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CM DSKY 

I 
I 

UPLINK ACTY light 
1. Is energized by 

AGC. 
the first character of a digital UPLINK message rece�ved by the 

-

2. 

3. 

Is energized during the Rendezvous Navigation program (P20) when the Trckk ing 
Attitude routine (R61) detects that a gimbal angle change of greater than 10 
degrees is required to align the CSM to the desired attitude and that the V50 N18 
flag is not set. 
Is energized in the Saturn TB-6 Initiation program (P15) during the 10-second 
interval when the S·l VB Injection Sequence Start btt (Channel 12. btt 13) tS set. It 
is deenergized at the end of the 10-second interval. 

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

KEY REL Light 
/ 

1. Energized when: 
a. An internal display comes up while astronaut has the OSKY. 
b. An astronaut keystroke is made when an internal flashing display is currently 

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

2. Deenergized when: 
a. Astronaut relinquishes DSKY by hitting KEY RE L button. 
b. Astronaut terminates his current sequence normally. for e'xample, 

( 1) With final ENTR of a load sequence. 
(2) The ENTR of a response to a flashing displ'ay . .. 
(3) The ENTR of an extended verb request. 

OP R ERR Light - is energized when the DSK Y operator performs an improper sequence of 
key depressions .. The .ligllt is deenecgized by pressing'the'RSET button. 
TEMP Light - The AGC receives a signal from the IMU when the stable member 
temperature is in the range 126.3 ° F to 134.� F. In the absence of this signal, the TEMP 
light on the DSKY is actuated. 
GIMBAL LOCK Light -is energized when the middle gimbal angle exceeds+ 70 degrees 
from its zero position. When the middle gimbal angle exceeds ±.85 degrees from its zero 
position, the AGC automatically commands the Coarse Align mode in the ISS to prevent 
gimbal oscillation (except when the S-1 VB is attached). The NO ATT light will then be 
energized. 

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

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

1 . 

2. 

The presence of an Optics CDU Fail signal will 
y

ause the TRACKER light to be 
energized. / 

• 

In addition, the TRACKER light is energized during the Rendezvous Navigation 
program (P20l when the Rendezvous Data Processing routine (R22) reads VHF 
range data via the VHF DATA link but the DATA GOOD discrete is missing . 

3. It is deenergized if the DATA GOOD discrete is present after reading VHF range 
data and by keying in V88E (shuts off the VHF range data processing section of 
R22). 

4. It is deenergized when the conditions of 1 above no longer exist. 
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CM DSKY (CONTINUED) 

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 
display1ng any decimal character or remaining blank, except the three sign sections. These 
d1splay a plus sign, a minus sign. or a blank. The numerical sections are grouped to form 
three data display registers, each of five numerical characters; and three control display 
registers. each of two m.merical characters. The data display registers are referred to as R 1, 
R2, R3. The control display registers are known as VERB, NOUN, and PROGRAM. 

Keyboard -contains the following bunons: 

1. VERB -pushing this bunon indicates that the next tV\10 numerical characters 
keyed in are to be interpreted as the Verb Code. 

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

3. + and- -are sign i<evs used for sign convention and to iden tify decimal data. 

4. 0 · 9 -are numerical keys. 

5. CLR -Used during a data loading sequence to clear or blank the data di$play 
register (R 1, R2, R3) being used. It allows the operator to reload the data 11110rd. 

6. PRO-This pushbutton performs two functions: 

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

b 1. When the AGC is in the Operate mode but Program 06 is not selected, pressing 
the button will provide the "Proceed" function. I f  the proceed button is 
pressed when VE R 8 lights contain 21, 22. or 23, the action is rejected and 
the OP R ERR light is ener gized. 

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

7. ENTR -is u sed in three ways: 

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

b. To direct the AGC to accept a data word just loaded. 

c. In response to a "please perform" request. 

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

CMPTR PROG 

an· ACTY LiW c Nouil VERB 15 78 
I UPLINK II TEMP I AC.TY 

I NO ATT II G I MBAL I LOCK 
/ I II I STBY PROG 

•2 ,., ,-, ,, rt U LJUU I KEYREL II RESTART I 
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LIST OF PROGRAMS FOR PROGRAM COLOSSUS 

! 

PHASE PROGRAM PROGRAM TITLE I 
� 

Pre 00 AGC Idling l 
launch 01 Prelaunch or Service-Initialization 

-and 02 Prelaunch or Service-Gyrocompassing 
Service 03 Prelaunch or Service-Optical Verification of Gyrocompassing 

06 AGC Power Down 
07 System Test 

I Boost 1 1 Earth Orbit I nsertion Monitor I 15 TLI Initiate/Cutoff 

Coast 20 Universal Tracking 
21 Ground Track Determination 
22 Orbital Navigation 
23 Cislunar Midcourse Navigation 
24 Rate Aided Optics Tracking 
27 AGC Update 
29 Time-of-Longitude 

Pre- 30 External Delta V 
thrusting 31 CSM Height Adjustment Maneuver (HAM) / , I I 32 CSM Coelliptic Sequence Initiation (CSI) r 

i 33 CSM Constant Delta Altitude (CDH) 
34 CSM Transfer Phase Initiation (TPI) Targeting 
:l5 CSM Transfer.Phase'Midcourse (TPM) Targeting • 

36 CSM Plane Change (PC) Targeting 
37 Return to Earth 

• 

l 
� 

Thrusting 40 SPC v 

41 RCS 
47 Thrust M>nitor I 

I 
Align- 51 I MU Orientation Determination I ment 52 IMU Realign 

53 Backup I MU Orientation Determination I 54 Backup IMU Realign I 
Entry 61 Entry-Preparation . I 

62 Entry-CM/SM Separation and Preentry Maneuver •I 63 Entry-Initialization 
64 Entry-Post 0.05G 
65 Entry- Upcontrol 
66 Entry-Ballistic 
67 Entry-Final Phase / I Pre- 72 LMCoelliptic Sequence Initiation (CS I )  

thrusting 73 LM Constant Delta Altitude (CDH) I Other 74 LM Transfer Phase Initiation (TPI) Targeting 
Vehicle 75 LM Transfer Phase (Midcourse) Targeting I 

76 LM Target Delta V I 
77 CSM Target Delta V I 

I 

79 Rendezvous F ina I Phase I 
' ' 
' ' I 

' J • • 

• / 
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ROUTINE · 

00 
01 
02 
03 
05 
07 
21 
22 
23 
30 
31 
33 
34 
35 
36 
40 
41 
50 
52 
53 
54 
55 
56 
57 
60 
61 
62 
63 
67 

CM-5 

I 
I 

LIST O F  R OUTINES FOR PROGRAM COLOSSUS 
.. 
ROUTINE TITLE 

Final Automatic Request Terminate 
Erasable and Chamel Modification Routine 
IMU Status Check 
Digital Autopilot Data Load 
S-Band Antenna 
MINKEY-controller 
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 
Lunar Landmark Selection 
Rendezvous Out-of-Plane Display poutine 
SPS Thrust Fail 
State Vector Integration ( M I D  to AVE) 
Coarse Align 
Automatic Optics Positioning 
Sighting Mark 
Sighting Mark Display 

• 

Gys-o Torqui�· 
Altem�te. LOS Sighting Mark 
Optics. Cal ibration 
Attitude Maneuver 
Tracking Attitude 
Crew-Defined Maneuver 
Rendezvous F inal Attitude / 
Universal Tracking Rotation • 

/ 

/ 

/ 

/ 

-

• 



00 

01  
02 
03 
04 
05 
06 
07 
08 
09 
1 0  
1 1  
1 2  
13 
14 
1 5  
16 
1 7  
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 

; 48 • ' 
49 
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LIST OF VERBS USED IN PROGRAM COLOSSUS 

REGULAR VERBS 

Not in use 
Display Octal Component 1 in A 1 -
Display Octal Component 2 in A 1 
Display Octal Component 3 in A 1 
Display Octal Components 1, 2 in A 1, R2 
Display Octal Components 1, 2, 3 in R 1, A2, R3 
Display decimal in A 1  or A 1 ,  A2 or A 1 ,  A2, A3 
Display DP decimal in A 1 ,  A2 (test only) 
Spare 
Spare 
Spare 
Monitor Octal Component 1 in R 1 
Monitor Octal Component 2 in A 1 
Monitor Octal Component 3 in R 1  
Monitor Octal Components 1, 2 in A 1, A2 
Monitor Octal Components 1 ,  2, 3 in A 1, R2, A3 
Monitor decimal in A 1 or A 1 ,  R2 or A 1 ,  A2, A3 
Monitor DP decimal i n  A 1 ,  R2 (test only) 
Spare 
Spare 
Spare 
Load Component 1 into R 1 
Load Component 2 into A2 
Load Component 3 into R3 
Load Components 1 ,  2 into R 1 ,  R2 
Load Components 1, 2, 3 into R 1, R2, R3 
Spare 
Display Fixed Memory 
Spare 
Spare 
Request EXECUTIVE 
Request WAITLIST 
Recycle program 
Proceed without DSKY inputs 
Terminate function 
Test lights 
Request FRESH START 
·Change program (major mode) 
Spare 
Spare 

EXTENDED V E R BS 
Zero ICDU 
Coarse align CDU's (specify N20 or N91) 
Pulse torque gyros 
Load IMU attitude error needles (test only) 
Set Surface flag 
Reset Surface flag 
Establish G & N autopilot control 
Move LM state vector into CM state vector 
Request DAP Data Load routine ( A03) 
Start automatic attitude maneuver 

• 

• - - • 

I 
j 
l 
I • I • 

I 
• I 
I 
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51 
52 
53 
54 
55 

• 
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LIST OF VERBS USED IN PROGRAM COLOSSUS 

Please perform 
Please mark 
Mark on offset landing site 
Please perform COAS mark 

-

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

56 Terminate tracking (P20) 
57 Request display of full track flag (FUL TKFLAG) 
58 Reset Stick flag and set V50 N18 flag 
59 Please calibrate 
60 --set"-astronaut total attitude (N 17) to present attitude 
61 Display DAP following attitude errors (Mode 1)  

/ 

62 Display total attitude errors with respect to Noun 22 (Mode 2) 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 • 
73 . 
74 

.,.,75 
16'� 
77 

• 78: 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

Display total astronaut attitude error with respect to Noun 17 (Mode 3) 
Request S-Band Antenna routine (R05) 
Optical verification of prelaunch alignment 
Vehicles are attached. Move this vehicle state vector to other vehicle . 
Start W-matrix RMS error display 
Spare / 
Cause RESTART 
Update liftoff time (P27) 
Start AGCupdate; block address (P27) 

. 
. -

Start AGC vpdate; single address (P27) 
• 

Start AG!= u(Xfate; �GC time (P27} .. · 
' . 

lniti�ltze erasable dump via DOWNLINK 
Backup liftoff 
Spare 
Spare 
Update prelaunch. azimuth 
Spare 
Enable LM state ve6or update 
Enable CSM state vector update 
Request Orbit Parameter display (R30) 
Request Rendezvous Parameter display No .1 (R31) 
Spare 
Request Rendezvous Parameter display No.2 (R34) 
Reject Rendezvous Backup Sighting Mark 
�t VHF Range flag 
ReSet VHF Range flag 
Request Re!)<kzvous Final Attitude maneuver (R63) 
Request oGt of Plane Rendezvous display (R36) 
Display BANKSUM 
Spare 

Enable W matrix initialization 
Perform Cislunar Attitude maneuver 
Spare 
Terminate integration and go to POO 
Please perform engine-fail ( R40) 
Spare 
Please Enabi{Engir1'e Ignition 

/ 

. . 

-

/ 

/ 

/ 
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LIST OF NOUNS USED IN PROGRAM COLOSSUS 

00 Not in use 
- ' 

01 Specify address (fractional) .XXXXX fractional 
.XXXXX fractional 
.XXXXX fractional 

02 Specify address (whole) XXXXX. integer 
XXXXX. integer 
XXXXX. integer 

03 Specify address (degree) xxx.xx deg J xxx.xx deg 
xxx.xx deg I 

04 Spare l 05 Angular error/difference XXX.XX deg 

06 Option code I 0 Octal . 
Option code Octal I 

j 07 FLAGWORD operator 

ECADR Octal 
BIT 10 Octal 
Action Octal 

08 Alarm data 

AD RES Octal 
BBANK Octal 
ERCOUNT Octal 

09 Alarm codes 

First Octal 
Second Octal 
Last Octal 

10 Channel to be specified Octal 

11 TIG of CSI ooxxx. h 
OOOXX. min 
oxx.xx s 

12 Option code (extended verbs only) Octal 
Octal 

13 TIG of CDH ooxxx. h 
OOOXX. min 
oxx.xx s 

14 Specified inertial velocity at TLI cutoff (VI C/0) XXXXX.ft/s 

15 Increment address Octal 

1 6  Time of event (used by extended verbs only) ooxxx. h 
OOOXX. min 
oxx.xx s 

17 ' Astronaut total attitude R XXX.XXdeg 
• p xxx.xx deg • 

y xxx.xx deg 
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I 
I 

LIST OF NOUNS USED IN PROGRAM COLOSSUS 

• 
. I --

I 18 Desired auto maneuver FDA I ball angles R xxx.xx deg 
p xxx.xx deg 
y xxx.xx deg 

19 Spare 

20 Present ICDU angles R (OG) XXX.XX deg 
P (IG) xxx.xx deg 
Y (MG) xxx.xx deg 

21 PIP A's X XXXXX. pulses 
y XXXXX. pulses 
z XXXXX. pulses 

22 Desired ICDU angles A (OGl XXX.XX deg 
P (IG) xxx.xx deg 
Y (MG) xxx.xx deg 

I 23 Spare 

I 24 Delta time for AGC clock ooxxx. h 
OOOXX. min 
oxx.xx s 

25 CHECKLIST (used with V50) XXX XX. 

26 PAlO/DELAY, ADRES, BBCON Octal 
Octal 
Octal 

27 Self-test on/off switch XX XXX. 

28 Spare 

29 XSM launch azimuth xxx.xx deg 

30 Target codes X XXX X: 
XXX XX. 

. 

XXX XX. 

31 Time of W matrix initialization ooxxx. h 
OOOXX. min 
oxx.xx s 

32 Time from perigee ooxxx. h 
OOOXX. min 
oxx.xx s 

33 Time of ignition (GETI l ooxxx. h 
OOOXX. min 
oxx.xx s 

34 Time of event ooxxx. h 
OOOXX. min 
oxx.xx s 

35 Time from event ooxxx. h 
OOOXX. min 
oxx.xx s 

l • 36 Time of AGC clock ooxxx. h 
OOOXX. min 
oxx.xx s 
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LIST OF NOUNS USED IN PROGRAM COLOSSUS 
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LIST OF NOUNS USED IN PROGRAM COL:OSSUS 

54 Range XXX.XX nmi 
Range rate XXXX.X ft/s 
Theta XXX.XX deg 

55 Perigee code oooox. 
Elevation angle XXX.XX deg 
Central angle of passive vehicle XXX.XX deg 

56 Reentry angle xxx. xx deg 
Delta V XXXXX. ft/s 

57 Spare 

58 Pericenter altitude (post TPI) XXXX.X nmi 
Delta V (TPI) XXXX.X ft/s 
Delta V (TPF) XXXX.X ft/s 

59 Delta V LOS 1 XXXX.X ft/s 
Delta V LOS 2 XXXX.X ft/s 
Delta V LOS 3 XXXX.X ft/s 

60 GMAX xxx. xx g 
VPRED XXXXX. ft/s 
GAMMA El XXX.XX deg (+above) 

61 Impact 
Latitude XXX.XX deg (+ north) 
Longitude XXX.XX deg (+east) 

Heads up/down +/- 00001 

62 ln�ial velocity maglitude -
XXXXX. ft/s 

Altitude rate XXXXX. ft/s 
Altitude above pad radius XXXX.X nmi 

63 • Range from E I altitude to splash XXXX.X nmi 
Predicted inertial velocity XXXXX. ft/s 
Time from El altitude XX b XX min/s 

64 Drag acceleration xxx.xx g 
Inertial velocity XXXXX. ft/s 
Range to splash XXXX.X nmi (+ is overshoot) 

65 Sampled AGC time ooxxx. h 
(fetched in interrupt) OOOXX. min 

oxx.xx s 

66 Commanded bank angle xxx.xx deg 
Crossrange error XXXX.X nmi (+ south)tc: 
Downrange error XXXX.X nmi (+ oversh ot) 

67 Range to target XXXX.X nmi (+overshoot) 
Present latitude XXX.XX deg (+ north) 
Present longitude XXX.XX deg (+ east) 

68 Commanded bank angle xxx.xx deg 
Inertial velocity XXXXX. ft/s 
Altitude rate XXXXX. ft/s 

69 Commanded bank angle xxx.xx deg 
Drag level 

. 
xxx.xx g / 

Exit velocity XXXXX. ft/s 

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

/ 
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LIST OF NOUNS USED IN PROGRAM COLOSSUS I 

I 
70 Celestial body code (before mark) 

Octal 
Octal 

- Landmark data 
Horizon data 

Octal ! 

Celestial body code (after mark I 71 
Octal I 

Landmark data 
Octal 

Horizon data 
Octal 

I 
! I ' 

72 Spare 

XXXXXb. nmi 

73 Altitude 
Velocity 

XXXXX. ft/s 

Flight path angle 
xxx.xx deg I 

74 Commanded bank angle 
XXX. XX deg 

I nerual velocity 
XXXXX. ft/s 

� Drag acceleration 
xxx.xx g 

75 • Delta altitude ICDHl 
XXXX.X nmi 

Delta time (CDH-CSI or TPI·CDH) 
XX b XX minis 

Delta time (TPI-CDH or TPI·NOMTPI) 
XX b XX min/s 

76 Spare 

7 7  Spare 
xxx.xx deg 

78 GAMMA 
RHO 

xxx.xx deg 
xxx.xx deg 

OMICRON 
X.XXXX deg/s 

79 P20 rotation rate 

P20 deadband 
xxx.xx deg • 

80 • Time from ignition/cutoff 
XX b XX minis 

Velocity to be gained 
XXX XX. ftls 

Delta V (accumulated) 
XXXXX. ft/s 
XXXX.X ft/s 

81 Delta VX (L Vl 

Delta VY (LV) 
XXXX.X ft/s 

Delta VZ IL VI 
XXXX.X h/s 

82 Delta VX (LVI 
XXXX.X ft/s 

Delta VY (LV) 
XXXX.X ft/s 

Delta VZ (LV) 
XXXX.X ft/s 

XXXX.X ft/s 

83 Delta VX (body) 

Gelta VY (body) 
XXXX.X ft/s 

Delta VZ (body) 
XXXX.X ft/s 

• I 

84 Delta VX (LV of other vehicle) 
XXXX.X ft/s 

Delta VY (LV of other vehicle) 
XXXX.X ft/s 

Delta V Z I LV of other vehicle) 
XXXX.X ft/s 

XXXX.X ft/s 
85 VGX (body) 

VGY (body) 
XXXX.X ft/s 
XXXX.X ft/s 

VGZ (body) 
XXXXX. ft/s 

86 Delta VX (LVI 
Delta VY (LV) 

XXXXX. ft/s 

Delta VZ (LV) 
XXXXX. ft/s 

87 Mark data 
Shaft angle 

xxx.xx deg 

Trunnion angle 
XX.XXX deg 

X .XXX XX 

88 Celestial body unit vector y .X XXX X 
z .XX XXX 

•oisplay cannot be changed via data load (that is, V25NXXE. and so forth) • I 
' 

1 
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LIST OF NOUNS USED IN PROGRAM COLOSSUS 

89 Landmark latitude 
Landmark longitude/2 
Landmark altitude 

90 Rendezvous out of plane parameters 

Y (Active) 
Y DOT (Active) 
YDOT (Passive) 

91 ·· ----present-optics angles 
Shaft 

92 

93 

94 

95 

96 

97 

Trunnion 

New optics angles 
Shaft 
Trunnion 

Delta gyro angles 

Alternate LOS 

/ 

Shaft angle 
Tnrnnion angle , · 

• < 

Y (CSM) · 

YDOT (CSM) 
YDOT (LM) 

System test inputs 
/ 

/ 

98 System test results and input 

99 RMS in position 
RMS in velocity 
RMS option cod/ 

/ 

/ 
' 

-

X 
y 
z 

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

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

XXX.XX deg 
XX.XXX deg 

XXX.XX deg 
XX.XXX deg 

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

XXX.XX deg 
xx.xxx deg 

XXbXX min/s 
XXXXX. ft/s 
XXXXX. ft/s 

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

X XXX X. 
XXX XX. 
XXX XX. 

xxxxx . 
. XXX XX 
XX XXX. 

XXXXX. ft 
XXXX.X ft/s 
X XXX X. 

/ 

• 

/ 



CODE 

00 1 1 0  
001 1 3  
001 1 4  
001 1 5  
001 1 6  

00 1 1 7  
00 1 20 
00121 
00205 
00206 

00207 
00210 

002 1 1  
00212 
00213 
002 1 4  
00217 
00220 
00401 
00402 
00404 
00405 
00406 
00421 
00600 
00601 

00602 

00603 
00604 
00605 
00606 
006 1 1  
00612 
00613 
00177 
0 1 1 02 
0 1 1 05 
0 1 1 06  
01 1 07 

01301 
01407 
01426 
01427 
01520 
01600 

01601 ' ' ' 

01703 

CM-14 

-

LIST OF ALARM CODES USED WITH V05 N09 
FOR PROGRAM COLCESUS 

-
PURPOSE 

No mark since last mark reject 
No inbits (Channel 16) 
Mark made but not desired 
Optics torque request with switch not at CMC 
Optics switch altered before 15-second ZERO 
time elapsed 
Optics torque request with optics not available 
Optics torque request with optics not ZEROED 
Optics CDU's no good at time of mark 
Bad P I P  A reading 
Zero encode not allowed with coarse align 
+ gimbal lock ' 
ISS turn-on request not present for 90 seconds 
IMU not operating 

Coarse align error-drive> 2 degrees 
PIPA fail but PIP A is not being used 
I M U  not operating with turn-on request 
Program using IMU when turned off 
Bad return from Stall rouyines 
IMU not aligned (no REFSMMAT) 
Desired gimbal angles yield Gimbal Lock 
Second MIN KEY pulse torque must be done 

• 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-csr<85 nmi earth orbit, 

35,000 feet moon orbit 
* Perigee altitude after COH < 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 Tl G for given elevation angle 
• State vector in wrong sphere o( influence 
• Reentry angle out· of limits 

PIPA fail caused ISS warning 
AGC self-test error 
Downlink too fast 
Uplink too fast 
Phase table failure; assu _,e erasable memory is 
destroyed · 
ARCSIN-ARCCCE argument too large 
VG increasing 

• • I MU unsatisfactory 
• • I M U reversed 

V37 request not permitted at this time 
Overflow in Drift Test 

Bad IMU torque 

1 nsu fficient time for integration, 
TIG was slipped 

/ 

SET BY 

SXTMARK 
SXTMARK 
SXTMARK 
Extended verb optics CDU 
T4RUPT 

Extended verb optics CDU 
T4RUPT 
SXTMARK 
SERVICER 
I MU mode switch 

T4RUPT 
IMU mode SWitCh, IMU-2 
R02, P51 
IMU mode switch 
IMU mode sw1tch. T4RUPT 
T4RUPT 
T4RUPT 
CURTAINS 
R02, P51 
Fine Align, IMU-2 
P52 
R52 
P52, P54 
R 2 1 .  R23 
INTEGRV 
P32, P72 
P32.P72 

P32. P72 

P32,P33,P72, P73 
P32, P72 
P32, P72, P37 
P32, P72 
P34,P74 
P37 
P37 
T4RUPT 
SELF-CHECK 
T4RUPT 
T4RUPT 
RESTART 

INTERPRETER 
S40.8 
P61,P62 
P61,P62 
V37 
Optical Prealignment 
Calibration 
Optical Prealignment 
Calibration 
R41 

-

� 

/ 

/ 

I 
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CODE 

03777 
04777 
07777 
10777 

-

13777 
14777 
20430 

20607 
20610 
21204 
21206 

212 10 
21302 
21501 

21502 
21521 
31104 
31201 
31202 
31203 
31211 

CM 15 

LIST OF ALARM CODES USED WITH VOS N09 
FOR PROGRAM COLOSSUS 

PURPOSE 

ICDU fad caused the ISS warnong 
ICDU. PIP A faols caused the ISS warnong 
IMU faol caused the ISS warnong 
IMU. PIP A falls caused the ISS warnong 
IMU,ICDU falls caused the ISS warning 
IMU. ICDU. PIP A faols caused the ISS warnong 
I ntegrauon abort due to subsurface state 
vector 
No solutoon from Tome Theta or Tome·Radous 
Lambda less than unoty 
Negative or zero WAITLIST call 
Second JOb attempts to go to sleep voa 
Keyboard and D•splay program 
Two programs using device at same time 
SORT called woth negatove argument 
Keyboard and Dosplay alarm during onternal 
use (NVSUBl 
Illegal flashong display 
PO 1 ollegally selected 
Delay routone busy 
E xecutove overflow-no VAC areas available 
E xecu tove o"erllow-no core sets avaolable 
WAIILIST ov�rflow-too many tasks 
Illegal onterrupt of Extended Verb 

T4RUPT 
T4RUPT 
T4RUPT 
T4RUPT 
T4RUPT 
T4RUPT 

SET BY 

All calls to ontegration 

TIMETHET. TIMERAD 
P37 
WAIT LIST 
PINBALL 

IMU Mode Switch 
INTERPRETER 
PINBALL 

GOPLAY 
POl 
EXECUTIVE 
EXECUTIVE 
EXECUTIVE 
WAIT LIST 
SXTM6.RK. P23 

2XXXX-Ind•cates a go-to-routine 00 type abon. 
3XXXX-Indocates a bailout type abort. 

Note· For V05 N09 Dosplays· 
R 1-X X X X X (forst alarm to occur after last reset). 
R2-XXXXX (second alarm to occur after last reset). 
R3-XXXXX (most recent alarm). 
Depressing the RSE T key on the DSK Y will set R 1 and R2 to zero, but no"t 
affect R3. 

• Thos alarm is displayed without the astronaut having to key in V05 N09E. An astronau-t 
DSK Y response is requored by this alarm. 

• 'This alarm is displayed without the astronaut having to key on V05 N09E. No DSKY 
response is required by this alarm_ 

LIST OF OPTION CODES USED WITH V04 N06/N12 
FOR PROGRAM COLOSSUS 

• 
!The specofoed optoon codes will be dosplayed on R1 on conjunctoon with Flashing 
V04 N06/N 12 to request the astronaut to load into R2 the optoon he desores.l 

CODE 

00001 

00002 

00003 
00004 

00007 
00024 

PURPOSE 

Specofy IMU orientation 

Specofy vehicle 

Specify tracking attotude 
Specify FUL TKFLAG 
set tong 
Speedy propulsion system 
Specofy P20 mode 

INPUT FOR R2 

1 • preferred, 2 : nomonal, 
3" REFSMMAT, 4 =landing site 
1 = this vehicle, 
2 = other vehicle 
1 = preferred, 2 = + X-axos 
0 • Full, VHF and optoCS 
1 - Partoal, VHF or optics 
1 SPS. 2 = RCS 
0 - Rendezvous, (Vecpoont) 
1 : Celestial body, !Vecpoont) 
2 ' Rotate 
4 = Rendezvous. (3-axis) 
5 � Celestial body, (3-axos) 

PROGRAMS 

P50's 

P21, R30 

R63 
P20 

P37 
P20 
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LIST OF CHECKLIST REFERENCE CODES USED WITH V50 N25 
FOR PROGRAM COLOOSUS 

CODE 

00013 
00014 
00015 
00016 
00017 
00020 
00041 
00062 
00202 
00204 

ACTION TO BE E F FECTED 

Perform coarse alignment 
Key in fine alignment option 
Perform celestial body acquisition 
Key in Terninate Mark sequence 
Perform MIN KEY rendezvous sequence 
Perform MINKEY PC pulse torquing 
Switch CM/SM separation to UP 
Key in AGC power down i 
Perform GNCS automatic maneuver 
Perform SPS gimbal trim 

NOTES: Switch-denotes change position of a console switch 
Perform-denotes start or end of a task 
Key In-denotes key-in of data through tl)e DSKY 

• • 

< 

' 
I 
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FLAGWORD BIT ASSIGNMENTS (ALPHABETICAL) 

FOR COLOSSUS 

-

ADVTRK FW8 fllD MIOAVFLG FW9 62 
AMOONFLG FWO 62 MIDFLAG FWO 613 
APSESW · FWS 65 MKOVFLAG' FW4 63 
ASTNFLAG' FW7 612 MOON FLAG FWO 612 
ATTCHFLG' FW7 82 MRKIDFLG• FW4 615 
AUTOSEQ FW10 87 MRKNVFLG FW4 69 
AVEGFLAG FW1 61 MRUPTFLG' FW4 65 
AVEMIDSW FW9 61 MWAITFLG' FW4 811 
AVFLAG FW2 65 NEEDLFLG FWO 89 
AZIMFLAG FW11 68 NEWIFLG FWS 613 
BURN FLAG FW10 610 NEWLMFLG FW8 814 
CALCMAN2 FW2 62 NEWTFLAG FW5 610 
CMDAPARM' FW6 612 NJETSFLG FW1 615 
CMOONFLG FWS 612 NODOFLAG FW2 81 
CM/DSTBY FW6 82 NODOP01 FW1 812 
COGAFLAG FW8 84 NORFHOR FWO 811 
COMPUTER FW5 88 NORMSW FW7 810 
CSISFLAG FW 11 86 NOSWITCH FW6 87 
CULTFLAG FW3 67 NRMIDFLG' FW4 813 
CYC61FLG FWO 84 NRMNVFLG FW4 68 
D60R9FLG FW3 82 NRUPTFLG' FW4 64 
DAP81T1 FW6 815 NWAITFLG' FW4 810 
DAP81T2 FW6 814 N220RN17 FW9 86 
DIMOFLAG FW3 81 ORBWFLAG FW3 66 
DMENFLG FW5 89 ORDERSW FWS 86 
DRIFTFLG FW2 615 PCFLAG FW10 8 1  
DSKYFLAG' FW5 815 PCMANFLG FW10 815 
EGSW FW6 88 PDSPFLAG FW4 612 
ENG2FLAG FW1 811 PFRATFLG FW2 84 
ENGON81T FW5 87 PINBRFLG FW4 86 ' 
ENTRYDSP FW6 813 PRECIFLG FW3 88 
ERA OF LAG FW1 813 • PRIODFLG* FW4 814 
ETPIFLAG FW2 87 PRONVFLG FW4 6 7  
FINALFLG FW2 86 PTV93FLG FW10 84 
FIRSTFLG FW2 87 POOFLAG FW3 89 
FREEFLAG FWO 83 P21FLAG FW2 812 
FULTKFLG FW10 82 P22MKFLG FW3 811 
F2RTE FWO 85 P24FLAG FW9 814 
GAMDIFSW' FW6 611 P24MKFLG FW2 83 
GLOKFAIL FW3 614 P29FLAG FWO 81 
GONE8Y FW7 88 P35FLAG FW10 88 
GONE PAST FW6 810 OUITFLAG FW9 85 
GRR8KFLG FW5 85 RANG FLAG FW10 89 
GUESSW FW1 82 REFSMFLG FW3 813 
GYMOIFSW* FW6 81 REINTFLG FW10 87 
HAFLAG FW11 87 REJCTFLG FW10 812 
HDSUPFLG FW10 811 RELVELSW FW6 89 
HIND FW6 86 RENDWFLG FW5 81 
IDLEFAIL FW1 86 RETROFLG FW5 814 
IGNFLAG' FW7 813 RNDVZFLG FWO 87 
IMPULSW FW2 89 RPOFLAG FW8 815 
I MUSE FWO 88 RVSW FW7 89 
INCORFLG FW5 811 R21MARK FW2 814 
INFINFLG FW8 87 R22CAFLG' FW9 87 
INRLSW FW6 85 R31FLAG FW9 84 
INTFLAG FW10 814 R53FLAG FWO 86 
INTYPFLG FW3 84 R67FLAG FW8 82 
ITSWICH FW7 814 SAVECFLG FW9 810 
JSWITCH FWO 814 SKIPVHF FW2 810 
KNOWNFLG FW6 88 SLOPESW FW1 83 
LATSW FW6 84 SLOWFLG FW5 813 
LMOONFLG FWS 811 SOLNSW FW5 83 
LUNAFLAG FW3 812 SOURCFLG FW9 88 
MANEUFLG FW10 85 STATEFLG FW3 85 
MARKFLG FW1 84 STEERSW FW2 811 
MAXD8FLG FW9 812 STIKFLAG FW1 814 

' MGLVFLAG FW5 82 • MI01FLAG FW9 63 • 

'These switches are never called by name. 

• 
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STRULLSW 
SURFF LAG 
SWTOVER* 
S32 . 1 F 1  
532 .1F2 
532.1 F3A 
532 .1 F3B 
TARG1FLt:J 
TARG2FLG 
T E R M I F LG 
TFFSW 
T I M R F LAG 
TPIMNFLG 
TRACKFLG 
UTFLAG 
UPOATFLG 
UPLOCKFL* 
VEHUPFLG 

CM-18 

FLAGWORD BIT ASSIGNMENTS (ALPHABETICAL) 
FOR COLOSSUS 

FW6 B 1 3  VERI F LAG* 
FW8 B8 VF LAG 
FW9 B 1 5  VH F R F LAG 
FW11 B15 VINTF LAG 
FW11 B 1 4  VNFLAG 
FW 1 1  B 1 3  V37FLAG 
FW1 1 B 1 2  V50N 18FL 
FW1 B 1 0  V59FLAG 
FW1 B9 V82EMFLG 
FW7 8 1 5  V94FLAG 
FW7 B1 V960NFLG 
FW7 B 1 1  XOELVFLG 
FW10 B3 X05PFLAG* 
FW1 85 ZMEA5URE 
FW8 B9 .05G5W 
FW1 B7 2205PFLG 
FW7 B4 360SW 
FW1 B8 3AXI5FLG 

*These switches are never called by name. 

FW7 
FW3 
FW9 
FW3 
FW4 
FW7 
FW3 
FW5 
FW9 
FW9 
FW8 
FW2 
FW4 
FWO 
FW6 
FW2 
FW8 
FW5 

B3 
B 1 0  
B9 
83 
B2 
86 
B 1 5  
B12 
B 1 3  
B11 
B3 
B8 
B1 
B 1 0  
83 
8 1 3  . 
81 
B6 

! 
I ! 
. • • • • 
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I 

. 
I I 
l 

I l 
l 
I 
•t 

I • 

I 
I 



/ 

I 
I -

' • • 

CM19 

FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 

IFLAGWORD OlE Address 74 
-

Bot Name 1 0 

1 P29FLAG First pass through P29. Subsequent pass through P29. 

2 AMOONFLG State vector on lunar sphere at State vector in earth sphere at 
MIOTOAVE. MIDTOAVE. 

3 FREEFLAG (Temporary flag used in many routines.) 

4 CYC61FLG KALCMANU computes maneuver time. KALCMANU executes maneuver. 

5 F2RTE In time critocal mode. Not in time critical mode. 

6 R53FLAG V51 initiated. V51 not initiated. 

7 RNDVZFLG P20 rendelvous option running. P20 rendezvous option not running. 

8 I MUSE IMU on use IMU not in use. -

9 NEEDLFLG Total attitude error displayed. A/P following error displayed. 

10 ZMEASURE Measurement planet and promary Measurement planet and primary 
planet dofferent. planet same. 

1 1 NORFHOR Far horizon. Near horizon. 

12 MOON FLAG Moon is sphere of influence. Earth i$ $phere of influence . •  

13 MIDFLAG Integration with solar perturbations. Integration without solar 
perturbations. 

14 JSWITCH Integration of W matrix. Integration of $late vector. 

15 Not Used 

(FLAGWORD 1) E Address 75 

Bit Name 1 0 

1 AVEGFLAG AVERAGEG ISERVICERl to continue. AVERAGEG (SERVICERl to cease. 

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

3 SLOPESW Iterate with bias method in Iterate with Regula Falsi method 
iterator. in iterator. 

4 MARKFLG Mark accepted. Mark reject is ok. No mark accepted. 

5 TRACKFLG Tracking allowed. Tracking not allowed. 

6 IDLEFAIL Inhibit R40. Enable R40 (engine fail). 

7 UPDATFLG Updating by marks allowed. Updating by marks not allowed. 

8 VEHUPFLG CSM state vector being updated. LM state vector being updated. 

9 TARG2FLG Sighting landmark. Sighting star. 

10 TARG1FLG Sighting LM. Not sighting LM. 

11 ENG2FLAG RCS burn. SPS burn. 

12 NODOPOl P01 not allowed. POl allowed. 
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 

(F LAGWORD 1 l (Continued) 

Bit Name 

13 ERADFLAG 

14 STIKFLAG 

1 5  NJETSFLG 

1 

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

0 
RHC control or MGA ::>75 
and P20 track inhibited. 

Two-jet RCS burn. 

(FLAGWORD 2) E Address 76 

Bit Name 1 

1 NODOFLAG V37 not permitted. 

2 CALCMAN2 Perform maneuver starting procedure 
/ 

3 P24MKFLG New mark from SXT mane 

4 PFRATFLG Preferred attitude computed. 

5 AVFLAG LM is active vehicle. 

6 FINALFLG Last pass through rendezvous 
program computations. 

( 

7 F I RSTFLG First pass through S40.9. 

ETPIFLAG Elevation angle supplied for 

P34/74. 

8 XDELVFLG 
External Delta V VG computation. 

9 IMPULSW Minimum impulse burn (cutoff 

time specified}. 

10 SKIPVHF Disregard radar read becasue of 
software or hardware RESTART. 

1 1  STEERSW Steering to be done (P40l. 
Calculate time to SIV B ignitiOI) (P 15). 

12 P21FLAG Succeeding pass through P 2 1 .  use 

base vector for calculation. 

/ 

/ 

0 

EARTH -use fixed rad•us. 

MOON -use R LS for lunar rad<us. 

0 
AGC control and MGA < 75 

Four-jet RCS burn. 

0 

V37 permitted . 

Bypass starting procedure. 

No marking done. 

Preferred attitude not computed. 

CSM is active vehicle . 

Interim pass through rendezvous 

program ·computations. 

Succeeding pass through S40.9. 

TPI time supplied for P34/P74. 

Lambert (AIMPOINT) VG computation. 

Steering burn (no cutoff time 

yet available) . 

Radar read to proceed normally. 

Steering omitted (P40l. 

Calculate time to SIVB cutoff (P15l. 

First pass through P21, calculate 

base vector. 

' 

I I 

I 
' . 1 

/ / 

� 
' 

I 
' 

/ 
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F LAGWORO BIT ASSIGNMENTS FOR COLOSSUS 

( F LAGWORO 2) (continued) 

Bit 

13 

14 

15 

Name 

22DPSFLG 

R21MARK 

O R I FTFLG 

1 

Display OR, OV. 

Rendezvous optics marking active. 

T3RUPT calls gyro compensation. 

/ 

(F LAGWORD 3) E Address 77 

Bit Name 1 

1 OIMOFLAG W matrix is to be used. 

2 060R9FLG Dimension of Wk 9 for 
integration. 

3 VINTFLAG CSM state vector being integrated. 
. 

4 IN-T:VPFLG .. Q,lnic integration. 

5 STATE FLG. Permanent state vector being ., upd�tted,.;w:•" . _.,�"if�� < 

6 OABWFLAG W matrix valid for orbital 
navigation. 

7 CULTFLAG Star occulted. 

8 PRECIFLG CSMPREC, LEMPREC, or INTEGRVS 
called. 

9 POOFLAG Inhibit backwards integration. 
/ 

10 VFLAG Less than two stars in the field 
of view. 

1 1 P22MKFLG P22/P24 down linked mark data was 
just taken. 

/ 

1 2  LUNAFLAG Lunar latitude-longitude. 

1 3  REFSMFLG RE FSMMAT goo/ 
1 4  GLOKFAIL GIMBAL LOCK has occurred. 

1 5  V50N18FL Enable R60 attitude maneuver. 

/ 

0 

Do not display OR, DV. 

Rendezvous optics marking not active. 

T3RUPT does no gyro compensation. 

0 

W matrix is not to be used. 

Dimension of W is 6 for 
integration. 

LM state vector being integrated. 

E ncke integration. 

Permanent state vector not being 
updated . 

W matrix invalid for orbital 
integration. 

Star not occulted. 

INTGRV called. 

Allow backwards integration. 

Two stars in the field of view. 

P22/P24 downlonked mark data not 
just taken. 

Earth latitude-longitude. 

REFSMMAT no good. 

Not in GIMBAL LOCK. 

Inhibit R60 attitude 
maneuver . 

/ 
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• FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS -

(F LAGWORD 4) E Address 100 
-

Bit Name 1 

1 XDSPFLAG· Mark dtsplay not to be tnterrupted. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

1 3  

14 

1 5  

VNFLAG 

MKOVFLAG• 

NRUPTFLG· 

MRUPTFLG· 

PINBRFLG 

PRONVFLG 

NRMNVFLG 

MRKNVFLG 

NWAITFLG" 

MWAITFLG* 

PDSPFLAG 

NRMIOFLG• 

PRIODFLG* 

MRKIDFLG• 

VN Flash dosplay 

Mark display over normal display. 

Normal display interrupted by 
priority or mark display. 

Mark dosplay onterrupted by 
priortty dtsplay. 

Astronaut has onterferred with 
exosttng dtsplay. 

Astro:1aut using keyboard when 
prooroty dosplay tnt ttated . 

Astronaut using keyboard when 
normal display init tated. 

Astronaut using keyboard when 
mark display initiated. 

H igher priority display operating 
when normal display initiated. 

Higher priority display operating 
when mark display initiated. 

Cannot tnterrupt priority display. 

Normal display in ENOl OLE. 

Priority dtsplay in ENOl OLE. 

Mark display in ENDIDLE. 

(FLAGWORD 5) E Address 101 

Bit Name 1 

1 RENDWFLG W matrix valid for rendezvous 
navigation. 

2 Not Assigned 

3 SOLNSW Lambert does not converge. or 
time-radius nearly circular. 

4 Not Assigned 

5 GRRBKFLG Backup G R R  received. 

·These switches are never called by name. 

0 

No specoal mark information. 

GOF LASH dosplay 

No mark display over normal 
display. 

Normal dtsplay not interrupted by 
priority or mark d;splay. 

Mark display not interrupted by 
prtortty display. 

Astronaut has not onterferred with 
exosting display. 

Astronaut not using keyboard when 
prtoroty display initiated. 

Astronaut not using keyboard when 
normal display initiated. 

Astronaut not using keyboard when 
mark display initiated. 

No higher priority display operating 
when normal display initiated. 

No higher priority display operating 
when mark display initiated. 

No normal display in ENOl OLE. 

No priority display in E N O l  OLE. 

No mark display in ENDIDLE. 

0 

W matrix invalid for rendezvous 
navigation. 

Lambert converges or �irne·radius 
non circular. 

Backup G R R not received. 

I 
I ' • 
l l I 
I 

1 

• 
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FLAGWORD BIT ASSIGNM ENTS FOR COLOSSUS 

( F LAGWORD 5) (continued) 

Bit 

6 

7 

8 

9 

10 

1 1 

1 2  

1 3  

1 4  

1 5  

Name 

3AXISFLG 

ENGONBIT 

COMPUTER 

DMENFLG 

NEWT FLAG 

INCORFLG 

V59FLAG 

SLOWFLG 

RETROFLG 

DSKYFLAG* 

1 

Maneuver specified by three axes. 

Engine turned on. 

Not used in program. 

Dimension of W is 9 for 
incorporation. 

New longitude iteration. 
Skip display. 

First incorporation. 

Calibrating for P23. 

P37 transearth coast slowdown 
is desired. 

P37 premar.euver orbit is 
retrograde. 

Displays sent to DSKY. 

(FLAGWOAD 61 E Address 102 

Bit Name 1 

1 GYMOI FSW" CDU differences and body rates 
computed. 

2 CM/DSTBY ENTRY OAP activated. 

3 .05GSW Drag over 0.05 g 

4 LATSW Downlift not inhibited. 

5 INRLSW Initial roll V(L VI attitude 
/ not held. 

6 HIND Iterating of HUNTEST calculation 
to be done after range prediction. 

7 NOSWITCH Lateral roll maneuver inhibited in 
ENTRY. 

8 KNOWNFLG Landmark known. 

EGSW In final entry phase. 

9 RELVELSW Target ing uses earth-relative 
velocity. 

/ 
*These switches are never called by name. 

0 

Maneuver specified by one axis. 

Engine turned off. 

Not used in program. 

Dimension of W is 6 for 
incorporation. 

D1splay normal. 

Second incorporation. 

Normal marking for P23. 

Slowdown is not desired 

Orbit is not retrograde. 

No displays to DSKY. 

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. 

Iterating of HUNTEST calculations 
to be omitted after range prediction. 

Lateral roll maneuver permitted 
in ENTRY. 

Landmark unknown. 

Not in final entry phase. 

Targeting uses inertial velocity. 
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F LAGWORD BIT ASSIGNMENTS FOR COLOSSUS 

(FLAGWORD 6) (continued) 

1 0  

1 1  

1 2  

1 3  

14 
15 

Name 

GONEPAST 

GAMDIFSW* 

CMDAPARM* 

ENTRYDSP 

STRULLSW 

DAPBI T2 
DAPBITl 

1 

Lateral oontrol calculations 
to be omitted. 

Calculate GAMDOT. 

Allow ENTRY firings and 
calculations. 

Do ENTRY display via ENTRYVN. 

Do STEERULL. 

1 

Non RCS 

1 
1 1 
TVC aturn 

(FLAGWORD 7) E Address 103 

Bit Name 1 

Calculate TPERIGEE. 

LM, CM attached. 

• 
1 

2 

3 

TFFSW 

ATTCHFLG* 

VERIFLAG* 

UPLOCKFL* 

Changed when V33E occurs at end of P27. 

4 

5 Not Assigned 

6 V37FLAG 

7 Not Assigned 

8 GONE BY 

9 RVSW 

10 NORMSW 

1 1  TIMRFLAG 

1 2  ASTNFLAG* 

13 IGNFLAG* 

1 4  ITSWICH 

1 5  TERMIFLG 

-

K-K·K fail. 

AVERAGEG (SERVICER) running. 

Passed target. 

Do not compute final state vector 
in time-theta. 

Unit normal input to �mbert. 

CLOKT ASK operating. 

\stronaut has OKed ignition. 

TIG has arrived. 

Accept next Lambert TP I search 
Solution. 

Terminate R52. 

*These switches are never called by name. 

• 0 

Lateral control calculations 
to be done. 

GAMDOT not to be calculated. 

Inhibit ENTR '( firings an<.. 
control functions. 

Omit ENTRY display. 

Do ULAGEOFF only. 

DAP selection indicator. 

0 

Calculate TFF. 

LM, CM not attached. 

-
No K·K·K fail. 

• 

• 

AVERAGEG (SERVICER) off. 

Approaching target. 

Compute final state vector in 
time-theta. 

Lambert computes its own unit 
normal. 

CLOKT ASK inoperative. 

Astronaut has not OKed ignition. 

TIG has not arrived. 

Test Lambert answer against 
limits. 

Do not terminate R52. 

/ 

• 

/ 

/ 

I 

' 

!". • I 
I 

1 
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 

( F  LAGWORD 81 E Adcl•r.ss 104 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

Name 

360SW 

R67FLAG 

V960NFLG 

COGAFLAG 

APSESW 

ORDE RSW 

I N F I N F LG 

SU R F F LA( 

U T F L A G  

ADVTRK 

LMOONFLG 

CMOONFLG 

NEWIFLG 

NEWLMFLG 

1 
-

Transfer angle near 360 degrees. 

R67 rotauon acr•ve 

POO •ntegration has been inhibited 
by V96 

No conic solution. too close to 
rect II •near ICOGA overflows) . 

R DESIRED outs•de of P E R  I CENTER· 
APOCENTE R range m time-radius. 

Iter dtor uses second order 
mmomurn mode 

No conrc soluuon (closure 
through onlrnfly t'equ•red). 

LM on lunar surface 

P20 option 1.2. or 5 selected. 

Advance ground track sighting 
wanted. 

Permanent LM state vector rn 
lunar sphere. 

Permanent CSM state vector in 
lunar sphere. 

First pass through integration. 

Delay rate computatoon after new 
landmark update 

1 5  RPQFLAG RPQ not computed. 
( RPQ = vector between secondary 
body and primary body.) 

(FLAGWORD 9) E Address 105 

Brt Name 

1 AVEMIDSW 

2 MIDAVFLG 

3 M I O l FLAG 

4 R31 FLAG 

5 QUITFLAG 

6 N220R N 1 7  

1 

AVE TOM I D calling for W matrix 
integration. Do not overwrite 
RN.  VN.  PIPTIME. 

Integration entered from one of 
M l  DTOAV portals. 

Integrate to TOE C .  

R31 selected IV83l 

Terminate and extt from 
integrat oon 

Compute total attrtude errors 
wtth respect to N22 (V62) 

0 

Transfer angle not near 360 
degrees. 

R67 rotation mact•ve 

POO integrat•on •s proceed•ng 
regularly. 

Conic solution exists. ICOGA 
does not overflow.) 

RDESI R E D  inside of P E R  ICENTE R · 

APOCENTE R range m time-radius. 

I terator uses first order 
standard mode. 

Con•c solu tron ex rsts. 

L M  not on lunar surface. 

No advanced ground track. 

Permanent LM state vector in 
earth sphere. 

Permanent CSM state vector in 
earth sphere. 

Succeeding iteration of integration. 

Delay completed. 

RPQ computed. 

• 

0 

No AVE TOM I D W matrix integration . 
Allow setup of RN, VN, PIPTIME . 

Integration was not entered via 
MIDTOAV. 

I ntegrate to the then-present 
time. 

R34 selected (V85l 

Continue integration. 

Compute total attitude errors 
with respect to N 17 (V63). 
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F L AGWORn BIT ASSII�NMENTS FOR COLOSSUS 

( F LAGWORD 9) (conttnuedl 

81 t 

7 

8 

9 

1 0  

1 1 

12 

13 

1 4  

15 

Name 

R22CAFLG' 

SORUCFLG 

VHFRFLAG 

SAVECFLG 

V94FLAG 

MAXDBF LG 

V82EMFLG 

P24FLAG 

SWTOVER 

1 

R22 1S process1ng an optiCS 
mark. 

Source o f  mpu t data is from 
VHF radar. 

Allow R22 to accept range data. 

P23 d1splay and data s10ra9e 
after mark IS done. 

V94 allowed dur1ng P23 

Maxrmum AlP deadband selected. 

Moon v1c1nrty 

P24 operattng. 

Swi tchover has occurred. 

'These sw1tches are never called by name. 

(FLAGWORD 10) E Address 106 

Bit Name 1 

1 PCFLAG Plane change maneuver being targeted. 

2 F U L T K F L G  Optics or VHF marks being taken. 

3 TPIMNFLG TPI targeting complete. 

4 PTV93FLG W matriX to be inttiahzed after 
maneuver. 

5 MANEUFLG No mark mcorporation since 
target1ng completed. 

6 Not Ass1gned 

7 AUTOSEQ Ml N KEY auto-rendezvous. 

8 P35FLAG MCC targeting completed. 

9 RANG FLAG Range< 327.67 nmi. 

10 BURN F LAG CSM performed burn. 

1 1 HOSUPFLG Heads-up tracking attitude. 

12 REJCTFLG Re1ect mark data be1ng 
processed by R22. 

1 3  R E I N T F L G  Restartable integration in 
process . 

1 4  I N T  FLAG I ntegrat10n in process. 

1 5  PCMANFLG Maneuver is post plane change 

or P79. 

0 

R22 is not processing an opti�:s 
mark. 

Source of input data is from 
optics mark. 

Stop acceptance of range data. 

P23 display and data storage 
before mark 1s done 

V94 not al lowed. 

Mtnunum A/P deadband selected. 

Earth v1c1n1ty. 

P24 not operating. 

No switchover yet 

• 

0 

Not plane change targeting. 

Optics and VHF marks being taken. 

TPl target ing not complete. 

W matrix initialized 

Mark incorporated. 

Manual rendezvous. 

MCC targeting not completed. 

Range ?> 327.67 nm1 

LM performed burn. 

Heads-down tracking attitude. 

No mark rejected. 

No restartable integratton 
1n process. 

Integration not 1n process 

Not post plane change or 
P79 maneuver. 

I ' 

I ' 

I 

• ' 

I 
I ; 

i 

I 

• 
• 

I : 

l 
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F L " G'.VOR:J B!T ASSIGNMENTS FOR COLOSSUS 

(FLAGWORD 1 1 )  E Address 107 

8 it 

1 -5 

6 

7 

8 

9-1 1 

1 2  
1 3  

14 

15 

Name 

Not Assigned 

CSISFLAG 

HAFLAG 

AZIMFLAG 

Not Assigned 

S32.1 F38 
S32.1 F3A 

S32. 1 F 2  

S32. 1 F 1  

1 0 

Multiple CSI targeting. Not multiple CSI.  

Height adjustment targeting. Not heigh t adjustment maneuver. 

Three-axis tracking maneuver. Vecpoint tracking maneuver. 

( 8 its 12 and 1 3  function as an ordered pair ( 13, 12) indicating 
the possible occurrence of two Newton iterations for S32.1 � 

(0, 0) - First pass of second Newton iteration. 
(0. 1 )  - F irst Newton iteration being done. 
( 1 ,  0) - Remainder of second Newton iteration, 
( 1 ,  1 )  - 50 ft/s stage of second Newton iteration.) 

\ 

• 

First pass of Newton iteration. Reiteration of Newton. 

Delta V at CSI Time 1 exceeds 
max1mum. 

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

J 
• 
I MODES3(}, a flag whose individual bits are used to control the monitoring of I M U 
functions associated with Channel 30 (and in a few cases Channel 33). 

Bit Meaning 

1- 5- Last sampled value of Channel 30, Bit 15 (0 if I M U temperature with in limits). 

14 Last sampled value of Channel 30, Bit 1 4  (0 if ISS has been turned on or commanded 
to be turned on). 

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

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

11 Last sampled value of Channel 30, Bit 1 1  (0 if an I MU cage command has been 
produced by crew). 

10 Last sampled value of Channel 33, Bit 13 (0 if a PIPA fail indication has been 
produced), having the same value as Bit 13 of I MODES33. 

9 

8 

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

Bit used to control the I MU turn-on sequencing. 

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

6 Bit is set to 1 to indicate that IMI:J initialization is being carried out. No Verb 37 
inputs will be processed while bit is equal to 1 and alarm 015208 is generated. 

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

4 Bit is set to 1 to inhibit generation of an ISS warning based on receipt of an I MU fail 
signal. / 

3 Bit is set to 1 to inhibit generation of an ISS warning based on receipt of an I MU CDU 
fail signal. / 

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

1 Bit is set to 1 to inhibit generation of an ISS warning based on receipt of a PIP A fail 
signal (Bit 13 of Channel 33). 

/ 

/ 

-
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 

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

Bit Meaning 
' 

1 5  Not assigned. 

1 4  Last sampled value of Channel 32, B it 14 (0 if a Proceed command is given using the 
PRO button). 

1 3  Last sampled value of Channel 33, Bit 1 3  (0 if a PIP A fail has been produced) .  

1 2  Last sampled value of Channel 33, Bit 1 2  (0 if a telemetry end pulse has been rejected 
because the downlink rate is too fast). 

1 1  Last sampled value of Channef 33, Bit 1 1  (0 if an uplink bit has been rejected because 
the uplink rate is too fast). 

• 
10-7 Not assigned. 

� t. ' � . 
6 Bit is set to 1 to indicate that f�(J use for vehicle atti1ude information should not be 

attempted. 

5 Bit is set to 1 in IMU Zeroing routine external to T4RUPT while zeroing is taking 
place (for an interval of about 8.22 seconds). 

4-2 Not assigned. 

1 Bit is set to 1 when a Verb 35 ("lamp test") is received, and reset to 0 about 5 seconds 
later. -

/ 

/ 

/ 

, 
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FLAGWORO BIT ASSIGNMENTS FOR COLOSSUS 
-

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

Bit Meaning 

15· Not Assigned 
1 1  

1 0  Bit is set to 1 to indicate that zeroing of optics has been completed since the last 
F RESH 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 Not assigned. 

8 Not assigned. 

7 Last sampled value of Channel 30. Bit 7 (0 if an optics COU fail indication has been 
generated by the optics CEiU hardware). If  Bit 2 of this word is 0, a Tracker alarm (Bit 
8 of OSPTAB + 1 1 )  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. 

5 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 = 1 1 2, 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 optics is in progress. / 

If bit is 1 ,  then a switch out of Zero Optics mode will cause alarm 0 1 1 68 to be 
generated (if switched to Manual, a "grace period" of about 5.3 seconds is provided 
before the optics-zeroing time counter is reset, during which time a switchback to 
optics zeroing can·be made). Bit remains 1 for about 16.2 seconds, and is then reset to 
0 (at the same time that Bit 1 0  of this word is set to 1 ,  and Bit 2 of this word is set to 
0).  

