg 
9. V06 N38 (astronaut initiated) . 

Time. of state vector being integrand OOXXX. h 
OOOXX. 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 fXXX.XX deg 

11.- V06 N99 (results from V67E) 
RMS in position XXXXX.  ft 

RMS in velocity XXXX. X ft/s 

HMS 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 
8 LM preferred tracking attitude. 

2. 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 +2 axis) is unconstrained and is defined as necessary 
to avoid gimbal lock. 

3. 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 +2 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. I f  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. 

4. The LM tracking beacon field of view is a 30-de9ree half-angle cone with the cone 
axis parallel to the LM +2 axis. 

5. The seIection and termination of P20, P22, and P25 are Subject to special operating 

LM-47 

P22 (continued) 

procedures different from all other programs. 
a. Selection I 

(1! AIways by V37EXXE. 
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P25 (continued) 

(2) If any other program is running at the time of P20/22l25 selection the new 
program will replace the old. This includes P20/22125 selection whenever 
either P20, 22, or 25 is running. 

(3) If P20 or P25 is running, selection of any program 9ther than P00 or P22 
will result in P20 or P25 continuing and the new program also operating with ‘ 
its number in the DSKY program lights. 3 

(4) I f  P20 or P25 is running, selection of P00 or P22 wilt result in the 
termination of the old program and Operation of the new. 

b. Termination 
(1) By selection of P00, V565 or by V34E. 
(2) P00 selection will terminate 920, 22 and 25 and any othet prognm in i 

process and establish POO. ;, 
(3) V565 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 P00. 1 
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 verbmoum If this :5 
display was originated by P20, 22, or 25, V34E will result in an identical - 
LGC response to that of V565; that is, selection of R56. I f  this display was 
not originated by P20, 22, or 25 (such as P32, while running with P20) the 
LGC will go to R00. However, the program in the background will continue. 
The new program selected folIows the selection rules above. 

“.1
. 

Selected Displays: ’3 "1. v50 N18 
Desired summon-we: FDAI ball m . ' - RXXX-XX dog 5 

P xxx.xx dog 
v xxx.xx deg 

z V06 N18 A > f 
‘ ’ Final FDAI ball angles a xxx.xx deg 

F xxx.xx deg 
v xxx.xx dag 

P27-LGC UPDATE 

Purpose: 
1. To enter data into the LGC Via the digital upfink or by crew input via the DSKY; 

Ammptions: 
1. LGC must be in operate condition; IMU may be in the standby or operate condition. 
2. LGC updates are of four categories: 

3. Provide a decrement for the LGC clock and the orbital integration state vector 
time tags, and an increment for TEPHEM (V70). 

b. Provide load capability for a block of sequential erasable locations (1  through 18 
whose addresses are specified) (V71). 

c. l(’rovide load capability for individually specified erasable locations (1 through 9) 
V72). 

d. Provide an octal increment for the LGC clock only (V73). 
3. The uplink may be blocked by placing the Voice/Off/Voice BU switch to Voice BU. 
4_ Update is allowed in the LM only when the LGC is in the LGC Idling program (P00). 

P27 exit is always to P00. 
5, 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“) external to the LGC and 

compute therafrom 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 implusivo Delta V along LM local 
vertical axes at TIG. 

2. To display to the mom and the wound certain specific dopandont with! 
mociated with the desired maneuver for approval by the astronaut/ground. 

Aaumptions: 
1.' The target parameters (TIG and Delta V(LV)) may have been loaded from the 

ground during a prior execution of P27. 
2. 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. 
3. The ISS need not be on to complete this program unleu tho Rendezvous Radar is to 

be used for automatic state vector updating by the Rendezvous Navigation prowam 
(P20). ' 

4. 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 mproximately once a 
minute when enabled by the Track and Update flags. 

5. This prowem is applicable in either earth or lunar orbit. 

Selected Dbplays: 
1. V06 N33 . 

Time of ignition _ OOXXX. h 

OOOXX. min 
0XX.XX s 

2. V06 N81 
Components of Av (LV) xxxx.x ft]: 

3. V06 N42 
Apocenter altitude XXXX.X nmi 
Poricenter altitude - A - - xXxx.x nmi 
Av (required) xxxx.x ftls 

4. V16 N45 
Marks XXXXX.  mrks 
Time until next burn xx b XX min/s 
Middle gimbal angle XXX.XX dog 

P32-LM COELLIPTIC SEQUENCE INITIATION (CSI) PROGRAM 

Purpose: 
1. To calculate parameters associated with the following concentric flimt 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 amount/ground. 

4. To store the CSI target parameters fat use by the desired thrusting progmm. 
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P32 (continued) 

Ammniom: _ 

1. AtludoctodTPl flmotholinooffid‘tbctmntho LMandttSMisaloctodto 
boapracribod angle (E) from thghorizontal plane dofinodatthoactivo position. 

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

3. The time between CDH ignition and TPI ignition must be computed to be m 
than 10 minutes for M l  completion of the program. 

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

5. CSI burn is defined such that the impulsive Dom V is in the LM horizontal plane at 
CSI ignition. 

6. The poricenur altitude of the 00bit following CSI and CDH must be grater than 
35,000 ft (lunar orbit) or 86 nmi (nth orbit) for mmful completion of this 
progam ' 

1

7. Thocsundcoummmiginuuymnudmbomtmompmofm € 
CSM orbit. However crew rmdification of Delta V (LV) comma may result in j 
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an out-of—plane CSI maneuver. 
8. 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 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. 

9. an. L8: far.“ not be on to complete this program unless the Rendezvous Radar is to 
u automatic state vector updating by the Rendezvous Nov tion prowlm 

(P20). P20 will define the status of the ISS. im 

Sow OW: .
1. van m1 

TimoofCSl ignition ooxxx. h 
oooxx. min '
oxx.xx s 

2. V06 N56 
Hunter of quid-I cranium WOX. m 

amnion angle xxx.xx dog 
Control angle of passive vehicle XXX.XX dog 

3. V06 N37 
Tim of TPI ignition ooxxx. h 

MXX. min 
oxx.xx s 

4. V08 N75 
0q altitudu (CDH) xxxx.x nml 
AT (CSI-CDH) xx b xx min/s 
AT (CDH-TPI) xx b xx min/s 

. V06 N81 
Comm: of Av (U!) for CS! xxxx.x ft]: 

. V06 N82 
Components of Av (LV) for CDH xx-xx.x his 

. V16 N45 
Marks xxxxx. mks 
Time from CS! imitfion . XX b XX  min/s 
Middle gimbal angle XXX.XX dog 
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P32 (continued) 

8. V06 N16 (reams from VQOE) 
Tim of event ' OOXXX. h 

J oooxx. min 
oxx.xx s __ 

9. V06 N90 (remit: from VNE) 
Y ' xxx.xx nmi 
YDOT xxxx.x ftls 
PSI " ' . xxx.xx deg 

'I‘33—LM CONSTANT DELTA ALTITUDE (GUI-"PROGRAM 

Purpose: a 
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 varibblés m m  with the 
CDH maneuwr for approval by the astronaut/ground. 

Assumptions: 
1. This program is based upon previous completion of the Coelliptic Sequence 

Initiation (CSI) 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. 

0. 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 nrni 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. If  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 188. 

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

Selected Displays: 
1. voems - - .   - -_ 

Time ofCDH ignition ' ' _ ' ooxxxlh 
. _. . ; _ oooxx.nii-n 

. r..-_._. . ;'_ " _ g: OXXixs-  
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P33 (continued) 

2. V06 N75 
Delta altitude (CDH) 'XXXXX nmi 
AT (CDH-TPI) xx b xx min/s 
AT (TPI-NOMTPI) xx b xx mini: 

3. V06 N81 
Components of Av (LV) for CDH ‘ xxxx.x his— 

4. V16 N45 
Marks . xxxxx. 
Time from CDH ignition X X  b X X  minis 
Middle gimbal angle _ _ xxx.xx dog 

5. V06 N16 (results from V90E) 
Time of Event . _ OOXXX. h 

' OOOXX. min 
oxx.xx s_ 

a we N90 (roams from woe} 
Y _ ‘ _ XXX.XX nmi 

YDOT - xxxx.x ftls 
PSI xxx.xx deg 

P34—LM TRANSFER PHASE INITIATION (TPI, PROGRAM 

Pum: 
. To calculate the required Delta V and other initial conditions required by the LG,C 

for LM execution of the transfer phue initiation (TPI) macaw. Given: 
a. Time of ignition (T|G(TPI)) or the elevation angle (E) of the LMICSM LOS at 

TIGCTPI). 
b. Central angle of transfer (CENTANG) from TIC-“TPI; to intucept time 

(TIG(TPFH. 
. To calculate TIG(TPI) given E or E given TIG(TPI) 
. To calculate these paramters based upon maneuver data approved and keyed into 

the LGC by the astronaut. 
. To display to the astronaut and the wound certain dependent variables associated 

with the maneuver for approval by the astronaut/ground. 

Assumptions: . 
1. This program is band 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. 

0. 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 
unsuited in an out-of-plane CDH maneuver. 
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P34 (continued) 

2. 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 was turned on and locked 
on the CSM by previous selection of P20. Radar sighting marks win he 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). I f  selected. P20 
will define the status of the I88. 

4. Once the parameters required for computation of the mneuvar 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 
thtough 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 dorm. if the angle is within this zone 
the atronaut should reassess the input targeting parameters band upon Dem V and 
expected maneuver time. 

5. This program is alacud by‘tho astronaut by DSKY «my. 

Selected Displays: 
1. V06 N37 . 

Time of TH tuition ' OOXXX. h 
‘ OOOXX. min 

OXX.XX s 
2. V06 N55 

Integration constant N ' OOOOX (OMOO—Kepler conic 
- intonation with no target offset. 

00001 —Precision integration with 
one target offset, 

, OOOOZ—Precision integration with 
two target offsets.) 

Elmtion angle ‘ xxx.xx dog 
Central angle of passive which XXX.XX dog 

3. V06 N58 
Poricentor altitude , -. _ XXXX.X nmi 
Av (TPI) xxxx.x his. 
Av (TPF) xxxx.x his 

4. V06 N81 7 
Components of Av (LV) for TPI xxxx.x his» v 

5. V06 N59 ‘ . 4 7 
Components of AV (L08) _XXXX.X ft]: 

6. V16 N45 
Marks (RR) 7 XXXXX. marks 
Time from TPI ignition x‘x b xx min/s 
Middle gimbal angle XXX.XX dog 

. v06 N52 (astronaut initiated) 
Central angle of active vehicle XXX.XX deg 

V06 N16 (remit: from VQOE) 
Time of event OOXXX. h - 

OOOXX. min 
0XX.XX s 
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P34 (continued) 

9_. V06 N90 (results from V90E) 
Y xxx .xx  nmi 

YDOT -- . XXXX.X his 

PSI . ' ‘ . 7 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 phm of an active 
LM rendezvous. 

Assumptions: 
' 1 .  The ISS need not be on.’ -to complete this program untesé iutomatic 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 (TUNTH 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 dis-play to the astronaut 
through the use of V06 N52. 

-- 2 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. I 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 
rendezvous nudoourse corrgction. ' 

Selected Displays: 
1. V06 N81 ‘ 

Components of AV (LV) XXXXJ'c 'ftls 
V06 N59 

Components of Av (L05) xxxx.x ft'ls 
V16 N45 

Marks XXXXX.  marks 
Time from TPM ignition X X  b X X  min/s 
Middle gimba! angle xxx .xx  deg 

v06 N52 (astronaut initiated) 
Central angle of active vehicle xxx.xx deg 

V06 N16 (resuns from V90E) 
Time of event ooxxx. h 

OOOXX. min 
0XX.XX s 

V06 N90 (results fmm V905) 
Y xxx.xx nmi 
YDOT XXXX.X “/3 
PS! xxx.xx deg 

‘
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Purpose: 
1 . 

2. 
3. 

LM-55 '- ' ‘ 

940—093 PROGRAM 

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_ _con.trol the PGNCS during countdown, ignition, “thrusting, and thrust 
termination ofaPGNCS controlled DPS maneuver. ' ; _ 

Assumptions: 
‘l. 

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 proyram, 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 808 
trim thrusting has been completed, the LGC updates VG only as a result of 
accelerometer inputs. 

For steering control when using “ASTEE-R", the velocity required is calculated from 
the most recent intercept trajectory semimaior axis. The- Lamben 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 brientation before this program may be 
completed. It  is normally required that the {88 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. _ . 

I f  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 FDAL 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) .  

I f  a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Attitude Hoid, 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. 

I f  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. 

3. Mode 1 — Seiected 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-mist'jthe crew in 
manually manguvering the vehicle. 
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11. 

12. 

13. 

14. 

15. 

16. 

17. 

LIA-56 

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 dmnt the 
PGNCS dumps the yaw rate, stores the yaw attitude when the yaw rate is dawned. 
and then maintains that attitude. 
The X-axis override option is always mildm to the crow. However. it should not be 
exercised when the LGC is specifying a desired yaw attitude; that is, during tho 
attitude maneuver to the thrusting attitude. 
When the thrust/translation controller is set to minimum thrust position and the 
LGC throttie 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 
prmm 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. than the 
gimbal need not be ckiven 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 jot 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-dockod DPS 
bums (P40). The capdaility exists during P63 and P70 also. Performance of FRESH 
START (V36E) will always enwle the capability' In the autOpilot. 
For each burn a total allowable ignition delay time will be specified in the mission 
rules. I f  engine restarts are involved, the accounting of the time is an Option of the 
crew. 
The LGC and crew procedures in cans of LGC-assumed thrust failure are defined by I 
the DPS/APS Thrust Fail routine (R40) which is called by P40. _ 

The LGC will neither dash-late nor read the Rendezvous Radar (HR) during this 
program. 
This program should be selected by the astronaut by DSKY entry at last 6 minutes 
before the estimated time of ignition. 

The Orbit Pmcter Display routine (R30) be calhd dm‘i this prov-am 
laying in V82E. may W by 

ThovalueofDoHa Vroquhd willbomnd intholocnlvorflmlaoordkutom 
and humble during thlsprog'amby kwinoVOBNB‘IE. 

Selmtod Displays: 
1. 

2. 

V50 N26 (change guidance control and.) 
Checklist code ' 00203 

V60 N18 
Dated autommouvcr FDAI bull anal“ R XXX.XX dog 

- XXX.XX dq 
Y XXX.XX dq 

‘ 

3. V06 N18 
FIIII FDAI billy!!! ' R XXX.XX dog 

XXX.XX dog 
Y XXXrXX dog 
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P40 (continued) 

4. V06 N40 _ 
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]: 

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]: 

7. we N81 (astronaut initiated) 
Components of VG (LV) for thrusting maneuver XXXX.X ft]: 

8. V06 N38 (astronaut initiated) 
Time of state vector being intowatod ' ooxxx. h 

(DOXX. min 
L OXX.XX s 

"9. v04 N12 (remit: from va2E) , 
Option- codo ID 00002 
Option code 0000)( (1—this vehicle, 

2—other vehicle) 
10. V16 N44 (results from V82El 

Apocemer 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 ROS 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: _ K. 
‘I. The target parameters have been calculated and stored in the LGC by prior 

execution of a prethrusting program. 
2. 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 frgm 
the most recent intercept trajectory semimaior axis. The Lambert routing 
periodically recomputes the intercept trajectory semimajor axis for the "ASTEER 
calculations. The interval between Lambert solutions is controlled by an erasable 
load value (UT). 

3- The IMU is on and must be at a known orientation beforqtpis prowam rrgay be 
completed. It  is normally required that the ISS be on for a minimum of 15 minutes 
prior to a thrusting maneuver. 

6. The event timer is set to count to zero at TIG. 
7. FIGS ignition may be slipped beyond the established TIG if desired by the crew, or if 

state vector integration cannot be completed on time. 
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P41 (continued) 
6. 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 eithot 
the Rate Command or Minimum Impulse made. However, it is strongly recom- 
mended that powered flight not be attempted in the Minimum Impulse mode. 

7. The PNGS generates two types of errors for display on the FDAI as selected by the 
astronaut. V 

3. Mode 1 — Selected by Verb 61. Autopilot following errors used as a monito: 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. 

8. The X-axis override option provides the crew with the ability to exercise manual 
control about the LM X axis with the attitude controller wen though the PGNS 
Attitude Control mode is Auto. When the controller is returned to detent, the 
PGNCS damp: the yaw rate, stores the yaw attitude when the yaw rate is damped, 
and than maintains that attitude. 
The X-axis override option is always availabIe to the crew. Howwor, it should not be 
exercised when the LGC is specifying a desired yaw attitude; that is. during the 
attitude maneuver to the thrusting attitude. 

9. The Load DAP Data routine (R03) has boen'porformod prior to selection of this 
7 program. ‘ 

10. The LGC will neither designate nor read the Rendezvous Radar (RR) during this 
9'09“"!- 

11. This program should be selected by the astronaut by DSKY entry at least 5 minutes 
before the estimated time of imition. 

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

13. 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 V06 N81E. 

Selected Displays: 
1. V50 N18 _ 

Desired automamuver FDAI ball angles R xxx.xx dog 
P XXX.XX dog 
Y XXX.XX dog 

2. VCBN18 
Final FDAI ball angles R XXX.XX deg 

F XXX.XX deg 
Y XXX.XX dog 

3. V16 N85 
Components of VG (LM body axis) for thrusting XXXX.X ftls 
maneuver 

4. V06 N81 (astronaut initiated) 
Components of V6 (LV) for thrusting maneuver XXXX.X ft]: 

5. VW N38 (astronaut initiated) 
Time of state vector being intey'ated OOXXX. h 

OOOXX. min 
OXX.XX s 

6. V04 N12 (remit: from V82E) 
Option code ID 00002 
Option code ' oooox (1—this vehicle 

2—other vehicle) 
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7. V16 N44 (results from V826) 
Apocenter altitude . V _ xxxx.x nmi 
Pericenter altitude . . XXXX.X nmi 
TFF X X  [3 X X  min/s 

P42~APS PROGRAM 

Purpose: 
1. 

2. 
3. 

To compute a preferred 'IMU orientation and a vehicle attitude for in 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.‘ 

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 ("ASTEE R) or set (Externai Delta V )  the External Delta V flag. For 
external Delta V steering, VG is calculated once for the specified time'of ignition. 
Thereafter bath 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 semimaior 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. I t  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 Gundance Control switch ih 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. 
I f  a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Attitude Hold, the PGNCS hotds the yehicle 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 Impulse 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 assistrthe crew in 
manually maneuvering the vehicle. 
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P42 (continued) 

The X-axis override Option provides the crew with the ability to exercise annual 
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. I f  engine restarts are involved, the accounting of the total time is an option of 
the crew. 

The Load DAP Data routine (R03) mayhave been performed prior to selection of 
this program. 

11. The LGC and crew procedures in cases of LGC-asumed thrust failure are defined by 
the DPS/APS Thrust Fail routine (R40), which is called at APS ignition by P42. 

12. The LGC will neither designate nor read the Rendezvous Radar (HR) during the 
program. 

13. This program should be assented by the astronaut by DSKY entry 'at least 5 minutes 
before the estimated time of ignition. 

H. The Orbit Parameter Disalay routine (R30) may be callod'during this progam by 
, keying in V825. 

:15. The value of Delta v required will be stored in the lam! vertical system and is 
available in this program until Average 6 turns on by keying V06 N38E. ' 

Selected Displays: 

1. V50 N25 (change guidance control mode) 
Checklist code . W203 

2. V50 N18 
Desired automanouvel' FDAI ball angles R xxx.xx deg 

' P ' xxx.xx deg 
Y xxx.xx dog 

3. VW. N18 
Final FDA! boll m a xxx.xx deg 

' P xxx.xx deg 
Y xxx.xx deg 

4. VIE 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 

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]: 
7. V06 N81 (astronaut initiated) 

Components of VG (LV) for thrusting maneuver XXXX.X ft/s 
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P42 (continued) 
3 8. V06 N38 (astronaut initiated) . 

Time of auto vector being integ'atod WXXXJ'! 
MOXX. min 
OXX.XX s 

9. V04 N12 (reams from V825) 
Option cock ID W02 
Option code oooox (1—thiI which. 

2—other vehicle) 
10. V16 N44 (results from V82E) 

Apocenter altitude XXXX.X nmi 
Periconter altitudo : XXXX.X nmi 
TFF XX b XX min/s 

P47-THRUST MONITOR P HOGRAM 

Purpose: 
1. To monitor vehicle acceleration during a non PGNCS controlled thrusting maneuver. 
2. To dicplav Delta V applied to the vehicle by this thrusting "answer. 

Assumptions: 
1. The IMU would normally be on and the IMU Orientation Dotemination pmg’om 

(P51) completed beflm selection of this program. 
2. The responsibility of avoiding gimbal lock during execution of this pray-am 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 
(TPI) progfam (P34) and then the DPS Thrusting program (P40). 

4. Range. range rate, and theta may be displayed during this prowam 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 manewor in ordot to keep errors minted 
with Average G integration at a minimum. 

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

SCIOCtOd Displays: 
1. V16 N83 

Components of Av (LM body-nad- xxxx.x ft}: 
2. V16 ~54 (results from vsasl 

Rance ' _ xxxxx nmi 
Range rate xxxx.x ftls 
Angle betwoen LM +2 axis and local horizontal ‘ xxx.xx dog 

3. v04 N12 (reads from vaze) 
Option code ID 0M2 
Option code oooox (1-this which". 

2—othor which) 
4. V16 N44 (results from V82EI 

Apooenter attitude XXXX.X nmi 
Perioenter attitude XXXX.X nmi 

TFF XX  b XX minis 

, “Ed‘- 
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-. PSI—IMU ORIENTATION DETERMINATION PROGRAM 

Purpose: 
1. To determine the menial orientation of the IMU using sightings on two celestial 

bodies with the ACT or a backup optical system. 

Amptions: 
1. This program may only be performed while the LM is in flight. 

2. The ISS must be turned on before this program can be completed. 

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 manuany 
maneuver the vehicle. 

4. Time and ROS 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. 

5. Extended verbs should not be exercised during this program because of  possible 
interference with the ACT Mark rautine (R53). 

Selected Displays: 
1. V50 N25 (star aoquisiton) _ 

Checklist code “”15 

2. V41 N22 
CDU gimbal angles ~ - OG XXX.XX deg 

IG xxx.xx deg 
MG xxx.xx 'eg 

3. V01 N71 (after mark) 
81: ABCDE 

AB—Blank 

C—AOT Detem 
0—COAS caIibration (net allowed), ‘l—Front left. 
2—Front center, 3—Front right, 4—Ri9ht rear, 
5—Rear center, 6—Rear left, 7—Backup Optical system 

DE—Celestial body code 
00-—P|anet, 01/45—Star from star code list 
46~Sun, 47—Earth, 50—Moon 

4. V06 N87 
Backup optics LOS azimuth X X X . X X  deg 
Backup otpics LOS elevation _ X X X . X X  deg 

5. V54 N71 (mark X or Y reticle) 
Display same as Item 3 above 

6. V52‘N71 (mark X ret'icle) 
Display same as Item 3 above 

7. V53 N71 (Mark Y reticle) 
Display same as Item 3 above 
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P51 (continued) 

8. V06 N05 
Star angle difference , _ XXX-XX dog 

9. V06 N88 ‘ 

Components of catastial body 95 unit vector ~ . ‘XXXXX 

P52—IIMU REALIGN PROGRAM 

Purpose: 
1. To align the MU from a ”known" orientation to one of four orientations selected. 

by the astronaut using sightings on two celestial bodies with the ACT 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) 
XSM = Unit (RLS, 
YSM = Unit (25M x XSM) 
ZSM = Unit ‘HCSM x Xsm) 

where: 
The origin is the center of the moon. 
RLS 7- The position vector of the LM on the lunar surface at a landing site 
and a time Tialign) selected by the crew. 
HCSM = The angular momentum vector of the CSM (RCSM x VCSM). 

_ A specie! case of the landing site orientation occurs when T(align) is defined 
as the time of lunar landing T(|and). This case occurs only if Ttland) has 
been defined by the MSFN, transmitted to the crew, and the crew has then 
defined T(align) to be T(|and) in this program. 

c. Nominal Orientation (Option 00002) 
XSM =- Unit (B) 
YSM = Unit (v x m 
ZSM = Unit (XSM x YSM’ 

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

d. REFSMMAT (Option 00003) 

Assumptions: 

1. This pragram may only be performed while the LM is in flight. 
2. The configuration may be docked (LMICSM) or undocked ILM aione). 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 A68 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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P52 (continued) 

4. This pmgtam 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 ACT 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 sin 
orientations without making celestial body sightings. 

7. Extended verbs should not be exercised during this program because of possible 
interference with the ACT Mark routine (RS3). 

Selectod Diazlays: 
1. V04 N06 

Option coda ID 00001 
Option code OOWX (1-pnferrod. 2—minal. 

' 3—RE FSMMAT, 4-hnding site) 
2. V06 N34 

Time of alimment OOXXX. h 
' * MXX. min 

‘ 0XX.XX s 
3. VIE N89 

Designated landing site latitude XX.XXX (+ north) 
Dominated landing site longitude/2 ' XX.XXX (+ east) 

; Designated landing site altitude xxx.xx nmi 
Ii 4. V06 ~22 
" IMU gimbal angles at desired orientation 06 xxx.xx dog 

IG xxx.xx 6” 

MG xxx.xx dog 
5. V50 N25 (coarse align) 

Checklist code ' 00013 

mu gimbal m ‘ oc xxx.xx dog 
IG xxx.xx dog 

I 1 
J 
4 6. V16N20 
l 

1 MG xxx.xxm 
i 
J 7. V50 N25 (fine alignment) 

Checklist code “”14 

8. V50 N25 (star acquisition) 
Checklist code 00015 
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9. V01 N70 (before mark) 
81: ABCDE 

AB—Blank 

C—AOT Detont 
0—COAS calibration, 1—Front left, 2—Front center, 
3—Front right, 4—Right rear, S—Roar Canter, 
6—Left rear. 7—Backup optical system 

DE—Celestial body code 
OO—Planet, 01/45—Star from star code list 
46—Sun, 47-Earth. 50—Moon 

10. V06 N87 
Backup Optics LOS azimuth xxx.xx dog 
Backup Optics L08 elevation xxx.xx deg 

11. v01 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. V06N05 . 
Sighting angle difference - xxx.xx dog 

16. V06 N93 
Gyro torquungaes _ ‘ x ' xx.xxx deg 

__ Y.  XX.XXXdoo 
z xx.xxx dag 

17. V06 N88 
Component: of celestial body ‘la unit Vector .XXXXX 

18. V50 N18 
Desired mtormnm FDAI balm A ‘ R xxx.xxm 

,P xxx.xx deg 
' ”Y xxx.xx dig 

19. V06 N18 
Final FDAI ball angles . 8  xxx.xx deg 

P xxx.xx dog 
‘Y xxx.xx dag ' 

P57—LUNAR SURFACE ALIGN PROGRAM 

Purpose: 
1. While on the surface of the moon to align or realign the IMU to oneof than types 

of orientations: 
a; Landing Site Orientation Site (Option 4) 

XSM = Unit (RLS’ 
YSM = Unit (23M 'x XSMI 
28M = Unit ‘HCSM x XSM) 
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P57 (continued) 

when: , | i 
The origin is the center of the moon. 
8.3 = The position vector of the LM on the lunar «Man at the most 
rocontIy designated landing site and a time Thlion) selected by the crow. 
”CSM = The angular momentum vector of the CSM (“CSM x VCSML 

b. Preferred Orientation (Option 1) 
An IMU orientation specified by the ground and loaded into the LGC by the LGC Update prggram (P27). When such an orientation is loaded by thoamund the profound orientation flag will b. also set during P27. ‘ 

c. REFSMMAT (Option 3). 
Aaumptiom: 

1. 

10. 

There are several methods available to the crew for completing an IMU alignment. 
The rmltant 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 ACT Mark routine (853). 
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 approximam 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 jot 
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 (RLs) can be 
accomplished only in conjunction with IMU alignment mode Option 2 (usmg 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 lunat gravity 
vector . . 
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P57 (continued) 
Selected Displays: 

1. V06 N34 
GET(AL|GN) 

2. V04 N06 
Assumed IMU option 
LGC ammed IMU orientation 

3. V05 N06 
Option code ammod alignnfint 
technique 

4. V06 ~04 (angle M n  present and stored gravity vector) 
R1: Angle 

5. V01 N70 (before mark) 
R1: ABCDE 

AB—Blank 
C—AOT Detent 

O-COAS calibration (not allowd) 
1—Front left 
2—Front center 
3-Front right 
4-Right rear 
5—Center rear 
6-Left rear 
7—Backup optical m ‘ 

DE-Celeflial bady cod. 
(Xi—Planet 
01l45—Star list 
46—Sun 

- 47—Earth 
50—Moon 

6. V06 N79 
Cursor angle 
Spiral angle 
Position code 

7. V01 N71 
R1: ABCDE (see Item 5 above) 

8. V06 N87 «.05 definition) 
Azimuth 
Elevation 

9. v52 (Mark xi 

OOXXX. h 
OWXX. min 
OXX.XX s 

(0010 
(DOOX (1 -—preferred. 
2—nOminal (not valid). 
3-RE FSMMAT, 4—landing site) 

R 1: 00010 
R2: OOOOX (O—prestored attitude. 
1—prestored attitude + g, 
2—two celestial bodies, 
3—one celestial body + 9) 
R3: 00000 (C = I-REFSMMAT 
defined, C = O—REFSMMAT not 
defined, D = 1—stored LM 
attitude available, 
D = O—storod LM attitude not 
available 

XXX.XX dog 

xxx.xx don 
xxx.xx deg 
oooox ' 

XXX.XX an 
xxx.xx the 

J
}  
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P57 (continued) 

10. V06 N88 
Components of celestial body we unit W .XXXXX 

11. V50 N25 (celestial body acquisition) 
Checklist code W15 

12. v06 N05 
R1: Sidning mote difference _ xxx.xx dog 

13. V06 N93 
Gyro We m - r x xx.xxx deg 

Y XX.XXX den 
2 XX.XXX dog 

14. V50 N25 (fine alien) 
Checklist code (D014 

15. V06 N22 
W ICDU angles 06 xxx.xx deg 

IG xxx.xx dog 
MG xxx.xx dog 

16. V06 N89 
Landing site latitude. ' XX.XXX dq 
Landihg site longitude/2 xx.xxx dog 
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 progtam (P64L 

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). 

2. 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. 

3. 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. 



10. 

11. 

LM-69 

P63 (continued) 

. 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 (HR) during this 
program. _ 

. The Landing Analog Displays routine (R10) is enabled at DPS ignition and—is 
terminated upon termination of Average G. The Powared 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 reqtiired. 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 Ttland) and the position 
- RLS. Corrections to the landing site position RLS may be made by keying V21 
through V25 N69 and entering the apprOpriata correction. 

The DPS is not throttlable over the whole range (0 to maximum). I t  must be 
operated either at maximum throttle or over a specific throttle range of lower 
settings. These throttle settings are tatal 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 setting) 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 enable storage, 
having Men 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) uIlage 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. 
This discrete is issued to the LGC when the Thrust Control switch is in the Auto 
position. 

Should either of these discrete: 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. 



12. 
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P63 (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 
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 2 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 vatues 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 throtfle setting by keying V16 
N92. - 
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15. 

16. 

17. 

18. 

19. 
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P63 (continued) 

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 Abort Stage discretes, and upon receipt of either will terminate the 
program in process and call the appmpriate 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 progtam. 

I f  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-ax is override capability is permitted. 

I f  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, ncs, and APS is transferred from PGNCS to the Abort 
Guidance System (AGS) by ch‘angi'fig 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 
initiaiized 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 resoonsible if register overflows occur within the LGC. 

The PGNS generates two types of errors for display on the FDAI as selected by the 
astronaut. 
3. 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. 



21. 

23. 

24. 
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P63 (continued) 

. The went timor was out prior to selection of this Wan to county: taro-t T 
BRAK band on a time from ignition provided by the ground. 
The Load DAP Data routine (R03) has been performed prior to selection of this 
proy’am. 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 bums (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-aaumed thrust failure are defined by the 
DPS/APS Thrust Fail routine (R40). This routine is enabled at DPS ignition by this 
program. 
Thisprog’amisuhctodbythomronwtvSKY entry. Itshouidbeuloctodlt 
least 20 minutu bafon the nominal time of ignition for the mod landing 
maneuver (T BRAK). 
It is normally required that the ISS be on for a minimum of 15 minutes priorto a 
thrusting mancuwr. 

Engine ignition may be slipped beyond the established TIG if Mind by the crew or 
if mt. vector infarction cannot be completed in time. 

Two alarm conditions may be originated by the PGNCS powered landing equations: 

a. If subroutine ROOTSPRS in the FIG/VG calculation fails to converge in 8 peas 
the LGC will turn on the Prov-m Alarm lid“. store Alarm Code 1406. and 90 
immediately to the final Automatic Roquest routine (R00). This dorm can occur 
only in P63 or P64. 

b. I f  an overflow occur: anywhere in the landing equations the LGC will turn on 
the Program Alarm light. store Alarm Code 1410. stop all vehicle attitude rats. 
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 erro_r on the 
FDAI error needles (Attitude Monitor switch in PGNCS) by having keyed In'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 Mod! Con- 
trol switch in Attitude Hold); or automatically (PGNCS Mode Control swutch m 
Auto): or with the AGS manuauy (Guidance Control switch in A68 and the AGS 
Mode Control switch in Attitude Hold). 
NOTE: If the astronaut hits the ROD (Run of Descent) switch while the P.GNCS 
Mode Contml switch is in Attitude Hold, tho LGC will irrevocably transfer hum out 
of the automatic guidance promm nodes (P63 and P64) into the ROD 
program (P66). 

adhered Displays: 
1: V06 N61 

TG XX b XX minls' 
TF GET! (DPS Winn) xx b XX minis 

C W  XXXX.X nmi 

2. we N33 (menu-t initimd) _ 
Tim. of PDI ignition OOXXX. h 

oooxx. min 
OXX.XX : 

3. V50 N25 (fin. dim} - 
Chocist coda _ 00014 

4. V50 N18 
Daind comm FD'AI ball ands ‘ R XXX.XX deg 

F xxx.xx dog 
Y XXX.XX dog 



LM-_73 
P63 (continued) 

5. V06 N18 ' 
Final FDAI Mahala R XXXXX do. 

' ‘ ' P xxx.xx go. 
, . V ' Y xxx.xx“dq 

3. V06 N62 J 
Abooluto value of velocity XXXX.X ft]: 
Time from ignition xx  b XX min/s ' 
V (untamed) ' ’ XXXX.X ft]: 

7. V99 N62 (request engine on onabla} 
Same display as Item 15 above 

8. V08 N63 . 
Absolute valuo of vglocity '* ' xxxx.x his 
Altitude rate ‘ XXXX.X ft]: (+ ascent) 
Computed altitude xxxxx. ft 

9. V50 N25 (reposition LB antenna) 
Checklist code m 

10. V50 N25 (change guidance modd 
Checklist code ' 00203 

11. V06 N68 (astronaut initiated) ' 
Slt‘mt range to landing site XXXX-X "013 
Time to go in braking photo ' XX b XX mini! 
LR altitude — computed attitude XXXXX. ft 

12. V16 N68 (astronaut initiated) 
Display same as Item 11 above. 

13. V21 N69 (astronaut initiated) 
Landing site correction z xxxxx ft 

v xxxxx ft 
x xxxxx ft 

1.4. we N92 (astronaut initiated) 
Percent ful! thrust (10.500 b) OOXXX 96 
Attitude rate xxxxx. ft]: 
AWN“ xxxxx. ft 

P84—APPROACH PHASE PROGRAM 

Purpose: 
1. To control the PGNCS during the thrusting of the pound landing W a r  

between HI gate and Locate. 
2. To control the DPS thrust and attitude between HI gate and L0 gate. 
3. To provide the crew with the «Minty of redesignating the landing sit. up which 

the PGNCS is guiding the LM. 
4. To select P65 automatically when T6 is Ion than TENDAPPR (time to and of 

approach phase). 

Assumptions: 
1. The LM is on the pomrod landing descent between H! gate and LO gate. 

2. The CSM is in a near circular orbit around the moon at a nominal! altitude of 60 
nautical miles. The CSM is maintaining a preferrod tracking attitude for optical 
tracking of the LM. 