/ 

2 Bit is set to 1 to inhibit generation of Tracker alarm (Bit 8 of OSPTAB + 1 1 )  if Bit 7 
of this word goes from ;

>
<> 0. Bit is set and reset at the same time as Bit 3. 

1 Not assigned. 

/ 
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FLAGWORD B I T  ASS I G N MENTS FOR COLOSSUS 
-

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

• 
Bit Meaning 

-

1 5  Bit is set to 1 to indicate that a high rate (2  deg/s) automaneuver is in progress. Bit is 
reset to 0 to indicate that a high rate automaneuver is not in progress. 

14 Bit is set to 1 if rate estimates are not good and a repeat of the rate fi lter initialization 
is required. Bit is reset to 0 if the G & N is in control and the IMU data is usable. 
Approximately 1 second after the bit is reset to 0 the rate filter initialization is 
complete. ' 

1 3  Bit is set to 1 if the rate damping has not been completed on the roll ax is. Bit is reset 
to 0 if the rate damping on the roll axis has been completed. 

1 2  Bit is set to 1 if the rate damping has not been completed on the pitch ax is. Bit is reset 
to 0 if the rate damping has been completed on the pitch axis. 

1 1  Bit is set to 1 if {he rate damping has not been completed on the yaw axis. Bit is reset 
to 0 if the rate damping has been completed on the yaw axis. 

10,9 If either or both bits have been set to 1 ,  there has been a change in the RHC roll 
command since the last DAP . cycle. If both bits are reset to 0, it implies that no 
change in the RHC roll command has occurred since the last DAP cycle. 

8, 7 * If either or both bits have been set to 1 ,  there has been a change in R HC 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 cycle. 

6,5 If  either or both bits have been set to 1 ,  there has been a change in the R HC 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 . 

• 
4 - Bit is set to 1 to indicate that the AK values should be updated. Bit is reset to 0 to 

indicate that the 'Needte Drive routine should be processed with the AK values which 
have been previously acquired. 

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

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

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

1 Bit is set to 1 to indicate that the initial pass path in the T6 program should not be 
followed. Bit is reset to 0 if the T6 program should be initialized. 

/ 

/ 
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 

C31 FLWOrlD, a flag used to determine if the channel representations of the CMC Mode 
switch, SC CONTROL switch and OPTICS ZERO switch are to be used or if backup 
indicaturs are to be used. Octal representation is AXXBX where: 

A VALUE 

0 or 4 
1 
2 
3 
5 
6 
7 

B VALUE 

0 or 4 
1 or 5 
2 or 6 
3 or 7 

' 

Bits 1 3 ,  14, 1 5  of Channel 31 are valid 
CMC Control FR EE 
CMC Control HOLD 
CMC Control AUTO 
SCS Control F R E E  
SCS Control HOLD 
SCS Control AUTO 

Bits 4, 5 of Channel 33 are valid 
Optics Mode CMC 
Optics Mode ZERO 
Optics Mode Manual 



/ 
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 

OAPOATR 1, a flagword for RCS·CSM DAP interface. 
-

-
Bits 1 &- 1 3  1 2 - 1 0  9-7 6-4 3-1 

I CON�'lXTA�=x��j_os r=RAT� 
15-13 CONFIG: Configuration 

12-10 XTAC: 

9-7 XTBO: 

6-4 DB: 

3-1 RATE : 

0 N o DAP or ENTRY OAP 
1 CSM 
2 CSM/LM 
3 CSM/SIVB 
6 CSM/LM Ascent Stage Only 

X-translation using Quads AC 

0 No AC 
1 Use AC 

X-translation using Quads 80 

0 N o BO 
1 Use BD 

Deaclband 

0 ±. 0.5 degree 
1 .:1:. 5.0 degrees 

Response to RHC, automatic maneuvers 

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

DAPDATR2, a flagword for RCS-CSM DAP interface. 

Bits 15-13 12-10 9·7 6·4 3-1 

I AC-Roll ! Quad A I Q��� Quad cl Quad D J 
1 5 - 1 3  A C-Roll: Roll jet selection 

0 Use BO Roll 
1 Use AC Roll 

12-10, A, B, C, D Quad fails / 
9-7, 6-4, 
3-1 0 Quad Failed 

1 Quad OK • 

t 

' 

• 
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CHANN E L  BIT ASS I GNMENTS (CM) 

I NPUT CHANNEL 3 

Bit 1 - 1 4  Contains the HIGH ORDER SCALE R: 23.3 hours = maximum capacity in incre
ments of 5 . 1 2  seconds. 

INPUT CHANNEL 4 

Bits 1 -14 Contains the LOW ORDER SCALE R :  5.12 seconds = maximum capacity in incre
ments of 1 /3,200 second. 

BIT 

1 
2 
3 
4 
5 
6 
7 
8 

BIT 

1 
2 
3 
4 
5 
6 
7 
8 

OUTPUT CHANNEL 5 

JET DESIGNATION 
SM QUAD N O ./CM R I N G  NO. 

C-3/ 1 ·3 
C-4/2-4 
A-3/2-3 
A-4/ 1 -4 
D-3/2-5 
D-4/1-6 
B-3/1-5 
B-4/2·6 

SM COMMAND 
TRANS/ROT 

• 

+X/+P 
·X/·P 
-X/+P 
+X/-P 
+X/+Yw 
-X/·Yw 
-X/+Yw 
+XI-Yw 

OUTPUT CHANNEL 6 

JET DESIGNATION 

SM QUAD NO./CM R I N G  NO. 

B-1/1-1  
B-2/1-2 
D-1/2·1 
D-2/2-2 
A-1 
A-2 
C-1 
C-2 

SM COMMAND 
TRANS/ROT 

+Z/+R 
-Z/-R 
-Z/+ R 
+Z/·R 
+Y/+R 
-Y/-R 
-Y/+R 
+Y/-R 

CM COMMAND 

+P 
.p 
+P 
.p 
+Yw 
-Yw 
+Yw 
-Yw 

CM COMMAND 

+ R  
-R 
+ R  
-R 

I 

I 

I I 
' - . 
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ChANNEL BIT ASSIGNMENTS (CM) 

OUTPUT CHANNEL 1 1  

BIT 

1 ISS Warning 

-

2 Light Computer Activity Lamp 
3 Light Uplink Activity Lamp 
4 Light Temp Caution Lamp 
5 Light Keyboard Release Lamp 
6 Flash Verb and Noun Lamps 
7 Light Operator Error Lamp 
8 Spare 
9 Test Connector Outbit 

10 Caution Reset 
1 1  Spare 
12 Spare 
13 Engine On/Off ( 1-0n, 0-0ffl 
14 Spare 
15 Spare 

OUTPUT CHANNE L 12 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
1 5  

' 

Zerc�1 0ptics CDU's 
Enable Optics CDU Error Counters 
Not Used 
Coarse Align Enable 
Zero IMU CDU's 
Enable IMU CDU Error Cou.nters 
Spare 
TVC Enable 
Enable SIVB Takeover 
Zero Optics 
Disengage Optics DAC 
Spare. 
SIVB Injection Sequence Start 
SIVB Cutoff 
ISS Turn-on Delay Complete 

• 

OUTPUT CHANNEL 13 

Range Unit Select c 
Range Unit Select b 
Range Unit Select a 
Range Unit Activity 
Not Used 
Blo�k nlink 
Do ink Word Order Code Bit 
N Used 
Spat"e 
Test Alarms 
Enable Standby 
Reset Trap 31-A 
Reset Trap 31-B 
Reset Trap 32 
Enable T6RUPT 

NOTE: 
Channel 1� Range Unit Selection: Bits 1 through 4 are assigned control functions 
for sampling of the VHF range link. These bits must contain 10018 in order to obtain 
control. 

/ 
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CHANNEL BIT ASSIGNMENTS (CM) 

OUTPUT CHANNEL 14 

-
BIT 

1 Not Used 
2 Spare 
3 Spare 
4 Spare 
5 Not Used 
6 Gyro Enable 
7 Gyro Select b 
8 Gyro Select a 
9 Gyro Sign I 1 = minus) 

1 0  Gyro Activity 
1 1  Drive CDU S 
12 Drive CDU T 
13 Drive CDU Z 

14 Drive CDU Y 
15 Drive CDU X 

Channel 14-Gyro Selection 

a b Gyro 

0 0 
0 1 X 
1 0 y 
1 1 z 

INPUT CHANNEL 1 5  

BIT 

1 Key codes from Main OSKY 
Key codes from Main DSKY 2 

3 Key codes from Main DSKY 
Key codes from Main DSKY 4 

5 Key codes from Main DSKY 
6 Spare 
7 Spare 
8 Spare 
9 Spare 

1 0  Spare 
1 1  Spare 
12 Spare 
13 Spare 
14 Spare 
15 Spare 

INPUT CHANNEL 16 

BIT 

1 Key codes from Navigation OSKY 

2 Key codes from Navigation DSKY 

3 Key codes from Navigation OSKY 

4 Key codes from Navigation OSKY 

5 Key codes from Navigation DSKY 

6 Mark button 
7 Mark Reject button 

8 Spare 
9 Spare 

1 0  Spare 
1 1  Spare 
1 2  Spare 
13 Spare 
1 4  Spare 
15 Spare 

• 

-

I 
1 
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CHANNEL BIT ASSIGNMENTS (CM) 

INPUT CHANNEL 30 

BIT 

Ullage Thrust Present 
CM/SM Separate 
SPS Ready 
Sl VB Separate. Abort 
Liftoff 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Gu1dance Reference Release 
OptiCS CDU Fail 

10 
1 1  
1 2  
1 3  
1 4  
15 

NOTE: 

Spare 
IMU Operate 
SIC Control of Saturn 
IMU Cage 
IMU CDU Fail 
IMU Fail 
ISS Turn-On Request 
Temperature in Limits 

All of the input signals i n  Channel 30 are inverted; that is, a ZERO bit 
md1cates that the discrete is ON. 

INPUT CHANNEL 31 

BIT 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
1 2  
13 
1 4  
1 5  

NOTE: 

+Pitch Manual Rotation 
·Pitch Manual Rotation 
+Yaw Manual Rotation 
·Yaw Manual Rotation 
+Rolf Manual Rotation 
-Roll Manual Rotation 
+X Translation 
·X Translation 
+Y Translation 
.y Translation 
+Z Transfatiibn. 
·Z Translation 
Hold Function 
Frei! Function 
G & N Autopilot Control 

All of the input signals. in Channel 31 are inverted; that is, a ZERO bit 
indicates that the discrete is ON. 

BIT 

1 +Pitch Minimum Impulse 
2 -Pitch Minimum Impulse 
3 +Ycm Minimum Impulse 
4 ·Yaw Minimum Impulse 
5 +Rolf Minimum Impulse 
6 ·Rolf Minimum Impulse 
7 Spare 
8 Spare 
9 Spare 

10 Spare 
1 1  LM Attached 
12 Spare 
13 Spare 

INPUT CHANNEL 32 

1 4  Proceed (Standby button) 
1 5  Spare 

NOTE: 
All  of the input signals in Channel 32 are inverted; that is, a ZERO bit 
indicates that the discrete IS ON. 

• 
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BIT 

1 
2 
3 
4 
5 
6 
7 
8 
9 

CM-38 

CHANNEL BIT ASSIGNMENTS (CM) 

INPUT CHANNEL 33 

Spare 
Range Unit Data Good 

Spare 
Zero Optics 
CMC Control 

Not Used 
Not Used 
Spare 
Spare 
Block Uplink I nput* 

Uplink Too Fast 

Downlink Too Fast 

PIPA Fail 
AGC Warning 
AGC Oscillator Alarm 

10 
1 1  
12 
1 3  
1 4  
1 5  

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

NOTE: 
All of the input signals in Channel 33 are inverted; that is, a ZERO bit 

indicates that the discrete is ON. 

OUTPUT CHANNEL T1 - (RESTART MONITOR) 

BIT 

1 Parity Fail (E or F) 

2 Parity Fail (E memory) 

3 TC Trap 

4 RUPT Lock 

5 Nightwatchman 

6 Voltage Fail 

7 Counter Fail 

8 Scalar Fail 

9 Scalar Double Frequency Alarm 

/ 

I 
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POO-CMC I DUNG PROGRAM 

Purpose: 

1 .  To maintain the CMC in a condition of readiness for entry into other programs. 

-.2. To update the CSM and LM state vectors every four time steps. 

Assumptions: 

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

2 .  Program changes are inhib ited during integration periods and program alarm 15208 
will occur if a change is attempted when inhibited. 

Sequence of Events: 

V37EOOE 

V06N38E 

Optional Display 

V06N38 Time of State Vector Being I ntegrated ooxxx h 
OOOXX min 
oxx.xx s 

POl-PRELAUNCH OR S E R V I CE - I N I TI A L I ZATION PROGRAM 

Purpose: 

1 .  To initialize the platform for the prelaunch programs. 

2. To provide an initial stable member orientation for Gyrocompas.sing (P02}. 

Assumptions: 

1 .  Erasable locations have been properly initialized. (Azimuth, + 1 ;  Latitude, +1;  
LAUNCHAZ, +1;  I M U  compensation parameters). 

Sequence of Events: 

V37E01 E 

No Att Light - ON, then OFF. Initializes the system and coarse aligns the platform 
to the desired orientation. 

AGC advances to P02. 

P02-PRELAUNCH OR SERVI CE-GYROCOM PASSI N G  PROGRAM 

Purpose: 

1 .  To provide the proper stable member orientation for launch. 

Assumptions: 

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

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

3. The program is automatically selected by the I n itial ization program (PO 1 ) .  
4. This program has the capability (via V78E) to change the launch azimuth of the 

stable member while gyrocompassing. 

• 
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• 
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P02 (continued) 

Sequence of Events: 

P02 entered automatically from P01. 

Vertical erect for 640 seconds, then gyrocompass. 

V78E Optional entry if launch azimuth change is desired. 

Flashing XSM Launch Azimuth xxx.xx deg 

V06N29 

V21E. Enter new launch azimuth. 

Vertical erect for 320 seconds, then gyrocompass. 

V75E Optional at Liftoff if automatic Liftoff discrete is not received. 

AGC advances to P 1 1  at liftoff. 

P03-P RELAUNCH OR SERVICE-OPTICAL V E R I F I CATION 

OF GY ROCOMPASSING 

Purpose: 

1 .  To provide an optical check for verification of alignment of the stable member 

during gyrocompassing prior to launch. 

Assumptions: 

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

2. A minimum of 45 minutes between V78E and P03 (V65El assures proper damping 

of transients. 

3. In order to prematurely terminate this program and return to P02 the astronaut may 

key in V34E on any flashing display. 

Sequence of Events: 

Zero Optics for 1 5  seconds. 

V65E 

PRO 

P03 displayed. 

V05N30 

Flashing 
V06N41 

Target 10 (R3) 

Target Azimuth 

Target Elevation 

Target 1 coordinates. 

V24E. Change azimuth and elevation if desired. 

V05N30 

Flashing 
V06N41 

Target I 0 ( R3) 

Target Azimuth 

Target E lavation 

Target 2 coordinates. 

V24E. Change azimuth and elevation if desired. 

Optics Mode - CMC. 

PRO 
CMC drives optics LOS to Target 1 .  

Flashing 
V51 

Optics to Manual - Mark on Target 1 .  

Flashing Checklist Code 

VSON25 

Request terminate Mark sequence. 

00001 

xxx.xx deg 
xx.xxx deg 

00002 

XXX. X X  deg 
xx.xxx deg 

00016 

l 

• ' 
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P03 (continued) 

MARK REJECT 
(If mark was unsatisfactory), and recycle to Flashing V51.  

PRO (if mark was satisfactory). and continue. 

CMC drives optics LOS to Target 2. 

Flashing 
V51 

Optics to Manual - Mark on Target 2. 

Flashing 
V50N25 Check I ist Code 

Terminate mark sequence. 

MARK REJECT 

-

00016 

(If mark was unsatisfactory) .  and recycle to previous F lashing V5 1 . 

PRO (If mark was satisfactory), and continue. 

Flashing Alignment Error 
V06N93 I n  Delta Gyro Angles 

X XX .XXX deg 
y xx.xxx deg 
z xx.xxx deg 

Displays YsM and XsM leveling error and XsM azimuth error. 
V24E to zero Y and X leveling errors. 

PRO Torques Z gyro to eliminate azimuth error. 

V34E Terminates optical verification and returns to P02. 

P06-CMC POWER DOWN PROGRAM 

Purpose: 

1 .  To transfer the CMC from the operate to the standby condition. 

Assumptions: 

1 .  I f  the computer power is switched off, the AGC Update program (P27) would have 
to be done to update the state vector and computer clock time. 

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

3. Once the program has been selected, the AGC must be put in Standby. When P06 
appears, the AGC will not honor a new program request (V37E XXE).  a terminate 
(V34E). or an ENTER in response to the request for standby. 

Sequence of Events: 

V37E06E 

Flashing 
V50N25 

Power down AGC. 

Checklist Code 

If  IMU power off desired - (CB). IMU Operate - open. 

PRO Until Standby light on. 

TURN-ON 

Standby light on. 

PRO Until Standby light off. 

Flashing 
V37 

OOE Select POO 

If IMU power up desired - (CB). IMU Operate - close. 

No Att light on for 90 seconds. 

00062 
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I 

I 

t 
I 

l 



. • • 

-

CM-42 

P 1 1 - EA RTH ORBIT INSERTION MONITOR PROGRAM 

Purpose: 

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

2. To generate an attitude error indication on the F DAI error needles, scaled for the 
50/ 1 5  setting; from l iftoff to the beginning of pitchover/rollout the attitude error is 
equal to the difference between the current vehicle attitude and the attitude stored 
at liftoff. During pitchover/rollout the attitude error is equal to the di fference 
between the current vehicle attitude and the AGC nominal computation of vehicle 
attitude based o n  the stored polynomials i n  pitch and roll. 

3. To display AGC computed trajectory parameters. 

4. AGC takeover of Saturn during Boost 

a. Automatic Controi-F irst Stage Only: should the saturn platform fail the 
astronaut may set the LV Gu idance Switch to the CMC position. This stores the 
current attitude errors as a bias. The Attitude Error routine for each cycle 
thereafter wil l  compute the attitude error, subtract the bias, and transmit the 
d ifference information to the Saturn I nstrumentation Unit ( I U) for steering. 

b. Manual Control- The astronaut may select the Saturn stick function via V46E 
(DAP config uration == 3).  This will  terminate the Attitude Er ror routine. 

Assumptions: 

1 .  The program is normally automatically selected by the Gyrocompassing program 
(P02) when the AGC receives the l i ftoff discrete from the S l  VB. I n  the backup case 
i t  would have been selected by keying i n  V75 E N T E R .  

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

Sequence of Events: 

V75 Enter is not keyed u n less the liftoff discrete fails and P 1 1  
automatically. 

P 1 1  displayed - Average G on. 

V06N62 I nertial Velocity Magnitude 
Altitude Rate 
Altitude 

Pitch/roll polynomial start at liftoff + 1 1 .85 seconds. 

Terminate polynomial at liftoff + 1 61.35 seconds. 

V82E Orbital parameter display. 

PRO 

V37EOOE 

Flashing Apogee Altitude 
V 1 6N44 Perigee Altitude 

T F F  

Average G off. POO is selected. 

does not start 

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

XXXX.X nmi 
XXXX.X nmi 
XXbXX min/s 

V46E While i n  P 1 1  w i l l  terminate polynomial computations and enable the RHC to steer the 
Saturn vehicle through the AGC interface . 

I 
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P15-TLI IN ITIATE/CUTOFF 

Purpose: 

1 .  Provide backup for initiation of Saturn Time Base 6 (TB6). S-IVB, injection 
sequence start. 

2. Provide TLI burn monitor capability during a Saturn IU controlled TLI maneuver 
(Saturn DAP in IU/Oisplay Operational Mode). 

3. Provide automatic TLI shutdown capability during a CMC controll�d TLI maneuver 
(Saturn OAP in CMC/Steer Operational Mode). 

Assumptions: 

1 .  The TLI target parameters VI C/0 (velocity magnitude at cutoff), TB6 (GET of TB6 
initiation) ,  and DTF (a bias to compensate for tail off Delta V and actuator delays) 
are all available. 

Sequence of Events: 

V37E15E 

PRO 

PRO 

Flashing 
V06N33 GET of TB6 Initiation 

V25E to Load desired TB6 time. 

Flashing 
V06N14 Velocity Magnitude at S-IVB Cutoff 

V21 E to Load desired velocity magnitude 

V06N95 Time From TLI Ignition (TFII 
Velocity to be Gained (Vg) 
Velocity Magnitude (VMAGI) 

ooxxx h 

OOOXX min 
oxx.xx s 

XXXXX. ft/s 

XXbXX min/s 
XXXXX. ft/s 
XXXXX. ft/s 

UPLINK activity Light and S-IVB injection sequence start discrete ON for 1 0  seconds 
at TB6 start time (TIG minus 9 minutes 38 seconds). 
OSKY blanks for 5 seconds at TIG minus 105 Seconds. 
Average G on at TIG minus 100 seconds. 
V06N95 returns. 
At ignition plus 10 seconds, R 1  equals time from cutoff (TFC). XXbXX min/s 
S-IVB cutoff discrete issued when V1 C/0 attained. 
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P20 - UNIVERSAL TRACKING 

Purpose: 
1 .  Control CSM attitude/optics or attitude rates depending on which of the following 

five options is selected. 

Option 0 - Point a specified S/C vector along the LOS to the LM without 
constraining rotation about the vector (VECPOINT). This option is used to 
acquire the LM in the SXT field of view and to point the CSM transponder 
at the LM. 

Option 1 - Point a specified S/C vector at a specified celestial body without 
constraining rotation about the vector (VECPOINT). 

Option 2 - Perform rotation about a specified S/C vector at a specified rate 
and beginning at a specified time. This option is normally used to effect 
PTC or initiate pitchover for landmark tracking. 

Option 4 - Point a specified S/C vector along the LOS to the LM while 
constraining rotation about the vector (three-axis). This option is used to 
acquire the LM in the SXT field of view and to point the CSM transponder 
at the LM. 

Option 5 - Point a specified S/C vector at a specified celestial body while 
constraining rotation about the vector (three-axis) .  

2. Update the LM or CSM State vector on the basis of optical tracking data and/or 
VHF range data (Options 0 and 4 only). 

Assumptions: 

1 .  The GNCS is normally in control of the vehicle in the Auto mode. If the astronaut 
assumes control of the vehicle with the RHC, the CSM will remain at the attitude it 
is driven to. Regardless of mode selection the CMC will calculate the desired tracking 
attitude. 

2. The LM is maintaining a preferred tracking attitude to correctly orient the optical 
beacon ( 0 ptions 0 or 4). 

3. During rendezvous, the W-matrix is initialized by keying V93E, a fresh start (V36E), 
up linked state vector update, automatically during Ml NKEY, and upon entering 
P22, P23, or P24. 

4. The optics and VHF ranging mark counters are used to count the number of marks, 
by source, which are used to update either state vector. The counters are zeroed by 
W-matrix initialization, completion of P37, and by a fresh start. I 

5. This program may be selected manually or internally by the MINKEY controller. 

I 
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P20 (continued) 

-

Sequence of Events: 

Option 0 may be initiated automatically by the MIN KEY controller. 
The sequence will start at RENDEZVOUS below if automatic initiation. 

V37E20E 

PRO 

PRO 

Flashing Option I D Code 00024 
V04N06 Tracking Option Code OOOOX 

V22E to Load desired option: 0 = Rendezvous (VECPOINTl 

Flashing 
V06N78 

GAMMA 
RHO 
OMICRON 

1 = Celestial body (VECPOINT) 
2 = Rotation (PTC/ORB rate) 
4 = Rendezvous (Three-axis 
5 = Celestial body (Three-axis) 
(Option 0 assumed for MINKE Y rendezvous) 

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

V25E to Load the desired coordinates. 

Flashing 
V06N79 

GAMMA, RHO are rotational coordinates of the desired 
pointing axis or axis of rotation. The coordinates represent 
Euler rotations of the SIC +X axis about the +Z axis and then 
about the new + Y ax is. 

SIMBA Y pointing = 90°, 52.25° 
COAS pointing = 0°, 0° 
Optics pointing = 0°, -35° 
PTC rotation = 0°, 0° 
Orb rate rotation = 900, oo 

• 

(Optics coordinates are assumed for rendezvous but may be 
changed at anytime.) 

OMICRON is an attitude constraint about the pointing vector 
for three-axis options. I t  is ignored in VECPOINT options. 

0° = Heatshield forward 
180° = Apex forward 

Desired Rate (Option 2 only) 
Desired Deadband 

X.XXXX deg/s 
XXX.XX deg 

V24E to Load desired rate and deadband. 

PRO to appropriate option 

CELESTIAL BODY TRACK 

Flashing 
V01N70 Star I D Code . 

V21 E to load desired Star Code. 

PRO If Star Code i 00, Go to R E NDEZVOUS 

Flashing 
V06N88 

Unit position vector 
of desired planet 

V25E to load position vector. 

PRO to REN DEZVOUS 

oooxx 

X .XXXXX 
Y .XXXXX 
z .xxxxx 



ROTATION 
-

F lashing 
V06N34 

CM-46 

P20 (continued) 

GET at which rotation 

maneuver is to start 

V25E to load desired GET (all O's specify present time) 

PRO to TERMINATE (rotation will commence at specified GET) 

RENDEZVOUS 

Flashing 
V50N18 

PRO 

Desired F DAI angles 

for automaneuver 

Maneuver in Progress 

Maneuver Complete 

OG(Rl 
IG(P) 
MG(Y) 

ooxxx h 
OOOXX min 
oxx.xx s 

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

V06N18 
Flashing 
V50N 1 8  

ENTER Terminates automaneuver routine. If rendezvous option. go to appropriate 

marking sequence. otherwise go to TERMINATE. 

V58E 

Note: R61 maintains tracking attitude computation. I f  the attitude error 

between the vehicle pointing axis and the LOS to the target is greater 

than 1 0 degrees, the astronaut wi II be alerted by: 

UPLINK ACTY light on 

Request automaneuver routine. Go to REN DEZVOUS and execute automaneuver. 

OPTICS MARKING 

The rendezvous sighting mark routine is called automatically. Proceed with 

optics marking. 

VHF RANGE MARKING 

If MIN KEY controller active, VHF marking is initiated automatically when the 

range is within 327.67 nmi. 

V87E Sets VHF Range Flag manually. 

Enables ranging marks for use by R22 at 1-minute intervals. 

V88E Resets VHF Range Flag manually. 

Disables ranging marks. Use V87E to reenable. 

BACKUP COAS MARKING 

V54E Calls the backup sighting mark routine. 

Flashing Optics angle coordinates 

V06N94 for alternate LOS (COAS) 

Shaft XXX.XX deg 

Trunnion XX.XXX deg 

V24E to load coordinates. 

COAS LOS coordinates can be determined by sighting on a bOresight star and 

using P52 to compute the desired optics angles to acquire the star in the SXT field. 

PRO 

Flashing MARK Counter (VHF · Optics) 

V53N45 TF I of Next Burn 

XXbXX 
XXbXX min/s 

xxx.xx deg 

MGA at TIG 

ENTER Used for marking with COAS. V86E is used to reject a backup mark. 

Note: N79 may be modified to specify +X axis pointing for COAS marking 

at any time. The program will calculate a maneuver to +X axis 

tracking attitude. 

I 
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P20 (continued) 

UPDATE DISPLAY 

If  any mark produces a state vector position or velocity magnitude change 
greater than a preloaded value, the astronaut receives a display of the data for 
approval/disapproval. 

Flashing Delta R XXXX.X nmi 
V06N49 Delta V XXXX.X ft/s 

Source Code (1-0PT. 2-VHF) OOOOX 

PRO Uses data and updates the state vector. 

V32E Rejects mark data and state vector update not done. 

TERMINATE 

V56E 

Purpose : 

Flashing 
V37 Select New Program 

P21-GROUND TRACK DETERMINATION PROGRAM 

1 .  Provide astronaut with details of his ground track. 

Assumptions: 

-

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

2. Vehicle whose ground track parameters are calculated to remain in freefall from the 
present time until T Lat long. 

Sequence of Events: 

V37E2 1 E 

PRO 

PRO 

Flashing 
V04N06 

Option Code (specify vehicle) 

Vehicle Code (1-CSM, 2-LM) 

CSM is assumed; if LM is desired, V22E2E 

Flashing 
V06N34 

Time Lat/Long 

V25E. Key in time at which vehicle position is desired. 
Time = 0 specifies present time. 

Flashing 
V06N43 

latitude of Vehicle 
Longitude of Vehicle 
Altitude Above launch Pad/ 
Landing Site 

V32E recycles to Flashing V06N34 for new display. 

V06N73E Optional Display 

Flashing Altitude 
V06N73 Velocity 

Flight Path Angle 

KEY R E L  

Flashing Same as N43 above. 
V06N43 

PRO 

Flashing Select New Program. 
V37 

00002 

00001 

ooxxx. h 
OOOXX. min 
· v '< . X X  s 

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

XXXXXb nmi 
XXXXX. ft/s 
xxx.xx deg 
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P22-0RBITAL NAVIGATION PROGRAM 

Purpose: 

1 .  

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Locate and track landmark suitable for navigation purposes. 

Obtain sighting marks on chosen landmark. 

Calculate the orbital parameter changes generated by landmark sightings. 

Update state vector as result of sightings (if sightings ok). 

Update coordinates of known landmarks. 

Provide coordinates of unknown landmarks. 

Track preloaded landing site. 

Provide coordinates of new landing site. 

Provide coordinates of an offset landing site. 

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

Assumptions: 

1 .  There are two types of landmark tracking methods: 

a. "K nown" Landmark Tracking-The tracking of an earth landmark made known 
to the AGC by latitude. longitude/2, and altitude, and the tracking of a lunar 
landmark made known to the AGC by its latitude, longitude/2, and altitude. 

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

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

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

b. Landing Site Offset-While tracking and marking on a primary landmark (known 
or unknown), point the optics SLOS at the chosen landing .site and mark it once, 
(at least one mark on the primary landmark must have been made prior to this), 
then continue marking on the primary landmark. Store the resu lting 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 pre loaded landing site may be aided by keying Landmark Code 01 
into the V05 N70 display for use by the Automatic Optics Positioning routine 
(R52). 

5. The Ground Track Determination program (P21) is available to aid the crew in 
choosing appropriate landmarks prior to selection of this program. 

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

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

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

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

c. Automatic pitchover maneuver via P20, Option 2. 

8. Selection of this program will terminate Options 0 and 4 of P20. 

Sequence of Events: 

V37E22E 

F lashing 
V06N45 

Maximum MGA with Spacecraft X Axis 
in Orbital Plane (R3) XXX.XX deg 

If  expected MGA is greater than 60 degrees, exit P22 and realign IMU (P52). 
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P22 (continued) 

ZERO Optics for 15 seconds. 

OPTICS Mode - CMC 

PRO I f  in earth orb11 go to F lashing V06N89 below. 

PRO 

PRO 

Flashing Landmark Code (R2) 
V05N70 

ABC DE 

A 1 (k nown landmark), 2 (unk nown landmark) 
B · index of offset 1ndocator 
C • not used 
DE = Landmark I D (00. 01,  or 5 XI 

If  A =  2, go to F lashing V51; if A =  1 and DE f. 00. go to Flashing V06N92. 

xx.xxx deg 
xx. xxx deg 
XXX XX nmi 

Flash1ng 
V06N89 

Landmark Latitude 
Longitude/2 
Altitude of LMK 

V25E. Load landmark coordinates 

V06N92 Auto posot1on opt1cs to landmark or. if DE = 5X. 
to 60 degrees ahead of vehicle locatoon on ground 
track. 

Maneuver veh1cle at orbotal rate for tracking. 

OPTICS Mode - Manual 

Flashing 
V51 

Request remarks. 

MARK 
Offset landing site mark followed by V52E. 

Flashing Checklist Code 
V50N25 

PRO Terminate mark sequence. 

00016 (After 
five marks taken) 

PRO 

PRO 

Flashong Same as N70 above. 
V05N71 

V25E to correct data. 

ABC DE 

(Insure B corresponds to the mark on offset landing site or is set to zero.) 

Flashing 
V06N89 

Same as N89 above. 

V25E to correct data. 

Flash eng 
V06N49 

Delta R 
Delta V 

XX XX. X nmi 
XXXX.X ft/s 

Change on POSition and velocity magn1tudes w1th incorporation of landmark 
sighting. 

PRO Accepts data. V32E to reject data and recycle to Flashing V05N70. 

V34E 

F las hong 
V06N89 

Flash eng 
V37 

Same as N89 above except an update of landmark 
coordinates or map of offset landing site coordinates 
or map of unknown landmark . If th1s landmark or offset 
landing site is desired as the new landing site, key PRO to 
update land1ng site coordinates and recycle to Flashing 
V05N70 display. To retain landing Site but redo the 
trackong, key V32E and recycle to F lash1ng V05N70 display. 

Select New Program. 
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P23-CISLUNAR M I DCOURSE NAVIGATION PROGRAM 

-
Purpose: 

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

Assumptions: 

1 .  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. 

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

3. The optics should be on for 1 5  minutes prior to marking. 

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

5. Nouns 70 and 7 1  are checked to assure that the codes fall within certain permissible 
limits. (Check to assure that R2 and R3 do not both equal zero or do not both not 
equal zero, 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 R 1 and R2 fall within 
certain defined limits (-90 degrees to +90 degrees). 

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

7. Selection of this program will terminate Options 0 and 4 of P20. 

Sequence of Events: 

V37E23E 

Flashing 
V50N25 

Checklist Code 

Perform celestial body acquisition. 

0001 5  

PRO If manual acquisition desired, key ENTER and go to Flashing V59. 

Flashing Star 10 Code OOOXX 
V01N70 

V21 E to load star code XX. 
PRO If star ID I- 00, go to F lashing V50N18. 

Flashing Unit Position 
V06N88 Vector of Planet 

V25E to load planet vector. 

PRO 

Flashing Desired FDAI Angles for 
V50N 1 8  Automaneuver 

OPTICS ZERO for 15 seconds 

OPTICS Mode - Manual 

PRO Automaneuver LLOS to selected star. 

V06N 18 

Flashing 
V50N18 

Maneuver in process. 

Maneuver complete. 

ENTER 
Terminate maneuver routine. 

Flashing 
V59 

Request optics calibration mark. 

X .XXX XX 
y .XX XXX 
z .XX XXX 

OG(Rl xxx.xx deg 
lG(P) XXX. XX deg 
MG{Yl xxx.xx deg 

To bypass optics calibration, key ENTER and go to Flashing V05N70. 

• 
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P23 (continued) 

M A R K  
LLOS and SLOS superimposed on star. 

Flashing 
V06N87 

Trunnion Bias 

Mark may be repeated for additional bias computations. 

-

(R2) XX.XXX deg 

PRO V32E will recycle to Flashing V50N25. 

PRO 

Flashing Star ID Code oooxx 
ABC DE 
OOFGO 

V05N70 Landmark I D 
Horizon I D 

V25E to load desired data. 

Flashing 
V06N89 

ABDE " not used 
C = 1 (earth landmark), 2 ( lunar landmark) 
F " 1 (earth horizon). 2 (lunar horizon) 
G = 1 (near horizon), 2 (far horizon) 

(if R2 f. 0, R3 = 0) or (if R2 = 0, R3 t- 0 )  
If PLANET/HOR sighting, go to F lashing V06N88. 
If  ST A R/HOR sighting, go to Flashing V50N25. 

Latitude of Landmark XX.XXX deg 
Longitude/2 XX.XXX deg 
Altitude XXX.XX nmi 

V25E to load landmark coordinates. 

PRO If STAR/LMK sighting, go to Flashing V50N25. 

PRO 

Flashing 
V06N88 

Unit Planet Vector 

V25E to load planet vector. 

Flashing 
V50N25 

Checklist Code 

Request automaneuver LLOS to LMK/HOR. 

X .XXXXX 
y .xxxxx 
z .xxxxx 

00202 

PRO Specifies a 3-axis maneuver. E N T E R  may be used to specify VECPOINT computed 
maneuver which, if necessary, provides gimbal lock avoidance. 

PRO 

Flashing Same as N 1 8  above. Request automaneuver. 
V50N 18 

V06N 1 8  

F lashing 
V50N18 

Same as N18 above. Maneuver in process. 

Same as N 18 above. Maneuver complete. 

A V94E may be used to reacquire the landmark with an automaneuver. 

OPTICS Mode - CMC 

ENTER 
Terminate automaneuver and autopositioo. 
Optics SLOS to the selected STAR/PLANET. 

V06N92 Desired Optics Angles 
Shaft XXX.XX deg 
Trunnion XX.XXX deg 

OPTICS Mode - Manual 

Flashing 
V51 

Request Mark (STAR/PLANET and LMK/HOR 
superimposed). 

MARK 

Flashing 
V50N25 

Checklist Code 00016 
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P23 (continued) 

P R O  Terminate mark sequence. 

Same as N70 above. 
Flashing 

V05N71 

V25E to correct data. 

PRO If PLANET/HOR sighting. go to F lashing V06N88. 

I f  STAR/HOR sighting, go to Flashing V06N49. 

Flashing 
V06N89 Same as N89 above 

V25E to correct landmark coordinates 

PRO I f  Star/LM K  sighting, go to Flashing V06N49 

Flashing 
V06N88 

Same as N88 abOI/e. 

V25E to correct planet vector. 

PRO State vector update computed. 

F lashing Delta R 
XXXX.X nmi 

XXXX.X ft/s 

V06N49 Delta V 

Magnitude of the position and velocity vector changes displayed for astronaut 

approval. 

PRO Accept data. V32E reject data, go to Flashing V37. 

F lashing 
V37 

Select New Program. 

P24-RATE AIDED OPTICS TRACKING PROGRAM 

Purpose: 

1 .  To locate and acquire a given landmark via the automatic optics positioning routine 

( R52) with the Optics Mode switch in the CMC position. 

-

2. When acquired, to track the given landmark via the rate-aided optics feature of the 

automatic optics positioning routine with the optics in the Manual position. 

3. To obtain and downlink to the ground an unlimited number of sighting marks on the 

chosen landmark and to update the landmark coordinates. 

Assumptions: 

1 .  The coordinates of the landmark are known approximately . 

2. At low altitudes, tracking may be facilitated by manually initiating a pitch�ver 

maneuver via P20, Option 2. 

3. The astronaut will assist in the tracking of the chosen landmark when in the 

rate-aided mode (Optics switch i n  Manual) by supplying inputs via the optics hand 

controller . 

4. Selection of this program will terminate Options 0 and 4 of P20. 

' l 
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P24 (continued) 

Sequence of Events: 

V37E24E 

Flashing 
V06N89 

Landmark Latitude 
Longitude/2 
Altitude 

V25E to load approximate landmark coordinates. 

x x . xx x  deg 
x x . x x x  deg 
X X X . X X  nmi 

ZERO OPTICS for 1 5  seconds. 

OPTICS Mode - CMC 

PRO 

V06N92 Desired Optics Angles 
Shaft X X X . X X  deg 
Trunnion X X .  XXX d eg  

AGC will auto-position the optics LOS to the landmark. The AGC wi l l  update the 
desired optics angles each 0.05 second plus integration time. 

OPTICS Mode - Manual 

Flashing 
V51 

AGC will now compute optics drive rates to maintain 
the landmark track by back differencing the desired optics 
angles and compensating for computational and system delays. 
Desired optics angles are updated with state vector and landmark 
updates. 

Adjust tracking rate with optics hand controller 

MARK 

Provide a manual optics drive assist to trim the AGC commanded drive rate for 
aligning the target and reticle. AGC commanded rates are updated through subsequent 
marking and landmark updates. 

Unlimited marking is accepted. Marks are transmitted downlink and are used to update 
the landmark coordinates when the number of R52 cycles since the last landmark up
date reaches a prelaunch erasable value. The landmark update is subsequently used to 
update the desired optics drive rate and maintain the landmark track. 

PRO Terminates Program. 

/ Flashing Select New Program 
V37 
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P27-AGC UPDATE PROGRAM 

Purpose: 

1 .  To insert information into the AGC via the digital uplink by transmission from the 

ground or via the OSKY keyboard by crew manual input. 

Assumptions: 
1 .  AGC updates are of four categories: 

a. Provide an update for AGC liftoff time (V70). 

b. Provide an octal increment for the AGC clock only (V73). 

c. Provide load capability for a block of sequential erasable locations ( 1 - 1 8  

inclusive locations whose address is specified) (V7 1 ) .  

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

(V72). 

2. Update is allowed in the CSM when the AGC is in POO, P02 or P20 (Options 1 ,  2 or 

5) .  and if the OS KY is available. 

3. The UPTE L Accept/Block switch must be i n  Accept for telemetry update. 

4. The automatic mode of update is program selection and update via the ground by 

uplink transmission. The only difference between this and manual selection by the 

astronaut is that the OSKY responses are keyed i n  by the astronaut rather than 

transmitted. 

Sequence of Events: 

V37EOOE 
Select POO if not selected. 

Up Telemetry switch - Accept 

Uplink Acty light - On 

V37EOOE 

Select POO. 

Up Telemetry switch - Block 

Enable Uplink. 
Program selected via Uplink. Mode window. 
displays 27. 

Disable uplink. 

I 
I 
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I 
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P29-TIME OF LONGITUDE 

Purpose: 

1 .  To provide the astronaut with an estimated time of passage over a selected longi· 
tude. 

Assumptions: 

1 .  This program may be selected while the CSM is in either earth or lunar orbit to find 
the time of longitude of either the CSM or LM. 

2. This program assumes the vehicle whose ground track parameters are calculated 
remains in freefall from the selected start time until the time of longitude crossing. 

Sequence of Events: 

V37E29E 

PRO 

PRO 

PRO 

Flashing 
V04N06 

Option I D Code 
Vehicle Option ( 1 -CSM, 2-LM) 

V22E to load desired vehicle code. 

Flashing 
V06N34 

GET at which CMC 
begins search (all O's for 
present time) 

V25E to load desired time. 

Flashing 
V06N43 

Desired Longitude ( R 2) 

V22E to load desired longitude. 

Flashing 
V06N34 

Time of longitude crossing 
by specified vehicle 

PRO V32E to previous flashing V06N43 to change longitude. 

Flashing Latitude at Longitude Crossing 
V06N43 Longitude Specified 

Altitude of Vehicle at Longitude Crossing 

PRO V32E to F lashing V04N06 to recycle. 

Flashing 
V37 Select New Program 

00002 
oooox 

ooxxx h 
OOOXX min 
oxx.xx s 

xxx.xx deg 

ooxxx h 
OOOX X  min 
oxx.xx s 

xxx.xx deg 
xxx.xx deg 
XXXX.X nmi 



' • • 

CM-56 

P30-EXTERNAL DELTA V PROGRAM 

Purpose: 
-

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

Assumptions: 

1 .  Target parameters (TIG and !::::..V(LV)) may have been loaded from the ground during 
a prior execution of P27. 

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

Sequence of Events: 

V37E30E 

Flashing 
V06N33 

Ground E lapsed Time of Ignition (TIG) 

V25E to load desired Tl G.  

PRO 

PRO 

PRO 

Flashing 
V06N81 

Impulsive Delta V at TIG 
in Local Vertical Coordinates 

V25E to load desired Delta V. 

Flashing 
V06N42 

Flashing 
V16N45 

Apogee/Apolune Altitude 
Perigee/Perilune Altitude 
Magnitude of Delta V at Tl G 

Mark Counter (VHF-Optics) 
Time from Ignition (TF I )  
Middle Gimbal Angle at TIG with 
Vehicle +X Axis in Direction of Thrust 

ooxxx. h 
OOOXX. min 
oxx.xx s 

X XXXX.X 
y xxxx.x 
z xxxx.x 

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

XXbXX marks 
XXbXX mi n/s 
xxx.xx deg 

If  the RE FSMMAT flag is reset (that is, the IMU is not aligned) MGA will equal -00002. 

PRO 

Flashing 
V37 

Select New Program. 

I 
I 
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P31-HEIGHT ADJUSTMENT MANEUVER {HAM} PROGRAM 

Purpose: 

1 .  To calculate the parameters associated with the Height Adjust Maneuver {HAM} for 
Delta V burns. 

2 .  To store the HAM target parameters for use by the desired thrusting program. 

Assumptions: 

1 .  At a selected TPI tifl'le the line of sight between the CSM and the LM is selected to 
be prescribed angle {E) from the horizontal plane defined at the active position. 

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

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

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

5. The CSI and CDH maneuvers are originally assumed to be paralled to the plane of 
the LM orbit. Out-of-plane parameters are computed for TIG {HAM) and displayed. 
I n  addition, the N81 display is modified to establish an antinode at HAM. 

6. I f  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, take optics marks 
and/or allow V H F  ranging marks to accumulate. 

7 .  TIG {HAM} is computed to be 180 degrees central angle before TIG (CS I ) .  

8. The ISS need not be on to complete this program unless automatic state vector 
updating is desired by the Universal Tracking program {P20). 

9. 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. 

10. This program may be selected manually or internally by the MIN KEY controller. 
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P31 (continued) 

sequence of Events: 

If entered automatically by MINKEY controller, go to MANEUVER. 

V37E31E 

Note: I f  P20 rendezvous option is not running, P20 Option 0 is activated now. 

Flashing M I N  KEY Rendezvous Option 
V50N25 Checklist Code 0001 7  

PRO E lects M I N  KEY automatic rendezvous sequencing. 
ENTER Elects manual sequencing. 
MANEUVER 

PRO 

If  the tracking attitude error between the vehicle pointing axis and the LOS to the 
LM is less than 1 0  degrees (computed by P20/ R 6 1 ) ,  go to TARGETI N G .  

Flashing Desired FOAl angles for OG(Ri X X X. X X  deg 
V50N 1 8  Automaneuver IG(P) X XX.XX deg 

V06N 1 8  Maneuver in Progress 

MG(Y) X X X . X X  deg 

I f  M I N  KEY sequence, go to TARGETING when maneuver is completed. 

Flashing 

V50N 1 8  Maneuver Complete (manual sequence) 

ENTER Terminates automaneuver routine; go to TARGETING. 

Note: P20 (R61)  will maintain tracking attitude computations. If the attitude error 
becomes greater than 10 degrees, the astronaut will be alerted by: 1 

V58E 

U P L I N K  ACTY light on. 1 

Request automaneuver execution; go to MANEUVER. 

TARGETING 

PRO 

Flashing 
V06N 1 1 . 

GET of CSI Ignition TIG (CSI) 

V25E to load desired Tl G .  

Flashing 
V06N55 

Apsidal Crossing 
E levation Angle 
CENTANG 

V25E to load desired data. 

ooxxx h 
OOOX X  min 
oxx.xx s 

oooox 
xxx.xx deg 
xxx.xx deg 

Apsidal crossing is the future line of apsis crossing where T I G  (COH) is to occur. 
E levation angle is the angle between the CSM/LM LOS and the CSM local horizontal 
plane at TIG (TPI). 
(For LM solution (P72). angle is between LM/CSM LOS and the LM local horizontal.} 
CENTANG is an option code where R 3 1  0 specifies TIG (COH) to occur at N ( 1 80) 
degrees from CSI maneuver and N = number entered in R 1 .  

, 

/ 
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PRO 

PRO 

PRO 

Flashing 
V06N37 

P31 (continued) 

GET of TPI Ignition TIG (TPI) 

V25E to modify TIG. 

F lashing 
V06N33 

GET of HAM Ignition T I G  (HAM) 

.V25E to modify TIG. 

Flashing 
V16N45 

Mark Counter (VHF -Optics) 
Time from Ignition TFI  (HAM) 
MGA 

Mark counter updated by P20 which is running in the background. 
MGA is displayed on the final pass through the program. 

ooxxx h 
OOOXX min 
oxx.xx s 

ooxxx h 
OOOXX min 
oxx.xx s 

XXbXX 
XXbXX min/s 
-00001 

PRO Sets Final flag to execute final pass through program. 

V32E Continues but Final flag not set. 

PRO 

Alarm Codes 00600 through 00606 may occur. I f  an alarm occurs, V32E recycles 
to V06N 1 1  where the INPUT parameters may be adjusted for a new solution. 

Flashing Out-of-Plane Position (Y), Active Vehicle XXX.XX nmi 
V06N90 Out-of-Plane Velocity (YDOT), Active Vehicle XXXX.X ft/s 

Out-of-Plane Velocity (Y DOT), Passive 

Flashing 
V06N81 

Vehicle XXXX.X ft/s 

Delta V at TIG (HAM) 
In Local Vertical Coordinates 

X 
y 
z 

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

V25E to modify Delta V. 

PRO If Final flag not set go to previous flashing V16N45 

PRO 

Flashing 
V 1 6N45 

Mark Counter (VHF-Optics} 
TFI  (HAM} 
MGA 

XXbXX 
XXbXX min/s 
XXX.XX deg 

MGA will be the MGA at TIG (HAM}. If the IMU is not aligned, MGA will 
be -00002. (For LM solution (P72) MGA is always -00002 on the final 
pass.) 

I f  M I N  KEY controller is active, W matrix reinitialization is performed 
and the appropriate burn program is initiated. 

Flashing 
V37 

I f  Delta V solution < 7 ft/s, P41 is initiated. 
I f  Delta V solution � 7 ft/s, P40 is initiated. 

Select New Program (manual sequence) 

i 
I 
l 
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P32 CSM COELLIPTIC SEQUENCE I N I TIATION (CSI) PROGRAM 

Purpose: 

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

2. To store the CSI target parameters for use by the desired thrusttng program. 

Assumptions: 

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

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 1 0  minu tes 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 successfu l completion of this 
program. 

7 .  The CSI and CDH maneuvers are originally assumed to be paralled to the plane of 
the LM orbit. However, out-of-plane parameters are computed for Tl G (CSI) and 
displayed. In addition, the N81 display is modified to establish an anti node at CSI. 

8. If P20 is in operation while the program is operating, the astronaut may hold at any 
flashing display and take optics marks and/or 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 Universal Tracking program (P20). 

10. 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. 

1 1 . This program may be selected manually or in tern ally by the Ml N K E Y  controller. 

Sequence of Events: 

If entered automatically by M I N K E Y  controller. go to MANEUVER. 

V37E32E 

Note: If P20 rendezvous option is not running, P20 Option 0 is activated now. 

Flashing M I N K E  Y Rendezvous Option 
V50N25 Checklist Code 0001 7  

PRO E lects M I N  KEY automatic rendezvous sequencing. 
ENTER E lects manual sequencing. 
MANEUVER 

If tracking attitude error between the vehicle pointing axis and the LOS to 
the LM is less than 1 0  degrees (computed by P20/R61),  go to TARGETING. 

Flashing Desired FDA! angles for OG(R) XXX.XX deg 
V50N 1 8  Automaneuver IG(P) XXX.XX deg 

MG(Y) XXX.XX deg 

I 
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P32 (continued} 
-

V06N 1 8  Maneuver i n  Progress 

I f  M I N K E Y  sequence, go to TARGETING when maneuver is complete. 

Flashing 
V50N18 Maneuver Complete (manual sequence) 

ENTER Terminates automaneuver routine. Go To TARGETING. 

V58E 

Note: P20 (R61 ) will maintain tracking attitude computations. I f  the attitude error 
becomes greater than 1 0  degrees, the astronaut will be alerted by: 
UPL I N K  ACTY light on 

Request automaneuver execution. Go to MANEUVER. 

TARGETING 

PRO 

PRO 

PRO 

F lashing 
V06N 1 1  

GET of CSI Ignition TIG (CSI) 

V25E to load desired TIG. 

Flashing 
V06N55 

Apsidal Crossing 
Elevation Angle 
CENTANG 

V25E to load desired data. 

ooxxx h 
OOOXX min 
oxx.xx s 

oooox 
xxx.xx deg 
xxx.xx deg 

Apsidal crossing is the future line of apsis crossing where TIG (CDH) is to 
occur. 

E levation angle is the angle between the CSM/LM LOS and the CSM local horizontal 
plane at Tl G (TP I )  

(For LM solution (P72) angle is between LM/CSM LOS and the LM local horizontal) 

CENTANG is an option code where R3 i 0 specifies TIG (COH) to occur at 
N ( 1 80) degrees from CSI maneuver and N = number entered in R 1 .  

Flashing 
V06N37 

GET of TPI Ignition T I G  (TPI) 

V25E to load desired T I G .  

F lashing 
V1 6N45 

Mark Counter (VHF-Optics) 
Time from Ignition TFI (CSI) 
MGA 

ooxxx h 
OOOXX min 
OXX. XX s 

XXbXX 
XXbXX min/s 
-00001 

Mark Counter updated by P20 which may be running in the background. 
MGA is only displayed on the final pass through the program. 
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P32 (continued} 

PRO Set F ina I flag. 

PRO 

PRO 

V32 continues in program but F ina I flag is not set. Used when another pass is desired. 
Alarm Codes 00600 through 00606 may occur. I f  an alarm occurs, V32E recycles to 
V06N 1 1  where the input parameters may be adjusted for a new solution. 
If automatic M I N  KEY sequence, go to flashing V06N90. 

Flashing Delta Altitude at TIG (CDH) XXXX.X nmi 
V06N75 Delta Time of TIG (CSI/CDH} XXbXX min/s 

Delta Time of TIG (CDH/TPI) XXbXX min/s 

TIG (CDH) is available by keying V06N13E. 

F lashing 
V06N90 

Flashing 
V06N81 

Out-of-Plane Position (Y} Active Vehicle 
Out-of-Plane Velocity (YDOT) Active Vehicle 
Out-of-Plane Velocity (YDOT) Passive Vehicle 

Delta V at TIG (CSI) 
I n  Local Vertical Coordinates 

X 
y 
z 

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

PRO I f  automatic M I N  KEY sequence, go to Flashing V 1 6N45. 

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

PRO 

PRO 

Flashing Delta V at TIG (CDH) 
V06N82 In Local Vertical Coordinates 

If F inal flag is reset, go to previous Flashing V16N45. 

F lashing Mark Counter (VHF-Optics) 
V16N45 TFJ  (CSJ) 

MGA 

X 
y 
z 

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

XXbXX 
XXbXX min/s 
xxx.xx deg 

MGA will be the MGA at TIG (CS I) .  I f  the IMU is not aligned, MGA will be 
-00002. (For LM solution (P72) MGA is always -00002 on the final pass.) 

If M I N KE Y controller is active, W-matrix reinitialization is performed and the 
appropriate burn program is initiated. 

I f  Delta V solution< 7 ft/s, P41 is initiated. 
I f  Delta V solution � 7 ft/s, P40 is initiated. 

Flashing 
V37 Select New Program (manual sequence) 

• 
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P33-CSM CONSTANT DELTA ALTITUDE (CDH) PROGRAM 

Purpose: 

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

2 .  To store the CDH target parameters for use by the desired thrusting program. 

Assumptions: 

1 .  This program is based upon previous completion of the Coelliptic Sequence 
I nitiation (CSI) program (P32). 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 active vehicle position. 

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

c. The time between CDH ignition and 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 is defined such that the impulsive Delta V is in  the horizontal plane 
defined by the active vehicle position at CSI ignition. 

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

g .  The CSI and CDH maneuvers were assumed to be paralled to the plane of the 
LM orbit. However, out-of-plane parameters are computed for Tl G (C DH) and 
displayed. In addition, the N81 display is modified to establish an antinode at 
CDH. 

2. I f  P20 is in operation while this program is operating, the astronaut may hold at any 
flashing display and take optics marks, and/or he may allow VHF ranging marks to 
accumulate. 

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

4. 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 . 

5 .  This program may be selected manually or internally by the M I N  KEY controller. 

Sequence of Events: 

I f  entered automatically by M I NKEY controller, go to MANEUVER. 

V37E33E 

Note: I f  P20 rendezvous option is not running, P20 Option 0 is activated now. 

Flashing MIN KEY Rendezvous Option 
V50N25 Checklist Code 00017 

PRO Elects M I N  KEY automatic rendezvous sequencing. 
ENTER E lects manual sequencing. 
MANEUVER 

If the tracking attitude error between the vehicle pointing axis and the LOS to the 
LM is less than 10 degrees (computed by P20/R61),  go to TARGETING. 

Flashing Desired FOAl angles for OG(R) XXX.XX deg 
V50N18 Automaneuver IG(P) XXX.XX deg 

MG(Y) XXX.XX deg 
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P33 (continued) 

V06N 18 Maneuver in Progress 

If MINKEY sequence. go to TARGETING when maneuver is complete. 

F lashing 
V50N 1 8  Maneuver Complete (manual sequence) 

• 

-

ENTER Terminates automaneuver routine. Go to TARGETING. 

Note: P20 (R61) will maintain tracking attitude computations. If the attitude 
error becomes greater than 10 degrees, the astronaut will be alerted by: 
UPLINK ACTY light ON 

V58E 

Request automaneuver execution. Go to MANEUVER . 

TARGETING 

PRO 

Flashing 
V06N13 

GET of CDH Ignition Tl G (COH) 

V25E to correct desired TIG.  

Flashing 
V16N45 

Mark Counter (VHF -Optics) 
Time from Ignition TFI (CDH) 
MGA 

ooxxx h 
OOOXX m•n 
OXX. XX s 

XXbXX 
XXbXX min/s 
·00001 

Mark counter is updated by P20 which may be running in the background. 
MGA is only displayed on the final pass. 

PRO Set F i nal flag. 

PRO 

PRO 

V32E continues in program but F ina I flag is not set. Used when another pass is desired. 
If an Alarm occurs, a V32E may be used to recycle to V06N13 and readjust TIG. 
If automatic MINKEY sequence, go to Flashing V06N90. 

Flashing Delta Altitude at TIG (CDH) XXX.XX nmi 
V06N75 Delta Time of TIG (CDH/TPI) XXbXX min/s 

Delta Time of TIG (TPI/Nom TPI) XXbXX mm/s 

T I G  (TPI) is available by keying V06N37E. 

Flashing 
V06N90 

Flashing 
V06N81 

Out-of-Plane Position (Y) Active Vehicle 
Out-of-Plane Velocity (YDOT) Active Vehicle 
Out-of-Plane Velocity (YOOT) Passive Vehicle 

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

Delta V at TIG (CDH) 
in Local Vertical Coordinates 

X XXXX.X ft/s 
Y XXXX.X ft/s 
Z XXXX.X ft/s 

PRO I f  Final flag is reset go to previous Flashing V 1 6N45. 

PRO 

F lashing 
V16N45 

Mark Counter (VHF -Optics) 
TFI (CDH) 
MGA 

XXbXX 
XXbXX min/s 
xxx.xx deg 

MGA will be the MGA at TIG (CDH ). If the IMU is not aligned, MGA will be 
-00002. (For LM solution (P73) MGA is always -00002 on the final pass.) 

I f  MIN KEY controller is active, W-matrix reinitialization is performed and the 
appropriate burn program is initiated. 

I f  Delta V solution < 7 ftls, P41 is initiated. 
If Delta V solution ?!7 ft/s, P40 is initiated. 

Flashing 
V37 Select New Program (manual sequence) 
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P34-CSM TRANSFER PHASE I N I TIATION (TPI) 
TARGETING PROGRAM 

-

1 .  To calculate the required Delta V and other initial conditions required by the AGC 
for execution of the Transfer Phase I n itiation maneuver. Given: 

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

b. Central angle of transfer (CENTANG) from T I G  (TPI) to intercept time 
(TIG(TPF)).  

2. To calculate T I G  (TPI) given E or E given TIG (TPI). 

3. To store the TPI target parameters for use by the desired thrusting program. 

Assumptions: 

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

2. I f  P20 is in operation while this program is operating, the astronaut may hold at any 
flashing display and take optics marks, and/or he may allow VHF ranging marks to 
accumulate. 

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

The astronaut would call th is 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. 

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

5. ISS need not be on to complete this program unless automatic state vector updating 
is desired by the Universal Tracking program. 

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

7.  The Delta V in LOS coordinates is available in N59. 

8. This program may be selected manually or internally by the M I N  KEY controller. 
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P34 (continued) 

Sequence of Events: 

If entered automatically by MIN KEY controller. go to MANEUVER. 
V37E34E 

Note: I f  P20 rendezvous option is not running, P20 Option 0 is activated now. 
Flashing MINKEY Rendezvous Option 
VSON25 Checklist Code 000 1 7  

PRO Elects MIN KEY automatic rendezvous sequencing. ENTER Elects manual sequencing. 
MANEUVER 

PRO 

If the tracking attitude error between the vehicle pointing axis and the LOS to the LM is less than 10 degrees (computed by P20/R61l. go to TARGETING. 
Flashing Desired FDAI angles for OG(R) XXX.XX deg VSON18 Automaneuver IG(P) XXX.XX deg 

MG(Y) XXX.XX deg 

V06N 1 8  Maneuver in Progress 
If MINKE Y sequence. go to T A RGETI NG when maneuver is complete. 

Flashing 
VSON 1 8  Maneuver Complete (manual sequence) 

ENTER Terminates automaneuver routine. Go to TARGETING. 
Note: P20 (R61 l will maintain tracking attitude computations. If the attitude error becomes greater than 1 0  degrees. the astronaut will be alerted by: UPLINK ACTY light ON 

V58E 

Request automaneuver execution. Go to MANEUVER. 
TARGETING 

PRO 

PRO 

Flashmg 
V06N37 

GET of TPI Ignition TIG !TPII 

V25E to correct desired TIG. 

Flashing 
V06N55 

Number of Precision Offsets 
E lev at ion Angle 
CENTANG 

V25E to load desired data. 

ooxxx h 
OOOX X  min 
oxx.xx s 

oooox 
XXX.XX deg 
xxx.xx deg 

Number of precision offsets is an integration code where X = 0 specifies integration of a conic trajectory to generate the target vector and X t 0 specifies precision integration to generate the target vector. If precision integration is desired, X should equal 2. 

Elevation angle is the angle between the CSM/LM LOS and the CSM local horizontal at TIG (TPI). E should = +00000 if E is to be computed at TIG specified. (For LM solution (P74l the angle is between the LM/CSM LOS and the LM local horizontal.) 

CENTANG is the orbital angle traversed by the passive vehicle from TIG (TPI) to time of intercept. 

Flashing 
V16N45 

Mark Counter (VHF -Optics) 
TFI (TPI) 
MGA at TIG !TPI) 

XXbXX 
XXbXX min/s 
·00001 

Mark counter is updated by P20 which may be running in the background. 
MGA is ·1 until the final pass of the program. 

PRO Set Final flag. V32E continues in program but Final flag is not set. Used when another pass is desired. 

-
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P34 (continued) 

COMPUTE ELEVATION ANGLE FOR GIVEN TIG.  
If elevation angle above was = 0, 

Flashing . Same as N55 above, except elevation angle has 
V06N55 been computed. 

COMPUTE TIG FOR GIVEN ELEVATION ANGLE. If elevation angle above was i- 0, 

PRO 

PRO 

PRO 

PRO 

Flashing 
V06N37 

Time of Ignition for Specified 
Elevation Angle TIG (TPI) 

ooxxx h 
OOOXX min 
oxx.xx s 

I f  M I N  KEY F I NAL PASS, set E = 0 and go to COMPUTE ELEVATION ANGLE 
FOR GIVEN TIG above. 

Note: If alarm 006 1 1  occurs, PRO to TARGETING at start of program. 

Flashing 
V06N58 

Flashing 
V06N81 

Pericenter Altitude (Post-TP I )  
Delta V Required for TPI 
Delta V Required for TP F 

Delta V at TIG (TPI) in 
Local Vertical Coordinates 

If  Final flag is reset, go to previous Flashing V 1 6N45. 

Flashing Mark Counter (VHF-Optics) 
V 16N45 TFI  (TPI) 

MGA 

" " ;< X . X  n m i  
XXXX.X ft/s 
XXXX.X ft/s 

X XXXX.X ft/s 
Y XXXX.X ft/s 
Z XXXX.X ft/s 

XXbXX 
XXbXX min/s 
xxx.xx deg 

MGA will be the expected MGA at TIG (TPI).  I f  the IMU is not aligned; MGA will be 
-00002. (For LM solution (P74), MGA is always -00002 on the final pass.) 

I f  M I N  KEY controller is active, W-matrix reinitialization is performed and the 
appropriate burn program is initiated. 

I f  Delta V solution < 7 ft/s, P41 is initiated. 
If  Delta V solution ";?::.7 ft/s, P40 is initiated. 

Flashing 
V37 Select New Program (manual sequence) 
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Purpose: 

CM-68 

P35-CSM TRANSFER PHASE MI DCOURSE (TPM) 
TARGETING PROGRAM 

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

Assumptions: 

1 .  I f  P20 is in operation while this program is operating, the astronaut may hold at any 
flashing display and take optics marks, and/ or he may allow V H F  ranging marks to 
accumulate. 

2. Once the parameters required for computation of the maneuver have been 
completely spec i fied, 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 1 7 0  to 190 degrees. I f  the angle is within this zone, 
the astronaut should reassess the input targeting parameters based upon Delta V and 
the expected maneuver time. 

3. The time of intercept (T{I NT) was defined by previous completion of the Transfer 
Phase I nitiation (TP) program (P-34) and is presently available in AGC storage. 

4. ISS need not be on to complete this program unless automatic state vector updating 
is desired by the U niversal Tracking program. 

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

6. The Delta V in LOS coordinates is available in N59. 

7. The program may be selected manually or internally by the MIN KEY controller. 

Sequence of Events: 

If entered automatically by M I N  KEY controller, go to MANEUVER. 

V37E35E 

Note: If P20 rendezvous option is not running, P20 Option 0 is activated now. 

Flashing MIN KEY Rendezvous Option 
V50N25 Checklist Code 0001 7  

PRO Elects MIN KEY automatic rendezvous sequencing. 
ENTER E lects manual sequencing. 
MANEUVER 

I f  the tracking attitude error between the vehicle pointing axis and the LOS to 

the LM is less than 1 0  degrees (computed by P20/R61 ) ,  go to TARGET! N G .  

Flashing Desired FOAl angles for OG( R) X X X .  XX deg 

V50N18 Automaneuver IG(P)  XXX.XX deg 
MG(Y) XXX.XX deg 
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P35 (continued) 

V06N 1 8  Maneuver in Progress 

If MIN KEY sequence, go to TARGETING when maneuver is complete. 

F lashing 
V50N 18 Maneuver Complete (manual sequence) 

ENTER Terminates automaneuver routine. Go to TARGETI NG. 

Note: P20 (R61)  will maintain tracking attitude computations. I f  the attitude 
error becomes greater than 10 degrees, the astronaut will be alerted by: 
UPLI N K  ACTY light ON 

V58E 

Request automaneuver execution. Go to MANEUVER. 

TARGETING 

Flashing 
V 1 6N45 

Mark Counters (VHF-Optics) 
TFI (TPM) 
MGA 

XXbXX 
XXbXX min/s 
-00001 

Mark counter is updated by P20, which may be running in the background. 
MGA is -1 until the final pass through program. 

PRO Set Final flag. V32E continues but Final flag is not set. Used when another 
pass is desired. 

Flashing Delta V at TIG (TPM) X XXXX.X ft/s 
V06N81 in Local Vertical Coordinates Y XXXX.X ft/s 

Z XXXX.X ft/s 

PRO I f  Final flag is reset, go to previous Flashing V1 6N45. 

PRO 

Flashing Mark Counter (VHF-Optics) 
V1 6N45 TFI (TPM) 

MGA 

XXbXX 
XXbXX min/s 
XXX.XX deg 

MGA will be expected MGA at TIG (TPI). I f  the IMU is not aligned, MGA will 
be -00002 . (For LM solution (P75) MGA is always -00002 on the final pass.) 

I f  MIN KEY controller is active, W-matrix reinitialization is performed and the 
appropriate burn program is initiated. 

If  Delta V solution< 7 ft/s, P41 is initiated. 
I f  Delta V solution� 7 ft/s, P40 is initiated . 

Flashing 
V37 Select New Program (manual sequence) 
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P36-PLANE CHANGE TARGETING (PC) PROGRAM -

Purpose: 

1 .  To calculate parameters associated with the plane change (PC) maneuver for Delta V 
burns. 

2. To store the PC target parameters for use by the desired thrusting program. 

Assumptions: 

1 .  This program assumes a stored Tl G (CSI) by completion of the Coelliptic Sequence 
Initiation (CSI) program (P32), an uplinked TIG (CSI) or crew loaded TIG (CSI)  in 
N 1 1 .  

2.  If P20 is in operation while this program is in operation, the astronaut may hold at 
any flashing display and take optics marks, and/or he may allow VHF ranging marks 
to accumulate. 

3. The ISS need not be on to complete this progam unless automatic state vector 
updating is desired by the Universal Tracking program (P20) . 

4. This program is normally used to target a plane chane burn between CS I and C OH at 
the midpoint (90 degrees central angle after TIG (CSI ) ) .  

5. 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. 

6. This program may be selected manually or internally by the M I N  KEY controller. 

Sequence of Events: 

I f  entered automatically by MINKEY controller, go to MANEUVER. 

V37E36E 

Note: If P20 rendezvous opt1on is not running, P20 option 0 is activated now. 

Flashing 
V50N25 

M I N  KEY Rendezvous Option 
Checklist Code 

PRO Elects Ml N KEY automatic rendezvous sequencing. 
ENTER Elects manual sequencing. 
MANEUVER 

000 1 7  

If the tracking attitude error between the vehicle pointing axis and the LOS 

PRO 

to the LM is less than 1 0  degrees (computed by P20/R61 ) ,  go to TARGETING. 

Flashing 

V50N18 
Desired FOAl angles for 

Automaneuver 

V06N18 Maneuver in Progress 

OG(R) 
IG(P) 
MG(Y) 

X X X.XX deg 
X X X . X X  deg 
X X X . X X  deg 

I f  M I N  KEY sequence, go to TARGETING when maneuver is completed. 

Flashing 
V50N18 Maneuver Complete (Manual Sequence) 

--
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P36 (continued) 

E N T E R  Terminates automaneuver. G o  to T A R G E T I NG . 

-

V58E 

Note: P20 ( R 6 1 )  will maintain tracking attitude computations. If  the attitude 
error becomes greater than 1 0  degrees._I.he astronaut will be alerted by : 
UPLINK ACTY Light On 

ReQuest automaneuver execution. Go to M A N E U V E R .  

TARGETING 

PRO 

F lashing 
V06N33 

GET of PC Ignition TIG (PC) 

V25E to modify TIG. 

Flashing 
V 1 6N45 

Mark Counter (VHF-Optics) 
T•me From Ignition TFI (PC) 
MGA 

ooxxx h 
OOOXX min 
OXX.XX s 

XXbXX 
XXbXX min/s 
-00001 

Mark Counter is updated by P20 which may be running in the background. 
MGA is only displayed on the final pass. 

P R O  Sets Final flag. 

V32E Continues in program but Final flag is not set. Used when another pass is desired. 

PRO 

Flashing 
V06N90 

F lashing 

V06N81 

Out-of-Plane Position (Y) CSM 
Out-of-Plane Velocity (Y DOT) CSM 
Out-of-Plane Velocity (YDOTl LM 

Delta V at TIG (PC) 

I n  Local Vertical Coordinates 

V25E to modify Delta V. 

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

X X X X X . X  ft/s 

Y X X X X . X  ft/s 

Z X X X X . X  ft/s 

PRO If  Final flag is reset. go to previous Flashing V 16N45. 

Flashing 

V 1 6N45 

Mark Counter (VHF-Optics) 

TF I (PC) 

MGA 

XXbXX 

XXbXX min/s 

xxx.xx deg 

MGA will be the MGA at T I G  (PC). I f  the IMU is not aligned, MGA will be -00002. 

P R O  I f  Manual Sequence. go to F lashing V37. 

If M I N  KEY controller is active. W-matrix reinitialization is performed and Delta V 

(N81 l magnitude is tested: 

Note: 

I f  DV magnitude " 0, M I N K E Y  initiates P76 

I f  DV magnitude > 0. M I N  K E Y  initiates P52 for possible realignment to 

new orientation to avoid gimbal lock for + X-axis burn. Go to P52 

(PC Realign). 

Crew may elect to perform a Y -ax is RCS burn. if the Delta V is small, to 

bypass realigning the IMU. This option is available in P52 (PC Realign). 

If the IMU is reoriented for a PC maneuver, it is returned to its original 

orientation by P52 as controlled by the M I N  K E Y  sequencer. 

F lashing 

V37 Select New Program (manual sequence) 
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P37-RETURN TO EARTH 

Purpose: 

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

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

a. Astronaut specified time of ignition. 

b. Astronaut specified maximum change in velocity. 

c. Astronaut specified reentry angle. 

These parameters are: 

a. Time from ignition to reentry. 

b. Reentry inertial velocity. 

c. Reentry flight path angle. 

d. Latitude of splash. 

e. Longitude of splash. 

f. Delta V (LV). 

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

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

5. Based upon the specified propulsion system the following are displayed: 

a. Middle gimbal angle at ignition (MGA). 

b. Time of ignition (TIG). 

c. Time from ignition (TFI).  

Assumptions: 

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

2. 11f value of VPRED entered in Noun 60 is less than the minimum required to return 
to earth, the Delta V required vector will be computed based on a minimum value. If 
the value entered is greater than the minimum required to return to earth, then the 
astronaut desired value will be used to compute the Delta V required vector. The 
computed Delta V required vector will be displayed in Noun 8 1 .  

3. The DAP Data Load routine ( R03) should be performed prior to completion of this 
program. 

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

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

-
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P37 (continued) 

Sequence of Events: 

V37E37E 

PRO 

PRO 

PRO 

PRO 

Flashing 
V06N33 

GET of ATE Ignition TIG (ATE) 

V25E to load desired Tl G. 

Flashing 
V06N60 

Blank 
VPRED 
GAMMA E l  

V25E to load desired data. 

ooxxx h 
OOOXX min 
oxx.xx s 

XXXXX. ft/s 
xxx.xx deg 

VPRED is the maximum allowable velocity change for ATE. Zero 1s entered 
to compute the minmum t::..v to conserve fuel. See Assumption 2. GAMMA E l  
is the desired flight path angle between the inertial velocity vector 
and the local horizontal at Entry Interface (E I )  altitude of 400,000 ft. 

Flashing 
V06N61 

Impact Latitude 
I mpact Longitude 

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

To change the desired landing site longitude the maximum velocity change (VPRED) 
input is adjusted. The AGC-calculated minimum Vg is available by keying V06N40 (R2}. 
Increasing this value and entering it (+) into VPREO will move the longitude (·) 
west or (+) east. To adjust input parameters, key V32E and recycle to V06N33. 

Flashing 
V06N39 

Transfer Time from TIG (ATE) 
to El  

ooxxx h 
OOOXX min 
oxx.xx s 

To change transfer time. V32E to recycle to V06N33 and readjust input parameters. 

Flashing 
V06N60 

Blank 
VPRED 
GAMMA E l  

VP RED is the predicted inertial velocity at Entry Interface (E I). 

XXXXX ft/s 
xxx.xx deg 

PRO V32 to recycle to V06N33 

Flashing Delta V at TIG (ATE) 
V06N81 in Local Vertical Coordinates 

PRO If first pass through program recycle to Flashing V06N 6 1 .  

PRO 

PRO 

Flashing 
V04N06 

Option Code (specify propulsion system) 
Propulsion Code ( 1 -SPS, 2-RCS) 

V22E to load desired option. 

Flashing 
V06N33 

Flashing 
V 1 6N45 

GET of ATE Ignition TIG (ATE) 

Mark Counter (VHF -Optics) 
TFI (ATE} 
MGA 

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

00007 
oooox 

OOXXX h 
OOOXX min 
oxx.xx s 

Not meaningfu I 
XXbXX min/s 
xxx.xx deg 

MGA will be the middle gimbal angle at TIG or -00002 if the IMU is not aligned. 

PRO 

Flashing 
V37 

Select New Program. 

1 
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P40-SPS PROGRAM 

Purpose: 

1 . To compute a preferred I M U  orientation and a preferred vehicle attitude for an SPS 
- thrusting maneuver and to maneuver the vehicle to the thrustmg attitude. 

2. To calculate and display the gimbal angles which would resu lt from the present I M U  
onenration i f  the veh1cle were maneuvered to the preferred veh•cle attitude for an 
SPS thrusting maneuver. The crew is thereby given an opportun1ty to perform the 
maneuver w1th: 

a. The present I M U  orientation (not recommended if middle gimbal angle is greater 
than 45 degrees) .  If  the I M U  has not been al igned within the last 3 hours. 
realignment is desirable. 

b. A new orientation achieved by selection of P52. 

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

Assumptions: 
. 1 .  The target parameters have been calculated and stored in the AGC by 

execution of a prethrusting program. 
pnor 

2. The required steering equations are identified by the prior prethrust program. which 
either set or reset the external Delta V steering flag. For external Delta V steering, 
VG is calculated once for the specified time of ignit1on. Thereafter. both during 
thrusting and until the crew notifies the AGC trim thrusting has been completed, the 
AGC updates V G  only as a result of compensated accelerometer inputs. 

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

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

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

5 .  The SPS thrusting program does not monitor the SC control discrete (Channel 3 1 ,  
Bit 1 5 )  during thrusting. This means that the AGC will continue to generate engine 
actuator commands, SPS Engine On discrete, and FDA I attitude error 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 G NCS and then given back, and it is not recommended. I n  event control is taken 
away from the GNCS, the AGC will only be responsible for computation of position 
and velocity. 

6. 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.  

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

8. This program may be selected manually or internally by the M I N K E Y  controller. 

Sequence of Events: 

If  entered automatically by M I N  KEY controller, go to Fl ashing V50N 18. 

Maneuver to pad burn attitude and check SXT and boresight stars using optics 
angles on pad. 

V37E40E 

Flashing 
V50N18 

Desired FOAl Angles for 
Automaneuver 

Request maneuver to computed burn attitude. 

OG(R) 
I G IP) 
MG(Y) 

X X X. X X  deg 
xxx.xx deg 
X X X. X X  deg 
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P40 (continued) 

V06N18 Same as N 18 above. 

Maneuver is in process; final FOAl angles displayed. 

Flashing Same as N 18 above. 
V50N18 Automaneuver is completed. 

SCS·GDC aligned to IMU for backup attitude reference. 
SPS gimbal drive motors energized. 
SIC Control to SCS; SPS servo check and manual drive check performed. 
SIC Control to CMC. 

PRO 

ENTER 

Flashing 
V50N18 

Flashing 
V50N25 

Same as N 18 above. 
Vehicle is trimmed to burn attitude. 

Gimbal Slew Test Option. 
Checklist Code 

PRO Slews SPS gimbal ±2 degrees; ENTER - Bypasses gimbal slew test. 

SPS gimbals commanded to trim angles (P. Y) 

• 

-

00204 

V06N40 Time from Ignition/Cutoff (TF I) 
Velocity to be Gained (Vg) 
Accumulated Velocity (Ll V) 

XXbXX minis 
XXXX.X ftls 
XXXX.X ftls 

DSKY blanks at TIG - 35 seconds, and V06N40 resumes at TIG ·30 seconds. 

Average G on. 

Ullage initiated with THC if required. 

Flashing Same as N40 above at TIG ·5 seconds. 
V99N40 Astronaut approval of ignition requested. 

PRO Ignition approved. 

PRO 

V06N40 

Ignition at TIG. 
TVC DAP activated. 

Same as N40 above. 

SPS engine cutoff; burn complete. 
TVC DAP off. 

Flashing 
V16N40 

Flashing 
V16N85 

Same as N40 above. 

Vg Residuals in Control 
System (body) Coordinates 

TRIM Vg residuals with THC if required. 
PRO I f  MINKEY controller is active, P76 is entered. 

Flashing 
V37 (Manual Sequence) 

V82E Request orbital parameter display. 

PRO 

Flashing Apocenter Altitude, Ha 
V16N44 Pericenter Altitude, Hp 

TFF 

Flashing 
V37 

Average G off . 

Select New Program. 

X XXXX.X ftls 
Y XXXX.X ft/s 
Z XXXX.X ftls 

XXXX.X nmi 
XXXX.X nmi 
XXbXX min/s 

' • 

I ' 
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CM-76 

P41-RCS PROGRAM 

Purpose: 

1 .  Compute a preferred I M U orientation and preferred vehicle attitude for an RCS 
thrusting maneuver and to maneuver the vehicle to the thrusting attitude. 

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

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

b. A new orientation achieved by selection of P52. 

3. Provide suitable displays for manual execution of the thrusting maneuver. 

Assumptions: 

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

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

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

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

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

5. 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.  

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

7. This program may be selected manually or internally by the MINKEY controller. 

Sequence of Events: 

If entered automatically by MINKEY controller, go to F lashing V50N18. 
Maneuver to pad burn attitude and check SXT and boresight stars using 
optics angles on pad. 

V37E41E 

PRO 

Flashing 
V50N 18 

Desired FDA I Angles 

Request maneuver to computed burn attitude. 

V06N18 Same as N 18 above. 

Automaneuver in process; final F DAI angles displayed. 

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

Flashing Same as N 18 above. Maneuver is complete. 
V50N 1 8  

ENTER 

V16N85 Velocity to be Gained in Control 
System (body) Coordinates (Vg) 

X 
y 
z 

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

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

DSKY blanks at TIG ·35 seconds and resumes display at TIG -30 seconds. 
Average G on at TIG -30 seconds . 

Flashing 
V1 6N85 

Null Vg with THC at TIG. 

Flash signifies TIG has arrived. 
Same as N85 above. 
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P41 (continued) 

PRO If M I N KEY controller is active, P76 is entered. 

Flashing 
V37 (Manual Sequence) 

V82E Request Orbital Parameter display. 

PRO 

Flashing Apocenter Altitude 
V1 6N44 Pericenter Altitude 

TFF 

Flashing 
V37 

Select New Program. 

Average G off. 

P47-THRUST MONITOR PROGRAM 

Purpose: 

X X X X . X  ft/s 
XXXX.X ft/s 
XXbXX minis 

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

2. To display the Delta V applied to the vehicle by this thrusting maneuver. 

Assumptions: 

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

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

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

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

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

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

Sequence of Events: 

V37E47E 

Flashing 
V16N83 

Delta V Accumulated in Control 
Coordinate System 

Display of integrated acceleration during thrusting. 

OPTIONAL DISPLAYS 

V1 6N62E Crew Optional Display 

V 1 6N62 Magnitude of I nertial Velocity (VI)  
Rate of Change of Altitude (HOOT) 
Altitude Above Pad Radius (H) 

X 
y 
z 

XX X X . X  h/s 
X X X X . X  ft/s 
X X X X . X  ft/s 

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

• 
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Flashing 
V1 6N83 

CM-78 

P47 (continued) 

Same as N83 above. 

V83E Rendezvous parameter display at crew option. 

Flashing Range of CSM to LM 
V 1 6N54 Range Rate 

-

Angle Between CSM +X Ax is and 
Local Horizontal (Theta) 

PRO 

V85E Rendezvous parameter display at crew option. 

PRO 

Flashing Range of CSM to LM 
V16N53 Range Rate 

Angle Between Optics SLOS and the 
Local Horizontal ( P H I )  

V82E Orbital parameter display. 

P R O  

PRO 

Flashing Apocenter Altitude 
V 1 6N44 Pericenter Altitude 

TFF 

Flashing 
V16N83 

Flashing 
V37 

Same as N83 above. 

Select New Program. 

Average G off. 

P51-IMU ORI ENTATION DETERMINATION PROGRAM 

Purpose: 

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

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

XXXX.X nmi 
XXXX.X nmi  
XXbXX min/s 

1 .  To determine the inertial orientation of the I MU using sightings on two celestial 
bodies using the scanning telescope or the sextant. 

Assumptions: 

1. Time and RCS fuel may be saved, and subsequent I M U  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. 
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P51 (continued) 

Sequence of Events: 

V37E5 1 E  

ENTER 

Flashing 
V50N25 

Checklist Code 
Perform Celestial Body Acquisition 

To Bypass Coarse Align PRO to Flashing V51. 

Flashing 
V41N22 

Desired G imbal Angles to 
Coarse Align to 

No Att light on. 
No Att light off when coarse align complete. 

F lashing 
V51 Request mark. 

ZERO OPTICS for 1 5  seconds. 

OPTICS Mode - Manual 

MARK 

F lashing Checklist Code 
V50N25 Request terminate mark sequence. 

000 1 5  

OG 000.00 deg 
IG 000.00 deg 
MG 000.00 deg 

00016 

MARK REJECT and recycle to Flashing V51 if not satisfactory. 

I 
I 
' 

PRO 

PRO 

Flashing 
V01 N7 1  

Celestial Body Code 
00-planet, 01/45-star, 
46-sun, 47-earth, 50-moon 

V2 1 E  load correct star code. 

I f  Star Code 1 0 and first mark, recycle to F lashing V5 1 .  
If Star Code I 0 and second mark, go to Flashing V06N05. 

Flashing 
V06N88 

Unit Vector Specifies Planet 
Position 

V25E to load planet vector. 

PRO If first mark, recycle to Flashing V51 .  

Flashing 
V06N05 

Star Angle Difference• 

PRO V32E to recycle to start of program. 

, REFSMMAT flag set . . • J 
I 

' • • 

I 

Flashing 
V37 

Select New Program. 

• Acceptable N05 Limits 
0 

STAR/STAR SXT 0.03
0 

SCT 0.1 1
0 

STAR/PLANET SXT 0.18
0 

SCT 0.21 

X 
y 
z 

oooxx 

.XX X X X  

.XX X X X  

.XX X X X  

xxx.xx deg 
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P52-IMU REALIGN PROGRAM 

Purpose: 

1 . To align the IMU from a "known" orientation to one of four onentations selected 
by the astronaut usmg sightings on two celestial bodies with the scanning telescope 
or the sextant: 
a. Pr�rred Or�entation (00001) 

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

b. Landing Site Orientation 100004) 

XsM ,. Unit I ALsl 

YsM = Unit IZsM x XsM> 
zsM "' Unit IHcsM x XsMI 

where 
The origin is the center of the moon. 

R S "' The position of the most recently defined landing site at time T(align) 
sel-ected by the astwnaut. 

HcsM = The angular momentum vector of the CSM IRcsM x VcsMl at 
t1me T (al1gn) selected by the astronaut. 

The landeng s1te optiOn 1s used for aligning the CSM and LM stable members to 
the same or�entation prior to LM/CSM separation and prior to LM ascent from 
the lunar surface. 

c. Nominal Orientation 100002) 

xsM = Unit IYsM x zsM> 
YsM = Unit (V x Al 

ZsM = Unit (-R) 
where 

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

d. REFSMMAT (00003) 

The present IMU orientation differs from that to which it was last al igned due to 
gyro drift . This option realigns the IMU to its previous alignment orientation 
( R E FSMMAT). 

2. To align the IMU to a predetermined orientation suitable for a plane change (PC) 
maneuver and to realign the I MU after the maneuver to the pre-PC orientation. 

XsM = Unit (XsMO cos 45° 
+ YsMO sin 45°) for first maneuver 

0 0 XsM = Unit (XsMO cos 45 · YsMO cos 45 I for second maneuver 

YsM = Unit (ZsM " XsMl 

ZsM -= ZsMO 

where subscript ·o· refers to the orientation existing before the alignment. 

Assumptions: 
1 . I f  the CMC Mode switch is in CMC-Attitude Hold during the Gyro Torquing routine 

( R 551. the DAP will maneuver the vehicle to follow the platform. 
2. An option is provided to point the sextant LOS at astronaut or AGC selected stars 

e1ther manually by crew input or automatically under AGC control. 

3. This program may be selected manually or internally by the MINKE Y controller in 
conjunction with the plane change maneuver. 

·-----

• 
I 

L 



I 
' 
I 
1 
I 

' • • 

CM-81 

-

P52 (contmued) 

Sequence of Events: 
-

If entered automatically by M I N K E Y  controller. go to PC REALIG N . 
-

V37E52 

Flashing 
V04N06 

Option I D Code 
Alignment Optton 

1-preferred, 2-nominal 
3-RE FSMMAT, 4-landmg Stte 

V22E to key in desired alignment opt ton. 

00001 
oooox 

PRO To appropriate option. 

PC REALIGN 

Flashing 
V06N22 

Gimbal angles which wi I I  
result from pulse torque to 
PC orientatton 

OG X X X . X X  deg 
I G  XXX.XX deg 
MG X X X. X X  deg 

If MGA is not sattsfactory, maneuver vehicle and V32E to recompute N22 angles 

PRO If N22 angles are satisfactory. 

F lashing M I N  KEY Pulse Torque Option 
V50N25 Checklist Code 00020 

ENTER If this is first reorientation maneuver, the pulse torque to PC orientation i$ 
bypassed and MINKEY enters the RCS Burn program {P41l.  If  this is the 
second reorientation maneuver. alarm 00402 is displayed. The platform must 
be torqued to its original orientation. 

PRO Commence with pulse torquing. 

V16N20 Present ICDU Angles OG 
I G  
MG 

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

Upon completion of pulse torquing to new orientation. the MINKEY controller 
will initiate: 

1 .  P41 if pre-plane change burn and if Delta V < 7 ft/s 
2. P40 if pre-plane change burn and if Delta V � 7 ft/s 
3. P33 if plane-change maneuver completed (second pulse torque) 

LANDING SITE OPTION (00004) 

PRO 

Flashing 
V06N34 

GET of Landing Site Coordinate 
System T(Aiign) 

V25E to load desired T(Aiign). 

F iashing 
V06N89 

Latitude of Landing Site 
Longitude/2 
Altitude 

V25E to load landing site coordinates. 

oo x x x  h 
OOOXX min 
o x x. x x  s 

XX.XXX d eg  ( + north) 
XX.XXX deg (+ east) 
X X X . X X  nmi 

PRO To Preferred Option 

NOMINAL OPTION (00002) 

Flashing Same as N34 above, except GET of position and 
V06N34 velocity vectors defining nominal coordinate system. 

PRO To Preferred Option 

P R E F E R R E D  OPTION (0000 1 )  

Flashing 
V06N22 

Desired Gimbal Angles for New 
Orientation at Present Vehicle 
Attitude 

OG X X X . X X  deg 
IG XXX . X X  deg 
MG XXX.XX deg 

If the new orientation yields gimbal lock, maneuver vehicle and V32E to recompute 
(N22) desired gimbal angles . 
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P52 (continued) 

Flashing Coarse Align Option-
V50N25 Checklist Code 00013 

CMC Mode Switch - FR E E  
(Avoids maneuvering vehicle) - Key in ENTER or P R O .  

Gyro Torque Only 
ENTER 

Torques gyros to achieve new orientation (maintains attitude reference). 
V1 6N20 Monitor Gimbal Angles OG X X X . X X  deg 

Go to RECHECK when torquing is complete. 
Coarse Align Only 

IG X X X . X X  deg 
MG X X X . X X  deg 

PRO Coarse aligns gimbals to achieve new orientation ( lose attitude reference). 
No Att light ON until coarse align complete. 
Go to RE FSMMAT option when No Att light out. 

RE FSMMAT OPTION (00003) 
Flashing 
V50N25 

Checklist Code 

Request Celestial Body acquisition. 

00015 

PRO AGC will select two available stars. Use ENTER to specify crew selection of stars. 

MARK SEQUENCE 
Flashing 
V01N70 

Star I D Code 

V21 E to key in star code. 
ZERO OPTICS for 1 5  seconds. 
OPTICS Mode - CMC 

oooxx 

PRO For Planet X X = 00; if X X  i 00, go to V06N92 display. 
Flashing 
V06N88 

Unit Vector Specifies 
Planet Position 

V22E to specify desired planet vector. 
PRO 

V06N92 Desired Optics Angles 

CMC drives optics LOS to target. 
OPTICS Mode - Manual 

Flashing 
V51 

Mark on Target 
Flashing 
V50N25 

Request Mark. 

Checkl ist Code 

Terminate Mark Sequence option. 

X 
y 
z 

.xxxxx 

.xxxxx 

.xxxxx 

Shaft X X X . X X  deg 
Trunnion X X . X X X  deg 

00016 
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P52 (continued) 

PRO Marking was okay, if not MARK REJECT. 

Flashing 
V01N71 

Star I D Code of Body 
Marked On 

V21 EXXE if not correct. 

-

PRO I f  Star Code :f 0 and first MARK, recycle to Mark sequence. 
I f  Star Code =I 0 and second MARK, go to F lashing V06N05. 

Flashing 
V06N88 

Same as N88 above. 

V25E to correct planet vector. 

PRO If first MARK recycle to M A R K  sequence. 

PRO 

Flashing 
V06N05 

Star Angle Difference* 

I f  N05 not satisfactory, V32E, and go to RECHECK. 

Flashing 
V06N93 

Gyro Torque Angles to Fine Align X 
y 
z 

oooxx 

xxx.xx deg 

XX.XXX deg 
xx.xxx deg 
xx.xxx deg 

CMC Mode Switch - Free (Avoids maneuvering vehicle when torquing gyros). 

PRO Torque gyros. V32E to bypass gyro torquing. 

RECHECK 

Flashing Checklist Code 
V50N25 Fine Alignment Option 

PRO Recycles to REFSMMAT option for check on alignment. 

ENTER 

Flashing 
V37 

*Acceptable N05 Limits 

STAR/STAR SXT 
SCT 

STAR/PLANET SXT 
SCT 

Select New Program. 

0 
0.03

0 
0. 1 1

0 
0.18

0 
0.21 

00014 
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P53- BACKUP IMU ORIENTATION DETERMINATION PROGRAM 

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

Assumptions: 

1 .  This program is identical to P51 except that R56 is called i n  place of R53. 

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

Sequence of Events: 
V37E53E 

Flashing Check I ist Code 
V50N25 Perform Celestial Body acquisition. 

ENTER To bypass coarse align, PRO to Flashing V06N94. 

PRO 

Flashing 
V41N22 

No Att light on. 

Desired Gimbal Angles 
to Coarse Align to 

No Att light off when coarse align complete. 
Flashing 
V06N94 

Optics Angle Coordinates 
for Alternate LOS 

V24E to load LOS coordinates. 

Flashing 
V53 

Request Mark. 

ENTER 
Does alternate LOS mark. 

Flashing Check I ist Code 
V50N25 Terminate Mark Sequence 

PRO Key ENTER to reject mark and recyc le to Flashing V53. 
Flashing 
V01N71 

Celestial Body Code 

V21 E to load star code. 

00015 

OG X X X . X X  
IG X X X . X X  
MG X X X . X X  

Shaft XXX.XX deg 
Trunnion X X . X X X  deg 

00016 

oooxx 

PRO If Star Code 1 0 and first mark, recycle to F lashing V06N94. 
I f  Star Code 1 0 and second mark, go to F lashing V06N05. 

Flashing 
V06N88 

Un•t Vector Specifies 
Planet Position 

V25 E to load pIa net vector. 
PRO If first mark, recycle to Flashing V06N94. 

Flashing 
V06N05 

Star Angle Difference • 

PRO V32E to recycle to start of program. 
Set R EFSMMAT flag. 

Flashing 
V37 

• Acceptable NOS limits 

STAR/STAR 
STAR/PLANET 

Select New Program. 

COAS 
COAS 

0 
0.700 
0.72 

X 
y 
z 

.xxxxx 

.xxxxx 
.xxxxx 

xxx.xx deg 

-
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P54-BACKUP IMU REALIGN PROGRAM 

Purpose: 
1.  To al.i9n the IMU from a "known" orientation to one of four orientations selected 

by the astronaut using sightings on two celestial bodies with a backup optical device: 
a. Preferred Orientation (00001) 

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

b. Landing Site Orientation (00004) 
XsM = Unit (R Lsl 
YsM = Unit (ZsM x XsM) 

ZsM = Unit IHcsM x XsMl 
where 

The origin is the center of the moon. 
R LS = The position of the most recently defined landing site at time T(align) 
selected by the astronaut. 

HcsM = The angular momentum vector of the CSM (RcsM x VcsMl at 
time T (align) selected by the astronaut. 

The Landing Site option is used for aligning the CSM and LM stable members to 
the same orientation prior to LM/CSM separation and prior to LM ascent from 
the lunar surface. 

c. Nominal Orientation (00002) 

XsM = Unit IYsM x zsMl 
Ys M = Unit (V x Rl  

ZsM = Unit (-R) 
where 

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

d. REFSMMAT (00003) 
The present IMU orientation differs from that to which it was last aligned due to 
gyro drift. This option realigns the IMU to its previous alignment orientation 
( R E FSMMAT). 

Assumptions: 
1 .  1 f the CMC Mode switch is in CMC-A ttitude Hold during the Gyro Torquing routine 

( R55). the OAP will maneuver the vehicle to follow the platform. 
2. This program is identical to P52 except that R56 is called in place of R52 and R53. 

Sequence of Events: 
V37E54E 

Flashing 
V04N06 

Option I 0 Code 
Alignment Option 

1-preferred, 2-nominal. 
3-REFSMMAT, 4-landing site. 

PRO To appropriate option . 

00001 
oooox 

f 
L l� I 
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P54 (continued) 

LANDING SITE OPTION (00004) 

PRO 

Flashing 
V06N34 

-

GET of Landing Site Coordinate 
System T(Aiign) 

V25E to load desired T(Aiign). 

Flashing 
V06N89 

Latitude of Landing Site 
Longitude/2 
Altitude 

V25E to load landing site coordinates. 
PRO To Preferred option. 
NOMINAL OPTION (00002) 

oo x x-x h 
OOOXX min 
oxx.xx s 

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

Flashing Same as N34 above except GET of position and velocity V06N34 vectors defining nominal coordinate system. 
PRO To Preferred option. 
P R E F E R R E D  OPTION (0000 1 )  

Flashing 
V06N22 

Desired Gimbal Angles for New Orientation at Present Vehicle Attitude 
OG XXX.XX deg 
IG XXX.XX deg 
M G  XXX.XX deg I f  the new orientation yields gimbal lock. maneuver vehicle and V32E to recompute (N22) desired gimbal angles. 

PRO 

Flashing 
V50N25 

Checklist Code 
Coarse Align Option 000 1 3  

CMC Mode switch - Free (avoids maneuvering vehicle). Key in ENTER or PRO 
ENTER 

Torques gyros to achieve new orientation (maintains attitude reference}. 

V 16N20 Monitor Gimbal Angles OG XXX.XX deg 
IG X X X . X X  deg 
MG X X X .  XX deg Go to RECHECK when torqu ing is complete. 

PRO Coarse aligns gimbal to achieve new orientation (loses attitude reference}. No Att light - on. 
No Att light - off when coarse align is complete. go to RE FSMMA T option. REFSMMAT OPTION (00003} 

Flashing 
V50N25 

Checklist Code 

Request Celestial Body acquisition. 

00015 

PRO AGC will select two available stars. Use ENTER to specify crew selection of stars. MARK SEQUENCE 
Flashing 
V01N70 

Star 10 Code 

V21 E to load star code. 

oooxx 

• 
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P54 (contanued) 

PRO lf Star Code -1- O, go to F lashing V06N94. 

PRO 

-
Flashing 
V06N88 

Unit Vector Specifies 
Planet Position 

V25E to load desired planet vector 

Optics Angles for AI tern ate LOS 

X 
'Y 
z 

.XX XXX 

.XXX XX 

.xxxxx 

Flashing 
V06N94 Shaft XXX. XX deg 

Trunnion XX.XXX deg 

PRO 

V24E to load LOS coordinates .. 

Flashing 
V53 Request Mark 

ENTER 

Does alternate LOS mark. 

Flashing 
V50N25 

Checklist Code 
Terminate Mark Sequence 

PRO Key ENTER to reject MARK and recycle to F lashing V53. 

PRO 

Flashing Celestial Body Code of Body 
V 0 1 N 7 1  Marked On 

V21 E to correct star code. 

I f  Star Code ;. 0 and first mark. recycle to Mark Sequence. 
I f  Star Code ;. 0 and second mark. go to Flashing V06Na5 

Flashing 
V06N88 

Same as N88 above. 

V25E to correct planet vector. 

PRO 1f fi rst mark. recycle to Mark Sequence. 

Flashing Star Angle Difference" 
V06N05 

PRO If N05 unsatisfactory, V32E and go to RECHECK . 

Flashing 
V06N93 

CMC Mode Switch - Free 

Gyro Torque Angles to Fine Align 

(Avoids maneuvering vehicle when torquing gyros.) 

PRO Torques gyros. (V32E to bypass gyro tOrquing.) 

RECHECK 

Flashing Checklist Code 
V50N25 Fine Alignment Option 

PRO Recycles to REFSMMAT option for check on alignment. 

ENTER 
Terminate Program 

Flashing 
V37 

Select New Program 

• Acceptable N05 Lam its 

STAR/STAR 
STAR/PLANET 

COAS 
COAS 

0 
0.70

0 
0.72 

X 
y 
z 

00016 

oooxx 

XXX. X X  deg 

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

00014 
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P61-ENTRY-PREPARATION PROGRAM -

'Purpose: 

1 .  To start navigation, check I MU al ignment, and provide entry monitor system 
initialization data. 

Assumptions: 

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

2. The ISS is on and precisely aligned to a satisfactory orientation. 

Sequence of Events: 

V37E61E 

PRO 

PRO 

PRO 

Average G On 

Flashing 
V06N61 

I mpact Latitude 
Impact Longitude 
Roll Attitude Code 

XXX.XX deg 
x x x . x x  deg 
± oooox 

X = + 1 - heads up/lift vector down 
X =  -1 - heads down/lift vector up (normal) 

V25E to load entry data. 

Flashing 
V06N60 

G Max 
VPRED 
GAMMA E l  

x x x . x x  9 
XXXXX. ft/s 
x x x . x x  deg 

GMAX is the maximum predicted acceleration for ENTRY at nominal bank angle 
(LID ratio = 0.18).  VPRED is the predicted inertialvelocity at E ntry I n terface 
(E I )  altitude of 400 k ft. GAMMA E I is the f l ight path angle between 
the inertial velocity vector and the local horizontal at E I altitude of 
400 k ft. 

F lashing 
V 1 6N63 

RTOGO 
VIO 
TFE 

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

RTOGO is the range to go from a pre loaded altitude of 297,432 feet to splash. 
This is approximately 0.05 g altitude. VIO is the predicted velocity at 297,431 feet. 
TF E is the time until 297 ,43.1-foot altitude is reached. 

RTOGO and VIO may be used for EMS initialization if  pad values not available. 

AGC advances to P62. 

IS 
-

2 at - . ' . - . . . . . . . ..... , 
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P62-ENTRY-CM/SM SEPARATION AND PREENTRY MANEUVER PRO(;.gAM 

Purpose: 

1 .  To notify crew when the GNCS is prepared for CM/SM separation. 

2. To orient the CM to the correct attitude for atmospheric entry. 

Assumptions: 

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

2. The IMU is satisfactorily aligned for entry. 

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

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

Sequence of Events: 

V37E62E 
I f  entered manually; normally entered automatically from P61 . 

Average G on. Normally on from P61 . 

Flashing 
V50N25 

Checklist Code 

Perform CM/SM separation. 

Maneuver to Separation Attitude. 
SC Control to SCS. 
CM/SM Separation - On. 
Maneuver to Horizon Track Attitude. 

PRO 
Entry DAP Activated 

Flashing 
V06N61 

I mpact Latitude 
Impact Longitude 
Roll Attitude 

X = +1 - heads up/lift vector down 
X = -1 - heads down/lift vector up (normal) 

V25E to load desired data. 

PRO I f  angle of attack of CM is within 45 degrees of desired, go to P63. 

V06N22 Desired Gimbal Angles OG(R) 
I G(P) 
MG(Y) 

00041 

x x x . x x  deg 
x x x . x x  deg 
±oooox 

x x x . x x  deg 
x x x . x x  deg 
x x x . x x  deg 

Roll angle depends on heads up/down option. Pitch depends on the desired 
angle of attack into the atmosphere. When CM is within 45 degrees of desired 
advance to P63. 

AGC Advances to P63. 

-----------------------------------

I 
I 
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- P63-ENTRY- I N ITIALIZATION PROGRAM 

Purpose: 

1 .  To initialize the entry equations. 

-

2. To continue to hold the CM to the correct attitude with respect to the atmosphere 
for the onset of entry deceleration. 

3. To establish entry DSKY displays. 

4. To sense 0.05 g and display this event to the crew by selecting the E ntry-Post 
0.05 g program (P64) . 

Assumptions: 

1 .  The program is automatically selected 
Preentry Maneuver program (P62). 

by the Entry-CM/SM Separation and 

Sequence of Events: 

P63 entered automatically from P62. 

V06N64 Drag Acceleration 
I nertial Velocity 
Range to Splash 

This display may be monitored continuously by keying V1 6N64E. 

OPTIONAL DISPLAYS 

V16N68E 

V 1 6N68 

V16N63E 

V 1 6N63 

V1 6N74E 
V 1 6N74 

Commanded Bank Angle (Beta) 
I nertial Velocity (VI)  
Altitude Rate of Change (H DOT) 

Range from EMS Altitude (RTOGO) 
I nertial Velocity at EMS Altitude 
Time to go Until EMS Altitude 

Commanded Bank Angle (Beta) 
I nertial Velocity 
Drag Acceleration 

xxx.xx g 
XXXXX. ft/s 
XXXX.X nmi 
(+ is overshoot) 

xxx.xx deg 
XXXXX. ft/s 
XXXXX. ft/s 

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

x x x . x x  deg 
XXXXX. ft/s 
xxx.xx g 

Manual track of horizon reduces pitch error needle as pitch attitude approaches the 
desired angle of attack. 

SC Control Switch · CMC/ Auto. 
Entry DAP now controlling vehicle attitude. 

G&N system senses 0.05g drag acceleration. 

AGC advanced to P64. 
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CM-91 

P64-ENTRY-POST 0_05 G PROGRAM 
-

Purpose: _ 

1 - To start entry guidance at 0_05 g selecting roll attitude, constant drag level, and drag 
threshold, KA, which are keyed to the 0-05 g point_ 

2. Select final phase (P67) when 0_2 g occurs if V < 27,000 ft/s at 0.05 g. 

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

4. Select final phase (P67) if no upcontrol solution exists with VL > 1 8,000 ft/s. 

5. To establish the 0.05 g mode in SCS-

6. To continue entry DSKY displays. 

Assumptions: 

1 .  The program is automatically selected by the E ntry-1 nitialization program (P63). 

Sequence of Events: 

P64 entered automatically from P63 at 0.05 g. 

V06N74 Commanded Bank Angle (Beta) 
I nertial Velocity (VI) 
Drag Acceleration (G) 

OPTIONAL DISPLAYS 

V1 6N64E 

V 16N64 

V 1 6N68E 

V 1 6N68 

Drag Acceleration (G) 
I nertial Velocity (VI) 
Range to Splash (RTOTARG) 

Commanded Bank Angle (Beta) 
I nertial Velocity ( V I )  
Altitude Rate (HOOT) 

AGC advances to P65 or P67. 

If  V I  < 27 k ft/s at 0.05 g, go to P67 when 0.2 g drag is sensed. 
I f  V I � 27 k ft/s, a constant drag trajectory is flown until HOOT 

XXX. X X  deg 
xxxxx_ ft/s 
xxx.xx g 

xxx.xx g 
XXXXX. ft/s 
XXXX.X nmi 

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

becomes more positive than -700 ft/s_ A range-to-go check will determine 
if a controlled skip (P65) phase should be entered- The entry is targeted 
nominally for a RTOGO at E l  which will be too small to satisfy P65 requirement" 
and P67 is entered at this point. 
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CM-92 

P65-ENTRY-UPCONTROL PROGRAM 

Purpose: 

1 .  To execute E ntry-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 ft/s2) and thereupon to select the 
Entry-Ball is tic Phase program (P66). 

4. Where HOOT is negative and the V is sufficiently low (V·VL-C 1 8  neg), the program 
will ex it directly to P67 ( F ina I Phase). 

Assumptions: 

1 .  This program is automatically selected by the E ntry -Post 0.05 g 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. 

Sequence of Events: 

P65 entered automatically from P64. 

Flashing Commanded Bank Angle (Beta) 
V 1 6N69 Drag Level at Skipout (OL) 

Skipout Velocity (VL) 

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

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

V06N74 Commanded Bank Angle (Beta) XXX.XX deg 
I nertial Velocity ( V I )  X X X  XX. ft/s 
Drag Acceleration (G) XXX.XX g 

OPTIONAL DISPLAYS 

V1 6N64E 

V 1 6N64 

V16N68E 

V16N68 

Drag Acceleration (G) 
I nertial Velocity (VI)  
Range-to-Splash (RTOTARG) 

Commanded Bank Angle (Beta) 
Inertial Velocity (VI)  
Altitude Rate ( H  DOT) 

AGC advances to P66 or P67. 

xxx.xx g 
XXXXX. ft/s 
XXXX.X nmi 

xxx.xx deg 
XXXXX. ft/s 
XXXXX. ft/s 

P67 will be entered when HOOT is negative and the velocity is sufficiently 
low. P66 will  be entered when exit is sensed . 

I 
I 

I 
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CM-93 

P66-ENTRY-BALLI STIC PROGRAM 
-

Purpose: 

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

2. To sense reentry (drag acceleration builds up to 07 + 0.5 ft/s2 or approximately 
0.2 g) and thereupon to select the Entry-Final Phase program (P67). 

Assumptions: 

1 .  This program is automatically selected by the Entry-Upcontrol program (P65) 
when drag acceleration becomes less than 07 ft/s2. 

Sequence of Events: 

P66 is entered automatically from P65. 

V06N22 Desired Gimbal Angles 
to Orient the Vehicle to 
Correct Angle of Attack 

OG XXX.XX deg 
IG XXX.XX deg 
MG XXX.XX deg 

Three-axis control of SIC is regained when acceleration falls below 0.05 g and is 
relinquished when the drag increases above this value. 

OPTIONAL DISPLAYS 

V1 6N64E 

V1 6N64 

V16N68E 

V1 6N68 

V1 6N74E 

V 1 6N74 

Drag Acceleration (G) 
I nertial Velocity (VI)  
Range to Splash ( RTOT ARG) 

Commanded Bank Angle (Beta) 
I nertial Velocity (VI)  
Altitude Rate (H OOT) 

Commanded Bank Angle (Beta) 
I nertial Velocity (VI) 
Drag Acceleration (G) 

AGC advances to P67. 

P67 is entered at reentry or when approximately 0.2 g is sensed. 

xxx.xx g 
XXXXX. ft/s 
XXXX.X nmi 

xxx.xx deg 
XXXXX. ft/s 
XXXXX. ft/s 

xxx.xx deg 
XXXXX. ft/s 
xxx.xx g 

- 2 I .E£!2_4SC&& Ul !!1 2 -I. p; •• ,.,., I h!S 
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P67-ENTRY-FINAL PHASE PROGRAM 

Purpose: 
1 :- To continue entry guidance after Q7F + 0.5 ft/s2 (or approximately 0.2 g) until 

termination of steering when the CM velocity WRT earth = 1 ,000 ft/s (altitude is 
approximately 65,000 ft)_  

2. To continue entry DSKY displays. 

Assumptions: 
1 .  The program is automatically selected by: 

a. P65 when HOOT is negative and the V is sufficiently low (V-VL-C18 neg). 

b. P66 when drag acceleration builds up to 07F + 0.5 ft/s2 (or approximately 
0.2 g) .  

c. P64 if no upcontrol solution exists with VL > 1 8,000 ft/s. 

Sequence of Events: 
P67 is entered automatically from P64, P65, or P66. 

V06N66 Commanded Bank Angle (Beta) 
Crossrange Error 
Downrange Error 

OPTIONAL DISPLAYS 
V16N64E 

V 1 6N64 Drag Acceleration (G) 
I nertial Velocity (VI) 
Range to Splash (RTOT ARG) 

V16N68E 
V1 6N68 Commanded Bank Angle (Beta) 

I nertial Velocity (VI )  
Altitude Rate {HOOT) 

V 1 6N74E 
V 1 6N74 Commanded Bank Angle (Beta) 

I nertial Velocity (VI) 
Drag Acceleration (G) 

Relative velocity reaches 1 ,000 ft/s 
Flashing Range-to-Splash {RTOTARG} 
V1 6N67 Present Latitude 

Present Longitude 
SC Control - SCS 

PRO 
Prevent jet firings when Drogue chutes deploy. 

Flashing 
V37 

Average G off. 

Select New Program. 

a 

xxx.xx deg 
XXXX.X nmi (+ south) 
XXXX.X nmi (+ overshoot) 

xxx.xx g 
XXXXX.  ft/s 
XXXX.X nmi 

xxx.xx deg 
X X X X X .  ft/x 
XXXXX. ft/s 

xxx.xx deg 
XXXXX. ft/s 
xxx.xx g 

XXXX.X nmi (+ overshoot) 
XXX.XX deg (+ north) 
XXX.XX d eg  (+ east) 

2 
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Purpose: 

CM-95 

P72-LM COELLIPTIC SEQUENCE I N ITIATION (CSI) 
PROGRAM 

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

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

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

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 1 0  minutes for successfu l  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, out-of-plane parameters are computed for TIG(CSI)  and displayed. 
In  addition, the N81 display is modified to establish an antinode at CS I .  

8. If  P20 is in operation while this program is operating, the astronaut may hold at any 
flashing display 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 Universal Tracking program (P20). 

Sequence of Events: 

V37E72E 

This sequence is identical to the P32 manual sequence when entered at TARGETING. 
Record maneuver parameters and transmit to LM. 
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Purpose: 

CM-96 

P73-LM CONSTANT DELTA ALTITUDE (CDH) 
TARGETING PROGRAM 

-

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

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

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

Assumptions: 

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

a. 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. 

b. The time between CSI ignition and CDH ignition was computed to be greater 
than 1 0  minutes. 

c. The time between COH ignition and TPI ignition was computed to be greater 
than 1 0  minutes. 