3. The IMU is on and accurately aligned to a landing site orientation defined for the 
designated landing site and the nominal time of landing 4mm»). 
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11. 
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P64 (continued) 

The Landing Radar (LR) is on, checked out, and shouid have been providing to tha 
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 procem. 
The LGC will neither designate nor read the Rendezvous Radar (RR) during this 
program. 
The entire powered landing maneuver (braking. approach, and landing) M" be 
accomplished using the DPS engine. 
The aim conditions (L0 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 thrustmg. No furthgr 
state vector updates from any source other than the LR will be accepted by thss 
program. 

. The DPS is not throttlable over the whole range from 0 to maximum. I t  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 thr0ughout the phase. Excessive target redesignations during this 
program, however, may re5ult in required throttle excursions outside the allowable 
range. I n  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 discrete: 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 tetrain 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 (Va degree in 
elevation, 2 degrees in azimuth) from the present LM/landing site LOS. The 
applicable attitude controller polarities are: 

-Pitch Rotation gives -LPD Elevation (new site beyond present site). 
+Pitch Rotation gives +LPD Elevation (new site short of present site). 
+Roll Rotation gives +LPD Azimuth (new site to right of present site). 
~Ro|l Rotation gives ~LPD Azimuth (new site to left of present site). 

99
9'!

” 
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14. 
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16. 
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18. 
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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 prog'am. 
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 prognm‘. 

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 
Alien program 1P7”). Both abort programs will guide the LM to an acceptable 
or it. 
Monitoring the Abort and Abort Stage buttons is controlled by the Abort Discretes 
Monitor routine (R11) which is already in process. 
I f  a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Auto, the PGNCS controls the total vehicIe 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. 
I f  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, RC8. and APS is transferred from the PGNCS to the Abort 
fiaigiance System (AGS) by placing the Guidance Control switch from PGNS to 

The A68 will be capable of taking over control of the LM during a")! Portion of the 
lunar descent 'or ascent or during either of the abort programs (P70 or P71). The 
A68 will guide the LM to a safe orbit. .- ' - 
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LM-76 

P64 (continued) 

The A68 may be initialized by the LGC at any time during this prog’am 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 responsibie if register overflows occur within the LGC. 

The PGNS generates two types of errors for display on the FDAI as selected by the 
astronaut: 
3. 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 (R03) 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 Phwe 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 
paws the LGC will turn on the Program Alarm light, store Alarm Code 1406. 
and 90 immediately to the Final Automatic Request routine (R00). This alarm 
can occur only in P63 or P64. 

b. I f  an overflow occurs anywhere in the Ianding equations the LGC will turn on 
the Program Alarm light, store Alarm Code 1410, step all vehicle attitude rates, 
and continue. This alarm can occur only in P63, P64, or P66. 

24. This program alIows 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: Landin’g Site Redesignation must be completed before P66 is selected 
because P64 cannot be mentored once it has been exited. 

25. The crew can select a display of the LGC computed throttle batting by keying V16 
N92. ‘ 

Sciectod Displays: 
1. V06 N64 . 

Time left for "designation: (TGHLPD XX b XX sides 
Altitude rate XXXX.X ftls 

Computed altitude , _ ' XXXXX.  ft 

2. V16 N92 (astronaut initiated} 
Percent full thrust (16,500 m. ’ _ ' ‘ ‘ ooxxx as 
Altitude rate r . . ’ xxxx.x ft/s .- 
Altitudo XXXXX ft. 



LM-77 . 

P66-LANDING PHASE (BOD) PROGRAM 

Purpose: 

1. To modify the rate of descent of the LM (with respect to the iunar surface) in 
response to astronaut originated input: via the LM Rate of Descent (ROD) switch to 
the LGC. 
To modify the inertiaI attitude of the LM in reSponse to astronaut originated inputs 
via the attitude controller only if the Mode Control switch is in Attitude Hold. 

To null the forward and lateral surface velocities of the LM when the Mode Control 
switch is in Auto and still respbnd to the Rate of Descent (ROD) Mitch inputs. 

To update the LM state vector with vehicle acceleration and Landing Radar (LR) 
data. 

Assumptions: 

1. 
2. 

3. 

10. 

11. 

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 (T1 land” 
The Landing Radar (LR)  is on, checked out, and providing to the LGC velocity and 
range information with named 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 progtam. 
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 L R  win he accepted by this 
program. 
The DPS is not throttlable over the whole range from 0 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 
manuaI 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 law! 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 inertia! attitude of the spacecraft. 
In the Attitude Hold mode, the LGC will hold an inertial attitude. Howevet. 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 veiocity 
altitude, and altitude rate during this program. The calculation of these parameters is 
under the contra! of the Landing Analog Displays routine (R10) which is already in 
prom. 
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, at P66). 
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P66 (continued) 

For abort: after DPS ignition for the powered Ianding maneuver, time is critical. 
During this period an short is commanded by pushing one of two buttons in the LM. 
The abort may he commanded to use the descent stage (Abort button) or the ascent 
stage (Abort Stage button). If  the descent stage is selected. and the DPS promllant 
approaches exhaustion, control must be switched to the ascent stage by the crew by 
ascent stage selection (Abon Stage button). 
During the powered landing maneuver, the LGC will continuously monitor the 
Abort and Abort Stage dictates, 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 (P71H. Both wort programs will guide the LM to an 
temptable orbit. 
Monitoring the Abort and Abort Stage buttons is controlled by the Abort o m  
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 promm. Tho 
attitude will always be availmle for astronaut display so that they are aware of the 
impending SIC motion when switching from Attitude Hold to Auto. 
Control of the LM DPS, RC8, and APS is transferred from the PGNCS to the Abort 
Ggiganco System (AGS) by placing the Guidance Control switch from PGNS to 
A . 

The A68 will be capable of taking over control of the LM during ény portion of the 
lunar descent or ascent or during eithor of tho abort programs (P70 or P71). The 
A65 will guide the LM to a ”f. orbit. 
The A65 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 bocauu DAP attitude control is inurmptod 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 remonsible if register overflows occur within the LGC. 
The Load DAP Data routine (R03) 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 trusted conditions for P64 are met (either automatically or astronaut 

flown 
b. When the Rate of Descent (ROD) switch is activated by the mount after P63 

throttle up in Attitude Hold. 

Once this progrunhasbeonseloctoditisnobnwpouibbmmmmfln 
completely automatic powered landing m m  (P63 or P64). 

17. The crew has the capability to select a display of the LGC muted throttle setting 
by keying V16 N92. 

Solocted Displays: 
1. V06 N60 

Forward velocity - XXXX.X ftls 
Altitude rate XXXX.X ft]: 
Computed altitude XXXXX ft 

2. V16 N92 (astronaut initiated) 
Percent full thrust (10,500 b) _ OOXXX‘K 
Altitude rate . XXXX.X ftls 

. Computed rat. XXXXX. ft 



y
 

. 

LM-‘IO 

PB—LANDING communion PROGRAM 
Puma: 

1 . 
2. 
3. 

Tot-minute I n d i u m “  DAPfunctiom. 
To initialize the USO for lunar surface operation. 

To pumitthommuttoprwcm RCSjot fiimsontmmm 

Assumptions: 
1. 

2. 

3. 

4. 

This program is alecmd by the astronaut by DSKY entry,“ is to boubctod only 
aha: the LM has landad on the lunar surface (Program P66). ' 
‘V37E%%§ selection of P68 will terminate Average 6 and command the engine off 
see R . . ‘ 

The selection of this program places the DA? in the Minimum Impulse rmdo. As 
long as the astronaut keeps the mode control in Attitude Hold, RCS jet firings wiIl 
not occur, even while the platform is being torqued (in P57). 

I This progtam will not shut off the DAP. However. the attitude errors are zeroed and 
the maximum deadband is set. No jet firings should remlt 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 tamed for alignment by P57, 
d. The IMU drifts. 
The DAP may be shut off by acting the Mode-ControI-PGNS amen to on. 

Selected Displays: 
1. V06 N43 

Latitude xxx.xx den t+ north) 
Longitude ‘ ‘ i xxx.xx deg (+ «so 
Altitude xxxx.x nmi 

2. V16 N56 (results from V86E) 
an LOS Azimuth ' xxx.xx dog 
RR Los Elevation ‘ - xxx.xx do. 

P70—DPS ABORT PROGRAM 
Purpose: = 

1. To control a PGNCS controlled DPS inert ivom the powered landing mount 
(P63, P64, or P66) when required. 

Asumptions: 
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 
RC8) 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 pham 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 his. 

During the vertical rise phase, the vehicle is maneuvered to align the LM +X axis 
with the local vertical (using the RC8), and the LM +Y axis normal to the 
anticipated pitch maneuvers plane. The program will then pitch the LM to the 
oorrectrgttimda for ascent and complete the abortascont to insert the LM on an 
aborto it. 
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11. 

LM.-80 

P70 (continued) 

The LM is on the powered landing descent soméwhere 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 aItitude of 60 
nautical miles. The CSM is maintaining a preferred tracking attitude f9r 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 m. 1. The 
r6104, LR Operation is undor the control of the Descent State Vector Update routine 
3 . 

The Rendezvous Radar mm m 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 R R  CDU's is inhibited by this prowam. 
329 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. 

I f  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. 
I f  a thrusting maneuver is performed wifh 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, ROS, and APS is transfetred from the PGNCS to the Abort 
ggignce System (AGS) by placing the Guidance Control switch from PGNS to 

The A68 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 
A68 will guide the LM to a safe orbit. 
The A68 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. 

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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15. 

LM-81 

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) .wilI always enable the capability of the 
aumpilot. 
This program may be called in two ways: 

a. Abort button—If the Abort button is used during the powered m :  it will be 
detected by the Abort Discretes Monitor routine (R11). R11 will then call this 
program. ' 

.b. V37E 7OE—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 Stme button or by V37E 71E. 

Selected DiSplays: 
1. V16 N77 (asttonaut initiated) 

Time to engine cutoff XX b XX min/s 
LM velocity normaI to CSM plane XXXX.X ftls 

V16 N85 (astronaut initiated) 
Components of velocity to be gained (body axis) XXXX.X ftls 

V50 N25 (change guidance control mode) 
Checklist code ' ' 00203 

V06 N63 w 
Absolute wine of velocity ' xxxx.x ft/s ~ 
Altitude rate XXXX.X ftls (+ ascent) 
Computed altitude xxxxx. ft ' 

V06 N76 (astronaut initiated) 
Downrange velocity ' XXXX.X ftls 
Radial velocity . XXXX.X ftls 
Crossrange . XXXX.X nmi 

V16 N44 (results from V826! 
. Apocenter altitude ‘ xxxx.x hmi “ 

Pericenter altitude XXXX.X nmi , 

TFF XX b X X  min/s 



LM-82 

P71—APS ABORT PROGRAM 

Purpbso: 
To control a PGNCS controflod APS wort from the powered landing "uncover 
(P63, P64, or P66) or a DPS Abort "’70) 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 R08) to the 
correct attitude to continue the abort ascent. and complete the abort ascent to 
insefl the LM into an abort orbit. 

b. I f  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 ROS) 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. 

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 
my command engine on (Assumption 1.3 or 1.b above). In such cases the command 
will go to the DPS. 

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. 

The IMU is on and accurately aligned to the landing site orientation. 

The Landing Radar (LR) is on and was checked out when in Positim. No. 1. The 
:.GCI,LR Operation is under the control of the Descent State Vector Update routine 
R12 . 

The Rendezvous Radar (HR) 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 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. 

I f  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. 
I f  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. 

.3
2.

 g
um

—
3;

...
 .a

—
flfi

m
n.

 a.
.. 

"u
. 

gu
t.

-m
 4

.1.1
15.

 
M

“
 .

n.
 

m
}

 
M

‘
m

g
  

‘ 
1

.1
.1

 
.

'.
..

.-
1

‘;
. 

A
h

“
 
..

I 
.

. 
”

J
 

4:
. 

“—
1 ’ 

' 
' 



 I.
 5

1
.?

!
 ( 

u
p

..
. 

- 
- .J

- 

'9. 

10. 

11. 

LM-83 

P71 (continued) 

Control of the LM DPS, RC8, and APS is transferred from the PGNCS to the Abort 
Ggigance System (AGS) by placing the Guidance Control switch from PGNS to 
A . 
The A68 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 
A68 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. 

The PGNS generates two types of errors for diSplay on the F DAI as selected by the 
astronaut. 
3. 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. 

The Load DAP Data routine (R03) was completed prior to DPS ignition for the 
powered landing maneuver and should not be selected during this prowam. 

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 cailed. 

Selected Displays: 
1. V16 N77 (astronaut initiated) 

Time to engine cutoff ‘ _ xx b xx min/s 
LM velocity normal to CSM plume ' XXXX.X ft]! 

2. V16 N85 (astronaut initiated) i 
Components of velocity to be gained (bady axis! _ ‘ XXXX.X ft]: 

3. V50 N25 (change guidance control mode) I ' 
Checklist cod. ‘ . ‘ 00203 

4. V06 N63 
Absolute value of velocity xxxx,x mg , 

Altitude rate XXXX.X it]: (+ ascent) 
Computed altitude XXXXX. ft 

5. V06 N76 (astronaut initiated) 
Downrange velocity XXXX.X ft/s 
RadiaI velocity X X X X X  ftls 

Crossrange ' ‘ - XXXX.X nmi 

6. V16 N44 (results from V82E) ' ' 
Apocenter altitude ‘ ‘ ‘ ; XXXX.X nmi 
Pericenter altitude XXXX.X hm! 

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 

maneuver: for CSM execution of the maneuvers under the control of the CMC: the 
Coelliptic Sequence Initiation (CSI) and the Constant Delta Altitude maneuver 
(CDH). 

' ‘ 2. To calculate these parameters bad 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 flidmt plan maneum for approval by the astronaut/ground. 

Ammptions: 
' 1. ‘At a seIected TPI time the line of :5t between the CSM and the LM is selected to 

be a prescribed angle (E) from the horizontal plane defined at the CSM position. 
2. The time between CSI ignition and CDH ignition must be computed to be greater 

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

than 10 minutes for successful completion of the program. 
4. CDH Delta V is selected to minimize the variation of the altitude difference between 

the orbits. 
5. CSI burn is defined such that the impulsive Delta V is in the CSM horizontal plane at 

CSI ignition. 
‘ 6. The poricentar altitude of the orbit following CS| and CDH must be greater than 

35,000 feet (lunar orbit) or 85 nmi (earth orbit) for successful completion of this 
program. 

7. The CSI and CDH maneuvers are ammed 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. 

8. The Rendezvous Radar may or may not be used to update the LM or CSM vectors 
for this program. I 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. 

9. 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. 

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

Selected Displays: 
1. V06 N11 

Time of ignition for CSI OOXXX. h 
OOOXX. min 

. OXX.XX s 
2. V06 N56 

Number of opsidal causing: oooox 
Elevation angle at TPI XXX.XX don 
Central angle of passive which XXX.XX dog 

3. V06 N37 
Time of TPI ignition OOXXX h 

‘ oooxx min 
ox_x.xx s 
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P72 (continuod) 

XXXX.X nmi ' 

XX b xx min/s 
XX b XX min/s 

xxxx.x'nls 

' XXXXJK ftls 

xxXxx. 
XX b xx min/s 
xxx.xx dog 

OOXXX. h 

OOOXX. min 
OXX.XX s 

XXX.XX nmi 
xxxx.x ftls ' 
xxx.xx dog 

P73—CSM CONSTANT DELTA ALTITUDE (CDH) 
TARGETING PROGRAM 

To calculate parameters minted with the concentric flight plan maneuvers with 
the exception of Coelliptic Sequence Initiation (OS!) 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 (TPI), 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 (TPl-CDH) 

5. V06 N81 _ 
Components of AV (LV) for CSI 

- 8._ V06 N82 
Components of AV (LV) for CDH 

7. V16 N45 
Marks 
Time from CSI ignition 
Middle gimbal angle 

8. V06 N16 (results from V905) 
Time of event 

9. V06 ~90 (rmti‘s fmm vans) 
Y . 

YDOT 

PS! 

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 mamuvm for approval by the astronaut/ground. - 



LM-86 

P73 (continued) 

Assumptions: 
1. This program is Md upon previous completion of the Coaliptic Sequence 

Initiation (CSI) Targeting program (P72). Therefore: 
a. At a selected TPI 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 create: 
than 10 minutes. 

c. The time between CDH ignition and TPI ignition was computed to be greats: 
than 10 minutes. 

d. The variation of the altitude difference between the orbits was minimized. 
"9'. CSI burn was defined such that the impulsive Delta V was in the CSM horizontal 

plane 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 paraIlel to the plane of the LM 

orbit. However, crew modification of Delta V(LV) components may have 
resulted in an out-of-plane CSI maneuver. 

Unless the inputs to this program are changed from those values inserted in P72, the 
caiculated 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. I 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. 

3. The ISS need not be on to complete this program unless automatic state vector , updating is required by the Rendezvous Navigation program (P29). If selected, P20 Will define the status of the IS. 
4, This program is selected by the astronautpy DSKY entry, 

Selected Displays: ‘ 
1. V06 N13 _ 

Time of ign‘i’tion for CDH ‘ ooxxx. h' 
(DOXX. 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]: 

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 «mum! 

5. V06 N16 (results from VQOE) 
Time of event . OOXXX. h 

OOOXX. min 
0XX.XX s 

6. V06 N90 (re'suuts mm was) 
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 (TPI) maneuver. Given: 
a. Tirg? ofnignition (T|G(TPI)) or the elevation angle (E) of the CSM/LM L08 at 

TI TP 
b. Central angle of transfer (CENTANG) from TIG(TP|) 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 miated 
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. 
d. 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. I f  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 requiremqnt for ISS Operation 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. 



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 finder 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. I f  the angle is within this zone. 
the astronaut should rem the input targeting parameters based upon Dom V and 
expected maneuver time. 

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

Sdoctod Displays: 
1. V06 N37 

Time of ignition for TPI 

2. V06 N55 

Integration comm 

Elevation mob 
Central mole of native which 

3. V06 N58 
Purine: altitude (pout 1'?" 
Av for 11>: 
Av for TPF 

4. V06 N81 
Cowomnt: of AV (LV) for TPI 

5. V06 N59 
Components of Av (L05) for TPI 

6. V16 N45 
Marks (RR) 
Time from TPI ignition 
Middle gimbal angle 

7. V06 N52 (monaut initiated) 
Central angle of active which 

8. V06 N16 (reams from VQE) 
Time of event 

9. V06 N90 (remit: from V90E) 
Y 
YDOT 
PSI 

OOXXX. h 
OOOXX. min 
OXX.XX s 

OOOOX (OOOOO—Kepler conic 
integration with no target offset) 
00001 —Precision integration with 
one target offset. 
DOOM—Precision integration with 
two target offsets.) 
xxx.xx dog 
xxx.xx dog 

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

XXXX.X “I: 

XXXX.X ft/s 

XXXXX. 
XX b XX min/s 
xxx.xx dog 

xxx.xx dog 

OOXXX. h 
OOOXX. min 
OXX.XX s 

xxx.xx nmi 

XXXX.X ft/s 
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 carnation of the transfer phase of an 
active CSM rendezvous. 

Assumptions: 

1. There is no requirement for ISS operating during this pmg'am, unless automatic 
state vector updating is desired by the Rendezvous Navigation program (P20). If 
selected, P20 will define the status of the ISS. 

2. 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. 

3. The time of intercept (THNTH was defined by previous completion of the Transfer 
Phase Initiation (TPI) Targeting program (P74) and is presently available in LGC 
storage. ' 

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. The program is selected by the astronaut by DSKY entry prior to any anticipated 
CMC rendezvous midoourse correction requiring LM paramter computation. 

Selected Displays: 
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1. V06 N81 
Components of Av (LV) for TPM xxxx.x ft]: 

2. V06 N59 ’ 
Components of Av mom for TPM xxxx.x his 

3. V16 N45 
Marks (R R) XXXXX. 
Time of TPM ignition XX b XX min/s 
Middle gimbal angle XXX.XX dog 

4. V06 N52 (astronuat initiated) 
Central angle of active vehicle XXX.XX deg 

5. V06 N16 (results from VQOE) 
‘ Time of event OOXXX. h 

OOOXX. min 
OXX.XX s 

6. V06 N90 (results from VQOE) 
Y XXX.XX nmi 
YDOT XXXX.X ft/s 

PSI XXX.XX deg 
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Ins—TARGET DELTA v PROGRAM 
Purposes: 

1. To provide 8 mm of notifying the LGC that' the csm has charged in orbital 
parameters by the execution of a thrusting m m .  

2. To provide to the LGC the Delta V applied to the CSM to M e  an updating of the 
CSM state vector. 

Assumptions: 
1. The LM crew has the Delta V to be applied to the CSM in localvertical axesotthe 

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 prorams to 
display the results of the maneuver in a form unble 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 named by voice communication between the LM and CSM. 

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

Soloctod Displays: 
1. V06 N33 . .. 

Time of imition of othor which WXXX. h 
OOXX. min 
OXX.XX s 

2. V06 N84 
Components of AV (other vehicle) xxxx.x his 
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LB-1 

LAUNCH AND BURN SCHEDULE 

STABLE MEMBER ORIENTATIONS 
TRANSLUNAR INJECTION : 

MIDCOURSE CORRECTIONS 7 
LUNAR ORBIT INSERTION 

DESCENT ORBIT INSERTION 
|.M DESCENT AND lANDING - 

|.M ASCENT AND RENDEZVOUS 
TRANSEARTH INJECTION 

MIDCOURSE CORREC'HONS 
ENTRY 



mums mucoupmsmrm 

CH 

GYRO DRIFTS PIPA 

W O N  NBD ADIA ADSRA BIAS SCALE 3 FACTOR 
(marl!) (mom/z) (mam/z) (cm/e) (ppm) 

X 

Y f 

2 

1M 

GYRO DRIFTS PIPA 
SCALE 

POSITION NBD ADIA ADSRA BIAS 

(men) (mam/z) (mam/g) (cm/s”) FACTOR (ppm) 

X 

Y 



SPACECRAFT 
(CM or LM) 

LE3 

IMU C(MPENSATION UPDATES 

POSITION GYRO 
NBD (mam) 

PIPA 
BIAS ( cm/a’) 

TIME OF UPDATE 
GET 

h min a 



E VENT 

ORBIT INSERTION 

TLI 

CSM/LM EJECTION 

S-IVB EVASIVE MANEUVER 

B-IVB LOX DUMP 

s-IVB IMPACT MANEUVER 
mace1 
M002 
MCC3 

MCC4 
S—IVB LUNAR IMPACT 
L01 
1301 
UNDOCKI‘NG a CSM/LM sap 
csm CIRCULARIZATION 
CSM PLANE CHANGE NO. 1 
LM JETTISON 
CSM SEPARATION 
csm PLANE CHANGE N0. 2 
TEI 
mac5 
MCC6 
moo,f 
ENTRY 

*AWVE LUNAR LANDING SITE (LUNAR ORBIT) 

TYPICAL 
G. E. T. 
(lamina) 

00:11:39. 6 

02:35:23. 5 

04:00:41 

04:12:30 

04:34:00 

09:19:00 
11:40:49 

TBD 

55:24:53 

72:24:63 

77:41:00 

77:24:52. 9 

81:45:20. 5 

99:16:21 

100:35:05. 2 

113:42:02. 7 

143:“:00 
143:09: 14. 7 
154:13:10. 8 
167:28:58. 3 

182: 28. 58. 3 

218:49: 37. 6 

237:49:37. B 
240:49:37. 6 

APO 

PROPU LSION 
SYSTEM 

S-IVB 

SM—RCS 

S-IVB APB 

S-IVB LOX 

s-wn APB 
BPS/RC8 
spa 
spa/Ros 
BPS/ROB 

SP8 

SP8 

SIC-808 

BPS 

SP8 

su—ncs 
spa 
sps 
BPS/R08 
SPS/RCS 
SPS/RCS 

18 MPO JR-  

. BURN 
DURA TION 

(a) 

325.4 
3 

so 

NOM ZERO 

TBD 

NOM ZERO 

NON ZERO 

356. 6 

23. 1 

6. 7 

3. 9 

10. 0 

6. 1 
43 

135. 0 

NUM ZERO 

NOM ZERO 

NOM ZERO 

ULLAGE 
DURATION 

(8) 

0
0

0
6

 

19 

15 

15 

11' 

TOTAL 
A V  

(ft/a) 

10, 437 ' 
1. 2 

9. 35 

NOM ZERO 
TBD 

NOM ZERO 

N0]! ZERO 

2,815. 3 

212. 9 
1. 0 

70.3 

183. 6 

1. 0 
834. 6 
3, 147. 7 

ROM ZERO 

NON ZERO 

NOM ZERO 

REBULTANT 
lap/In" 
(um!) 

loo/loo 

LUNA}! IMPACT 
IMPACT (30- w, 3° 5) 

58. 8/170. 2 

9. 0/59. 2 
3. 2/59. 5 
54. 3/63. a 
55. 7/81. a 

53. 0/59. s 

55. 5/61. 3 

GUIDANCE 
MODE 

mam: 
EXT AV 
B-IVB/IU 
smm/m 

s—IVB/IU 
EXT AV 
EXT AV 
EXT AV 
EXT AV 

EXT AV 

EXTAV 

EXTaV 

EXT AV 

EXT AV 

EXTAV 

EXTAV 

EXTAV 

REFBHHAT 

LAUNCH PAD 

LAUNCH PAD 

LAUNCH PAD 

PTC 

PTC 

PTC 

PTC 

LANDING BITE 

LANDING SITE 

LANDING SITE 

LANDING SITE 

PREFERRED 

LIFTOF I" 

PRE FERR ED 

PR EFERR ED 

PRE FERR ED 

PTO 

ENTRY 

ENTR Y 
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1 

EVENT 

pm 
TOUCHDOWN 
ASCENT 
1881mm): 
ca 
LM puma CHANGE 
cm! 
rm 
u'cc1 
mucc2 
131- 31111m mwvm 
2ND BRAKING mama 
an» BRAKING wwm 
4TH BRAKING mmwm 
LM 131-20a 
LM IMPACT 

TYPICAL 
G. E. T. 
amt-us) 
1.0390185. 3 

103:42:01. 5 

137:”: 15. s 
mama. 1 
138: 06:00. 9 

138:35:07. 5 
139:04: 14. 1 

139:45: 13. 8 

140:00:13.8 

140:15c13. 8 
“0:26: 29. 2 

“0:27:42. 7 

140:”: 21. 1 

140: 30:40. 7 

144:32:20.2 

145:00; 18. 2 

' ' ltnnovz LUNAR 14a am (LUNAR 033m 

FROPULSION 
SYSTEM 

DPS ‘ 

APS 

RC8 

RC8 

ROB ' 

ncs 
ROS 
Res 
308 
no: 
nos 
ncs 
ncs 

BURN 
DURA 'l'ION 
( s) 

427. 3 

“ . 4  

' NOM ZERO 

non zsno 
22. 1 
ion zzno 

NON ZERO' 

10.8 ‘ 
8.8 

4.3 

4.1 

75.2 

0
0

9
9

0
0

0
0

0
0

1
 

.3
 

0|
 

I 

6,044.4 

49. 6 
NOM ZERO 

NOM ZERO 

24.8 

ROM ZERO 

ROM ZERO 

11.4 

9.9 

4.8 

4. 7 

185.5 

RESULTANT 
ho/hl‘ 
(uni) 

8. 7/48.- 9 

43. 5/45. 6 
43. 5/45. a 
43. 5/45. 0 
43. 8/60. a 
43. 8/60. s 
43. slams 
49. 6/59. 1 
53. 6/58. a 
56. 1/88. 7 
saw/59.4 

--33. 1/59. s 

GUIDANCE 
MODE 

FOR CS 

macs 

EXT AV 

EXT AV 

EXT A V 

LAMBERT 

LAMBERT 

LAMBERT - 

MANUAL 

MANUAL 

MANUAL 

MANUAL 

PGNCS 

REFS‘MMAT 

LANDING SITE 

mmrr 

LIFTOFF 
LIFTOFF 
mmrr 
m'mrr 
LIFTOFF 
mmfr 
anon 
anon 
mmrr 
unort- 
unort- 



STABLE MEIER}! WEMA’HON 

can mu :8 LEFT on FOR ENTIRE FLLIGHT. 
LM mo 18 TURNED orr FOR 31 nouns or 34410113 LUNAH'S'I‘K‘Y. ' ‘ .._. 

o ORIENTATIQJ or PLATFORM. ' 
1. LAUNCH ORIENTATION THROUGH TLI. 
2. Pro THROUGH M004 
3. LANDING SITE REFSMMAT THROUGH Lu TOUCHDOWN. 
4. PREFERRED Tl-[RUSTING ORIENTATION (can ONLY) FOR puma CHANGE MARE-WEB 1. 
5. LIFTOFF ORIENTATION (BOTH VEHICLES) FROM LM ASCENT THROUGH Lu JETTBON AND SEPARATION. 
s. PREFERRED THRUSTING ORIENTATION ran PLANE CHANGE MANEUVER 2 AND TEL 
7. no ORIENTATION THROUGH noes. 
a. ENTRY REFSMMAT, mom 11cc, THROUGH ENTRY. 

o REFSMMAT MATRICES 
1. LAUNCH g xsm = DOWNRANGE a. mum srrn g m :  =Um'r (g LANDING) 

u m = y z s u x u x s u  u m u z y z s u x y x s u  
HZSM=UNIT(-_1; LAUNCH) QZSM=UNITH§CSMxyCMXHXSH1 

2. PTC nxsu = m ECLIPTIC PLANE AND 4. Damn-mam) gxsu = UNIT ( v COMPENSATED) 
PERPENDICULAR T0 EARTH- (THRUSTING) U YSM = UNIT ( SM 1: 1 T10) 
MOON LINE PROJECTION m - - {1 2814 = yxsu x y m 

fig‘épgfgmgfigfivm‘c: ‘ 5. LIFTOFF g xsm = UNITr (_ HFTOFF) 
INJECTION FOR MONTHLY “Y8” = 9 ZS“ " 9 xsu 

- - *  . v z s m = u m m t q c s u x 1 c m x n m l  
LAUNCH WINDOW AND aznwrn - 
RANGE 15. ENTRY . y xsu = U Yam 1: U zsu 

yvsu=uzsnxuxsm ‘ QYSM=UNITQENTRYXIENTRD 
3; 281! = PERPENDICULAR T0 ECLIPTIC n 23» = UNIT(-r ENTRY) 

PLANE AND DIRECTED SOUTH 

# J M J N .  " ' l l ’  " - a n  .4 - ‘  1 ' I  ‘ : HI .L-n-‘Li . 1 ,  d ~13 J . M  bin-u... -mh'x. .J'L‘" " - 'hL'«‘  I ” .  7 1‘}? ‘n'- 
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BOOST MONITOR ERROR ANALYSIS 

The equation for the time history of thrust applied to achieve earth orbital Insertion 
is 

KT (t) = v - E  

where 

KT“) = measured acceleration 

Xv“) 
C 

vehicle acceleration 

gravitational acceleration 

Define an earth-centered inertial coordinate system such that the X , Y, Z axes are 
goincident with the IMU X .  Y ,  Z stable member axes, respectively. The radius vector. 
R ,  is 

fi = § + § + §  
_ _ _ - 1 /  |R|=R=(XZ+Y2+22) ’ 

Thus. vehicle acceleration and gravitational acceleration are 

XV -_- §+§+ E 

E=~ "ii "2J
1= 

Propagation of errors to the thrust profile due to initial misalignments and inertial, 
instrument anomalies may be evaluated from the perturbation equation 

a6 - ATE-81R- AR 

3 '1': — A ' G = -  —— AR " a n  (—sR) 

A G = - u ' § $ - u  *3?! (R ) ° A R  

— Afi fi an — MPH?” 3 m g  'A 



Since all/8i = ER. 

AR Ta - - ~u§t+3u§z (UR' AR) D
 

Q
 

n 

_ AR _. _ _ - u  Egg-+31%- (R’AR)R D
 

r.
) u 

‘ The perturbation equations for measured acceleration} and vehicle acceleration are 

AKT = AXV — AE 

AKV = A}? A-Y 4’ A -  

Comblne the last three equations and form the three component equations. ‘ 

AAX=A§+-§5AX-%“g(§-A§)x 

AAY =A§+§g Air-i”; ('1': - AE) Y 

AAz =Ai+fig AZ fig”; ('fi- A13) 2 

The expression (i - A-fi) can be written as 

( E -  A‘I‘i) = XAX+YAY+ ZAZ 

The platform misalignments are represea by a. B, and 9.  which are the small angle 
misalignments about the X ,  Y.  and Z axes, respectively. The acceleration error due 
to this misalignment is 

6X O A Y ‘ B A Z  

EY = -0AX+ ozAz 

£ 2  = flA z -  aAY 

where 

AX = X-axis sensed acceleration 

AY = Y-axis sensed acceleration 

A2 = Z—axia sensed acceleration 
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The gyro drift rate causes the platform to become misaligned with time. 
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The complete set of error equations are obtained by adding in the misalignment error 
and gyro drift rate error. These three equations are 

AAX = Kin-If; AX $5 (x’Ax+XYAY+x2A2) + GAY -BAz 

AAY = Aih-fi‘; AY «3%- (XYAX+Y’AY+YZAZ) - 0Ax+aAz 

AAZ = A§+§§ AZ fig (XZAX-PYZAY-I-Z’AZ) - aAy'l’BAx 

The following graphs illustrate how these errors propagate with time during boost. 
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IMU REALIGNMENT - P52 
Z z 

* Starz 
#S ta r l  

_! Y Y 

-x . " x - ‘ 
_ x1 x2 

1' 931 = Y1 _ 952 "' Y2 
z . z  

1 EC] . 2 ECI 
U31 and 952 are known unit vectors in EC] space of the stars and are stored 
in the AGC. 

' l XZM‘ 
951M "' YlM ‘ QszM- = Y2M 

z - 2 1M SM _ 2M SM 
USIM and 952M are the measured unit vectors (optics mark) in stable member (SM) 
space of the stars. 

231 - _USIM 

[ SA] = (951 x L182)x 951 [E01] [53] = - (981M x ”5254) x 9.81M [SM] 
931 X 932 Usm x Usm. 

[SA] =[A1 [Ear] [s3] = [a] [w] 
[SA] = [331 

Mm] = [BHSM] 
[s = [81-1 [AIM] 
[REFSMMAT]= [BJ’l [A] 
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P47—THRUST MONITOR 

v37 Em. 47 Em 
V16 N83 Fla-hm Av xvz Body Axes 
N62 Enur - 
v19 N62 Fluhlng, Inorfld Vdocity. Altitudl Rm. Annua- 

X ‘ ‘ TB Bp’ (minim!) X 

x x x ’ n x x x 
medicated S M  
IMU in“ All!“ 

x x x P It TU Ignition x x x 
X X X Y ‘ ’ X X X 

x x x ‘ BT Duntion of TLI (mm) 7 x x x 1, 
. > 
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+_ VI? (Na) + 

x x x . R 55" Predicted SIC mm x x x 
Gimbal Anglos It ‘ 

X X X P SEP Completion of SIVB X X X 
' Momma to CSMISIVoB 

Separation Attitude X ’X X Y SEP “09"”) + X X X 

X X X R X X X 
Prodictod SIC IMU 

x x x ' p Gm_Amu x x x 
Extracmn , 

X X X Y X X X 

0 X ‘ 1 N83 0 

‘ Y AV his ‘ 

0 Z . 1 

V his » ' I N62 
0 4» 

0 HDOT his H 

H mm 

“ W  Tim. af'Booinning of S-IVB Rut-rt P m  for TLI (T06 - TLI Ignition - 9 manta) 
"Numb-l TLI AV SI! into EMS AV Contra! 