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

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

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

g. The CSI and CDH maneuvers were assumed to be parallel to the plane of the 
CSM orbit; however, out-of-plane parameters are computed for TIG(CDH) and 
displayed. 1 n addition, the N81 display is modified to establish an anti node at 
CDH. 

2. If P20 is in operation while this program is operating, the astronaut may hold at any 
flashing display and take optics marks, and/or he may allow V H F  ranging marks to 
accumulate. 

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

Sequence of Events: 

V37E73E 

This sequence is identical to the P33 manual sequence when entered at TARGETING. 
Record maneuver parameters and transmit to LM. 

' 
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PUrpose: 

CM-97 

P74-LM TRANSFE R PHASE I N I TIATION (TPI) 
TARGETI NG•PROGRAM 

-

L To calculate the required Delta V and other initial conditions required by the LGC 
for LM execution of the Transfer Phase I nitiation maneuver, given: 

a. Time of ignition (T I G (TP I ) )  or the elevation angle ( E )  of the LM/CSM LOS at 
T I G (TPI ) .  

b. Central angle of transfer (CENTANG) from T I G (TPI) to intercept time 
TIG(TPF). 

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

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

Assumptions: 

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

2. If P20 is in operation while this program is operating, the astronaut may hold at any 
flashing display and take optics marks, and/or he may allow VHF ranging marks to 
accumulate. 

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

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

4. When determining the initial position and velocity of the target at intercept time, 
either conic or precision integration may be used. The time difference for computa
tion is approximately 1 0 : 1  (that is, conic integration is 1 0  times faster than 
precision integration). 

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

Sequence of Events: 

V37E74E 

This sequence is identical to the P34 manual sequence when entered at TARGETING. 
Record maneuver parameters and transmit to LM. 

........... j ............ a= .... l .......... __________ •••-•-=-ss-•-•----=-----------------------
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CM-98 

P75-LM TRANSFER PHASE MI DCOURSE (TPM) 
TARGETING PROGRAM -

Purpose: 

1 .  To calculate the required Delta V and other initial' conditions required by the LGC 
for LM execution of the next midcourse correction of the transfer phase of an active 
LM rendezvous. 

Assumptions: 

1 .  I F  P20 is in operation while this program is operating, the astronaut may hold at any 
flashing display and take optics marks, and/or he may allow VHF ranging marks to 
accumulate. 

2. 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 1 70 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. 

3. The time of intercept (T(I NT)) was defined by previous completion of the LM 
Transfer Phase I nitiation (TPI) program (P74) and is presently available in  AGC 
storage. 

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

Sequence of Events: 

V37E75E 

This sequence is identical to the P35 manual sequence when entered at TARGETING. 
Record maneuver parameters and transmit to LM. 
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CM-99 

P76-TARGET DELTA V PROGRAM 

Purpose: 

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

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

Assumptions: 

1 .  The CSM crew has the Delta V to be applied by the LM in local vert1cal axes at a 
specified Tl G. These values are displayed prior to TIG by the Prethrust Targetmg 
program in the LM. No provision is made in these thrusting programs to display the 
results of the maneuver in a form usable by this routine. I f  the burn is not nominal 
and this Delta V is not as specified or if TIG is not as originally specified. consult 
backup procedures. 

2. I n  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 resu lts in the LM state vector. The landing site will 
not be altered. 

3. This program may be selected manually or internally by the MINKEY controller. 

Sequence of Events: 

If  entered automatically by the MIN KEY controller, go to Flashing V06N33. 

V37E76E 

PRO 

PRO 

Flashing 
V06N33 

Time of ignition of LM thrusting 
maneuver TIG 

ooxxx h 
OOOXX min 
oxx.xx s 

TIG is loaded with CSM calculated TIG from targeting program 
V25E to modify TIG. 

Flashing 
V06N84 

Delta V of LM at TIG in 
Local Vertical Coordinates 

X 
y 
z 

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

N84 is loaded with the negative of the CSM targeting solution. modified for 
out-of-plane velocity (YDOT). IF CSM actually did burn, N84 is loaded 
with zero. 
V25E to modify Delta V. 

If  manual sequence. go to Flashing V37 
If MINKEY sequence, the next targeting program in the rendezvous 
sequence is initiated. The maneuver sequence is: 
1 .  Multiple Coelliptic Sequence Initiation (CSI I maneuvers (P32). 
2. Height Adjustment (HAM) maneuver (P31), 
3. Final Coelliptic Sequence ! nitiation ICSI) maneuver (P32). 
4. Plane change (PC) maneuver (P36) •. 
5. Constant Delta Altitude (CDH) maneuver (P33). 
6. Transfer Phase Initiation (TPI) maneuver (P34). 
7. Transfer Phase Midcourse (TPM) number one maneuver (P35), 
8. Transfer Phase Midcourse (TPM) number two maneuver (P35). 
9. Final Rendezvous Attitude maneuver and display (P79). 

*If P76 is entered after the PC maneuver and an IMU PC reorientation was 
performed, MIN KEY returns to P52 for a realignment of the I M U  to its 
original orientation prior to selection of the CDH targeting program. 

Flashing 
V37 Select new program (manual sequence) 

' 
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C M-100 

P77-CSM TARGET DELTA V PROGRAM 

Purpose. 

1 To provide a means of notifying the CMC that CSM has changed lor will change) its 
orbital parameters by the execution of a thrusting maneuver when Average G is not 
running. 

2 To provide to the CMC the Delta V applied to the CSM to enable an updating of the 
CSM state vector. 

Assumptions: 

1. The crew has the Delta V applied to the CSM in local vertical coordinates at a 
specified TIG. 

2. R03 should be performed after P77 to update CSM mass. 
3. The contents of N8 1 is the same as the previous value at entrance to P7 7. 

Sequence of Events: 

V37E77E 

PRO 

PRO 

Flashing 
V06N33 

V25E to Load TIG 

Flashing 
V06N81 

Tl G at which Delta V 
maneuver was executed 

Delta V executed in 
Local Vertical Coordinates 

V25E to load Delta V 

Flashing 
V37 Select New Program 

P79-FINAL RENDEZVOUS PROGRAM 

X 
y 
z 

ooxxx h 
OOOXX min 
oxx.xx s 

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

Purpose: 

1. To establish X-axis tracking by P20. 
2. To select the rendezvous parameter display (R31) internally to pr011ide range and 

range rate information prior to the braking phase of rendezvous. 

Assumptions: 

1. This program may be selected manually or internally by the MINKE Y controller. 

Sequence of Events: 

If entered automatically by MINKEY controller. go to MANEUVER. 
V37E79E 

Note: If P20 rendezvous options is not running, P20 Option 0 is activated now. 

MANEUVER 

PRO 

V58E 

If the trackin!battitude error between the vehicle X-axis and the LOS to the LM 
is less than 10 (computed by P20/R61), go to DISPLAY. 

Flashing Desired FOAl angles for OG(R) XXX.XX deg 
V50N18 automaneuver IG(P) XXX.XX deg 

V06N18 Maneuver in Progress 

When maneuver is complete, go to DISPLAY 

MG(Y) XXX.XX deg 

Note: P20(R61) will1(513intain tracking attitude computations. If the attitude error becomes 
greater than 10 , the astronaut will be alerted by: UPLINK ACTY light on. 

Request automaneuver execution. Go to MANEUVER. 

DISPLAY 

PRO 

Flashing 
V16N54 

Flashing 
V37 

Range 
Range Rate 
THETA 

Select New Program 

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

/ 
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R07·MINKEY CONTROLLER ROUTINE 

Purpose: 

1.  To perform automatic sequencing of rendezvous programs. 
2. To establish Universal Tracking program {P20) Option 0, with present values for P20 

displays. 
3. T o  perform Target Delta V (P76) after each rendezvous maneuver with 

appropriately computed P76 displays. 

Assumptions: 

1. The initialiLation values for the W matrix must be loaded proor to selection of a 
rendezvous targeting program. 

2. This routine is initiated by astronaut selection of a rendezvous targettng program or 
the Rendezvous F tnal Phase !P79l program. 

Sequence of Events: 
The following sequence is presented as a summary of program flow and significant 
event occurrence for a nominal rendezvous. The MINKE Y controller may be activated 
at any of six reset points· pre· HAM (P31), pre·CS 1 (P32), pre-PC (P36), pre-COH IP33), 
pre· TPI (P34), or pre-TPM (P35). This sequence is initiated at the HAM maneuver 
prior to the final CSI maneuver; however. multiple CSI maneuvering may be 
sequenced by the MINKEY controller. 

P31 {HAM Targeting) 
1. Start rendezvous navigation (P20. Option Ol with optics tracking 

assumed; maneuver to track attttude and enable VHF rangtng ana 
state vector updating. 

2. Perform HAM targeting computations. 
3. Inhibit rendezvous navigation. 
4. Select a burn program*. 
5. Update LM orbital parameters (P76) for LM thrusting maneuver. 
6. Select final coelliptic sequence initiation targeting (P32). 

P32 ICSI Targeting) 

1. Start rendezvous navigation (P20), maneuver to tracking attitude, 
and enable VHF ranging and state vector updating. 

2. Perform CSI targeting computations. 
3. Inhibit rendezvous navigation. 
4. Select a burn program •. 
5. Update LM orbital parameters (P76) for LM thrusting maneuver. 
6. Selection of a subsequent targeting program is based on the number of 

apsides INN) before CDH. For a multiple CSI rendezvous sequence the 
number of apsides will be greater than 4. 

P36 (PC Targeting) 

a. If NN > 4. select Coelliptic Sequence Initiation targeting 
(P32). 

b. I I NN = 4, select Height Adjust Maneuver targeting (P31). 
c. If NN< 4, select Plane Change targeting (P36). 

• 
1 . Start rendezvous navigation {P20), maneuver to tracking attitude, and enable 

VHF ranging and state vector updating. 
2. Perform PC targeting computations. 
3. Inhibit rendezvous navigation. 
4. Plane change realignment option: 

a. If PC Delta V = 0. go to LM Delta V update (P76). Step 7 
b. If PC Delta V� 0, select IMU Realignment (P52) program. 

( 1) If X-axis thrusting desired, realign IMU to PC 
orientation to avoid gimbal lock and go to selection 
of burn program, Step 5. 

(2) If Y -ax is thrusting desired, I MU realignment is 
bypassed and RCS burn program (P41) is selected. 
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--

R07 (continued) 

-
5. Select a burn program' (P41 selected if Y axis RCS used). -
6. Reorient 1 MU to original orientation prior to PC realign and maneuver to LM tracking 

attitude (only if IMU realignment was performed). 

7. Update LM orbital parameters (P76) for LM thrusting maneuver. 

8. Select Constant Delta Altitude targeting (P331. 

P33 (CDH Targeting) 

1. Start rendezvous navigation (P20). maneuver to tracking attitude, 
and enable VHF ranging and state vector updating. 

2. Perform CDH targeting computations. 

3. Inhibit rendezvous navigation. 

4. Select a burn program •. 

5. Update orbital parameters (P76) for LM thrusting maneuver. 

6. Select Transfer Phase I nitiation targeting (P34) 

P34 (TPI Targeting) 

1 .  Start rendezvous navigation (P20). maneuver to tracking attitude, and 
enable VHF tracking and state vector updating. 

2. Perform TPI targeting computations. 

3. Inhibit rendezvous navigation. 

4. Select a burn program*. 

5. Update LM orbital parameter (P76) for LM thrusting maneuver. 

6. Select Transfer Phase M idcourse targeting (P35). 

P35 (TPM Targeting) 

1 .  Start rendezvous navigation (P201, maneuver to tracking attitude, and 
enable VHF tracking and state vector updating. 

2 .  Perform TPM targeting computations and reinitia lize W matrix. 

3. Inhibit rendezvous navigation. 

4. Select a burn program*. 

5. Update LM orbital parameters (P76) for LM thrusting maneuver. 

6. Test for completion of midcourse correction (MCCI maneuver. 

a. If MCC-1 just completed, return to TPM targeting (P351 
for MCC-2 maneuver computations. 

b. I f  MCC-2 just completed, go to final rendezvous (P791. 

P79 (Final Rendezvous) 

1 .  Start rendezvous navigation (P20). maneuver to X-axis tracking attitude. 
and enable VHF tracking and state vector updating. 

2. Activate rendezvous parameters display ( R31 I of range, range rate, and theta. 

3. Exit MIN KEY autosequencing and manually select new program. 

• Automatic selection of a burn program (P40/P41 I is based upon the Delta V solution computed 
in the targeting program: 

1. I f  Delta v< 7 ft/s. the RCS Burn (P41 I program is selected. 

2. If Delta V � 7 ft/s, the SPS Burn (P40) program is selected. 
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LM DSKY 

UPLINK ACTY light -is energozed by the first character of a digital UPLINK message 
received by the LGC. 
NO A TT Light -is energrzed 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 decnergized when the 
LGC is in the Operate mode. 
KEY REL Light 

-

1. Energized when· 
a. An internal display comes while the astronaut has the DSKY. 
b. An astronaut kcystro�El is made while an internal flashing display is currently 

on the DSKY. 
c. The astronc.ut makes a keystroke on top of (his own) Monitor Verb display. 

2.  Oeenergized when. 
a. Astronaut relinquishes the OSKY by operating the KEY REL button. 
b. Astronaut terminates his current sequence normally. for example: 

!1) with final ENTR of a load sequence: 
(2) the ENTR of a response to a flashing display. 
(3) the ENTR of an extended verb request. 

OPR ERR Light -is energized when the DSKY operator performs an improper sequence of 
key depressi ons. 

DAP NOT IN CONTROL Loght lurt•Twkedl - The OAP NOT IN CONTROL light on the 
DSKY is a constant indication to the astronauts whether or not the PGNS digital autopilot 
is controlling the spacecraft attitude. It is lit whenever the autopilot is in the Idle, Off, or 
Minimum Impulse mode; it is extinguished in all other modes. 

PRIORITY DISPLAY Light (unmarked) - The PRIORITY DISPLAY light will alert the 
astronaut that a proority dosplay from P20 is waoting to come up if he is using the OSKY 
over a foreground program and the KEY RELEASE light is already on. 

1 .  The light is turned on when a priority display is put up. 

2. The light will be turned off for: 

a. A response to the display of PROCEED, V33ENTER, V32ENTER, V34ENTER. 

b. A response of V37E (change Major Mode). V36E (Fresh Stan). V56E (Terminate 
Tracking). 

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 ± 70 degrees 
from iu zero position . When the middle gimbal angles exceeds ± 85 degrees from its zero 
position the LGC automatically commands the Coarse Align mode in the ISS t o  prevent 
gimbal oscillation. The NO A TT light will then be energized. 
PROG Light- Under a variety of situations a program alarm is generated. The program 
alarm actuates the P ROG lamp on the DSKY. 

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

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

AL T Light - W hen the Landing Radar is on, the light is energized (on steady or flashing) 
when: 

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

2. LR Altitude Reasonability test was failed (FLASHING). 
VEL Light - When the Landing Radar is on, the light is energized (on STEADY or 
FLASHING) when: 

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

2. LR Velocity Reasonability test was failed (FLASHING). 

I 
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LM-3 

COMP ACTY Light -Is energized when tt:e 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 
display a plus sign, a minus sign, or a blank. The numerical sectiuns are grouped to form 
three data display registers, each of five numerical characters; and tnree control dis�lay 
registers. each of two numerical characters. The data display registers are referred to as R 1, 
R2, R3. The control display registers are known as VERB, NOUN, and PROGRAM. 

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

Keyboard -contains the following buttons: 

1. VERB -Pushing this button indicates that the next two numerical characters 
keyed are to be interpr"!ted as the Verb Code. 

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

3. + and · -are sign keys used for sign convention and to identify decimal data. 

4. 0 · 9 -are numerical keys. 

5. CLR -is used during a data loading sequence to blank the data display register 
( R 1, R2. R3) being used. It allows the operator to reload the data word. 

6. PRO-This pushbutton performs two functions: 

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

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

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

7. ENTR -is used in three ways: 

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

b. To direct the LGC to accept a data word just loaded. 

c. To respond to a "Please Perform" request. 

8. RSET -turns oH alarm indicator on the DSKY providing the alarm condition has 
been corrected. 

I UPliNK ) (  TEMP I ACTY 

I NO ATT II GIM8AI... I LOCK 

I STBY II PROG I 

CMPTR 
PROG 

DO ACTY 
I Noui:l' VERB 

I� 78 I Cl 

I KEY REL II RESTART I •2 a,-, . ..,r, LIUU 

• 
I OPR ERR II TRACKER I 

DAP NOT I ALT I IN CONTROL 

_nnr. n n 
u l-1 ;;;) ,_, ,_, 

PRIORITY I VEL I DISPLAY 
+ ,-, I ,_,n ,-, '-I I fULl 

• 

* Labels shown are not on lights. 
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PHASE -

Service 

Ascent 

Coast 

Pre-
thrusting 

Thrusting 

Align-
ments 

Descent 

Aborts 
and 
Backups 

LM-4 

I 
PROGRAMS FOR PROGRAM LUMINARY 

PROGRAM NUMBER t'ROGRAM TITLE 

00 LGC Idling 
-

06 LGC Power Down 

1 2  Powered Ascent 

20 Rendezvous Nav•gatiOn 
21 Ground Track Determination 
22 Lunar Surface Navigation ' 25 Preferred Tracking Attitude 
27 LGC Update 

30 External Delta V 
32 Coelliptic Sequence lnitiat•on !CSI) 
33 Constant Delta Alt1tude !CDHl 
34 Transfer Phase Initiation (TPI) 
35 Transfer Phase Midcourse (TPM) 

40 OPS 
41 RCS 
42 APS ' 47 Thrust Monitor 

5 1 IMU Orientation Determination 
52 IMU Realign 
157 Lunar Surface Align 

63 Braking Phase 
64 Approach Phase 
66 Landing Phase (ROO) 
68 Landing Confirmation 

70 DPS Abort 
7 1  APS Abort 
72 CSM Coelliptic Sequence Initiation (CSI) Targeting 
73 CSM Constant Delta Altitude (COH) Targeting 

I 74 CSM Transfer Phase Initiation (TPI) Targeting 
7 5  CSM Transfer Phase Midcourse (TPM) Targeting 
76 State Vector Update !CSM) 
77 State Vector Update ( L M) ' 

t 
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ROUTINE 

00 
01 
02 
03 
04 
05 
09 
1 0  
1 1  
1 2  
1 3  
20 
2 1  
22 
23 
24 
25 
26 
30 
31 
33 
36 
40 
41  
47 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
65 
76 
77 

LM-5 

ROUTINES FOR PROGRAM LUMINARY 

ROUTINE TITLE 

Final Automatic Request Terminate 
Erasable Modification -
IMU Status Check 
DAP Data Load 
Rendezvous Radar/Landing Radar Self-Test 
S-Band Antenna 
R 1 0/R 11/R 1 2  Service 
Landing Analog Displays 
Abort Discretes Monitor 
Descent State Vector Update 
Landing Auto Modes Monitor 
Landing Radar/Rendezvous Radar Read 
Rendevzous Radar Designate 
Rendezvous Radar Data Read 
Rendezvous Radar Manual Acqu isition 
Rendezvous Radar Search 
Rendezvous Radar Monitor 
Lunar Surface RR Designate 
Orbit Parameter Display ' 
Rendezvous Parameter Display I 
LGC/AGC Clock Synchronization 
Out-of-Plane Rendezvous Display 
DPS/APS Thrust F ail 
State Vector Integration (MIDTOAVE) 
AGS Initialization 
Coarse Align 
In-Flight Fine Align 
Auto Optics Positioning 
AOT Mark 
Sighting Data Display 
Gyrotorquing 
Terminate Tracking 
MARKRUPT 
Celestial Body Definition 
Lunar Surface Sighting Mark 

l Attitude Maneuver 
Preferred Tracking Attitude 
Crew-Defined Maneuver 
Rendezvous Final Attitude 
Fine Preferred Tracking Attitude I 
Extended Verb Interlock J 
LR Spurious Test 

� 
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LIST OF VERBS USED I N  PROGRAM LUI\11N ARY 

R E GULAR VERBS 

00 
01 
02 
03 
04 
05 
06 
07 
08-10 
1 1 
1 2  
1 3  
1 4  
1 5  
16 
17 
18-20 
21 
22 
23 
24 
25 
26 
27 
28-29 
30 
31 
32 
33 
34 
35 
36 
37 
38-39 

Not in use 
Display Octal Component 1 in R1 
Display Octal Component 2 in R1 
Display Octal Component 3 in R 1  

-

Display Octal Components 1 ,  2 in R 1 ,  R2 
Display Octal Components 1 ,  2, 3 in R 1 ,  R2, R3 
Display decimal in R 1 or R 1, R2 or R 1 ,  R2, R3 
0 isplay OP decimal in R 1. R 2 (test only) 
Spare 
Monitor Octal Component 1 in R 1 
Monitor Octal Component 2 in R 1 
Monitor Octal Component 3 in R 1 
Monitor Octal Components 1 ,  2 in R 1 ,  R2 
Monitor Octal Components 1 ,  2,  3 in R 1 ,  R2, R3 
Monitor decimal in R 1 or R 1, R 2  or R 1 ,  R2, R3 
Monitor OP decimal in R1, R2 (test only) 
Spare 
Load Component 1 into R 1 
Load Component 2 into R 2  
Load Component 3 into R 3  
Load Components 1, 2 into R 1 ,  R 2  
Load Components 1, 2, 3 into R 1, R2, R3 
Spare 
Display F ixed Memory 
Spare 
Req uest E X E CUTIVE 
Req uest WAITLIST 
Recycle program 
Proceed without DSKY inputs 
Terminate function 
Test lights 
Req uest FRESH START 
Change program (major mode) 
Spare 

EXTENDED VERBS 

40 
4 1  
42 
43 
44 
45-46 
47 
48 
49 
50 
5 1  
52 
53 
54 
55 
56 
57 
58 
59 
60 

Zero COU's {specify N20 or N72) 
Coarse align COU's (specify N20 or N72) 
Fine align IMU 
Load IMU attitude error needles 
Terminate R R  continuous designate {V4 1 N72 Option 2) 
Spare 
Initialize AGS ( R4 7) 
Request OAP Data Load routine ( R03) 
Req uest Crew Defined Maneuver routine (R62) 
Please perform 
Spare 
Mark X reticle 
Mark Y reticle 
Mark X or Y reticle 
Increment LGC time (decimal) 
Terminate tracking (P20 and P25) 
Permit Landing Radar updates 
I nhibit Landing Radar updates 
Command LR to Positon 2 
Display vehicle attitude rates on FOAl error needles 

• 7 
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61  
62 i 63--
64 
65 

• 66 
67 
68 
69 
70 I 

I 71 

" 72 

� 
73 
74 
75 

- • 
;w 76 

77 
78 
79 
80 
81 
82 
83 

, 84 
85 
86-88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
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LIST OF VERBS USED IN PROGRAM LUMINARY 

Display DAP following attitude errors 
Display total attitude errors with respect to N22 
Sample radar once per second ( R04) 
Request S·Band Antenna routine (R05) 
Disable U and V jet firings during DPSOurns 
Vehicles are attached. Move this vehicle state vector to other vehicle 
Display W matrix 
Cause Lunar Terram model to be bypassed 
Cause RESTART 
Start LGC update, liftoff time (P27) 
Start LGC update, block address (P27) 
Start LGC update, single address (P27) 
Start LGC update, LGC time (P27) 
Initialize erasable dump via DOWNLINK 
Enable U and V jet firings during DPS burns 
Minimum Impulse Command mode 
Rate Command and Attitude Hold mode 
Start LR spurious test (R77) 
Stop LR spurious test 
Enable LM state vector update 
Enable CSM state vector update 
Request Orbit Parameter display ( R30) 
Request Rendezvous Parameter display ( R31) 
Spare 
Display Rendezvous Radar LOS azimuth and elevation 
Spare 
Request Rendezvous Final Attitude maneuver (R63) 
Request Out of Plane Rendezvous display (R36) 
Display BANKSUM 
Start I MU performance tests (ground use) 
Enable W matrix initialization 
Spare 
No update of either state vector allowed (P20 or P22) 
Interrupt integration and go to POO 
Perform Engine Fail procedure (R40) 
Spare 
Please Enable Engine Ignition 

-
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LIST OF NOUNS USED IN PROGRAM LUMINARY 

00 Not in use 

01 Specify address (fractional) .XXXXX fractional 
.XXXXX fractional 
.XXXXX fractional 

- 02 Specify address (whole) XXXXX. integer 
XXXXX. integer 
XXXXX. integer 

03 Specify address (degree) XXX.XX deg 
xxx.xx deg 
XXX.XX deg 

04 Angular error/diHerence xxx.xx deg 

05 Angular error/difference XXX.XX deg 
l 
I • � 

06 Opt ion code I 0 Octal 
• 

Option code Octal 
Data code Octal 

07 Channei/E Memory operator 

ECADR Octal 
81 T I 0 Octal 
Action Octal 

08 Alarm data ' 

i A ORES Octal 
BBANK Octa l 
ERCOUNT Octal I • 

09 Alarm codes 

First Octal i Second Octal l Last Octal 

10 Channel to be specified Octa l 

1 1  TIG of CSI/T (APO APSIS) ooxxx. h 
OOOXX. min 

·. 
oxx.xx s � 

12 Option code (extended verbs only) Octal 
Octal 

I 

1 3  TIG of COH ooxxx. h 
OOOXX. min 
OXX.XX s 

1 4  CHECKLIST (used internally by extended verbs only; XXX XX. } 
N25 is pasted after display) 

15 Increment address Octal ·;, 

16 Time of event (used by extended verbs only) ooxxx. h 
OOOXX. min 
oxx.xx s 

1 7  Spare 

' 
1 8  Desired automaneuver FOAl ball angles R XXX.XX deg • ' 

p xxx.xx deg 
y xxx.xx deg 



I 
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19 

20 

21 

22 

23 

24 

25 

26 

27 

28-31 

32 

33 

34 

35 

36 

37 

38 

39 

LM-9 

LIST OF NOUNS USED IN PROGRAM 

Spare 

Present ICDU angles 

PIP A's 

Desired I C DU angles 

Spare 

Delta time for LGC clock 

CHECKLIST (used with V50) 

PRIO/DELAY, ADRES, BBCON 

Self-test on/off switch 

Spare 

Time from perigee 

Time of ignition 

Time of event 

Time from event 

Time of LGC clock 

Time of ignition (TPI l 

Time of state being integrated 

Spare 

LUMINARY • 

OG XXX.XX deg 
IG xxx.xx deg 
MG XXX.XX deg_ 

X XXXXX. pulses 
y XXXXX. pulses 
z X X XX X. pulses 

OG XXX.XX deg 
IG XXX.XX deg 
MG XXX.XX deg 

ooxxx. h 
OOOXX. min 
oxx.xx s 

XXX XX. 

Octal 
Octal 
Octal 

XXX XX. 

ooxxx. h 
OOOXX. min 
oxx.xx s 

ooxxx. h 
OOOXX. min 
oxx.xx s 

ooxxx. h 
OOOXX. min 
oxx.xx s 

ooxxx. h 
OOOXX. min 
oxx.xx s 

ooxxx. h 
OOOXX. min 
oxx.xx s 

ooxxx. h 
OOOXX. min 
oxx.xx s 

ooxxx. h 
OOOXX. min 
oxx.xx s 
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LIST OF NOUNS USED IN PROGRAM LUMINARY -
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59 

60 

61 • 

62 • 

63 

64 • 

65 

66 • 

67 

68 • 

69 

70 

71 

72 

73 

74 • 

75 • 

LM-11 

LIST OF NOUNS USED IN PROGRAM LUMINARY 

Delta V LOS 1 XXXX.X ft/s 
Delta V LOS 2 XXXX.X ft/s 
Delta V LOS 3 XXXX.X ftfs 

Forward veloci..tl; XXXX.X ft/s 
Altitude rate XXXX.X ft/s 
Computed altitude XXXXX. ft 

Time to go in braking phase XX b XX min/s 
Time from ignition XX b XX min/s 
Crossrange distance XXXX X nmi 

Absolute value of velocity XXXX.X ftfs 
Time from ignition XX b XX min/s 
Delta V (accumulated) XXXX.X ft/s 

Delta Altitude (+LR >LGC) XXXXX.ft 
Altitude rate XXXX.X ft/s 
Computed altitude XXXXX.ft 

Time left for redesignations (TRl/LPD XX b XX seconds/deg 
Altitude rate XXXX X ft/s 
Computed altitude xxxxx ft 

Sampled LGC time (fetched in interrupt) ooxxx. h 
OOOXX min 
oxx.xx s 

LR slant range (R2) XXXXX.ft 
LR position (R3) 0000 1 I 00002 

LR VX XXXXX. ft/s 
LR VY XXXXX. ft/s 
LR VZ • XXXXX. ft/s 

Ground range to landing site XXXX.X nmi 
Time to g o  in braking phase XX b XX min/s 
Absolute value of velocity XXXX.X ft/s 

Landing site correction z xxxxx. ft 
Landing site correction y xxxxx. ft 
Landing site correction X xxxxx. ft 

AOT detent code/star code (before mark) Octal 
Octal 
Octal 

AOT detent code/star (after mark) Octal 
Mark X/Cursor Counter (Max = 5) Octal 
Mark Y/Spiral Counter (Max = 5) Octal 

RR trunnion angle (360 degrees- CDU trunnion angle) xxx.xx deg 
R R shaft angle xxx.xx deg 

Desired RR trunnion angle (360 degrees- CDU trunnion angle) XXX.XX deg 
Desired RR shaft angle xxx.xx deg 

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

Delta altitude ICDH) XXXX.X nmi 
Delta time (CDH-CSI or TPI-CDHI (Modular 60) XX b XX min/s 
Delta time (TPI-CDH or TPI-NOMTPI) (Modular 60) XX b XX min/s 

*Display cannot be changed via a data load (that is, V25 NXXE, and so forth) 
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LIST OF NOUNS USED IN PROGRAM LUI\111\:�RY 

76 Desired downrange velocity XXXX.X ft/s 
Destred radial velocity XXXX.X ft/s 
Crossrange distance XXXX.X nmi 

77 • Tune to en�ine cutoH XX b XX min/s 
Velocoty normal to CSM plane (LM) (+Rt) XXXX.X ft/s 
Absolute value of velocotv XXXX.X ft/s 

:m • RR range XXX.XX nm1 
R R range rate XXXXX. ft/s 
Time from ignition XX b X X  min/s 

79 Cursor angle xxx.xx deg 
Sporal angle xxx.xx deg 
Posn:on code +OOOOX 

80 Data indocator XXX X X .  
Omega xxx.xx deg 

8 1  Delta VX (LV) (tFwd) XXXX.X ft/s 
Delta VY (LV) (+Rt) XXXX.X ft/s 
Delta VZ (LV) (+On) XXXX.X ft/s 

82 Delta VX (LV) ('Fwd) XXXX.X ft/s 
Delta VY (LV) ( ;  Rtl XXXX.X ft/s 
Delta VZ (LV) (+On} XXXX.X ft/s 

83 Delta VX (body) (+Up) XXXX.X ft/s 
Delta VY (body) (+Rtl XXXX.X ft/s 
Delta VZ (body) (+Fwd) XXXX.X ft/s 

84 Delta VX (LV of other vehicle) ( +  R x V} xR} XXXX.X tt/s 
Delta VY (LV of other vehicle} ( +  (V x R) XXXX.X ft/s 
Delta VZ (LV of other vehicle) (+ ( ·R) X X X X .X ft/s 

85 VGX (body) C+ Up) XXXX.X tt/s 
VGY (body) (+ Rtl XXXX.X tt/s 
VGZ (body) ( +  Fwd) XXXX.X ft/s 

86 VGX (LV) ( +  Fwd) XXXX.X ft/s 
VGY (LV) (+ Rt) X X X X .X ft/s 
VGZ (LVI (+ On) XXXX.X ft/s 

87 Backup optics LOS 

Azimuth (+ R t} 
Elevation ( + Up) 

XXX.XX deg 
XXX.XX deg 

88 Components of celestial body unit vector X .XX X X X  
y .xxxxx 
z .xxxxx 

89 Landmark latitude (+ North) XX.XXX deg 
Landmark longitude/2 (+ East) xx.xxx deg 
Landmark altitude XXX.XX nmi 

90 Rendezvous out of plane parameters 

y XXX.XX nmi 
Y dot XXXX.X ft/s 
PSI xxx.xx deg 

91 Altitude XXXXXb. nmi 
Velocity XXXXX. ft/s 
Fli ght path angle xxx.xx deg 

•oisplay cannot be changed via a data load (that is, V25 NXXE, and so forth) 
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LIST OF NOUNS USED IN PROGRAM LUMINARY 

' 
• ' 

92 

93 

94 

95 

96 

97 

98 

99 

Percent of full thrust ( 10,500 I b) 
Altitude rate 
Computed altitude 

Delta gyro angles 

VGX (LM) (+Up) 
Altitude Rate 
Computed Altitude 

Spare 

Spare 

System test inputs 

System test results and input 

RMS in position 
RMS in velocity 
RMS in bias 

-

---II!I\IJ:RI----�------·------

ooxxx% 
XXXX.X ft/s 
xxxxx. ft 

X XX.XXX deg 
y XX.XXX deg 
z XX.XXX deg 

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

XXX XX. 
XX XXX. 
XXX XX. 

XX XXX. 
.XX XXX 
xxxxx. 

xxxxx. ft 
XXXX.X ft/s 
XXXXX. milliradians 

I 
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CODE 

001 11 
00112 

00113 
00114 
001 1 5  
00206 

00207 
00210 

00211 

00212 

00213 
00214 
00217 
00220 
00401 

00402 

00404 • 
00405 • 

00421 
00501 • 

00502 
00503 • 

00510 
00511 
00514 • 

005 1 5  
00520 
00522 
00523 

00525 • 

00526 
00527 

00530 • 

00600 • 

00601 • 

00602 • 

00603 • 

00604 • 

00605 • 

00606 • 

00611 • 

00701 • 

00777 
01102 
01105 
01106 
01107 

I ' 
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LIST OF ALARM CODES USED WITH VERB 05 
NOUN 09 FOR PROGRAM LUMINARY 

PURPOSE 

Mark missing 
Mark or mark reject not being accepted 
/or ROD input and Average G off 

No inbits 
Mark made but not desired 
No marks in last pair to reject 
Zero E ncode not allowed w ith Coarse Align 
plus Gimbal Lock 
ISS turn-on request not present for 90 seconds 
IMU not operat ing 

Coarse A I ign error 

PIP A fail but PIP A is not being used 

I MU not operating with turn-on request 
Program using IMU when turned off 
Bad return from IMUSTALL 
Bad R E FSMMAT 
Desired gimbal angles yields Gimbal Lock 

FIN DCDUW routine not controlling attitude 
because of inadequate pointing vectors 
Two stars not available in any detent 
Two stars not available 
W-matrix overflow 
Radar antenna out of limits 
Bad radar gimbal angle input 
Radar antenna designate fail 
Radar auto discrete not present 
LR not in Position 2 or repositioning 
R R goes out of Auto mode while in use 
RR CDU Fail discrete present 
RADARUPT not expected at this time 
L R position change 
LR antenna did not achieve Position 2 

Delta Theta greater than 3 degrees 
Range greater than 400 nmi 
LOS not in Mode 2 coverage in P22 
Or vehicle maneuver required in P20 
LOS not in Mode 2 coverage while on lunar 
surface after 600 seconds 
I magi nary roots on first iteration 
Perigee altitude after CSI < 85 nmi earth orbit, 
< 35,000 teet moon orbit 

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

CSI to CDH time less than 10 minutes 
COH to TPI time less than 10 minutes 
Number of iterations exceeds P32/P72 loop 
maximum ( >15) 
DV exceeds maximum 
No TIG for given E angle 
Illegal option code se lected 
PIP A Fail caused ISS warning 
LGC self-test error 
DOWNLINK too fast 
UPLINK too fast 
Phase table failure. Assume erasable 
memory is suspect. 

• 
SET BY 

R53 
R57 

R57 
R57 
R57 
IMU mode switching 

• 

V40 N20 
T4RUPT 
IMU mode switching, 
R02 
IMU mode switching, P51, 
P57, R50 
IMU mode switching, 
T4RUPT 
T4RUPT 
T4RUPT 
P51, P57, R50 
R02, R47 
In-flight alignment, IMU-2, 
FINDCDUW 
FINDCDUW 

R59 
R51 
INTEGRV 
R23 
V41N72 
R 2 1 ,  non-* in V41 N72 
R25, V40 N72 
R12 
P20, P22 
R25 
Radar read, P20, P22, R12 
R 1 2  
R12, V59 
(non-• in V59) 
R22 
P20,P22 
R24 
R24 
R21 

P32, P72 
P32,P72 

P32, P72 

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

P32,P72 
P33, P34, P73, P74 
P57 
T4RUPT 
SELFCHECK 
T4RUPT 
T4RUPT 
RESTART 

I 
f 



LM-1 5  

• LIST OF .L\LARM CODES USE[) WITH VERB 05 
NOUN 09 FOR PROGRAM LUMI NARY 

CODE PURPOSE SET BY 

0 1 30 1  ARCSIN-ARCCOS input angle too large INTERPRETER 
0 1406 Bad return from ROOTSPRS during descent guidance P63, P64 
01 407 VG increasing (Delta V accumu Ia ted at P40, P42 

90 degrees from desired thrust vector) 
0 1 4 1 0  Unintentional overflow i n  guidance P63, P64, P66 
0 1 4 1 2  Descent ignition algorithm not converging P63 
0 1 466 Throttle servicing insuffictent P66 
0 1 520 V37 request not permitted at this time ROO 
01 600 Overflow in drtft test Ground Test 
0 1 60 1  Bad IMU torque Ground Test 
0 1 703 Too close to ignition; slip time of ignition R41 
0 1 706 • Incorrect program selected for vehicle P40.P42 

configuration 
02001 Jet failures have disabled Y -Z translation DAP 
02002 Jet failures have disabled X translation DAP 
02003 Jet failures have disabled P rotations DAP 
02004 Jet failures have disabled U-V rotattons DAP 
03777 ICDU fail caused the ISS warn.ng T4RUPT 
04777 ICDU, PIP A fatls caused the ISS warning T4RUPT 
07777 11\.lU fail caused the ISS warning T4RUPT 
10777 IMU, PIP A fails caused the ISS warning T4RUPT 
13777 I M U, ICDU fails caused the ISS warning T4RUPT 
14777 IMU, ICDU, PIP A fails caused the ISS warning T4RUPT 
20105 AOT mark system in use R53 
20430 Acceleration overflow in integration Orbital integration 
20607 No solution from TIME-THETA or TIME-RADIUS TIMETHET, 

TIMER AD 
2 1 1 03 Unused CCS branch executed ABORT 
2 1 204 WAITLIST, VARDELAY, F I X DELAY, WAITLIST 

DELAY JOB, or LONGCALL called with zero 
or negative delta time 

2 1 302 SORT called with negative argument INTERPRETER 
2 1 406 Bad return from ROOTSPS during descent preignition Ignition algorithm 
2 1 501 Keyboard and Display alarm during internal PINBALL 

use (NVSUB) 
3 1 1 04 Delay routine busy EXECUTIVE l 3 1 2 0 1  Executive overflow-no VAC areas EXECUTIVE 
31202 Executive overflow-no core sets EXECUTIVE 
31203 WAITLIST overflow-too many tasks WAITLIST 
31206 * Second job attempts to go to sleep via PINBALL 

Keyboard and Display program 
31207 No VAC area for marks R53 
3 1 2 1 0  Two programs using device at same time I M U  mode switching 
31 2 1 1 I l l egal interrupt of extended verb R53 
31 502 Two priority displays waiting GOPLAY 
32000 DAP still in progress at next T5RUPT DAP 

' NOTE: For V05 N09 displays: • I R 1-0XXXX (first alarm to occur after last RSE T) • 
I R2-0XXXX (second alarm to occur after last RSET) 
l R3-XXXXX (alarm which occured last) 

I 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 RESTART 
. 2XXXX indicates a more serious Abort code that results in the program 
I going to ROO • • • *This alarm displayed without having to key in V05 N09E. I An astronaut response is required by this alarm. 
I 

I 
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R l CODE 

00013 
00014-

0001 5  
00016 

00062 
00201 
00203 

00205 
00500 

LM- 1 6  

LIST OF CHECKLIST R E F E RENCE CODES USED WITH 
VERB 50 NOUN 25 PROGRAM L U M I N A R Y  

ACTION TO BE E F FECTED 

Key in normal or gyro torque coarse align 
Proceed. Do fine alignment option 

E nter: Do landing site determination (AJ89) 
Perform celestial body acquisition 
Key 1n proceed. Do I M U  al•gn 
with nonrejected data. 

Sw1tch LGC power down 

Sw•tch RR mode to automatiC 

Sw itch guida nce control to PGNS, mode to Auto, 
thrust control to Auto 
Perform manual acquisition of CSM with R R 
Switch LR antenna to Position 1 

PROGRAM 

P52 
R 5 1 . P63, P57 
P57 Option 2 
R 5 1 , P51  
R53. R 5 1 ,  P 5 1  

P06 
P20, P22, R04 
P 1 2 ,  P42, P7 1 ,  P40, 
P63, P70 
R23 
P63 

NOTES: Switch: denotes change position of a console switch 
Perform: denotes start or end of a task 

CODE 

00001 

00002 
00003 
00004 
00006 

00010 

00012 

Key I n :  denotes key-in of data through the DSKY 

LIST O F  OPTION CODES DISPLAYED I N  R 1 I N  
CONJUNCTION WITH V E R B  04 NOUN 06 TO REQUEST THE 
ASTRONAUT TO LOAD INTO R 2  THE OPTini\J H E  DES I R ES 

FOR PROGRAM LUM I N A R Y  

P U RPOSE 

Specify I M U  Orientation 

Specify vehicle 
Specify tracking attitude 
Specify radar 
Specify R R coarse align 
option 
Specify alignment mode 

Specify CSM orbit 
option 

INPUT FOR R 2  

1 = preferred, 2 = nominal 
3 = REFSMMAT, 4 = landing site 
1 = this, 2 = other 
1 = preferred, 2 = other 
1 = R R, 2 = LR 
1 = lock on, 2 = continuous 
designate 
0 = anytime, 1 = RE FSMMAT + g 
2 = two bodies, 3 = one body + g 
1 = no orbit change, 
2 = change orbit to pass over LM 

PROGRAM 

P52, P57 

P 2 1 ,  R 30 
R63 
R04 
V41N72 

P57 

P22 

) 
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FLAGWORD BIT ASSIGNMENTS (ALPHA B E T I C A L )  
FOR LUMINARY 

• 

I 
ABTTFLG FW9 87 GMBORBIT I'WG 810 
ACCSOKAY FW13 8 3  GMB DRVSW FW6 810 
ACC4·2FL FW13 811 GUESSW FW1 82 
ACC40R2X FW13 8 1 1  HFAIL FLG FW11 813 
ACMODFLG FW2 81"3 H F L S H B I T  FW11 81 
ALTSCALE • FW12 89 HF LSHFLG FW l l  81 -

• ANTENBIT FW12 812 DLEFBIT FW7 87 
I AOR8SYST FW5 85 OLE FLAG FW7 87 

AOR8TFLG FW13 810 GNFLAG FW7 813 
AOR8TRAN FW13 810 GNFLBIT I'W7 8 1 3  
APSESW FW8 85 MPULBIT FW2 89 
APSFLAG FW10 813 C1,1P U t  SW F\\2 89 
APSFL81 T  FW\0 813 MUSE h\'0 88 
ASTNBIT FW7 8 1 2  MUSE BIT FWO 88 

I ASTNFLAG FW7 8 1 2  N F I N F L G  FW8 87 
ATTFLAG FW6 81 NITA81T FW8 82 
ATTFL81T FW6 81 NITALGN FW8 82 
AUTOM81T FW12 82 NTFL81T FW10 814 
AUTR 1FLG • FW13 81 N TYPFLG FW3 84 
AUTR2FLG• FW13 82 TSWICH FW7 815 
AUXFLBIT FWG 82 JSWITCH FWO 814 
AVEGF81T FW7 85 LETA881T F\V9 89 
AVEGFLAG FW7 85 LETA80RT F Vv9 89 
AVEMIDSW FW9 81 LMOONFLG F\V8 811 
AVFLAG FW2 85 LOKONBIT F,\Q 85 
CALCMAN2 FW2 82 LOKO'\JSW >'\".0 o -... o 
CALCMAN3 FW2 83 LOSCMSIT FW2 812 

' CDES81T FW12 815 LOSCMFLG FW2 8 1 2  I 
l CDESFLAG FW12 815 LRAL. T81T FW12 85 

CMOONFLG FW8 812 LRBY81T FW11 815 

l 
COGAFLAG FW8 84 LA BYPASS FW11 815 
CONTRLBT FW10 82 LRINH FW11 88 I CSMDOCKD FW13 813 LRINH81T FW11 88 

l CULTFLAG FW3 87 LRPOSBIT FW12 8 6  
I OAP800LS FW13 LRVELFLG" FW12 88 

08SELECT FW13 84 LUNAFLAG FW3 812 I DBSELECT2 FW13 85 MAN U FLAG' FW7 814 
DESIG81T FW12 810 MGLVFLAG FW5 82 
DESIGFLG FW12 810 MIDAVFLG FW9 82 
DIDFL81T FW1 8 1 4  MIDFLAG FWO 8 1 3  
DIMOFLAG FW3 8 1  MI DI FLAG FW9 8 3  

t DME NF81T FW5 89 MKOV81T FW4 8 3  

I DMENFLG FW5 89 MOON F LAG FWO 812 

I DRFT81T FW2 815 MRKIDFLG ' FW4 815 
ORIFT81T FW13 88 MRKNV8 1 T  FW4 89 
DRIFTDFL FW13 88 MRKNVFLG FW4 89 

I DRIFTFLG FW2 815 MRUPTFLG* FW4 85 

� DSK YF81T FW5 815 MUNFLAG FW6 88 
060R9FLG FW3 82 MUNFL81T FW6 88 

• ENGON81T FW5 87 MWAITFLG• FW4 811 
I 

EORADFLAG FW1 813 NEEDL81T FWO 84 I 

l ETPIFLAG FW2 87 NEEDLFLG FWO 84 

1 
FINALFLG FW2 8 6  NEED281T FWO 815 
FLAP FW9 88 NEE D2FLG FWO 815 
FLPC FW9 812 NEWIFLG FW8 813 

I FLPI FW9 811 NJETSFLG FW1 815 • 
I FLRCS FW9 810 NOD081T FW2 81 

l 
FLRCSBIT FW9 810 NOOOFLAG FW2 81 

I FL T5981T FW9 84 NOLRR8 1 T  FW11 8 1 0  
FLT59FLG FW9 84 NOLA READ FW11 810 

• 

NOP0781T FW3 I FLU N D 8 1 T  FW8 810 811 . I FLUNDISP FW8 8 1 0  NORMSW FW7 810 

j FLVR FW9 814 
I FRE E F 8 1 T  FWO 83 
I FREEFLAG FWO 8 3  

FSPASFLG FWO 810 
, ' GLOKFAIL FW3 814 • 

I •These switches are never called by name. 

I 
' 
l I 
I I I 
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FLAGWORO B I T  ASSIGNMENTS (ALPHABETICAL) 
FOR LUMINARY 

NORRMBIT FW5 84 R04FLBIT FW3 89 
NO ARMON FW5 B4 R l O F L G  FWO B2 
NOTERBT FW1 8 1 1  RlOFLBIT FWO 82 
NOTERFLG FW1 81 1 R12RDBIT FW1 1 83 
NOTHR81T FW5 8 1 2  R61FLAG FW1 8 1 0  
NOTHROTL FW5 _B 1 2  R 6 1 F L B I T  FW1 8 1 0  
NOUPFBIT FW1 86 R77FLAG FW5 B 1 1  
NOUPFLAG FW1 86 R77FLBIT FW5 8 1 1  
NPGNCSBT F W 1 3  81 SLOPESW FW1 83 
NRMNVFLAG FW4 B8 SNUFF81T FW5 8 1 3  
N R M I Q F L G '  FW4 8 1 3  SNUFFER FW5 8 1 3  
NRUPTFLG' FW4 8� SOLNSW FW5 83 
NR29F81T FW3 8 1 1  SRCH081T FW2 8 1 4  
NTARGFLG FW6 83 SRCHOPTN FW2 B 1 4  • NWAITFLG• FW4 8 1 0  STATE81T FW3 85 
ORBWFLAG FW3 86 STATEFLG FW3 B5 
OROERSW FW8 86 STEER B I T  FW2 8 1 1  
OURRCBIT FW13 8 1 2  STEERSW FW2 8 1 1  
POSPF 8 1 T  FW5 8 1 2  S U R F F B I T  FW8 B8 
POSPFLAG FW5 B 1 2  SURF FLAG FW8 88 
PFRATBIT FW2 84 SWAND81T FW7 8 1 1  
PFRATFLG FW2 84 SWANOISP FW7 B 1 1  
PINBRFLG FW4 86 S32 . 1 F 1  FW6 B 1 5  
POO H FLAG FW3 B 1 5  S32.1F2 FW6 B 1 4  
PRECIFLG FW3 B8 S32.1F3A FW6 8 1 3  
P R I ODBIT FW4 8 1 4  S32.1F3B FW6 8 1 2  
PRONVFLG FW4 87 TFFSW FW7 B 1  
PST HI BIT FW1 1 B 1 1  TRACKBIT FW1 65 
PULSE FLG FW13 8 1 5  TRACKFLG FW1 B5 
PULSES FW13 8 1 5  TURNONBT F W 1 2  8 1  
P21FLAG FWO B 1 1  ULLAGE A FW13 B6 
P21 FL81T FWO B 1 1  ULLAGFLG F W 1 3  86 

I P25FLAG FWO 89 UPDAT81T FWl 87 I 
P25FLBIT FWO 89 UPOATFLG FW1 87 
P66PR08T FWO 8 1 1  UPLOCBIT FW7 84 
P66PROFLG FWO 8 1 1  USEQRJTS F W 1 3  8 1 4  
P7071FLG FW9 8 1 3  VEHUPF.LG FW1 88 
OUITFLAG FW9 85 VELOA81T F W 1 1  87 
RADMOOES FW12 V E R I F B I T  FW7 83 
RCDUF81T FW12 87 V F A I L F L G  FW1 1 8 1 4  
RCDUOBIT FW12 B 1 3  VFLAG FW3 8 1 0  
REO FLAG FW6 86 VFLSHBIT F W 1 1  82 
R E O F L B I T  FW6 86 VFLSHFLG FW1 1 82 
REFSMBIT FW3 8 1 3  VINTFLAG FW3 B3 
REFSMFLG FW3 8 1 3  VXINH FW1 1 8 1 2  
REINT81T FW10 87 V X I N H B I T  FW1 1 8 1 2  

' ' 
REINTFLG FW10 87 V37FLAG FW7 B6 
REM0081T FW12 8 1 4  V37FL81T FW7 86 
RENOWBIT FW5 81 V67FLAG FW7 88 
RENOWFLG FW5 8 1  V82EMFLG FW7 82 
REPOS81T FW12 8 1 1  XDELVFLG FW2 88 
RHCSCALE FW13 87 XOSP81T FW4 8 1  
RNOVZBIT FWO 87 XOSPFLAG FW4 81 
RNOVZFLG FWO 87 XORFLBIT FW1 1 89 
RNGE081T FW 1 1  84 XORFLG F W 1 1 89 
RNGSC81 T FW5 810 XOVINFLG F W 1 3  89 
RNGSCFLG FW5 8 1 0  XOVINHIB FW13 89 
ROOF LAG FW1 8 1 2  ZOOM81T FW5 B8 ' 
RODFLBIT FW1 812 ZOOM FLAG FW5 B8 
ROTFLAG FW9 86 3AXISBIT FW5 B6 
RPOFLAG FW8 B 1 5  3AXISFLG FWS B6 
R R OATABIT F W 1 2  84 360SW FW8 Bl 
R R N 8SW FWO 86 
R R  RSBIT FW12 83 
RVSW FW7 89 

1 R04FLAG FW3 B9 
' • 

�. i • *These switches are never called by name . 

,. ' 

-------------------------
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FLAGWORO BIT ASSIG NMENTS FOR LUMINARY 

( F LAGWORD 0, LOCATION 0074
8

) 

Bit Name 1 0 

1 P66P ROFL Continue P66 horizontal velocity Stop P66 horizontal velocity 
P66PROBT nulling. nulling. 

2 RlOFLAG R 1 0  outputs data to altitude and Besides outputs to altitude and 
R 1 0 F L B I T  altitude rate meters only. altitude rates. when set. R 10 also 

outputs data to forward and 
lateral velocity crosspoi nter 

3 FREEFBIT Used by P51·53 in  many different routines and by lunar 
F R E E  FLAG and solar ephemerides. 

4 NEEDLBIT Total attitude error displayed. A/P following error displayed. 
N E E DLFLG 

5 LOKONBIT Radar lock-on desired. Radar lock-on not desired. 
LOKONSW 

6 R R N BSW Radar target in NB coordinates. Radar target in SM coordinates. 

7 R N OVZBIT P20 running (radar in use). P20 not running. 
RNDVZFLG 

8 I MUSE IMU in use. I MU not in use. 
I MUSEBI T 

9 P25FLAG P25 operating. P25 not operating 
P25FLBIT 

1 0  FSPASFLG First pass through reposition Not first pass through reposition 
routine. routine. 

1 1  P21FLAG Succeeding pass through P21;  use First pass through P2 1 ;  calculate 
P21 FLBIT base vectors already calculated. base vectors. 

1 2  MOON FLAG Moon is sphere of influence. Earth is sphere of influence. 

1 3  MIDFLAG Integration with secondary body and Integration without solar 
solar perturbations. perturbations. 

1 4  JSWITCH I ntegration of W matrix. Integration of state vector. 

1 5  NEED2BIT Display DAP rates on FOAl Check Bit 4 of this FLAGWORD 
NEED2FLG needles. for display modes ( 1  or 2). 
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FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 

(FLAGWORD 1 ,  LOCATION 00758) 

Bit Name 

1 Not Assigned 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1 

1 2  

1 3  

14 

15 

GUESSW 

SLOPESW 

Not Assigned 

TRACKBIT 
TRACKFLG 

NOUPFBIT 
NOUPFLAG 

UPDATBIT 
UPDATFLG 

VEHUPFLG 

Not Assigned 

R6 1FLAG 
R61FLBIT 

NOTERBT 
NOTERFL 

RODFLAG 
RODFLBIT 

ERADFLAG 

DIDFLBIT 

NJETSFLG 

1 

No start.lflg value for iteration. 

Iterate with bias method in 
iterator. 

Track1ng allowed. 

Neither CSM nor LM state vector may 
be updated. 

Updating by marks allowed. 

CSM state vector be1ng updated. 

Run R61 LM. 

LM Terram Model 1n hibited. 

If i n  P66, normal operation continues. 
Restart clears flag. 

Compute REARTH Fischer ellipsoid. 

Inertial data is available. 

Two-jet RCS burn. 

0 

Starting value for iteratiOn exists. 

I terate with Regula Falsi method 
i n  iterator. 

Track ing not allowed. 

E ither state vector may be 
updated. 

Updating by marks not allowed. 

LM state vector being updated. 

R u n  R65 LM. 

L R  Terrain Model permitted. 

I f  in P66, reinitialization is 
performed. 

Use constant REARTH pad 
radius. 

Perform data display initialization 
functions. 

Four-jet RCS burn. 

I 

l 
i 

t 
I 

! 
I 

I 
I 
I 
I 

• 

I 
I 

I 

I 1 
I 
t • 
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F LAGWORD BIT ASSIGNME NTS FOR LUMINARY • 

IFLAGWORD 2. LOCATION 007681 
Bit Name 1 

1 NODOBIT V37 not permitted. 
-

NO DO F LAG 

2 CALCMAN2 Perform maneuver starting procedure. 

3 CALCMAN3 No final roll. 

4 PFRATBIT Preferred attitude computed 
PFRATFLG 

5 AVFLAG LM is active vehicle. 

6 FINALFLG Las1 pass through rendezvous 
program computations. 

7 ETPIFLAG Elevation angle supplied for 
P34, P74. 

8 XDELVFLG External Delta V VG computation. 

9 IMPULBIT Minimum impulse burn (cutoff 
IMPU LSW time specified). 

1 0  Not Assigned 

1 1 STEERBIT Sufficient thruS1 is present. 
STEERSW 

1 2  LOSCMBIT Line of sight being computed (R21). 
LOSCMFLG In R29, R R  gyro command loop 

runnmg. 

1 3  ACMODFLG Manual acquisition by Rendezvous 
Radar . 

1 4  SRCHOBIT Radar in automatic search option 
SRCHOPTN (R24). 

1 5  DRFTBIT T3RUPT calls gyro compensation. 
DRIFTFLG 

0 

V37 perm1tted. 
-

Bypass starting procedure. 

F mal roll IS necessary. 

Preferred attitude not computed. 

CSM is active vehicle. 

Interim pass through rendezvous 
program computations. 

TPI 11me supplied for P34, P74 to 
compute elevation. 

Lambert (aimpoint) VG computation 

Steering burn (no cutoff time yet 
available). 