*uomind 1mm Velocity own on osxv at TLI Cutoff 
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931 - RETURN TO EARTH ' 

v37 Enter. 37 Ento‘i 
V06 N33 Flashing 

Time of Ignition (h, min. 0.01 s) 
V06 N60 Flashing 

Blank AV Desired, GAMMA El Desired (his, 0. 01 dq) 

V06 N61 Flashing 

Impact Latitude and Longitude (0. 01 dog 0. 01 deg) 
VIE N39 Flashing 

AT of Transfer (h, min, 0.01 3) 
VM N60 Flashing 

Blank V Predicted GAMMA El  (his, 0. 01 dog) 

V06 N81 Flashing ‘ - 

Avx (LV), Avv (LV). s (LV) at TIG (o. 1 his! 
V04 N06 Flashing 

R1: 0 0 O 0 7 ‘ 

HZ: 0 O 0 O X (1— SP8, 2—808) 
V06 N33 Flashing ' 

Time of Ignition (h, min, 0.01 s) 
V16 N45 Flashing 

Marks, TFI, Middle Gimbal And. (mrks, min/s. 0.01 dog) 

1: Rim. of Ignition (h, min) "33 ‘ 

AV Required (his) I ~60 ‘ 

Longitude of Splash Point (dog) 

3 Time of eryi Interface (h, min) 

1: ’ Time of Ignition (h, mm ”33 ‘ 
‘5 

, 

\ - N60 AV Roquured (ft/s) 

Longitude of Splash Point (deg) 

‘ Time of Entry Interface (h, min) 

0 

0 
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I'll-TH BUST MONITOR 

v31 Em, 47 Em 
we N83 Fm Av xvz Body Auto 
N82 Em 
V16 no: nun Imid Vdocfly. mm m. mm 

x. H ‘ TB 69' (lumimfl x p 

x x x n x x x 
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x x x P «Tu Ignition x x x 
x x x v mm“) x x x 
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x x x "55" Predicted SIC IMU x x x 
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X X X P SEP Completion oi S~IVB x X X 
Man-war to CSM/SlV-B 
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Prodictod SIC mu 

x x x P Gmfima x x x 
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’ HDOT his “ 
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P52—IMU HEALIGN (CM) 

V37 Emu, 52 Emu 
V04 N06 Flashing 

Rt :  0 0 0 O 1 
R2: 0 0 0 0 X IMU Align Option 

1 - Profon'od, 2 — Nominal. 
3 — REFSMMAT, 4 -— Landing Site 

V51 Fiflhing — PI... Math _
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937 ~—- RETURN .TO EARTH 

V37 Enter, 37 Enter 
V06 N33 Hashing 

Time of Ignition (h, min, 0.01 s) 
V06 N60 Flashing 

Blank, AV Desired, GAMMA El Desired (ft/3; 0.01 don) 
V06 N61 Flashing 

Impact Latitude and Longitude (0. 01 dog, 0. 01 dog! 
V06 N39 Flashing 

AT of Transfer (h._min, 0.01 s) 
we N60 Flashing 

Blank V Predicted GAMMA El (ft/s, 0.01 dog) 
V06 N81 Flashing 

Avx (LV) Aw (LV) s (LV) a‘t TIG (0.1 ftls) 
V04 N06 Flashing 

R1: 0 0 0 0 7 
R2: 0 O 0 0 X (1— SP8, 2—RCS) 

V06 N33 Flashing 
Time of Ignition (h, min, 0.01 s) 

V16 N45 Flashing . 
Marks, TFI, Middle Gimbal Angle (marks, minis, 0.01 deg) 

V'—
 

‘ . 
‘t' , Time of Ignition (h. min) N33 

Av Required (his) I ”60 
._ _ Longitude of Splash Point Idea) 

3 Time of Entry Interface “1. min) i A ‘: 

1: ' Tirrie of Ignition (h. tfiin) N33 ‘ a A
 

Av Required (ft/s) M 
' Longitude of Splash Point (deg) 

‘ * Time of Entry Interface (h, min) 
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m—caswmn H i m  NAVIGATION 

WEMJSEMI 
V“ N70 Flinn. 

H1: 0 0 0  X x Com Body God. 
82: o o x o o  0-Horiaon1—EmhLMk2—Moonm 
83: 0 0 6 0 0  C-0.D-0Londmnrk 01‘ Etorinn C-ZMoonHoriaon msmmmmommcubmion W W W  D-"IW 

V51 Fulim Jinn M 
OPTICS CALIIMflON 

+ o 0 Hum + 0 o 

+ o o 0 mm GET . + ' o o o 
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x o 0 0 an! ID N70 x 0 0 o 

+ Tum Anglo Btu NO? + 
< 82 p 

N87 + n Tum Anni. Bins R2 + U 

+ A Tm» Anoh sin :37 + 

MIDCOURSE NAVIGATION 

+ o How: + 0 

+ o o 0 Him GET + 0 0 0 

.+~ 0 Second: + o 
4 b 

X X R X X 
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x x ' P “"h" x x 
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x x _ v ‘m’ x x 
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+ Po: Err m) I v a  + 
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NOTES: 



APOLLO I LOVILL 
APOLLO 10 10mm 
APOLLO l l  COLLIN 
APOLLO 12 m 

P23 - ASTRONAUT LOCATOR CALIBRATION 
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m—‘cmumn moccunse NAVIGATION 
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PSZ—IMU REALIGN (CM) 

v37 Entor. 52 Entar 
v04 N06 Flashing ' 

R1: 0 o o 01 
R2: 0 o o o x mu Align Option 

1 — Profcrrod. 2 — Nonfiml. 
' 3 — REFSMMAT, 4 — Landing Sit. 

V51 Fldflno — Plane Mark 

0 0 P52 Option X 

o Minna. GET + 

x o o o “m” N11 x 
Colutial a I E I 2 N71 X 

Star Anglo N06 

x o  0 0  W“ m 1 x  
N71 X 

NOTES: 
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P37 — RETURN TO EARTH 

v37 Entcr. 37 Enter 
V08 N33 Hashing 

Time of Ignition (h. min. 0.01 s) 
V06 N60 Flashing 

Blank, Av Desired, GAMMA El Duirod (ft/s. 0.01 dog) 
V06 N61 Flashing 

Impact Latitude and Longitude (0.01 don, 0.01 dun) 
v06 ~39 Flashing ‘ 

AT of Transfer (h, min, 0.01 8’ 
V06 N60 Flashing 

Blank, v Pndictod GAMMA El (MS. 0.01 dog) 
V06 N81 Flashing 

Avx (LV), Avv (LV), s (LV) at TOG (0.1 hm 
v04 N06 Flashing 

n1: 0 o o o 7 
R2: 0 0 0 0  x11- SP8. 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 dog) 

0 0 Wm of Ignition m, min) "33 
Av Required (ft/s) LL60 

Longitude of Splash Point (dog) 

4: Time of Entry Interface (h. min) 

1: Time of ignition (h, min) 
\ 

Av Required (ft/s) L921. 
Longitude of Splash Point (dog) 

1 Time of Entry Interface (h, min) 

N33‘ 

0 

0 
0 
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PSZ-IMU REALIGN (CM, 

V37EMU,52EMI' 
VO‘NMFIIMRO 

HI: 0000‘ !  
R2: OOOOX IMUAI'UIOption 

1 " '  " M “ ,  2 ‘- “ a n “ :  

3 — REFSMMAT, 4 - Landing sm 
v51 Hashing — Hau- Mal: 

‘ X  0 0 0' 0 .  9520mm X 

Cobain! X 0 0 0 BodyCodo‘l N71 X 

Colutial 

Star Am 
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‘ Gym _ 

( w  

X Calcuhud 
Gyro 

. (m) 

x o o o W“ N71 

N71 X 

Golan-ted 
Gyro 

(m) 

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 pericynthlon of the hyperbolic orbit ( Figure A).  

The velocity change, AV,  required is 

AV = V}; - VE files at pericynthlon 

where _ 

VI! in the hyperbolic velocity at peflc'ynthion 

2 1/: V 1 1/2 
_E_ 52—9. V l + 8 H r? —) ( 2v ) “I 

and V1: is the desired elliptical velocity at pericynthion 

1/2 x /: 

“fir—'7) (33%;): W“ 
The complete equation for AV In 

1/: - I: 1/:__ _ ~ 1/: - 
Av... 2") [(1+ ELvn.) .. ( L )  ] fl/g 

rp 2 u rA + 1'? 

where 

rA - radius of apocynflnon' 

1-1, =- radiua of pericynthlon 

In order to obtain the sensitivity of changes in apocynthion and pericynthlon to errors 
in AV burned. the following form of the til-gating equation is used 

1/2 1/: 
2 r ‘V ”3‘53 W )  ‘V' 



Elliptlcfl Orbit 

Finn-0A. Colesflaluochanicnota'rnnmrrrom 
afiypcrbolatoanmlpla 



L "  

For VH constant, the taunting equation for execution of an orbital innate:- hu the 
fiollawlng functional form. 

AV'- 1 (rA. rp) ft]: 

Errors in ”A and rp which are caused by anomalie- in the AV achieved an evilmtad 
from the perturbed targeting equation. 

A v  4’ 5 "' fh‘A + ATA. I'P 'l' Arp) “/8 

Expanding the function on the right into a Taylor arias and ignoring all higher order 
terms results in a linearized error relation. ' 

A V + 6  - {(11, 1-1,) + (ArA 818‘“ + Arp 383) f (rA. rp) ft/l 

“landmato 

5 .. .53.: “(11.11,” ArA + 3—2; [ta-A. rpn 4:13. It]: 

where 
a . 1/2 

_ _  _ FTP 

( 2+ 2 ) + I 1/: 
”A r rp ' y r  1- urp 

L i n n - r p m  - (  _ A ) (  A P  ) fill/mi 
arP (rA’+rA rP)2 ZrA 

The tom linenrizod error equation relating errors in A V  turned to errors! in apocyntlnqn 
and pericynthion is 

1/: 
“1'1: 6 - A (AV) - - ) ArA 

ZrA (rA +rP)' 
1/: 

( rA’ + 2m 1‘13) FI‘A I? e z  
+( X ) Alp w .  

(l‘A2 + rA 1-1,): 2rA 

A graph illustrating these rohflonahlps is shown on the next pap (Figure B). 
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LM W1) ALIGNMENT 

Docking Tunnel Index Angle: 

R . deg. (Recorded during 131-. IV'I' to LM 
0 Verified during succeeding IVT's) 

Docked Coarse Align: 

1. CSM should be in Min. madband, Attitude Hold. 

2.  CM? executes V06N20E and reports ICDU angles. 

3.  CIR calculates coarse align angles: 

Outer Gimbai Inner Gimbal mine Gimbal 
3oo.oo' . 180.00' 360.00‘ 

+ . R 
c 

- O + O - 0 

x0!!! Yell _ zcm 

‘ Km ' Ylm ‘ Zn 
h. cm executes V’tllQOE and loads X, Y, 2 cm angles. 

5 .  cm executes tNEO -- IMU goes inertial. 

ME: The accuracy of this procedure is limited by 
(a)  the coarse align accuracy of the 133 
(b) vehicle attitude changes between steps 2 and 5 .  

Ibcked Fine Align: 

6.  cup and cm enter simltaneous vo6x20 1n CM'and 124. me 1cm 
angles are recorded and reported to MCC. 

GET 8 : : (for gyro drift calculation) 

Outer Gimbai LIB» Ginbal Middle Gimbal 

m :  0 O 0 

LM: ° - . 

7.  M00 calculates gyro torquing angles and reports them to 114. 

L14 GTA's a . X, . Y, . z 

8 .  CIR disables Jet. firings and performs fine align (W23), loading 
the gyro torquing angles voiced up from MCC. ' 
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- nun Rate (mu): (x)  (Y) 

“GIMME?! 

whomaOIhthod) 

m m m u m c h e c k i l p e r f d m d b y l c m g a u t o f s m u n - m w m m l c w m l .  

m m :  on : : A T -  . 
, ( m e o )  

we cucuum gyro tau-Quin; males: [3 x, C] . 1', :1 . a 
If en's exceed .23o'x, .520’!, 1.90%, m V111 m u  3nd mm m 
mo emanation values. 

'33 than 11.1“ are hand on the removing retinal-um: 

1. Minu- platform Italian-tat at PDI - .19' about at" to «am that cream error at t o m  
( 1 kilometer. 

2.  had-n platform malignant at PM - .5‘ about I“  to sum-o a are descent. abort capability. 

3. was 1- 30/60 1: drift rate > 100 mu shout any axis. 7 

Although the restrictive requironntu concern the state of platform :1 at at P01, huh drift rats an 
up“ a. perfect platter: malignant (P52) porter-0d 80 minutes before . ' 

'nu equivalent drift ratc- :11mb10 m: 

.1345 deg/hr (x) .376 dog/hr (r) 1.5 dq/hr (z) ' 

m UTA limits utilize that drift um, nun 75 We: between loun 20 entries, and allow .05' for 
total mum-mm error. 

Mocha (952 mm) 

the gyro tor-gum angles obtain“ during the Ill) mug-ant progn- (P52) can be and to “leak“ the 
rate of platform drift use: the hat tuna-Int. 

Rev. 12 :52 our - : : 

The of muon- tum . : : 

A '1‘ (difference) - : - . hours 

cm mun; Anelu D . '0!) Cl . ‘ '(r) L] . '(z) 
.1. (.015)"r(s) s--1 s a - I  s - + 1 '  ' 

- Inn: Rate (mm): (x) (Y) (z )  

mm: Al presently planned, the Rev. 12 GTA's V111 be torqued out to serve as I. buonnc for the Rev 13 P52. 
no time-of-previous-alm used in the Rev 12 drift calculation will nominally be the GET of the low: 20 
durum Ducted Fine Align. waver, allowance must be made for any changes in the cow-11:10:: man 
during this period. In spite of the (HM limits defined for Declined Gyro mtt (than), Minion Rule: wide 
for uplinking new commtion mun whcmvcr the drift rate execs“ .5 non: on any axis. 

3". 3.3 P52 GET II : : 

Tim at Previous Align - : : 

A '1‘ (difference) - z - . hem 
(2.0) 

M 1- ‘ x  ' ‘ z  Gei-iuquincm . E T ( ) [ :  (”BTW—H 

G T A i - ( . 0 1 5 ) A r ( s )  s - - 1 s - - 1  s - + 1  

(z )  

m :  The Rev 13 GTA's will be torqued if they do not exceed the 113111;: shown. _ 'meae limits are hand 
on the equivalent drift rates allowed during the flocked Gyro mitt mum“ (above). They 
name 2.0 hours between the tvo 152's, and allow .08' for Ad! measurement errors. If the 11-1:- 
u-e exceeded PDI will be delayed 1 Rev. 
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LM Orbit 



LB~74 

NO PD! +12 ABORT BAD 

+ 0 0 Hours N3 + O 0 

+. o o o Minum' GETI + o o o 

+ 0 . ’ Sooond: + 0 ' 
0 t 

Jr AVX N81 0 

n Y (ft/s) 0 
Av 

0 z 0 

+ H N42 + 
0 A m  0 

(mi) 
‘ “Potion U 

+ AVR (ft/3’ " + 
0 I I  

X X X " 8T (mims) X X X ‘ 
. 0 . ‘ 

- '  X 
X X X R FD'AI Inertial X X 

A Is: (I x x x P no ‘ "9"", x x x 

P AVX N86 0 

A68 AV . 
0 Y T'W'm 0 

AV . (his) 
I )  z 0 

+ 0 0 Hour! N11 + O O 
TIG 

+ O 0 0 Minutes of + 0 0 
CS! 

+ 0 0 Seconds + 0 U 

+ 0 0 HQun N37 + O 0 
TIG 

+ O 0 0 Minutes of + 0 0 0 
TPI 



LB-‘lS 

PBS—BRAKING PHASE 

V37 Enter, 63 Ema-r 
VG N61 Fishing 

TG, TFI, may. (mln/s. nun/8.0.1 um” 
V50 N26 Fladfino 

3 1 : 0 0 0 1 4  Fimalignoption 
v50 N25 Hashing 

H1:00500(po¢|tion LRtoPoflflon I )  

V50 N25 Flashing 

31: o o 2 o 3 (switch Guidance Control to PGNS. Made In Auto, Thrust Control to Auto) 
V06 N62 Flashing _ 

mom-I velocity. that from ignition, Av (accumlatnd) (0.1 mg. min/s. 0.1 ms) 
V99 N62 Plotting 

Enable on and. 
m N63 Fluhm - 

lamb! volocitv. HDOT, H (0.1 fill. 0.1 hit. it) 
V16 N68 ’ 

sum m ,  T6, LR Am cam-alum (021 nmi. mink. ft) 

4- o o How; I N3 + 0 0 
4 TIG ' 

+ 0 O 0 m m  for + 0 0 0 

PD! 

x x ': mm TGO Lust x x “ 
I ' 

I '  

0 nmi C m  

X X X ' Roll ' X X X 
. ,_. - . FDA! inertial 

x x x Pitch m It ’0' x x x 
(dos! 

X X X Yaw ' ‘ X X X 

231 Landau Sit. Radius (A68) 
IF ROD . 

NOTES; 



(1< PDI <5) ABORT PAD 

mmoflmmd 

+ 1 0 0 1i 0 0 

u “mu-mum) 
+ 1 o o o o 

it “.m-tuzma 

+ a O
 

O
 

O
 

O
 

H 1 (3|. GET (h: mimfl 
+ 0 0  Noun I n m + o o  116 
+ 0 0 0  W e !  + 0 0 0  

m 
+ o m + 0 

T1 (5 < PDI <15) MIN ABORT PAD 

1 I... Inn-moo GET (minim! 
+ 5 5 1 0 0 

D 

1 I 116 00 (3| (lama! 

+ o- o How; I run + o o 
110 

+ 0 0 0 Mini. of + o o 

+ 0 i and: TH + 
4 

T2 (PD! + 20:45) ABORT PAD 

Lo. o m  GET lhmflmd 

+ 5 0 I 0 0 

1‘ 1 I001 GET “unfit. 

1- 1 0 0 1 0 0 

‘ l HAM. ET (“mind 

+ 6 0 o o 

1 

+ 0 0 How: + 0 0 
116 I N3 

+ o o o m + o o o 

+ o ‘ m + o . 

+ 0 o no,“ I "31 + 0 0 
116 

+ 0 0 0 m of + 0 0 0 
TN 

* 0 m + o 

3?
i
1
‘1;



+ 0 
b 

0 

U 

4 

.g. 
p 

+ 
d? 

+ 0 0 

NOTES: 

m—OHBITAL NAVIGANON 
MARK DATA 

REV 13 

u m  ' GET 

IMU G m  . 
V Ania My.) 

SXT Am 
”numb" (d0!!!) 

Hours 

Mhum GET 

IMU 6 W  
V And. M )  

S-XT Auden 

Trunnbn ( m  

IMU Gm 
Y Ania My! 

Shah 'sx1 Analo- ‘ 
. ‘ (m) 

Trunnbn 

0 



LB-78 
P52—IMU REALIGN (CM) 

v37 Entor, 52 Emu 
v04 N06 Flashing ‘ 

m: o o o o 1 
82: oooox lMUMignOption 'i 

1 — Prcforrod. 2 — Norma-l. ' _ g 
' 3 — REFSMMAT, 4 — Landing Sito ' ‘ 

v51 Flashing —, Pia-u Mark 
1

1 

I
. _ _ . 'i

X 0 O 0 0 P52 Option X 0 O 0 O ' i
1

+ 0 0 HOUR + 0 O '
. ' i
' 1

+ 0 0 0 Manama GET + o o o -‘

+ o ' Soconds + o 
_._ Colon” X 0 0 0 Bodyc “‘1 N71 X 0 0 0 

x o o o  m 2  N 7 1 X 0 0 0  
Star Anglo 

0 Difference ( m )  N05 

(3e 
Y > lemming 

(dog-on) 

X 0 0 0 0  P520ption X 0 0 0 0  

Hours + 

+ ‘ o  o 0 Minutes GET + o o o  

N 7 1 X 0  0 0  

x o o o  “W“ u n x o o o  

NOTES: 



,UFEITE'?fififi*fi§Efi """—“""P—*co v REV 12 L5 TCA _ 

PREP FOR UNDOCKING 
55: ICiiVfi ' ffi i  i C. 0. 

(-10) V2 

C/L T0 10 MIN BEFORE unnocx ”a; CHECK ATT (0.159/282,060) u. 
V48 21002 ' .“ 

Ln NT _(33.731) PRO. V34— 
HELMETS AND GLOVES - ON 

*5 BD ANT - AFT, VERIFY COMM 
*vS-BD P _(+13o) 
* Y : ( +  40) 
*S-BD ANT“ - SLEH (>3. 0 )  
*TRACK MODE - AUTO (>4 .0 )  
*VHF B XMTR - OFF 
*BIOMED - LEFT, PCM-HI 

, *UPLINK SQUELCH - OFF 
GO/NO Go FOR UNDOCVING 
VOICE DRIFT / GIMBAL ANGLES TO HSFN (ACT-48) 

*TAPE RECORDER - 0N 
P47 

*ZERO 404..4os, 406 . *4ron . 
INSERT v77 500 not ENTR) 

: _(99:16:21) "‘Imn1r1nnr“""“ c w . "  

DEADBAND - MIN . Poo, veo g 3 ”’3‘ 
VAN LT 60° 
PITCH UP 90° 

*SEQUENCE CAMERA - ON (1 MIN) ' 
‘ FDA] (0,  250/012, 0)  

*VERIFY TRACKING LT-ON.THEN OFF * 
*VHF ANT - FHD * 
*SEQUENCE CAMERA — OFF * 
*TAPE RECORDER — OFF * 
*S-BD P1911. 1:15 " 

HELMETS & GLOVES - OFF (OPT) 

IRS—TEYTTIETIETINE'IETGE 
""""'—‘VIT"ITI'T-'Ifio+3 

IFFEGIEH’TE‘EEEETRE‘§TTE . ‘ 
"'FTTEH'TU'UE§ERVE'E§" 

QEQOCK I SEPARATION T0 REVIZ LS TCA 

*UPDATA LINK - DATA 
*UPLINK CSH S . V . ,  PIPA BIAS, 
* GYRO DRIFT COMP 
*UPDATA LINK - OFF fi

i
‘

l
'

 
'

9
.

 

V83, SET ORDEAL 0N LHP FDA! 
*3I7R. 440R. 277R a 
*400+2, 507+O * 
*CAHERA SETTINGS * 
*LH3/DAC/lO/CEX-Utc (f2. 8,  250 .w): 

I FPS, .05 "AG, (5“! ) 
*L DC 60/HCEX-(f2. 8.  500 ,-)S * 

- /cna 
TTCA (BOTH) - THROTTLE (MIN) 

(SET FRICTION) 
*VERIFY HSFN conrAcr . * 

ENG STOP - PUSH . 
ENG ARM - DES (DES REG LT - on) g TTCA MIN (§.6 - ) 3 

THEN SOFT STOP 4 - 52.21) 
THEN MAX (g;;§1_- z) 
THEN MIN 

ADJUST FRICTION 
MAN THROT- LMP 

*REPEAT TEST FOR LHP TTCA * 
ENG ARM - OFF 
CYCLE CHEA (ncs REG e -  orr) 
sun STOP - RESET 
THROT CONT - AUTO/COR 
TTCA (BOTH) - JETS ' 

1 

FDA] (0. gag/xxx. 0) ¥ 
ssqucuce CAMERA - ou(s-nxu) QEEL» 

mam—“n magma SITE" 1"c'i :_:__ (99:48) 



REV 12 L5 TCA TU LSH CIRCULARIZATION 
. 100:20 

”'50 W no. em 
+33____ M ‘ v“ RA - OFF * N70, ENTR 022 (REGULUS). PRO BIAS AZ____ 

RENDEZVOUS RADAR CHECKOUT ‘ N87, (+oo3zo. +31960)PRO. PRO El."— 
+35 W C  ECK TEMP (10% 50°) *omm CL "1" 

RR—SLEH MANUAL LOCK-0N .3» .. *ca AOT Lm - om * 
RR - LGC . v34. P00 

§§ _ V63, TM - R/R ‘téi. PGNS none com- AUTO 
59’ AGS-AUTO. mama NEEDLE.- ATT HOLD noon * 
+53+37 FDA! (0,342 iahvgacum ‘ +44 A' Gsufiuaiwifi ”H 21 

*VHF x — - _ W  + cowARE V63, m, va3. A65 .237 § #3350 (IE PITCH T 39 FDAI 
V34 MAX A N [-1 FPS +9 in” ROLL + __LI 

ve3 AND RECORD INITIAL v was * 
*VHF A mm - voxcs . 1.13 mouzos * 
*4oo+o * mm 20 sec * 

mm: (+ooooomun. +28300 5m 3,7- 440 *v¢a.21022.9ao.va4 * 
ca m2) OPEN, v44 *PGNCS none can - An HOLD * 

*comr csn cmc P76 5 P010 ABORT PADS“ *ws. vso * 
*SET new T0 count up T0 csn cxac * *RATES < o.1°/sec . 
*CAMERA SETTINGS FOR csn cm ' «om ' - . 
*LM3/DAC/lO/CEx-ULC (18,250.m ) . um cm. A L1» 

5 FPS. .03 HAG. (30 SEC) * 2 .m— 
*LMl/DC/GO/HCEX- ( In .250.- )2 * 2 . .  

+22 m 1 ‘ “ ‘WTE—_ '- 
psz 0PT3 '- 
ca AOT LAMP CLOSE ‘- 
AOT - DETENT no.0" «um 35 sac. THEN v77 . 

T6?) [1335333329 '2’" M s  . 15355: 2325 235' “5' ”’5 * 
’ 2 * - +15 2ND STAR ANTAE? SE3 3'): 2’14“; "005 315:3" I *4ooa+o , . ' 

nos ANGLE n F . E __.—E- 14; , *READ AND RECORD CAL muss . SA 
PRO *RE- LOAD INITIAL muss . 
N93 TORQUING ANG . *5 9° Y'AN' FHD * x mm 3 mm - DATA * ” S m  mx csn . 

*BIOMED - OFF. PC" - L0 * ( 5) V 4 3 , 1 2  I530, v34 Y *UPLINK squcu --£NABLE* .55 "EM; CAMERAzm . ., 
Z.._____._ __:(100 35:05. 2) 

PRO . *smueucs CAMTRA-OFFL— 
00:20 W 100:40 

I I. u...“ MIALLL'..- .1  ,...' .., -«‘. ..A.....n 1‘n....h. . nun-x... u: " ' 



filo 
, W e  c cum - on g; P76,(UPDATE csn s.v.) 

T60!- +42? P00 mow 
war A MR -‘ VOICE/RANGE 
. a ma - arr. POI-HI - *V47,4M+l,400+3.PCll-L0 was, SET ORDEAL 
*3173. 440R, 277a 

mvn TO (0, 325 xxx. 0) ESTABLISH AL RAT TE 
‘ T0 cassava GROUND mck vaz. N12— ooooz. PRO 

JCS! HA/HP 
‘ *RESET on T0 com UP TO PDI *S-BD m -  m. VERIFY com . *JS-BD P +1'4 505.; Y — 44 #27 *S-BD ANT—§- LEH (>3.0) + *mcx none - mo (4.0) 

*VHF A XMTR - VOICE 
*BIMD - RIGHT. PCH-HI 
*UPLINK SQUELCH - OFF 

VOICE SN93 cAND GET TO NSF" 

FfiFLNi TEMP/PR ESS MN - DES I i 2 
FUEL 
OXID - 55 PS 

HELILH MON: AHB PRESS 1490-1780 

DES HE REG 1 tb-gray, REG 2 tb-bp 
MASTER ARM - 0N 
DES PRPLNT ISOL VLV - FIRE 
HE PRESS/DES START - FIRE 
MASTER ARM — OFF 
PRPLNT TEN/PRESS MN: DES 1&2 
FUEL In 0X10 {SO-90°F 242-253 PSI 
HELIUM Km: MESS 255-1110 

101:20‘ 

: supcnn PRWIZGO). 

: SUPCRIT PRESS (720-1260), 

CSH CIRCULARIIATIM T0 P010 

4%. 

101:20 

+37 

+55 

101:40 

(50’- 70’) 
RATE ERR mu- LDG RDR/CH’TR 
X—PNTRS- H! HJLT. TH SH-HIH 
LN ANT-AUTO. non: SEl-LR 
am TEST - LN 
TEST MN-ALT/VEL WI! (2.1 - 5.0). MC 
TH (N00 1 100)”! (-4m 12) 
V63. "12 NT 2, PRO 
'56 8286110. MT P051 (0000!), PRO 
1467 V" (- N495 :2). Vy (+0152 :2) 

V2 "(#01331 22) 
V34, zRDR TEST OFF 
C8 LR - WEN 

LINK - DAT A 
*ll’LINK CSH/LH S. V.. PIPA BIAS, * nescm mamas * .*COPY PADS ron * -* no PM + 12 mm. * . PDI. * a PD! EARLY moat. . pm LATE ABORT, * * 12 ABORT * . T3 115 _ * . mm LINK - orr * m7. 41m. 40M * v33. SET 0mm 

0 *317R. 440R. 277R 
VERIFY N0 F'DI0 ABORT HITH HSFN‘ 

m m  +45 m mumu FDA! (mama/mm) 

seem um ALT mus (IF ocsmn) Pm um um ALT cum: 
; .50- +2 :_:__ (101:35:53.4) 

men T0 cassava LS 



P010 10 BACKSIDE 
tomo ‘ 10 :15 PRO -. N93 mums ANS MAX 

X _ _  f .370 _ ' - Y ,m .. g. 
+3 sum mm 70 P52 m (o. xxx/325. 0) ml __.._. (3.000 

:5 n25 , . 
- - : *omm cu. - . 1m *cs AOT mp - om . “7 V34. ; 

PGNS HIDE CONT - ATT now 
START HM! TO PDI ATT 

*CAIERA ssmnss (PD!) . FDA! (0. MUD-0) *Lua/mcm/csx- * U *4oo+3 , *(f2.8. 500, -) 12 FPS, . . 0,75 me, (5 um) . 930 m ms FOR no mm moat *LH3 DC/GO/HCEX-(f5.6.250.-)IO : P00 
*m TE MM *venm LOOSE em smzo . masmrm AUACHED * 5 mm FDAI'S INERTIAL 5 V48,21112, PRO v34 , 7 

W m  . V 30 m "5 mess: on UP “:0 
ENTR-BYPASS men, PGNS nous com - 

gfi‘f’mfiflfioo elm" IIIDIEJHEE was“ * {:53 “56:5. 3203223.? 0““n V77 —' ‘ - * I " a 102 PGNS Hons corn-mo :30; non: (.SZLEH * cons T0 OVERHEAD HINDOH 
151 STAR SPICA #226 v — (+2; . “KW—‘9 - n scs CHECKb—UT - no. RCD : : .HD m: m JR “ m  s D GLOVES on * 2ND STAR REM—U5 2 *q 3 mm _ WA .1152 *CABIN REPRESS-CLOSE * ALT STAR A .310,“ - orr, pm - L0 «36 filumms 01mm - egg? : N05 ME 0 t - ENABLE? +15 ‘ RETIRN . E S upumc soucu mess REES m - EGRESS . 

102:15 102:40 



102:40 

+20 

+30 

103:10 

SHCH 

*VHF A XMTR - VOICE/MG 
ca mv I - CLOSED 

*SELECT "W I . 
CB AELD (2) - CLOSE 
CB ABORT STAGE (2) - (103‘; 

*tYCLE CHEA CB 
- *BATS 5‘6 NORM FEED - m a 

RESET ENG STOP PB 
SET moon BARS 

*S-BD MT - FUD. VERIFY can 
*/S-BD l;____ 5-2) ‘ 

.. _ _  +2) ‘_ ' 
*S-BD ANT - SLEH (>3.0)  
*TRACK HIDE - AUTO (>4.0) 
WM 8 MR - OFF 
*BIOPED - LEFT. PC! - HI 

, *UPLINK SQUELCH - OFF 
VOICE N93 AND GET TO HSFI h 
WOT CONT - AUTO - “j" A 
COR TTCA - THROTTLE - MIN 

*LHP TTCA - THROTTLE - SOFT STW' 
*ACA PROP UP) - ENABLE 
*ACA/4JET UP) - ENABLE 
*TTCA/TRANSL (LMP) - ENABLE, 
*CHECK DPS. APS. RCS. ECS. EPS 

* D T LINK - DATA 
*umux LH s.v., RLS, 

HSFN GYRO MIFT CW 
*ll’DATA um: - voxcs nu 
*COPY ASS RLS (231) 

PRPLNT QYT M N -  DES 1 
m SEL - PGNS pens IDDE com mo A1755 non: com - 5",“? "g; .. _ 
v 7 ‘  i f ”  'r'a'yjb‘a '! (1-1,, - . 

I o
f

 
o 

‘
1

3
“

BACKS"! T0 [01 
10.3l 

+42 
(-18) 

+50 
(-10) 

+52 
(-8) 

+55 
(-4) 

4:00 
-0:30 

«mom none (30m) - vo'x 
'TAPE RECORDER - 0H 

m 
W17. 41m 
irm. am. «on. ma 
*240 + (231 as. 
t254+04925 
*251-00013 
*262-0015] 
«04-12345 

«nu ma 
P63 
ms come cum 

*RESET on uv 
ma-amss man 
"8 R. P Y (0. no. 0) 
mm rim 

*vmzoe. 40M 
"OOH . 433: u 

PRO-FINAL mm 
cm. Jon 
sumo-so mu m 
com cum mm (:51: 
«55:1 we" 
MASTER m — on 
ENG Ann - DES 

~0:07.5 ULLAGE 
-0:05 
0:00 

+0202 
+0:05 

PRO (103: 30: as. 3) (WW START n - 903" 0:5 m cm cm on mm mm - orr 

)  

79° , 



: . PD! THRU TD+3 MIN 

RESET HATCH 
4:00 MASTER ARM-0N 

:30 ENG ARM-DES 
:07.SULLAGE .-.2.¢' 1 

- :05 PRO -lm , 
”WEE? 10:1;55523 as. 50700 100-22 , ,. 
. :02 no mu) - 16555“ 223: 0 '6! 

51m PB - PUSH 
-2 

MASTER Ann-on E a  ' 
+0:26 THROTTLE up 4606. 7WD- maa 83 10/—9 

v’T/H>l.6 - WIT-”13667 
muss 
v57: _ (+) LR uxsuc- :. 3:00 3975.3 67.5 «151 72 15/4 
mm LGC mom : Y.- . 71.5 4 
PERMIT LR om _ 

4:00 3310.8I 31.7 39675 61 19/4 
no sms - : Jami—5T W m  PGNS non: com- 

(moom m HOLD 
7 5:00 2503.5 97.4 33795 5123/-21 

+1 
75'5:3o 2231.6 104.1 (30329 45 

x mun T 
"68, 72 5:00 1846.9 105.4 40 25/-2 "UL 
223+oooso (no ' PM 

nor em) 70 5:30 1449.7 93.8 35 E :  Illa: 

sag cm: _ on 66 7:00 1209.8 13.1+21952 32 32/-2 

54 7:30 969.5 15939) 17928) 28 
321.0 + 5000 so 8:00 725.5 173.3 12704 25 37 -31 25: £2: ”3F? - 

413 + 1 
RECYCLE PARKER VALVE 

h . “ -  



1.3319 

I’m-mu REALIGN ILL" 

VSTEai'Em J1 
WHOSFHtil-n 

3 1 : 0 0 0 0 1  
82: OOOOX tMUAlimootion 

1 -  Profound} — Nominal - 
3 — BEFSMMAT. 4. — m a m  

V01N‘NFIIIMHI 
I": 0 0 8  D E 

c—AOTnmm _ 
0—COASCAL. 1 —_FL.2-—r-c,3—Fn. 4—— an.s—ac.s+-HL.1—com DE—CMHBododI 

V51 F m  — ”OHM 

X 0 0 0 0 952%!!! X 0 

+ o o m .  + o 
'I’ 0 0 0 m m  “1' + O 

" 0 m + 0 

AOTDu-m 
X 0 0 IndStl ' I iD "7:. X 0 

AOTDOtIm 
x 0 ° mum-ram N 7 1 x  o 

SutAnflo 
‘ Dmlw "“5 

X H93 
‘ Gyro _ 

y T m  
A!“ 
I“ 

Z 

X m 
' Gm V out: 

(ml 

2 

x o o mention x 
Ham 4- 

+ 0 0 0 Minn!“ GET 1- 0 

+ O m + 0 
I 

x o o wmo mi“) x o 

StuAmh 
n Diff-renal ' N“ 

m 



r c z yr p
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O M  fi z fl fl O  2 1 .  3 . 8
0 0 3 0 1 2 0 2 m  
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3 7 4 m  $ 3 .. c o m  
nmwflflm a macydozm i l l  

£ 3 . 0 2  
003.58 

4 1 ’ 6
.8" ” ) n h ‘ fl r0 0 3 3 , 8 0  m 

fl e n fl — C m  
n o m y n fi oA .  c O P fi d (  
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.aUdurun gig-run 
30.5. ? 5n.ak

bike‘s}; up 3.3 a 1 3.9 do 24. n .. r. oval-.38 
adudi no 5058 u rand-a.- a a a .5835 1 P v I . «Parzoo 

P a0 oo*l*

_-  u
. . _ 

».

#3. c 
W3- pun}? L 3.89 a! HMS.. $ 3....03 Tr? - 3.2g . 10 53

flakes 

’4’}; 
. 

6.7.x

a”. a” a. n... gag-ad... 
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1.v
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EECONDARV CONS-TRNNTS OF LUNAR LANDING 

o REACH TERMNAL comm-nous urn-t HmH ACCURKQV 
o van-nan. DESCENT FOR LIST 100 {3. RT A RATE OF :5 fi/‘u, 

o Lnoomq sn'E vmmu'w FOR 2.00 sec. BEFORE 1mm» 

MODIFWCNT' IONS TO BASK‘. QU\DANCE. SCHEME. 
'THE FOLLOWHOG. MOD\F\CAT\OI0‘~3 WERE MADE TO 'THE 

BASC WKDRA‘HC. QU\DANCE SCHEME. \N ORDER “TO ACH\EVE 
THE SECONDAQR’ ConSTRAHO‘TQ OF LOKWsR LANDING. 

0 we 02:9“o TRAJ’ECTOR \s REDEFNED on evem 
fitmmon eves; (2. sec.) sucu THAT THE “0k commons 
(anyway) ARE we CURRENT BEST ES‘TMAT: OF vamcua 
an: AS oa-reqmm-zo 3v THE 91m: vecrmz upon: ROUTINE. 
mus ENABLES PN~P0mT AQtURACH’ 8v :mmmq QUHULKTNE’ mamas N THE mpLEMwTA'non or‘m: BA‘EAC. QQHEHE. 

C THE LANDM QEQUEMQE \S DNWED \N'I'O THREE PHASES EAQH 
wrm \15 ON» FINAL commons CR NH FONTS. 

1. BRAKING PHASE 
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3. VER'HCAL DESCENT PHASE 
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DERIVATION OF QUADRATlC CMDANCE LPN 
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BASIC MECHANEATION OF QUADRAT‘C GUIDANCE 0363,w 

THE FOLLOWING SEQUENCE OF COMPUTATDNS V5 PERFORMED 
DUR‘NG EACH TWO SECOND GUIDANCEC 

1. CQMPUTE TlME-To-gg 
a I 

—"‘LCOM PUTF.‘ mm 0111 -_”‘ms+‘°‘*m “my,“ 5‘3"“ mm'“.} 
' ' 33fiTTf1+\2Q.g‘TTT «(m mum.) 
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5' "" Vac 
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W E :  
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I" O ' 0 T3” " m”"" “MD M (mm) .-"- “'3 mas] 
“T; “‘3 D.. .  “‘00:”? [ .139" 

-‘TT'T + LEW: - .51 0’ - .  o: (Lemma-2.2m (film-'0. 9 5 ' .  u 6.1 
aunt»: m0) 3 - 

(ulna) 

IF Till umo ASCILERKHON \S GI‘ATER THAN HA1. ENGINE THRUCT {THIN BONNER“ TH‘US‘T \S UMTTED . x .__ __ ‘( m. THRUST Ltvu. 

com-rm m m :  mus-r 
m News: TRIIMT 



BASIC MECHANIZATION (COW) 

3. ALEN THE gUlDANCE coopmN ATE FRAME 
THE GumANCE FRAME \s AuQNED so THAT 'THE cams-Rm: (Y-cormm) 

OF TERK ‘6 2:20 AT PHASE Tzanmus. THE v-coHPonem or ,1; \s 
awe» av THE qummm: QU\OANC.E aqummns. 

5% -_—.-E.1(Ar.‘~3m¥) - %(r,‘-r.,)-.%’oq, mg - UNI-r (In) 
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4. COMPUTE THE wmoow PON'HNG VECTOR 
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LUNAB LANDING -- STATE VECTOR UPDATE REC 9E. 2E FILTER 
BLOCK DIAGRAM ' 

LR DATA REASONABIENESS 
LANDING RADAR mars AND ASTRCNAUT 

aluminum Tms APPROVAL - Whp 
fl " “I UPDATED 

Wilma 1: arm: 
‘ wslcmmo TOR 

FUNCTION 
(‘00 flu) 

mnAmtm-ED I 
GEOMETRY VECTOR sun: 

RELATING m". USING PIPA 
10 LR ompu'rs 

3T ONCE EACH 2 
SECCNDS 

c UTATE VECTOR Ex'rmromm PIPA AV Pumas 
AVP ‘ll-IA.’ m! _ . .3... --P . I? sum» w (En-1+ : + a ) 

X, I: = u m 
19 31H “‘1’? * (KP * 'n-l’ T 

p - pun-01m rm: 

0 STATE VECTOR UPDATE 

. Ir “law!” 
3 - + 

3P h w g m  

consuming 11mm“ TO UPDATE sum USING Ln {Imus DATA: 
. LANDING RADAR [8 NOT BEING swrran mom PWION no. 1 TO m m  110. z 
'- RANGE DATA MEASUREMENT 'rI-zs'rs ARE suntan. 

DATA GOOD macaw”: HA8 BEEN PRESENT ma 4 sxcouns on MORE. 
Ln RANGE 3cm HA3 mar BEEN CHANGED WITHIN LAs'r smcoun. 

o umsvnzmm'r RESIDUAL mu [8 WITHIN SPECIFIED Lmrrs loql =5 nzmmuo. no (q!) 

o macaw-r APPROVAL ron upm'rmc HAS BEEN GWEN (V51). 
CMTIONB NECESSARY 10 UPDATE STATE mo LR vnmcrry DATA: 

o ESTIMATED VELOCITY m was mm 6.000 n/u. (vup) 
o LANDING RADAR Is 1401' BEING swrrcnzn mom POSITION no. 1 TO m m  a. 
a VELOCITY DATA MEASUREMENT was-rs ARE SATISFIED: 

DATA Goon macaw-E HAS BEEN mnsnm yon 'A'r mm 4 mounts. 
a uxmzum m u »  m WITHIN spawns!) mum Iflul :5 7.5 + 0. us (3.; a w a y .  
0 muonw'r APPROVAL ma ammo HA8 nun GWEN (van. 

W-Sflofl 



LB-B‘I 

STATE VECTOR EXTRAPOLATION 

State vector extrapolation is accomplished by an Average G routine at 24000111 inter- 
vals coincident with PIPA AV processing. 

LM position vector Q9) is extrapolated assuming comm acceleration 
over the 2—swond inteml 

r-r .+v .At+%aAt'  

AV III-1 a; 2M + .v. Man A“) + =34” T A? 
where 

1-3., - position vector (59) at end of preview Interval 

gm, = velocity vector (3p) at end of previous interval 

93 p = accumulated PIPA AV pulses during 2—second interval 

53., I: lunar gravitational acceleration at end of previous interval 

LM velocity vector Qp) is extrapolated using PIPA AV pulses and the average gravita- 
tional acceleration over the 2-second interval 

v = v o + a A t  

~ _ + 5 2  
Z p ' l n - 1 +  A_Vp+ [Elna ] A t  

where 
3“,, = velocity (39) at end of previous interval 

93!", - accumulated PIPA AV pulses over 2-second interval 

Eta-1 = lunar gravitational acceleration at end of previous interval 

‘9 = lunar gravitational acceleration at and of present interval 

'l‘M ‘—.19 r P 

In addition to the state vector undue. tho followingm are computed 

5[3 

Altitude h’ - rp - 1-1.. 

where 

rp - magnitude of position. £ 9  

I'm-mama othndinglite, £18 

Velocity v’- hp] 

Man "‘11 - mn—l - fip| mud /Ve (Ve =- Exhnnlt Velocity Constant) 

Velocity 
Increment AV - AV + |A_'v"p| 



L “  

UPDATE up: STATE VECTOR USINg 
W 

. Compute the measurement residual 

5‘! = 5* - q' 
where 

3* = altitude derived from LR slant range (corrected for doppler eflwt) 
q ’ = estimated altitude 

Surface ~ * _  ~ u . u ) 
q 5'“ (—RBP -hp 

=Unit  2m. (5.9 

‘ . Update the position vector using the precomputed gain and measurement residual 

Kb 8 0. 35 
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LB-BSA 

UPDATE THE STATE VECTOR USING LR VELOCITY DATA 

The Landing Radar has three velocity components. They are used (one than; such 
amendmhrnl) mWMwoordh'toflnumolino ahmbolow. 

A! 11-1 8' AV“ A! n+1 91114-2 
J ”‘1'“ I‘— 2 seconds 1 1 

PIPA Processing Times V I V  LV V I I x g I I I - 
LR Velocity Read Times 

‘6' =V ~ = ~ .3 u x qu Vy qu Vz 

u = [C l ‘l u g _u - "‘ [C l II -AP“ PBu -x —APu [CPBu] 2y APu PBu «I 

0 Compute the measurement miduu corresponding to tha time flat the 
velocity (his is read (tn). 

m = % - %  
in = LR velocity component and at time to 

q; = estimated component of LM relative velocity in the direction of I“ 

04 = (lfi'wpxzfl'SApu 
where 

.‘L’p x 3’ -= velocity of lunar surface 

gApu = unit vector in dlmtmn of LM velocity am 

1:1" 2]) x Ip  = velocity of LM relative to lunar surface 

I; = estimated LM velocity at time ‘u 

:6 = 1»: +52; Sta-1W: — to-» 
when 

M
 

: ..'..
 :1
 

Lu velocity 1t and of previous update cycle 

A1“ = PIPA AV read gt tlma of LB velocity data t“ 

50.1 = lunar gravitational acceleration at and of previous cycle 

. Upthte the LM velocity vector at time tll using measuremt residual 
and extnpolata velocity (3p) 

1p 3 lp" “’u 5‘! EAP.l 

o)“- 0. v '  > 'm 

rah-0.3 (l-v’/Vm).vmlsv'5vm 

w n o . 2 ,  v’< 71:11 

a 
Welocity (v') vm1=200fi/a Vm =2,000ft/a 
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LM LANDING DISPLAYS 
P63, P64, P66 
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DESCENT DISPLAYS 
M m M mu m P-C “ml. “.5 m 

RAM m m 
UNIT mu ammo: 
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wmg m1: REDESIGNAflQfi 
P64 ONLY ' 
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COMMANDERWVWNDOW 
LANDH“?POHW?DE$BNATOR:EI 

MODE CONTROL COMMANDER'S WINDOW ONLY) 
P F : —  8 ‘ AGS g AUTO AUTO ' ‘ 

an 30w ATT now , , ‘ . 
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"IO-'04“ ‘ ‘ 
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1flrfluanna: 
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LANDING PHASE MODE CONTROL 
P66 

RATE OF DESCENT 
(ROD) 

+ 1  FPS 

CENTER 

- 1 F P S  

MANUAL LM ATTITUDE CONTROLLER f——_ mnm common — — j  
. . ' '.. A68 mane-nu: VAN 
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LM CONTROLS AND DISPLAYS 
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L307 

PDI + 20 (103:53) 

LANDING ALIGNMENT OPTION 
p57, R2 00003 (REFSMMAT alignment option) 
N06, 00010 REFSMMAT + gravity alignment 

00001 - technique, REFSMMAT defined, 
00110 stored attitude available ' 

(N0 ATT LT - on/off twice) (Gravity measured) 

N04 4- (Gravity tilt vs vehicle x axis) (0. 01°) 
V32E (Recycle) 

N04 + (Spacecraft x. and: stability) 
PRO 

N22 ICDU angles . _ _ 
PRO (N0 ATT LT -— on/off twice) 

N05 Angle difference (0. 01°) 
N93 X Torquing angles (0. 001°) 

Y 
__________ Z 

V34E, POOE (Terminate, donut torque platform) 

PDI + 45 (104:18) 

TWO-STAR PLATFORM ALIGNMENT-Landing Site Location Check 

P57, R2 00003 (REFSMMAT alignment Option) 
PRO 

N06, 00010 Two-celestial body alignment 
00002 technique, REFSMMAT defined, 
00110 stored attitude available 

PRO 

Flrst Star (Atria 134) ' 
Cursor ' 
Spiral 

N79 Load then V32E 

(53:11.31. _......__...__._ L First Star Marks 
:- 

N79 Load then V32E 
Cursor 
Spiral 

N79 Load then PRO , 



W
-

{
h

—
fi

-
4

 
_ 

LB“ 

Second Star (Rasalhague 335) T 
Cursor 
Spiral 

N7910adthenV32E . __ 
Cursor . , Second Star Marks 

Spiral , 

N79 Load then V32E 
Cursor 
Spiral 

N79 Load then PRO 4 

N05 Star Angle Difference (0. 01") 
PRO 

N93 X Torquing angle ( .  001°) — —  Y _ 

2 
PRO (3e torqulns) 

N25 00014 ENTR 
N89 Lat (0. 001°) 

Long/2 (0. 001°) 
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PDI + 1:00 (104:33) 

TWO-STAR PLATFORM ALIGNMENT - Landing Site Location Check 
P57, R2 00003 (REFSMMAT alignment option) 

PRO 

N06 00010 Two-celestial body alignment 
00002 - technique, REFSMMAT defined. 
00110 stored attitude available 

First Star (Antares 233fl 
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Y : . .‘ 

2 
N25 00014 ENTR 
N89 Lat (0. 001°) ' 

Long/2 (0.0010) 
Alt (0. 01 um!) 

Consult MSFN 
PRO - (Update RLS) 
V34E-(Termlnate) _ 
CB AOT - Open, CL/0.0° 
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LUNAR SURFACE ALIGNMENT - P57 

PREFERRE” 

I V23}! 22 ENTR. 00001 INTI ] 

TECHNIQUE 1 0R 3 

vi 
EXECUTE THE GRAVITY DETERMINA- 
TION ROUTINE 
VERB 06 HOUR 04 (FLASHING) 

LVERBHENTR. ooooamn I 

vznnavmn. ‘ . a w 
57 mm: 

1 
van o4 NOUN oo (FLASHING) . I 
SPECIFY mu ORIENTATION — 

a. PREFERRED (00001) 
b- REFEMMAT (00003) 
c. LANDING am: (00004) r 

I any-sum“ " mm m 

LVERB 22 mn. 00004 BITE 1 

sly 
VI}: 06 noun 34 (Puma) 

mm or momma-r 

“ fl  
51M! OF ALIGNMENT CAN 3!: W 1  
LFIED WITH A VIBE 26 DATA LOAD ' _._.___] .____ 

VERB 05 NOUN 06 (FLASHING) 
SPECIFY ALIGNMENT TECHNIQUE 

a. mom-:1) ATTITUDE (00000) 
b. STORED ATTITUDE +_GnAVITY 

(00001) 
c. TWO cmlAL BODIES (00002) 
d. ONE CELES’I‘IAL non? + GRAVITY 

(90003) 

I 
vnnn 22 ENTR. oooox man I . 

{ momma 0 on a 

GRAVITY DETERMINATICN NOT RELE- 
VANT TO THESE TECHNIQUH 

tXXX.XX' (ANGULAR DIFFERENCE 
BETWEEN PRESENT AND PREVIOUSLY 
aroma!) GRAVITY vzc'ron) 

l 
TECHNIQUE 2 OR 3 

Jr 
PERFORM AO’I' 
EGHTINGB 0N 

ZERO 

STAR 

1 I TECHNIQUE 0 03 1 

ZERO“ 
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CELESTIAL 300138 
AB REQUIRED BY 
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CURSOR 
M EASUREHENT 

ESP! AL 
MUEEMENT 

l 
vans 06 noun 05 (FLASHING) 
immx' (ALIGNMENT ANGLE 
DIFFERENCE) 

J 
COMPUTE AND STORE NEW 
REFSHMAT AND ALIGN [MU TO 
DEERE!) ORIENTATIW 
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L340! 

LUNAR SURFACE ALIGNMENT 
GRAVITY DETERMINATION ROUTINE 
W 

COM AM THE [MU TO 1'!!! FIRST ORIENTATDN: xNB 

OGA a 

MGA at +35. 25‘ 
[GA 2: 

z“. manner: 

"NI; 

pucz 'rm-z mu IN AN mama. mom: AND SAMPLE THE OUTPUT or 1m: Pit-M's ovum A pamoo or 40 SECONDS. 
(PIPAX. may, PIPAZ). roam A 1mm vrcmn {g1 

PIPAX is” + PIPAY YSM + MHz 23,, 
I 2 2 2 PIPAX + PIPAY + PlPAz 

g 1 :  

WHERE 11 INDICATES THE DIRECTION OF THE FIRST ESTIMATE OF THE LUNAR GRAVITY VECTOR IN 8]! COORDINATES. 

COARSE ALIGN TUE STABLE MEMBER 180' ABOUT THE MEASURED GRAVITY VECTOR. 

0cm 2. 439- ' :3 
“GA 2' +35. 25- v 
IGA a: -4r spa 

in 
zsm 

ZNB 
--— ' DOWNRANGE 

YNB 

PLACE THE IMU IN AN INERTIAL MODE AND SAMPLE THE OUTPUT OF THE PIPA'S OVER A PERIOD OF 40 SECONDS 
(PIPAx. PIPAy. PIPAZ). FORM A UNIT VECTOR 12 

PIPAx xsu + PIPAY YB" + PIPAZ 2m 
82 = 

JPIPAXZ + I’IPAY2 + PlPAzz 

where i, INDEATEB THE DIRECTION or THE SECOND ESTIMATE or THE LUNAn GRAVITY VECTOR m an commutes. 

DEFINE A um VECTOR '66 001' or 31 ANDEz WHICH asmmwrs THE museum or Tm: LUNAR GRAVITY VECTOR. 

fig . mm (£1 +32) 

NOTE: THE ii“ VECTOR 18 CONHDERED TO BE COLINEAR WITH THE GRAVITY VECTOR. 
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let P57 

2nd P57 

3rd P57" 

hth P57 

5th P57 

L340? 

APOLIO 13 221's 

Done to Option 3(REFSMMNr)w1th 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 PS7 for co-ordinates of landing site. 
No gyro drifts can be calculated from N93. The GTA's are not 
normally torqued. 

Done to option 3(REFSMMNr)w1th technique 2 (two body). No 
gravity measurements are made. The N93 GTm's will put SM on 
the pre descent defined REFSWIAT in preparation for display of 
the landing site co-ordinates. Latitude, 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 intyrval from 
the last P52. The drif t  terms will include acceleration 
sensitive terms due to descent and 1/66. 

Same as the second P57 except gyro drift cannot be calculated 
due to  the short interval of t ime. This P57 is mainly used 
t o  verify the results of the second P57. , 

Done to option h (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 f irst  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 REFSWIA'I‘ defined by option A. 
Nb gyro drift calculation from N93 since this is first align- 
ment since power up. 

Same as fourth P57. Nbrmally done to same time of liftoff 
as fourth P57. Nbrmally only one gravity measurement made. 
Gyro drift may be calculated from N93 1f above is true. 
Final alignment before liftoff. The drift terms will include 1/66 acceleration sensitive terms. 

*Gravity error angle of .01° is within accuracy of system. 
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P22—ORBITAL NAVIGATOON 
MARK DATA 

REV 29 

+ 0 0 Hours 

+ 0 0 0 Minna: GET 

+ 0 Seconds 

.3 
" mu em 
I, Y Anglos (m) 

n . 
I 

+ sum 
. " SXT Angus 

+ P Trunnion “If“, 
1 

+ O 0 Hours 

+ o o 0 Minutes ' GET 
+ 0 4! Seconds 

P 
‘ mm mm 
r Y Anglos (m! 

n 
«P 

+ u - 9"" SXT Andy: 
+ 0 Trunnion N “ ,  

+ 0 0 Hour: 

+ o 0 0 Mimms GET 
+ o . . . 

? 

p 7 
P ‘ mu Gimw 
. Y Ania-WI 

AR 
0 

+ 0 sum SXT Arum 
- (clam) 

+ Tmnnlbn 

NOTES: 



x=
__

-a
._

: -
; .

- ;
. .

-  
a

a
. _

. .
_

:
- .

: .
_

_
. _

4
.  

. .
. n

. .
. .

; .
 

.
n

 

V37 EMU. 52 Em 

V04 N06 Flflhino 

R 1: 

H2: 

V51 Fld'lilu— PI... M 

+ 

NOTES: 

0 0 0 0 1  

P52—IMU REALIGN (CM, 

[3-122 

oooox mu “mom 
1— Prcflflld. 2 - Nadia-l. 
3 — REFSMMAT. 4 -- Landing Sit. 

P62 Option 

Hburs 

Minutu GET 

.Socondu 

Col-still 
Body Cod. ‘l 

Climb! 

Stir Anoi- 
Diffm (do...) 

Gym 
Torquing 
not. 

(don-ad 

P52 Option 

Minutu GET 

Coldtill 
some; 1 
0 0 a  
Body God. 2 
Star 
06!:a (dfl  

Anglo 

Gyro 
b Tannin 

N71 

N71 

~93 

N71 

N71 

4.
 



LB-123 

m—ORIITAL NAVIGATION 

REV 30 van Em. 22 Em 
worm sum... as: much am And. 
vosmosmmnz: ABODELWCOJU » 

A1—Km,A2-Unknown.l-Onduofmm.ofi—WID 
m s W L M R M r - t u  - ‘ 

n1: LuMJW: W .  as: mm 
vswum-Pmm 

+ o 0 Ham 0 '  o o 
TIGETI 

+ o O 0 u m  0 m  + 0 0 0 
[ m  

+ o m ‘ + 0 

“ ° ° ”°"" nan-t * ° ° 
36".- ‘ + o o 0 Minn!“ Situation 0 o o 

+ o m 4 0 

X N u 8 «M N o: s 

X X X X X X X 
8x7 

X X x X Tran MU. X X X X 

Comlfloh! 

nth-urn» [nu ‘ ‘ 

" LONGIZHI.’ ' 

ALT“ 

LA‘HHIMI) I ”  

U L M M H “ ,  U 

A T  

+L o 0 Huh: . + 0 0 
' 11681. 

+ o o 0 u m  04". <5 0 o D 
E m  

+ 0 m + 0 . 

4- + 0 0 Noun ”NT.  0 0 

an...  . + o o o u m  I ~ 0 o o 

+ o ‘ m + 0 

x N or 8 NM N a S 

X X X K M X X X 
3):? 

x x x x 1m Muh- x x x x 

00mm 

“Tums"! [no 
1 

’ LONGI2¢+M ' 
¢ 

’ ALTlninl) 0 

“ T H “  1 0 .  

0 LWGIZHd 4 

> AM 
miss: 



a 
.—

.—
-_

-4
—

—
_

. 
A 

- LII-1:4 

v3, m. .7 5,... M E L — —  W 
V04 m Fun. 

I! : new 
82: annox A W  onion 

1 m .  2.3m 
3—IEMAT, M i l .  

V“ no. F m  
M: 00010 
'2: 000t M W ”  

0— REFMATUMJ —BEmT+. 
2 - T w o m 3 — O n o m + .  ,,__ 

“moon-«cod. 
A-o-nEMAm.A-1 -nem1’w. 

3 I -o—mAnmmwn- i -wmm 
yumrm 

manning-(0.01“ 
mmAWFh-Iocucmmcwmmxx 
vacuum-nu. _ 

x.Y.-uzcmtmmcufl~ ‘9 
woman-Mn. ' ' 

In: mtatmamw 
munch-nu. 

www.mmnmum1uom mu 
i.3, 

. I A W W 1 ” X 0 0 0 0 1  
" x 

8 O
 O
 O
 

x.
 

O
 O
 O
 

o a... [in + 
0 

'0
 + 

.. 
.

 
.

 
. 

4
#

 
.

‘
4

 
.

J
.

.
L

.
n

.
.

4
.

.
r

 
—

i
'

fl
-

-
 

x o o need-1 mg x o o 

, m u d . “  N1! 

soiruAmtd-u ”No.1 

X 0 0 0 O Positioned”. X 0 0 0 0 

x o 0 ” “ 2  m 

ConuAnd-(dd rm 0 

WAI'O‘“, " M 1  

X 0 O 0 0 M U M  X 0 0 0 0 

N W D W ( ~  

<
8

N
<

X
 



' LB~125 

P22-ORBITAL NAVIGATION 
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LUNAR ASCENT GUIDANCE (P12) 

LUNA! SWAG! 

RD - 813.80.000 fl 

nD-mmon 

“not? VALUE! 
VERTICAL RD - summon n 

cnmmcz¥0 = o 
= o n 0 0 m  in = 5.535.» «(a 

moon 0mm 

VHTIOAL m :  PHASE W 8  UNTIL i .5 40 fill or b 225.000 I! 

an .. 1/7“ + [t - to] n) — g.“ coumum smmc macs (VERTICAL) 

a." - 1/1' (c +1: - to) D) CODAAND spscmc macs (cums) 
I . .72 g. (.13 - .h') ’3 am (2,, - 2) comm spzcmc macs (mama!) 

A . men-am: cons'rm - Ham - (in - icy/L) 

n a med nu warm . Ix, (inn - it) - "‘n - n - hTGou/TGOE 

c - YAW Ari-nun: comm-r = (-191) - (in - I'm/Ll 

n - nw Mfr: cans-rm = m. (‘19- Y) 41,, - Y — freon ”no! 
a.“ . Err-mm: Gnm'nr = |; x j’Ir' H 

mm: 1 
a - to) - DELAY main a 1 SECOND 
Q = TARGET COORDINATE VECTOR = ( E C !  RC) 0? COMMAND MODULE 

.h = SPECIFIC FORCE IN RY PLANE a 

T = MASS/MASS FLOW RATE 1 (THE AVERAGE OF THE LABTFOUR PIP READINGS. EXHAUST . 
VELWITY. PREVIOUS 1') . 

TOO uflAPB TAIL OFF. MASS/MASS FLOW RATE. EXHAUST VELOCITY. VEWITY TO BE GANED) 

L. 2 .  X1. K; a t  (MASS/MASS FLOW RATE. EXHAUST VEWITY. TUE T060) 

"l' I AVAILABLE SPECIFKJ FORCE 

"m LUNA! GIAVITATION‘AL CONSTANT 



LB-I32 

ASCENT DISPLAYS (P12) 

ma! men :1 Insane . i. Mum“ "' 
mm“ 

“M Error- 7 mm anon” 

i Shh/I‘m 
i u! nmuvooa 
k m e :  my: Audo no. 

\ 
I 

i 
\ 

Amman/Amado m A 
I 

" J “  It. Ill/NJ. '1'. 

m , I1: Tho a MI W (m m . 
m II: The at m w (In!) 3 

——_ r ._;:_ " i 
m: Downrugo Velocity E ."  ' 

m “am at: am vane“, ,, m E 1 
' A , — : : _ . .  1 

I 3"" H no. I 

Ill: Tune I'm Ignition Tani—”W ! 
m M: Prodictod FDA! 1 ' l  w = n =  .' 

«am no: Vol-nod mum ‘.__°""" :,=="""" ‘ Q 
m as: Predicted mm mm: m ,, m 1 

m e :  ___= m ‘ 

00m“ In: Ina-cm Velocity 
212 m 33: mm m '3‘ 

I , 
I1: rum to manna [E] n a 

m '1'" n vmyum» [ M ] .  

m. Vulcan-firm (Jr-An.) 1 
' ”I m 

‘ 



ASCENT DISPLAYS 

m minor-Ar: . 
[ m  m m  am!  

f—uh—u‘ A A 
' V r  

A M  I sum 0 Oman-0m 
a m  I O callous!) m .  I M F - 1 m  

[ARIEL] [O mom m ] [ m - I m  

O s m a n - u m  I I I  
I ' “(BOWLING tr) 
H u m - h u m  h )  

- 0 , 1 . l m  3 manual .”  
0 , 1 3 “ !  ‘ m !  m m .  

I m _ M11. nmmuurrrm mu mm I 



S k - « r  

I 
§ # re

 
1 I Al
tit

ud
e (

fe
et

 x 
10

‘)
 

mum ASCENT (p12, menus 

Altitude 

6 a - 

DBKY display V06 N08 
during ascent program 12 
R1 - inertial velocfiy. Vertical Ascent 

' n2 - altitude rate. 
R3 - altitude. 

5 - : -  

Mugnltudo menial Velocity 
4 -  — 

l l L n l I I w 
200 300 400 500 

Tune mm Plane Initiation (seconds) 

> ‘ u m -  



L343 

HZMRID MIT 

V37 Em. 12 l m  

woman-Mn. 
Timed-am"! min. 0.01» 

mun Fla-hm 
w w w . m m .  m m !  WOJMMOJ um» 

mmrmm 
M: 00203 (mummurous Mum. Thurman's) mun Fla-hing 
TFl,m“fh.pHI“rh(mh/o.o.01“0.01“ 

woman-hm 
smmm 

mmrmm 
qoo'r.H(01ws.o.1ms.m 

woman-hm 
vex (LML vev (LN). VG: mm (0.1 MI 

mam 
mumfium 
nuooooa' 
nooooxn—émvohbmz-mm 
womsmm 

Wm um. Manama-.1” (0.1 «1.5.0.1 mm. minis) 

+ o 0 How 1 N33 + 0 ‘ 0 

+ o o 0 mm 3° + o o o 
+ 0 Second Am + 0 0 0' + . 0 M  ms + 

’ Vabcky (MID “ 
+ ’ Denim! Edi-l Velocity + ’ ‘ (his) ‘ 

0 'Crom o m  (ml) 0 n 

047 Sin. of Azimuth A (ASS) "b 
no a mu 

Anoh (A68) 
Mavens/Um Limit 

Axis I! Imu- 

231 Land“ Sit. MMMGS‘ 

'Lodanmiifmhmflmlm. 

NOTES: 



LIA“ 

Lu mammou 

930m mmm EVENT n'r/AV 0.3.1. summon maul-2mm 

mama-Ion ‘27'3/6044.4 137:os:15.a LM-APS/PGNS 13-12 

REIDUAIB (ft/I) + x x ‘ ll 
AV - 
AVXNBS " 00 + 1 :  x x  { m m  . GET 
. y PGNB ’ A08 01 0' 

—-—°-Vx-mm --'-""—Vrmm ""”-'_Vi'mm W” 

_. - "--.. \ s  15 . H 

. \ .- 
. \ 

Insertion \ A991. 
‘ _(43. 99:51) \\ 

‘ J" ‘ 

_ 
_ 

n I 
- _ 

_ Noon / 
/ 

/ 

I - l O l \ 

Insertion Peril \ . 

(8.7 ml) 
.: | l 

Ham: Shadow in with ‘1}!- ' 
lie-pact to the _ - fl Sun can om: wen M 0 L08 

Position of can 
At Ascent Inflation 

. Los 

. .
 A 

“
A

.
.

L
fi

g
w

l
l

d
d

m
w

w
.

m
fl

i
u

h
m

w
 

- 
- ' 

. 



(BEHAL SCHEMATIC OF ASCENT THROUGH DOCKING 
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RENDE ZVOUS 

The Concentric Flight Plan Rendezvous scheme requires the active vehicle to make 
three maneuvers to establish a rendezvous Memept trajectory with the target vehicle. 
These maneuvers are: ' 

a. Coelliptic Sequence Initiation (can, 
b. Comtant Delta Height (CDH), 

0. Transfer Phase Initiation (TPI). 

CSM Parking Orbit 

--—-Sun 

\Earth 

The CS! maneuver is perhrmed in the orfltal plane and normal to the position vector. 

An initial estimate of the AV impulse for CS! is determined from the following relation. 

lficm 'rPIl 

LM Orbit 
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RENDE‘ZVOUS (CONTINUED) 

1/: 
a ' V L M C E ' £ _ h  Ms (1) -* (IRLM csrl +1 ‘ 

R I 

where 

fiLM cg. VLM CSI" position and velocity vectors for the LM at the time of the 
CSI maneuver (1t, ft/s'). 

iiCM TH — position vector of the CM at the time of the TH maneuver (It). 
[-1.-- unit vector normal to ELM cs: and in the orfltal plane. 
A-{ICSI — impulsive AV required to perform the CS! maneuver (11/ a). 

- .  

The initial value for AVCSI is then utilized by the CSI targeting program to determine_ 
the time at which the CDH maneuver is to occur. Kndwing TIGCDH, the following equa- 
tions are used by the CSI targeting program to determine the required AV for the 
CD]! maneuver. A ‘ 

-9 

Von GDH cu Orbit 

LM Orbit 

RCM CDH 
VLM cm {,- ' 

, AH 

I . _. 

.. RLM CDH 
AVenn 

AV 
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RENDE zvoug ‘(CONTINUEm 

VAV ={?’cu Cnn- Unit [ficm cnnl (:CLMC cm): fl}Umt(§Lu cnnl “/5 (2) 
I (,.—.._— —‘— IRLM CDHI IILM cm 
/2 2 

Va" ) '  WAV' 0"“ W x “L11 01331 3/“ (3) 

u. -o -o co . 

AVCDH‘VAH +VAv-VLM cw ”8 - . (4) 

where 

fiLM CDH. VLM CDH- position and velocfiy vectors of the LM at the time of 
CDH (fl. ill/3) 

RCM CDH. c CDH— -—posltion and velocity vectors of the CM at the time at 
CDH (a, file). 

CDH‘ a — semi-major axis of the LM and CM orbits, respectively. 
ELM CM CDH at the time of CDH (It). 

VAV: VAI-I -—desired vertical and horizontal velocities, respectively, of the LM 
after completion of the CDH maneuver (ft/a). . 

U— unit vector normal to the orbital plane and in the direction of the angular 
momentum vector of the CM. 

AVCDH — impulsive AV required to perform the CDH maneuver (ft/a). 

After the value for Avcm has been determined and added impulsively to the LM veloc- 
ity vector, the state vector of the LM is then integrated to the desired time of the TH 
maneuver. This information is then used in the following 081 targeting equations to 
determine the adequacy of the CSI and CDH solutions. 

CM Orbit 

LM Orbit 
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RENDEZVOUS (CONTINUED) 

y= cos" [Unit (ho-ROM T1,,” Sign [U- (h xncu Tm)! ra'dlum ; (a) 

where . < 

fiLM TH. fiCM TPI- LM and CM position vectors, respectively, at the time of 
TH (ft). 

[71,03 — unit vector along the line of sight (determined by the elevation angle E). 
K— scale factor representing themagnitude of a vector from the LM. along the 

desimd L08 to its intersection with the CM orbit. K is the solution of 
2 -o o -o -o -o I _ K + 2" R12M TPI ULOS + (IRLM THI2 ' IRCMIPIF) ‘ ° ,, 

whose absolute value is a minimum (ft). 
'1;— position vector representing the desired position of the CM at the tune of TPI (It). 
I? —un1t vector normal to the orbital plane and in the direction of the angular 

momentum vector of the CM. 

7 — angular error between the desired and actual position of the CM at the time of 
TH (rad). 

The angle 7 indicates the adequacy of the CSI and CDH solutions. If “y is not near zero, a :4 
perturbation of AVCSI is made and Equations 2 -  6 are executed ”spin. This pro- 
cedure will cominue until 7 is sufficiently small. 

Once a satisfactory solution for the CS! maneuver has Men obtained. the computed AVCSI and computed TIGCDH are stored, and the C81 program is terminated. 
CDH is an impulsive AV maneuver performed in the orbital plane. This maneuver 
will fix the altitude of separation of the two orbits and determine the time at. which tha_ 
TPI maneuver should be executed. 

The following equations are used by the CDH program to determine the required 
AVCDH- The TIGCDH is either the one calculued previously by the CS! arguing 
program or one loaded by tho astronaut. 
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RENDEZVOUB (CONTINUED) 

. _. CM Orbit 
VCM CDH 

LM Orbit 

ii m on CM CDH 

Moon 

AVCDH I a I 

.. RLM cm! 
VAv 

‘CM CD8 3/: .. 
“Lu CD3 ) “n“ IRIM cm] fi/s VAv " Von cmrUnit (“cm can} 

.. 1/: 
VAI-I" n "IVAvl‘I Unit [U ”Rm can] 3/8 (IBM: Can. am: can 

Avcm "' V‘Aii" VA'v " VIM cnn 3" 
where 

RLM CDH’ VLM CDH— position and velocity vectors of tho L]! at the time of can 
(it. 11/8) 

ROM CDH' V D . .  position and velocity vectors of the CM at the time of C M C  H CD11 (11:, 3/3). 

‘LM CM? “CM CDH - semi-major axis of the LM and CM orbits, respectively, 
at the tune of CDH (fl). 
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RENDEZVOUB (CONTINUED) 

GAV- VAR—desired vertical and horizontal velocities, respectively, of the LM 
after completion of the CD11 maneuver (ft/s). 

U —unit vector normal to the otal plane and in the direction of the angular 
momentum vector of the CM. 

AVCDH -- impulsive AV required to perform the CDH maneuvers (file). 