Insufficient thruS1 is present. 

Line of sight not being computed ( R21). 
In R29. R R  gyro command loop off. 

Auto acquisition by A endezvous 
Radar. 

Radar not in automatic search 
option. 

T3RUPT does no gyro compensation. 
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FLAGWORD BIT ASS IGNMENTS FOR 
. 

LUMINARY 

IFLAGWOAD 3, LOCATION 0077
8

) 

Bit Name 1 0 

1 DIMOFLAG W matr� is to be used. W matr1x is not to be used. 

2 D60R9FLG Dimension o f  W is 9 for Dimension of Vilis 6 for 
integration. integration. 

3 VINTFLAG CSM state vector bemg integrated. LM state vector being Integrated. 

4 INTYPFLG Con1c integration Encke mtegrat10n. 

5 STATEBIT Permanent state vector being Permanent state vector not bemg 
STATE FLG updated. updated. 

6 ORBWFLAG W matrix valid for orbital W matrix invalid for orbital 
nav igat 10n. n avigation . 

7 CULTFLAG Star occulted. Star not occu I ted. 

8 PRECIFLG Normal in tegration 10 POO. Engages four· time step (POOl 
log1c in integration. 

9 A04FLAG Alarm 521 suppressed. Alarm 521 allowed. 
A04FLBIT 

10 VFLAG Less than two stars in the field 
of view. 

Two stars in the field of view. 

1 1  NOP07BIT System tests not allowed. System tests allowed. 

1 2  LUNAF LAG Lunar latitude-longitude. Earth latitude-longitude. 

13 AEFSMBIT REFSMMAT good (protected REFSMMAT no good (protected 
REFSMFLG from FRESH START). from FRESH START). 

14 GLOKFAI L  GIMBAL LOCK has occurred. Not in G IMBAL LOCK. 

1 5  POOH F LAG Inhibit backwards integra tion.·, Allow backwards integration . 

• 

• 

I 

l 
I 
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FLAGWORO BIT ASSIGNMENTS FOR LUMINARY 

(F LAGWORO 4, LOCATION 010081 

Bit Name 1 - 0 

1 XOSPBIT Mark display not to be interrupted. No special mark information. 
XOSPFLAG 

2 Not Assigned 

3 MKOVBIT Mark display ovec- normal. No mark display over normal. 

4 NRUPTFLG* Normal display interrupted by Normal display not interrupted by 
priority or mark display. pnor i ty or mark display. 

5 MRUPTFLG* Mark display interrupted by Mark display not interrupted by 
priority display. priority display. 

6 PINBRFLG Astronaut has interlerred with Astronaut has not interferred with 
existing display. exostmg display 

7 PRONVFLG Astronaut using keyboard when Astronaut not using keyboard when 
priority display initiated. pnority display initiated. 

8 NRMNVFLG Astronaut using keyboard when Astronaut not using keyboard when 
normal display initiated. normal display initiated. 

9 MRKNVBIT Astronaut using keyboard when Astronaut not using keyboard when 
MRKNVFLG mark display initiated . mark display initiated. 

10 NWAITFLG* Higher priority display operating No higher priority display operating 
when normal display initiated. when normal display initiated. 

1 1  MWAITFLG* Higher priority display operating No higher priority display operating 
when mark display initiated. when mark display initiated. 

1 2  Not assigned 

13 NRMIOFLG* Normal display in ENOl OLE. No normal display in ENOl OLE. 

1 4  PRIOOBIT Priority display in ENOl OLE. No priority display in ENOl OLE. 

15 MRKIOFLG* Mark display in ENOl OLE. No mark display in ENOl OLE. 

*These switches are never called by name. 
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FLAGWORD BIT ASSI GNMENTS FOR LUMINARY 

(FLAGWORD 5, LOCATION 0101
8) 

Bit Name 1 0 

1 RENDWBIT W matrix valid for rendezvous W matrix invalid for rendelvous 
RENDWFLG navigation. -

navigation. 

2 MGLVFLAG Local vertical coordinates computed. Middle gimbal angle computed. 
-

3 SOLNSW Lambert does not converge, or Lambert converges or time radius 
time-rad ius nearly circular. noncircular. 

4 NOR AMBIT 
NO RAMON 

Bypass R R gimbal monitor. Perform R A grmbal monitor. 

5 AORBSYST Prefer P-ax is jet Prefer P-axis Jet 
pairs 7, 1 5  and 8, 16. pairs 4,12 and 3, 1 1 .  

6 3AXISBIT Maneuver specified by three axes. Maneuver specified by one axis; 
3AXISFLG R60 call VECPOI NT. 

7 ENGONBIT Engine turned on. Engine turned off. 
8 ZOOM BIT Throttleup has occurred Throttleup has not 

ZOOM F LAG in P63. occurred in P63. 

9 DMENFLG Dimension of W is 9 for Dimension of W is 6 for 
DMENFBIT incorporation. incorporation. 

10 RNGSCBIT Scale change has occurred during No scale change has occurred during 
RNGSCFLG R R  reading. R R  reading. 

1 1  R77FLAG R77 is on; suppress all radar alarms R77 is not on. 
R77FLBIT and tracker fails. 

12 NOTHRBIT 
NOTHROTL 

Inhibit full throttle. Permit full throttle. 

1 3  SNUFFER U ,  V jets disabled during DPS U, V jets enabled during DPS 
SNUFFBIT burns (V65}. burns (V75}. 

14 PDSFLG R60 does priority display AGO does normal display 
POSPFBT and is restart protected. and is not restart protected. 

1 5  OSKYFBIT Displays sent to DSKY. No displays to DSKY. 
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- LM-25 

FLAGWOAD BIT ASSIGNMENTS FOR LUMINARY 

(F LAGWORD 6, LOCATION 010281 
-

Bit Name 1 0 -

1 ATTFLAG LM attitude exists in moon-fixed No LM attitude available in moon-
ATTFLBIT coordinates. fixed coordinates. 

2 AUXFLBIT Providing I OLE FLAG is not set, SERVICE A wall skip DVMON on its 
SERVICE A will exercise DVMON on next pass even of the IDLEFLAG 
its next pass. is not set. I t  w111 then set 

AUXFLBIT . 

3 NTARGFLG Astronaut did overwrite Delta V Astronaut did not overwrite 
at TPI or TPM (P34, P35). Delta V. 

4 Not Assigned 

5 Not Assigned 

6 REDFLAG Landing site redesignation permitted. Landmg site redesignation not 
REDFLBIT permitted. 

7 Not Assigned 

8 MUNFLAG 
MUNFLBIT 

SERVICER calls MUNRVG. SERVICER calls CALCRVG. 

9 Not Assigned 

10 GMBDRBIT 
GMBDRVSW 

TRIMGIMB over. TRIMGIMB not over. 

1 1  Not Assigned 

12 S32. 1F38 (Bits 12 and 13 function as an ordered pair ( 13, 12) indicating the possible 
1 3  S32.1 F3A occurrence of two Newton iterations for S32 . 1 :  

(0, 01 - First pass of second Newton iteration, 
(0, 1 )  - First Newton iteration being done, 
( 1 ,  01 - Remainder of second Newton iteration, 
( 1 ,  1 I - 50 ft/s stage of second Newton iteration.) 

14 S32. 1 F2 First pass of Newton iteration. Reiteration of Newton. 

1 5  S32. 1 F 1  Delta V at CSI Time 1 exceeds Delta V at CSI Time 1 less than 
maximum. maximum. . 

I 
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FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 

( F LAGWORD 7, LOCATION 01038) 

Bit Name 1 0 

1 TFFSW 
-

Calculate TPERIGEE. Calculate TF F. 
-

2 V82E MFLG Moon vicinity. Earth vicinity. 

3 VERIFBIT (Changed when V33E occurs at end of P27l. 
- -

4 UPLOCBIT K-K-K fail. No K-K-K fail. 

5 AVEGFBIT AVERAGEG ISERVICER) des1red. AVERAGEG (SE RVICE A) not des1red. 
AVEGFLAG 

6 V37FLAG AVERAGEG (SE RVICER) running. AVERAGEG (SE RVICER) off. 
V37FLBIT 

7 IDLEFBIT Connect Delta V mon1tor. No Delta V monitor. 
IDLE F LAG 

8 V67FLAG Astronaut overwrites W-matnx Astronaut does not overwrite 
Initial values. W-matrix init1al values. 

9 RVSW Do not compute final state vector Compute final state vector m 

in time-theta. time-theta. 

10 NORMSW Unit normal input to Lambert. Lambert computes its own normal. 

11  SWA NDBIT Landing analog displays enabled. Landing analog displays suppressed. 
SWANDISP 

1 2  ASTNBIT Astronaut has OKed ignition. Astronaut has not OKed ignition. 
ASTNFLAG 

13 IGNFLAG TIG has arrived. TIG has not arrived. 
IGNFLBIT 

14 MANU FLAG• Attitude maneuver going on during No attitude maneuver during 
R R  search. RR search. 

1 5  ITSWICH P34; TPI time to be computed. TPI has been computed. 

•These switches are never called by name. 
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LM-27 

FLAGWORD BIT ASSIGNMEN.IS FOR LUMINARY 

( F LAGWORD 8, LOCATION 010481 

Bit 

1 

2 

Name 

360SW 

INITABIT 
INITALGN 

3 Not Assigned 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

12 

1 3  

COGAFLAG 

APSESW 

ORDE RSW 

INFINFLG 

SURFFBIT 
SURFFLAG 

Not Assigned. 

FLUNDBIT 
FLUNDISP 

LMOONFLG 

CMOONFLG 

NEWIFLG 

14 Not Assigned 

1 5  RPOFLAG 

1 

Transfer angle near 360 degrees. 

Initial pass through P57. 

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

RDESIRED outside of PERICENTER
APOCE NTE R range in time-radius. 

I terator uses second order 
minimum mode. 

No conic solution (closure 
through infinity required). 

LM on lunar surface (protected 
from FRESH START). 

Current guidance displays 
inhibited. 

Permanent LM state vector in 
lunar sphere (protected 
from FRESH START). 

Permanent CSM state vector in 
lunar sphere (protected 
from FRESH START), 

First pass through integration. 

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

0 

Transfer angle not near 360 
degrees. 

Second pass through P5 7. 

Conic solution exists (COGA 
does not overflow). 

-

A DESIRED inside of PERICENTER
APOCENTE R range in trme-radius. 

I terator uses first order 
standard mode. 

Conic solution exists. 

LM not on lunar surface (protected 
from FRESH START). 

Current guidance displays 
permitted. 

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

Permanent CSM state vector in 
earth sphere (protected from 
FRESH START). 

Succeeding iteration of integration. 

RPQ computed. 

I 
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FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 

(FLAGWORD 9, LOCATION 010581 

Bit Name 1 0 

--

1 AVEMIDSW AVETOMID calling for W-matrix No AVE TOM I D W-matrix integration. 
integration. Do not overwrite Allow setup of RN, VN, PIPTIME. 
RN, VN, PIPTIME. 

2 MIDAVFLG Integration entered from one of Integration was not entered via 
M l  DTOAV portals. MIDTOAV. 

3 M I D 1 F LAG Integrate to TDEC. 1 ntegrate to the then-present 
time. 

4 FLT59FLG Lunar surface mark pro- Normal marking to be 
FL T59BIT cedure used during in- used during iflflight alignmen�. 

flight alignment. 

5 OUITFLAG Discontinue integration. Continue entegration-

6 ROTFLAG P70 and P71 will force vehicle P70 and P71 will not force 
rotatiOn in the preferred direction. vehicle rotation in the preferred 

direction. 

7 ABTTFLAG J2, K2 parameters used for abort J 1 ,  K 1 parameters used for abort 
targeting_ targeting. 

8 FLAP APS continued abort after APS abort is not a continuation. 
DPS staging (ascent guidance). 

9 LETABBIT Abort programs are enabled. Abort programs are not enabled. 
LET ABORT 

10 FLACS RCS injection mode (ascent Main engine mode. 
FLRCSBIT guidance). 

1 1 FLPI Preignition phase (ascent Regular guidance. 
guidance). 

12 FLPC No position control (ascent Position control. 
guidance). 

1 3  P7071BIT P70 or P71 is using ascent P 1 2  is using ascent 
P7071 FLG guidance equations. guidance equations. 

1 4  FLVR Vertical rise (ascent Nonvertical rise. 
guidance). 

1 5  Not Assigned 
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LM-29 

FLAGWORO B I T  ASSIGNMENTS FOR LUMINARY 

(FLAGWORO 10, RASFLAG, LOCATION 0105a1 

Bit Name 1 0 
-

1 NPGNCSFL Last active DAP. Last active DAP. 
NPGNCSBT Pass done with an AGS Pass done with a PGNCS 

indication. indication. 

2 CONTRLFL DAP controlling OAP not controlling 
CONTRLBT Vehicle attitude. Vehicle attitude. 

3-6 Not Assigned 

7 REINTBIT Integration routine to be I ntegration routine not to be 
REINTFLG RESTARTED. RESTARTED. 

8-12 Not Assigned 

13 APSFLAG Ascent stage (protected from Descent stage (protected from 
APSFLBIT FRESH START). FRESH START). 

14 INTFLBIT Integration in progress. Integration not in progress. 

15 Not Assigned 

• 
(FLAGWORO 1 1 ,  LOCATION 0107

8
1 

B1t Name 1 0 

1 HFLSHBIT LR altitude fail lamp should be LR altitude fail lamp should not 
HFLSHFLG flashing. be flashing. 

2 VFLSHBIT LR velocity fail lamp should be LR velocity fail lamp should not 
VFLSHFLG flashing. be flashing. 

3 R12RDBIT Wait until velocity reads done Allow R 12 processing of 
before R 1 2  processing. velocity data. 

4 RNGEDBIT LR altitude measurement made. LR altitude measurement nvt made. 

5-6 Not Assigned 

7 VELDABIT LR velocity measurement made. LR velocity measurement not made. 

8 LRINH LR updates permitted by astronaut. LR updates inhibited by astronaut. 
LRINHBIT 

9 XORFLBIT Below limit; inhibit X-axis Above limit; do not inhibit. 
XORFLG override. 

10 NOLRRBIT LR repositioning; bypass LR not repositioning. 
NOLRREAD update. 

1 1  PSTH IBIT Posthigate. Prehigate. 

1 2  VXINH If Z velocity data unreasonable, Update X-axis velocity. 
VXINHBIT bypass X-axis velocity update on 

next pass . 

. . 
' 13 HFAILFLG LR altitude reasonability test Passed LR altitude reasonability 

failed. test . . 
l 

14 VFAILFLG LR velocity reasonability test Passed LR velocity reasonability 

l failed test. 

I ' 
• • 15 LRBYBIT Bypass all LR updates. Do not bypass LR updates . 

LR BYPASS 

*These switches are never called by name. 
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FLAGWORD B I T  ASSIGNMENTS FOR LUMINARY 

(FLAGWORD 12.  RADMODES. LOCATION 0 1 1 081 

Bit Name 1 

1 TURNONBT A R  turn-on sequence i n  progress 
(zero R R  CDU's, fix antenna - position). 

-
2 AUTOMBIT R R  not i n  Auto mode. Auto mode 

discrete is not present. 

3 RRRSBIT R R  range reading on the high 
scale. 

4 RADATABT A A data fail. Data could not be 
read successfully. 

5 LRAL TBIT LR altitude data fail. Data could 
not be read successfully. 

6 LRPOSBIT LA in Position 2. 

7 RCDUFBIT AA CDU fail has not occurred. 

8 L A V E L F L G •  L A  velocity data fail. 

9 AL TSCAL E '  LA altitude reading is on 
high scale. 

1 0  DESIGBIT R A designate requested or in 
DESIGFLG progress. 

1 1  REPOSBIT Reposition monitor, A R  reposition 
is taking place. 

12 ANTENBIT RA antenna is in Mode 2. 

1 3  RCDUOBIT R A  CDU's being zeroed. 

1 4  REMODBIT Change in antenna mode has 
been requested. 

1 5  CDESBIT Continuous designate. LGC commands 
CDESFLAG A A regardless of lock-on. 

*These switches are never called by name. 

0 

No R R turn-on sequence in 
progress. 

R R  in Auto mode. 

R R range reading on the low 
scale. 

No A A dat<1 f a•l. 

No L R altitude data fail. 

LA in Position 1 .  

A R  CDU fail has occurred. 

No L A  velocity data fad. 

LA altitude reading is on 
low scale. 

A A designate not requested or 
i n  prog�ess. 

No R R reposition taking place. 

A A antenna is in Mode 1 . 

R A  CDU's not being zeroed. 

No remode requested or 
occurnng. 

LGC checks for lock-on when 
antenna being designated. 

I 

• 



l 
l 

I • 
J 

I 

I 
I 

I 

' 

j 
. • • 

/ 

LM-31 

FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 

(FLAGWORD 13,  DAPBOOLS, LOCATION 01 1 18
1 

Bit Name - 1 0 

1 AUTR 1 FLG• These bits (2, 1 )  are used together to indicate astronaut-chosen 
2 AUTR2FLG• KALCMANU maneuver rates: 

(0, 0) = 0.2 deg/second (Bit 2, Bit 1 ), 
10. 1 l = 0.5 deg/second, 
( 1 ,  0) = 2.0 deg/second, 
( 1 ,  1 )  = 10.0 deg/second. 

3 ACCSOKAY Control authority values from RESTART or FRESH START since 
1/ ACCS usable. last 1/ACCS; outputs suspect. 

4 DBSELECT 1-degree deadband selected Minimum deadband selected 
by crew. by crew (0.3 degree) . 

5 DBSLECT2 5-degree deadband selected 1 - or 0.3-degree dead band 
by crevv (maximum deadband). selected by crew (See Bit 4 l. 

6 ULLAGE A Ullage request by mission No internal ullage request. 
ULLAGFLG program. 

7 RHCSCALE Normal RHC scaling requested. Fine RHC scaling requested. 

8 DRIFTBIT Assume zero oHset Use oHset acceleration estimate. 
DRIFTDFL drifting flight. 

9 XOVINFLG X-axis override locked out. X-axis override OK. 
XOVINHIB 

10 AORBTFLG B system for X-translation A system for X-translation 
AORBTRAN preferred. preferred. 

1 1  ACC4-2FL Four-jet X-ax is translation Two-jet X-axis translation 
ACC40R2X requested. requested. 

1 2  OURRCBIT Current DAP pass is rate Current DAP pass is not rate 
command. command. 

1 3  CSMDOCKD CSM docked; use backup DAP. CSM not docked to LM. 

14  USEQRJTS Gimbal unusable; use jets only. Trim gimbal may be used. 

15  PULSEFLG Minimum impulse command mode Not in minimum impulse command 
PULSES in "attitude hold" (V76). mode (V77). 

•These switches are never called by name. 
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LM-32 

--
F L;.GWORO BIT ASSIGNMENTS FOR LUMINARY 

IMODES30, a flag whose individual bits are used to control the monitoring of IMU 
functions assoc1ated w1th Channel 30 (and in a few cases Channel 33)_ LOCATION 1 2 7 78

. 

Bit 

15 

1 4  

Meaning 
-

Last sampled value of Channel 30, Bit 1 5  (0 if IMU temperature w1thin limits). 

Last sampled value of Channel 30, Bit 1 4  (0 if ISS has been turned on or commanded 
to be turned on) . 

13 Last sampled value of Channel 30, Bit 1 3  (0 if an IMU fatl indicatton has been 
produced) . 

1 2  Last sampled value of Channel 30, Bit 12 (0 if an IMU CDU fall indication has been 
produced). 

1 1  Last sampled value of Channel 30, Bit 1 1  (0 if an IMU cage command has been 
produced by crew). 

1 0  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. 

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

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

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

6 

5 

Bit is set to 1 to indicate that IMU initialization is being carried out. 

Bit is set to 1 to inhibit the generation of program alarm 02128 if a PIP A fail signal 
(Bit 13 of Channel 33) is produced. 

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

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

2 

1 

Bit is set to 1 to indicate failure of the turn-on delay sequence for IMU turn-on (alarm 
02078 is also generated). 

Bit is set to 1 to inhibit generation of an ISS warning based on receipt of a P IPA fail 
signal (Bit 1 3  of Channel 33). 
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LM·33 

FLAGWO R D  BIT ASSIGNMENTS F O R  LUMINARY 

IMODES33, a flag whose individual bits are used to control the monitoring of functions 
associated with Channel 33 (and other items). LOCATION 1 3008 

Bit Meaning 

1 5  Not assigned. 

1 4  Last sampled value of Channel 32, Bit 1 4  (0 i f  a Proceed command is given using the 
old "standby" button). 

1 3  Last sampled value of Channel 33, Bit 1 3  (0 i f  an accelerometer fail signal, or PIPA 
fail, has been produced by hardware) .  

1 2  Last sampled value of Channel 33, Bit  1 2  (0 if a telemetry end pulse has been rejected 
because the down I ink rate is too fast). 

1 1  Last sarnpled value of Channel 33, Bit 1 1  (0 if an uplink bit has been rejected because 
the uplink rate is too fast). 

1 0,9 Not assigned. 

8 Bit is set to 1 when R 1 0  routine is initialized during the powered descent trajectory. 

7 A switch employed in  R 10 for alternate computations of altitude rate and altitude. (Not 
used) 

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

5 Bit is set to 1 in IMU Zeroing routine external to T4RUPT while zeroing is taking 
place (for an interval of  about 1 0.56 seconds). 

4-2 

1 

Not assigned. 

Bit is set to 1 when a Verb 35 ("lamp test") is received, and reset to 0 about 5 seconds 
later. 

• 
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LM 34 
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CHANNEL BIT .A.SSIGNMENI ( L M I  

INPUT C H A N N E L  3 

The high order lists of the LGC scaler . The least signiftcant btt is worth 5 12 seconds The 
maxtmum value is equtvalent to approximately 29.5 days. 

INPUT C H A N N E L  4 

The lower order bits of the LGC scaler. The least significant bit is worth 1 centisecond. The 
maximum value is equtvalent to 5 . 1 2  seconds. 

INPUT CHANNELS 3 AND 4 

Channels 3 and 4 are sampled as Time 1 and Time 2 and provide the time tags for the 
downlink lists. 

JET 
BIT DESIGNATION 

1 B4U 
2 A40 
3 A3U 
4 B3D 
5 B2U 
6 A2D 
7 A 1 U  
8 B 1 D  

Bits 9 · 15 not used 

JET 
B I T  DESIGNATION 

1 B3A 
2 B4F 
3 A 1  F 
4 A2A 
5 B2L 
6 A3R 
7 A4R 
8 B l L  

OUTPUT CHANN EL 5 

JET NO. ROTATION E FFECT 

1 +V 
2 -V 
5 + U  
6 -U 
9 .v 

1 0  +V 
1 3  -U 
1 4  +U 

OUTPUT CHAf" N E L  6 

JET NO.  ROTATION E F FECT 

7 +P 
3 -P 

1 5  +P 
1 1 .p 
1 2  +P 

8 .p 
4 +P 

1 6  .p 

(RCS JET F I R I NGS) 
TRANSLATION E F F ECT 

·X 
+X 
·X 
+ X  
-X 
+X 
-X 
+X 

(RCS JET F I R I NGS) 
TRANSLATION E F FECT 

+Z 
-Z 
-Z 
+Z 
+ Y  
.y 
.y 
+Y 

-
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8 3A 

-7 

A 3U - ') 

A3R 
-8 830-6 

0 QUADS 

I 

LM·J:s 

LM RCS JET CONTROL AXES 

® 
A 2 A  

-11 

� M + Y  
I +  a >  

LM + X  
(+ Pl  

A I U  -13 B 2 U  -9 
B2L 

-12 
Yaw BIL -16 

A 2 0-l0 

' 

Q 
' 

810 -14 
�-----··� ... � LM + Z 

B4U-l 

+ U  

B 4 F - 3  

A4R 0 -4 A40-2 

SYSTEM "A" 

SYSTEM "e" 

Roll ( + R l 

JET DESIGNATION 

A 4 D 

AIF -15 

RCS FUEL SYSTEM EXHAUST DIRECTION 
QUAD 

The P,  Q & R axis designations are 
used with rotations and the X, Y & Z 
designations are used with transla
tions. U & V are used with both. 

The astronaut can disable jets on 
each QUAD only in pair;? and according 
to RCS fuel systems. 
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B I T  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 · 1 2  
1 3  
1 4  
1 5  

B I T  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  

-

LM 36 

CHANN E L  B I T  ASSIGNMENTS ( L M )  

OUTPUT C H A N N E L  1 1  

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 1 2  

Zero Rendezvous Radar COU's 
Enable Rendezvous Radar Error Counters 
Not Used 
Coarse Align Enable 
Zero IMU COU's 
E nable IMU Error Counters 
Spare 
0 isplay 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) 
-Roll Vehicle Motion (+Roll Gimbal Trim, Bell motion) 
Landing Radar Position 2 Command 
Rendezvous Radar Enable Auto Track 
ISS Turn-on Delay Complete 

--� ----

• 

I 

• 
I 
' 

l • 



...................... .-z•s--�r•P•z .... cs•sz•nn•r•rr .... �J•·••--�a .. .aas�z�n.-· 1 

' -

• ' 
I 
I 
I 

• 

I 

-

' • 

BIT 

� 
1 Radar Select c 
2 Radar Select b 
3 Radar Select a 
4 Radar Activity 

LM-37 

CHANN E L  BIT ASSIGNMENTS (LM) 

OUTPUT CHANNEL 13 

5 Inhibit Uplink, Enable Crosslink (should not be set to 1 )  
6 Block I nlink 
7 Downlink Word Order 
8 RHC Counter Enable 
9 Start RHC Read 

10 Test A larms 
1 1  Enable Standby 
12 Reset Trap 31-A 
13 Reset Trap 3 1-B 
1 4  Reset Trap 32 
15 Enable T6RUPT 

Channel 1 3  Radar Selections 

a b c 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

Function 

Rendezvous Radar range 
Rendezvous Radar range rate 

Landing Radar X velocity 
Landing Radar Y velocity 
Landing Radar Z velocity 
Landing Radar range 

OUTPUT CHANNEL 14 

BIT 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Outlink Activity (should not be set to 1 )  
Altitude Rate Select 

1 0  
1 1 
12 
13 
14 
1 5  

Altitude Meter Activity 
Thrust Drive 
Spare 
Gyro Enable 
Gyro Select b 
Gyro Select a 
Gyro Sign Minus 
Gyro Activity 
Drive CDU S 
Drive CDU T 
Drive CDU Z 
Drive CDU Y 
Drive CDU X 

Channel 14-Gyro Selection 

a b Gyro 

0 0 
0 1 X 
1 0 y 
1 1 z 

BIT 

INPUT CHANNEL 1 5  

1-5 Key codes from Main DSKY 
6-15 Spare 

<; 
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C H A N N E L  BIT ASSIGNME NTS (LM) 

INPUT CHANNEL 1 6  

BIT 

1 -2 Spare 
3 Mark X 
4 - Mark Y 
5 Mark reject 
6 Descent + 
7 Descent · 

8- 1 5  Spare 

B I T  

INPUT CHANNEL 30 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Abort with Descent Stage 
Descent Stage Attached 
Engine Armed 

1 0  
1 1  
1 2  
1 3  
14 
1 5  

Abort with Ascent Stage 
Auto Throttle 
Display I nertial Data 
Rendezvous Radar CDU Fail 
Spare 
I M U  Operate 
GIN Control of SIC 
I M U  Cage 
IMU CDU Fail 
I M U  Fail 
ISS Turn-On Request 
Temp in  Limits 

NOTE: 

BIT 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1 
1 2  
1 3  
1 4  
1 5  

All of the input signals in  Channel 30 are inverted; that is, a ZERO bit 
indicates that the discrete is ON.  

+E L (LPD), + PMI 
-EL (LPD), · PMI 

+ YMI 
·YMI 

+AZ (LPD), +RMI 
·AZ (LPD),  ·RMI 
+ X  Translation 
·X Translation 
+Y Translation 
· Y Translation 
+Z Translation 
·Z Translation 
Attitude Hold 
Auto Stabilization 

INPUT CHAN N E L  31  

Attitude Control Out of Detent 

NOTE: 
Al l  of  the input signals in Channel 31  are inverted; that is, a ZERO bit indicates 
that the discrete is ON. 
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BIT 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1 - 1 3  
1 4  
1 5  

NOTE: 
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LM-39 

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 - 1 6  Disabled by Crew 
Thruster 1 3 - 1 5  Disabled by Crew 
Thruster 9 - 1 2  Disabled by Crew 
Thruster 1 0 - 1 1  Disabled by Crew 
Descent Engine Gimbals Disabled by Crew 
Apparent Descent E ngine G imbal 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. 

B IT 

1 Spare 

INPUT CHANNEL 33 

2 Rendezvous Radar Auto-Power On 
3 Rendezvous Radar Range Low Scale 
4 Rendezvous Radar Data Good 
5 Landing Radar Range Data Good 
6 Landing Radar Position 1 
7 Landing Radar Position 2 
8 Landing Radar Velocity Data Good 
9 Landing Radar Range Low Scale 

1 0  Block Uplink Input* 
1 1  Uplink Too Fast 
1 2  Downlink Too Fast 
1 3  PIPA Fail 
1 4  LGC Warning (repeated hardware or software alarms) 
1 5  Oscillator Alarm 

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

NOTE: 

BIT 

All of the input signals in Channel 33 are inverted; that is. a 
ZERO bit indicates that the discrete is ON. Bits 1 5 - 1 1  are 
flio-flop bits reset by a channel write command. restart, and 
T4RUPT loop. 

INPUT CHANNEL 77 

15-10 
9 

Spare 
Scaler Double Frequency 
Scaler Fail 8 

7 Counter Fail 
6 Voltage Fail 
5 Night Watchman 
4 RUPT Lock 
3 TC Trap 
2 E Memory Parity Fail 
1 E Memory or F Memory Parity F ail 
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POO-LGC IDLING· PROGRAM 

Purpose: 
-

1-,- To maintain the LGC in a condition of readiness for entry into other programs. 
' 

2. To update the CSM and LM state vectors every-4our time steps. 

Assumptions: 

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

2. Program changes are inh ibited during integration periods and Program A I arm 15208 wil l  occur if a change is attempted when inhib ited. 

Sequence of Events: 

V37EOOE 
V06N38E 

Purpose: 

V06N38 

Optional Display. 

Time of State Vector Being 
I ntegrated 

P06-LGC POWER DOWN PROGRAM 

ooxxx. h 
OOOXX. min 
oxx.xx s 

1 .  To transfer the LGC from the Operate to the Standby program. 

Assumptions: 

1 .  I f  the computer power is switched off, the LGC Update program (P27) would have to 
be performed to update the LM and CSM state vectors and computer clock time. 

2. 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 G E T  must be updated. 

3. Once the program has been selected, the LGC must be put in standby. When P06 
appears, the LGC will not honor a new program request (V37 E X XE ) ,  a terminate 
( V34E ) ,  or an enter in response to the request for standby. 

Sequence of Events: 

V37E06E 

PRO 

Flashing 
V50N25 

PGNS Turn On 

Check I ist Code 
Power Down LGC 

Standby I ight - on 

Standby light - on. PRO until Standby light off. 
No Att light - on (90 seconds) 

V37EOOE Program POO Chosen 

P1 2-POWE R E D  ASCENT PROGRAM 

Purpose: 

0062 
C8( 1 1 )  IMU Operate-Open 
(No DAP light on) 

C8( 1 1 )  IMU Operate-Close 

1 .  To control the PGNS during countdown, ignition, thrusting, and thrust termination 
of PGNS controlled APS powered ascent maneuver from the lunar surface. 

• 
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P12 (continued) 

Assumptions: 
-

1 .  The LGC .has stored injection values which define an ascent trajectory that wil l  result 
i n  an orbit coplanar with the CSM orbit and an apolune of 30 nmi. These values at 
orbit insertion are altitude, distance between the LM and CSM orbital planes, LM 
vertical ( V ( R ) ) ,  LM horizontal (V(Y)) .  and LM downrange ( V ( Z ) )  velocities. 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. 

2. The PGNS wil l  control the LM ascent maneuver such that the LM injection velocity 
is  in  the CSM orbital plane or parallel to it at a d istance specified by the astronaut 
inserted crossrange. The injection conditions can be modified by changing the 
nom ina! downrange and radial velocities d isplayed. 

Crossrange should not be specified so that the ascent trajectory crosses through the 
CSM orbital plane. 

3. Engine ignition may be slipped beyond TIG (AS) if desired by the crew or if the state 
vector integration cannot be completed in time. Variation of the time of ascent 
ignition (TIG(AS))changes the relative phasing of the ascent trajectory with respect to 
the CSM and alters the resultant LM orbit. 

4. The initial period of the ascent trajectory consists of two phases: 

a. Vertical Rise Phase. From TIG until  the LM radial velocity ( V ( R ) )  exceeds 40 
ft/s. During this phase, the PGNS holds the LM attitude with the +X axis parallel 
to the LM position vector at TIG.  At  TIG,  the PGNS commands the LM around 
its X axis (yaw) until the LM +Z axis points downrange. 

b. Pitchover Phase. When V ( R )  exceeds 40 ft/s and the LM X axis is within 5 
degrees of the desired attitude. During this phase, the PGNS commands the LM 
to pitch down (about the Y axis) an amount defined by the gu idance equations. 

5. Normally, the Lunar Surface Align program (P57) has been completed and leaves 
the I M U  aligned at a known orientation. 

6. The inertial velocity Y axis will be displayed on the lateral velocity cross pointer and 
the forward velocity cross pointer will  be zeroed during ascent . 

7. The X-axis override option provides the crew with the ability to exercise manual 
control about the LM X axis with the attitude controller even though the PGNS 
Attitude Control mode is Auto. When the controller returns to detent, the OAP 
damps the yaw rate, stores the yaw attitude when the rate is  damped, and then 
maintains that attitude. 

This option is inhibited from T I G (AS) until 10 seconds after V ( R }  equals 40ft/sand 
the LM yaw attitude is with in 5 degrees of the desired pitch over initiation. 

8. Either the Load OAP routine ( R03) o r  the Landing Confirmation program has been 
performed prior to selection of this program. The OAP wil l  be energized when 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 i n  this program, the 
attitude errors will be zeroed and the attitude deadband wil l  be set to the value 
specified by P68 (5 degrees) or R03 (astronaut defined). whichever occurred more 
recently. Immediately prior to the PGNS autocheck, this program will set the 

9. 

attitude deadband to 1 degree. 

I f  a thrusting maneuver is performed with the G u idance Control switch in PGNS and 
the Mode Control switch in Auto, the PGNS controls the total vehicle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the F O A l .  The crew 
may exercise control about only the yaw axis with the ACA ( X ·axis overridei 
provided the X·axis override capability is permitted (see Assumption 7) .  

I f  a thrusting maneuver is performed with the Gu idance Control switch in  PGNS and 
the Mode Control switch in Attitude Hold, the PGNS holds the vehicle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the F O A l .  The crew 
may exercise manual control about all vehicle axes with the ACA using either the 
Rate Command or Minimum l moulse mode. However. i t  is strongly recommended 
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P 12 (continued) 

10. Control of the LM RCS and APS is transferred from the PGNS to the Abort Gu idance 
System (AGS) by changing the Guidance Control switch from PGNS to AGS. 

The AGS is capable of taking control of-the LM during any phase of the lunar ascent 
and guiding it to a safe orbit and should be i_!litialized by manual selection of R47, 
the AGS Initialization routine. prior to the selection of P12. 

I f  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. 

1 1 . The PGNS generates two types of errors for display on the FDA I 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. 

12. This program is selected by the astronaut at least 5 minutes prior to ignition. 

Sequence of Events: 

V37E 12E 

Flashing Ascent Time of Ignition ooxxx h 
V06N33 OOOXX min 

oxx.xx s 

PRO V25E Load New TIG 

Flashing Desired Downrange Velocity XXXX.X ft/s 
V06N76 Desired Radial Velocity XXXX.X ft/s 

Crossrange XXXX.X nmi 

PRO V23E Load New Crossrange 

Flashing Checklist Code 00203 
V50N25 

PRO Switch Gu idance Control - PGNS 
Mode Control - Auto 

V06N74 Time from Ignition XXbXX min/s 
FOAl Yaw - After Vertical Rise xxx.xx deg 
FOAl Pitch - After Vertical Rise xxx.x x  deg 

TFI counts down until TIG -35 seconds, when DSKY blanks for 5 seconds. 
V06N7 4 display returns until Tl G -5 seconds. 

Flashing Time from Ignition XXbXX min/s 
V99N74 FOAl Yaw - After Vertical Rise XXX.XX deg 

FOAl Pitch - After Vertical R ise xxx.xx deg 

PRO Astronaut okays ignition. TIG occurs . 

V06N94 VGX XXXX.X ft/s 
Altitude Rate XXXX.X ft/s 
Computed Altitude xxxxx. ft 

N76E 
V06N76 Desired Downrange Velocity XXXX.X ft/s 

Desired Radial Velocity XXXX.X ft/s 
Crossrange 0 istance XXXX.X nmi 

V16N77E 
V16N77 Time to Engine Cutoff XXbXX min/s 

Velocity Normal to CSM Plane XXXX.X ft/s 
Absolute Value of Velocity XXXX.X ft/s 

-
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LM-43 

P 1 2  (continued) 

Velocity to be Gained (X Body) 
V6TO"city to be Gained (Y Body) 
Velocity io be Gained (Z Body) 

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

Display chosen at velocity to be gained ==:soo ft/s. VG IX Body) 
monitored to enable APS fuel to be fed to RCS thrusters by 
astronaut. 

Null residual velocities 

-

KEY REL 
Flashing VG X XXXX.X ft/s 

V16N94 Altitude Rate XXXX.X ft/s 
Computed Altitude xxxxx. ft 

PRO 

Flashing Velocity to be Gained ( X  Body) XXXX.X ft/s 
V16N85 Velocity to be Gained (Y Body) XXXX. X ft/s 

Velocity to be Gained (Z Body) XXXX.X ft/s 
V82E 

Flashing Apocenter Altitude XXXX.X nmi 
V16N44 Pericenter Altitude XXXX.X nmi 

Time from Phase XXbXX min/s 

KEY REL 

Flashing (Same as above) 
V16N85 

PRO 

Flashing Select New Program. 
V37 

P2Q-RENDEZVOUS NAVIGATION PROGRAM 

Purpose: 

1. To control the LM attitude and the Rendezvous Radar (R R) to acquire and track the 
CSM with the R R 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 R R  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 CSM is maintaining a preferred tracking attitude that correctly orients the CSM 
radar transponder for RR tracking by the LM. 

2. At the beginning of the program. the state vector update option is automatically set 
to the LM. This option may be changed at any time later by one of the following 
manual entries. 

a. VSOE-Update LM state vector. 
b. V81 E-Update CSM state vector, 
c. V95E-No state vector update. 

3. The initialization of the W matrix is enabled by: 

a. A manual DSKY entry (V93El. 
b. Computer Fresh Start (V36E), 
c. State vector update from the ground (P27l (Except for update of Landing Site 

vector when the LM is on the lunar surface). 
d. The powered ascent program (P12) invalidates the W matrix used by P22 and 

causes P20 to reinitialize the W matrix when selected. 

4. The RR tracking mark counter counts the number of RR marks processed by the 
LGC. This counter is zeroed by: 

a. Manual selection of P20/22 (V37E20/22El • 
b. Completion of the Target Delta V program (P76l. 

f 
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P20 (continued) 

c. Selection of a new program from a program which ha_Q_ turned on Average G _ 

d.  Initialization of the W matrix. 
e. Completion of RR search routine (R24) in  P20. 

5. The crew may manually adjust the LGC-stored values of R R shaft and trunnion bias 
by a direct load of four registers. However, unless the R R  has been jarred. the LGC 
bias estimate should be more accurate than that from another source. 

6. The selection and termination of P20, P22, and P25 are subject to special operating 
procedures different from all other programs: 

a. Selection 
( 1 )  Always by V37EXXE. 
(2)  I f  any other program IS running at the time of P20/22/25 selection the new 

program will replace the old. This includes P20/22/25 selection whenever either 
P20, 22, or 25 is running. 

(3) I f  P20 or P25 is running, selection of any program other than POO or P22 will 
resu l t  in P20 or P25 continuing and the new program also operating with its 
number in the DSKY program lights. 

(4) I f  P20 or P25 is  running, selection of POO or P22 wil l  result in the termination 
of  the old program and operation of the new. 

b. Termination 
( 1 )  By selection of POO, V56E, or by V34E. 
(2)  POO selection will terminate P20, 22, and P25 and any other program i n  

process, and establish POO. 
(3) V56E selection will select the Terminate Tracking routine (R56))  which will 

terminate only P20 or P25 i f  either of these programs is running in conju nction 
with another program. I n  al l  other cases R56 will select ROO. V56E may be 
performed any time during P20, 22. or 25 operation. 

(4) The LGC wi l l  act upon V34E only in  response to a flashing verb-noun. I f  this 
display was originated by P20, 22, or 25, V34E wil l  result in an identical LGC 
response to that of V56E; 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 ROO; however, the program in the background wil l  continue. The 
new program selected follows the selection rules above. 

7 .  The R R  Manual Acquisition routine ( R23) may be selected only if P20 is not running 
in conjunction with another program. 

8. When P20 is selected any time prior to the landing phase in  the lunar mission, this 
program must be operated in the no update mode to prevent modifying a precision 
state vector for landing. 

9. The RMS position and velocity errors computed from the W matrix are available by 
Extended Verb (V67 E ) .  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 V67 E _ 

1 0. State vector integration may be permanently inhibited by V96E. This entry will 
terminate all present programs and select the LGC Idling program (POO) with the POO 
automatic state vector integration permanently inhibited until selection of another 
program. Use of V96 can cause incorrect W-matrix extrapolation since state vector 
synchronization is not maintained. 

Sequence of Events: 

V37E20E 
V80E or V81E or V95E 

; State Vector Option 

V80E - LM, V81 E - CSM. V95E - None 
R R  Mode Switch - in LGC 

F lashing 
' _ ,..., .. - ..... 

R R Trunnion Angle ...... - ...... , x xx. x x deg 
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P20 (continued) 

PRO 

I f  R R  locked on and tracking. No Track light out, DSKY blanks RA taking marks. 

V16N78E 

Range 
Range Rate 
Time from Ignition 

X X X . X X  nmi 
X X X X X  ft/s 
XXbXX min/s 

KEY R E L  

V32E 
V34E 
PRO 

PRO 

PRO 

Flashing Delta R 
V06N 49 Delta V 

Data Source Code 

X =  1 - Range X = 2 - Range Rate X = 3 - Shaft Angle 
X =  4 - Trunnion Angle 

Flashing 
V06N49 

Reject partial mark 
Reject total mark 
Update with mark 

(see above display) 

X X X X. X  nmi 
X X X X . X  ft/s 
OOOOX 

To terminate: V56E or V37EOOE or V34E during a flashing display. To keep P20 
running in the background: V37E XXE. 

If R R not locked on and pointing angle greater than 1 5  degrees, 

Flashing Desired Automaneuver to F DAI Ball 
V50N18 Angles 

Automaneuver: Guidance Control - PGNS 
: Mode Control - PGNS Auto 

V06N 18 Desired Automaneuver to FOAl Ball 
Angles 

Monitor maneuver to attitude. 

R XXX.XX deg 
p xxx.xx deg 
y xxx.xx deg 

R XXX.XX deg 
p XXX.  XX deg 
y xxx.xx deg 

Manual Maneuver: Mode Control - PGNS Attitude Hold, then maneuver. 

Flashing 
V50N18 

Desired Al!tomaneuver to F DAI Ball 
Angles 

R XXX.  X X  deg 
p XXX.  X X  deg 
y XXX. X X  deg 

When maneuver is complete, by either method, select mode of R R acquisition of CSM. 

ENTER 
Manual R R acquisition. R R  Mode switch: Auto or Slew 

Flashing Checklist Code 
V50N25 

ENTER 

PRO 

Choose R R acquisition mode. 

Flashing Checklist Code 
V50N25 

Perform manual acquisition of CSM with R R .  Slew R R  for lockon. 
switch - LGC. No Track light is off. Wait 10 seconds. 

Flashing 
V50N72 Trunnion Angle 

Shaft Angle 

Verify main lobe lockon. 

00201 

00205 

R R  Mode 

XXX.  X X  deg 
XXX.  X X  deg 

-
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V32E 
V34E 
PRO 

PRO 

V32E 

PRO 

PRO 

V32E 
V34E 
PRO 
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P20 (continued) 

DSKY blanks; No Track light is out; R R  taking marks. 

Flashing Delta R 
V06N49 Delta V 

Flashing 
V06N49 

Data Source Code (see above) 

Reject partial mark. 
Reject total mark. 
Update with mark. 

See above display and response options. 

Automatic R R acquisition. 

R R Mode switch - LGC. 

Flashing 
V50N72 

No Track light is on. 

Trunnion Angle 
Shaft Angle 

F lashing Alarm Code 
V05N09 

R R data no good for 30 seconds or Designate fails. 

Redesignate to new V50N72 display. 

Start Search mode. 

Flashing 
V 16N80 Data I ndicator 

Angle Between LOS and LM +Z Axis 

• 

-

XXXX.X nmi 
XXXX.X ft/s 
oooox 

xxx.xx deg 
xxx.xx deg 

00503 

00000 - Search 
(42 seconds/scan) 
1 1 1 1 1 - Lockon 
xxx.xx deg 

When lockon occurs automatically, DSKY blanks; No Track light out; R R  taking 
marks after PRO. 

Flashing 
V06N49 

To terminate: 

Delta R 
Delta V 
Data Source Code (see above) 

Reject partial mark. 
Reject total mark. 
Update with mark. 

XXXX.X nmi 
XXXX.X ft/s 
oooox 

V56E or V37EOOE, or V34E during a flashing display. 

To keep P20 running in the background: V37EXXE. 

P21-GROUND TRACK DETE RMI NATION 

Purpose: 

1 .  To provide astronaut with details of his ground track. 

Assumptions: 

1 .  Vehicle whose ground track parameters are calculated remains in freefall from start 
of program until T LAT/LONG. 

2 Proorflm mav be selected while LM is either in earth or lunar orbit to define ground 
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P21 (continued) 

Sequence of Events: 

V37E21 E  -
Flashing 
V04N06 

Option Code I 0 
Vehicle Code 

V22EXXE .. Key in vehicle desired. 

00002 
OOOOX ( 1 -LM 

2--CSM) 

PRO 

PRO 

N9 1 E  

Flashing 
V06N34 

Time of LAT/LONG 

V25E. Load desired time. (time = 0 specifies present time) 

Flashing 
V06N43 

Flashing 
V06N91 

Ground Track Latitude 
Ground Track Longitude 
Altitude Above Ground 

Altitude 
Velocity 
Flight Path Angle 

KEY REL 

V32E 

or 

PRO 

Flashing 
V06N43 

Flashing 
V06N34 

Flashing 
V37 

Ground Track Latitude 
Ground Track Longitude 
Altitude Above Ground 

Repeat program from Time of LAT/ 
LONG with new loaded time. 

Select New Program. 

ooxxx. h 
OOOXX. min 
OXX.XX s 

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

X X X X. X nmi 
XXXXX.  ft/s 
XXX. X X  deg 

X X X.X X  deg (+ north) 
X X X . X X  deg (+ east) 
XXXX.X nmi 

P22-LUNAR SURFACE NAVIGATION PROGRAM 

Purpose: 

1 .  To control the Rendezvous Radar ( R R) to acquire and track the CSM while the LM 
is on the lunar surface. 

2. To update the CSM state vector on the basis of RR tracking data. 

3. To track the CSM without updating either vehicle state vector. 

Assumptions: 

1 .  Normally the Lunar Surface Alignment program (P57) would be completed before 
using P22. 

2 .  The CSM may be above or below the horizon, outside the available R R  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. 

3. The CSM is maintaining a preferred tracking attitude that correctly orients the CSM 
transponder for RR tracking of the LM. 
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P22 (continued) 

4. At the beginning of the progftlm the state vector update option is  automatically set 
to the CSM, which may be inh ibited at any time and later restored by the following 
manual entries: 

-

a. V81 E - Update CSM state vector. 
b.  V95E - No state vector update. 

5. The initialization of the W matrix is enabled by: 

a. A manual DSK Y entry ( V93E). 
b .  Computer F R ESH START (V36E). 
c. State vector update from the ground (P27).  

6. The R R  tracking mark counter counts the number of RR marks processed by the 
LGC. This counter is zeroed: 

a. B y  manual selection of P20/P22 (V37E20/22El 
b. Completion of the Target Delta V program (P76l. 
c. Selection of a new program from a program which had turned on Average G.  
d .  I nitialization of the W matrix (Assumption 5) .  

7 .  The RMS position and velocity errors computed from the W matrix are available by 
E x tended Verb (V67E ) .  Based upon values in  this d isplay and the details of the 
mission, the astronaut can elect to stop or continue the current navigation procedure 
or to re1nitialize the W matrix and continue navigating. The capab il ity to reinitialize 
the W matrix is also provided via V67E. 

8.  The selection and termination of P20, P22, and P25 are subject to special operating 
procedures different from all other programs: 

a. Selection 
( 1 )  Always by V37EXXE. 
(2)  I f  any other program is running at the time of P20/22/25 selection the new 

program will replace the old. This includes P20/22/25 selection whenever 
either P20, 22, or 25 is running. 

(3) I f  P20 or P25 is running, selection of any program other than POO or P22 
wil l  result in  P20 or P25 continu ing and the new program also operating with 
its number in  the DSKY program lights. 

(4) If P20 or P25 is running, selection of POO or P22 wil l  result in  the 
termination of the old program and operation of the new. 

b. Termination 
( 1 )  B y  selection of POO, V56E, or by V34E. 
(2) POO selection will terminate P20, P22, and P25 and any other program m 

process and establish POO. 
(3) V56E selection will select the Terminate Tracking routine ( R 56) which wi l l  

terminate only P20 or P25 if either of these programs is  running in  
conjunction with another program. In  all other cases R56 wi l l  select ROO. 
V56E may be performed any time during P20, 22, or 25 opP.ration. 

(4)/The LGC will  act. upon V34E only in  response to a flashing verb-noun. If this 
display was origi nated by P20, 22, or 25, V34E wi l l  result in an identical 
LGC response to that of V56E; selection of R56. 

If  this d isplay was not origi nated by P20, 22, or 25 (such as P32, while 
running with P20) the LGC will  go to ROO; however, the program in the 
background wil l  continue. The new program selected follows the selection 
rules shown above. 

9. State vector integration may be permanently inhibited by V96E. This entry 
terminates all present programs and selects the LGC Idling program (POO) with the 
POO automatic state vector integration permanently inhibited until selection of 
another program. Use of V96 can cause incorrect W-matrix initialization because 
state vector synchronization is not maintained. 
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P22 (continued) 

Sequence of Events: -

V95E • 

No update of e ither state vector allowed. 

V37E22E 

Flashing 
V04N06 

Option Code I D 

Option 

V22E load desired option 

P R O  

Flashing 
V06N33 

Flashing 
V16N54E 

Time of Ascent Ignition 

Range 
Range Rate 
Theta 

00012 !CSM orbit 
option) 
oooox 
{1-No orbit change 
2 - Change orbit to 
passover LM) 

ooxxx. h 
OOOXX. m in 
oxx.xx s 

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

If range is greater than 400 nmi and range rate is greater than 0, V56E - exit P22. 
If range is greater than 400 nmi and range rate is less than 0 (clos ing) wait until 
range is less t han 400 nmi. 

KEY REL 

Flashing 
V06N33 

Time of Ascent Ignition ooxxx. h 
OOOXX. min 
oxx.xx s 

Automatic Acquisition: R R  Mode Switch- LGC; No Track light- out; DSKY 
blanks; R R  taking marks. (P22 runs in background.) 

KEY REL 

KEY AEL 

V32E 

V16N78E Range 

V16N72E 

Flashing 
V06N49 

Range Rate 
Time from Ignition 

R R  Trunn ion Angle 
R R Shaft Angle 

Delta Range 
Delta Velocity 
Radar Data Source COde 

XXX. XX nmi 
XXXXX. ft/s 
XXbXX m in/s 

XXX. XX deg 
XXX. XX deg 

XXXX.X nmi 
XXXX.X ft/s 
oooox 
(X = 1 range) 
(X = 2 range rate) 

Reread R R Flashing V06N49 display repeats. Monitor display. PRO when desired to 
update state vectors. 

PRO 
Update- DSKY blanks; R R  taking marks; P22 runs in the background. 

No Track light is on. R R  not tracking. 

ENTER 
or 
V56E 
or 
PRO 

PRO 

Flashing 
V05N09 

Flashing 
V16N80 

Alarm Code 

Redesignate to Automatic Acquisit ion. 

Terminate 

Search. 

Data Indicator 

Angle Between LOS & LM +Z Axis 

When lockon occurs, return to Automatic Acquisit ion above. 

00503 ( R R designate 
fai 1) 

00000 Search 
(42 seconds/scan) 
11111 Lockon 
XXX. XX deg 
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P25-P R E F E R R E D  TRACKING ATTITUDE PROGRAM 

Purpose: 

1 .  To compute the preferred tracking attitude of the LM which enables CSM tracking 
of the beacon and p�form the maneuver to that att itude. 

-
Assumptions: 

1 .  During the Rendezvous Navigation program (P20) the LM attitude control is 
intimately associated with the Rendezvous Radar ( R R ) .Should a R R  malfunction 
preclude correct operation of P20, this program (P25) shou ld be selected to provide 
a 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 +Z axis) is unconstrai nec1 and is defined as necessary 

to avoid gimbal lock. 

3. Normally the IMU would be on and the I M U  Orientation Determination program 
(P5 1 )  completed before using P25. A preferred orientation is not requ i red for this 
program because the Attitude Maneuver routine ( R 60) can always calculate a vehicle 
orientation about the LM +Z a.x is that can avoid gimbal lock for any I M U  inertial 
orientation. 

4. The LM tracking beacon field of view is a 30-degree half-angle cone with the cone 
axis parallel to the LM +Z axis. 

5. The selection and termination of P20, P22, and P25 are subject to special operating 
procedures different from all  other programs. 

a. Selection 
( 1 )  Always by V37EXXE. 
(2) I f  any other program is running at the time of P20/22/25 selection the new 

program will replace the old. This includes P20/22/25 selection whenever 
either P20, 22, or 25 is running. 

(3) If P20 or P25 is running, selection of any program other than POO or P22 
will result in P20 or P25 continu ing and the new program also operating with 
its number in the DSKY program lights. 

(4) I f  P20 or P25 is running, selection of POO or P22 wil l  result in  the 
termination of the old program and operation of the new. 

b. Termination 
( 1 )  B y  selection of POO, V56E, or by V34E. 
( 2 )  POO selection wil l  terminate P20, 22, and 25 and any other program in 

process and establish POO. 
(3)  V56E wi l l  select the Terminate Tracking routine ( R56) which wil l  terminate 

only P20 or P25 if either of these programs is running in conjunction with 
another program. I n  al !  other cases R56 wil l  select ROO. V56E may be 
performed any time during P20, 22, or 25 operation. 

(4) The LGC wi l l  act upon V34E only in  response to a flashing verb-noun. I f  this 
d isplay was originated by P20, 22, or 25, V34E will  result 1n  an identical 
LGC response to that of V56E; that is, selection of R56. I f  this d 1splay was 
not originated by P20, 22, or 25 (such as P32, while runnmg with P201 the 
LGC will go to ROO. However, the program in  the background will continue. 
The new program selected follows the selectiOn rules above. 

Sequence of Events: 

V37E25E 

Flashing 
V50N18 

Desired Automaneuver FOAl Angles 

! For Automaneuver: Guidance Control - PGNS 
Mode Control - PGNS Auto 

For Manual Maneuver: Gu idance Control - PGNS 
Mode Control - PGNS Attitude Hold 

R X X X. XX deg 
P X X X . X X  deg 
Y XXX.  XX deg 

• 
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PRO 

V06N18 

LM-51 

P25 (continued) 

Desired Automaneuver FOAl Angles R X X X . X X  deg 
p x x x . x x  deg 
y x x x . x x  deg 

For Automaneuver: -Y06N18 Display, For Manual Maneuver: Flashing V50N18 
Display. 

V37EXXE 
or 
ENTER 

Purpose 

P25 continues in  background until termi nated by V56E. 

P27-LGC UPDATE 

1 . To enter data into the LGC via the digital upl ink or by crew input via the DSK Y.  

Assumptions: 

1 . LGC updates are of four categories: 

a.  Provide a decrement for the LGC clock and the orbital integration state vector 
time tags, and an increment for TEPHEM (V70). 

b. Provide load capabil ity for a block of sequential erasable locations ( 1 through 18 
whose addresses are specified) (V7 1 ) .  

c. Provide load capabil ity for individual erasable locations ( 1 through 9 )  (V72) .  
d. Provide an octal increment for the LGC clock only (V73) . 

2. The uplink may be blocked by placing the Voice/Off/Voice BU switch to Voice B U .  
3. Update is allowed in the LM only when the LGC is in  the LGC Idl ing program (POO). 