The AVCDH is added impulsively to the LM velocity vector. The CDH targeting pro- 
gram then advances the state of both the LM and CM until a time is found at which the 
geometry requirements of the TPI maneuver are satisfied. This time is stored“ 
TIGIPI and the CDH targeting program terminated. 

The purpose of the TPI maneuver is to place the LM on a transfer orbit such that it 
will interceyt the CM. The CM will travel approximately 130 degrees of central angle 
during this transfer time. ' 

CM Orbit 

CM 

LM Transfer Orbit 

The TIGTpI is such that the L08 elevation angle between the LM and (IBM is 26. 6 de- 
grees. TIGT p; is determined by manipulating the state of both the LM and CM min ‘ 
the geometry . rements have been satisfied. Once the execution time for TPI 
is known, the AVTPI is calculated and the program is terminated. 
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P52—IMU REALIGN (CM) 
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COE LLIPTIC SEQUENCE INITIATION 

mopumou/ , parimnusr EVENT BT/AV G'Ef'r- . GUIDANCE uncmmc‘ 
081 44,4/ _ . LM-RCS/PGNS (p 081GB ADE) 49.6 138.06.00.9 EXT AV (p41) P—32 

RESIDUALS (ft/s) + x x . h AV .. AVa: N85 0 0° + x x x ‘ min GET y PGNS 0 A68 01 0 I 
AVz { 02 I)  + x J ‘ . 

NOTE: Shadow is with 
Respect to the 
CSM Orbit Earth 

Los 

iii-
r. 
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m - EXTERNAL AV «Ml 
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“~33 F m  Lad moan 
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P41 -— RCSTHRUSTM 
V37 Emu, 41 Entlt 
V50 N18 Flashing, Roquut Maneuver to FDA! R, P, Y Am 
V06 N18, FDAI R, P, Y Anglos Aftcr Maneuver to Burn Attitude 
V06 N85, X, Y,  Z Body Axes Velocity to be Gained 
V16 N85 (Avm G on It TIG om Velocity to be Gained 
V16 N85 Planing, Body Ans autumn (to b. Nullod) 

50-18 Roll 
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Yaw 
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Y VG (ft/s) 

v < VG (ft/s) 
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‘ (ft/s) 

Trim v ‘ mm 
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CDH 
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1 H o o 
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AVX A W  A z CRITERIA: x = 2 ft/s and z - 6 his 
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. CMC vs AGS 

AVX A W  s . If all above fail, bum cuc 
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1M BENDEZVOUS FINAL PHASE 
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! V06 N40. Tim. «a... Ignition. Velocity to b. Goinod. Mon-um! cm en Vdochv 
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vos N40. Time from Cutoff. Voiocity an be Gain-d. Mount-d cm In vugeny 
V16 N40 Hailing, Final Val". It En'im Cutoff 
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v37 Hashing, v32 Enter 
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LM LUNAR IMPACT 
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LM LUNAR IMPACT 75 2/ 
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RESIDUALS ml.) 
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AV: N85 ‘ 00 
”y pans « A08 01 1» 
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- - ""Vi‘mnl ‘ " -°“ Vy-mm 
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GUIDANCE “ 3 ( 3 s  

LM—RCS/PGNS P.” 
EXT AV (13-42) 
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+ x x x min GET 

4- x . . 
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vac-EXTERNAL Av 
PLANE CHANGE & TEI 42 

v37 Em, an Em 
'voa N33 Fishing. Load Dull-d can 
we N81 Hum. Loud M Av 
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/ wow... 
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V37 EMU. 52 Entor 

V04N06Fllihing 
RI: 0 0 0 0 1  

82: O O O O X  

L846? 

'52—!MU HEALIGN {Cm 

IMU Align Option 
1 - Profound, 2 — Nom‘iml. 
3 —-REFSMMAT, 4 - Landing Sit. 

V51 Fishing — PIC-u Mark 

x 0  0 0  

+ 0  0 
+ 0  0 0  

+ 0  

x 0  0 0 

x 0  0 0  

1 

1 

x o 
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+ ’ o  o 0 
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NOTES: 
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' LUNAR ORBIT PLANE CHANGE - 2 

PROPULSION/ PRETHRUST EVENT B'r/ AV G.E.T. GUIDANCE .1.» “GET“; 

43.0/ , . SPS/G & N LOPC-2 824.6 154.13.10.s EXT AV (F40) 13—32 

4wx N85 + x 1: oh 
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— — — O — v  — — — — o — V  7 — —  — O — v  ( fi / . )  "mm “mm ‘mm 

. om Orbit'a Ionslhade 
of Ascending Node 

New Orbit'a Longitude 
of Ascending Node 

NUI‘E: Wow is with” 
Respect to the 
CSM Orbit 
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R1: 0 0 0 0 1  
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m—IMU REALIGN (0!” 

in: oooox wows-motion 
" W a 2 -  W 0  - 

3 -  REFSMMAT.4- Lind“ 

V51 F W - P m m  

+ 

NOTES: 
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0 Jjw . 
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ULLAGE ' 
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V37 Emu. 52 Enter 
VMNOOFIuhing 

RI: 0 0 0 0 1  

82: O O O O X  

NOTES: 

0 

LB-173 

PSZ—IMU REALIGN ‘CM’ 

IMU AIM Option 
1 — Pnfmod, 2 — Nocn’lml. 
3 -— REFSMMAT, 4 -- Landing Sin 

V51 Flfllin' — PIC. M 

P62 Option 

Hour: 

Minot“ GET 

N71 

N71 

4.
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m-ORBITAL NAVIGATION 
MARK DATA 

REV 44 
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SXT A m  

Trunnion (and 
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m—onuru NAVIGATION 

REV 45 
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T2 GET-I 
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Tran MUG 
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ALT 1m» 
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LONG” H all! 
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P52-IMU REALIGN (CM) 

V37 Eats. 52 Ema 

V04 N06 Fishing 
81: 0 0 0 0 1  
32: 000  0 x IMU Align Option 

1 -- Profound. 2 - Nom‘iml, 
3 — REFSMMAT. 4 — Landing sm 

V51 Hailing — Pl... Mark 

0 0 0 P62 Option 

+ 0 0 Hbun 

0 0 Minutes GET 

+ 0 Seconds 

0 Odom-I 
Body Code 1 

o cumin: 
Stat Anflo 

» Diff-rune. (downs) 

Gyro 
y Torquing 
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( w  

J 

X }  Cabal-tad 
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P52 Option 

Hours 

+ 0 O 0 Minutu GET 

NOTES: 
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m-onanAL NAVIGATION. ‘ 
MARK DATA 

REV ‘5 

Minna GET 
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V3 And. «by.» 

SXT Am 
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IMU G m  
Y And. (down) 

stun SXT Angu- 
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PSZ—IMU REALIGN (CM) 

V37 EMU, 52 Emu 
V04 N06 Hailing 

R1: 0 0 O O 1 
R2: 0 0 0 O X IMU Align Option 

1 — Profu‘rod. 2 — Mind. 
3 -— REFSMMAT, 4 — Win. Sit. 

V51 Fla-hing -- Plano Mark 

X 0 O 0 0 PBZOptbn X 

+ 0 0  Hun + 

x o o o  “mi“ ‘ N ' n x  

x o o o  W r m x  
"ll! ‘ 

Difference (downs) N5 

X 0 0 0 0  P520ption 

+ I 0 0 0 Mimi!“ GET 

x o  0 o W” '_u71 

NOTES: 
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TRANSEARTH INJECTION 

. PROPULSION/ ..PRE'nmus'r 

(1203;131:1313) 135'0/314731 167 :23 58.3 3;??? ($40) P-so 
4v, N85 + m I ”h 

< m RESIDUALB (ft/s) + x Ix x ‘ mm an 
AV, (BODY Axm) + x J [ . 

— — — o — v  — — - — o — v  _ — ' — . . — V  W . ) f  

mm ’1?! ‘IQLJ 

Hyperbolic 

NOTE: Shadow in with 
Respect to the 
CSM Orbit - 

E
? 



LB-182 

Isa—mu REALIGN (can) 

V316“ 525m 
Winona-hm 

‘ R1: 00001 
Hz; oooox lMUAIionOpflon 

1 - W fl 2 - W  
3-— REFSMMAT 4 —  Landhlsm 

vs1 Fishing— Plan-0M ' . ”1' 

o 0 ‘  $209!a x a mo 0- 0 
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0 
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m-cmumn unocoum NAVIGATION 

WSM.23!W 
WN‘NFW 

m: o o o x x  tidal-IMO“. 
n2: o o x o o  0 - W 1 - E W W 2 - m m  
as: 0 0 0 0 0  c-0.D-0Lmdmork O-‘liEl-thfloflaon c-2Moonflorhon m s m m o m m  D-WwHoflmD-NUW ' 

V51 ”di l l -PI.” 
arm: CALIIRATION 

+ o 0 How: 4 o 

+ o o 0 mm GET + o 

+ o m + o 

x o o o _ auto mo x o 

+ Tum Anglo BI. M1 + 
4 fl? 0 
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m—cmumn MIDCOURSE NAVIGATION 

V31 Emma: I n .  
V“ N70 PM" 

m: o o o x x com Indy Oodu , 
R2: O O X O O  0—W1—ErthLmk2—Moonm 
B3: O O C D O  m o m - o m  (HIEton-lnn c-2MoonHorlaon 

V80 Funny. Pal-form enigma." D-‘l Nut Morison 0-2 Fl’ Horizon 
WI P M “  - P “  M 

W08 CALIBRATIUI 
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+ Tm A Oh. N87 + 
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MIDCOURBE NAVIGATION 
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P52—IMU REALIGN (CM) 

V37 Entcr. 62 Em 

WNW Fishing 

R1: 0 0 0 0 1  
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Mannie Force: 

The earth entry trajectory 
is shaped by the forces of 
gravity and atmospheric 
flow over the spacecraft 
surface. The latter force 
has two components, lift 
and drag. 

Drag is a force dinécud 
opposite ‘ to the relative 
velocity vector and equal 
to: 

‘6 - xsfict’pv’ Tom/s1) 

Lift is a force petpendiw- 
hr to the relative velocity 
vector and equal to; 

my. M pv tuft/s1) 
whore. 

APOLLO EARTH ENTRY 

2:: 

p - Atmspharic density (slugs/ha)", 
v 1- Holative velocity magnitude (ft/s) 
CD = Coefficient of drag (unifies) 
CL = Coefficient of lift (unifies) 
M - Mass of spacecraft (slugs) 
8 -  -Surface area presented to atmospheric flow (ft’) 

Aerodynamic lift (or C.) 
is a consequence of the 
vehicie center-of—mm 
(cw?) being offset from 
its axis of symmetry. With 
the reiative velocity vector 
along the axis of sym- 
m e t r y ,  the resulting 
symmetrical pressure dis- 
tribution produces a re- 
sultant force (F) through 
the center- o f -  -pressure 
(0’)” ’. The pmponent 
of this force (fl) perpen- 
dicutar to the line joining 
the CP and CM causes a 
torque about the CM. The 
spacecraft w i l l  rotate 
about the CM until a 
stabie attitude iLmdied 
where the force F is fully 
11a the line joining the 
CM and CP. 

Notes: 
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1. A slug is a constant, relating units in the equation 
F(pound-foroe) =- M(slugs) x aim/s?) 

2. Center-of-maa: The point where the mass of a body may be rounded as being ooncontratod, insofar 
as motion of translation is concerned. 

3. Cunard-mom“: The point when the "sum of all aerodynamic forces apparentiy m m  



In this stable attitude, the 
component of F perpen- 
dicular to the relative 
velocity vector produces 
l i f t ;  Because o f  the 
spherical shape of the heat 
shield, the stable attitude 
remains relatively un- 
changed throughout the 
cntryphases. 

Lift Modulated Entry 

During earth entry, stet- 
ing is accomplished by 
alienting the lift vector 
(L) so that the resulting 

“specific forces satisfy the 
entry guidance obiectivos. 
The lift vector is rotated 
about the Roll Stability 
Axis according to roll 
commands issued by the 
AGC. _ 

A roll angle (0) of 0 
degrees causes the lift 
vector to be up along the 
vertical and produces 
m a x i m u m  downrange 
flight. A roll angle of 190 
degrees puts the lift vector 
in the local horizontal 
plane, producing maxi- 
mum crouranoo (or 
lateral) flldu. 

Q‘ 
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Thoentrycontrol mmmduiumd bubulatothcroflanole (0) which will producothcmical 
componentof lift m y t o  afidyawmoblm(mmdqflhhndowmmw 
acquisition, and so forth). C W  control is maintaimd by choosing the proper sign of roll angle in 
ordurtoreduce-Iatcral errors. 

Lift modumd a m m m fl w m m m m u w m w i m m m m  
blow. , 

V.-IMM 

3.; -11 .15 d ‘1 h 45 it 3 d1 {0 
runaway—o 

The mum footprint forth. Apouo Coma-u Module utilizing Mm mt 5.9310n 2,500 
nutiul milaln W m “  250W mils h m .  Atypiulontryfootprimbtahmr 
rotummisionisdtown below. 
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Landing but! 
Longitude = 157.5’ W 
Latilmde = 1.559“ S 
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Egg Control Egmtlons 

The entry guidance equations are solved ovary 2 seconds in the AGC. Ruin-tier: and autopilot functions 
are also performed during this computation cycle. 

Th: guidance equations below are used during the entry phases associated with a nominal lunar return 
entry. Equation | (targeting) is executed every pass through the computation bop. Equations II and Ill an 
executed during their particular entry phases for downrange steering. Lateral steering is done by Equation 
IV  dependent upon certain logic constraints in the A66. The roll angle needed to meet the above equations 
is caiculatod using Equation V. 

l _ _ _ _ _ ' _ _ — '  _ _ — — _ - ‘ _ _ _ ' I  
l h u m m u j  

Y. 

L new M I 
‘ -  

---- e m] I m... 

r (Eon-60M!) ] emu-ac: 

Equation I: Landing Point Taming Equation: 

During the early entry phases, a unit vector is calculated which points from the fifth's center to an 
estimated splash paint. This initial target vector (131,0) together with unit vectors in thoequatorial plum directed __aastorly (1315) and in the target meridian ”HTML is used as a reference from which a new target vector (1 RT). I: calculated based on an updated estimate of time-to-splash. 
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0H 3 are ”{TRT ' Unitfiyradians) 

The mam error from the present flight plane is alarm-d as follows: 
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Equation II: Comm-Dug Flid‘n‘ Equation 

Reduction of near-parabolic velocities (mined with tho lunar return mission) to {point what. m .  h 
the earth's atmosphere is cured. is accompIishod by flying a combat-drag trajectory. 

Constant- -drag guidance is achieved using an on-board computed reference trajectory and constant gum 
factors for compensation of off-nominal conditions. The control raft-mo panmctm an command m 
the following constant drag relationships. 

(why-(F - 9) 5-1; (mum) 
ZD 

Rnef= 7V9- (ft/8) 

DR“ 3 Do (ft/82) 

V = velocity (ft/s) 
n = radial distance (R) 
a = gravity (ft/$2) 
Do a desired drag lave! (ft/s3) 
fi= constant associated with atmosphce (FE) 

Gain factors were chosen which relate perturbations in drag and altitude rate to the M U D .  

(ummmm. = mm” + 0.01 (n- om) -o.002 (Fa — é“) ‘ 
Equation III: Final Phase Equation 

Steering through the denser portions of atmosphere is accomplished using a terminal control method of 
guidance. A mean terminal glide trajectory is presumed into the AGC. Linea perturbation coefficients, used 
to adjust for deviations in flight paameters from nominal values, are also stored. Using velocity as the 
indepandent variable, the various quantities in storage are chosen which are usad in the back: control 
equation: 

(L/mwm. - (LIMFM + 1903 - a“: + K, (o . 0w) + K3 (5: 53.10} 
where . I ‘ 

(LION-“f 8 constant value (z 0.27) 

Rm - reference mum «m . 
nae, .. reference drag (ft/s“) - 
fig“ - reference attitude rate W8) * 

K1 - sensitivity of U0 to deviations in range (unifies) 

K, =- sensitivity of range to deviations in drag level (rdians/ft/s’) 

K3 8 mitivlty of range to dwiatiom in altitude ram (radium/flit) 



L m ‘  

Equation I V: Orange (or Lam” Conan! 

Crowange oomrol is maintained oniy when the lateral error (LATANG) is in «can of a computed 
dmdband limit. This limit (somewhat loss than the crow capability of the W )  is oompuud 
every 2 seconds as a function of spacecraft velocity. 

When this limit is exceeded the s’un of theoommandod mu‘mhKZROLL) ischanpdsothathe 
horizontal component of lift causes the spacecraft to steer laterally toward the W .  

Equation V: Commanded RoIIAngIo Equation 

Using previously dates-mined quantities (K2ROLL and LIDWO.) the commanded roll angle is calwlated 
bv 

IJDcontrol ROLLC = (KZROLL) arc—cos ——-—-—-— (degrees) 
L’DRef 

whare 

”DRef 2-: 0.3 (unitless) 

Entry Conan! Prawns 

The guidance function, which incorporates the entry control equations previously described together with 
curtain logic decisions, can be considered as a basic set of A60 software programs (Ma). The programs are 
associated with various phases of the entry profile as described below. 

P61 - Entry Prmtion Progam 

a. Purpose: Start navigation, check IMU aligmnant, andkprovide EMS initialization data in can of 
communications failures. 

b. Initiation: Astronaut keys DSKY — V37E 616 

c. Steering: None, lift vector is oriented full-up (0 doves) or full-down (180 dares), according to 
the astronaut specifications. 

d. DSKY Displays: 

VMNBI 
R I  — Impact latitude Latitude of splash point 
82 —- Impact longitude Longitude of splash point 
R3 — Heads up/down i1 

V06N60 
R1 — 6 max Maximum predicted g-load 
32 - V predicted Predicted velocity at El (400 K ft) 
R3 — 75. Predicted entry angle at El 

V06N63 
R1 — RTOGO Range-to—go from 297,431-foot altitude 
R2 — V30 Predicted veiocity at 297,431-foot altitude 
R3 — Tf. Time to 297,431-foot altitude 



P62- W/SMSepmtionandPrma'yMomh-mm 

a. Purpose: Notifies crew when GNCS is prepared for CM/SM mien. Also o m  mow-waft 
to the entry attitude. 

b. Initiation: P62 entered when P61 completed and the astronaut keys PROCEED after final P61 
dispiay. 

c. Steering: None, lift vector orientation mhtained. 

d. DSKY Displays: 

V50N25 « R1 —O(l)41 Requesttosapante CM/SM 
82 Blank 
R3 Blank 

VMNG‘I 
R I  — Impact latitude 
R 2  - Impact longitude 
R3 — Heads up/down 

VCBN 22 
R1 —AOG . . . ' R2 _ Al G Domed final gnmbul 

R3 — AMG "'9'“ “ 5' 
P63 — Entry Control Initialization Program 

a. Pdrpose: Initializes the entry targeting and guidance quations. 

b. Initiation: P63 entered automatically when P62 achieves the entry attitude. 

c. Steering: None, lift vector orientation maintaimd. 

d. DSKY Displays: 

vos~é4 
R 1  — G Present g-Ioad 
R2 -— Vi Present velocity 
R3 -— RTOGO Range to the target 

P64 - Post 0.5 g Prognm 

a. Purpose: Perform initial steering while waiting subsequent phases. 

- b. Initiation: P64 is muted automatically when 0.06 g is sensed by the GNCS. 

c. Steering: 

When 0.05 g is sensed, a calculation is made to determine position of spacecraft in the antry 
corridor, and the lift vector is positioned full-up or full-down accordingly. The orientation is 
maintained until a precomputed drag level is exceeded (somewhat less than 1.5 g). 

A constant drag trajectory is flown (‘3 4 9) until the attitude rate becomes your (more 
positive) than -700 ft/s. 



. 
._. M

‘
.

 _._<_ M 
.

4
 

>
h

.
<

—
¢

—
 

LB-232 

Range-toga checks are made to determine Whether the available range will permit a oontroflod . 
skip maneuver. Because the nominal range-to-target at El is 1,250 nmi, this requirement is never 
satisfied and the constant-drag flight is continued. 

A predicted exit velocity for the hypothetical skip maneuver will decrease below 18, 000 ft]: 
and exit is made to the final phase. 

¢ DSKY Displays 
VWN74 

R1 - BETA Commended roll 
82 — Vi ' Inertial velocity 
R3  -— 6 Present g-load 

P67 — Final Phase Program 

a. Purpose: Steer through the dense portion of atmosphere and achieve the planned splash point. 

b. 

C. 

Initiation: P67 is entered automatically from P64 for the nominal lunar return entry. 

Steering: Steering is done using a terminal type controller band on a W nominal trajectory. 

Guidance is terminated when vebcity dmps below 1,!!!) ft/s. 

d. DSKY Displays: 

V06N66 
R I  -— BETA Commanded roll angle 
R 2  - XRNGERR Crossrange error 
R3 — DWNRGER Downrange error 

V16N67 
R I  — RTOGO Range to target 
82 —— LAT Present latitude 
R3 - LONG Present longitude 

.
.
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TlCAL CM/SM SEPARATION ATTITUDE TYPICAL ATTITUDE AT ALTITUDE 01“ 400.000 FEET 

+7. 
SC 

”(SC _ 

20 degrees ‘XSM 7 ”3'5“” A L m 
Local Horizontal V 

. ' I _ . 1 
{9:1 recs 

I Velocity , , _ . . _ .‘ . +29.11 . 
I éector H .. 31.7 degrees [’0 - g 

’30 5'. 
Q9 

‘ 965 
P61 P62 ,— 

Auume Separation. Lift Vector ? 
Sanitation ”w” En"? 09- Am“ 964 g 
Attitude Am“ °°°53 

. . Terminus Guidance 0‘05 3 V 25. 000 8/! V . 1' 000 ft]; 

‘ _I. ('1 I I / , '  '/ I l I / 5/ / / / , 

TYPICAI ENTRY PROGRAM SEQUENCE OF EVENTS 



Planned 
Tar et 

North West Mission Lat Io 
\ _ 

Apollo 7 27.61 6h.17 

Apollo 8 8.13 165.03 

Apollo 9 23.25 68.00 

Apollo 10 15 . 07 161+ . 6? 

Apollo 11 13 . 25 169 . 15 

Apollo 12 15.81 165.17 

. Final DSKY Tbtal 
Readi DSKYA 
Norffii West Error 

.EEE.....E22§....JEEL... 
27.63 6h.18 1.3 

8.10 165.01 2.1 

23.26 68.01 0.8 

15.07 16h.65 1.2 

13.30 169.15 1.2 

15.87 165.16 3.6 

APOLLO MISSION SPLASH POINT SUMMEY 

' 4”“ M 

*Onboard data lost during eptry - miss distance is best estimate 

Eta]: 
Recovery 

Ship Splash Ship 
Report Reported 
North West I Mor 

L 1 0 *  k I 

27.5h 61+.07 7.3 

8.12 165.02 ’ 0.9 

23 . 21 67. 9h h . 3 

15.03 16h.65 2.7 

13.25 169.15 h.2 

15 . 78 165 . 15 2 .2 

.- . - war-WW" 

. 
o 

I 

uk‘ D , 
iv umb- 

_r :ufiu‘ 

Best-Estimte 
Trajectory Total 
(BET) Re rt (official 
North West Error emarks .EEEL....£22§.....§E£——— 
27.61» 6h.15 2.1 Earth Orbital 

r .  

8.1 165.01 2.3 Lunar Return 5. 

23.22 61% 2.1 Earth Orbital 

15.06 16h.65 1.3 Lunar Return 

* 4* LO‘ Lunar Return 

15.83 165.17 1.1 . Lunar Return 
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AREA 
H.056 
P.066 
Y .066 
GET 
(HOR CK) 
P 
(HOB CK) 
LAT 
LONG 
MAX G 
V400K 
7400K 

RTGO 

VIO 

RRT 

BET .056 

DL MAX 

DL MIN 

VL MAX 

VL MIN 

DO 
BET cnc 

RETBBO 

RETE BO 

HETDRO 

SXTS 
SFT 

TRN 

SPA 
SXP 
LIFT VECTOR 

1.3.236 

XXX 
xxx (don) 
XXX (dog) 
xxx (doc) 
XX:XX:XX 
(h1mi'nzs) 
XXX (dog) 

:txx.xx (don) 
ixxxxx (doe) 
xx.x (9) 
XXXXX (ft/s) 
x.xx (don) 

xxxx.x (nmi) 

xxxxx. (ft/fl 
XX:XX:XX 
(hzminzs) 
XX:XX 
(mina) 
x.xx (a) 

x.xx (a) 

X X X X X  (ft/8’ 

X X X X X  (ft/s) 

x.xx (9) 
XX:XX 
(minzs) 
X X : X X  
(minzs) 
XX:XX 
(minzs) 
XX:XX 
(mitts) 
xx (ecu!) 
xxx.x (an) 

Xx.x (don) 

xxx (0cm) 

xx.x (an) 
x.x (dog) 
xx 

Splmdown Am Defined by Town Linc. 
Space-rt mu Ginbol Am lamina for 
Aerodynamic Trim at 0.05 9 

Time of Entry Attitude Horizon Chuck 
at El  -17 Minutes. 
Pitch Attitude for Horizon Chock at 
El  -17 Minutes. 
Latitude of Target Point. 

‘ Longitude of Target Point. 
Predicted Maximum Reentry Acalcration. 
Inertial Velocity at Entry Interface. 
Inertial Flight Path Angle at Entry 
Interface. 
Range to Go from 0.05 o to Tara" for 
EMS Initialization. 
Inertial Velocity at 0.05 g for EMS 
Initialization. 
Reentry Reference Time Band on GET of 
Predicted 400K (DET Start). 
Time of 0.05 a horn 400K (RRT). 

Maximum Acceptable Value of Predicted 
Drag Level (from CMC). 
Minimum Acceptable Value of Predicted 
Drag Level (from CMC). 
Maximum Acceptable Value of Exit 
Velocity (from CMC). 
Minimum Acceptable Value of Exit 
Velocity (from CMC). 
Planned Drag LaveI During Comm 9. 
Time from El that SIC Velocity 
Bocomes Circular: 
Tim from El  to the Buinning of 
Blackout. 
Time from EI to the End of Blackout. 

Time from El  to Droguo Deployment. 

Soxunt Star for Entry Attitude. Chock. 
Soxunt Shaft Setting for Entry Attitudo 
Chock. 

Sextant Trunnion Setting for Entry 
Attitude Chock. 
Bat-sight Star for Entry Attitude Chock 
Using the COAS. 
BSS Pitch Anglo on COAS. 
888 X Position on COAS. 
Lift Voctor Duirod at 0.05 9 Band 
on Entry Corroidor. 
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Peruse Erra- 

T“ 

E u r - 4 .  

Pei-lg” 
1 I I 

i I' 

l 
I 

2 3 

1- - . !  

0-12 

a b  

m 7  norm-0a mans 

(813mm MU Erm- Olly) 

Error:- 0 

1 fi' 
4 5 

cm/s! 

”unwanted 
2-HPA Btu 

4 p20 

1 - . ”  

cub-4w. 

.1 In-” 

1(a) 



I'D-3 

flms IN PERMION 
13m 1'0 VEIDCI'H ERRCRB DURING MIMI”! COIB!‘ 

W o n  0 _ JERROR IN 
VELOCITY 1mm mcmmxon 

' (nmi/ft/s) 
man mmmm M! m carom (02:40:49 on) 
Along V 109.77 . 
Along R x V 0 .  11 
Along E x  TR 2: _V_) -5. 99 
ERROR EXISTING AT mac-1 ( m  + 9 hours)"(11:40:49 on) 
Along V . ' 32. 94 
Along E x V 1.54 
Along g x '(‘5 x 3) -- -14.23 

ERROR EXISTING AT mm cm'om (m + 28 hours) (30:40:51.2 GET) 
Along v fl ' 7 18.86 
Along R x V 1 .22  
Along V x '(R x 1) -1o.92 

ERROR mmmc AT 2409-3 (101 - 2211mm) ( 55:24:52.9 GET) 
Along v ' 9.03 
Along E x V 0.68 Along I x Q! x I) -5.21 
ERROR ammo AT nee-h (LOI - 5 hours) (72:24:52.9 GET) 
Along V* 0 . 3 4  
Along E'- x V* 0 
Along !* x 13* x V*) 2 .75  

* R and V are with respect to noon centered inertial system. 
** these errors assume that no hybrid burn will be performed- 

1*x<§*x!*> 

3,5759 3 - 3 1  
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M O P I B E R W M O I M B T M  

an that guidance mod on Apollo, 11: simplified fan, 13 as follow 

momm 

* 

.. .. ”.1339 
Q X A ‘ 

* ms.- A + + 1 Z? * - _. “"' f ' +- 3 - "—‘va 
' Cl. an 

(mans) 

__mrman-Iclm m m  mama-cums? 7 mm 

m above steering loop uncap- to m"  V8(veloc1w to be glued) to sex-0.112 inability 
of the steering loop to drive V8 to zero wfll result in velocity residuals at the an! or the 
Inn: as displayed in MO. 

Since the tin-mt guidance loop perform its calculations on the difference between AV 
mum-ed and AV desired, the velocity tumult displayed by M0 at the end of etch burn 
are not caused by immanent errors but by the inability of the steering loop to dun V8 
to zero. 

Bantu-cut errors result in a difference between the measured incremental velocity change 
and the true incremental velocity emu-19.3"“; perfect crou product steering (V fluid 1 
I 0 in M0) the resultant orbit v111 differ km the planed orbit. A measure of the 
difference between the actual and planned orbits in the error between achnl and planned 
apoaae and perigee- 

‘Jbe following tables relate incremental spacecraft velocity errors, during lunar orbit 
m o r e ,  to errors in apogee and perigee. nouns apogee and perigee errors, the table 
13 used to obtain the required error in velocity, expressed in haw ms coordinates. 
This velocity error 1: then converted to possible instrument errors by using the table 
relating PIPA bias and mo drift to spacecraft velocity. 

For mic:  Mame a perigee error of 15.0 n :1 and zero spacer-ft. m i d ,  1: shown in 
, after the m1 nneuver. 

1. Pro- the "Lunar Orbit answer Perturbation" table, the moat. “nun" spacecraft when: 
error 1: AV!‘ 

2.  no required velocity error 1. 

'26 n 3/“, - 4.35 ft/sec 
- .  u see 

3.. m weighting factors relating instrument errors to when: error: 11016 

-o.73 x 10’2 max x 52.6 - 3.20 x 10"2 A32 x 52.8 - 4.35 “In: l 
-o.38 Lax - 1.69 A32 - -7.35 Mac 

hereto“: 

“lemma ABX - +19.5 ell/lace naming 532 - o 
unmounted A32 - 4 - 3  ell/nee assuming“! a o 

ornaoubtmtionofthenbove couch": cauodthc5numor1npor1po.  



W (M) 

In "Inca-batman:- mm'm m u u m w m m  m m u m m m m m u m :  

x x c 
r -' [Rx(-1.25')] [ac-fl r i 

“slew: g _ Ian 

M: 
[m] - m u m m m m t o m m m m  

' dint-nels- 

['1 (4.25.8 - mum atria: shout 1.30: 4.25 a . ”  to W m  
fi g m w M W I m m  

m a y .  

I - EEO-la r 

slant 

m m a m m m u m u u m u u m m u m u w m m n fi  m e o w .  m w m m m u m :  

92mm?“ Wat-33‘?“ fig...) 
m1 0 2T2 357 

no: 0 28.3 > 0 
9 m m  0 m ‘ '0 
mac-1 o o o 
m a: a 210 0 
Wm 6 a69 o 

. Lore-2 o o o 
m: . 180 - o . o 

For 0.1]. maven thrust in unwed along Hts/c axis with the exceptions of the (31 all 191 
m u  where m t  was usual done the +153]c axis. 
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APOLLO 13 LUNAR cam HANEUVER PERTURBATIGIB 

ERROR m ERROR IN 
PERIGEE 
(mm/uh) 

APOGEE 
(null/fill) 

'0. 84 

4.08 

0. 'M 

0. 08 

STABLE MEMBER T0 SPACECRAFT 
CONTROL AXES TRANSFORMATION 

[80] = [M] 
F 

0. 03B 

0. 133 

L‘o- m 

0. 333 

0. 123 

.70.  9'8? 

7-0. 353 
-o. 12': 

L. o. 925 

- 0 .  049 

0. 990 

0. 131 

‘0. W7 

0. 992 

0. 134 

4.024 
o.’ m 
o. 123 

. 0 

B
i

l
l

 
a 

e
t

a
-

e
 

9.992 
0.125 

’ -o. m 
-o. no 

[SM] 
q 

0. 998 

0. 043 

*Thrust is along-+2 SC axis. For all other maneuvers thrust is along-fix 8C ms. 
—Mcam ooofllclent is less than 0.05 mum/a. 

EFSMMAT 
[811] = ézrsmmfl [ans] 

BBS: BASIC REFERENCE mma 
0 .  58° ‘ 0 .  727 

-0.010 -0. 457 

' 0 .  815 ' 0 .  512 

Same as Above 

Same}- Above 

"10.006 4.503 
' 0. 98° 0 .  I “  

"0.306 -o. 519 
0. 026 -0. 450 

H.591 -o."m 

HumouAbove 

7-0. 123 0. so: 
0. sea 43.042 

:0. 119 -0. 3M 

0. 085 0. 586 

0. 159 -0. 801’ 

L a o m  0.030 

-0. 367 Lunar 

o. 889 " Llndlng 

-o. 372 an 

oasfl " q 
o. 105 - Preferred ' 

q - "' 
- 0 .  285 

Luna 
0. 892 Lflbfi 

’ I" -o. 1353'1 1 
-o. 166 * Preferred . 

- 0 .  “ B J  h . -  

o.soo“ ' '1 
0.569 . Preferred- 

-0. 162.4 L. .1 



Graph A. Apollo 13 CSI Maneuver Apogee and Perigee Perturbations 
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Graph B. Apollo 13 CSI Maneuver Apogee and Perigee Perturbations 
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TYPICAL LUNAR RETURN ENTRY POSITION ERROR SENSITIVITIES 
AT GUIDANCE TERMINATION 

OMINAL 1. 250 NMI ENTR 
ERROR SOURCE Downrange Crossrange 

(e ) Error Error 
(nmi/e) (nmi/e) 

GYRO BIAS NBDX 0. 0 -0. 16 

(meru) 
NBDZ 0. 0 -0. 41 

ACCELEROMETER ACBX -4. 48 0. 0 

BIAS ACBY . 4. 66 (cm/sec”) l 0 0 
IKCBZ -,1. so 0. o 

1. Assumed accelerometer operation 15 minutes prior to El (altitude {at 
400. 000 feet). 

2; Assumed IMU drift from 1. 5 hours prior to EL ’ 

3. Assumed IMU orientation such that at El: 

28M =- - Unit (1'2) 
3731.1 .. -Unit (ii x fr) 

‘ . fr22M " i'SM x 2SM 
4. Crossrange-downrange definition: 

North 

Nominal 1, 250 Nautical Miles Entry 



CISLUNAR NAVIGATION STA DMARK MEASUREMENT PROCESSING 

The guidance computer utilizes a modified Kalman filter to incorporate the star/ landmark 
measurement into estimates of the Spacecraft state vector. The state vector in this case 
is the deviation of the Spacecraft position and velocity from a reference conic. 

F6 rx [- - 
Deviations from 

5 ry conic position 
6 1' 5 1'2 

State Vector = 35¢) = 3: = (iv = 
— 1: Deviations from 

6Vy 1 conic velocity . 

6‘vz 
I- .1 

Deviations from the reference conic are assumed to be Gaussian distributed with a known 
mean and variance. The mean is estimated via the precision integration routines or 
obtained from MSFN. The variance is given by the error covariance matrix, which is 
precomputed and entered via erasable data load. 

The basic recursive procedure of Kalman Filtering is as follows. 

1. Extrapohtethe lute vectoraheadtatimctu. m u m m m a m m u m g l .  
’ A 

2in g {'bn-l'z-n-l 

2. tnpolnte the error covariance Influx in a similar manner. 

my = NH] [EH] mHIT + run.“ (0..., - mean not») 
3. Compute the optimal gain matrix. 

(x31 - [11;] [Hair [an 5,; “"1" + var! (vl - measurement noise) 
4. Calculate I measurement vector {or time t... 

A ’ ‘ ‘ -’ 1.. man an 
5. Update use estimate ofthe state vector. using the extrapolated m 3].. an mural am pm. the an», palatal measurement 2;. and the actual unnamed ti tune tn. Xu- 

3-n‘ 33* “31(2n- 2:.» 
e. um the emr‘covnfllnce matrix m i  similar manner. 

[En] =‘ my - nql In.) [2;] 

The following diagram illustrates an woo-(hm. 



BASIC RECURSWE PROCEDURE OF KALHAN FILTERING 

SYSTEM 

“W‘Hu‘ 0:a 

EXTRAPQATE THE STATE VECTOR AND ERROR COVARMNCE MATR‘X. 

3.:  [db (tn ’two] 2..., 
[En] ~[Q‘tn 3th.!flLEn-Illfltl ,tI-o‘l'r +[UIM] 

WTE. THE STKrE VECTOR AND ERROR CDVAGHANCE MATRIX. 
AI 

2!! 3 g: 4' “CK Xa-[H-J XI.) 

[En] ' [E4] "L‘I’JLH-ZILEU 

'NAVIGATION TERMINLOGY 

THE TABLE AND THE FOLLOWING FIGURE SHOW 1'!!! DIFFERENCE m c m  
KALIIAN FILTERING TERMINOLOGY AND THE ACTUAL APOLLO NAVIGATIQI PROCEDURE 

TABLE 1 

m 
“ m a y  nus-111012” m u t t o n  

b a gemstry vector of [H] a: m m  3? :[H] 
" dimension “D" matrix 

. muting m of K' - ”ti-.1 sun 
9 h i m  "0" [ J Inn-ix Q 9 0 : ]  

w - arra- transition matrix I - e m  convince B a. 
[ ]  ofdt-nstou'nxn' [ J  min-ix L ]  [“1] 

5 - state vector 5 - state n e w  5 fi 5 

3 2 -  npriorinamt [V] - W o r m  32%[2] 
m mime (scalar) m a t  none 5 

: 
i 

A' ? 
IQ - mum-ant duration (1' - I - manna-ant N a (3' - 3 , )  3 

(scalar) n :1 rum 1: n _’ 



l 
The basic Kalman filter described above was modified (Reference 9 and Tnhlc 1) for ceiesual navigation in the follows: Mic aspects 

' The state vector (5) 1: not extrapolated utilizing that "state inhuman" Matrix concept dm'dOW by Kabnnn. Rather. 
extrapolation of the deviation sate vector 19 achieved by numerical integration of the differential equations 

6 2 - 6 !  

631-6 (Ec)b£+£d 
when 

G (5c) is the mvity mien: matrix 

1 (32°53 - c‘ I) 
rc‘  

Eu 1- the escalating conic position vecfir. (1c is enunciated {mm 110 and \'a which define an escalating conic orbit at an the 
time of the last rectification or trajectory redeflmtion) 

id to a distubance acceleration which characterizes the gravitation! anomalies of a central tor-cc field. 
6;. 6-3; are vector deviations from the escalating orbital elements 3c nudge. ’3; (to) = ' 3  (to) =2 
8; and 63; are amputated from (to) to the time of the present measurement using rincke's method of differential acct-wrath“. 
£0 and 3c are extrapolated from (to) to the time of the present measurement using Kepler‘s subroutine. 

Thus, for mail deviations from the reference trajectory. me state vector diner-entail equation characterizing linear pomrlmmms is 

0 
.i. 0 I a + ——'.'.'.'.... 

Gtrc) 0 1d 

where 35 equal: the deviation state vector 

6 z 
6 x 

Tho "error cm'ariance".mltrtx concept {E} developed by Kalman is replaced by 1hr "mu-mt trans-Mun" mun-i; mam-11;! .. u ,_ 
for Incorporation of celestial abuzz-mums. 

Generally. errors in the estimation of the state vector are cunt-termed by the viz-moist: of the error covariance matrix 1-2. 
For position and velocity state vectors. the error covariance matrix is as shown Imlow. 

T 
2:21. E r fi v  

E v  e1- fiv-Ev  

where 

2 r  E a r - fi r  

----- - -.---~--- Ina-a4 
_ i  Ev Mr N 

and 
x is the estimate of mm which am“ as a remit of a meanwmen't Incorporation. 
5...... in the actual state vector 

. 0T 0 3 T  etc is a vector “arising process which yields a 3/3 matrix a! menri square errata. 
-r -rv _r__ v -  

Emr covariance matriclel (E) are umlly extrapolated using a state transition pm”). which follows naturally from the 
dlfhrwtial equation of the state vector. Thus for classic Kahuna Flint-In; 

mm DOMAIN mmmcs mmpownox pnocnnum: ' 
11$e 21‘“; 
then E-FE-s EFT E‘ -§EOT+U 

where; U I: the coal-tame mum: at the m u  mm 

mm of extrapolating the error «wartime matrix by implementing the above equation. the square root 0! the after 
covariance In extrapolated. Thus if 

E 9 WT 
Wining w 1mm of E: “way. alum mt E! will remnnpoaime definite. 
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EXTRAPOLATION PROCEDURE 
Tun: DOMAIN Immune: usmc mmom 1 1 a  

o 1 , -  I 
é'[mrwflé ‘ ”0+! ?[G(ra°] 3“ 
. _ o 1 , ‘  9 E ;  3 
v [C(10) 01' w “004'“!  (re) In! 

I m m a n u e l .  W h m w m m m b t m o u m r k u fl u m  matrix. ohmdwmlldqnde 

nu! I point ll “new whore a l l  measurement o n  In Ignored. To packed. thin. the W nun-Ix I. actually rot-luau“. 

With E upland by W for celestial navigation. the optimal gun m u m  put at an Kalmn Film martin 

cycle chug“ accordingly. 

Tbaplmlnln m u m u m u a m m u m m m u c h - w m m u  

x -  In!" (urn? .V) ‘  

K u - n u u d w m m n m a .  m w b m n h n - m m m l m .  m u n  

optimum 11m:- m m d  the “uncut. 

E’  lath unwind error coax-Inca matrix. ‘ 

fl u n m m u h t h ' m - m m r b m m u m m m .  

Vlatbomrummlxolmmummntmlu.  

Thoulmam weight notoruodfiorlncorponuonduMIoban-uoumfiomamunch“- Madly 
dmtumutuuonofnpomdryvoetorgnndthocrrortmslfloamtflx'hbhhlnnmbrx. Thu. 

2:- -ww"' 
u.- : -  [w'w'l'a b [bTww’rb + a')" 

Thlmpumuouonhoabovo mutation-mallow: 

I. Ila-mutatMah-mmnlmmXT. an. L3. VHF, and-eonumdulunmdrymg 
forachmmwflelnhtuthdntnflonfihnchrnflafluarudavanon-cram. lam-amt. 

mmmmcnu are [noon-pound manually :- they are than ulng the am computational procedure. '11). 

m a y m r g u m m u m u m a m m u o i m m u u c m m m a m u o n d g m m u m .  
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m e w d h m m m m d m m m a m w i fi  "lbs 
'5 «mug: 

g - h, - «Mud? 
h: alt/«(51:9 

a}; 5;}; 5}; m occult-I m Iron ti:- o-cuhun; orbit cam-ape“ to the time at the [cramming 
nimb- 

Aslnounpb. thmmm:mhnmutmmudoflndntonwu 

e A e  gig 

Tmpnrfllll 
'r OrLcouA-r m A 6 A = g l  “I. L 

'1' GA - £6e A-gs GEL)/rLIInA 

By W m  
T GrLrLa ocular =- 1L 63L 

More 
'1. .r 

flrL- a 53.1. - £L5£L 

and 
a: 6;! con A—ET! Or! 

“'  'L sin A 

(ET can A11 )ogL (ah-cc- 5-2.: ! (-6;') 
e A  '1. sin A 

“B’ELWA _ 1 
E ' W “  :Lmus-uee'm! 

0 AllNEW-hrnmawomammontpmfinnmmmwMWm 

i M a m h u u a m m d u fl n - W n fl a fi o m  

i. m-  i 'm + w. tun-oh 

ifilhmnm'emdthmmm(§) 

g'mummhuuumdmwmncmmwmhwwn 
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CAI -MWWM. 

a i ’ u m w m m .  

t1 ismumdmnummmmmuu. 
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Atlnoorpoution. di'udéi’mnphcdwflhdi “6‘1. mmnafi’moi’nnwmnpownomoi m o i  
u n m m c n w u m a m a m .  m m w w m m m n m m m l m m .  

arm 6‘: (m 

, 7 y 7 fl 
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Rectification Mmunmeu tun. lmuumnt um Rectification 

Whenever the alumni. of it “and 91000t values, tho rater-once trajectory in "Mind; that is, notified min; the 

mutton 

10 5c 

.‘.'.o .‘Lc 

whore 

gonad-go anoncuhungorbltolomonu attire new epoch. 

£6 and 30 have boon catrapohtod from the hat ratification min; Koplu‘l W 

63', 69 are the vector deviations from 50m: 1c . 

a With E "pl-cod by W for celestial mvlgauon, the update equation for the error trunnion matrix W is obtained from simple 

substitution. . 

The find step in the Kslmu filter recursive process in the computation oi the estimators error cont-lance mum. u m  

of error covariance for Kahuna filtering are achieved min; the mutton 

1-3: E ’ -  1012’ 

when 

E in the matrix (1 mean square error. cluncteruiu the accuracy d the estimation process. 

3 ’  u the error covariance mummmdfmudfron flu lut mnmdthottmdth M t  

measurement. 

K is the animal gain matrix. 

I! In the matrix rel-um between m m “  and um Yum. 

chequwmuudfornpdaancflnorrormmonmmuisobtumdbydiroctumwmulhonbolow 

WT:- w'w'T—ggTWW'T 

nth w .  W! -3}.— 

1+ 2,”? 

Wuiusfrunthcddmmmi= WT 

W’ “ M W W M u m k W m u d u m m m m m m m d m m  
mmement. 

g h t h q flm m w e i d t v m u m t o m w m m m t u m m m .  

ET ummta-gTw' audtolimplflytheWequuon. 

3’ “ h u m u r w d t b m w m .  
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STAR LANDMARK MORETRY 
as 

STAR . Landmn rk 

h 

A = actual angle men-urea by optics 

A0 = angle corresponding to conic position 

6 A  = measurement variable 
(8 Kalmnn filter variable) 

Position 

The "tattooing: between the state vector and mmnnment va riablc can be 
deurmiuod by redrawing part of the preceding figure. 

Tbmtvoctor.gp. cubedetamhodfmmruureA 

9-8 = halt vockn' along star 
1 line-of-ught 

IGPI q r  HT '1‘ ’ ‘ \ u uL=tmltvectornlonglmdmark 
- - '9 Loatmmthonptcocnfl 6A- 1— 'r—r‘fi' A?! .35. 
Ecn' £CL. r1.I 

whom 29 In I unit vector prepondlculnr to 501. 

“a 

2 p  'UNNES‘lt) 
2‘ ==Com|muentotu_:salonggcx‘m (93.330301. 

#‘UtS'Q‘s' ECL’BCL’ 

»= 71—; Unita-uscoscz. I.“ o 



@NAR NAVIGATION (p23) -INFORMATION pnocnssmc 

Astronaut Approval 

Weighting Optical Vector 
Subsyste‘m 

I M t Coasting 
§ :aztiliriimen Integration 

r c on Routine = - i  * A 003 (98 'ECI? 

EXTRAPOLATE THE STATE VECTOR AND ERROR TRANSITION MATRIX: 

Extrapolation is accomplished via the Coasting Integration routine. 

UPDATE THE STATE vnc'ron AND ERROR TRANSITION MATRIX: 
2‘. ’ z’ur 5"“ 59 5Q 
I W] = I W ’1 - a? 

1 +  
22 + a 

CISLUNAR MIDCOURSE NAVIGATION ROUTINE 
P-23 

MEASUREMENT VARIANCE 

71" = VarTrun + VarL/ 1131,2 

‘ 1 12' (o. 05 mt)” + “m, 
1L‘CL 

INITIAL "W" MATRIX 

"ml-I 
[ W l = - - - -  4 o 

”rui- = 1,005. 84m = 3,300 ft 
wgm, = 1. ooss4m/s = 3.3 file 

i *Thm values are stored in erasable memory. 
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ORBITAL NAVIGATION — STATE VECTOR DEFINITION 

FOR LANDMARK TRACKING THE STATE VECTOR IS DEFINED AS FOLLOWS. 

r .- _c r- -_ 
POSITION OF SPACECRAFT 

25 = y_c = VELOCITY OF SPACECRAFT . 
INERTIAL POSITION OF LANDMARKJ » 

g Elli "' ‘ 

WHERE: 
__c = SPACECRAF'T POSITION VECTOR 

= £05,, + 9.3:. 

v = SPACECRAFT VELOCITY VECTOR 
.3“ = + I 200,, 9.1 
= 'LANDMA'RK POSITION VECTOR 



‘- ONE LANDMAHK EQUALB TWO STAR/LANDMARX 316mm. 

1‘92. 2 a 281+ bggz'.’ c a s l x  £1.52) 

ESP ESZKNOWN 

STAR 1 COEFFICIENTS a, I), AND a CALCULATED 

H
 . DEFINE g3 .. UNIT gm x gm 

WHERE 

Q3 PERPENDICULAR T0 MEASUREMENT PLANE 

* ELM = ESTIMATED LOS FROM SPACECRArr '10 mm}: 
3.1M = ACTUAL MEASUR- L08 FRO}! SPACECRAFT T0 LANDMARK 



ORBITAL NAVIGATION -- LANDMARK TEACH (CONTINUED) 

2. GENERATE FICTITIOUS STAR 

. _ , . 231 psnpmmcvmn '10 gm 
3-31 " LN” (55 X 5L“) { U811»: MEASUREMENT PLANE 

3. GEOMETRY or FICTITIOL‘S STAR AND STATE vzcmn 

£3; = UN” [Es " (£1. 21:01 
WHERE 

£51 ' ELM = 0 

ELM = UNIT ELM) 

4. IN TERMS OF STATE VECTOR 

1 '281 EC 
231.2131 ‘O'T—[rnl ° ' EC 

”'93 ’L 
5. 00181a ACTUAL MRHENT 5M 

* LANDMARK 

u —81 9‘? 

‘AK 

5. umnmmw RESIDUAL m mm or sun vsc'ron 
281M " m (Es " in) 

'281M :0 1 6Q 8 0 -  0 o A Y Wu 1c sea LAB nsmnon FROM 21:30. 
2mm EL 

UPDATE sun 
E ' 3' + 2 60 
5' I EXTRAPOLATED EBTIHATE OF STATE 
93 = OPTIMAL WERE-IT FACTOR 
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on AL NAVIGA — 

‘ c w  Anglos Auto-Int Apron] 

‘s Trndorm h V! I II“ ' 

”CT [DE Vechr A v “ ?  I ' I. ’ 
Land-ark A “d Adopt H. 

"momma-t b—L “cum 

Star/Landmark 
Measurement 1- - -1 

la.- -c~"wu-w .e-I W'W'Tnm W’W' ra’) 
[Human Tlnnq [may mates-A3" 

sun-nus 
M u m !  , Com 

M A T  P M  M M  

3 - con" (yg’dhp Roach. 
. ,[3 

MEDIA“ Till STAT! VIC'I'OI AND [8.08 ammo! ”Tm. 

I ‘ m  ll m i l l - d  vi: II. c m  W to“ .  

"PM" Till l’l'A‘l'l VICTOR AND r m  m m  nun-m. 

yids-5' *2  6Q 
I"! - I"! w!" 

‘0 * - 

ORBITAL NAVIGATE”! mum 
p-n 

MERIT vnwcc'l: 

3' - Vu’sc'r" Wm: 
- (1 MN (0.:m)‘ 

INITIAL "W" MATRIX 

v“! : o E m - “a"g‘rg'a‘ 
"”fT'fi-‘T 

w}, - 0.0 
vi. - 0.0 
w: - 10.000 mini 

‘ m m m m m h m - m q .  



RENDEZVOUS NAVIGATION PROGRAM (LEM) 
P-zo 

MEASUREMENT VARIANCE 

RANGE MEASUREMENT 

' Var“ 2 —2 It Rmin ‘ -4 66111 a = M a x  Va , ————,—-— = M a x 0 . 1 1 1 1 1 1 x 1 0  ,—-1 { PR 1"CL } { ' rCL 
RANGE RATE MEASUREMENT 

a” = Max {-2 Var" Var“ = Max {-3 1 8777 x 10" 0 017445 mw V' V m i n  ' ' ' 3 

SHAFT ANGLE MEASUREMENT 

32=Var*+Va - 1 2 + 0 2  ' p rIMU ‘ ( mr) ( . mr) 

TRUNNION ANGLE MEASUREMENT 

.52 = Var; + Val-[MU = (1 mr)2 + (0. Zmr)2 

INITIAL "W" MATRICES 

FOR RENDEZVOUS FOR LUNAR SURFACE NAVIGATION 
' I l 0 " H’ 
“’rrl' 0 0 ' ' 
- - - - : - - _ - ' - - - - - -  V I I I :  0 

‘ W I S ‘  o ' w r v I :  o [ W ] :  ‘ - 9 0 : - - - -  

. . - . | - . . - o - - - - -  0 :W‘WI 
I : . wfl  0 0 
I o : o . 0 we 0 

l : 0 0 0 
L I .. 

wt; = 3,048m = 10% ' wfi. = 0.0 
wlrv = 3.043m/a = 10 ft/s ' w“; = 0.0 
w; = 15mm 

w; 15 mrad 

I *These values are stored in erasable memory. 
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RENDEZVOUS W H Y  

6 V  

LM Conic 
Poultion 

RENDEZVOUB RANGE (rm) MEASUREMENT 

1’ I... _ 

LConn: 

ll
"

 

5 
Center 0! 
Inertial 
Coorflunta 
Eyltom 

:- -L 
Conic 

Range Ila-aroma“: 
1' 

m 
Estimated Range Mmuruneut 

Q gIll-.l-Cii'loru1 

A 
1 " !  ' 5  = 2  ' ( E ' I  -§..r.) m LC 1:: m c Lower. 

than to = Component of rings due to 
polluon wcton known with 
an  uncertainty 

9 r - Kalmn mtu- menu-uncut 
m ‘ 

variable 
- 2 5 

6! - m  _ 

o ”L 1' 51.0 --L 
51".“ 'gm 9—1:]; - .13. I h .  2 . 5 :  LVL 

.o. as 
- 5 0  



5
4

>
 

RENDEZVOUS RANGE RATE (Vm) MEASUREMENT continued 

.aw =bT . m, " 
x :  

«Wm = IQLC x YLC 1: 2LC‘ tan 0 

tan 0 == -¢_5_rL- Unit (ELC x XLC 1: 2L0) 

IELCI 
Wm = '(ELC " ELC x 3L0" 5—‘L 

- -— ' r‘ ' ELCIQLC " ELC " 3L0) £21-'L 

"31.0 91L 
. . 53 

g '60 

“
'3

8
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RENDEZVOUS RADAR TRUNNION ANGLE (9) MEASUREMENTS. 

The rendezvous radar trunnion angle ls defined in the 3 
position vectors onto this plane. Like the shaft angle lt 

, 5 plane and can be Illustrated by projecting the spacecraft 
dlvfded into two components, a nomlqal one due to spacecraft 

positions and a deviation term (69) which is an element of the state vector. 

\hfo 
' 2c 

r 
"x: 

69 , 
m 

‘ £1. 
6 

m r 
-LConlc 

Q 61- 

A O 

4%, x 9-Lc)x-‘1Lc 

A 
6 = 9  + 6 9  

m m 
= 0  + 6 9  + 5 9  

0 m 
where 00=component of 9m d o c t o r  -3_ " .  - C  

> Conlc 
69 m: component of on: due to _6__rL 

:1. = gillxz'Unlt [ (gy nC) 1: am] 

w
a
s 

Kalman filter measurement variable = 

as + as = bT x m - _ 

.e'__1. " .. IInl Unlt [(gynC) nC F931; 

9. 61L 
0 ' 63 

1 69 

0 - L 0  I 

i e y x g w x g y  
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BENDEZVOUS RADAR SHAFT ANGLE (8m) MEASUREMENTS 

r
“

-
 

ll 
1 

-Conlc 

Hanan-d 
Line of Sight 

3w 

k 
‘7 ' -  2: 

The Rendezvous Radar shaft angle is defined In the nthr X-Z 
coordinate plane. The effect of LM and CSM position vector- 
on the shaft anglq can be determined by looking at the projection ‘ 
of these vector: on the 3-: plane: 

pm = 30 + ”In 7 
where am = estimate of RR Illlft mic due to £LC 

fl = portion of RR shaft ankle due to r and r o "C 
Conic 

1 I 

”m r I Uh“ (9y 1: 3w) 951} 

The actual measured shaft angle has two components a nominal 
one due to apnoea-alt position and an additional deviation term 
(65) which is an element of the state vector. 

Bm-nmwn-nownmus 

The Kahuna rum- muluromqlt variable; = 53m + 630 ' 2T 5 

' 1 I : -  [Unl tflyxgw)  £51, 
as 6V 

*1: 
M 
69 

°
c

~
|

o
 

“
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0
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RENDEZVOUS NAVIGATION PROGRAM (CSM) 
P- 20 

MEASUREMENT VARIANCE 

OPTICAL TRACKING 

VarINT 

=Val‘sx'r + VarIMU + —TCL 

' 2 
= ( 0 .  2mr)2 +(0 .  Zmr)2 + EL;— 

I'CL 

VHF HANGING 
Val-3" R . 

== Max LVarE, 1—9212 
C L  

@5127 m2 
1‘CL2 

= Max [0.0%, 

ALTERNATE LOS 

'52 a: Var ALT + VarIMU 

12 mr2 + (0. 2 mr)2 

INITIAL "W" MATRIX 
u 

Wrrl: 0 
[W] = ----n----  

0 : e l  

w;r= 3,048m= lo‘ft 
w; = 3. 048m/s = 10 We 

*These values are stored in erasable memory. 



RENDEZVOIB RANGE RATE Wm) MEASUREMENT 

Rendezvou- rum mo maummnt has a term due to Mutton from conic velocity (6_) 
Ind a term duo to deviation {mm conic position (6_I'L). The hm duo to velocity dam 
(61L) In: 

0 I . 0  

LII/08113.net" '“ LC “DC . 
Velocity - _  ' -! - ._ )= . .  ~ W - X  ) - . .  ' _  Q I “LCQCLCmmMLuLC CLConlaCmi 

XLC 9m _ . Vin: v0 + «Wm 
V where V0 -- component of run rate due to Vooton kmn with an uncertainty 

_‘ av ° - - ° -,Y ) Mid m 51.0 do LConic 

_ fl 6V - Kahuna filter measurement variable 
EL m 

Conic . ‘ 
BE , . " 'ELC flL 

1r , £0 

5m % 

- 1L 
z. A. \ l‘Co-ue 



A. ORBITAL RELATIONSHIPS 

Assuming a spherical planet, the equation of motion for a satellite is given by 

2 "  _, d_r--u_ , - (1) 
dt’  1" 

where 

M ' (1' Planet + B‘s-plume) G 
G - gravitational ( : 0 t  

The solution of Equation 1 is: 

h’/u 
1 + e cos i (2) '1

 .
 

II
 

where 

h :- angular momentum of the satellite 

6 =- ecoentricity of the orbit 

f = true anomaly 

. which is the polar equation of a conic. The conic will be an ellipse, a panbola, or a 
_‘ hypgybola. Treating the parabola as a special case of the ellipse and considering only 

the hyperbola and ellipse. the following relationships are obtained: 

Angular Momentum B a .1.- X :r = r2} = constant 

Velocity v2 a u (2/r - 1/1) 

Apogee ra =- a' (1 + 0 )  

Semuama Recmm p a hm. 4 

Semimajor Axis a = rp/(zu - rv’ ) Negative for hypei‘bola 
Eccentricity e = (1 — hz/u ” W  
Perigee r113." (1 — e) 

'TrueAnomaly m s f afi - é . l u n f = u i r e ? - V  
my!” om! .- " ' " 

Period p . 2,, (I s/z/ut/z) 

Mean Mbtion n 3 "1/3/33” 

MeanAnomaly M t n fl - r )  

-r = time of perigee mange 

Eccentric Anomaly E — e sin E - M (Kepler'g Eqmtion) 

an (3/2) = [(1 - e)/(1 + en‘/’ un (film 
gmrbola 0n]! 

Mean Motion 7 2  = we 

Mean Anomaly M -.- y ( t  _ 1-) 

1- : time of perigee passage 

Eccentric Anomaly H - e sinh H = M 

mnh (3/2) = I (e - 1)/(e + 1n "' tan (f/Z) 
From thése relationships. given an initial position and velocity vector. the orbit and 
orbit parameters are uniquely determined. 
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B. THE ORBIT IN SPACE 

The orbit in space is defined by an orthogonal set of axes along perigee, the semilatns 
rectum. and the angular momentum vector. The ordered set of rmt hand rotations 
(Euler angles) to achieve this orientation from the earth-centsred-inertul (EC!) 
frame are illustrated in Figure 1 and given by the expression .- 

P X X 

Q 3 [3203)] [31(1)] [ 3 2 ( 9 ) ]  Y ' [ A ]  Y 

w rbit . 2 CI 2 EC! (3) 

—.. Y 

where 

9 =- longitude of ascending node 

i :- angle of incidence 

w - argument of perigee 

Figure 1. The Orbit in Space 

The angles a ,  l, and w are generally unknowns; therefore. the elements in [ A ]  must 
be evaluated by some other menus. To this and, Equlflon 3 is expressed as follows: 

p P}; PY pz x x 
Q - Qx QY Qz Y . [B 1' Y 

W wx WY W2 2 Ea: 2 E01 _ _ (4) 
The unit vector along perigee mt l s , P  X ’ P Y ’  Pz') can: be deter-mm by Equation 
141. Page 20 of Battln as follovim: . 

” . L  _ £ “ _ " . v "  " 13. Me ["21 12”- (r . v ’ . “  - t . » .. (5’ 

I: absolute magnitude 0! velocity _ > , 
- '  absolute magnitude ofthe “(11113v " 
:- inertial velocify . I I ’ r -- 
- radius vector 
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This roam-sup In chain-d u talus: 

3) 
{s 

'v‘ 
/ 

( I  \ 
v s i nfi  * 

eI1 v c o s B  

3 a, 

‘ ¢i(mmae) 

fink 
non-u 

i’ - a m t - E n a m f  (5) 
.. I. _, ‘i._.. i; E 

0’ °r '  ; ;  ° h ' s " n ' i " r  
h’lu h’ -! 1 - h . 

m r ' m  ~ “"75 ' ‘ 3 " “ h fi r '  

but r t v g r - v e u fi -  :- v 

m u n - 1 -  ';_' 

Combining 1.2.andsintonqmflon6 

.. ?- h' 1 in? 'I- n In? 
P ' ; ' u . r ‘ : 1 " i " ? " , . — .  l 

Bylubotlmflng 

13-3 
h - r v a i n fl .  c o n fl -  

Mfidingthehctor 

rv'eol’pgr - rv’ool’fl3, 

maboveequuonreduoenh 

i -  71; I (v'-{‘.-)?- (;';)(V°°'3;r+ map-1).] 

w 

ampfi 'rvmpo‘.  

harden 

ii-sfl—fi3 [M— £)r-(r'V)Vl 
m h -  constant. “gunman-slough (mu.  Wx. Wy. W 2 )  u m  
umuyrandoorrupoudIuvtnthaI-Nt. m a  

F
l
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- I ' X  V (7)  

W ' nlinp 

maummiimi’v. m m m m .  6. haloflabduiollawa: 
- .  - .  q - W x ' fi  (a) 

h u m m u s ,  1 . n d 8 t h e m m i x [ n l  ”dammed. Mh.fioorbi tu  
m u m m y - n . 1 m m s m fi l A 1 - [ B ] .  hymn-"mm 
udbyuhgthoooutnmrsis 180‘ thunder-afloat}. Landwmdobrmmd. 
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C. ORBIT DETERMINATION 

The problem agorblt determination on be mad as follows: Given :3: initial 3:, had 
corresponding v1 vector expressed in EC! coordinates. down-ho the position and 
velocity in EC! coordinates at some time. (1. 

From wlnt has been presented so far. the approach would be to determine if the conic 
in I hyperboln or an ellipu. Then use the corruponding form of Kepler's «nation 
to solve for the true anomfly and through the orbit-in-lptee—trmsformnum deeming 
the position and velocity at t, . 

This method but the mun-able future of first determining if the conic u a hyperboh' 
or an ellipse nod requires No not: of equation. 

A more unified approach as presented by Baum is the universal conic equation- which 
Ira given by - 

4 2 .. a - . . '  rm -[1-%— cor’an] 1': + [At- 3’:- sm’m] v. (s) 

u. -o 8 .0 m» - 7,477! [c.xmx' a . )  4:] r .+  [13:7 C(X'm)] v. am 

when 

cm..,..,._,z_4 M 

A: - t¢- t ‘  
a. ' i ' % ' %  

x -B;_EL scrump- 
V a ‘  

x - 555:1 for hyperbol- 

mmmehlchumuudfot-lqmmBwIOIIafimmdufonqn: 
Anlnmdguouforxngtvonby 

x - x n u x - n a a - a r fi p é ( - é - a n s ' l  -(u) 

where 

x, a o for at. first “cation max for mom iteration- 

s -—3£,; (h‘tu) 
mmmmuumumx.  q v fl t b y a N n h n - M V  
titration lob-mo as follows: 

1‘ _ ‘ 3m" X. - 7%}; (u) 
what. 

1' 0!.) {35,71 3; cm.” « H  u-r: anx.’ 80!; an”: xn] 
- «.7 At 

F ’  (x!) . 3 % [  x 3 -  “I x33 .(xn: a l ) ] +  [ ( l ' i ' g  a 1 ) x n :  c m :  a t )  

‘ F f ‘  
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E
L

F
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m m m u m u m u m s u afl l x m l -  tat-malady”. m m m m w w m u  
uninhiunmnmormoemmonaua. “cahoforxnfl i lficaflblflwmmmilfl lo.Mubywflm 
r7 “ y u m ” .  Followlnmemtnmleenicmcfindptdacnhd.tapedmwnlocnymurdorndblfl 
wouhedohmtudbrmflmethfluhufll. 

The conic section concept utilized br navtpuou requires the communion o! mjecury segments undo:- a vid- nrloty oi ouch-slats. 
Wag on the constraint- tuvolvod. the act of universal equation. will halve 
1 -  - M m r o .  Va. and“. minim-I", 1‘. 
z—umhufn Problem macro. 1-,. MAI. pointers-Item“ 

~Thne-Thotl goblem [inn r0. v0. unit-ohm lorAt. 

‘4-flm-WProhlcmuvonx-o. v9. ”an. ”Inform. 
when: 

l - m m fl y m o fl m m  
At-Wflnehomrobr, 
p - n mflu u m  

«I I /a .  Inna-human 

7'Mlilfillde 
O - m a a m n y m u g - U  

m m m m u m m m m a m m m u  

1:. FM-ficotyox'C(ax’)+(1-rou)x'l(¢x‘)+ra 

“- M 7 i r . [ 1 -  -ax’ sux’n +00.“ 
V}! “XCCC—Xl) 

9 1-00... 

15- ' 0 -  - ; : - - m a +fln ’ w t 7 °  

10. r a T ‘ 2 ‘ , “  

17. ran: Ji— (H0097) 
can ” _  r° _eon‘ 

'1 18. I 
out I ‘ _ " — — .  [ o f  3" 

. .3.) 
rec _o) (1+out‘7,) -(1+.oey,) 

20. r‘ . [ 1  of: C(ax’)]r°+ [At-5% Max’flvo 

1.. 

:1 - £ [ ' s x * ] + [  5 1 c m ? )  . v‘ rot. ax (a ) - x  to 1 - “  ) Yo 

a .  o u r - 1 “ "  
It“! 

Therm: 

1 germanium Wranduhuflmlhmhxummmmfi '  ”yo-£12 . ;m 
r, Indv, a m m u m u .  a 

2 what'- Solution. One” a not 70; compute p/ro lad roaming Equations 15 and 11; compact x on“ m 14 
“naively; complta A: using Eqmuon 13 I! A: diagram with the desired At. adjust 00:70 and rope“. 

3 Time - Theta Solution. Compute cot 70' tom. and P/l'o using muons :2. 16. and 11:00!" for x uh. hustle: 14 
{manly compute A: using Equation 

4 M e -  -Radhu Solution. Compute cotyo. ran. p/ro. III] now, using Equation 23. 16. 17. and 17; mph oot— nun. 
W o n  18; compute at using m m  14 manly; comm M "In: m 13. 
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D. DISTURBANCE ACCELERATIONB' 

So fur the planet in question has been assumed tn be spherical which in not the cue 
toroithertheaarthortbemoon. Norhavothcefiectsolflloaunandthemoonontho 
earth or vice worn been eon-idem. Therefore. Equation 1 must be modified as 
follows 

a
"

 
a 

+ l ; c ;  ‘ i, d A (23) 

:
3

"
 

' who 

53 in the disturbance mlerntion due to 

1. oblateness of the earth or the W M  shape of the moon'deponding I 
on which reference body is and. 

2. the effects of the sun, 

8. thoeffectlotthesocondarybodyontheprhnarybodynhuu. enact! 
ofmoononeu-th if earthin primary bodyandvico vex-u. 

Analytical exprezsiona for 3d are given in R-577. Section 5. Since Ed is small in 

comparison to - , ,  use tum-body orbit given by nation 1 is used as a reference 
or uDeoaculating orSit which is perturbod by ad. The actual position and velocity vectors 

.therefore. given by 

‘1‘- I re 4' 5 . 
z . s + 7; ' ' . ' ‘2‘) 

when 

E, and 3c are the position and velocity of the two-body conic solutions. 
3 and 3 are the deviation! from the two-body conic solutions of position and 

velocity, respectively. 

Diffarenmtlng Equation 24 and m m ;  into Equation 23 gives the following m -  
3103: for the dflforentinl mutation 

W '  s—fl r [ [ 1—£§- ] r -  31% I (25) 
W t  to the initial conditions 

3“.) =0. 53% (9,)- 3 (to) -o 
This method (Eqution 25) in known as Encke'n method of differential main-luau. 

Sim the coefficient of '1: in Equation 25 requires the subtraction of nearly emu! 
quantities. prohibitive errors are introduced by solving Equation 25 in its present 
form. This difficulty can be overcome by making the substitution , 

( 1 - 3 4 ) -  — ; r ( 1 + - E — - ) [ ( ¥ c + § - ) - 3 ]  where p - r c / r  

Anqmuon 25, therefore. become: 

d d 2 -o -D -l - 6 '  -o gig-1s %(1+T»;—,,)[«cm.a]-o m 



8C4. 

Equation 26 cnn be solved by any number of numerical integration schemes. The 
method used in the Apollo Guidance Computer (AGO) in the Hystrom method. 

In order to maintain the efficiency of Encke's method of differential accelerations. 
6 ( t )  must remain small. Therefore, a new osmium; conic must be defined by the 
total position and velocity vecmrl r ( t )  and v ( t )  when G ( t )  reach” a. product-mm 
limit. The process of selecting a m conic orb“ from which to calculate deviation: is 
called rectification. 

To sum up, the position and velocity. during froehll, at time t, . given the position 
and velocity at time t, . are comwted as follows: 

1. Position and velocity in the oaculating orbit at time '41 are calculated accord- 
ing to Equations 9 and 10. 

2. Deviations are then obtainod by numerical integration of Equation 26. 
3. A new conic from which to calculate deviations in defined each time the 

deviations (6 ( t ) )  reach a predetermined limit. 

E. DISTURBING FUNCTIONS AND Tfl Em APPLICABILITY 

We define the following disturbance acceleration: as applicable to Apollo: 

'3‘“ - acceleration due to the numerical gnvitsfloml pawl-banana of 
the earth ' 

‘dm :- acceleration due to the nonlpherical gravitational perturbations of 
the moon 

Ia! :- mleration due to the secondary body on the primary body; that in. _ 
moon is secondary body when earth .3 used as reference and vice 
versa ' 

-0 
I'd. - acceleration due to the sun 

unlytical expressions for which are given in fir-577. Sections. 

The applicable disturbance accelerations and their region of applicability for Apollo 
are given in Figure 3. 