P27 exit is always to POO. 

P30-E XTERNAL DELTA V PROGRAM 

Purpose: 

1 .  To accept targeting parameters obtained from a source(s) external to the LGC and 
compute therefrom the requi red 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 impulsive Delta V along LM local 
vertical axes at T I G .  

Assumptions: 

1 .  The target parameters ( T I G  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 unless the Rendezvous Radar is to 
be used for automatic state vector updating by the Rendezvous Navigation program 
(P20l. 

4. 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 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 wil l  be made automatically approximately once a 
minute when enabled by the Track and Update flags. 

5. This program is applicable in either earth or lunar orbit . 
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Sequence of Events: 

V37E30E 

Flashing 
V06N33 

LM-52 

P30 (continued) 

Time of Ignition 

V25E Load Nevv TIG 
PRO 

PRO 

PRO 

Flashing 
V06N8 1 

-
Components of b.V (LV) 

V25E Load Desired t::.v 

Flashing 
V06N42 

Flashing 
V16N45 

Apocenter Altitude 
Pericenter Altitude 
b. V ( Required) 

Marks 
Time Until Next Burn 
M iddle Gimbal Angle 

PRO Middle gimbal set to -00002 if REFSMMAT flag is not set. 

Flashing 
V37 

Select New Program 

OOXXX. h 
OOOXX. m i n  
OXX.XX s 

X XXXX.X ft/s 
Y XXXX.X ft/s 
Z X X X X . X  ft/s 

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

XXXXX marks 
XXbXX min/s 
xxx.xx deg 

P32-LM COELLIPTIC SEQUENCE I N I TIATION (CSI) PROGRAM 

Purpose: 

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

2. To store the CSI target parameters for use by the desired thrusting program. 

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 active position. 

2. The time between CSI ignition and CDH ignition must be computed to be greater 
than 1 0  minu tes for successful completion of the program. 

3. The time between CDH ignition and TPI ignition must be computed to be greater 
than 1 0  minutes for successful completion of the program . 

4. CDH Delta V is selected to minimize the variation of the altitude difference between 
the orb its. 

5. CSI burn is defined such that the impulsive Delta V is in the LM horizontal plane at 
CSI ignition. 

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

7. The CSI and CDH maneuvers are originally assumed to be parallel to the plane of the 
CSM orbit. However crew modification of Delta V (LV) components may result i n  
an out-of-plane CSI maneuver. 
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LM-53 

P32 (continued) 

8. 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 was turned on and locked 
on the CSM by pre.\Lious 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 aher each thrusting maneuver. 

9. The ISS need not be on to complete this program unless the Rendezvous Radar is to 
be used for automatic state vector updating by the Rendezvous Navigation program 
(P20) . P20 will define the status of the ISS. 

Sequence of Events: 

V37E32E 

PRO 

PRO 

PRO 

Flashing 
V06N 1 1  

Time of CSI lgnitlon/T(APOAPSIS) 

V25E Load desired CSI Tl G or time of APOAPSIS 

F lash1ng 
V06N55 

Number of Apsidal Crossings 
Elevation Angle 
Central Angle of Passive Vehicle 

V25E. Load desired data. 

Apsidal crossing is the future line of apsis of the active vehicle. 

ooxxx. h 
OOOXX. min 
oxx.xx s 

OOOOX 
xxx.xx deg 
xxx.xx deg 

Elevation angle is the angle between the LM/CSM LOS and the LM local horizontal 
plane. CENTANG is an option code where R 3  f. 0 specifies TIG(COH) to occur at 
N (180) degrees from CSI maneuver and N = number entered in R 1 .  

For CSM solution (P72). angle is between CSM/LM LOS and the CSM horizontal. 

Flashing 
V06N37 

Time of TPI Ignition 

V25E Load desired TPI TIG. 

Flashing 
V16N45 

Marks 
Time from Ignition of Next Burn 
Middle Gimbal Angle 

ooxxx. h 
OOOXX. min 
oxx.xx s 

XXX XX 
XXbXX min/s 
-00001 

PRO Set Final flag. 

PRO 

V32E continues in program but F ina I flag is not set. Used when another pass is 
desired. 

Alarm codes 00600 through 00606 may occur. I f  an alarm occurs. V32E recycles 
to V06N1 1 where the input parameters may be adjusted for a new solution. 

Flashing Delta Altitude (CDH) XXXX.X nmi 
V06N75 6T (CSI - COH) XXbXX min/s 

Flashing 
V06N81 

6T (COH - TPI) XXbXX min/s 

6 Vx (LV) for CSI 
6Vy {LV) forCSI 
6Vz {LV) for CSI 

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

V90E To correct for out-of-plane velocity on final pass. 

PRO 

Flashing Time of Event 
V06N 1 6  

V25E Load desired TIG. 

OOXXX.h 
OOOXX. min 
OXX.XX s 

. . . 
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PRO 

PRO 

Flashing 
V06N90 

LM-54 

P32 (continued) 

Out-of-Plane Distance 
Out-of-Plane Velocity (YDOT) 
Psi 

Record out-of-plane velocity. 

Flashing 
V06N81 

6 Vx (LV) for CSI 
6 Vy (LV) for CSI 
6 Vz (LV) for CSI 

• 

V22E Load - YDOT recorded above. 

Flashing 6 V X (LV) for CDH 
V06N82 6Vy (LV) forCDH 

6 Vz (LV) forCDH 

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

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

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

PRO I f  Final flag is set, go to previous flashing V 1 6N45. 

PRO 

Flashing 
V1 6N45 

Marks 
Time from Ignition 
M iddle G imbal Angle 

Middle gimbal angle (MGA) will be MGA at TGI(CSI). 

I f  the IMU is not aligned, MGA will be -00002. 

For CSM solution (P72), MGA is always -00002 on the final pass. 

Flashing 
V37 

Select New Program 

XX XXX. 
XXbXX min/s 
xxx.xx deg 

P33-LM CONSTANT DE LTA ALTITUDE (CDH) PROGRAM 

Purpose: 

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

Assumptions: 

1 . This program is based upon previous completion of the Coelliptic Sequence 
I nitiation (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 1 0  minutes. 

c. The time between CDH ignition and TPI ignition was computed to be greater 
than 1 0  minutes. 

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

e. CSI burn was defined such that the impulsive Delta V was in the LM horizontal 
plane at CSI ignition. 

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

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

2. The Rendezvous Radar may or may not be used to update the LM or CSM state 
vectors for this program. I f  radar use was desired the radar was turned on and locked 
on the CSM by previous selection of P20. Radar sighting marks will be made 
automatically approximately once a minute when enabled. The rendezvous tracking 
mark counter is zeroed by the selection of P20 and after each thrusting maneuver. 
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P33 (continued) 

3. The ISS need not be on to complete this program unless automatic state vector 
updating is desired by the Rendezvous Navigation program (P20).  If selected, P20 
will define the status of the ISS. 

Sequence of Events: -

V37E33E 

PRO 

Flashing 
V06N1 3  

Time of Ignition (CDH) 

V25E Load desired TIG. 

F lashing 
V 1 6N45 

Marks 
Time from Ignition 
Middle Gimbal Angle 

ooxxx h 
OOOXX min 
OXX.XX s 

XX X X X  
XXbXX min/s 
·00001 

pRO Set F ina I flag. 

P R O  

V90E 

PRO 

P R O  

V32E continues i n  program but Final flag is not set. Used when another pass is 
desired. 

If an alarm occurs, a V32E may be used to recycle the V06N 1 3  and readjust TIG.  

Flashing Delta Altitude (CDH) X X X X . X  nmi 
V06N75 6 T (TPI - CDH) XXbXX min/s 

6 T (TPI · Nom TPI)  XXbXX min/s 

F lashing 
V06N81 

6 V X (LV) for CDH 
l::.Vy ( L V )  forCDH 
l::.Vz (LV) for CDH 

To correct for out-of-plane velocity on final pass. 

Flashing 
V06N 1 6  

Time of Event 

V25E Load desired TIG.  

F lashing 
V06N90 

Out-of-plane Distance 
Out-of-plane Velocity (YDOTl 
Psi 

Record out-of-plane velocity. 

F lashing l::. Vx ( L V ) for CSI 
V06N8 1 6 Vy (LV) forCSI 

l::. Vz (LV) forCSI 

V22E Load - Y DOT recorded above. 

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

ooxxx. h 
OOOXX. min 
oxx.xx s 

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

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

PRO If F ina I flag is not set, go to prevtous flashing V 16N 45 display. 

F lashing Marks 
V1 6N45 Time from Ignition 

Middle Gimbal Angle 

Middle gimbal angle (MGA) wil l  be MGA at TIGtCDH) .  

I f  the IMU is not aligned, MGA will be -00002. 

For CSM solution (P73) MGA is  alwa•ts -00002 on the final pass. 

X X X  XX 
XXbXX min/s 
x x x . x x  deg 

, PRO • 
Flashing 
V37 

Select New i .  ogram 

-
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P34-LM TRANS F E R  PHASE I N I T IATION (TPI) PROGRAM 

Purpose: 

1 .  To calculate the required Delta V and other initial conditions required by the LGC 
for LM execution of the transfer phase initiation (TP I )  maneuver. G iven : -
a. Time of ignition (TIG(TPI))  or the elevation angle (E)  of the LM/CSM LOS at 

TIG(TP I ) .  

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

f ( T I G ( TP F))  . 

2. To calculate TIG(TPI)  given E or E given TIG(TP I ) .  

Assumptions: 

1 .  This program is based upon previous completion of the Constant Delta Altitude 
(CDH) program (P33). Therefore: 

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

b. The time between CDH ignition and TPI ignition was computed to be greater 
than 1 0  minutes. 

c. The variation of the altitude difference between the orbits was mini mized. 

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

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

2. 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 was turned on and locked 
on the CSM by previous selection of P20. Radar sighting marks will be made 
automatically approx imately once a minute when enabled. The rendezvous tracking 
mark counter is zeroed by the selection of P20 and after each thrusting maneuver. 

3. The ISS need not be on to complete this program unless automatic state vector 
updating is desired by the Rendezvous Navigation program (P20). If selected, P20 
will define the status of the ISS. 

4. Once the parameters required for computation of the maneuver have been 
completely specified, the value of the active vehicle central angle of transfer is 
computed and stored. This number wi l l  be available for d isplay to the astronaut 
through the use o.f V06 N52. 

The astronaut would call this display to verify that the central angle of transfer of 
the active vehicle is not within 1 70 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. 

Sequence of Events: 

V37E34E 

PRO 

Flashing 
V06N37 

Time of Ignition (TPI) 

V25E Load desired TIG. 

Flashing 
V06N55 

Number of Precision Offsets 
E levation Angle 
Central Angle of Passive Vehicle 

V25E. Load desired data. 

ooxxx. h 
OOOXX.  min 
oxx.xx s 

oooox 
xxx.xx deg 
X X X . X X  deg 

Number of precision offsets is an integration code where X = 0 specifies integration 
of a conic trajectory to generate the target vector and, if X -:f 0, specifies precision 
integration to integrate the/ target vector. If precision integration is desired, X should 
= 2 .  
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PRO 

-LM-57 

P34 (continued) 

Elevation angle ( E )  is the angle between the LM/CSM LOS and the LM local hori
zontal at TIG(TPI). E should be = -rOOOOO if E is to be computed for the specified -
TIG. -
For CSM solution (P74) the angle is between the CSM/LM LOS and the CSM local 
vertical at TIG. 

F lashing 
V 1 6N45 

Marks 
Time from Ignition 

X X X  XX 
XXbXX min/s 

V32E continues the program but F ina I flag is not set. Used when another pass is 
desired. 

PRO Set Final flag. 

If elevation angle for given TIG is to be computed. 

Flashing Same as N55 above except elevation angle has been computed. 
V06N55 

Tl G for given elevation angle i f  elevation angle above was i 0. 

PRO 

PRO 

PRO 

PRO 

PRO 

Purpose: 

F lashing Time of Ignition 
V06N37 

F lashing Pericenter Altitude 
V06N58 Delta V (TPI) 

Delta V (TPF) 

Flashing � Vx (LV) for TPI 
V06N81 �Vy (LV) for TPI 

�Vz (LV) for TPI 

F lashing � Vx (LOS) for TPI 
V06N59 �Vy (LOS) for TPI 

�Vz (LOS) for TPI 

Flashing Marks 
V 1 6N45 Time from Ignition 

Middle Gimbal Angle 

Flashing Select New Program 
V37 

ooxxx. h 
OOOXX. min 
oxx.xx s 

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

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

X X X X . X  ft/s 
X X XX . X  ft/s 
X X X X . X  ft/s 

X X X  X X  
XXbXX min/s 
xxx.xx deg 

P35-LM TRANSFER PHASE MIDCOURSE (TPM) PROGRAM 

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

Assumptions: 

1 .  The ISS need nov be on to complete this program u nless automatic state vector 
updating is desired by the Rendezvous Navigation program (P20). If selected, P20 wil l  
define the status of  the ISS . 
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P35 (continued) 

2 .  The Rendezvous Radar is on and is locked on the CSM. This was done during previous 
selection of P20. Radar sighting marks wil l  be made automatically approximately 
once a minute when enabled. The rendezvous track1ng mark counter is zeroed by the 
selection of P20 and after each thrusting maneuver. -

3. The time of intercept (T(INT))  was defined by previous complet1on of the Iransfer 
Phase I nitiation (TPI) program (P34) 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 wil l  be available for display to the astronaut through the use of 
V06 N52. 
The astronaut would call this display to ver1fy that the central angle of transfer of tl1e 
active vehicle is not within 1 70 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. 

Sequence of Events: 

V37E35E 

F lashing 
V 16N45 

Marks 
Time from Ignition 
Middle Gimbal Angle 

XX XXX 
XXbXX min/s 
·00001 

Middle G imbal Angle (MGA) is - 1  until the final pass through the program. 

PRO 

Flashing 
V06N81 

b.Vx ( L V )  for TPM 

b.Vy (LV)  for TPM 
6.Vz (LV) for TPM 

x x x x . x  ft/� 
X X X X . X  ft/s 
X X X X. X  ft/s 

PRO 
F lashing 
V 1 6N45 

Marks 
Time from Ignition 
Middle Gimbal Angle 

X X X  X X  
XXbXX min/s 
x x x. x x  deg 

PRO 

F lashing Select New Program 
V37 

P40-DPS PROGRAM 

Purpose: 

1 .  To compute a preferred I M U  orientation and a vehicle attitude for a LM DPS 
thrusting maneuver and to maneuver the vehicle to that attitude. 

2. To contol the PGNS during countdown, ignition, thrusting, and thrust termination 
of a PGNS controlled DPS maneuver. 

Assumptions: 

' 
0 0 

1 .  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 ("ASTEE R")  or set ( External Delta V) the External V flag. For E xternal 
Delta V steering, VG is calculated once for tQe specified time of ignitiOn. Thereafter 
both during DPS thrusting and until  the crew notifies the LGC that RCS trim 
thrusting has been completed, the LGC updates VG only as a result of accelerometer 
inputs. 

• 

• 

I ' I 
i 
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P40 (continued) 

For steering control when using "ASTEE R ," the velocity required is calculated from 
the most re_tent intercept trajectory semimajor axis. The Lambert routine periodically 
recomputes the intercept trajectory semimajor axis for .Qle "AS TEE R" calculations. 
The interval between Lambert solutions is controlled by an erasable load value (UT).  

3. Engine ignition may be slipped beyond the established TIG if  desired by the crew, or 
if state vector integra�ion cannot be completed in  time. 

4. If a thrusting maneuver is performed with the Guidance Control Switch in PGNS and 
the Mode Control Switch in Auto, the PGNS controls the total vehicle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the F O A l .  The crew 
may exercise control about only the yaw axis with the ACA (X-axis override) 
provided the X-axis override capabi l ity is permitted. 

If a thrusting maneuver is performed with the G u idance Control switch in PGNS and 
the Mode Control switch in Attitude Hold, the PGNS holds the vehicle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the F O A l .  The crew 
may exercise manual control about the vehicle axes with the AC.A. using either the 
Rate Command or Minimum I mpulse mode. However, it is strongly recommended 
that powered flight not be attempted in the M m imum Impulse mode. 

I f  the Gu idance 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. 

/ 5. The PGNS generates two types of errors for display on the FOAl as selected by the 

/ 

astronaut. 

a. Mode 1 - Selected by Verb 6 1 .  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. 

6. The X-axis override option provides the crew with the ability to exercise manual 
control about the LM X axis with the attitude controller even though the PGNS 
Attitude Control mode is Auto. When the controller is returned to detent the DAP 
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. 

7. When the thrust/translation controller is set to minimum thrust position and the LGC 
throttle command is zero, the DPS wil l  start at 1 0  percent thrust. 

8. The Load OAP Data routine (R03) has been performed prior to selection of this 
program and the DPS engine gimbal has been previously driven to the correct trim 
position. I f  this burn is of sufficient duration that vehicle transients at ignition due to 
CG/thrust do not affect accomplishment of maneuver aim conditions, then the gimbal 
need not be driven to the trim position before T I G .  Driving the gimbal to the trim 
position in worst case conditions could require 2 minutes. 

9. During DPS burns only, the pitch-rol l  RCS jet autopilot ( U  and V jets) may be 
disabled by (V65) or enabled by (V75).  This capabil ity is intended to be used to 
prevent LM and descent stage thermal constraint violations during CSM-docked OPS 
burns (P40). The capability exists during P63 and P70 also. Performance of F R ESH 
START (V36E) will always enable the capabil ity in the autopilot. 

10.  The LGC wil l  neither designate nor read the Rendezvous Radar ( R R )  during this 
program. 

1 1 .  This program should be selected by the astronaut by DSK Y entry at least 5 minu tes 
: before the estimated time of ignition. ' 

/ 
1 2 .  The value of Delta V required wi l l  be stored in  the local vertical coordi nate system 

and is available during this rrogram by keying V06 N 8 1 E .  
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P40 (continued) 

Sequence of Events: 

V37E40E 

PRO 

Flashing 
V50N18 

Desired Automaneuver to F DAI Ball 
Angles -

Automaneuver: Guidance Control - PGNS 
Mode Control - PGNS Auto 

Monitor automatic maneuver to attitude. 

V06N 18 Desired Automaneuver to F DAI Ball 
Angles 

Manual Maneuver: Guidance Control - PGNS 
Mode Control - PGNS Attitude Hold 

Maneuver to V50N 18 displayed angles. 

R XXX.XX deg 
p XXX. X X  deg 
y xxx.xx deg 

R XXX.XX deg 
p xxx.xx deg 
y xxx.xx deg 

ENTER 

Flashing 
V50N25 

Please switch to: 

Check I ist Code 

Guidance Control - PGNS 
Attitude Control - Auto 
Throttle Switch - Auto 

00203 

ENTER 

V06N40 Time from Ignition (TFI)  XXbXX min/s 
Magnitude of Velocity to be Gained XX XX. X ft/s 
� V (accumulated) X X  XX. X ft/s 

TFI counts down until TIG -35 seconds, when DSKY blanks for 5 seconds. V06N40 
display returns until TIG -5 seconds. 

TIG - 15 seconds. R3 should be less than 00005. 
TIG - 7.5 seconds. Verify + X  ul lage. 
Tl G -5 seconds 

Flashing 
V99N40 

Time from Ignition 
Magnitude of Velocity to be Gained 
� V (accumulated) 

XXbXX min/s 
XXXX.X ft/s 
XXXX.X ft/s 

PRO Astronaut okays ignition. TIG occurs. 

PRO 

PRO 

V06N40 Time from Engine Cutoff 
Velocity to be Gained 
� V (accumulated) 

Flashing 
V1 6N40 

Time from Engine Cutoff 
Velocity to be Gained 
� V (accumulated ) 

Turn off DPS engine: 
Push ENG STOP 
Switch ENG ARM to OFF 

Flashing 
V16N85 

VGX (body) 
VGy (body) 
VG2 (body) 

Null residual velocities. 

Flashing 
V37 

Select New Program 

XXbXX min/s 
XXXX.X ft/s 
XXXX.X ft/s 

XXbXX min/s 
XXXX.X ft/s 
XXXX.X ft/s 

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

• 
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P41-RCS PROGRAM 

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

' - maneuver find to perform the vehicle maneuver to that attitude. 

' / : 

2. To provide suitable displays for manual execution of the thrusting maneuver in the 
Attitude Hold mode. 

Assumptions: 

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

2. The required steerino eauations are identified by the prior prethrust program, which 
either reset ("ASTEER") or set (E xternal 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 "ASTEE A," the velocity required is calculated from 
the most recent intercept trajectory semimajor axis. The Lambert routine periodically 
recomputes the intercept trajectory semi major axis for the "AS TEE A" calculations. 
The interval between Lambert solutions is controlled by an erasable load value (UT). 

3. RCS ignition may be slipped beyond the established TIG if desired by the crew, or if 
state vector integration cannot be completed on time. 

4. I f  a thrusting maneuver is performed with the Gu idance Control switch in PGNS and 
the Mode Control switch in Attitude Hold, the PGNS holds the vehicle attitude 
and generates either Mode 1 or Mode 2 attitude errors for display on the FOAl. The 
crew may exercise manual control about all vehicle axes with the ACA using either 
t h e  Rate Command or Minimum Impulse mode. However, it is strongly 
recommended that powered flight not be attempted in the Minimum Impulse mode. 

5 .  The PGNS generates two types of errors for display on the F DAI as selected by the 
astronaut. 

a. Mode 1 - Selected by Verb 6 1 .  Autopilot following errors used as a monitor of 
the OAP'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. 

6. The X-axis override option provides the crew with the ability to exercise manual 
control about the LM X axis with the attitude controller even though the PGNS 
Attitude Control mode is Auto. When the controller is returned to detent, the OAP 
damps the yaw rate, stores the yaw attitude when the yaw rate is damped, and then 
maintains that attitude. 

The X-ax is 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. 

7. The Load DAP Data routine ( R03) has been performed prior to selection of this 
program. 

8. The LGC will neither designate nor read the Rendezvous Radar (RR) during this 
program. 

9. This program should be selected by the astronaut by DSKY entry at least 5 minutes 
before the estimated time of ignition. 

10. 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 V06N8 1 E .  

Sequence of Events 

V37E41 E 

Flashing 
V50N18 

Desired Automaneuver to FDA I Ball 
Angles 

Automaneuver: Guidance Control - PGNS 
Mode Control - PGNS Auto 

A XXX.XX deg 
p xxx.xx deg 
y xxx.xx deg 



j 
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PRO 

V16N18 

LM-62 

P41 (continued) 

Desired Automaneuver to F DAI Ball 
Angles 

Monitor automatic maneuver to V06N 1 8  displayed values. 

Manual Maneuver: Guidance Control - PGNS 
Mode Control - PGNS Attitude Hold 

Maneuver to V50N 1 8  values. 

R XXX.XX deg 
p XXX. X X  deg 
y XXX. XX deg 

ENTER 

PRO 

V1 6N85 VG
X 

(body) 
VGy (body) 
vG 2 (body) 

Mode Control: Attitude Hold 

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

At TIG - 35 seconds, the DSKY blanks until TIG · 30 seconds and V16N85 display 
returns. 

At Tl G - 00 seconds. 

Flashing VG X (body) 
V16N85 VGy (body) 

VGz 
(body) 

Null components of velocity, when satisfied. 

Flashing 
V37 

Select New Program. 

P42-APS PROGRAM 

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

Purpose: 

1 .  To compute a preferred IMU orientation and vehicle anitude for an LM APS 
thrusting maneuver and maneuver the vehicle to that attitude. 

2 .  To control the SIC during countdown, ignition, thrusting, and thrust termination of 
a PGNS-controlled APS maneuver. 

Assumptions: 

1 . The target parameters have been calculated and stored in the LGC by pnor 
execution of a prethrusting maneuver. 

2. The required steering equations are identified by the prior prethrust program, which 
either reset ("ASTEER") or set (E xternal Delta V) the External Delta V flag. For 
External Delta V steering, VG is calculated once for the specified time of ignition. 
Thereafter both during APS thrusting and until the crew notifies the LGC that RCS 
trim thrusting has been completed, the LGC updates VG only as a result of 
accelerometer inputs. 

For steering control when using "ASTE E R," the velocity required is calculated from 
the most recent intercept trajectory semimajor ax is. The Lambert routine 
periodically recomputes the intercept trajectory semi major axis for the "AS TEE R" 
calculations. The interval between Lambert solutions is controlled by an erasab le 
load value (UT). 

3. Engine ignition may be slipped beyond the established TIG if desired by the crew or 
if state vector integration cannot be completed in time. 

4. If a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Auto, the PGNS controls the total vehicle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the FDA I .  The 
crew may exercise control about only the yaw axis with the ACA (X-axis override) 
provided the X-axis override capability is permitted. 

-

• 
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P42 (continued) 

I f  a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in  Attitude Hold, the PGNS holds the vehicle attitude 
and generates either Mode 1 or Mode 2 attitude errors for display on the F DAI. The 
crew may exercise manual control about al l  vehicle axes with the ACA using either 
t h e  Rate Command or Minimum Impulse mode. However, it is strongly 
recommended that. powered flight not be attempted i n  the Minimum Impulse mode. 

5. The PGNS generates two types of errors for d isplay on the F DAI as selected by the 
astronaut: 

a. Mode 1 - Selected by Verb 6 1 .  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. 

6. The X-axis override option provides the crew with the ability to exercise manual 
control about the LM X axis with the attitude controller even though the PGNS 
Attitude Control mode is Auto. When the controller is returned to detent the 
PGNS 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 crevv. 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. · 

7. The Load DAP Data routine ( R03) may have been performed prior to selection of 
this program. 

8. The LGC wi l l  neither designate nor read the Rendezvous Radar (RR) during the 
program. 

9. This program should be selected by the astronaut by DSKY entry at least 5 minutes 
before the estimated time of ignition. 

10. The value of  Delta V requi red wi l l  be stored in  the local vertical system and is 
available in  this program until Average G turns on by keying V06N81 E.  

Sequence of Events: 

V37E42E 

PRO 

Flashing 
V50N18 

Desired Automaneuver to FDA I Ball 
Angles 

Automaneuver: Guidance Control - PGNS 
Mode Control - PGNS Auto 

V06N1 8  Desired Automaneuver to FDA I Ball 
Angles 

Monitor automaneuver to V06N 1 8  displayed values. 

Manual Maneuver: Guidance Control - PGNS 
Mode Control - PGNS Attitude Hold 

Maneuver to V50N 18 displayed angles. 

ENTER 

V06N40 Time from Ignition 
Velocity to be Gained 
� V (accumulated) 

R XXX.XX deg 
p xxx.xx deg 
y xxx.xx deg 

R XXX.XX deg 
p xxx.xx deg 
y xxx.xx deg 

XXbXX min/s 
XXXX.X ft/s 
XXXX .X ft/s 

TFI counts down until T I G . 35 seconds when DSKY blanks for 5 seconds. V06N40 
display returns until TIG · 5 seconds. 

I 

-



-

P R O  

PRO 

PRO 

V06N40 

Flashing 
V99N40 

V06N40 

Flashing 
V1 6N40 

LM-64 

P42 (continued) 
-

Same as above. 

Tl G - 1 5  seconds. R 3 should be less than 00005. 
Tl G - 1 4  seconds. Manual u llage. 
T I G - 1 0  seconds. Stage switch - F ire MASTER A R M - OFF. 
Tl  G - 3.5 seconds. Verify +X u II age 
Tl G - 5 seconds. 

Time from I gnition 
Magnitude of Velocity to be Gained 
.C:. V (accumulated) 

Time from Engine Cutoff 
Magnitude of Velocity to be Gained 
.C:. V (accumu lated) 

Time from Engine Cutoff 
Magnitude of Velocity to be Gained 
.C:. V (accumulated) 

XXbXX min/s 
XXXX.X ft/s 
XXXX.X ft/s 

XXbXX min/s 
XXXX.X ft/s 
XXXX.X ft/s 

XXbXX min/s 
XXXX.X ft/s 
XXXX.X ft/s 

Engine Arm - O F F .  Shutdown APS engine. 

Flashing 
V1 6N85 

D.V X ( LM body) 
AVy (LM body) 
Avz (LM body) 

Null  residual velocities. 

Flashing 
V37 

Select New Program 

P47- THRUST MONITOR PROGRAM 

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

Purpose: 

1 .  To monitor vehicle acceleration during a non-PGNS controlled thrusting maneuver 
and display Delta V applied to the vehicle by this thrusting maneuver. 

Assumptions: 

·, ' 

1 .  This program is normally used during the f ina I phase of the rendezvous. I f  the crew • 
desires to do any final phase thrusting maneuvers automatically under PGNS 
control they must be accomplished via selection of the Transfer Phase Initiation 
(TPI)  program (P34) and then the DPS Thrusting program (P40). 

2. Range, range rate, and theta may be displayed during this program by calling the 
Rendezvous Parameter Display routine ( R 3 1 ) .  

3. This program should be turned on just prior to the planned thrusting maneuver and 
terminated as soon as possible after the maneuver in order to keep errors associated 
with Average G integration at a minimum. 

4. The Orbit Parameter Display routine ( R 30) may be called during this program by 
keying in V82E. 
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P47 (continued) 

sec�uence o[_J:vents: 

V37E47E 
Flashing 6V x (LM body) XXXX.X ft/s 
V1 6N83 �V y (LM hody) XXXX.X ft/s 

�Vz (LM body) XXXX.X ft/s 

V83E 
V16N54 Range XXX.XX nmi 

Range Rate XXXX.X ft/s 
Angle Between LM +Z Axis and Horizontal XXX.XX deg 

PRO 
Flashing Same as above. 
V1 6N83 

V82E 
Flashing Apocenter Altitude XX XX.X nmi 
V1 6N44 Pericenter Altitude XXXX.X nmi 

Time from Phase XXbXX min/s 

PRO 
Flashing Same as above. 
V1 6N83 

PRO 
Flashing Select New Program. 
V37 

P51 - IM U  O R I ENTATION DETERMINATION PROGRAM 

Purpose: 

1 .  To determine the inertial orientation of the I M U  using sightings on two celestial 
bod1es with the AOT or a backup optical system. 

Assumptions: 

' • • 

1 .  There are no restraints upon the LM attitude control modes until a PGNS 
controlled maneuver is called by a program or the crew wishes to manually 
maneuver the vehicle. 

2. Time and RCS fuel may be saved, and subsequent I M U  alignment decisions greatly 
simplified, 1f this program is performed in such a way as to leave the I M U  inertially 
stabilized at an orientation as close as possible to the optimum orientation sequence 
followed by future LGC programs. 

3. Extended verbs should not be exercised during this program because of possible 
i nterference with the AOT Mark routine (R53).  
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P51 (continued) 

Sequence of Events: 

V37E51E 

Flashing - Checklist Code 
V50N25 

Perform celestial body acquisition. 

00015 

To coarse align IMU to 0 · 0 · 0 

ENTER 

PRO 

PRO 

PRO 

V41N22 

NO ATT light on; FOAl ball torques; NO ATT light off 

Flashing 
V01N71 

Code 
Mark X/Cursor Counter 
Mark Y /Spiral Counter 

C - AOT Detent 

+ 000.00 deg 
+ 000.00 deg 
+ 000.00 deg 

OOCDE 
XXXXX Octal 
XXXXX Octal 

0-COAS calibration (not allowed), 1-front left, 
2-front center, 3-front right, 4-right rear, 
5-rear center, 6-rear left, 7-backup optical 
system-COAS. 

DE -Celestial Body Code 
00-planet, 01/45-star from code list, 46-sun, 
47-earth, 50-moon 

V21 E .  Load desired star code and detent. 
If C = 7, COAS to be used in place of AOT for marks. 

Flashing Backup Optics LOS Azimuth 
V06N87 Backup Optics LOS E levation 

V24E. Load correct data +E, +09000E Overhead Window. 

Flashing 
V54N7 1  

(Mark X or Y) 
Display same as VOl N71 above. 

xxx.xx deg 
xxx.xx deg 

MARK X 

V53N7 1  (Mark Y Reticle) 
Display same as V01 N 7 1  above. 

MARK Y 

PRO 

V32E 

or 
PRO 

V52N71 (Mark X Reticle) 
Display same as V01 N71  above. 

After first star. repeat sequence starting at V01N71.  

After second star. 
Flashing Star Angle Difference 
V06N05 

Recycle to start of program with Flashing V50N25 display. 

Flashing 
V37 

Select New Program 

xxx.xx deg 
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P52- IMU REALIGN PROGRAM 

Purpose: 
,- To.align the IMU from a "known" orientation to one of four orientations selected 

· 

by the astronaut using sightings on two celes@l bodies with the AOT or a backup 
optical system. 

Preferred Orientation (Option 0000 1 ) .  An optimum orientation for a previously a. 
calculated maneuver. This orientation must be calculated and stored by a 
previously selected program. 

b. Landing Site Orientation (Option 00004) 

XSM = Unit ( R LS) Y SM = Unit (ZSM x XSM ) ZSM = Unit (HCSM x XSM ) 

where: 

The origin is the center of the moon. R 1 
S 

= The position vector of the LM on 
the lunar surface at a landing site and a time T(align) selected by the crew. 

HcsM = The angular momentum vector of the CSM ( RcsM x V CSM ).  

A special case of the landing site orientation occurs when T(align) is defined as 
the time of lunar landing T(land). This case occurs only if T(landl has been 
defined by the MSFN, transmitted to the crew, and the crew has then defined 
T(Aiign) to be T( land) in this program. 

c. Nominal Orientation (Option 00002 ) 

XSM = Unit ( R )  Y SM = Unit (V x R )  ZSM = Unit ( XSM x Y SM) 

where: 
R = The geocentric (earth orbit) or selenocentric (lu nar 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. RE FSMMA T (Option 00003). A known orientation stored in the LGC at a previous 
time. 

Aaumptions: 

1 .  The configuration may be docked (LM/CSM) or undocked (LM alone). The present 
configuration should have been entered into the LGC by completion of the OAP 
Data Load routine (R03).  

2. There are no restra ints upon the LM attitude control modes until a PGNS 
controlled maneuver is called by a program or the crew wishes to manually 
maneuver the vehicle. The Guidance Control switch may be at PGNS or AGS and, if 
at PGNS, the mode may be Auto or Attitude Hold. Prior to PGNS 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. 

3. Tj1is program makes no prov ision for an attitude maneuver to return the vehicle to a 
specified attitude. Such a maneuver, if desired, must be done manually. An option is 
provided however to allow pointing of the AOT at astronaut or LGC selected stars 
either manually by the crew or automatically by an LGC controlled attitude 
maneuver. 

4. An option is provided to realign the IMU to the preferred, nominal, or landing site 
orientation without making celestial body sightings. 

5. Extended verbs should not be exercised during this program because of possible 
interference with the AOT Mark routine (R53). 

Sequence of Events: 

V37E52E 

Flashing 
V04N06 

Option Code I D 00001 IMU 
Alignment Option 
oooox 

( 1 -Preferred, 2-nominal, 3-RE FSMMA T, 
4-landing site) 

V22E. Reload desired option. 
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PRO 

PRO 

Landing Site option. 

Flashing 
V06N34 

LM-68 

P52 (continued) 

Time of Landing 

V25E. Reload desired landing time. 

Flashing 
V06N89 

Designated Landing Site Latitude 
Designated Landing Site Longitude/2 
Designated Landing Site Altitude 

V25E. Load corrected landing site coordinates. 
PRO Go to Preferred option . 

Nominal option 
Flashing 
V06N34 Time of Alignment 

V25E. Load desired T ALIGN 

PRO Go to Preferred option. 

ooxxx. h 
OOOXX. min 
oxx.xx s 

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

ooxxx. h 

OOOXX. min 
oxx.xx s 

Preferred, Nominal, or Landing Site options continue from this display. 

PRO 

Flashing 
V06N22 

I MU Gimbal Angles at Desired 
Orientation 

OGA 
IGA 
MGA 

xxx.xx d eg  
xxx.xx deg 
xxx.xx deg 

To maneuver away from gimbal lock, maneuver with hand controller. 

V32E 

PRO 

Flashing 
V06N22 

Flashing 
V50N25 

Gyro Torque Only 

IMU Gimbal Angles at Desired 
Orientation 

Checklist Code 

• 

OGA 
IGA 
MGA 

XXX. XX deg 
xxx.xx deg 
xxx.xx deg 

0001 3  

Mode Control: PGNS - Attitude Hold, V76E - minimum impulse,N o  DAP light on. 

ENTER 

V1 6N20 Present ICDU Angles 

when torquing complete 

ENTER 

F lashing Checklist Code 
V50N25 

No fine alignment desired. 

Flashing Select New Program 
V37 

Normal alignment and realignment 

PRO No Attitude light-on - then off 

Flashing Checklist Code 
V50N25 

Select star acquisition mode . 

OGA 
IGA 
MGA 

XXX. XX deg 
xxx.xx deg 
xxx.xx deg 

0001 4  

00015 

-
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P52 (continued) 

PRO or V32E for 
Cursory Spiral 
Marking 

Flashing 
V01N70 

Code - OOCDE 

C-AOT Detent 
0-COAS calibration (not allowed), 1 -front left, 
2-front center. 3-front right, 4-right rear, 
5-rear center, 6-rear left, 7-backup optical 
system-COAS 

DE -Celestial Body Code 
00-Pianet, 01 /45-star from code list. 46-sun. 
47-earth, 50-moon. 

V21 E .  Load desired star code and detent. 

PRO I f  C=7, COAS to be used. 

Flashing 
V06N78 

Backup Optics LOS Azimuth 
Backup Optics LOS E levation 

V24E. Load correct data. 

+E, +E for forward window 
+E, +9000E, overhead window 

I f  DE = 00 

Flashing 
V06N88 

Components of Celestial Body Unit 
Vector 

V25E. Load desired vector components. 

XXX.XX deg 
XXX.XX deg 

.XX XXX 

.xxxxx 

.XX XXX 

If Cursor and 
Spiral Option 

V32E 

or 
PRO 

PRO 

Flashing 
V06N79 Cursor Angle 

Spiral Angle 
Detent Code 

Recycle to Flashing VOl N70 display above. 

Flashing 
VOl N71 Code 

C-AOT Detent 

' 

xxx.xx deg 
XXX.XX deg 

+OOOOX 

OOCDE 

Q-COAS calibration (not allowed),l -front left, 
2-front center, 3-front right, 4-right rear, 
5-rear center, 6-rear left, 7 -backup optical 
system-CO AS 

DE -Celestial body code 
00-Pianet. 01/45 star from code list, 
46-sun, 4 7-earth. so-moon. 

If DE = 00 
Flashing 
V06N88 

Flashing 
V52N71 

Components of Celestial Body 
Unit Vector 

Code 
Mark X/Cursor Counter 
Mark Y /Spiral Counter 

Position cursor, Mark X, or ROD switch pushed. 

Flashing 
V21N79 

Cursor Angle 
Spiral Angle 
Detent Code 

(Definition of detent code, same as above in C position of 
N71 display) 

Enter current value of cursor angle or V22; enter current 
value of spiral angle. 

.xxxxx 

.xxxxx 

.XXXXX 

OOCDE 
XXX XX 
XX XXX 

XXX. XX deg 
xxx.xx deg 

+OOOOX 
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PRO 

PRO 

PRO 

Flashing V06N79 

-

Flashing 
V53N71 

Cursor Angle 
Spiral Angle 
Detent Code 

Code 

LM-70 

Mark X/Cursor Counter 
Mark Y/Spiral Counter 

Position spiral, Mark X or Mark Y, or ROD switch pushed. 

Flashing 
V22N79 

Cursor Angle 
Spiral Angle 
Detent Code 

Enter current value of spiral angle or V21; enter current 
value of cursor angle. 

xxx.xx deg 
xxx.xx deg 
+OOOOX 

OOCDE 
XX XXX 
xxxxx 

XXX.XX deg 
xxx.xx deg 

+OOOOX 

Program recycles to Flashing V52N71 or V53N71 display as above. 
ENTER will alternate V52N71 or V53N:71 displays at this point. 

PRO 

PRO 

PRO 

After second star marking is finished 

Flashing 
V06N05 

Flashing 
V50N18 

Manual Maneuver ' 

Display defined below. 

Desired Automaneuver to FOAl Ball 
Angles 

Mode Control: PGNS - Attitude Hold. Do manual maneuver. 

Flashing 
V50N 18 

Desired Automaneuver to FOAl Ball 
Angles 

ENTER 
After maneuver complete 

MARK X 

Flashing Mark X or Y or ROD 
V54N71 Display same as V01N71 above. 

R XXX.XX deg 
p xxx.xx deg 
y xxx.xx deg 

R XXX.XX deg 
p xxx.xx deg 
y XXX. XX deg 

V53N71 Mark Y or ROD. Display same as V01 N71 above. 

MARK Y 
V52N71 Mark X or ROD. Display same as V01 N71 above. 

PRO Display same as VOl N71 above. 

V23E 

or 
PRO 

PRO 

V32E 

After second star 
Flashing 
V06N05 

Star Angle Difference 

Recycle to start of program with flashing V50N25 display. 
( RE FSMMA T option) 

Flashing 
V06N93 

Flashing 
V37 

Gyro Torque Angle 

Select New Program. 

Recycle to part of program with flashing VSON25 display. 
(REFSMMAT option) 

XXX. X X  deg 

. 
X XX.XXX deg 
y xx.xxx deg 
z xx.xxx deg 

I 



- LM-71 

P57-LUNAR SURFACE ALIGN PROGRAM 

purpose: . 
1 .  While on the surf.ttce of 

of orientations: 
the moon to align or realign the IMU to one of three types 

-
a. Landing Site Orientation (Option 4) 

XSM = Unit ( R  LS) Y SM = Unit (ZSM x XSM
) ZSM = Unit ( HCSM x XSM

) 

where: 

The origin is the center of the moon. 

R LS = The position vector of the LM on the lunar surface at the most 
recently designated landing site and a time T(align) selected by the crew. 

HcsM = The angular momentum vector of the CSM ( R csM x VcsM l -

b. Preferred Orientation (Option 1 )  

An I MU orientation specified b y  the ground and loaded into the LGC by the 
LGC Update pr?gram

_ 
(P27}. When such an orientation is loaded by the ground 

the preferred onentat1on flag wil l  be also set during P27. 

c. R E  FSMMA T (Option 3). 

Assumptions: 

• ' • 

1 .  There are several methods available to the crew for completing an I MU alignment. 
The resultant accuracy of the I M U  to the specified desired orientation (that is, that 
orientation defined by the final RE FSMMA T) is dependent upon the mode of 
alignment which the crew selects. This selection will be dictated by the 
circumstances at the time of alignment. 

2. The LM has landed on the lunar surface. The LM yaw angle with respect to the 
inertial orientation of the I MU at landing was not constrained during landing. 

3.  Al l  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 misal igned IMU only i n  the case where 
an alignment is made from a stored LM attitude with respect to the lunar surface 
(Technique Codes 00000 and 0000 1 )  and the I MU is not subsequently aligned by 
reference to celestial bodies and/or lunar gravity. 

4. The ISS is on and may b"e : 

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 I M U  alignment or 
orientation determination. Therefore the present orientation differs from that 
stored in R E FSMMAT only due to gyro drift and/or the initial misalignment of 
the IMU to the stored RE FSMMAT. 

5. Extended verbs should not be exercised during the Lunar Surface Sighting Mark 
routine ( R59) because of possible interferel'}ce with the AOT Mark routine (R 53). 

6. The LM attitude with respect to the lunar surface is available in LGC storage; that is, 
it will have been stored by the Landing Confirmation program (P68). Once this 
attitude has been stored it will be preserved by the LGC until it is replaced by a 
more recent value . 

7 .  This program is selected by the astronaut by OSKY entry. It wil l  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 initial ization, and approximately 1 5  minutes prior to ascent. This program 
may also be used to provide an IMU alignment in time-critical emergencies prior to 
ascent. 
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P57 (continued) 

8. The DAP should be off during gyro torquing by this program to preclude RCS ;. 
firings due to realignment of the IMU causing attitude errors exceeding the 
maximum deadband. 

-
9. A determination of the LM position vector while on the lunar surface (R Lsl can be 

accomplished only in conjunction with IMU alignment Technique 2 (using AOT 
sightings on two celestial bodies). It is valid only if the lunar gravity vector has beeq 
previously defined during P57, using IMU alignment Technique 1 (using 
REFSMMAT or stored LM attitude and determination of lunar gravity vectOJ") or 
Technique 3 (using single celestial body sighting and determination of lunar gravity 
vector).  

Sequence of �vents: 

V37E57E 

PRO 

PRO 

Flashing 
V04N06 

Option Code I D 

Option Code 

1 -preferred, 2-nominal (not valid) 
3-REFSMMAT, 4-landing site 

V22E. Load desired option. 
Landing Site Only 

Flashing 
V06N34 

Time of Alignment 

V25E. Load desired alignment time. 

Preferred and RE FSMMAT 

Flashing 
V05N06 

Specify Alignment Technique 
Alignment Technique 

00001 
Specify Align
ment mode 
oooox 

ooxxx. h 
OOOXX. min 
oxx.xx s 

00010 
oooox 

0-prestored attitude, 1-prestored attitude +g 
2-two celestial bodies, 3-one t::elestial body + g 

Data Code OOC DO 
C=1 - RE FSMMAT defined 
C=O - RE FSMMAT not defined 
D=1 - Stored LM attitude available 
D=O - Stored LM attitude not available 

For alignment technique RE FSMMAT +g or one celestial body +g. 

V1 6N20 Present ICDU Angle 

No Attitude and No DAP light on, then off twice. 

Flashing 
V06N04 

Angle Between Present and Stored 
Gravity Vector 

OGA 
IGA 
MGA 

+042.00 deg 
+318.00 deg 
+035.25 deg 

xxx.xx deg 

For Alignment technqiue stored or REFSMMAT Attitude or two celestial 
bodies and IMU not aligned. 

Flashing Desired ICDU Angles 
V06N22 

OGA 
IGA 
MGA 

xxx.xx deg 
xxx.xx deg 
XXX. XX deg 
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P57 {continued) 

PRO No Attitude light off • 

PRO 

V32E 

PRO 

PRO 

For alignment techniques 
Two celestial bodies or one celestial body +g and I M U  aligned. 

Flashing Code 
V01N70 

C-AOT Detent 

OOCDE 

0-COAS calibration (not allowed), 1 -front left, 
2-front center, 3-front right, 4-right rear, 
5-rear center, 6-rear left, 7 -backup optical 
system - COAS 

DE-Celestial Body Code 
00-planet, 01 /45-star from star code list, 
46-sun, 47-earth, 50-moon. 

V21 E. Load desired star code and detent. 

For DE = 00 

F lashing 
V06N88 

Flashing 
V06N79 

To redefine star 

Flashing 
V01 N7 0  

Flashing 
V01 N 7 1  

F lashing 
V52N71 

or 
V53N71 

Components of Celestial Body Unit 
Vector 

Cursor Angle 
Spiral Angle 
Position Code 

(Same 8s above V01N70.)  

Code 
Mark X/Cursor Counter 
Mark Y /Spiral Counter 

Code 
Mark X/Cursor Counter 
Mark Y /Spiral Counter 

X 
y 
z 

.XX XXX 

.XX XXX 

.XX XXX 

xxx.xx deg 
XXX. X X  deg 
oooox 

OOCDE 

OOCDE 
XXX XX 
XX XXX 

OOCDE 
xxxxx 
xxxxx 

To change V52N71 to V53N71 or vice versa, key ENTE R.  
For V52, position cursor and punch Mark X ,  Mark Y or click ROD switch. 
For V53, position spiral and punch Mark X, Mark Y or click ROD switch. 
For crew specified bodies, PRO repeats Flashing V 0 1 N 7 1  display. 
For L GC calculated angles, recycle (V32E). 

Flashing 
VOGN79 Cursor Angle 

Spiral Angle 
Position Code 

XXX.XX deg 
XXX.XX deg 
oooox 

t 
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P57 (continued) 

. 
PRO If alignment technique is two celestial bodies. repeat sequence starting with 

Flashing VOl N70 display and then continue. I f  alignment technique is one 
celestial body and gravity continue. 

Flashing Star Angle Difference XXX.XX deg 

PRO 

PRO 

V06N05 

Flashing 
V06N93 

Flashing 
V50N25 

X Gyro Torqu ing Angle 
Y Gy;o Torquing Angle 
Z Gyro Torqu ing Angle 

Checklist Code 

PRO Recycles program to Flashing VOl N70 

ENTER 

PRO 

Purpose: 

Flashing 
V06N89 

Flashing 
V37 

latitude 
Longitude/2 
Altitude 

Select New Program 

-

P63-BRAKING PHASE PROGRAM 

xx.xxx deg 
xx.xxx deg 
XX. XXX deg 

00014 

00014-choose 
fine align or 
landing site 
determination 

xx.xxx deg 
xx.xxx deo 
XXX.XX nmi 

1 .  To calculate the required time of OPS ignition (TIG) and other initial conditions 
required by the LGC for a PGNS-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 PGNS during countdown. ignition. and thrusting of the powered 
landing maneuver until H I  gate. 

5. To indicate to the crew that H I  gate has been reached by automatic selection of the 
Approach Phase program (P64). 

Assumptions: 

1 .  The LM ts on a descent coast orbit (Hohmann transfer) approaching the braking 
ign1t1on 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 I MU is on and aligned to a landing site orientation defined for the designated 
landing site and the nominal time of landing (T(Iand)), but should be fine aligned to 
this orientation as closely as possible prior to DPS ignition. The LM has not yet been 
aligned to the correct attitude for ignition for the powered landing maneuver. 

/ 

/ 
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P63 (continued) 
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• 

• 

4. 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. 

5 .  The landing Analog Displays routine (R10) is enabled at DPS ignition and is 
terminated upon termination of Average G. The Powered Flight Designate routine 
( R29) is not enabled during the lunar descent. 

6. The entire powered landing maneuver (braking,. approach, and landing) will be 
accomplished using the DPS engine. 

7. The aim conditions for braking phase are stored in the LGC. 
8. The following parameters required by this program have been stored by the LGC 

since lGC init ialization by erasable load. 

a. The lM and CSM state vectors. The lGC has updated these as required. No 
further state vector updates from any external source other than the lR will be 
accepted by this program. 

b. The nominal landing time at the designated landing site T(land) and the position 
RlS· Corrections to the landing site position A LS may be made by keying V21 
through V25 N69 and entering the appropriate correct ion. 

9. 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 total throttle settings; that is, the sum of the 
manual setting (whose minimum is about 1 0  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 minimum for ZOOMTIME seconds of thrusting, and thereafter at a level 
less than that required by the lGC. The value ZOOMTIME is in erasable storage, 
having been loaded prior to launch or by P27. 

Due to the region of forbidden throttling, thrust command logic in conjunction with 
the interim terminal conditions assures that the commanded throttle remains at 
maximum until the guidance equations first require it to be within the allowable 
throttle range. Thereaher it should remain within the allowable throttle range. 

Furthermore, the DPS must be started in the following sequence: ( 1 )  + X  axis 2·jet 
ullage for 7.5 seconds, (2) ignition at minimum throttle, (3) ullage off 0.5 seconds 
aher ignition, (4) ZOOMTIME seconds at minimum thrust, and (5) maximum 
throttle. The throttle setting then becomes controlled- by the guidance equations. 

10. During the powered landing maneuver, the lGC will monitor the presence or 
absence of the Auto Stabilization discrete. This discrete is issued to the LGC when 
the Mode Control switch is in the Auto position. 

The lGC will also monitor the presence or absence of the Auto Throttle discrete. 
This discrete is issued to the lGC when the Thrust Control switch is in the Auto 
position. 

Should either of these discretes be interrupted during the powered landing 
maneuver� the LGC assumes that it no longer has complete automatic control of the 
maneuver. 

The monitor and the associated LGC logic is included in the Landing Auto Modes 
Monitor routine (A 13) which will be called by this program. 

The lGC can be forced to ignore the absence of the Auto Throttle discrete and 
continue issuing normal throttle commands by setting the CHANBACKUP location 
(0374) in the computer to 0001 Xs. This location can only be set by astronaut or 

. ,_ , _,_  -

! 
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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 ax is with the attitude controller even though the PGNs 
Mode Control switch is in  Auto. When the controller is  returned to detent the 
PGNS 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 ia 
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 inh ibited by this program from midway in  the program to the 
end. 

1 2 .  The LGC specifies LM attitude during the powered landing maneuver based upon 
the requirements of thrust vector control, landing site visibility, and LR orientation. 
After DPS ignition, thrust vector control is required through the remainder of this 
program. The landing site becomes visible at the beginning of the approach phase. 

Thrust vector control does not constrain the LM orientation about the thrust axis 
(yaw attitude). Rotation about the LM Y and LM Z axes is used to point the 
measured thrust vector along the desired thrust vector. 

The first restraint upon the LM yaw attitude to occur is that of LR orientation. The 
LGC will not attempt to use LR data until the LGC estimation of altitude is 50,000 
feet. Automatic X-axis override lockout and yaw attitude specification by the LGC 
will  not occur until the LGC estimated altitude is  30',000 feet. Before this time, the 
astronaut must maneuver to a roughly-window-up yaw orientation to prevent 
subsequent loss of S-band lock-on. The i..GC 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. 

13. The crew has the capability to display LGC calculated values of forward velocity, 
lateral velocity, altitude, and altitude rate on certain LM meters during this program. 
The calculations of these parameters is under the control of the Landing Analog 
Displays routine. 

14. The crew can select a d isplay of the LGC computed throttle setting by keying \71 6_ 
N92. 

� 
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e63 (continued) 
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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 descj!nt coast, or the powered descent (P63), (P64l, or (P66). 

For abOrts after DPS ignition for the powered landing maneuver, time is critical. 
During this period an abort is nominally commanded by pushing one of two buttons 
in the LM. The abort may be commanded to use the descent stage (Abort button) or 
the ascent stage (Abort Stage button ) .  If the descent stage is selected, and the DPS 

_propellant approaches exhaustion, control must be switched to the ascent stage by 
�?'��'!!'.'"-- the crew by ascent stage selection (Abort Stage button ) .  

During the powered landing maneuver. the LGC will continuously monitor the 
AbOrt and Abort Stage discretes. and upon receipt of either will terminate the 
program in process and call the appropriate abort program lOPS 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 
Oiscretes Monitor routine ( A  1 1 )  which will be enabled by this program. 

This step can be locked out by setting the CHANBACKUP location (0374) in the 
computer to OOOX1g. This location can only be set by astronaut or ground loading 
and is not changed by Fresh Start or Restart. 

t.7. If a thrusting maneuver is performed with the Gu idance Control switch in PGNS and 
the Mode Control switch in Auto, the PGNS controls the total vehicle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the FDA I .  The 
crew may exercise control about only the yaw axis with the ACA (X-axis override) 
provided the X-axis override capability is permitted. 

If a thrusting maneuver is performed with the Gu idance Control switch in PGNS and 
the Mode Control switch in Attitude Hold, the PGNS holds the vehicle attitude 
and generates either Mode 1 or Mode 2 attitude errors for display on the 
FOAl. 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. 

18. Control of LM DPS, RCS, and APS is transferred from PGNS to the Abort 
Guidance System (AGS) by changing the Gu idance Control switch from PGNS to 
AGS. 

The AGS will be capable of taking over control of the LM during any portion of the 
lunar descent or ascent or during either of the abort programs (P70 or P71 ) .  The 
AGS will guide the LM to a safe orbit. 

The AGS may be initialized by the LGC at any time by manual selection of the AGS 
Initialization routine (R47). However, it is not recommended that the AGS be 
initialized during powered flight because OAP attitude control is interrupted during 
the CDU zero part of the routine. 

In the event that the Guidance Control switch is changed from PGi-IS to AGS during 
a thrusting maneuver, the LGC will continue computation of position and velocity, 
the desired thrust vector. and the desired attitude errors. 

19. The PGNS generates two types of errors for display on the FOAl as selected by the 
astronaut. 

a. Mode 1-Selected by Verb 6 1 .  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. 

-

I 
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P63 (continued) 

20. The event timer was set prior to selection of this program to co4bt to zero at l' 
BRAK based on a time from ignition provided by the ground. 

21 . The Load DAP Data routine (R03) has been performed prior to selection of thia 
program. At that time the DPS engine gimbal should have been driven to the correct 
trim position. 

22. During DPS burn only, the pitch-roll RCS jet autopilot (U and V jets) may bt 
disabled (V65E) or enabled (V75) by Extended Verb as shown. This capability 11 
intended to be used to prevent LM and descent stage thermal constraint violationt 
during CSM-docked DPS burns (P40). The capability exists during P70 alto 
Performance of FRESH START (V36E) will always enable the pitch-roll jets. ' 

23. This program is selected by the astronaut by DSKY entry. It should be selected It 
least 20 minutes before the nominal time of ignition for the powered landing 
maneuver (T BRAK). 

24. Engine ignition may be slipped beyond the established TIG if desired by the crew or 
if state vector integration cannot be completed in time. 

25. Two alarm conditions may be originated by the PGNS powered landing equations: 

a. If  subroutine ROOTSPRS in the RG/VG calculation fails to converge in 8 pass• 
the LGC will turn on the Program Alarm light, store Alarm Code 1 406, and go 
immediately to the final Automatic Request routine (ROO). This alarm can occur 
only in P63 or P64. 

b. If an overflow occurs anywhere in the landing equations the LGC will turn on 
the Program Alarm light, �o�e Alc:trm Code 1410, stop all vehicle attitude rates, 
and continue. This alarm can occur only in P63, P64, or P66. 

26. This program allows manual control of LM attitude and the selection of P66. 

During P63 (P64) the astronaut can display t�e PGNS �otal guidance error on the 
FOAl error needles (Attitude Monitor switch in PGNS) by having keyed in V62E 
through the DSKY. He can then steer _ru,t the t-'GNS P63 attitude errors with tht 
PGNS manually (Guidance Control switch in PGNS and the PGNS Mod� Con
trol switch in Attitude Hold); or automatically (PGNS Mode Control sw1tch io 
Auto); or with the AGS manually (Guidance Control switch in AGS and the AGS 
Mode Control switch in Attitude Hold).  

NOTE: If  the astronaut hits the ROD (Rate of Descent) switch while the PGNS 
Mode Control switch is in Attitude Hold, the LGC will irrevocably transfer him out 
of the automatic guidance program modes (P63 and P64) into the . ROO 
program (P66). 

Sequence of Events: 
V37E63E 

N33E 

KEY REL 

Flashing 
V06N61 

Flashing 
V06N33 

Time to Go in Braking Phase 
Time from Ignition 
Crossrange Distance 

Time of Ignition 

XXbXX min/s 
XXbXX min/s 
XXXX.X nmi 

(+ Landing Site 
north of S/C) 

ooxxx. h 
OOOXX. min 
oxx.xx s 

I 

\ 
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PRO 

Flashing 
V50N 18 
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P63 (continued) 
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Desired Automaneuver F DAI Ball 
Angles 

Automaneuver: Guidance Control - PGNS 
Mode Control - PGNS, Auto 

V06N 18 Desired Automaneuver to FOAl Ball 
Angles 

Monitor maneuver to previous angles displayed. 

Flashing Desired Automaneuver to FOAl Ball 
V50N18 Angles 

R XXX.XX deg 
p XXX. XX deg 
y xxx.xx deg 

R XXX. XX deg 
p xxx.xx deg 
y xxx.xx deg 

R xxx.xx deg 
p xxx.xx deg 
y xxx.xx deg 

ENTER 

V06N62 Absolute Value of Velocity XXXX.X ft/s 
Time from Ignition XXbXX min/s 
Delta V accumulated XXXX.X ft/s 

Time from ignition keeps counting down until TIG - 35 seconds. DSKY blanks for 
5 seconds and V06N62 display returns at TIG -30 seconds. 

V06N62 Absolute Value of Velocity 
Time from Ignition 

Tl G - 5 seconds. 

Flashing 
V99N62 

Delta V Accumulated 

(Same as above display) 

XXXX.X ft/s 
XXbXX min/s 
XXXX.X ft/s 

PRO Astronaut okays ignition. 

I • 

Flashing Delta Altitude XXXX.X ft 
V06N63 Altitude Rate XXXX.X ft/s 

Computed Altitude XXXXX. ft 

At approximately 42,000 feet computed altitude, AL T and V E L  lights - Off. 

V57E At approximately 40,000 feet computed altitude. 

V06N63 Delta Altitude XX XXX. ft 
Altitude Rate XXXX.X ft/s 
Computed Altitude XXXXX. ft 

At approximately ignition +9:30, P64 automatically entered and P64 displayed. 

/ 

-
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P64-APPROACH PHASE PROGRAM 
-

Purpose: 

1 .  To control the PGNS during the thrusting of the powered landing maneuver 
between HI gete and LO gate. 

2. To control the DPS thrust and attitude between H I  gate and LO gate. 

3. To provide the crew with the capability of redesignating the landing site to which 
the PGNS is guidmg the L M .  

Assumptions: 

1 . The LM is on the powered landing descent between HI 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 preferred tracking attitude for optical 
tracking of the LM. 

3. The Landing Radar (LR) is on, checked out. and should have been providing to the 
LGC velocity and range information with respect to the moon. This information 
should have been incorporated into the LM state vector. The LGC/LR operation is 
under the control of the Descent State Vector Update routine (R 12) which is 
already in process. 

4. The entire powered landing maneuver (braking, approach, and landing) will be 
accom plished using the OPS engine. 

5. The aim conditions ( LO gate) for the approach phase are stored in the LGC. 

6. The L M  state vector has been stored in the LGC since initialization by ERASAB LE 
register load. The LGC has updated this as required during thrusting. No further 
state vector updates from any source other than the LR will be accepted by this • 
program. 

7. The DPS is not throttlable over the whole range from 0 to maximum. It must be 
operated either at maxirr.um throttle or over a specific throttle range of lower 
settmgs. These throttle settings are total throttle settings; that is, the sum of the 
manual setting (whose minimum is about 1 0  percent) and the PGNS commanded 
setting. 

This program assumes the Throttle Control switch to be in Auto (the DPS receives 
the sum of the manual and PGNS commanded settings) and the manual throttle to 
be set at a level less than that required by the LGC. 

Nominally, if the Approach Phase program is completed without any redesignation 
of the landing site (see Assumption 1 0). the throttle will remain within the allowable 
throttle range throughout the phase. Excessive target redesignations during this 
program, however, may result in required throttle excursions outside the allowable 
range. 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. 

8. 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. 

0 

The LGC will also monitor the presence or absence of the Auto Throttle discrete. 
This discrete is issued to the LGC when the Thrust Control switch is in the Auto 
position. 

Should either of these discretes be interrupted during the powered landing 
maneuver, the LGC assumes that it no longer has complete automatic control of the 
maneuver. 

The monitor and the associated LGC logic is included in the Landing Auto Modes 
Monitor routine (R13) which is already in process. 

The LGC can be forced to ignore the absence of the Auto Throttle discrete �nd 

continue issuing normal throttle commands by setting the CHANBACKUP locat•on 

(0374) in the computer to 0001 X8. This location can only be set by astronaut or 

ground loading and is not changed by Fresh Start or Restart. 
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LM-81 

P64 (continued) 

-
10. During most of the approach phase, the LGC provides the crew with the option to 

n�designate the landing site to which the PGNS is guiding the LM. This option is 
cafled the Landing Point Designator (LPD) mode. The PGNS Mode Control switch 
must be in Auto for the ACA to function as a landing site redesignator. 
The landing point redeslgnation, if exercised, is based upon visual assessment of the 
lunar terrain with respect to the presently designated landing site. During the LPD 
mode the present landing site is displayed on the DSKY in terms of coordinates on 
the LPD sighting grid on the left hand LM window (LPD angle). Landing site 
redesignations are manually put into the computer via the attitude controller on an 
incremental basis; that is, a limit switch actuation in the attitude controller causes 
the LGC to redesignate the landing site at a fixed angular increment (1  degree in 
elevation, 1 degree in azimuth) from the present LM/Ianding site. The applicable 
attitude controller polarities are: 
a. -Pitch Rotation gives -LPD Elevati.on (new site beyond present s1te1. 
b. +Pitch Rotation gives +LPD Elevation (new site short of present site). 
c. +Roll Rotation gives +LPD Azimuth (new site to right of present site). 
d. ·Roll Rotation gives -LPD Azimuth (new site to left of present site). 

1 1 .  The initial maneuver of the approach ohase 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 IJlaneuver 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 visibilily and radar orientations . 

12.  

13. 

14. 

The landing site becomes visible to the command pilot if the "look" angle (the angle 
between the -X LM axis and the LOS to the landing site) is greater than 25 degrees 
and the LOS is in or near the LM X-Z plane. 
At any time during P63 or P64, the magnitude of the look angle and the orientation 
of the look angle plane (that plane containing the LOS and the LM X axis) are 
defined by the inertial orientation of the LM X axis and the position of the LM with 
respect to the landing site. 

The inertial orientation of the LM X axis is controlled by requirements of thrust 
vector control. The orientation of the LM windows with respect to the look angle 
plane is controlled by rotation of the vehicle about the LM X axis. 

The crew has the capability to display LGC calculated values of forward velocity, 
lateral velocity, altitude, and altitude rate on certain LM meters during this program. 
The calculation of th� parameters is under control of the Landing Analog Display 
routine which is already in process. 

The Rate of Descent (ROD) mode is not enabled during this program. 

An abort from the lunar descent may be required at any time during the descent 
orbit injection, the descent coast, or the powered descent (P63), (P64), or (P66). 

/ 
For aborts after DPS ignition for the powered landing maneuver, time is critical. 
During this period an abort is nominally commanded by pushing one of t'V\10 
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 
�nd the Abort Stage discretes, and upon receipt of either will terminate the program 
tn process and call the appropriate abort program (DPS Abort program (P70) or APS 
Abc:>rt program (P71)). Both abort programs will guide the LM to an acceptable 
orb1t. 
Monitoring the Abort and Abort Stage buttons is controlled by the Abort Discretes 
Monitor routine ( R 1 1 )  which is already in process. 

This step can be locked out by setting the CHAN BACKUP location (0374) in the 
computer to OOOX1s. This location can only be set by astronaut or ground loading 
and is not changed by Fresh Start or Restart. 
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P64 (continued) 

-
15.  If a thrusttng maneuver is performed with the Gutdance Control swttch tn PGNS and 

the Mode Control switch in Auto, the PGNS controls the total vehtcle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the FOAL The 
crew may exercise control about only the yaw axis wtth the ACA (X-axts override) 
provided the X-axis override capability is permitted. 

If  a thrusting maneuver is performed with the Gu idance Control swttch tn PGNS and 
the Mode Control switch in Attitude Hold, the PGNS holds the vehicle attiwde 
and generates either Mode 1 or Mode 2 attitude errors for display on the FOAl.  The 
crew may exercise manual control about all vehicle axes with the ACA using either 
the Rate Command or Minimum Impu lse mode. However, it is strongly recom
mended that powered flight not be attempted i n  the Minimum Impulse mode. 

16. Control of the LM DPS, RCS, and APS is transferred from the PGNS to the Abort 
Guidance System (AGS) by placing the Guidance Control switch from PGNS to 
AGS. 

The AGS will be capable of taking over control of the LM during any portion of the 
lunar descent or ascent or during either of the abort programs (P70 or P71l.  The 
AGS will guide the LM to a safe orbit. 

The AGS may be initialized by the LGC at any time durtng this program by manual 
selection of the AGS Initialization routine (R47). However, it is not recommended 
that the AGS be initialized during powered flight because DAP attitude control is 
interrupted during the CDU zero part of the routine. 

I n  the event that the Gu idance 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 PGNS will 
not be responsible if register overflows occur within the LGC. 

1 7. The PGNS generates two types of errors for display on the F DAI as selected by the 
astronaut: 

a. Mode 1 -Selected by Verb 6 1 .  Autopilot following er�ors 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. 

18. The Load OAP Data routine (R031 has been performed prior to the start of the 
powered landing maneuver and should not be required during this program. 

19. This program is automatically selected by the Braking Phase program (P63) at the 
completion of the P63 aim conditions. 

20. Two alarm conditions may be originated by the PGNS powered landing equations: 

a. If  Subroutine ROOTSP RS in the RG/VG calculation fails to converge in 8 
passes the LGC will turn on the Program Alarm light, store Alarm Code 1406, 
and go immediately to the Final Automatic Request routine (ROO). This alarm 
can occur only in P63 or P64. 

b. If  an overflow occurs anywhere i n  the landing equations the LGC will turn on 
the Program Alarm light, store Alarm Code 1410, stop all vehicle attitude rates, 
and continue. This alarm can occur only in P63, P64, or P66. 

2 1 .  This program allows manual control of the LM attitude. I f  manual control is desired, 
put the PGNS Mode Control switch in Attitude Hold and use the ACA to control 
the LM attitude. 

I f  P66 is desired, click the ROD switch while the PGNS Mode Control switch i s  in 
Attitude Hold. The ACA does not redesignate the landing site while the Mode 
Control switch is in Attitude Hold. To use the ACA to redesignate the landing site, 
put the Mode Control in Auto and rotate the ACA in the desired direction. 

NOTE : Landing Site Redesignation must be completed before P66 is selected 
because P64 cannot be reentered once it has been exited. 

22. The crew can select a display of the LGC computed throttle setting by keying V 1 6  
N92. 
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- P64 (continued) 

Sequence of Events: 

Flashing 
V06N64 

· Time Left for Redesignations/ LPD Angle 
Altttude Rate 
Computed Alt ttude 

Manual Throttle Control 

XXhXX :/deg 
X X X X. X ftls 
x x x x x. ft 

TTCA - Advance until thrust = 10%, throttle control - MAN 

V 1 6N92E 

F-lashtng 
V1 6N92 

Percent of F u l l  Thrust (10,500 lb) 
Altttude Rate 

To return to auto throttle 
Throttle Control - AUTO 
TTCA - mmtmum position 

OOXXX% 
X X X X.X ft/s 
x x x x x. ft 

KEY R E L  

PRO 

F oashmg 
V06N64 

Same display as above. 

Manual Attitude Check 
Mode Control (PGNS - Attttude Hold) 

To use Landing Point designator 
Verify Mode Control PGNS - AUTO 

V06N64 Time Left for RedP.signattons/LPD Angle 
Altitude Rate 
Computed Altitude 

XXbXX s/deg 
X X X X . X  ft/s 
XX XXX . ft 

Redesignate landing site as described ( + pitch redesignates landing site toward 
LM by 1 degree) (+ roll redesignates new site to right of present site by 1 degree 

in  aztmuth.) V06N64 changes the elevation LPD angle accordmgly. 

Manual Rate of Descent Control 

PGNS - .A.ttitude Hold. Activate ROO switch. Automatic Transfer to P66. 

Automatic Transfer to R O D  Control 

When t •me remaining is zero - Automatic transfer to P66 occurs. 

/ 
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P66- LANDING PHASE (ROD) PReGRAM 

Purpose: 

1. To modify the rate of descent of the LM (with respect to the lunar surface) in 
response to astronaut originated inputs via the LM Rate of Descent (ROD) switch to 
the LGC. 

2. To modify the inertial attitude of the LM in response to astronaut originated inputs 
via the attitude controller only if the Mode Control switch is in Attitude Hold. 

3. To null the forward and lateral surface velocities of the LM when the Mode Control 
switch is in Auto and still respond to the Rate of Descent (ROD) switch inputs. 

4. To update the LM state vector with vehicle acceleration and Landing Radar (LR}  
data. 

Assumptions: 

1 .  The LM is in the late stages of landing, with a low inertial velocity. 

2.  The Landing Radar (LR) is on, checked out, and providing to the LGC velocity and 
range information with respect to the moon. This information has been incorporated 
into the LM State Vector. The LGC/LR operation is under the control of the 
Descent State Vector Update routine (R 12) which is already in process. 

3. The entire powered landing maneuver (braking, approach, and landing) will be 
accomplished using the DPS engine. 

4. 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. N o  further 
state vector updates from any source other than the L R  will be accepted by this 
program. 

5. The DPS is not throttlable over the whole range from 0 percent 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 10 percent) and the PGNS commanded setting. 

This program assumes the Throttle Control switch to be in Auto (the DPS receives 
the sum of the manual and PGNS commanded settings) and the manual throttle to 
be set at a level less than that required by the L GC. 

Nominally the throttle will remain within the allowable throttle range through this 
program. 

6. 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. 

I n  the Auto Stabilization mode, the PGNS will operate to null the forward and 
lateral surface velocities by controlling the inertial attitude of the spacecraft. 

I n  the Attitude Hold mode, the LGC will hold an inertial attitude. However, the 
attitude may be changed by manual control via the attitude controller. 

7. The LPD option is not provided to the crew during this program. 

8. T-he crew can display LGC calculated value of forward velocity, lateral velocity 
altitude, and altitude rate during this program. The calculation of these parameters is 
under the control of the Landing Analog Displays routine ( R 1 0) which is alre"!dy in 
process. 

9. 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 

10. 

LM/DSKY displays. • 

Switch operation is on an incremental basis: · (increase ROD) o r +  (decrease ROD). 
Each command results in an LGC-commanded change of "ROD SCALE" in LM 
rate of descent. (ROD SCALE is a value loaded into erasable storage prior to flight. 
Presently 1 foot per second.) 

An abort from the lunar descent may be required at any time during descent coast 
or powered descent (P63, P64. or P66}. 
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P66 (continued) -
-

For aborts after DPS igntt1on for the powered landing maneuver, time is critical. 
During this period an abort is commanded by pushing one of two buttons i n  the LM. 
The abort may be commanded to use the descent stage (Abort button) or the ascent 
stage (Abort Stage butto n ) .  I f  the descent stage is selected. and the DPS propellant 
approaches exhaustton, 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 w1ll continuously monttor the 
Abort and Abort Stage discretes, and upon receipt of either wi l l  terminate the 
program in  process and call the appropriate abort progrC:Im (DPS Abort program 
(P70) or APS Abort program (P7 1 ) ) .  Both abort programs wil l  guide the LM to an 
acceptable orbit. 

Monitoring the Abort and Abort Stage buttons is controlled by the Abort Discretes 
Monitor routine ( R 1 1 ) which IS already tn  process. 

This step can be locked out by setttng the CHANBACKUP location (0374) tn the 
computer to OOOX 1 a. This location can only be set by astronaut or ground loading 
and is not changed by Fresh Start or Restart. 

1 1 .  I f  a thrusting maneuver is performed with the Guidance Control switch in  PGNS and 
the Mode Control swttch ir, Attitude Hold, the PGNS will hold the vehtcle attitude 
and will generate either Mode 1 or Mode 2 attitude errors for d isplay on the F O A l .  
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 M inimum Impu lse mode. 

The LGC is not permitted to compute body rates vra R60 during this program. The 
attitude will always be available for astronaut display so that they are aware of the 
impending S/C motion when switching from Attitude Hold to Auto. 

12 .  Control of the LM DPS, RCS, and APS is transferred from the PGNS to the Abort 
Guidance System (AGS) by placing the Guidance Control switch from PGNS to 
AGS. 

The AGS wil l  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 wi l l  guide the LM to a safe orbit. 

The AGS may be inittalized by the LGC at any time by manual selection of the AGS 
I nitialization routine ( R47). However, rt is not recommended that the AGS be 
initialized during powered flight because DAP attitude control is interrupted during 
CDU Zero in that routtne. 

I n  the event the Guidance Control switch is changed from PGNS to AGS during a 
thrusting maneuver, the LGC wil l  conttnue computatton of positiOn and velocity, 
the desired thrust vector, and the desired att1tude errors; however. the PGNS wil l  
not be responsible if  register overflows occur within the LGC. 

13. The Load DAP Data rout•ne ( R03) has been performed prror to the start of the 
powered Iandi ng maneuver and should not be required du rt ng this program. 

1 4. This program is automatically selected by the Landing Auto Modes Monitor routine 
(R 13)  during the powered landing maneuver when: 

a. The tnrgeted conditions for P64 are met (either automatically or astronaut 
flown). 

b. When the Rate of Descent ( ROD) switch ts activated by the astronaut after P63 
throttle up i n  Attrtude Hold. 

Once this program has been selected it •s no longer possible to return to the 
completely automatic powered landing programs (P63 or P64). 

15. The crew has the capability to select a d isplay of the LGC computed throttle setting 
by keying in V1 6N92 . 
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P66 (continued) 

-
Sequence of Events: 

F lashing 
V06N60 

Forward Velocity 
Altitude Rate 
Computed Altitude 

Use ROD switch as desired. 

To manually null forward and lateral velocities 

Mode Control: PGNS - Attitude Hold 

Forward (pitch) and lateral (roll ) cross pointers 

Manual Throttle 

TTCA - Advance unti l  thrust = 10% 
Throttle Control - Manual 

V 1 6N92E 

Flashing 
V16N92 

Percent of F u II Thrust 
Altitude Rate 
Altitude 

To return to auto throttle 
Throttle Control - Auto 

TTCA - minimum position 

KEY REL 

P R O  

Flashing 
V06N60 

Forward Velocity 
Altitude Rate 
Computed Altitude 

At height �tual = 5.6 ft., lunar contact light - ON 

, 

E N G I N E  STOP-PUSH 

E N G I N E  ARM-OFF 

-

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

OOXXX% 
XXXX.X ft/s 
x x x x x. ft 

XXXX.X ft/s 
XXXX.X ft/s 
x x x xx. ft 
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P68-LANDING CONFIRMATION PROGRAM -

Purpose: 

1.  To terminate landing program and DAP functions. 

2. To initialize t�e LGC for lunar surface operation. 

3. To permit the astronaut to prevent RCS jet firings on the lunar surface. 

Assumptions: 

1 .  This program is selected by the astronaut by DSKY entry. I t  is to be selected only 
after the LM has landed on the lunar surface (Program P66). 

2. V37E68E selection of P68 will terminate Average G and command the engine off 
(see ROO). 

3. The selection of this program places the DAP in the Minimum Impulse mode. As 
long as the astronaut keeps the mode control in Attitude Hold, RCS jet firings will 
not occur, even while the platform is being torqued (in P5 7). 

4. This program will not shut off the DAP. However, the attitude errors are zeroed and 
the maximum deadband is set. No jet firings should result until one of the following 
occurs in sufficient magnitude to cause the attitude errors to exceed the deadband: 

a. The moon rotates. 

b. The LM shifts on the lunar surface, 

c. The IMU gyros are torqued for alignment by P57, 

d. The I MU drifts. 

The DAP may be shut off by setting the Mode-Controi-PGNS switch to Off. 

Sequence of Events: 

V37E68E 

PRO 

Flashing 
V06N43 

Latitude 
Longitude 
Altitude 

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

V76E, Mode Control !PGNS)-Attitude Hold, No DAP light on. 

Flashing 
V37 

Select New Program. 

P70-DPS ABORT PROGRAM 

Purpose: 

1 .  To control a PGNS controlled DPS 
(P63, P64, or P66) when required. 

Assumptions: 

. 
abort from the powered landing maneuver 

1. This program will control a DPS abort in one of two ways: 

a. If the altitude is greater than 25,000 feet, this program will command maximum 
DPS throttle, continue DPS thrusting, perform an attitude maneuver (using the 
RCS) to the correct attitude to continue the abort ascent, and complete the 
abort ascent to insert the LM into an abort orb1t. 

b. If the altitude is less than 25,000 feet, this program will command maximum 
DPS throttle and enter a vertical rise phase which will terminate either when the 
LM altitude exceeds 25,000 feet or when both of the following conditions are 
met: the LM Y axis is within 5 degrees of the desired pitchover axis and the LM 
vertical velocity is greater than 40 ft/s. 

During the vertical rise phase, the vehicle is maneuvered to align the LM +X axis 
with the local vertical (using the RCS), and the LM +Y axis normal to the 
anticipated pitch maneuvers plane. The program will then pitch the LM to the 
correct attitude for ascent and complete the abort ascent to insert the LM into an 
abort orbit. 

t 

t 

I 
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P70 (continued) 

2. The LM is on the powered landing descent somewhere between DPS iginition for the 
maneuver (P63) and OPS shutdown on the lunar surface (P66). 

3. The CSM is in a near circular orbit around the moon at a nominal altitude of 60 
nautical miles . • The CSM is maintaining a preferred tracking attitude for optical 
tracking of and RR tracking by the LM. 

4. The IMU is on and accurately aligned to the landing orientation. 

5. The Landing Radar (LR) is on and was checked out when in Position No. 1 .  The 
LGC/LR operation is under the control of the Descent State Vector Update routine 
( R 12) .  

6. The Landing Analog Displays routine ( R 10) is enabled upon entry to this program, 
having been enabled by P63. R10 use of R R  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. 

7. The DPS is not throttlable over the whole range from zero 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 1 0  percent) and the PGNS commanded setting. 

This program assumes the Throttle Control switch to be in Auto (the OPS receives 
the sum of the manual and PGNS commanded settings) and the manual throttle to 
be set at a level less than that required by the LGC. The LGC will command 
maximum throttle for all DPS thrusting controlled by this program. 

8. If a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Auto, the PGNS controls the total vehicle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the FDA I .  The 
crew may exercise control about only the yavv ax is 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 PGNS holds the vehicle attitude 
and generates either Mode 1 or Mode 2 attitude errors for display on the F OA I .  The 
crew may exercise manual control about all vehicle axes with the ACA using either 
the Rate Command or Minimum Impu lse mode. However, it is strongly recom
mended that powered flight not be attempted in �he Minimum Impulse mode. 

9.  Control of the LM DPS, RCS, and APS is transferred from the PGNS to the Abort 
Guidance System (AGS) by placing the Guidance Control switch from PGNS to 
AGS. 

The AGS will be capable of taking over control of the LM during any portion of the 
lunar descent or ascent or during either of the abort programs (P70 or P71 ) .  The 
AGS will guide the LM to a safe orbit. 

The AGS may be initialized by the LGC at any time by manual selection of the AGS 
Initialization routine (R47). 

I n  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 PGNS will 
not be responsible if register overflows occur within the LGC. 

10. The PGNS generates two types of errors for display on the FOAl as selected by the 
astronaut: 

a. Mode 1-Se lected by Verb 61.  Autopilot following errors used as a mon itor 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 
manuallv maneuverino the vPhicle 

' 
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P70 (continued) -

1 1 .  The Load OAP Data rou tine (R03) was completed prior to DPS ignition for the 
povvered landing maneuver and should not be selected during this program. 

12. During DPS bu'rns only, the Pitch-Roll RCS jet autopilot (U and V jets) may be 
disabled (V65) or enabled (V75) by Extended Verb as shown. This capability is 
intended to be used to prevent LM and descent stage thermal constraint violations 
during CSM-docked DPS burns (P40). The capability exists during P63 also. 
Performance of FRESH START (V36E) will always enable the capability of the 
autopilot. 

13. This program may be called in two ways: 
a. Abort button-If the Abort button is used during the povvered descent it will be 

detected by the Abort Discretes Monitor routine ( A l l ) .  A l l  will then call this 
program. 

b. V37E 70E-This program may be called by the same procedure as other 
programs are manually called. 

14. The LGC will not automatically select the APS Abort program (P71) if DPS fuel 
exhaustion occurs during execution of P70. The crew must anticipate DPS fuel 
exhaustion and select P71 by the Abort Stage button or by V37E 71E. 

Sequence of Events: 
ABORT PUSH (DURING P63, P64, or P66) 
or 
V37E70E 

V06N94 VGX (LM) (+Up) 
Altitude Rate 
Computed Altitude 

I 

To monitor Time-to-Go and cross range velocity. 
V16N77E 

V16N77 

N85E 
V16N85 

Time to Engine Cutoff 
LM Velocity Normal to CSM Plane 
Absolute Value of Inertial Velocity 

VGx (body) 
VGy (body) 
VGz (body) 

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

XXbXX min/s 
XXXX.X ft/s 
XXXX.X ft/s 

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

If  burn is greater than 400 seconds, descent regulators close at PDI + 6:20. Then 
when VG x = 100 ft/s, shut down DPS engine. DES ENG CMD OVRD and ENG 
ARM are OFF. NULL components of V16N85 display. 

KEY REL 

PRO 

V82E 

PRO 

PRO 

Flashing VGX (LM) (+Up) 
V16N94 Altitude Rate 

Computed Altitude 
ENG STOP - PUSH, ENG ARM-OFF, ABORT - Reset 

Flashing 
V1 6N85 

VGx (body) 
VGy (body) 
VGz (body) 

Display Orbital parameters. 
Flashing Apocenter Altitude 
V 16N44 Peri center Altitude 

Time from Phase 

Flashing 
V16N85 

Flashing 
\1�7 

Same as above. 

Select New Program. 

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

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

XXXX.X nmi 
XXXX.X nmi 
XXbXX min/s 

I 
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P71-APS ABORT PROGRAM 
-

Purpose: _ 
1 .  To control � PGNS controlled APS abort from the powered landing maneuver 

(P63, P64, or P66) or a OPS Abort (P70) when required. 

Assumptions: 

1 .  The program will control an APS abort in one of two ways: 

a. If the altitude is greater than 25,000 feet this program will  ignite the APS, 
continue APS thrusting, perform an attitude maneuver (using the RCS) to the 
correct attitude to continue the abort ascent, and complete the abort ascent to 
insert the LM into an abort orbit. 

b. If the altitude is less than 25,000 feet this program will ignite the APS, continue 
APS thrusting, enter a vertical rise phase which will terminate either when the 
LM altitude exceeds 25,000 feet or when both of the following conditions are 
met: the LM Y axis is within 5 degrees of the desired pitchover axis and the LM 
vertical velocity is greater than 40 ft/s. 

During the vertical rise phase the vehicle is maneuvered to align the LM +X axis 
with the local vertical (using the RCS) and the LM +Y axis normal to the 
anticipated pitch maneuver plane. The program will then pitch the LM to the 
correct attitude for ascent, and then complete the abort ascent to insert the LM 
into an abort orbit. 

2. This program does not check to see if the DPS has been staged. Thus if P71 is 
selected via V37 and the descent stage has not been manually staged this program 
may command engine on (Assumption 1.a or 1 .b above). I n  such cases the command 
will go to the OPS. 

3. The CSM is in a near circular orbit around the moon at a nominal altitude of 60 
nautical miles. The CSM is maintaining a perferred. tracking attitude for optical 
tracking of and RR tracking by the LM. 

4. The Landing Radar (LR) is on and was checked out when in Position No. 1 .  The 
LGC/LR operation is under the control of the Descent State Vector Update routine 
( R 12).  

5.  The Landing Analog Displays routine ( R 1 0) is enabled upon entry to this program, 
having been enabled by P63. R 1 0  use of the RR CDU's is inhibited by this program. 
R29 is enabled after completion of the vertical rise phase (if any). R 1 0  and R29 are 
terminated upon termination of Average G . 

6. If a thrusting maneuver is performed with the. Guidance Control switch in PGNS and 
the Mode Control switch in Auto, the PG NS controls the total vehicle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the FOA l .  The 
crew may exercise control about only the yaw axis with the ACA (X-axis override) 
provided the X-axis override capability is permitted. 
If  a thrusting maneuver is performed with the Guidance Control switch in  PGNS and 
the Mode Control switch in Attitude Hold, the PGNS holds the vehicle attitude 
and generates either Mode 1 or Mode 2 attitude errors for display on the FDA I .  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 I mpulse mode. 
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P71 (continued) 

-
7.  Control of the LM DPS, RCS, and APS is transferred from the PGNS to the Abort 

Guidance System (AGS) by placing the Guidance Control switch from PGNS to 
AGS. 
The AGS will be capable of taking over control of the LM during any portion of the 
lunar descent or ascent or during either of the abort programs (P70 or P71) .  The 
AGS will guide the LM to a safe orbit. 
The AGS may be initialized by the LGC at any time by manual selection of the AGS 
Initialization routine (R47). 
In the event that the Guidance Control switch is changed from PGNS to AGS during 
a thrusting maneuver, the LGC will continue computation of position and velocity, 
the desired thrust vector, and the desired attitude errors. However, the PGNS will 
not be responsible if register overflows occur within the LGC. 

8.  The PGNS generates two types of errors for display on the FOAl as selected by the 
astronaut. 

a. Mode 1-Selected by Verb 6 1 .  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 assist the crew in 
manually maneuvering the vehicle. 

9. The Load DAP Data routine (R03) was completed prior to OPS ignition for the 
powered landing maneuver and should not be selected during this program. 

10. 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 ( R 1 1 ) .  R 1 1  will then call this program. 

b. V37E71E-This program may be called by the same procedure as other programs 
are manually called. 

Sequence of Events: 

ABORT STAGE-Push ( During P63, P64, P66, or P70) 
or 
V37E71E 

V06N94 VGX (LM) (+ Up) XXXX.X ft/s 
Altitude Rate XXXX.X ft/s 
Computed Altitude XXXXX. ft 

ENG START - Push, ENG ARM - ASC, RESET ENG STOP - if on, BAL CPL - on, 
System A and B ASC - FEED - OPEN, Main SOV - close, crossfeed - open. 
To monitor time to go and cross range velocity. 

V16N7.7E 

N85E 

V16N77 

V1 6N85 

Time to Engine Cutoff 
LM Velocity Normal to CSM Plane 
Absolute Value of Inertial Velocity 

VGx (body) 
VGy (body) 
VGz (body) 

XXbXX min/s 
XXXX.X ft/s 
XXXX.X ft/s 

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

At VGx = 500 ft/s - enable APS fuel to RCS thrusters. MAIN SOV - open, 
Sys A and B ascent feed - close. 

At VG x = 200 ft/s enable automatic shutdown ENG - ARM - OFF . 
. .  

I 
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P71 (continued) 

-

KEY R E L  

PRO 

V82E 

PRO 

Flashing VGX (LMl (+Up) 
V1 6N94 Altitude Rate 

Computed Altitude 

ENG - STOP - reset 

Flashing 
V1 6N85 

VGx (body) 
VGy (body) 
VG z (boctyl 

Display orbital parameters. 

Flashing 
V 1 6N44 

Flashing 
V37 

Apocenter Altitude 
Pericenter Altitude 
Time from Phase 

Select New Program 

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

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

XXXX.X nmi 
XXXXX. nmi 
XXbXX min/s 

P72-CSM COELLIPTIC SEQUENCE INITIATION (CSI) 
TARGETING P..ROGRAM 

Purpose: 

1 .  To calculate parameters associated with the following concentric flight plan 
maneuvers for CSM execution of the maneuvers under the control of the CMC: the 
Coelliptic Sequence I nitiation (CSI) and the Constant Delta Altitude maneuver 
(CDH). 

Assumptions: 

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

2. The time between CSI ignition and CDH ignition must be computed to be greater 
than 1 0  minutes for successful completion of the program. 

3. The time between CDH ignition and TPI ignition must be computed to be greater 
than 1 0  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 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 LM 
orbit, however crew modification of Delta V (LV) components may resu lt 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. 

SPnuence of Evt=>nts· 

f 

I 
• l 
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P73-CSM CONSTANT DELTA ALTITUDE (CDH) 
TARGETING PROGRAM 

-

1 .  To calculate parameters associated with the concentric flight plan maneuvers with 
the exception of Coelliptic Sequence I nitiation (CSI) for CSM execution of the 
maneuvers under control of the CMC. The concentric flight plan maneuvers are the 
Coelliptic Sequence I nitiation (CS I ) .  the Constant Delta Altitude maneuver (CDH), 
the Transfer Phase In itiation (TPI), and the Transfer Phase Final (TPF) or b_raking 
maneuver. 

Assumptions: 

1 .  This program is based upon previous completion of the Coelliptic Sequence 
I nitiation (CSI) Targeting program (P72). Therefore: 

a. At a selected TP I time the I ine of sight between the CSM and the LM was 
selected to be a prescribed angle ( E )  from the horizontal plane defined at the 
CSM position. 

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

c. The time between CDH ignition and 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 CS M  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 parallel to the plane of the LM 
orbit. However, crew modification of Delta V ( L  V) 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 
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. 

2. The Rendezvous Radar may or may not be used to update the L M  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 requ ired by the Rendezvous Navigation program (P20). I f  selected, P20 
will define the status of the ISS. 

Sequence of Events: 

This seq uence of events is identical to P33. Record maneuver parameters and 
transmit to CSM . 
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-

P74- CSM TRANS F E R  PHASE I N ITIATION (TPI)  
TARGETING PROGRAM 

1 .  To calculate the required Delta V and other initial conditions required by the CMC 
for CSM execution of the Transfer Phase I nitiation (TPI )  maneuver. Given: 

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

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

2. To calculate TIG(TP I )  given E or E given TIG(TP I ) .  

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 i n  storage) the l ine of sight between the CSM and 
the LM was selected to be a prescribed angle ( E )  (now i n  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 1 0  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. 

2. 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. 

3. There is no requirement for ISS operation during this program u nless automatic 
state vector updating is desired by the Rendezvous Navigation program (P20). I f  
selected, P20 will define the status of the ISS. 

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

The astronaut would call this display to verify that the central angle of transfer of 
the active vehicle is not within 1 70 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. 

Sequence of Events: 

Th1s sequence of events is identical to P34. Record maneuver parameters and 

.. 
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P75-CSM TRANSFER PHASE MI DCOURSE (TPM) 
TARGETING PROGRAM 

-

-

Purpose: 
1 .  To calculate the required Delta V and other initial conditions required by the CMC 

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

Assumptions: 

1 .  There is no requirement for ISS operating during this program, unless automatic 
state vector updating is desired by the Rendezvous Navigation program (P20}. 1 f 
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 (T(INT)) 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. 

Sequence of Events: 

This sequence is identical to P35 sequence. Record maneuver parameters 
and transmit to CSM. 

P76/P77 CSM/LM State Vector Update Program 

Purposes: 

1 .  To provide a means of notifying the LGC that the CSM has changed its orbital 
parameters by the execution of a thrusting maneuver. 

2. To provide to the LGC the Delta V applied to the CSM to enable an updating of the 
CSM or LM state vector. 

Assumptions: 

1 .  The LM crew has the Delta V to be applied to· the CSM in local vertical axes at the 
specified TIG. These values are displayed prior to TIG by the thrusting programs 
(P40 and P41 in the CMC). No provision is made in these thrusting programs to 
display the results of the maneuver in a 'rm usable by this program. 

2. I f  the Rendezvous Navigation program (P20) or the Lunar Surface Navigation 
program (P22} is in process this program must be selected prior to the CSM thrusting 
maneuver. This can be assured by voice communication between the LM and CSM. 

Sequence of Events: 

V37E76E (CSMl, V37E77E (LM) 

Flashing 
V06N33 

PRO 

Flashing 
V06N84 

or 
Flashing 
V06N81 

Time of Ignition of Other Vehicle 

ll V X (LV of other vehicle} 
ll Vy (LV of other vehicle) 
ll V z (LV of other vehicle) 

ll V x (LV of this vehielel 
6 Vy (LV of this vehicle) 
6 Vz (LV of this vehicle) 

ooxxx. h 
OOOXX. min 
OX X. XX s 

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

XXXX.X ft/s 
XXXX.X ft/s 
XXXX.X ft/s 
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Purpose: 

P99-GUIDED RCS BURN (E RASABLE MEMORY PROGRAM) 

1 .  To provide for a guided RCS burn that will be used to deorbit the LM ascent stage 
into a precise moon impact. 

Assumptions: 
1 .  The LM is the ascent stage only. 

2. The erasable program for P99 has been previously uplinked and loaded into the 
computer. 

3. A targeting program (P30-External Delta V Program or similar) has been performed 
prior to calling P99 for use. 

4. The digital autopilot has been properly configured with a 5-degree deadband and 
correct ascent weight prior to use of this program. 5. The control of the spacecraft is PGNS in Auto with the Ascent Engine Arm switch 
at Off. 

6. No more IMU alignments are allowed because the program overlays the AOT Mark 
and landing radar pad loads in E BAN K7. 

Sequence of Events: 

V30E 
(Via uplink) 

P99 in mode light 
Flashing 
V50N18 

Desired Automaneuver FOAl Angle 

V33E (Proceed) for trim or 
ENTER For no trim 

V06N40 Time from lgnitiion Velocity to be Gained 6 V (accumulated) 

R XXX.X X deg p xxx.xx deg y xxx.xx deg 

XXbXX min/s 
XXXX.X ft/s 
XXXX.X ft/s TFI counts down until TIG -35 seconds when DSKY blanks for 5 seconds. V06N40 

display returns. 

V33E 

V33E 

OOE 

AtTIG ullage begins At cutoff ullage stops 

Flashing Time from Ignition V16N40 Velocity go be Gained 6 V (accumulated) 
(Proceed) 

Flashing 6Vx (LM body) 
V16N85 6Vy (LM body) 

�Vz (LM body) 
(Proceed) 

Fl�hing 
V37 

Go to Program POO 

XXbXX min/s 
XXXX.X ft/s 

XXXX.X ft/s 
XXXX.X ft/s 
XXXX.X ft/s 
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LB-1 
-

LAUNCH AND BURN SCHEDULE 

TRANSLUNAR INJECTION 
MIDCOURSE CORRECTIONS 
LUNAR ORBIT INSERTION 

DESCENT ORBIT INSERTION 
LM DESCENT AND LANDING 

LM ASCENT AND RENDEZVOUS 
TRANSEARTH INJECTION 

MIDCOURSE CORRECTIONS 
ENTRY 

-



POSITION 

X 

y 

z 

POSITION 

X 

y 

z 

LB-2 

-
PRELAUNCH IMU COMPENSATION 

CM 

GYRO DRIFTS PIPA 

NBD ADIA ADSRA BIAS SCALE 
FACTOR (meru) (meru/g) (meru/g) ( cm/s2) (ppm) 

LM 

GYRO DRIFTS PIPA 
NBD ADIA ADSRA BIAS SCALE 

FACTOR (meru) (meru/g) (meru/g) (cm/s2) (ppm) 

' 

I 

I 
I 
I 



LB-3 

IMU COMPENSATION U PDATES 

SPACECRAFT 
POSITION GYRO PIPA TIME OF UPDATE 

(CM or LM) NBD (meru) BIAS ( cm/s2) 
GET 

h min - 8 -

-

X 
�- . 

• y 
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-� z 
•• 

X 

y 

z 

X 

y 

z 

X 

y 
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X � 

y 

z / 
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.. _ .. 

t·:V ENT 

Urblt lnsentnn 

TJ.J 
CS!II/1.1\1 Ejection 
S-IVB Evasive �laneuvcr 
S-IVD LOX Dump 

S-IV II Impact Maneuvct' 

MCC' 1 
MCC., -
MCC:I 
MCC 4 
LOI 
S-IV D Lunar Im pact 
001 
('Slll/ l.M llnd!JCking ancl Sep. 
CS�l Ch·culartlut•on 

CS�I Plane Change 
L�l Jo'ltison 
CS�l/1.�1 Sepat"(<tiun 
TEl 
�ICC, •• 
MCC ., 
i\1('(' 0 7 
�:nt r·y 

1 Y PICi\ L 
G. �:. 1'. 

(h:min:S) 

00:11:53.9 
2:49:57.55 
4:16:00 
4:39:00 
5:00:00 
6:30:00 
11:55:54 
:10:56:0�. s 
56:31: H. 7 
7a::II:H.7 
71!::11:1-1.7 
79: J�·:!G. 0 
k�::l�J::t:l. 5 
l 00: I :1: 51>. 0 
10 l::J.I:f>5. I 
l(if>: l:t:f>O. ti 

11'1 :30:27. 4 
171::1�::?7. 4 
:!�:1:·1:1:-17. 6 
�:l>!:-1 :1:-17. u 
.... 7 �·') ... ·')(1 - . . . -
:!91:J�::!O 
:.!!H: �h: !u 

• Above Luna.�· Landing Site (Lunar lh"b1t) 

. . 

PHO I'U !�ION 
SYS'f' E�l 

-

S-lVO 
SM-HCS 
S-IVII APS 
S-IV ll l..OX 
S-1\'11 APS 
srs/ncs 

SPS/IICS 

SPS/ HCS 

SP::i/IICS 
SPS 
-

SPS 
SM-Itl'S 
SPS 

SPS 
-

SM-HCS 

SPS 
SP::i/IICS 
SPS/HCS 
SPS/H<.:S 
-

-. -.-

Apollo 15 C�l Powered Maneuver Summat·y 

. 
BCRN l!LLACE "IOTA I. 

Dll ItA Tl ON DUHATION .. :IV 
(8) (s) (fl/s) 

- - -

355.96 - 10,421. I 
� - I. I 
- - !.t,h 
- - -

- - -

Non• Zero 0 f\nm 'l.cru 

Nom Zel'o 0 :'\•uu Zcru 

Nom Zero 0 :"\.\lltl 'l.t:J'IJ 
Nom Zer·o 0 Nou, 'l.\:'l'n 
392. 0 0 , ... .. .. ' • ' t  I !I 
- - -

� �. a I I :.!H'i,G 

:•. :l 0 l I) 
� .. !I 14 7u.� 
ll>.5 15 :ih"'-,11 
- - -

10.4 0 1.11 
I :I !.I. 0 12 l,b·H>.7 
Nom Ze •·u 0 N•HH Zt_.r·o 

Nnm Zero 0 ='•'Ill Zero 

Nom Zero (J �unl 'l.crn 

- - :'\on. Zero 

.. 

--- - .. ·-

H ESL" l.TANT 
GLIOt\NC F. 

hp/ha• 
,\l()J) £ (nnoi) 

!I0/!�1 -

- S-IV II/I C 
- EXT .;:.V 
- S-IV 11/ll' 
- S-1\' 11/IC 

l.umu· Impact S-IV 11/lt: 
- Ext � \' 
- Ext .) V 
- Ext .) V 
- Ext C.V 

:,�. J/ 170. 0 Ext .)V 

:1. ''" ·s/7. 5ll·w -

�.tO/ f>H. 4 Ext .::. V 
h.4/!i!.l.6 Ext c.v 
''"· :>/t..J. 7 �.xt .)V 
:'i!J.:!/59,ij Ext �v 
- -

5t<. 7/59. !I Ext .::. \' 
- Ext � \' 
- l·:xt c. v 
- �XI .::. ,. 

- �:xt .) \' 
- �.XI .:!Jo \' 

• 

fiEE'��HIAT 

l.�uru:h Pad 
Launch Pad 
Launch Pad 
Launch Pad 
Launch Pad 
Launch Pad 

PTC 
PTC 

PTC 
PTC' 
Preferred 
-

l.andrng Site 

Landing S•te 
Lam.ltng Stle 
Preferred 
-

Liftoff 
f>referrl'd 

I'TC' 
I'TC 
Efllr} 
�;ntr� 

·- -



--- ....;:!....--- .... ---- ... --- - I .............. 

� .... 

Apollo lS LM Powered Maneuver Summary 

TYPICAL PROPULSION 
BURN ULLAGE TOTAL RESULTANT 

l"V F. NT G. E. T. DURATION DURATION hp/ha• 
GUIDANCE 

SYSTEM 
6V MODE 

• REFSMMAT 

(h:mln:a) (e) (8) (ft/ s) (nml) 

POl 104:28:54.8 DPS 722. 1 7.5 6,697. 6 - PGN S Landing Site 

Touchdown 104:40:57.0 

Ascent 171:37:23. 9 APS 435.2 0 6,055. 5 9.0/45.6 PGNS Llftcif 

Insertion 171:44:39.1 

Tweak 171:46:39 RCS Nom Zero 0 Nom Zero - PONS Liftoff 

TPI (Ull�e On) 172:29:29. 1 APS 12.6 10.5 73. 7 43.9/61.5 Lambert Llftcif 

MCC1 
172:44:39.1 RCS Nom Zero 0 Nom Zero - Lambert Liftoff 

MCC2 
172:59:39.1 RCS Nom Zero 0 Nom Zero - Lambert Liftoff 

l8t Braking Maneuver 173:10:46.3 RCS 11. 2 0 12. 3 49. 0/60. 1 Manual Liftoff 

2nd Braking Maneuver 173:11:59.4 RCS 8.9 0 9.8 53.9/59.7 Manual Liftoff 

:lrd Braking Maneuver 173:13:37.8 RCS 4. 3 0 4.11 56.6/59.6 Manual Llftcif 

4th Braking Maneuver l73: 14:57. 4 RCS 4. 2 0 4. 7 59. 1/59. 6 Manual Llftcif 

LM Doorblt 179:06:22. 7 RCS 82. 3 82. 3 195. 4 PGNS LUtcif 

Ll\1 Impact 179:31:07.9 - - - - - - -

• Above Lunar Landing Site 
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J\JL Y 3? • I 971 
J\JL Y 30 • I� 7 1 

JVL Y 3:'1' 1971 

Ji..:L Y 30 • 1 9 7 1 
J\;LY 30• 1971 

JULY l:'l • 1 9 7 1 
JULY 3:'l• ! q71 
J:.;LY 31• 1971 
JULY 3"l • l 97 1 

Ji...LY 3"'1 1971 
JL.' ... y 3')1 !071 

JvL Y 3")• I 071 
J\JLY 3"l• :'l7\ 

JVL Y 3�� 1�71 
JvL v 30 • 1 !'! 7 1 
JULY 3"l• 1971 
Jt.-� y 30• 1'?71 
JuLY 3'1• 1<171 

Jv' .. v 
JJL y 
J;JL v 
JJL y 

:on 
:'171 

l'J71 
1"71 

T!H( 
H!""JN!S 
C."'l,T, 

s:s�: o. 
-

9! lA! -?· 
9:.3'-: ..,, 

1o: ct.:t'• 
10!3�: 0• 
11: .. <=�: 0• 

11 : so: ('I • 
1z: ": !?• 
13!2c.: 0• 
t•: 4: "'' 
10.:Io.! :; • 

1•!3•: 0• 
15: «: 1 • · 

15!••:26• 
16!3•: C• 
16:)q: �· 

18:3.: 0• 
1to:•o: O• 
18:4�: (\• 

19:1,!3:>· 
20! 1'\! )7, 
20: o: n • 
20:2•: 0• 
20!30:: 0• 

22:14: C• 
?:so: 0• 
s: 10! 0• 

'!-:51: 0• 
g:��: ')• 

9!5°! ')• 
10!24: �· 
1c:so: ":'• 
11! 4! }• 

11!2t.: �· 
lt!3l.l: "'· 

12!27: 0• 
1?.!•�: ..,, 

12!1+�! ')• 
12!47!5�· 

13! t«: 0• 
13!2•: :'\• 
1 3: 2'0: �. 

13!34! �. 
13!17! �· 
13!4""! :)• 
13! 44! ..... 

Tl'IE 

a4!"1f.,.Z:S 
�.c-,r. 

72!25: o. 

72:.2: o. 
73: o: o. 

73! 10: o. 

73:31:15. 
74! 1: c. 
?5: 15: o. 

75! 1 6 :  o. 
?5:3c: c. 
76!50: o. 
77:3o: o. 
77:�o: o. 

78! •: o. 
711!31:15. 
79!1•:27. 
80! o: c. 
80: 5: c. 

�2: o: c, 
82•• 6' 0 • • 
82! �: c. 

82:39:33. 
.113!26:17. 
!13:35: o. 
l\3!50: c. 
A•: 1! 0, 

85:•o: o. 
95!25: o. 
95:36: c. 

95! it-3! o. 

95:so: o. 

96! 17: o. 
:n: 1s: c. 

q?:zs: c. 
97!50: c. 
<J8!25: � • 
911:3'): o. 

qR:5�: C, 
q9: 0: c' 

99!53: c. 
100: � : c. 

1 oc: 12: c. 
100!13::)6, 
l oc: 41 : c. 
1:)0!54: ::. 
too:ss: o. 

1�1! c: c. 
1�1! 3: c. 
101! 6: c. 
101: 1?: c. 



' • • 

, ... 

APOLLO 15 

D•v S ACTIVITIES C��TO 

CS� C!<!C'.'LAI!!1AT(•, 
"2� "•r:> ru•-�1 
�� 00(•1? PA) ILS•SOI1 1>63 I>A)CLE•S1l1 

"OI 46C"T C�•I!LY/�AT�l� T2 ASCI!T PAOI 
T3 T!'; CL"•Scl 

Pc• I.A�D�4QK TI!AC(l�� 
"Sc 11.�1 P'U "(At.!�'� c•"T 3 
P5Z (:v) !vL 0£��·�, c•o• 3 
0�2 , , ... , ��·< CA ·:;,�'"'''' 
c�•s ' " �:::ao,&··�..._ c �o."" > 

P63 !::iNITI�N 4i.G�I!JT�� TEST 
P30 EXTEI>NAI. �EI.T4oV I LM :�S 

1>01•12 A86RT I 
"'! 
l� LU'•Q ··�:-oe·� 

L;)::i SITE 1 

• )C. SITE) 

057 ���·� S�ll�ACE •Ll�' c•�>T 3 : LOG 
Sl'�� TE:� l : G & Z AXISI 

"5?. rc�., r�u "EAI.I:;' c•or 3: _;c, S!TEl 
P(!� "•? IL8•1"21 
�57 ��,A� s�o�•:E '�I3' C��T 3 : ��G 

e •T.c' .. � .... - � • "' 0 s· ... =Sl " · � I _,_ t:; • ,..# � � 

057 lv'.I.O SvQ�AC£ ·�:�·. t•p• 3 : �:� 
St''r' r£:""' ? : r ... - s•.t:;Sl 

L� PO'.s P•�E0 oe.� 
S'•I!T <;EV• 
PC� '•l'.C"".t.�K •QAC< T'-'� 

E'D s�v• 
TEl 2.4, P�,.. C'-a•lCt'l 
1>52 ((�I ��� "EA.!�' (�OT 3 
P 5(' IC"l !�"'U "fAI.Ij·' c•<>T 3 
STACH jOVA·1 

P5? t(Y) iw� �(A_!�' (AOT ] 
TE! 37 P&l' CL"•IC!il 
�"O EVA•' 
"5? CC�I !'1U <>(At.!j'- C�PT 3 
�'52 IC"l ���.. "EA-.11� (�PT 3 

L)Ci SITE! 
1.00 SITE! 

L)G S!TEI 
1.::1::. SIT() 

('10 EVA•� 
PS? ((") ���.. O(A�!'" 
T�t -� P&� ll0•l:�, 
os2 cr.�1 '"v "£All>'� 
S••oT £VA·� 

r•o• 3 : �OG SITE! 

:•o,. 3 

:>5? c::"l l�v "EA.!>'- c•PT 3 : .:>G SITE! 
�APC �,v� �.� .,� �:t <?. 04� C�S·1C6) 
"�? r:•J •�. "'•· ' ;' r•ot 3 L::IG SITE! 
osz l": ... ) :"" .... Q!;.._!-·' (•o• t : ;:)L&\If C.�::il 
=Jc t:xr�:;o .. •t.. ""E-..... ..., 

��0 5°S ·��J�Tt'G 
CS ... L J'A� �qay• �L:�E C�4'-G( 
0S2 1�"1 t•l. "E•�!'' r•or 1 : .trr �FFJ 
''·:> •. , •• ., 

1.� <>G�s •JQ" "" c ,rr TI�E 
i�O�G�t �) M���s ) 

:>S7 LJ�A� suQ<•CE •1.1:;,'- ''�'' • : LIFT 
•r�� TECJ 3 : G' 1 STAql 

0�� OAO 11.9·\�<Jl 

�'22 I.U'IAO 5l."�ACE �AV!1AT!e'J 
1>2• I,.A'JO"l"K •qAC<!NG 

i)AY 

JUl. Y 30 1 1 ° 71 
JULY 301 1o71 
JULY 301 1971 

JUl. Y 30 I 1971 
JULY 301 1971 
JuLY 301 197\ 
JULY 3:)1 1 !'71 
JUl. Y J01 1911 

JUl. Y 30 I 1 9 7 1 
JULY 301 1971 

JULY 301 1971 
JULY 3!')1 1971 

JULY 301 1971 

JULY 30 1 I 97 1 
JUl. y 30 I 1!! 7 1 
J:.;l. y 3� I 1971 

JUl. Y 30 I 1 'J 7 l 
JU\.. Y 30 1 1 � 71 
JUl. Y 3:)1 1 '171 

JUl. Y 301 1 '71 
JULY 301 l'l71 
JULY 301 1971 
JULY 31• 1971 
JUl.. Y 311 \971 

6 ACTIVITI(S 

JULY 3\ I 1971 
JULY 31 I 1 "71 
JU\.. Y 311 1971 
JUl.. Y 31 1 19 71 

AUGUST \1 1'371 

AUGUST 11 
.t.UGJST !1 
AUGJST 11 
AUGJST \1 
AUG\JST 21 

1q7 
1971 
1,1 
1"7\ 
1'171 

lUGJST Z1 1971 
•UG:JST 21 \071 
4UGJST 21 !071 
AU::;JST '>1 :q?l 
AUGJST (!1 1�11 

AUGJST 21 I q71 
AUGJST ;>I I '171 
AUGJST P1 \071 
4UGJST ?.1 l'l71 

! ACTIVITIES 

AUGUST 21 1971 

AUGUST 21 1971 

AUGJST 21 1'171 

AUGUST (!1 1971 

• 

T r '�E 
,..:-1":s 1 
C•"•T• 

1•: •:5�· 
1•=••1 0• 
1•15•1 0• 

lSI lll 0• 
15!2•t 0• 
15!20! 0• 
\!;:3�: :l• 
1�!3ct! 0• 

16! ,: 0• 
161 �� 0• 

17: ,!5'5• 
17!14:57· 

1?!31\: 0• 
17:�•: �· 
17! ... Q! !:1• 

17 : S"-: -: • 

1t.: t•: ?• 
ta:a.tt: O• 
t�: �: 0• 

1,: 1•: 0• 
21 : zo: 0 .  

21:34! 0• 
7!3.Cd .,. 
!:2�: 0• 

ts: 1: o• 
15! to: 0• 
15:2•: C• 
-19: 7! 0• 

s: 1°! 0• 

��=-·= 0• 
12!5\! 0• 
1 4!5•: :· 
17! •: ',). 