R M  , I 3. 441 nmi 

n, + R, . 43.452 mm 
R m  a . 938 mm 

B. =- 1 .  154 ml 

R. + R 5  5' 8 .  590 m 

R - 34. 761 mi 

Region 1. 3. sEdE 

Region 2' 33'  “as "’ :da + ‘Ihm Moon's sphere of influence. 
Region 3. :d :- ads + ‘dqm coordinate change 

Region 4. "ds + lq 

“thus- ‘2' ‘dm+;ds+‘dIIE 
Regions. "id-Elam 

Figure 3. Apollo m m  Mariana-flou- 
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HW-l 

HARDWARE 
PIPA 

COARSE ALIGN- FINE ALIGN 
. - ECDU i IRIG - - , ' 

~ OPTICS . ' w OUA _ g _. 
V ' AOT 

DIGITAL AUTOPILOT 
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. 4  

I ' 1 1  ' _1 
HP Preamp m o m m m n  

* 'AC’DIfi-Ampand DOM-Amp 
.Wuodule 

P - Mia-try 
C 8 Coefficientofvmbnmplng 
J - Platinum ‘ 

m a r s  Generamr m m m m m i m m m m m d a m m m  
1t rompufimflmmqCnpn-mmmm signal. 

ThePIPPreamEumplifleafinSGm(l4V/Vpln)andphueahmthe32mmmfler45°11; 

WACDifl-A and Module wwidealdditmlmplmcuuonQOSOV/Vxlaukmflm 
poem, E n u u fl fi  lin";sane«dump-flu)indium!floatpoamonontheplu-aideotnulland 
the other state means float position on the minus side ofnnll. 

Then ammSI imhmide-dmmwhemdcmmmumbym 
am§%flE-.HBBEEAcom-Ampm 

m m u m m m u m m - w e m u m m m n c s m m m m .  Theda-witty 
W m u m z u p w u y m m n m m  

ThePIPngueDwoamoonvmcwmtpflmmmcumummmmmmeMOAm. 

TheDCDifl-A m m m u m m m w m h r w m m m m m m m  
mflymfififivfi  
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1. 

2 .  

PIPA CHARACTERISTICS 

PARAMETER CM LM 

mximum measfirabie‘ racgeleration 19.1 g's  . 3.26 3': w 

Scale factor 5.85 cm/aec/pulse 1.00 cm/sec/pulse 

Pe'ndulosity P 0.25 6E cm» 10.25 .- dzge cm 
cum/sec? cui/sec2 

Torque to balance - '1' > I9680 dyne cm _ 800 dyn'e cm 

PIP float inertia ' J lino 935 cm 1h.o. 3,3 cm 
rad/sece rad/sec2 

PIP viscous damping 0 12x10“ dEe cm 12x10 glee cm 
' ’ rad/doc " ' -- ' rad/sec 

PIP break point c/J 8550 rad/sec ' 8550 rad/sec A 

PIP time constant - J/c .117 m i  - ' @117? '. afi 
Total torque constant . - $2 dyne ell/ma .h2 dame uni/ma.2 

Nominal torque current. -- _ "105 ~ In ,. ‘ ' git-h" In 

SUSPENSION W I M I C S  

Radial l‘orce 2 . 3  gram per .0001” min 

Suspension current 65 1 6 m 

the two ends (as a. m)  mtche'a with. 3 an 

Phase angle of current lags 16' t 2.8' 
to" 4 

Suspension stittnefis H 30 x 10-3 gram/micro-inch 

TYPICAL TEMPERATURE cmncrmxsncs 

Scale Factor 150 ppm/'1’ on 
300 ppm/ °F 1M 

Bias .05 cm/sec2/°F Lid/CM . 
'1' Actual PIPA Tmemture ‘ ' ' 
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PIPA P M  

m m n m m m m m m t m ;  Emmanuel: film-grout m. GI, m a s / c  
W m u m m m x - l .  ' : 

M15 1-1 

' .,. ' 7; m Coefficient M111 Grim 
‘ mum j w—“mu + n2 133 

an m (‘3') «II/ma 0.50 0.10 0.90 
gm m m  81" - ‘ - pn- ' too 500 . 600 

mbmmumwgfiutyn-m (Ab)mtbev1th1no.30u/m2 orthntmlmmmnm 
gravity (gb) £10111.t IBBlavalormt. 

m m m m fi r e M c h c m b o e m a u d f a r ' w m c m u u m m  
“ W I - 2 0 ; .  

; 

I mm 1-2 

' m m . 
Ah I can/ace V ' 19.11; 

31" p1- $1.900 “ 

mm m m  

nag-Alter 
x Pm mu- 1&52 
! mm mu 1h5h 
z PIPA 31.- 11:56 

mu m.- ( 3 1 . 0 0 0 5 5 6 ? )  Ros Oontom in menu can/ma 
PEARL“!!! ' -  .ooo7628)no50mum1nnecm ulna” 

flea-recumtothornwl 13 

PIP”: - ( 1 + S R I ) P I P A I - B n 8 1 — A t  

mac 1. the emu-ma data for fan 1““ mm denoted mac, me, mu 
m ' 3r " arm:- ( m 1 .  load) 

nm 

31' I Beth-hem %8¢c 

m1 nth-blurcrtholthm(mm1nlod) 

a .
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OIB-Mw m c‘mtodltfiru loops. 

2v PIP c/3 

mean I w 1316 men. 0 ( )  028v 200 cm . 
x m « ' -> 1- ‘ m 

313mm! 
mm 

m 
rm 

3mm 

pm_-muemqmpauermppu. mmocxnpdmumthe 
, 1  . m ‘ m ‘ 7 ‘ LEM PTPB 19 ii: the m 

m 9 ma macaques Hum- Aswibly (cu); ‘. ‘ PTA! 

.9 P 

[’19 "i 

120 we (PIPE) 

{mu-A man 5 
(comm) 

41 

cu. nc am- 120 we 
mm m ( m )  
m/m PEA/PTA 28 no 

‘ m )  

Manny Ann-my (In). 
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” M 1 1  
M I C  
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m- an -- mm 
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31-8 

m m  

m m  latex-round: of PIPA flout ponition with ma accohraticn applied will m u :  yield 
3 clock pulse. for each has]! cycle or float position. um. 18 called 3:3 Iodine. 

During initial build-up, torqm m m  is finished by artificial: inducing 2:2 or hzh 
mains and “Justine the more 3 null to coincidence with thc 3:3 India; zero 3 null. be null 
coincidence between a stab]; 2:2 and a stable 3:3 null nut be leu thin 20 are n e w  in 
build-up (figure 1).  

PIPA nou- nun m u m  at PIPA Incl testing. 

Indicated . Indicated 
Declaration - Acceleration 

Input ‘ Input 
Acceleration Accounting 4 mu common. 

I 
2:2 null 

“3 :3  null 

Bond 333 main PIPA 30nd 2:2 mm; PIPA 
(2:2 nod. artificially new) 

non-c 1 > 

At him:- levels of test, subtle emu in configuration due to integration of the PIPA loop 
into up Gill Syste- can cause the PIPA to dual node, 1.9. the stable 3:3 node my be replaced 
by bistable 2:2 and 3:3 node. Mutable Iodine causes no not delta. V mtput and 13 mifest 
as 

o. 
a deadzone to near null inputs. This deadwne is checked at 12:; 183 level of test to cum 
t it is 1:” than 50 are second: (0.0075 “/6002 or 0.23 «ml» ) .  

roman input mahntionofA33 (Figure 2), udunlmdm PIPAvin noun moAV'I  and 

3:3 2:2 . 
mm mall 
I L 4 —  A 
l I ‘ 7 

A33 A1 A22 Input Aculnratmn 

Figure 2 

For an input acceleration of A22, a dual. noding PIPA will also issue zero AV'I and undo 2:2. 

For an inmrt. acceleration between the A33 and A22 1131“, the PIPA V111 issue are AV'I and 
am]. node from 2:2 to 3:3 nt 9. rate of 5 or 6 than per second. '11::- uomt of tin spent in 
2:2 or 3:3 India; 1. dependent on the input acceleration A1. 
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HISTORY OF IN-FLIGHT PIPA PERFORMANCE 

AVG IN-FLIGHT CHANGE FRCM LUNAR ORBITAL DEVIATIONS 
ERROR“ (PREFLIGHT) COMP Mfim EDT I MAXIMUM 

X ‘00  01  "" 
No Lunar Orbital Apollo 8 Y +0. 03 - Z +0. 00 _ Variations Available 

C M  X + 0 .  0 2  + 1 .  1 7  ' 0 0  3 9  ‘ 0 .  5 8  

ADOHO 9 Y - 0 0  0 4  . +0. 28 -0. 32 ' 0 .  42 

Z -0. 08 - +0. 32 +0. 42 

LM X +0. 01 - 
Y -0. 15 - 
2 +0. 01  - 

CM X 0. 0 -0. 27 0. 0 -0. 36 
Apollo 10 Y 0. O - 0. 0 -0. 29 

z 00 0 I . - . ‘ 0. 0 +0- 08 

LM X -0. 06 -- 
Y -0. 12 - 
Z 0.  0 3  > "" _ 

CM x - - ‘ —o. 07 -o. 31 
Apollo 11 Y ' 0 .  02  '0 .  21 -0. 25 +0. 34 

Z +0. 03 +0. 12 -0. 01 +0. 11 

LM X -0. 01 _ - -- 
Y +0. 02 +0. 06 
z -o. 03 _ +0. 17 

CM X +0. 09 - 0. 0 +0. 27 
Apollo 12 Y, -o. 05 - -o. 08 —o. 20 

z ' 0.  0 ' -00 04 ‘0 .  25 

** LM X -0. 05 -0. 05 Pro-D01 

Y 0 .  0 0 .  0 PIG-D01 

0. 0 -0. 18 Post-Ascent 

Z 0. 0 -0. 06 PIG-D01 

*Deviaflons from compensation updates when made, or from preflight loads when no update was made. 
All units cam/s2 

"This IMU was turned off for ~27 hours on the lunar surface. 

NOTE: Variations of CM bias in lunar orbit caused by variation in coolarl: temperature. 
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w m m m  

Meme-lialoopdrimthenflgmtotheuglascamndaedhythoccnputervithmaccuncy 
o t t l J ' .  h e m e n m m m o a c u u a c a s i n g m w h e n u g i m l l o c k  condition 1: npproqchcd. 

m m m i c e l m n u o f t h e c o a r s e a l i g n l o o p m t h e m m  whichiumunaleco—nnda 
(A0 ) and media; dismiss, the pg, and tho immanent: a position and proud” position 
mi rate feedback for proper loop operation. 

w m m m o n  

d i g n l m p d r i w a t h e n flm m m t h e c m c m m s t fl o ' b y m m '  
. mmtorquinguamcmommmmmofucomuntmentsmetOngro 

m m  m w m m m , g c m « p o m m g m s s m m , m m , m  
ion. "5

38
 

w m m n m  

no c m  of the inertia]. node are tn gyro, stabilization amplifier,“ 51m Mm motor. 
MyroumuimtmrouticnaboutttsimtuUMsmlm torqulnstothngmmthe 
stabilization amplifier to compensate for tin notion. 

m m m m m / s m m m m m n m  

one arm 1: positive when the sauna rate is about the positive gyro input (n)  ma. 

W” T :1m m—4 
"mu mm mm: (‘xsu’ 4mm: (firm) 
"ran mm mam (am) -mu (am) 
"zen -m unnz (um) um (‘23:) 

In“, In", um 13 positive dong positive nubile umber ms. 

m n m 

1: 00A 

m 

i A z  
am 

IA A125 A125 0K AI 

1: +23fi JR m 

I ma - ki‘ +m 
2 -fi  -fi  +fi 

mm ms of tho I, I, z ncceleraneters 119 respectively along positive 181‘. mu, m an. 
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M“ 

NH COARBE AmN LOOP 

mmanochnkmuudtoucMcouunuadmoBlocknnwunhownbolmr. 

Error Counter Enable 

Coarse _Allgn 22“.}... 
. - - — -  - I 
| r 0. 8 3  192Pnlael 1 I 

l 1 I I I . ‘ ' 
Stab Amp! 0 

Dizltll Con-u AlignVolfid Tome “and 16x 6 
Computer ‘ 50011 1 Motor and Resolver. ‘—-> 

* A 9c Glmbal 

'31:: 96’ cos 0 . sin 16 06. 003 16 06 l 

IIIU Coarse Align Loop 

W 

mmnwhgmuemdmnpflormodbythoccmmuwmhummCmuAuaproamum. 

1. toarsoAhaubh. mmmm¢4dcmlzwhhhnmstheCouaeAnnEub‘ledummtb 
ECDU. 

m Error Counter Enable. The computer not: Bit 6 d Clunnpl 12 which must the Error Counter Endile discrete to 
all three mu axe- d the ECDU. 

Determine Command Angle. The contents at the cmnputcr 31min! angle counters no road and differenced with the duh-0d 
gimbal angle to determine the command angle. 

Issue Command Angle. Gimbal angle command: we issued in bursts d 192 when (8.4 dogma) at a rate of 3 .  200 [Mlle-l 
second. Each burst requires 60 milliseconds. The dehv batwoon bursts in 540 mini-6cm. If the command is not an 
integral multiple of 192 pulses. the remainder is issued as the last command. Glmbal commands are and out at the 
computer by setting Bits 13, 14, and 15 of Channel 14. All three hits are set simultaneously. thereby allowing all three 
gimbals to be slowed stmultmly. 
Determine If Command Anglc Ia Achieved. After gimbal comm have been tuned. the computer reads 51min} posi- 
tion and compares the petition achieved with the dash-ed Inch. c e  difference is greater than 2.0  dope”, an alarm is 
hand. 

mp1Imushfimtmuacmwurmolmwhfihmmmlmuommm.Theeommtordoeanotchook 
thflflmbflmfiimluchthtomnflvommnhmbeMdflthmmdpummmmm. Thachekonflml 
ximbalpooifluninuudtodahrmlmfluuhrmcmuhu. 

ECDU Re to Cou- Enable 

m m w t m u m m u m u m m m .  unseat): 

1. 

4. 

ProviduagroundtothePSAoou-unnninmtrehyl, tux-shy u m m m m m m m m n n  
m m  to tin ECDU DAG cum. 

Supplies 9. ground (or the PEA ntabllintlcn amplifier demodum rohy, mushy changing the reference manual: cl the 
stabilization amplifier ring demodzlnton from 3.300 m to 800 m. 

Provides grounds for the course align reky in each d the stabilization naphtha. that-shy changing stabmnflm 
amplifier servo compensatim. 

Generates an imarnflmodina amwhichmblu glmhalfm pal-u (A?) to mammals armor counter. m 
signalahochmguthereadcm huh-Mmkorm (Punks-”rem lmskppockppl. 

m y  game to Egor 9 m  3111t 

When addressed by the Error Counter Enable disarm tram tho computer, the EODU: 

1. Generate: an internal modlng signal which mow: error counter pulses (PE s 42‘ or Ave) to momma error counter. 
Absence of this discrete zero: the error counter and holds it there. 

The Error Counter Enable command (E) is combined with the Courts Align d a m  (CA) and tho (:00 Zero command 
(CDUZ) to mode the read counter in accordance with the following logic mum; 

y -  3- cA+ 09112 
when 

a. Thedinhimlpul-ufrom_hwmthgmcm 

b. E 2 Error Counter Eubh'hot" 

c. CA a Course Align Enable 

6. CD02 I CDU Zero Discreu 

e. E-CAhm’m"wu1m 
f. + han'br"  operation 

Inhibiting the read counter m m m w m m ' m d r m m n m m w w m m  loop. Thom. 
emrwillwcumumwavahe mhthtthoefloctofnslflalvmhcamlbd. 
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IMU COARSE ALIGN BLOCK DIAGRAM 
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System 
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Selection 
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Error Error 

Amplifier 

CDU Test Point 

Rate V F1 1 
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F And H i-Speed 2 U Schmitt 9/1323“ 

Read C ounter 

MB2 



.IMU COARSE ALIGN FUNCTIONAL BLOCK DIAGRAM 

Error Counter A Coarse Al n Mixi Am lifler ‘ 
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fl 
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em (middle 1009) = (ITM) (-3?(EP= a i m  

< 
- lo 30 

e:Eb (outer loop) = (1TH) (3—0) ( 3 ? :  31 1TM 

homey nhaping of torque anchor current is achieved with the mauve "’1'" network shown above; The Wy-responu character- 
istic of the leedback compensation network 13: 

B e -—"' + 1) (——' + I) 
Q = 0.020 (0. 125 2 ,  000 

a volts/volt- 

(4.12 ”Xmas +1) 
with the tailback diodes not conducting. 

e- _ 
:9- =(§ or fi err-3) 0.020 

TM . 

Assuming an ideal Hm Gain Amplifier. the Input and seedbiack networks can be combined as If each were wrung into an operational 
amplifier thus: I 

L A 0,307 (4.12 +1)(IL2.5 + 1 )  1:14 $ .. = . 
ma. “RIG, 0. 125 2.000 

.1 ' . 154—3—0- + 1) ( 3 + 1') m do a 4 12 1__02.5 : —(LJ_—vmm (Wm ac) _ + 1 .._!... + 1 AN (Inner ans) 
0. 125 2.000 

m 

When used for coarse align, the stabilization amplifier is reconfigured as follows: 

1. The input and reference signals are switched from 3 .  200 Hz to 300 Hz. 

2. The feedback compenaatlo'n is changed by connecting a 4. 1 pF capacitor in parallel with the o. 5 pl? capacltbr used tor the 
inertial mode. 

3. The course align compensation is: 

W (— “X—- + ) ' int—— = 15 1- 9-35 24- 3 inner-loop 
V me (Vrm no) (fizz +1) (2%? + 1) 
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[MU "INERTIAL MODE" BLOCK DIAGRAM 

Gain: 22. 2 AN 

Inner Gimbal Stabilization Amplifle-r-J 
L.__._.._______.__ 

To IMU Fail Module 
16‘ Servo Error 

Gain: 44. 4 A/V 
I. 

| 
I Demod erv ' | lIIlH:|gP 
| 
L Middle Glmbal Stabilization Amplifier 

To IMU Fail Module 
MG Servo Error 

“ * — — - — — _ —  

Gain: 66. 6 AN 

m 

Amp I 

Outer Glmbal Stablllzat Ion Amplifier J 

To IMU Fail Module 
0G Servo Error 

Inner 1. 12 ft-lb/A 

Gimbal 
Torque 

Motor 

Middle 1.12 ft-lb/A 
Glmbal 
Torque 
Motor 

0. 906 ft-lb/A 

Go. I 
Inner: 50 rad/BZ/ft-lb 
Middle: 25 rad/sz/ft-lb 
Outer: 12. 5 rad/sz/ft-lb 
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IMU INERTIAL MODE 
OPEN LOOP FREQUENCY RESPONSE 
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Notch and Pream 

Inner 
Total Open Leap 
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Gyro and Notch Break 
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Frequency 100. 0 (Hz) 

Crossover 
Inner/ Middle/ Outer 
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GYRO PULSE TORQUING LOOP 

Sliprlngs 

28 Vdo (PSA) To PIPA Preamplifier:- 

Error signal goes to resoiver for middle 
and outer gimbal, then to stab amplifier. 

28 V ,  3,200 Hz 

-—-Ducosyn Excitation Transformer 

ym Torque Enable, 102. 4 kHz (Issued by computer 20 ms prior to gyro select). 

Gym Select Command, 102. 4 kHz (Issue by computer to one of six switches in calibration 
module, to allow torque current to flow to the proper gyro torquer). 

Gyro Set, 3. 2 kHz occurs 2 ms after gym select: switches binary current switch to 
allow torque current 
I- Gyro Reset, 3. 2 kHz (occurs at a l l  times that gyro set does not occur; causes torque 

_ ’ TM R t current to be applied to a dummy loath. 
ese 

Calibration Module P H I — [ u n b —  
PSA/PTA L llllllll 1 L . . .  

m Torque Current 
No. 2010020 

' 4 1 ps = Pulse Torque Power Supply 
mm” “mm cm” PTA = Pulse Torque Assembly (LM) 

Current Feedback 28/120 Vdc PEA == PIPA Electronics Assembly 
(CM) 

Differential Binary ' 

' DCAmpllfler Current Switch 
PEA/PTA PSA/TPA 

, NO. 2010029 NO. 2010017 

Torque Current Control 
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... “M "m CALGlBRATION cumm- runny 10 mu» ' . 0 972‘23 20‘0020 
alvqwnaov cw W W Y m N  c». non. 

GYRO PULSE TORQUING LOOP 

A- . A  .L- A. .JJ-{M ‘Llu-L-éfihld



IMU FINE ALIGN FUNCTIONAL BLOCK DIAGRAM 

l____.'._.__§3'r° ._...___' 
Stabilization Amplifier 

C - 0.475x 10' 

Gyro _ Gimbal 
Pream lifier Torquer Gimbal Torquer l ' p 151{(—8 +1)(—-—3 +1) 1 . I T c 1 310 4.15 . 170 K _ a K -—-——. —. V’/r T J a 

85 mA 3 ( s + 1 (—8 + 1) ———-S + 1) d I C71 I 0.125 2, 000 i 
yn - cm 

KT=0.6 z - 3 
mA I I 

‘ A 1 1 a -C l __| K 1 ————Vms , 1  KT 1 . 5 2 x 1 0 , 1  J 3.78><10-.,I 
V V . a . 1 a . H=0434x10' Whom K ' Z ' M  152x1o,M 185x10-;M 

' rad sec ' = 1 . 2 3 x  107, 0' a 0.935 X 10 . 0  
, ‘ K - 3  , 0  m - c m  rad/sea dyn cm   A dyn _ cm 

rad sec 

I -367gm—cm2 

Gyro Torque = 1(l = 0.6(85): --4,335 dyn — cm 



Bellows~- - 

Pivots 

. - k . . “ - . 3 . . ‘  . - A - . -  . _ _ _ . . _ _ A  _ ,  

490110 [Me/6' 
Wheel Bearings 

+1.4 

Float — 
+61% 

Wheel 

, _ _  ,7 .7 ‘._ , ,  . - . , _ .  . F. . . .v_  M A W ,  ~ _ _ . ¥ _ , fl , - . _ _  L. a ,  " - .. _ . .  _ 7 ‘  , M A M - . . “  A * - . . , . ‘ .  

Suspension 
Capacitor 

Module 

\ 

4W PreamP\ 
Magnetic-— 
Suspension 



HW—29 

APOLLO 25 IRIG 

'Moments of Inertia: 

about 0A: 367. 3 gram—cm2 ' 
about IA: 650. 8 gram-cm2 
about SRA: 724. 9 gram —cm2 

Damping Coefficients: 

about CA: 4.75 x 105 dyne-cm/rad/sec ' 
about IA: 1.5 x 109 dyne -cm/rad/sec 
about SRA: 1. 5 x 109 dyne-cm/rad/sec 

Wheel Excitation: 28 volts, 800 cps, 4. 5 watts at synchronism 

Wheel Speed: 24, 000 rpm 

Angular Momentum at 24, 000 rpm: 434 x 103 yam-cm2 sec ?

Signal Generator; 

Input: 4 volts, 3200 cps 
Sensitivity: -10 mv/mr-ad 

Torque Generator Sensitivity: 0. 6 dynev‘cm/rna2 

Pulse Torque Scale Factor: 717220 rad/pulse at 3200 pps 

Magnetic Suspension: 

Input: 4 volts, 3200 cps 
Stiffness: 6 gm/O. 0001 inches Radial 

0. 8 gm/O. 0001 inches Axial 

Typical Temperature Sensitivity 

Scale Factor: 400 ppm /0 F 
Drift: 0. 2 meru/O F 

Actual IRIG temperature 



nil-3O 

GYRO P W  

gyro parameters are Ann, mm, l3!) and scale factor. Specification vanes moss 1188, can, 
and 8 0 testing are as shown in Mle II-l. 

hble 11-1 
9.30 Coefficienf Faun warn 

coefficient Units IE 1 53 1h: 

Acceleration mm along the IA mam/g 17 33 too 100 
(Ann) 

Acceleration Drift along the an lam/g 1h 21 25 #0 
(mm) 

mzhfihnuon Btu mm mm 6 9 11 15 
m 

Gyro lens factu- 11.11:- m t 1750 pp. 

m-xmnnlueorgropertm Mrsuhichcan‘beccnpemsted forbvthccmulhown 
nibble 11-2. 

' Elfin-2 Coefficient nuts 

ADIA urn/s 
m urn/s 
m ‘ mu 

nm GIRO W H O !  

m c m m m A h u n m d m c m t b m m m m m t o m l m m A n n a !  
m are coefficients. m (amputation- m 

m I -ADIAX PIPAXC 

m I anm PIPHc 

znm II -ADIA2PIPAZc-AIBRAZPIPHC+IHEA'§ 

+ A I B R A X P I P A Y c - m A t  

+mPIPAZc-IBDIA‘I:  

mm, mm, 21310 no mo drift emanation: 

mm, mm, m m gyro hm aura (u: era-um 10-4) ‘ 

m ,  m ,  WmmdrimduetoacéemuonmIpmntu-mw 
(an M k  load) 

ADIAX, 1mm, ADIAZ are gyro drifts due to uncommon in the input axis 
(an arguable load) 

m m m t u d a o r w m m c m m u m m , m c m d m u n t t o t b e m o d . ’  

During free-fall only the m ,  IBM, m are the relovant coefficients and the rout-.1113 18 IO m e  
that only these ten: are calculatod for the mo compensation. 

be computer m registers are 11460, 1’61, and 1162 for the x, I, m1 2 gro- respectively. 

om mm m - (.007835) (nag cmanta in vacuum 



HISTORY OF IN-FLIGHT GYRO DRIFT ERRORS 

3.0  

15 

I: 

- 2 0 0  * 

- 3 0 0  L 
W 

GM LM 7 CM CM LM 
AM £1123 M A no 11 

1 . 0  

0 L1.71111:l';,,..’L?-.'_ 

I"After in—flight compensation 
0113339 

CM LM 
Apollo 12 

N = Number of 
Data Point: 



ELECTRONICS COUPLING DISPLAY UNIT (EOE) 

The ECDU modes and scales the IMU gimbal angles and Waters tho angina to the 
computer in the proper format. 

The ECDU in an analog—to-digim converter which utilizes um encoding loops and one 
read counter which can be accessed by the computer. 

One encoding loop is used with the 16 x gimbal resolver (the fine system); the other 
encoding loop is used with the 1 x gimbul resolver (the coarse syaham) . 

The ECDU digital servo is amlogoua to a resolver aynchro illustrated by the follow- 
in duct-m 

Resolver Bynohro Servo Error Sign! 

Vin/Position (out) 

e A )  Volts ( Motor 

I 
l 

’— I 
i 1 
I 

i 
I 
I 
l 
I 
I 
I 
J 
I 
l 

91 
Feedback 

Servo Amplifier 

‘ 2.8 
Digital switch selection logic implements l 1 kppl 

sin (0  - 4:) or a - 4b as does resolver I — _ .  

pair. 12. 8 kppal 

degree 

Error Signal (0) 

I 
' L__J  

I Pulse rate selection logic I Read counter accumu- 
generates 12. 8 kpps or 0 [ates pulse train. 
based on servo error. I 

l l 
T - I 



b x  l 
RE 50 LVER 

SIN 

S‘N \bB 

COARSE COARSE ‘5YSTEM ERROR 
C O A R S E  

SWITCH 
SELECT“) N ' i ifigé-E; 

LOC‘IC. 

A 

COARSE SVS‘TEM 
'TO EQDU FA“... 
DETECT CARCLHT 

“’ P: READ COUNTER 

FINE SYSTEM '. -- 

-— FINE SYSTEM “”5 
swrr cu ERROR mm“ 

semen-ton: AMP 
Lomc 

ECDU 
READ COUNTER Loop' 

BLOCK DlAGRAM 

{ M i — w  o ? !  75—7 WJT5V T VF- lv j .  _ I . ._ . 

READ cow-ran 
up Lomc 

C1 

F2 
RATE sELEc-r ‘ 

2 
up] Down ‘ 
Logic _. ‘1 

F'IME' 
SCHM|TT 

HIGH SPEED 
SCHMITT ' 

. wimfl-T'FSEWW', ' _ 1 ' _ .  i l z v  . .  
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B M W  COUPLING DBPMYUHI'!‘ WU (OONTINUED) 

m l m u n m m m w m m w o m m m u m m m m v m u u m h u m a n .  
m m m m m m - m - w m w m u x M M r a - ‘ u .  Thom-r, I'm-yuan." cocoa-1x 
g u n m a n .  

m u m m a M m d m m k u mfim m c M M O J d - a m . t h o " o a r u a y m " h u  
mob-mmddtbmdm. F o r u m - W M S A W .  m ' v m u m m v m u m m m d d m m  
occur. 

W 

m m m m m n m a m m m .  m m .  u m m u m n u w  
“Matthieu-n: 

a h a - ” I  - I l l . c . ' ¢ 0 . . l h .  

O I mum-uh 

O — humming)- 

m w m u m n u m m w a m m m w w  v u m w w m o t o u w  u p . “  

occur - n u n “  

m m  
b co. .5‘  
m 

,-Ih O 
cm 61.5' 

h “on O 

- AV‘V‘V 

" h  . m 6 1 . 5 .  

3h 000 3 ' 

, 6 c m  sin 23. 5 End 

> _IM~—__h 07. 5' 
1x Realm 
00.- -eo- 0 I b t  ’0. 
m 

in 33. 5' o I 133° .5- 
; an 01.5' 

Dammit-on 1W 

35‘ aw 

A m m m - m . w m e m m m m m o  hhuhrfinrbc‘hfihmfilli, and: m m  . 
m 3.5- . W 

r——-o/—-~w—— > _ 

my: I f! ' new a n- 11-1/4 

, :I ’ “w”— 
III 2.8 Eran-8w 

finch-utum‘ 
M k m l u u w  

m w m d m u m m m m m m u u m u h .  

M hm . 
(no line) 

Rad Count-r am- “'- 

h u m a n - m . u m m m l x m m m m u m w - m d m m m u c m w u  ”Ohm-Inn. m u m m m u w a h u w m t h m d c m w m ' m m m u m u m  30mm."  m m u m u m m u u - u u o x w m  ( U m y m m o o - r u m d  m m w u b m m x x m m m m m m m u m m a A m .  puhotnhoutfld h m u m t M - l , “ 0 m m m t r u n .  m m m u k m u m m L M m d c m t h -  MunMdnJIpp-Jhnrudh‘flbmmoth-rudcmhl/oooduuoond. r u m m q u m a a u  c u m u n m u w .  

“.8  km 

% q i 0 . 5 0 m  _ + _ _ _ . m  Tomato”: 
0 .“  Van ac 18 bits ouch 1.85 m P! 

'12.: In. 

"2!! m m  ”5225. . ‘ l x  I ”  b“ vols-emu 
M M T r l ‘ I - r u d m h m m  

flh G l W C D U h h m m a m - m i . )  



n" Z ‘ .; v , . , - . 1, -V . .v; I, ‘.'v r1" -.~.- ~ "fl‘j'nwl . . ~ ‘ 4.5 ,, W m um '1 17.. " T—W"-‘.T'!'U"F’I"i'fl"l ‘ '.~r"‘r."f(,l1 ‘  r- —-—-..v;,n VW  _.w, , . 
. V , .  V ' W  9 > 9 ,p , “MT" T . 1W” 7 .  r .r- ,n r a .g}ug.} . ‘ ._  “1 u w I F _ n . t I ,r “ a n  . V _ 

‘ 
- w; a ’ l  J,..  ' m .  ]" .4 .- , 1’1 3‘7" ‘2'a r a“, .1 ‘n‘n'v . ,  K‘s-"1 ”j,” , “1.3., '-fl'?'€'"7f I. PY,‘ JtI 

. ‘ ‘ \ . ' w , ‘ 

CD‘R‘E ERROR TICT Dom-r 
cos 115' 

.053 
ca: 615' L suluv ”W 
cos us‘ 

count wmn cons: mun 
luv c m  m sun‘rcu M L  

Loam" 

'fi l  - “40-51415. 
6:. - Is-fi-ssoB-H-B 
S3 ' ll-I'MSOB-K-B 
5" - IS-H-Ism-n-i! 
.3 . nan-3.5M 
$3 I B-H-flvm 
$7 - Dawn-Rom 
u - bra-mm 
sq - fl. 
“O- H 
in -  Io 
sn- 1 



m 

ELECTRONICS mUPlJNG DISPLAY UNIT ECDU (CONTINUED) 

m 
min-manuanmmduuchuhcumm, W r e n ” .  “ W m m w m m m m  
m m m n y .  

« i n n — ” s  a h O c o s ’  + co- Mun 

Thismnuduum-mltodrmmrudeounmmni  unohtOdtomeotm. 0.088403100303111”. lineb- 
matu-Wyn-mnemuudmmuaymmmmtoumu-wmmmm. 

1. m the ”mom generate: In intern-.1 relax-once oo- ( 9 -  ”mucus hdder switch». 

8. Thu 16x resolver angle In dividud into 16 segments of 22.5 decrea- ro-olm doctrinal. 
3. Whardivldosmhflfi-do‘reo IonatintoififimmtndOfifldo‘m ruckus-charted. 1 ' 1 3 l  

« M E G A N  degree/16 or 0.0056” (”mountain-c). 

4. A ammo reject network is employed to whine a in. loop null. 

m M d q - m m m a m m n m u m .  

18x 0 
man: Emmi And. (94) 333 1,2! - tru- Vo 

degree (000 B: ac) DC + 
MCwnterStau 

rheummorlt 'nhmmhckmmmdmdrmugmhwnfmmmuuulmmudahkh 
a m m u m - y m o p u m m m .  Enchhhterrontodbythenmolfiflppo lmpulutrun. Whathohich spud 
m m u u m a u m m m m m m u m m u u m a n m o o m .  Whathefhofichmflttrluorhm 
m m m m n w u u m d a o o m .  nettIholdhvoldthium-ymachnmmersumlmhtm 
a w o m m - m m m u m .  

13.8 

800 b 
a 
.3 

P I I 
E E manna - 12.5 kppl x 20%q 
‘5 fi =- 1o'luccnd 
6 '3 w m -  w o m x w ' t o  

' 4.45’Iucoud 

18.8“. 

m m  W 

' 1  Lin-moxfi; - g a m m a “ :  

0 .01m:  =- m m m m m  ” V '  

m m m u d m m m m m u m d m m u w m m u m m b m m  1 3 W .  m u m u m m w m r m m m u m m m u u m h u m m v  1mm. Schmu'u,"tbwm1am;aplorlbuhonacunplotmo. 

m o m : -  

Throficmmunlwmcmmmmmhgrmhruydfim/ML mwmmmrmcon-  trolledbyrueuloetmdun/downlo‘m. mmuwmJMtchuhcumlmcwproducetbfmem signal. Accesstothacontenudtbmdomrbybdhthecomwurudthemorcwmuhum-blank. Accoubythcom- mumtheflntordcrbnw).  Ambytbumcmrhtothethkdorderbltmz’). Becausedthenbove.thao¢mt ratetothecomwter armrtimummthantothomor mater. Computer hm. however, have one-{mutua- ' 0 1 : ! ! d  thoutrmfmodtotheorror counter. 

Manny. t u m m a n m u u m m w m m m / m m u m m m .  



W W '  ”"M'73’7‘ """"'« TN 3"" m -- -. - "w-R'Ui' “Tm?"ww W , 'w'fiflmr-"Iwm' ' " 

FINE ERROR TEST DON'T 
r—ww—K——— ,,"'-“""1 tax 5.9; , .— 

r - - - - - - -  " 0 "  PIN! Tram“ Fl 
LEVEL 

.
.

1
 

.335 - 2:, cm H 
22 ””95 3“?”Sé‘afl" gtsc 

OR OP‘I'IC'O no so 200: #14 _J HS *.‘.~%(-1 

F U
 

-
‘

5
I 

0
.

 

Ht-S FEED 
Tum-aw Lulu. F 2 

“ T  
N “’1' 

ERROR ' m7 
AMP . m 

\ 

‘
n

“
-

-
-

-
—

-
-

I
-

W . 11”!“ 
It 

‘ 
“

A
A

 
A 

. u - u ‘ - — « - - - - - - o ' /  

ECDU ‘ ‘ . J 
. ERROR AMP 
AND SCHMITT TQIQQEPS 

LS
‘M

H 



an 
I“ A 

a" 
an. ““-‘ 

m“."“"" m a s h - v )  0' 
as: 

3:: 3.1L ‘5 uouo JUNE " "  m u  0.5 a cum as: 
(numb m 10! so . .  

museum?) I V  1E
 

Fcncun 

READ comm swrcn c o m  Ivor.— 
utsqm “not Logic“ 
.u w x. at - 655 r tea-u 

z' 20‘ .oud 2.5“ u-B-fi -so uo-q-i 
2' «0' .17' 5 '  ”no-‘40 tb-II-I 
2‘ .011: .35' :o' so. «boa-I- loan-I 
2‘ .om' .7' 20' s: "0-" .3.“ we: 
2" .ou‘ I.H|' ~o‘ “no-II oD-u an: 
as .n' 231' .012' s 7 - u  '— 
2b .39‘ is? .om' “ - 1 !  
2' .‘ro' nas' .000' 51 «0-! "—‘Sr‘ M 
2' Ltu' 215‘ .n’ mono-1 an; A m  
2‘ 2.02' «5' .3' an cl! . .  u ,L 2" 5M! 90' .7o' su- Bo? r " ' 
2" 1125' 130' w' 55-May 1.: 3 ° 0 
2" 22.5' ut‘ sin-Io . -  a ‘ 
all ~50 m i  ‘ 3 .  5 W M  

2'; 10' uu' 55- s e» ' | '~ 
| I 2 (00‘ 22.5 at: i so" an ,!.- \w‘ 

99-: n ms nu mac mm ” M  
330- 1 km To me m w a s  . -  
03: - o  L... ‘0 - Loan“? but» MI: W sun-mum Is a n  u n w r m  a l u m  

(1m #ov'ms W 1  ouw) 



’ "-" fl‘TT‘TYV-"KZTII’ ' T "‘.'." 'I-;_: T-‘?IEIT}H  rvgpt «Ta-av a ; wig-31W  {Imp-9.. raw-.1}- W ?  sv-qrn_nxqr-v-:;wr --v._r -..~rll:-~: A__,_, 1; ,,_r , 

COARSE SVS‘T'ZH COAESF. 
surrcu sutcnou scuhw'r 
LOG‘C. qqaa 

3 all": .0571. fi 1"— SAMPLE 
“Gm ’ HOLD ml: 35 was.» 

wramasaé‘w“ 1 
HEAD couuTE-R Pmom-rv oven 

FINE sxu. 
V ' p, * I~— _ § §  

F|“E 

""5 “5"“ 33:33:35 
saw?! SELECTION ‘1’ 

ER?! 
. 3 '5. 

Max o-v 1.15%.. 751 2 -. ‘°' “'23:": 
RESOLV ER DEGREE . v on E : HOLD 

' ‘ '1'. L25 ms. 

READ COUNTER L065: FUNCTIONAL BLOCK DIAGRAM 
;..-. . 
v i . . .  . 



mu/cw/Aac numacn man»! 

CDU Road Connor 

180' 90' 45° 22.5’ [1.25’ 5.6“ 2.8' 1.4‘ 0.7' D.35°L).17'  0.088'D.044'0.022' 40" 20" ‘ 

2 “ 2 ¥ 2 ” 2 " 2 “ 2 ' 2 ' 2 ' 2 ' 2 ‘ 2 ‘ 2 4 2 ' 2 ' 2 ‘ 2 '  

AGO location 0031:" (CD1!!!) 

180° 90' 45° 22.5'11.25° 5.8' 2.8' 1.4‘ 0.7' 0.35' 0.17' .088' .044' 0.022' 40" 

a “ : ”  a ” : “ 2 ' 2 ' 2 ' 2 ' 2 ‘ 2 ‘  2 ‘ 2 ' 2 ’ 2 ‘ 2 '  

CDU Error Counter 
M W M 
0032 cm omn 11.2!“ 8.6‘ 2.8' 1.4‘ o.7° 0.39 o.17*n.oas°o.o44° ‘ 
0033 cam INNER 
0034 cnvz MIDDLE 2. 2, . 2, ‘ 
1155 THETAD OUTER 2' 2‘ 2 2' 2 3' 
use THETAD+1 INNER 
1157 '— JETADtL WELF— .1 

I (THETAD - cum/4 ' 
(LOC 115x - cow/4 ' 192 palm/0. 6 second maximum _ _ _ - _ _ _ _ . J  



. IMU GIMBAL ANGLE AND OPTICS SHAFT SCALING DIAGRAM 
Contents of Respective Location in AGC A 

400003 ._ . 600003 200008 400003 

-1so° -150’ -120' ' -90° -60’ -30° 0° +3o° +so° +9.o° +120“ +150° +180' 
Actual Optics Shaft Angle or IMU Glmbal Angle ‘ 

DSKY Indication: and CRT Display on 11c 

L +180" , +2310" ' +24o°, +27o' +3oo'E +330“ ’ 0"” ' +3o' . 460° ' ' +90" +12wo' +150° " 4130' 

NOTE:' Foi' Colossus, V16 N913honltors the optics shaft angle in RI Gm. XX) ;‘ V16 N20 monitors the IMU glmbal angles 
as follows: ‘ ‘ 

_ .31: Outer Glmbal (+xxx.XX) 
1‘ ’ . R2: Inner Glmbal (+XXX.XX) , . . 

'-- = 33: Middle Gimbal (+xxx.xm é . i s _ - . -- ‘ 



CRT Display [ -25. 225' -10. 0° +10- 0° on RTCC 5 

r r ' 
I I ' u , . . . 

l ' ' I ' | l l I Positive I | I _ I 
' Zero I I 4 I _ ~ I 

: I 617403 I I 000008 I | I E g g  I : : 
J | l Negative : | I 

. Maximum Contents of 
526408 777778 5.. : 377773 I 617408 I Location 0035 

Negative I Positive I I in AGC (CDUT) 

Zero ' Maximum I I 

I l ' l I l J l I - | 
I l r l l l . I I l . ‘ .l . ‘ . .N 

-10° 0’ +10“ +30° +40“ +50" +60° +70° ' +80° +90° ;+100° LOS Trunnlon Angle 

I +19. 775° I I +64. 775° I 

+80° +0° +10“ +20° +30' +40° +50' +60" +70“ +80“ +0° +10° DSKY Indication 
' ‘ ' ‘ (V16 N91, 

Colossus, 
R2: +XX.XXX) 

NOTE: CDUT (LOC 0035) is loaded with a ~19. 775° bias during ZERO OPTICS. This bias produces positive driving commands for angles 
up to +64. 775' in the CMC mode. Withdut the bias, the CMC mode would drive the trunnion to the negative stop for command angles 
of 45° or greater. 
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REKDEZVOUS RADAR/CW/LGC NEWACI WW! 

8 . . 
1x Calm Byltem 

Resolver Switch Selection 
Coo Logic 

Sin ' - - _ - — - 
8m RR Servo Finn System 1‘3 Elect ‘ 8mm: Selection 

Resolver Con ran on Co. Logic 

A \ 

CDU Rood Counter 

130* 90° 45‘ 22.9 11.264 5.a° 13° 1. 4- our‘ 0.3? 0.17. .088- mow 0.022" 40" no" 

a“ 2“ 2“ 2“ 2“ 2" 2' 2' 2' 2' 2‘ 2‘ 2’ 2' 2' 2' 

me Location 0035 (own {of-Truman and 0033 (cum) mm 
mo- 90- 45' 22.9 11.25- 5.a° 2.3. 1. 4° 0.7- 0. 35° 0.1 o.oss° 0.044. 0.02%N 4o" 

2“ 2“ z" 2“ a" 2' 2' 2' 2‘ 2‘ 2‘ 3' 2' 2' 2' 

a V _',CDUErrorCoutor 
Note: RR unnutathumu ; . 11.25- 5 .0 2.8- 1.4' 0.7. 0.35- 0.17- o.oas° 0.0“- 

IMU snub-J scaling. V 

mummy an Ame Readout (no rm) 2' 2' 2' 2‘ 2‘ 2' 2' at z' 
m + xxxxx Trunnion 
R: + xxx.xx m ! 

I" " A . | an Gyro L 304 panes/o. 5 noun maximum ‘ 
I TamCommudn ' 
L _ _  __.._-.l 



Degrees 
L06 

OPTICS TRUNMON/C’DU/AGC INTERFACE DIAGRAM 

1 Fine Syltem 
: >  Switch Selection 

2 Logic 

4"» 

CDU Read Counter (Lon 

I 
I. 

45' 22.5' 11. 25 5. 6' 2. 8' 1. 4' 0. 7' 0.35' 0.17“ 0.088' 9.044' 0.022' 40" 20" 10" 5" 

2 “ 2 “ 2 “ 2 “ 2 “ 2 ' 2 ’ 2 ‘ 2 ' 2 ‘ 2 ‘ 2 ‘ 2 ' 2 ’ 2 ‘ 2 '  

AGO IocnflonOO35(CDUT) 

45° [22.5' 11.25% 5.6° 2.8' 1.4- 0.7“ 0.35- 0.17'o.osa°o.o44'n.022' 4o" 20" 10" 
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Since optics trunnion scaling is 9. 88 arc-sec per data bit. the 14-bit CDUT register in 
the Computer will overflow (400003) at 45 degrees LOS*. This overflow is interpreted Q 
by the Computer as a negative angle when in reality it is not. By biasing the CDUT 3 
location (register 035) in the Computer by -19. 775 degrees, the counter (035) will 
not overflow until an LOS angle of 64. 775 degrees (400008) is reached. In this case. 
the Computer (optics trunnion driving routine) interprets an overflow as -45.000 degrees 
+ 19. 775 degrees or -25. 225 degrees. 

The maximum usable trunnion angle is approximutely 57 degrees. Beyond this angle 3 
the line of sight is completely vignetted. _ ‘ 3 

*LOS - Line of Sight 
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The operational effects of trunnion biased overflow on the CMC Operate Optics mode 
is summarized below. 

1. OPTICS CMC TRUNNION POSITIONING BETWEEN 0 AND 64. 773 DEGREES 

Any angle in this range can he commanded from within the 0 to 64. 7-degree range and 
the Computer will drive the trunnion to the correct position. If an angle greater than 
64. 773 degrees is commanded from within the 0 to 64. 7,-degree range, the trunnion will 
be driven into the 0-degree mechaniéal stop. This is because the Computer thinks a 
negative angle has been commanded. ' 

2. OPTICS CMC TRUNNION POSITIONING BETWEEN"84. 775 AND 90 DEGREES 

Any angle in this range can he commanded from within this range and the Computer will 
drive the trunnion to the correct position. If an angle less than 64. 775 degrees is com- 
manded from within the 64. 775 to 90-degree range, the trunnion will be driven into the 
90-degree mechanical stop. This is because the Computer thinks a positive angle has 
been commanded. 

3. OPTICS LOOP AMBIGUITY ATM. 775 DEGREES : ' 
The Computer Operate Optics mode is a multfloop position followup servo operated 
under control of the Computer. ‘ The Computer supplies a maximum of 165 command 
pulses (1. 83‘ degrees) each 480 milliseconds (ms) in the form of a 3, 200 pps burst. 
The response of the Optics is then measured by the Computer once each 480 ms and 
appropriate correction commands are issued. This sample data loop has an ambiguity 
at 64. 775 degrees for the following two cases. 

a. Case 1: 191_t_1a1 Trunnion Between 0 and 64. 773 Mean and M6 Close to 
i4; 773 Dggrees is Commanded 

The Optics will begin driving correctly. If a servo overshoot beyond 64. 773 degrees 
occurs. the CDUT will overflow with the result that the trunnion is driven into the 
90-degree mechanical stop. 

b. Case 2; Initial Trunnlon Between 64. 775 and 90 Moe m m  Close to 
64. 775 m e s  is Comman___de_d_ 

If the servo overshoot is of sufficient magnitude such that a CDUT angle of less than 
64. 775 degrees is detected, the trunnion is driven Into the 0-degree mechanical stop. 
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DRIVE RATES 

TRUNNION I SHAFT 

HI I0.0 DEG/S 19.5 DEG/S 
MED . I.O DEG/S 2.0DEG/S 
LO 0. I DEG/ S 0.2 056/ S 
MIN 25 SEC/S ‘ 50 SEC/S- 
CMC 3.8 DEG/S 'I‘SJDEG/S z 

‘ o 
RETICLE ROTATION _WITH ——*-'2.//\ . . - . .. x 
OPTICS HANp CONTROLLER . ‘ ‘ 38m 
FULL RIGHT (MANUAL DIRECT .. L8 DEG x0 
MODE) . ._ . , .  . _.,13_,.t~_ 3_,3 .HZO 

SXT LOS MECHANICAL LIMITS Zsc’ 
TRUNNION o(o,—Io) TO 9000p) DEG YAW 
SHAFT 270(o,-I0) TO -27o(-Io,0) DEG 
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HW-‘I 1 

CSM D CONTROL 

Flashing V04 N46 
- .  ‘ A . B - ~ -C , D E _ 

Register 1: EJONFIG l XTAC I XTBD l D 3 1  RATEJ _ 

CONFIQ - Vehicle Configuration ‘ I r 

0 - No DAP is requested ' 
1 8 CSM alone 
2 = CSM and LM . 
3 -= SIVB. CSM and LM (SIVB control) 
6 = CSM and LM (ascent stage only) 

I 

XTAC - X-Translations Using Quads AC 

0 = Do not use AC 
1 = Use AC 

XTBD - X-Tranalations Using Quads BD 

0 = Do not use BD 
1 - Use BD 

93 -- Angular Deadband for Attitude Hold and Automatic Maneuvgrs 

0 = 1-0. 5 degree - 
1 == 15.  0 degrees 

w - RotationalRate for BBC in HOLD or AUTO Mode and for Automatic 
Maneuvers. 

0 = 0.05 deg/8 
1 = 0. 2 deg/s 
2,. 0.5 deg/s 
3 = 2. 0 deg/s 

RegisterZ: FAG Roll I Q u a d A J  QuadB l QuadC I QuadD] 

AC Boll - Ron-”Jet selection , ' 
0 - Use BD roll Quads 
1 - Use AC roll Quads 

A .  BI C, D - Quad falls 

0 - Quad has failed 
1 a Quad Operational 

Flashing V06 N47 

Register 1: CSM weight in pounds 
Register 2: LM weight inpounds 

FlashingV06N48 _ * -  5 

Register 1: pitch-trim gimbal offset, in 1/100 deyee 
Register 2: Yaw-trim gimbal offset, in 1/100 degree 

AUTOMATIC MODE ATTITUDE HOLD MODE 

1. Automatic three—axis rotation. 1. Manual three-axis rotation and trans- 

2. Manual three-axis rotation and trans- 1’“c 
lation 2. RHC produces a rotational rate as 

specified by N46 while out of (latent. 
3. Attitude hold to program or manual » 

defined attitude. 3. Attitude hold to attitude selected vta 

4. Automatic rate damping. hand controller- 
4. Automatic rate damping, 



Autopilot muted 
CDU Angles 

9d 

4. 

6130 
Angie- 

csu DIGITAL AUTOPILOT 
COASTING FLBH’I‘ 

AUTOMATIC ATTITUDE HOLD MODE 

Dead Zone 

L3 

. Jet 

”7 e E Oil-Times 

Phase Plane 

Estimated 
w Angular 

Rates 

Rage Filtar W18): Acceleration 9! RC3 J“; 

a 

CDU Anglos 
o CDU's V 

Tnmlation 
Commands 

1 
Jet 

Selection 
Logic 

Gimbal 
Angles 

7‘“ Forlo- 

and 
Orr-Time: 

IM‘U 

ROS 
Thruster- 

Wratt ._1 : > 

Qumran 
Rotations and 
Translations 

um
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08M DBITAL AUTOPILOT 
COABTING FLIGHT 

MANUAL ANGULAR RATE CONTROL non: 

C I I 0.05 deg/a 
hr 0. 2 deg/c 

Rate! 0. 5 deg/a 
4. 0 deg/s 

. ‘33 
Attitude Jet ““0“?” 

m1 1 + E rs Ro out w E ‘ may.” no ‘ 0 E On-Time: 801.!“ 0mm” R08 rm 

Controller “C 933 Logic W .  ‘ : '—W : 

Phase Plane 

Estimated w Angular am- :- . Angullr 
Rate“ a: E a Accelenflon 
Error- ot RC8 Jot- 

Bploocraft 
Rotations i 
and al 

”C Translator:- 
Rtto Filter 

to Angular Rates 

CDU . Gimbn! 

Meantime Angles CDU': Angle- IMU A 
V 



03M DEITAL AUTOPILOT 
COASTING FLIGHT 

AUTOMATIC ATTITUDE POSITIONING MODE 

I Commands 

Attitude ”E l 
AGO Position Errors Jet W Jug?“ 

Commands Automatic Attitude 0 9 Jet E Times - ‘ 
—-——-—> Positioning E 7 On- Selection On Times Tl ROE." > Spacecraft > 

Control Logic 

3—. 

Phase Plane 

Desired Angular 
and Angular mg Rate - L 0 

Rates Errors - 

+ 
Wren i 
Rotations and g 
Translations ‘ 

Estimated 
CDU 0 o‘: Angular 
Angles Rates 

Angular Acceleration of £68 Jets 

(1 
.. f . “murmur f 

mu < 

I Gimbal 
cw Andu Ansle- 

| CDU's ‘ 

.1 A}. w- «a “xii-’Aumr..a ...m ”Mam.L1...1. .L ..-..VAL-.humigMu-Am3...: _ A _., “21mg; laugh“, ”L , M M  m.u..;mm...uz_‘.mn - M M uh)
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08H DIGITAL AUTOPIIDT 
_ powmsn rmm‘ 

mam vnc'roa Arman: 008mm. 

GEM/L)! 
V Velocity 01' m 61min! 

* to be 081:! Alone Trim Angle: 
1 Gained . ‘ 

Commanded Annular ‘ Bow Axl- f Am” 01mm C ‘ Attitude + Amt!!! 
rose Emu - Com SP8 TVC DAP mand- 

Product Gimhl 9 6 Steering E ‘ Filters 8 E C Assembly 

Lhnlter 

A V  

Attitude 
a mm: ‘ . - , W 

m. ' “ ' ‘ a m  and 
Tin-utm- 

nw L w T 
AV 7 I 

r 1 PIPA'I 



08M DEITAL AUTOPILOT 
POWERED FLIGHT 

TVC ROLL ATTITUDE HOLD CONTROL 

f 
i 

Dad Zonq ‘. 

é 

OGA at 0 Roll Jot ‘ 
Ignition + OGA Error E Oil-Times RCS 

7 Ron : >  Spacecraft 
a d  a E Thruster: 

- OGA 
OGA a a Rate 

Differentiate 

Spleecralt 
-‘ Ronflans 

and 
Translation: 

0 OGA 

- Ammunm-u .m..:...m-unih 



HUB-77 

; an BAP coma-0L 

Flashing V01 N46 
A B C D E 

Register 1: I comma I ACC l ACA l DB I RAT-E] 
m - Vehicle Configuration 

1 - Ascent stage only 
2 a Ascent and descent stages 
3 '- LM and CSM docked 

& - Acceleration Code 

0 - Two-jet translation (ROS System A) 
1 - Two—jet translation (RC3 System B) 
2 - Four-jet translation (RC8 System A - minimum impulse) 
3 -= Four-jet translation (RCS System B - minimum impulse) 

fl - ACA Scaling 
0 - Booked (4 deg/a, max. rate) 
1 I Normal (30 deg/a, max. rate) 

I” - Deadband 

0 ='- 0 . 3  W93 
1 = 1. 0 degree 
2 =- 5‘ 0 degrees 

w - Maneuver Rate (Automatic Made) 
0 ll 0. 2 deg/B 
1 - 0.5 deg/s 
2 '- 2 .0  deg/s 
3 - 1-0.0 deg/s 

Flashing V06 N47 

Register 1: ' LM weight in pounds . L 

Beglster 2: 08M weight in pounds 

Flashing vos N48 

Register _1: Pitch-mm angina glmbal angle. In .0- 01 degree 
"Register 2: Roll-trip: engine glmbal angle, in 0. 01 degyee _ 

AUTOMATIC MODE ATTITUDE HOLD MObE 

1. Ammatic three—axis rotation an! 1. Manual threo-axis translation. ‘ 
:1 am latton. 2. Manual three-axis rafe command using 

2. Manual three—axis translation. W7 ' 

3. Manual X-axis rate command 3. Manual mini-mum impulse command 
(inhibited in LPD phase) using V76. ' 

4. Attitude hold to program defined 4. Attitude hold to attitude selected via 
attitude . . . hand controller. 

5. Amomatlc rate (lamina; 5. ' Automatic rate damping 

V7? - Used to provide a manual rate command. 
Commanded rotational rate is proportional 
to hand controller (ACA) deflection. Maxi- 
mum commanded rotational rate is either _ 
4 deg/s or 20 deg/a as chosen in DAP Data 
Load routine. 

W6 - Used to provide a minimum impulse command. 
Releases Attitude Hold mode and allows vehicle 
to drift freely. One impulse la produced for 
each hand controller (ACA) deflection greater 
than 2. 5 degrees. 



LM DIGITAL AUTOPILOT 
COABTING FLIGHT 

ATTITUDE -HOLD CONTROL MODE 

Hum] Tramhtian Command! 

Automatic Ulluge 
Attitude Error Dupllyl Thruster Disable 

BAP Dab. Load (Vehicle Configuration, Translation Jets, 
; Bate Seating. headband) 

Autopilot Dourod 7 Jet Codes- 

Attitude-field + a C to a 368 Jet J t O a?! CDU Ans en E 0mm E 0 -T1 8 11- met 
‘ Control Axes Control A Selection This?“ : >  Spacecraft > 

9D Attitude Errors I Lawn Logic 3 a F—1 
'JL 

Estimated . 
Rate: 

Actual 9 
CDU Angle. 

Spacecraft 
Rotations i 

and 3 
Translations 

State Number of Jet! 
Estimator and Jet On-Times 

h | 

CDU 
Angles 

Glmbtl 

CDU's « A L  mu < 
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LL! DIGITAL AUTOPILOT 
COASTIKG FLIGHT 

MANUAL ATTITUDE RATE MODE 
mp Dan Load 
Hand Controller , . . . 

Scaling . .. ' a 
an (lg/n — LM Alone 

Highnate adeg/s-CBMDocked .- 
From DAP m 

4 deg/s — m Alone L0“ (303) 
1"" ““9 o. 4 deg/n - csu necked Attitude Error DIlpllyl 

I Attitude 
Errors in Jet Codes ‘ 

Control Axes Manual and Band C troll r magnum e Compute “C + 03E 9 E  ' Rate Jet Ola-Times R s r Rate 1W“ Control Selection C Spacecraft .._ _..> Commands Laws Thrashers 
_ —1 

Spacecraft 
Attitude Rotations 

Rate Commands + and “’C Translations 

Number of Jet: 
Actual and 

”A Attitude Jet On-Timoc 
Rates sate .- - , Estimator 

. - ca ‘ ¥ , 

i 9“ cm: I 
Anglo. 

Gimhul 

Differentiate 0 '  ' ' , ' CDU'a A 0 3 —  IMU ( ‘ 



LM DIGITAL AUTOPILOT 
COASTING FLIGHT 

AUTOMATIC ATTITUDE POSITIQIING MODE 

Maneuver 0' 2 deg/- o. 5 deg/s 
Rate 2. 0 deals 
1 10. o deg/I 

Terminal Jet Codes ‘ —  
Denlrod Attitude Jet . and 

+ a E Compute Desired 0 E RC8 Jet RCS 

CDU A 1° Rates and Control Control 2922'-  Selection fi m ’  Thruster: : >  Spacecraft : > 

9 d  Axes Attitude Errors Laws Logic 1 
- r7 . —1 

Attitude 
Desired 
mm "’D ”E 3“. 

Errors 

Actual a 
CD0 Angles 5 raft 

Rotations 
and 

Translations 

CDU 
Angles 

Gimhul 
Angles 

CDU': IMU /\ 

"HI
 



LM DIGITAL AUTOPILOT 
POWERED FLIGHT 

AUTOllATIC ATTITUDE AND STEERING CWTROL MODE 

Initial Mass Estimated Acceleration: 
m 6: 

‘ S/C ‘ 

Mass Mass A323?“ AMM Control Parameters 
Calculator Computations 

Desired Thrust and Window Directions (yaw) 

Navigation 
j - and 

‘ Guidance 
Equations 

"‘ pm to 
. Control 

Axes 
Transformation 

5 Vehicle Lag Compensation 
Interface 
Routine 

FINDCDUW ‘ 0mm“ Atti- 
ude Errors 

wD Desired mm 

aw 

AV 

State 
Estimator 

r _ _ _ .  DAP Bate Displays 

Attitude-#Error Displays 
r .  Jet Codes 

and 
Ge (Control) on Times 

Jet 
CRCS Selection acs 

ontrol nd Th 
Laws 1: tasters 

Timing ’- 

Descent Engine 
Trlm- Glmbfll 212012;“- 

Gimbal Spacecraft 
Control Control 3 
MW; Assembly 

_ 

\ Estimated 
Acceleration Spacecraft 

Rotations 
. and 

Estimated Applied “mmum 

9 
CD0 Angles 1 EH“ [MU 

PIPA'B 
< 2 2 ;  
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TYPICAL IMU TEMPERATURE 

PIPA Temperature After Coolant Loss 

LM T [c 1 CM T [cal 
_ yp a 132 yp 

/ /' 131 / 

130 1 
_ fl  / 

‘ #  

129 
0 20 40 60 80 100 1‘2 0 0 2 D 4 0  6 0  80 100 120 

Time (minutes) Time (minutes) 

PIPA Temperature After Power Loss 
Coolant Normal -— Typical 

\ 
\ \  

N \  

0 20 40 60 80 1 ( 0  120 140 160 ‘ 1 8 0  

Time (minutes) ' 

NOMINAL PARAMETERS 

PIPA Temperature — 130 :I: 1. 5°F . 

Low Temperature Alarm — 126 :t 2. 5°F (PIPA Temperature) 

High Temperature Alarm - 135 =I: 2. 5’F (PIPA Temperature) 

Safety Thermostat Opens — 140 :5 ° F (PIPA Temperature): 
2 

Safety Thermostate Hysteresis — 2 - 5’F 
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TYPICAL HEADER TEMPERATURES AFTER 
COOLANT LOSS 

CM 

120 ” A  

1 /  
100 r 

80 
/ PEA at PIP-A Calibration Module 

60 i 1 l L 1 
H 20 40 60 80 100 120 

Time (minutes) 

120 w" 

100 

0 22 40 60 80 100 120 
Time (minutes) 

120 l I l I 

CDU at 4 Vdc Power Supply 

/ 
/ 

80 

59 
ID 20 40 6:0 80  100 120 

Time (minutes) 

120 I I I I 
011C at +14 Vdc Supply 

mo ' ' 
p ! "  

/ 

/ 

604‘ pig-o“ . 40 so so 1oo"'"'i% 
‘ Time (minutes) 

so 4 1 0 0  Hz. 5% Supply‘” 604 I 1 1 J A. 

LM 

/ , 120 

.100 / I 

so 
/ PTA at PIPA Calibration Module 

an ‘ l I . l I L 
"n - 20 4o 60 so '100 120 

'fime (minutes) 

120 1 l 

166 _ , l l I 

39 / PSA at 800 Hz. 5% Supply ‘— 

B H '  0 4o . so so mo 120—— 
Time (minutes) 

I I 
CDUX Tray 

,/ 
D U  

601/ 
0 20 40 60 80 100 1:20 

Tlmeuninute'a) 

120 I 
1.60 . 

UV ’ 

/ /  

so'F—T—g 70‘ 40 so 
Time (minutes ) 

,7, 4—71—40— 



ISS WARNING LIGHT 

LM — The ISS Warning light will be turned on if the Guidance Control switch‘is in the 
PGNS position and an IMU FAIL. ICDU FAIL, or a PIPA FAIL occurs. 

CM — The ISS Warning light will always be turned on in both the LEB and CMP Caution 
and Warning stations regardless of the position of the SC Control switch whom an 
IMU FAIL, ICDU FAIL, or PIPA FAIL occurs. 

In both systems each of the failures are inhibited from causing an ISS Warning to be 
bued for specific reasons. 

The IMU FAIL is inhibited: 

During the ISS turn-on period. 

When the IMU is being caged. 

When the IMU is being coars aIionad and during the first 5.12 uooncb of the 
ensuing fine align mode. 

When the IMU CDU Zero is commanded by the astronaut for a period of 10.24 
seconds. 

During R47 AGS Initialization for a period of 10.24 seconds (LM only). 

The IMU CDU FAIL is inhibited: 

During the ISS tumm period. 

When IMU CDU Zero is commanded by the astronaut for a period of 10.24 wounds. 

During B47 A68 Initialization for a period of 10.24 seconds (LM only). 

The PIPA FAIL is inhibited: 

Anytime “AVERAGES" is not running. "AVERAGES" is normally running just 
prior to and during a thrusting maneuver. 

During a FRESH START. 

During the ISS turn-on period. 

At other times, only the Program Caution light with error code 00212 is allowed for 
a PIPA FAIL. 

The Fromm Caution light on the DSKY will always be turnod on when the computer issues 
an ISS Warning. 



IMU FAIL 

IG or M6 or 06 servo error) 3 Vrms (0.1660) for 2 seconds. This Is a 3.200 H2 
signal ’and is detected at the input to the respective servo amplifiers (see m 
HW-19 . 

28 Vac. 800 Hz, 5%, Phase B (to wheel supply) < 14 v. This signal is dmcud at 
the output of the power supply and is such that if any 28 Vac, 800 Hz pow 
supplies fail the failure will show up on this line. 

28 Vac, 3.200 H2, 1%, <14 v. This signal is detect on the m line in the 
regulation circuit. 

Error codes for IMU FAIL. 

IMU CDU FAIL 

IG or MG or OGcoarIearror>2Vm(0-¢>30°).Thisisan800simaland 
is detected at the input to the emitter follow" circuit preceding the coarse Schmitt 
trigger (see page HW-35). 

IG or MG or 06 fine error ) 1  Wm (B - III )0.7°). This is an 800 Hz signal and is 
detected at the output of the main summing amplifier (see page HW-38). 

IG or MG or 06 read counter limit cycle >160 Hz. This signal is datum from the 
upline output of the read counter up-down counter (see page Hui-33). 

IG or MG or 06 cos(0 - w) < 2 Vrms. This is an 800 Hz signal and isdetoctodat 
the output of the ladder amplifier (see page HW-38). 

+14 Vdc cou power supply (+3 Vdc. This signal is domed It the output of tho 
power supply. 

0 — gimbal resolver angle 
‘1! — CDU road counter angle 
Error code for IMU CDU FAIL 

PIPA FAIL 

O No PIPA pulses for 312 micromnds. 

"+" and "-" PIPA pulses occurring simultaneously. 

0 N0 "+" and "-" pulses for 1.28 to 3.84 seconds. 

OPTICS CDU FAIL 

Same as IMU CDU FAIL with thn exception that there is no m error signal. 

RR cou FAIL ' 
Same as IMU CDU FAIL. 



mzmc u m  

11:: sac/mo wax-um light will be turned on as a result or the following: 

Scalar Failure 
Scalar Double Failm 
mc/mc Power mum 
AGO/m0 Comter Failure 
Ace/me v FAIL (STANDBY) 
AGC/LGC Restart (Hardware) 

In addition, the Pulse Torque Power Supply Inhibit 1: generated every time a AGO/m0 Mina is m m .  
the effect is to open Im the acceleraneter loops and prevent. any puke torquing of was. 

Scalar Failure 

Occurs 11’ Stage 17 or the sealer rails to produce pulses. m :  is the 1.28 second period new stage 
and thus a check of timing for all alarms. This failure causes manta twn on of the NBC/MC Warning 
light. 

Scalar Double Failure 

Occurs 1f the 100 pulse per second stage (.010 aoeqnd period) operates at 200 ppm 1111- mude'a a check 
on the scalar stability. _ _ W ‘ _ 

AGCZLGC Power Failm 

Occurs when the prime +28 VII: punter to the counter 13 lost. This £31m cams In m m .  turn on or 
the AGO/m0 Warning lisht. 

counter Failure 

Occurs 1f ceuntor 1 m g  happen too frequently ‘or- else tail. ta hum following In Mount/deem 
request. "Too frequently" m continuous counter requests and/or mun-nuns from .625 to‘1.875 
milliseconds. . 

m 1 “  of centers are: 

nae/ma input/mat, (mu-:1 3...: Tim 2), :t own, I, 2, rm 2, 1,1, 
shaft and trunnion angles, mu Band controller! R, P, Q, Etc. 

M m  Voltm FAIL SSTANDBY} 

The Occurrence of a Voltage mum while the comuur 1.: 1n the STARE!!! node will cause the Ace/mo 
Warning light to be turned on. no cause: or 3 Voltage hum are given below in the m m  auction. 

m s  

A m (Mum) and subsequent Mic/Inc warning 1- pmted for tho following nan-II: 

Oscillator Failure 
‘I'ransfer Control (TC) Trap 
Parity Alarm 
lightwtchmn Fail 
Interrupt (RU?!) lock 
Voltage mu 

am a m  inhibits access to new temporarily, freezes the a m t ,  store. inmost“: urea-Intuit 
and then transfers control to address l“300.. 11118 address has the information address for the and: 
instruction after a RESTART that the software max-Br has provided. 

In general, the programmer has chosen some particular point in a m to resume operation mar a. 
11mm and operation continues with only anal]. inconseqmtial loses of information at tine and/or 
thrust. 

Oscillator Pail 

Occurs 11’ loss of oscillator 1.02M milliseconds sqmre wave happen. In addition a logic circuit m m  
a RESI'ART condition for a 250 millisecond intern]. upon transferring from STANDBY to OPERATE. 

{transfer Control {TC} Tm; 

Occurs if too many or too few we instructions are requuted. The period for "too may“ or "tau fur” is 
from 5 to 15 milliseconds in duration. 

Paritz Alarm 

Damn-s if any accessed word in fixed or erasable uni-cry whose address is 10 or water contains an even 
umber of "ones." All locations of 108 or greater are stored in find or 1319 m y  with odd parity. 
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I tchnn P811 

Occurs 11’ the computer should £9.11 to access address 67 within a mud whose duration min from 0.61; 
to 1.? seconds. 

lightmtchmn assures that the computer 1: sum operating during an creamed id]: pcriod and is not the 
up in sale interrupt loop 

Int: 1'. RUPI‘ Lock 

Occur-s if an interrupt 1-5 hither "too long” or ”too infrequent." m the period far ”too long" or "too infrequcnt" varies from 1140 milliseconds to 300 milliseconds. - 

Volga n11 . _ 
Occurs 1: the Ace/mo voltages (+28, at; or +1: vnc) an out or limits m- 157 to 1:70 microseconds. 
M 11:11:- are: 

._ +28 vnc amply-#225 van or 203* we 10.2 vac 

. _+16 vnc<+1h vac supply<+12.5 \mc 

. 4M. vnc<+ h vnc supply <+3.65 m 
3'15» types or mdules are in existence. be}: «water has 

its own particular module. 

M the counter 1: 1n the OPERM‘E node a RESTART is generated for Voltage Fails. If the emitter is 
in the STARR! node, that Voltage Fail is processed through the mains filter to turn on the AGO/EGG 
Warning light. 

All or the signals with the exception of Scalar failure or a prime pour (+26 vnc) failure are processed 
through a buffer filter that prevents momentary transients from generating failures. 

'11:: filter operates such that an output will occur 11‘ input pulses occur at. a rate of greater thtn 0.9 ms or 6 consecutive stretched (160 milliseconds) pulses occur or a single even}: lunacr than 
.960 seconds, then the AGO/Inc warning lasts for a minim of 5 seconds. 

I - hat to 

a s  computer has a test light routine, called by V353, that tests all the lights on the um. All _ ”8's" and "+" signs are displayed along with each light turned on for 5 seconds minimum. 

After the 5 seconds are comleted, the lights are tuned off. Note that this verb also turns of! tbs 
mm Torque Patter Supply which then causes the PIPA loops to open for approximately 5 seconds. n1: 3W be avoided. if possible. be routine can be calla] when 133 operate 13 not on. 
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ELLIPSE HYPERBOLA HYPERBOLIC ENCOUNTER 
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21 
r 1 + —  Semlmlnor Axis b = {1" ”p P J 1' VJ =- Vp' - 2 u/rp - 11/: P 

l-L Semlmajor Axle I = I" + 1‘2 V .3 rp Vp - bvw 
2 

3 2 2 '  1 1+(9) >1 Tan¢=bla =bV../u Eccentricity o = 1 - (Q < a 

2 £229... " ‘ GMM “V“ 
Position r -  {-‘fi-‘fafif-au-omsm 1 + o C 0 l f  

MM :- Mass of the Moon 
, 1/2 u 2 1 1/2 velocny V -  [ g ( 1 + Z e C o s f + o H  [ ( ; + : ) ]  

a 1 - 0 
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