2!2•: 0• 

z:••= c. 
.. : o: ':'• 
-.:•o: 0• 
•:S•: �· 
s: a: :'• 

S!Jt.! 0• 
5:H.:5o· 
7! •: 0• 
a:z•: O• 

to: .. : �· 

TI'IE: 
c >ll>l('lfS I 

:i,(,T• 

10113�:'55. 
\02!10! o. 
102!20: o. 

10�13"1 o. 
1021501 o. 
102155: o • 
1031 2: o. 
103: 5: c. 

1031271 o. 
1031341 o. 

104!28:55. 
1o�ao:57. 

105! o: o. 

1 os: 1 r o. 
1 OS! 10: 0, 
105! 15! o. 

1')5!22: o. 

1os:•o: o. 
106:10: o. 
106!30: o. 

106:.0: o, 
108!5'5: o. 
109: o: o. 
119! 2: o. 
119150: o. 

1�6!331 o. 
126=-5: o. 
126150: o. 
130133: o. 
t'o=•�: O· 
1._1:1o: c. 

t•81 10: o. 
1"8: 17: 0 • 
150!20: o. 
152!35: o. 
161!50: o. 

162!10: o. 
163!35: o. 
164:15: c. 
164 : 20: 0. 
16•!30: o. 
165! o: 0, 
165:12:51. 
166!30: o. 
167!SO: O, 

168!"21 o. 

168!501 o. 

169!101 o. 

169!32: o. 

I 
I 
I 
' 

I I 

I 

I 
J 

I I I • I 
I 
I 

I 

I 

I 

J 

• 



l 

I 
I 
I 

i ' 

LB .. 

APOLLO IS 

- DAY A A(T!VIT!E� C?�TO 

ASC£'1T "'A" Cl0•lli'l, CS! PAD (1,.8•113> 
P52 ((�I !�V Q(Al!�N (�PT 3 ! \.1FT 6FF) 
P52 ICMI r�a� CA�laRATl8'1 
P�7 I..J�A� SUR<'ACE 4\..1�'1 ( e<>T • ! \.1FT 

.•r<', TEC� 1 : () b l STAR ) 

P12 o'�£��C h�CE'T 

Ly LU�&Q LIF" �F F 
LU� • R ��orr I�SER'IB� 
T'<[AK 8V<>-: ( LM : !F <>E;::i'D ) 
<>20 R(�0<ZV6U� NAV{GAT!6'� !L�l 

Ly l P3• TP! T<<>GF•tNG QAt L8UT nu�� ( l� 
OJ4 T0t TtQGf�J�G 
OoQ S0S •�<>U�TI�G 
P42 AP$ ·�RU�y!N� 

r� �:<E�·o > 
cs....: ) 

T�I { l.LLAGE ·� ) 
ror { 4P� �G'!Ti9�. 

::e:"'' } 

�76 T4RGf� CFLTA•V C :s� ) 
015 TPu TA�G�TJ�G ( �v } 
P35 TO� •1P��T;�� ( (�� 

o�t �c� r�Ru����s ( cs� 
�41 Q(' T�QU�T JNG ( LV ) 
"�CC•l c L"' : IF R['":'D l 
P76 TARG<'T 0'LTA•V ( CS"' 

�C(·l "ERFe«u£0 ) 

P)S TPM 
P)5 T0M 
P•l Rt:S 
P4t RCc; 
ucc. 2 ( 

<TaQGrTJr-.t:) 
•-'QG[TJ�G 
T'<RU�TING 
T'-'RU!''!�G 

Ly > 
CS·"" } 
L"' I 
(C:"' ) 

"76 T•<>G�T OFLTA•V ( CS"' : JF 
MCC·2 "'RFS<>"'(n I 

P79 'lENfl<'?V�IIC: 'l"•L PRSGR•"' 
c rs"' , 

P47 Tuquc:r ��YIT�P ( L"' ) 

FIRST L� ORA�l�G "'ANf.UVER 
Sf.C��0 Ly 6RA� JNG "'A�'UVER 
T'<{'l>:l L'< '""�lNG YHI("V(R 
>auqr .• L"' 6'14�J"G "'·•'ElJVE" 

P•7 TuRuc:• "'"''JJ�o ( C�"� I 

:lllCKl\JG 
L"' "E"RBrr 'Ill<>� >'A'l CL"·l?.ll 
P52 ICY) I�U "EALI1N (�PT 3 : LIFT 6FF) 
L'1 JETTIS!B� "•O ILB•t?7l, 

\.C:M•S(" PA:l ILB•l28l 

P1(, F.XT€'·'7uAl r'ELT.A.V ( CSv ) 
Lv J(TTf<:ar-. 
0"1 Q:� T�RUSTI�G 
(<;v S�;':)�OA,Tr•� i::)...,�O, 

L .... "'\r:CIQJ3•'1" '="Q' 

L ... !�0AC� C 1•h7 �J 
5� PA""� (l..n•l3?l 
()) P<"' <L�•1:l"> 
I ... � O£ALI�� C-PT � 

r;: [ 6? " ' " CL0•1131 
•rt �· P4'> !!..0•:331 
�S2 I "'U �� AL! �" ( <qc:q 3 
052 r "'t: �C: AL T �·� ( �C'T 'l 
TC:i 6� P.-, ... tL0·i3'-1 

"�? !•u ��•LIG' c•or , 
�F:! 71 "�"" {LQ•l3�\ 

LIFT ll>�'l 
Li<"T �rF> 

AUGUST �· 1'171 
AUGJST ?. • 1 q71 
AUGUST ;>• 1'n1 
AUGt.' ST 7J, tq71 

AUG:JST 2• 1971 
AUG:JST 2• 1971 
AUGJST ?• 1971 
AUG:JST 2• 1071 
AUGJST 2• 1�71 

AUG'JST 2• 1971 
AUGUST 2• 1971 
AUGJST 2 • 1971 
AUGUST i'• 1971 
AUG:JST ?• 1q71 

AUG JST 2• 1o71 
AUGJST 2 • 1°71 
'-UG.:ST '1• !071 

AUGJST �� 1971 
AUGJST ?• 1q71 
AUGJST 2• 1971 
AUG�JST 2• 1971 

AUGL'ST ?.• 1°71 

WG\JST ?. • 1 <J71 

"UG'JST 2• 1'l71 

AUG:JST �� 1971 

AUGUST" ?• 1"71 
AUGUST ;., 1 o7l 
AUGUST 2• 1971 
�UG!JST ;>• !971 
AUGUST 2• 1971 

AUG�JST 2• !?71 
AUGUST ;>• 1971 
AUGUST ?.• 1971 
AUGUST 2• 1?71 

AUGUST �� 1°71 
AUGUST ?1 1971 
.i.U<";:JST ?t tq71 
AUG\!ST ?t 1n71 
4UG'.!ST �� lt"171 

AUG�!S! ?1 1n71 
AUGJST ?1 1t'?7l 
AUC:J ST 1• 1"71 
AUG�ST �· 1o71 

AUGUST 1• 1"71 
4UGJST 1• !'l71 
AUG'!ST ,, 1t:'l71 
•U::OJST 1• 1"71 
AUG.IST 1• to71 

AUGJST •• 1°71 
•u::;usr •• 1071 

T!M( 
1-<!"I'< !S > 
(,!"\,T, 

10: 2�: 0. 
to:J,: O• 
to:4o: O• 
11:2A: 0• 

11 : Jq: 0. 
12!11!24• 
12: 1•:39• 
12!21\!33• 
12!21!30• 

12:2->:30· 
12!2'>!3'h 
12: 2�: 0' 
12!5«: 0• 
13: I")! 0• 

13: 'l!2q· 
13: 'l:)<h 
13! 4! 0• 

13!1.1.!30• 
13! p: 0• 
13!1•:3q, 
13: ta: C• 

13!?'1! C• 

13!44!41,• 
13!4'i!S'l• 
13!• .. :31\• 
13:�A:57• 
14: I')! n. 

116: �: 0• 
1�: a: 1'), 
ts: 4: ., . 
16: t•: 0• 

17:.3c:.: .,. 
18! •:27• 
18: 7: ;')· 
18! "!27• 
lC)!�"!?�· 

2(): c:.: ;t, 
20! '3: �· 

5!4�: 0• 
6!!)1: t;. 

1o:1k: ,, 
13!14! �· 
14:14: f)• 
18!2£>: ':'• 
19!5Q: ':>• 

4!?.�: �· 
6: ��.: �· 

T!'1E 
( -l!•·q\:!S 

3.�.T· 

169!55: c. 
170! r.: o. 
170: 6: c. 
170!52: o. 

171! 5! o. 
171!37:2•· 
171: u: 39. 
171!�6:39. 
1 71: n: 30. 

171!48:JO, 
171!o9:39. 
171!51: o. 
172!21! o. 
172!26: o. 
172!29:29. 
172!29:3<;'. 
172!30! o. 

17�:�t2: '3C·, 
172!-3: c. 
172!44:39. 
172:05: c. 

172!58: c. 

17?!59:39. 

173: c: o. 
173! 1: c. 

173! 7::lC, 

173!1C:•�. 
173!11:59. 
173!13;31'. 
173!1•:57, 
173!26: c. 

1 7 3: 30: c. 
173!35: o. 
1 H: 3C: C, 
175!4C: C. 

177! 1: c. 
177!3C:27. 
177!33: c • 

177!35:?7. 
179! 1>:23. 

17�!31: • •  
1 79: 35: c. 
1J!9! 10: c. 
tqo: 11: c. 

193!40! c. 
196!'+0! c. 
197!'+0: c. 
201 :so: c. 
2:)3!20: o. 

211::c: �. 
213! 3C: C. 



\ ' 

EVE'' T 

TE I 73 P•? (LA• )351 
P 52 �U q(ALl �N ���T 3 • l.trf o>>l • 

TE I 7• P&� I PR(\.l�tNARY 11.8'135) 
P52 l"'U qEAL!GN "�T 3 • un OF"f"l • 

�52 t�u REALIGN (I!OT 1 • TEtl • 

T(! , . PAt) • "0Ml'IA\.. A\10 . 
TEl 75 P,t.O l\.,8•1361 

suss•· I.•I.I"C" 
P30 EXTE"''"L '£LTJ.eV 
�•o SPS T'<RUSTJNG 
TEl 
�52 1-<u <>EALIGN t eor 3 T E I I 

1>52 l"�U "EALIGN (�PT 1 • PTCl • 

P52 I"�U <IE ALIGN I""T 3 PTCI 
MC C•!S MNV'l PAC li..!l•!Jl!) 
1>23 C I SL:J\IAq 'IAV !G&Tt'N 
O)C EXTE<>'IAL )EL,T . . V ( If" MCC ·S 

I< E 'lU l RE:l ) 

P•CI�"1 C:DS/qCS T"'QUSTI�G ( I ; 
�CC•S :)C'...,.i.J•ocJ - � � .. ) 

�c:c·5 ( l" !i£"::'0) 

START cs� £V.l 
('II) C:$M tV.l 
P52 1-<u '>EAi..l(;" (�PT , • "TC:I • 

1"23 CISLli"A<I " • VIG&T!O'I 
P52 l"'U �E.li.IGN 10"T 3 • PTCl • 

P23 C!Sl.UN�R "'AV!GATie\1 

1"52 I"'U "EALI/;N (!!C>T 3 • PTC I • 

P23 CISI.U'l.t.R 'I .A VI G &T I 1!111 
MCC• 6 MNvq PA') II.A·IHl, ENTRY P,t.O 

.;.S<;UMI'IG MCC• 6 cLa·1•s> 
PS2 I"U <I�ALIG" (00T 3 • PTCl • 

P3 0 EXTE�'IAL "EI.. TA • V ( I�" MCC•6 
RE:)tttRE? l 

�'"OIP•1 �"SI'lCS T�'IUSTI'IG ( IF 
'1CC•6 <>�OUIQEO ) 

"CC•6 ( l; R�''l• D) 

P23 C I S\.!.<o.J.t.R 'IAVIGAT!e'l 
P23 C I SLll'JAR "•YI34Tl�'l 

PS2 l"U Q F.: AL !(';"' ''"T ; • PrCI • 

"23 C!SLUO.: A<I ''AV!G&TI!!>� 
'1CC•7 I" "'V<! PAl: (1,,8·1561, t:..,nY P.AO 

.lS"UI"I'I::: '-'CC•7 (1,:1•157) 
052 I"U O<_:ALI';" (�PT 3 . "TCI • 

052 1�u q::ALIG" (•=-r 1 • � ... T'IV) • 

"30 (XTE'l,AoL r"-£�Tl.V ( I�" ...,c., 
l<( �* ... 'I RE' ) 

""CI�"" t r:os;o::s T'<'IUS.,.t'IG ( !• 
MCC•7 <�<c:)U!'1EO ) 

MCC•' ( �� f\'�')'0 l 
1>23 C! Sl..l!'IAR "AV!GAT!'!N 
(NTIH PAl') (1,.!!•1731 
P 61 E"TQV.PQ�"ARATJON 
P62 E'ITRY·C"'/SM SE<>M IAT!ON 

"'�EE'ITI1Y �A"EUVE'l 

c�ls"' 
E'ITQY 

SE<>&RA.,.teN 
t 'lr�<>rA'"'" - - · 

S"l.. A S"OI!'J'I 

A'ID 

ll-10 

APOLLO \5 

.,ATE: 

DAY 10 ACTIVITIES 

AUGUST .. , 1971 
AUGJST ., 1!171 
4UGUST " ' \'171 
4UGUST ... 1971 
4UGJST ... 191 1 
AUGJST ... 1971 

AUGUST " ' 1�71 
AUGUST ... 1971 

WGvST " ' 1971 
AUGUST " ' 1911 
AUGUST .. . 1'17\ 

AUGUST .. . 1�71 
AUGUST 5• 1971 
.lUGUST 5• 1071 

AUGUST '5• 1971 

AUGUST 5• I '111 

AUGUST 5• 1971 

OAY 11 •CTIVI'I(S 

AUGUST 5• 1971 
AUGUST 51 1971 
AUG'JST 'I• 1°71 
W G L!ST 5• 1971 
AUG'JST 61 1 '171 

AUGUST 6• 1971 

OAY 12 .ACTIVITI ES 

4UGUST 6• \'171 
.AUGJ ST 6• 1'171 
.AUGJST 6• 1911 

AUGJST 6• 1'171 

AUGJST 61 1911 

AUGUST 6• 1 '171 

AUGUST 6• 1971 

.AUGUST 6• 1a11 
AUG'JST 6• 1<:'71 

OAY 13 4CT!V!Tlf"S 

AUGUST ,, 1971 
AUGUST �. 1071 
AUGUST ,, 1971 

4UGJST ,, 197\ 

AUG.JST ,, \971 
•U:l.'Sl ,, �071 

AUGUST ,, \'!71 

AUGJST 7• 107\ 
AUGJST 7• 1'!7\ 
.AUGUST ,, \'171 
AUGUST ,, 1'171 
AUGUST 7• 1971 

AUG..:ST ,, \07! 
4UG.JST 11 1971 
AUG.JST ,, 1 '!71 

T!"'E 
( HI'<!NIS 

C.,..,y, 

91S«tt 0• 
10:2� .: 0• 
13:•• : 0• 
1•11 ... 1 0• 
14!2?! 0• 
IS! .. : 0• 

1 5! 1(') 1 \J• 
1s:z�: :l• 

15:57: 0• 
16!t7:-a. 
18!3•: 0• 

1!:,,: 0• 
s;•A: 0• 
6! .. : 0• 

6: 51 : 0• 

6!5a: :::· 

7:t7!�·· 

1013•1 0• 
11!tq: C• 

19: lQ! ll• 
19! ... : ?• 

7:2•: , . 

7;-q: 0• 

1211•1 0• 
12:2 .. : �· 
16:2•: 0• 

16!3•: :J• 

1 6! 51', ! 0• 

17: q: 0• 

1?:3�:2!')• 

17:•4: 0• 
20:3•: 0• 

9:37! 0• 
1013•: ?• 
11!;!•: 0• 

11: 3• I �· 

lt!co.,: :'• 
1 t: s� 1 ?• 

12!1!! �· 

12:3?:20• 
12: 3�: 0• 
1C. !34! 0• 
15!1'1! 0• 
15! 1"i! 0• 

15!2:>1 � . 
15 !3� :2� · 
15:•::;:·�· 

T I 'I( 
�1"11\IIS ) 
G,£,T• 

2171251 o. 
217: so: o • 
221!15: o. 
22\!42: o • 
2211'>81 o • 
222130: o. 

222136:13. 
222!•8: o. 
2231231 o. 
223143: .. a. 
226! o: o. 

2261 a: o. 
231! 1 •: o. 
237130: o. 

238 1171 c. 

23 8! 251 c. 

238! .. 3:•8. 

2•21 Cl o. 
2•21•51 o. 
2501 •5 : o. 
2511101 o. 
26215CI o . 

263 !1 51 o. 

26?aol c. 
2 67150: c. 
27\ !501 c. 

272! 01 o. 

272122: o. 

27 2! 35: o. 

27215.1!120. 

273! 101 c. 
27 61 01 o. 

2.1!91 1: c. 
2'!0! 01 o. 
290!501 c. 

291: 01 c. 

2911 'll • 
" "  

291!22 : c. 

2'!1 137: ,.. " ' 

2'l1!58:2C. 
2'!2! 51 c • 

29�t: Cl c. 
2'1•13'1: c. 
2'!•1•1: c. 

2,,.:,.�: c. 
2C3•:ss:?c. 
2'151 11 I •6. 

. . .. _ . ' -

• 
. . 

I 

• 
• • 

I 
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V37 Enter, 47 Enter 

V16 N83 Flashing, t::.v XYZ Body Axes 

N62 Enter 

LB·11 

P47- THRUST MONITOR 

TLI 

V16 N62 Flashing, lnerttal Velocity. Altitude Rate, Altitude 

-

X TB 6p • (h:min:s) 

X X X R 
Predicted Spacecraft 

X X X p IMU Gimbal Angles 
at TLI Ignition 

X X X y (degrees) 

X X X BT Duration of Tll lmin:sl 

t::.VC' • • (ft/sl 

+ VI t (ft/sl 

X X X R SEP Predicted SIC IMU 
Gimbal Angles at 

X X X P SEP Completion of S·IVB 
Maneuver to CSM/SIV·B 

X X X Y SEP 
Separation Attitude 
(degrees) 

' 

X X X R 
Predicted S/C IMU 

X X X p Gimbal Angles at 
Extraction 

X X X y 

X N83 

y t::. V ftis 

z 
v ft/s N62 

HOOT ft/s 

H nmi 

X 

X X X 

X X X 

X X X 

X X X 

+ 

X X X 

X X X 

X X X 

X X X 
. 

X X X 

X X X 

*Predicted Time of Beginning of S·IVB Restart Preparation for TLI (TB6 s TLI Ignition · 9 minutes) 
• • Nominal TLI t::. V Set into EMS t::. V Control 

t Nomin•l Inertial Velocity Displayed on DSKY at TLI Cutoff 

• 

-------------& ........... 



' 
' 
• 

-

V37 Enter. 30 Enter 

V06 N33 Flailing, Lo.cl Oesir.cl GETI 

V06 N81 Flailing, Lo.cl o.ir.cl Av 
' 

/ 
+ . 

0 0 

0 0 

+ 0 0 

• 0 0 0 

• 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X 

X X X 

X X X 

NOTES: 

LB·12 

PJO-exn:RNAL Av 
TLI + 90 

Purpose 

Prop/Guidance 

Weight (lb) N47 

PTrim N48 

YTrim 
(degr-) 

Hours N33 

Minutes GET I 

Seconds 

Avx N81 

Avy LV 

Avz ltt/s) 

R 

p IMU Gimbal 
Angles ld�l 

y 

HApogee N44 
nmi 

Hperivee 

AvT lftlsJ 

BT (min:sl 

Ave (tt/sl 

SXTSt ... 

SFT (degrees) 

TRN (degrMS) 

BSS ICo.s St ... I 
SPA ICoa Pitch, dell) 

SXP ICoes X Pos. deg) 

LAT 
(degr-

LONG 

RTGO (nmil EMS 

VIO (tt/sJ 

GET 0 .05 g 
Hr:min:s 

SET STARS 

A Align 

P Align 

Y Align 

ULLAGE 

N61 

+ 

0 

0 

+ 0 

• 0 

+ 0 

X X 

X X 

X X 

+ 

+ 

X X 

X 

X X 

+ 

+ 

X X 

X X 

X X 

0 

+ 

+ 

X X 

X X 

X X 

I 

0 

0 

0 

0 0 

X 

X 

X 

X 

X X 

X 

X 

X 

X 

X 

-

-

0 

0 0 

I 
I 

I 

I 
I 
' 
I 
I 

I l 

i 
• 

I 
I 

I 
I 

' 



LB·I3 

I 
I 

PROjGUtD 
WT XX XXX (lbs)  
P TRIM X.  XX {OE(;) 

I 
I 
' Y TRIM X . X X  (OEG) 

GET I XX:XX:XX 
{HRS : N I N : SEC) 

AVX XXXX. X (fps) I AVY XXXX.X (fps) l AVZ xxxx.x (fps} I 
R XXX (DEG) 

J p XXX ( DEG) 
y XXX ( DEG) 

HA XXXX.X (nm) 

• H
p XXXX.X (nm) 

r 
I AVT xxxx . x  
I 

l BT X : XX ( M I N : SEC) 

AVC XXXX.X (fps) 

SXTS XX (OCTAL) 

SFT XXX.X (DEG) 

TRN X X . X  (DEG) 

BSS XXX (OCTAL ) 

SPA X X . X  (DEG) 

SXP X . X  (DEG) 

LAT xx.xx 
LONG xxx.xx 

RTGO xxxx.x  

VIO xxxxxx (fps) 

GET(. OSG) XX:XX:XX 

l SET STARS 

R' p' y (ALIGN) 

i ULLAGE • 

HORIZON 
WINDOW 

PROPULSION SYSTEM (SPS/RCS)/ 
GUIDANCE ( SCS/G&N) 

PllEIIANEUVER VEIHCLE HEIGHT 

SPS P I  TCit G I M.JAL OFFSET TO 
PLACE THRUST 

SPS YAII Glf·llAL OFFSET TO 
PLACE TIIRUST 

T 1 ME OF �VR I GN IT lOt� 

PJO VELOCITY TO BE GAINED 
COtiPONEfHS IN LOCAL VERT I CAL 
COORDINATES 

IMU GI!-IBAL ANGLES OF 
MNEUVER ATTITUDE 

PREDICTED �POGEE ALTI TUDE 
AFTER MANEUVER 

P�EDICTED PERIGEE ALTI TUDE 
AFTE fl t1A!IE UVE R 

TOTAL VELOCITY OF MANEUVER 

MANEUVER DURATION 

PREMANEUVER AV SETT!i�G IN 
EMS i!.V COUNTER 

SEXTANT STAR FOR MA�EUVER 
ATTITUDE CK 

SEXTANT SHAFT SETTI:�G FOR 
MANEUVER ATTITUDE CK 

SEXTANT TRUNNION SETTING FOR 
MANEUVER ATTI TUDE CK 

BORESIGHT STAR FOR MAfiEUVER 
ATTITUDE CK USING THE COAS 

OSS PITCH ANGLE or� COAS 

BSS X POSITION ON COAS 

LAT !TUDE AND LONGITUDE OF THE 
LANDING POINT FOR ENTRY 
GUI DANCE 

RANGE TO GO FOR EMS 
IN IT l All  Z AT II •N 

INERTIAL VELOCITY AT . OSG FOR 
EMS INITIALIZATION 

TIME OF .OSG 

STARS FOR TELESCOPE FOR 
BACKUP GDC ALIGN 

ATTI TUDE TO BE SET I N  
ATTITUDE SET TW FOR BACKUP 
GOC ALIGN 

NO. OF SM RCS JETS USED AND 
LENGTH OF TIME OF USSAGE 

WINDOW MARKING AT WHICH 
HORIZON IS PLACED AT A 
SPECIFIED T IG (ATT CK) 



' 
' 
• 

LB-14 

P37 - RETURN TO EARTH 

V37 Enter, 37 Enter 
V06 N33 Flashing 

Time of Ignition (h, min, 0.01 s) 
V06 N60 Flashing 

' 

Blank, t::.v Desired. GAMMA E l  Desired (ft/s, 0.01 deg) 
V06 N61 Flashing 

Impact Latitude and Longitude (0.01 deg, 0.01 deg) 
V06 N39 Flashing 

t::.T of Transfer (h, min, 0.01 s) 
V06 N60 Flashing 

Blank, V Predicted GAMMA E l  (ft/s, 0.01 deg) 
V06 N81 F lashing 

t::.VX (LV), t::.VY (LV), t::.vz (LV) at TIG (0. 1 ft/s) 
V04 N06 Flashing 

R 1 : 0 0 0 0 7  
R2: 0 0 0 0 X ( 1 - SPS, 2- RCSJ 

V06 N33 Flashing 
Time of Ignition (h, min, 0.01 s) 

V16 N45 Flashing 
Marks, TFI.  Middle Gimbal Angle (marks. minis. 0.01 deg) 

UO +B 

Time of Ignition (h. min) 

X Av ReQu ired (ft/sl 

N33 

N60 

[>( Longitu<ie of Splash Point (degl 

Time of Entry Interface (h. min) 

Time of Ignition (h. min) N33 

X {). V ReQuired (ft/s) N60 

X Longitude of Splash Point (deg) 

Time of Entry I ntedace ( h, min) 

-

[>( [>( 

[>( C>< 

' 
I 
f I 
I 

I 
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• 
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V37 Enter, 47 Enter 
V16 N83 Flashing, flV XYZ Body Axes 
N62 Enter 

LB-15 

P47-THRUST MONITOR 

TLI 

V16 N62 Fl.shing, lnenial Velocity, Altitude Rate, Altitude 

X TB 6p* (h:min:s) 

X X X R 
Predicted Spacecraft 

X X X . p 
IMU Gimbal Angles 
at TLI Ignition 

X X X y 
(degree1) 

X X X BT Duration of TLI lmin:s) 

t:.vc • • (ft/sl 

+ v1t (h/sl 

X X X R SEP Predicted S/C IMU 
Gimbal Angles at 

X X X P SEP Completion of S-IVB 
Maneuver to CSM/SIV·B 

X X X Y SEP Separation A nitude 
(degrees) ' 

X X X R 
Predicted S/C IMU 

X X X p Gimbal Angles at 
Extraction 

X X X y 

X NB3 

y !:. V ftis 

z 

v ft/s N62 

HOOT ft/s 

H nmt 

X 

X X X 

X X X 

X X X 

X X X 

+ 

X X X 

X X X 

X X X 

X X X 
. 

X X X 

X X X 

•Predicted Time of Beginning of S-IVB Restart Preparation for TLI (T86 n TLI Ignition · 9 minutes) 
••Nominal TLI !:. V Set into EMS !:. V Control 

tNominal lnenial Velocity Displayed on OSKY at TLI Cutoff 



' 
• 

• 

• 

V37 Enter. 47 Enter 

V16 N83 Fl8ltline, I:J.V XYZ Body A"" 
N62 Enter -

LB-16 

P47-THRUST MONITOA 

CSM/LM Ejection 

V16 N62 Fl.-hlflil, Inert� Velocity, Altitvde Rate, Altitude 

-

X X X R 

IMU Gimbel Angl• 
X X X p �� 
X X X y 

X X X BT (min:sl 

VI (ft/s) 
·-

X N83 

y Av ft/s 
z 
v ftls N62 
HOOT ft/s 
H nmi 

NOTES: 

X X X 

X X X 
X X X 

X X X 

-

' 

J 

I 
I 
I 

I 
• I • 
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LB-17 

-

. 

P37 - RETURN TO EARTH 

V37 Enter, 37 Enter 

V06 N33 Flashing 

Time of Ignition (h. min. 0.01 s) 
V06 N60 Flashing 

Blank, f:l V Desired, GAMMA E I D�ired (ft/s, 0.01 deg) 
V06 N61 Flashing 

Impact Latitude and Longitude (0.01 deg, 0.01 deg) 
V06 N39 Flashing 

/:lT of Transfer (h. min. 0.01 s) 
V06 N60 Flashing 

Blank, V Predicted GAMMA E I (ft/s, 0.01 deg) 
V06 N81 Flashing 

f:lVX (LV), f:lVY (LV). f:lVZ (LV) at TIG (0. 1 ft/sl 
V04 N06 Flashing 

R 1 :  0 0 0 0 7  
R2: O O O O X ( 1 - SPS. 2- RCS) 

V06 N33 Flashing 
Time of Ignition (h. min. 0.01 s) 

V16 N45 Flashing 

Marks. TFI, Middle Gimbal Angle (marks. min/s. 0.01 deg) 

L/0 +15 

Time of Ignition (h, min) 

ex: � V Required (ft/s) 

N33 

N60 

C>< Longitude of Splash Point (deg) 

!Time of Entry Interface (h.  min) 

Time of Ignition (h.  min) N33 

X ..l V Required (f tis) N60 

X Longitude of Splash Point (deg) 

Time of Ent ry Interface I h. mm) 

[X [X 
4 

[X C>< 



' • . 

-

LB-18 

P23-CISLUNAA MIOCOUASE NAVIGATION 

V37 Entltf, 23 Enter 

V05 N70 Flashi"11 
A 1: 0 0 0 X X Celestial Bodv Code 

-

R2: 0 0 X 0 0 0 - Horizon 1 - Earth Landmer� 2 - Moon Londmork 

A3: 0 0 C 0 0 C • 0. 0 • 0 Londmark C·1 Earth Horizon C·2 Moon Horizon 

V59 FIMhi011. Plrlorm Optics Calibration 0-1 Near Horizon 0 2 Fer Horizon 

V51 Flashing · P .. _ Mark 

OPTICS CALIBRATION 

+ 0 0 Hours • 0 0 

+ 0 0 0 Minutes GET • 0 0 

+ 0 Seconds • 0 

X 0 0 0 Sta< 10 N10 X 0 0-

+ Tru n A ngl e a .. s NB7 • 
A2 

+ Trun A011le Boas N81 
A 2 

• 

+ Trun Angle Bies 
N81 
R 2 • 

MIOCOUASE NAVIGATION 

� + 0 0 Hours • 0 0 

+ 0 0 0 M1nute1 > GET • 0 0 

+ 0 Seconds • 0 
, 

X 0 0 0 Stor 10 N70 X 0 0 

X 0 0 0 0 LMK 10 X 0 0 

X 0 0 0 Hor 10 X 0 0 

6A nmo N49 

6V ft/s . 
6A nmo N49 

6v ft/s 

�A nmo N49 

6V h/s 

6A nm1 N49 

6v h/s 

Af1 nmi N49 

6v his 

�A nmo N49 

<lv h/s 

NOTES: 

0 

0 

0 

0 

-

' 

0 0 

0 



�··· 

P23 - ASTRONAUT LOCATOR CALIBRATIQ�t 

APOLLO 8 LOVE LL 

APOLLO 10 YOUNG 

H 

32 KM 

24 

APOLLO 11 COLLJl.IS 24 

H-UPDATE 

18 KM 

24 

35 

APOLLO 12 GORDON 24 19 

APOLLO 13 SWIGERT 24 10 

APOLLO 14 ROOSA 28 NONE 

OUA BOR£5!GHT 

ILLOfl) 

OUA STAR L06 (TRUNNION) 

I 

r 
Ill 
• 

-
((I 



• 

VJ7 Enter. 23 Enter 

V05 N70 Flashi"'J 

LB·20 

• -

P23 -CISLUNAR MIOCOURSE NAVICA TION 

R 1 0 0 0 X x C�lesual Bodv CO:Oe 
R2: 0 0 X 0 0 0 Horozon 1 - Earth Landmark 2 - Moon Lendmark 

RJ: 0 0 C 0 0 C • 0. 0 • 0 Landmark C- 1 Earth Horozon C-2 Moon Horozon 
VS9 FIMhing, Perform Optics Calibratoon 0 1 N1er Horizon 0 2 Far Horizon 

VS 1 F lashi"'J . Pie- Mark 

OPTICS CALl BRA Tl ON 

t 0 0 Hours • 0 0 

+ 0 0 0 Minutes GET t 0 0 

+ 0 Seconds • 0 

X 0 0 0 Ster I 0 N70 X 0 0 

• Trun A"'Ji e B i<ls NB7 • 
R2 

+ Trun Angle Btas N87 
R2 

• 

Trun A"'Jie Boas N87 . • 
R2 

MIOCOURSE NAVIGATION 

' + 0 0 Hours t 0 0 

+ 0 0 0 Minute' GET I 0 0 

+ 0 Seconds • 0 
• 

X 0 0 0 Sta< 10 N70 X 0 0 

X 0 0 0 0 LMK 10 X 0 0 

X 0 0 0 Hor 10 X 0 0 

�R nmr N49 

Av lt/s 

AR nmi N49 

Av h/s 

�R nmo N49 

.:, V h/s 

�A nrno N49 

Av his 

llR nmi N49 

Av his 

AR nmo N49 

Av his 

NOTES: 

0 

0 

0 

0 

-

I 

J 

0 0 

0 



' 
• • 

V37 Enter. 30 Enter 

V06 N33 Fleshing. Load Des�red GETI 

V06 N81 Fleshing. Loed Desired t:.v 

-

I 
+ 

0 0 

0 0 

+ 0 0 

+ 0 0 0 

• 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

• 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X 

X X X 

X X X 

NOTES: 

LB·21 

P30-EXTERNAL f::.v 

MCC 1 

PurpoM 

Prop/Guidlonce 

Weight llbl N47 

PTrim N48 

YTrim 
(degrees) 

Hours N33 

Minutes GET I 

Seconds 

t:.vx N81 

t:.vy LV 

t:.vz (h/s) 

R 

p IMU Gimbal 
Angles ldeg) 

y 

HApogee 
N44 

nmi 
Hp.,.igee 

t:.vT (h/sl 

ST (min:s) 

t:.vc ttt/sl 
SXT Star 

SFT (d-orees) 

TRN(degnes) 

8SS (Coas Star l 

SPA (Coa Pitch. degl 

SXP (Coas X Pos. deg) 

LAT N61 

LONG 
(degr-

RTGO (nmil EMS 

VIO (ft/s) 

GET 0.05 o 
Hr:min: s 

SET STARS 

A Align 

p Align 

Y Align 

ULLAGE 

-

I 
+ 

0 0 

0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X 

X X X 

X X X 



' 
• 
• 

P40 SF>S THRUSTING CSM 

V37 Enter. 40 Enter 

VSO N 1 8  Flast'ung, At<tui'St Maneuver to FOAl A. P, Y Anglt1 

V06 N t8. F OAI R, P Y An�es Aft• Manwver tO Burn Atti'tude 

V50 N25 Flesh•ng, A 1 : 0 0 2 0 4, G•mbal Actu.ator Tnt Opt1on 

voo N40. Tu'N from lgnt(ion. Veloc:•tY 10 be GaiMd, MMsurlld Change 
tn V�oc:ity 

V99 N40 Flashing, Engme On Enable Requ.n 

voo N40, T•m• from Cutoff, Velocity to be Ga•Md. Meesur.O Change 
tn VtiOCtty 

V16 N40 Flastung, F•n&l VahJn It Engtnt Cutoff 

V16 N85 Flashtn9, Body A)(es AH•duals tto bt Nulled) 

v:n F la-s.tung, V81 E nutr 

V16 N4.4 Flath•ng, APOgt!'f All•tude, P..-� Altitude. Tm�e tO Freefall 
tO 35 K h Moon Orb•t. 300 K ft Earth Ort:Jit 

50.18 Roll 

Puc=h I <leg I 

Yow 
-

06· 18 Ro11 

Pttch ldegl 

v,.. 

j IX 06-40 TF I (Min s) 

I VG (lt/sl 
' 

. 
.lVM llt/sl I 

I lX ' 
()6.40 TFC fm1n s) 

VG (h/sl 
' 
I .:l.VM lh/sl 

IX 1&� TFC ftTun $) 

• . VG llt/sl 
-

• .;). VM (11/st I 
I 

85 X . 

I y Rt1tdvals 
(h/sl 

z 

85 X 

I v TRIM 
(ftlsl 

I z 
\ « HA tnm1) 

HP (nm•) 

[X TFF (m;n:s) 

LB·22 

MCC 1 

1 

P41 - RCS THRUSTING 

V37 Entt<. 41 Ent.,. 

V50 NIB Floohi1>9. ROQuost Moneuv.,. to FOAl R, P. Y, Anv!tl 

V06 N18. FOAl R, P, Y A�es After Man.uver ro Burn Attitude 

V06 N85, X. Y. Z Body Axt1 VelOcity to ta Got ned 
Vl6 NBS (Av..-oge G on at TIG ·301 Volocoty to Ia Gotn«l 

V16 N85 Fl..n•"9. Body Axoo Rootduols Ito ta Nullodl 

50•18 Roll 

Pitch I<Hgl 

Vow 

()6.18 Aoll 

P1tCh I <I� I 

v .... 

06-85 X 

v VG Ht/sl 

z 

I&B5 X 

v VG (h/sl 

z 

1&85 X 

v R"ldu1ts 
Ch/sl 

z 

X 

v Tt•m 
Ch/sl 

z t 



I 
I 

I 

I .I • { ! I . I I 
I 

i • 

LB-23 

P37 - RETURN TO EARTH 

V37 Enter, 37 Enter 

V06 N33 Flashing 

Time of Ignition (h, min, 0.01 s) 

V06 N60 Flashing 

Blank, A \L.Pesired. GAMMA E I Desired {f1/s, O.Ql deg) 

V06 N61 Flashing 

1 mpact Latitude and Longitude (0.01 deg, 0.01 deg) 

V06 N39 Flashing 

AT of Transfer {h, min, 0.01 s) 

V06 N60 Flashing 

Blank, V Predicted GAMMA E I (ft/s, 0.01 deg) 

V06 N81 Flashing 

AVX (LVI. AVY (LVI, AVZ (LV) at TIG (0.1 ft/s) 

V04 N06 Flashing 

R 1 : 0 0 0 0 7  

R 2 : 0 0 0 0 X ( 1 - SPS, 2-RCS) 

V06 N33 Flashing 

Time of Ignition (h, min. 0.01 s) 

V 1 6  N45 Flashing 

Marks. TFI,  Middle Gi mbal Angle (marks, min/s, 0.01 deg) 

L/0 +25 

!Time of Ignition (h, min) 

X � V Required {ft/s) 

N33 

N60 

C>< Longitude of Splash Point {deg) 

Time of Entry I nterface {h, min) 

L/0 +45 

Time of Ignition (h. min) N33 

lX A V Required (ft/s) N60 

X Longitude of Splash Point (deg) 

Time of Entry Interface (h. min) 

L/0 +35 

C>< C>< 
4 

L/0 +60 

� C>< 



. • • 

V06 N33 F' Poio .. Loed D•ind GETI 

V06 N81 Flallli,._ Loed Dn'M flv 
• 

_! 
+ 

0 0 

0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X 

X X X 

X X X 

NOTES: 

LB·24 

PJG-EXTERNAL !J.v 
MCC2 

Purpoee 
Prop/Gukt.nce 

W.;glll (I>) N47 

PTrim N48 

YTrim 
��-) 

Hout1 N33 

Minu- GETI 

Seconck 

!J.vx N81 

!J.vy LV 

llvz (ft/1) 

R 

p IMU Gimbal 
Aneles ldevl 

y 

HApogee 
. 

N44 

nmi 
HPwigee 

!J.vT tft/11 

BT (min:s) 

!J.vc tftlsl 

SXTStllr 

SFT (degr_. 

TRN (�ud 

8SS (Coa Stilt) 
. 

SPA (Coa Pitch, dig) 

SXP teo.. X Pol, dig) 

LAT N61 
(degr-

LONG 

RTGO tnmi) EMS 

VIO (ft/s) 
GET 0.06 g 
Hr:min:s 

SET STARS 

RAiign 

p Align 

y Align 

ULLAGE 

• 
·-

-

II 
I 

+ 

• 
0 0 

0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ . 0 

+ 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X 

X X X 

X X X 



• 

P.OO SP5 THRUSTING CSM 

V 37 E nttf. 4&0 E ntltf' 

V&O N18 Ft.n•no. Reoue!t Meneuvet to F OAI A. P, V AAg+H 

'1()6 N 18, FO�I R, P, Y An�• Aft• ManeuW'f' to 8urn A"•tud• 

V&O N:n F1-"•fl9, R 1 • 0 0 2 0 4, Gtmbll Actultor Tt11 Opteon 

vo& H...O. Timrt from tgnttton, V_.ocity ro be Gamed, Mwsu� Cheoge 

'" Vtloeitv 

V19 N-«> F latf'lit'g_. E ngtntt On E nablt ReQuHt 

Y'('IIS N«l. T•f1"1 trorn CutoH. Vetoctry to be G�•....cl. Meesured Chlf"t9e 

"' \ltfoC:tfV 
vt& N.O Fl-"ing, Final Valuti at Engtne Cutoff 

Vtl H8.5 FIMI'Hf't9, BodV AU"' Rts•<h.tiiS (to be Nulledl 
V71 F ......... V81 Entt< 

V16 H._. Fla&htnt.. A()09" Altitude. PtfJOM Altttudt. T •me to Freef•ll 
to 35 K tt Moon Qf't)tt. 300 I< ft Earth Orbit 

50-18 Ao'l 

9ttcr loogl 

v"" 

06-18 Roll 

PttCh loegl 

v-

rx ()6. 40 TF I (r•·un sl 

VG lft/sl 

.lVM ltt/sl 

C>< ()6.40 TFC Cmtn st 

VG fttlsl 

.lVM llt/\1 

IX 16-40 TFC tm•n sJ 

VG llt/sl 

.l VM I 11/sl 

85 X 

v Rntduafs 
lttlsl . 

z 

85 X 

v TRIM 
litis I 

z 

44 HA fnmt) 

/ HP (nmH 

IX TFF fn·un. sl 

l8·15 

MCC 2 

I 

P•l F:CS THRUSTING 

V37 E nttf. 41 Enter 

V50 N18 Fleshtng, R�ut'St ManN\/., tO FOAl R P, Y. Anglts 

V06 N 18. F OA I " P, Y Anql..s A hef Man�v...- ro 8urn A ct�ludc

V06 N85. X. Y. Z Body Axn VtiOc•tv •o be Ga•� 

V16 NBS (Averalil'l G on at TIG 30) Vlfloc•tv to b1 Gamed 

V16 N85 FlashmCjJ, BOdy AxM R .. •duals (tO b4 Nvlltdl 

50-18 Roll 

Pttch 'deQJ 

v .... 

()6. 18 Roll 

P1tCh I dog I 

v .... 

06-85 I X 

v VG Ut/sJ 

z 

16·85 X 

v VG ltt/si 

z 

16-85 X 

v A•ldu�ls 
Ht/$1 

z 

X 

y Tr1m 

lhlsl 
z 



V37 E ntw. 30 Enter 

V06 N33 F'-hing. Loed O.ired GETI 

1106 N81 Fleohing. Loed o-wed Av 

I 
+ 

0 0 

0 0 

+ 0 0 

+ 0 0 0 . 

+ 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

• 0 0 

X X X 

X X 

X X X 

0 

+ 

• 

X X X 

X X X 

X X X 

NOTES: 

LB·26 

P30-EXTERNAL /lll 

MCC3 

Purpooe 

Prop/Guidance 

Weight (lb) N47 

PTrim N48 

YTrim 
,�_, 

Hours N33 

Minutes GETI 

s.cond• 

Avx N81 

Avv Lll 

llvz (ftfsj 

R 

p IMU Gimbel 
·Angles ldt91 

y 

HApogee N44 
nmt 

Hp.,iiiM 
AVT (ftls) 

8T (min:d 

Ave lftlsl 

SXTStar 

SFT (d.us) 

TRN (deg�ml 

ass 1 eo.s Starl 

SPA (C:O. Pitdl. dig) 

SXP (Co.s X Pos. dig) 

LAT N61 

LONG 
(d·-

RTGO (nmil EMS 

VIO (ftlsl 
GET 0.06 g 
Hr:min: s 

SET STARS 

A Align 

PAiign 

y Align 

ULLAGE 

• 

I I 
+ 

0 0 

0 0 

+ 0 0 

+ 0 0 0 

• 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

• 0 

+ 0 0 

X X X 

X X 

X X X 

0 

• 

+ 

X X X 

X X X 

X X X 



' 
0 
• 

LB 27 

MCC 3 

P.O SPS THRUSTING CSM 

vJ1 Enltt .0 Entt< 

y!IC) N 18 Flelh•"'i. RIQu .. l Meneuver to F OAI R, P, V AngiH 

'IOlf NUl. F 0A1 A. P. Y A�tll Ah• M.,.,.'tl., to 8urn AU•tude 

v,O H26 fl .... -'9. R 1 • 0 0 2 0 4. Gombal Acl�otor Test Ootoon 

'V'OI N.O. T•nw from •en•ttOn. Ve�oc•tv to tM Gau'\otld, MMsu utc1 .. C:h•1"191 

tft V-'<J<ltY 

11'1111 H.O floth;ne. Engone On Enol>lo Roq�os1 

VOl N.O. Ttrne from Cutoff, Vetocity to bt Ga•n�. Mtnured Change 

if" VetoctiV 

V16 N.O FIMiunQ. Final VeluH It En9in1 Cutoff 

V16 H66 floth""J. Body A•• Rosodvols (10 be N�llodl 

vll f &etn•nt. v81 E tuef 
v18 N44 Flestung, A009" Altttvdt, Ptftgee Altitude. Ttme to Freefafl 

to 36 J( h Moon Ort:uc 300 I( ft Earth Orb•t 

so 18 Roll 

PttCh (C<gJ 

Yow 

()6. 18 Rou 

P.ecn (Oegl 
, 

Vow 

I 
I rx ()6.40 TF t IMtn s) 

I VG lh/sJ 
I 

• .lVM llt/s) 

[X 06-40 TFC (rrun·sJ 

I VG lft/sl 

I .lVM lft/sl 

T rx 16-40 TFC lmtn s) 

I VG lltlsl 

! .lVM (ft/s) 

85 X 

I y R..stdu•ts 
111/sl 

z 

85 X 

y TRIM 
lltlsl 

l 

44 HA (nm•• 

HP fnmt) 

IX TF F lmtn s) 

I 

P41 I:CS THRUSTING 

V37 Entt<. 41 Entw 

VSO N18 Flothof>V, Roq�nt Monouv"' to fOAl R. P, Y, Anljlos 

V06 N18. FOAl R, P. Y An.g.tM Aftet ManM.Iv., to Bum Athtuc:» 

V06 NBS. X. Y. Z 8ody A•os Volocoty to be Goonod 

V16 N85 lA-- G on 11 TIG ·301 Volodty to bo Q11,.., 

V16 N8& FIMh•o>v. 8ody A•• R"odvola lto be Nullodl 

50-18 Roll 

P11Ch IOogl 

YIYo 

()6. 18 Rolf 

P1tCh I dog) 

y,.,. 

06-85 X 

y VG 111/sJ 

z 

16-B5 X 

y VG lh/sl 

z 

16-85 X 

y Residuals 
Htlsl 

z 

X 

y Tnm 
lft/sl 

z 

I 

• 

I 
I 
I 

I I 

I I 
•• 
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LB-28 

PJO-EXTERNAL fly 

MCC-4 & PERICYNTHION + 2HR 
V37 E nt.,... 30 Enter 

V06 N33 Flashing. Loed Desired GET I 

V06 N81 Flashing, Loed Desired flv 

-1-
j 

+ 

0 0 

0 0 
+ 0 0 
+ 0 0 0 
+ 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 
+ 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X 

X X X 

X X X 

-

NOTES: 

Purpose 

Prop/Guidance 

Weight Obl N47 

Prrim N.a 

YTrim 
I degree>} 

Hours N33 

Minutes GET I 

Seconds 

tlvx N81 

!:::.vy LV 

tlvz (tt/s) 

A 

p IMU Gimbal 
Angles (deg) 

y 

HApogee N44 
nmi 

Hperigee 

tlvT lft/sl 

ST (min:sl 

tlvc ltt/sl 

SXT Star 

SFT (degrees) 

TAN (degrees) 

BSS (Coas Star) 

SPA (Coas Pitch. devl 

SXP (<:¢as X Pos. deg) 

LAT 
(d�ees 

LONG 

RTGO (nmi) EMS 

VIO (ft/s} 

GET 0.05 g 
Hr: min:s 

SET STARS 

A Align 

P Align 

Y Align 

ULLAGE 

N61 

• 

• 

+ 

+ 

X 

X 

X 

+ 

+ 

X 

X 

X 

+ 

t 

X 

X 

X 

+ 

+ 

X 

X 

X 

- I 

0 0 
0 0 

0 0 

0 0 0 

0 

I 
X X 

X X 

X X 

X X 

X X X 

0 

0 0 

X X 

X 

X X 

0 

X X 

.. 
X X 

X X 

' 



; 
• 

P40 - sPS THRUSTING CSM 

VJ1 1-· 40 EftW 
ytOHII F_i .... ROII'*t -lo FO;t.I II, P, Y Angles 

y01 H11, FO;t.l II, P, Y ......... Att• - 10 Bum ;t.nitudo 

vt0 Hll F-in$. 111 • 0 0 2 0 4, Gimbel Act- T- Option 

y01 H-40. Ti- !Tom lp>hlon. Velocity 10 t.. Geined, M-..-.d Ct\on91 
in Volo<Otv 

\ltl N40 F-in$. Enelno On El\ll>le 11-au-

110' N-40. Ti-from Cutoff, Volocity to t.. Goined, M-.-.d Chanvo 

III Volocitv 

V1t H-40 F-Ine. Finol Val- " Eneint Cutoff 

V1t H86 F-ine. Body ;t.xes Residuals (10 t.. Nullodl 
VJ1 F-Ine. V82 Entwr 

vlt N44 F-ing, A- ;t.llitudo, P•leoo ;t.ltitudo, Time to Froofoll 
10 315 It 11 MOo<> Ot1>it, 300 K tt E- Orbit 

SO. IB Roll 

Pitch ld49l 

/Yf/IN 
J ' 

. ()6.1B I Roll 

Pitch (deg) 

v-

[X 06-40 TFI ll""'in:s) 

VG Clt/tl 
AvM lft/tl 

IX ()6.40 TFC (mon· t) 

VG lftltl 

AVM (ft/tl 

[)( 16-40 TFC tmin:tl 

VG tft/sl 

AVM (ft/sl 

85 X 
y Restdu•ls 

lftl•l 
z 

85 X/ 
' 

y TRIM 
llt/sJ 

z 

.... HA tnmi) 

HP lnmil 

X TFF lmin:ol 

/ 

LB·29 

MCC4 

I 

-

1'41 - RCS THRUSTING 

V37 EntOO', 41 Ent.-

VSO NIB F-ing, R.auon Monouvor 10 FOAl R, P, Y. Anglos 

V06 N18. FOAl R. P, Y Afl9• Aft• Maneuver to Burn At1ttude 

V06 NBS, X, Y. Z Body Axos Volocllv to t.. Goo ned 
V16 N85 (Avt<- G on 01 TIG ·301 VolOCoty to t.. Goonod 

V16 NSS Flatung, 8octy Ax• Retldulll ho be Nulledl 

SO·IB Roll 

P•tch (degl 

Yow 

06- I B  Roll 

PttCh (deg) 

Yow 

()6.85 X 

y VG tlt/tl 

z 

16·85 X 

y VG tftlsl 

z 

16-85 X 

y Resldu•h 
tftlsl 

z 

X 

y Tttm 

I ft/sl 
z 

-



·--

� . I 

lOCAl 
HORIZONTAl 
POSIGRAOE 

lOCAl VERTICAl 
UPWARD 

MAGNETOMETER 

SIM-BAY DOOR JETTISON LOI - 4.5 Hours 
0 

r-----�----� WN 

DIRECTION Of 
SIM-BAY OOOR 
JETTISON 

CSM 
VElOCITY 
VECTOR 

EARTH 

LASER ALTIMETER 

S BAND ANTENNA 

SOLAR CELLS 

I 
DEPLOYABLE 
SUBSATELLITE BOOMS 

WBSATELLITE 

X·RAY & o·PARTICLE 
SI'ECTROMETERS 

METRIC CAMERA 

FILM AE TURN 
CASSE TTE 

OPTICAL BAR 
PAN CAMERA 

fiLM RETURN 
CASSE l IE 

24FT BOOM 
tRETIIACTABLEJ 

0 

I 
0 

MASS 
SI'ECTROME ltR 

GAMMA RAY 
SI'EC rROMET ER 

25 H lliTRACTA8LE BOOM 

I 

I 



+X 

---

SM-RCS 

QUAD 1 

A + R  +- y 
B + R  +Z 

c + R  -Y 

D + R  -Z 

RCS THRUSTER CONSTRAINTS FOR SIM EXPERIMENTS 

+Y 

-Y 

THRUSTER 
2 3 4 

- R  -Y + P  -X -P +X 

- R  -Z +Y -X w -Y +X w 

-R + Y  + P  +X -P -X 

-R + Z  +Y +X -Y -X 
w w 

+Z 

-

Single Jet RCS Control During SIM Experiment& 
Coupled Jet RCS Control During SIM-Off Periods 

-

' 

SPS Yaw 

Gimbal Motion 

-X 

D Quad 

Gimbal Motion I 0 

*Use of Thrusters A2, A4, Bl and B4 i s  constrained when SIM exper�ments 

are in process. 

use of Quads A and B i s  constrained by CSM EVA to retrieve film cassettes 

from SIM Bay. 

,... 
m 0 w 
-
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LB·32 

PJO-EXTERNAL AV 

LOI (Preliminary) & TEl 4 
V37 Ent.,., 30 Ent.,. 

V06 N33 Fl•hlng, Loed O.Sired GETI 

V06 N81 Fl•hlng, Loed Desired AV 

I 
+ 

0 0 

0 0 

+ 0 0 

• 0 0 0 

+ 0 

X X X 

X X X 

X X X ' 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X 

X X X 

X X X 

NOTES: 

PurpoM 

Pr09/0uiden« 

Weight Ubl N 47 

PTrim N48 

YTrim 
(degr-l 

Hours N 3:J 

Minutes GETI 

Seconds 

llvx N81 

AVy LV 

AVz (h/sl 

R 

p IMU Gimbel 
Angles (IMQ) 

y 

HApogee N44 
nmi 

HPeri9fe 

AVT (his) 

BT (min:sl 

llvc lhlsl 

SXTSt¥ 

SFT (degrees) 

TRN (degrMS) 

8SS ICoas Stwl 

SPA (Coel Pitch. dig) 

SXP ICoas X Pos, deg) 

LAT 
(d.� 

LONG 

RTGO (nmll EMS 

VIO (ft/sl 

GET 0.05 g 
Hr:min:s 

SET STARS 

RAiign 

PAiign 

Y Align 

ULLAGE 

N61 

v I 
+ 

0 0 

0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X . 

0 

+ 

+ 

X X X 

X X X 

X X X 



' 
• 
• 

• 

V37 Enter. 30 Enter 

V06 N33 Fl•hing. Loed Desired GETI 

V06 N81 F l•hing, Loed Desired Av 
. 

l 
+ 

0 0 

0 0 

+ 0 0 . 

• 0 0 0 

• 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 
-

X X X 

X X X 

X X X 

NOTES: 

LB-33 

P30-EXTERNAL /lv 
LOI 

PurpoM 

Prop/Guidance 

W•ight (lbl N47 

PTrim 
• 

N48 

YTrim 
(d.-J 

Hours N33 

Minutes GETI 

S.COnds 

llvx N81 

Avv LV 

llvz (fl/sl 

A 
p IMU Gimbal 

Angles (�I 
y 

HApogee 
N+t 

nml 
Hplflilee 

AvT Ut/sl 

BT (min:s) 

t::..vc lfl/sl 

SXT Star 

SFT (degrees! 

TRN ldevnesl 

8SS ICoes St¥1 

SPA (Co. Pitch, degl 

SXP (Co. X Pos, degl 

LAT N61 
(degr-

LONG 

RTGO (nmi) EMS 

VIO (ft/s) 
GET 0.05 g 
Hr:min :s 

SET STARS 

A Align 

P Align 

Y Align 

ULLAGE 

II I 
+ 

0 0 

0 0 

+ 0 0 

+ 0 0 0 

• 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X 

X X X 

X X X 
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' 

LB-34 

LUNAR ORBIT fNSERTION 
-

BT/6V G . E . T .  
PROPULSION/ PRETHRUST EVENT 
GUIDANCE TARGETING 

LOI 392/ 78:31 : 14.7  SPS/G&N p- :JO (RETROGRADE.l 2,997.9 
EXT .l V  (P-40) 

-

-

6Vx N85 + X X h 
6Vy RESIDUALS (ft/s) t X X X mm GET 

6Vz (BODY AXIS) + X B 

- - - • - V  - - - · - v - - -•-V (fl/ s) 

H:rpe rbolic 
Approach 

X TRIM 

Note: Shadow is with respect 
to the CSM orbit. 

/ 

/ 

J 
I 

YTRIM zTRIM 

0 Sun 
___ __..:.\\- LOS 

Moon 

Earth LOS 



; 

' 
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• 

VJ7 Ente<. JO Entlf 

V06 N J3  Flashing, Loed O.Sired GETI 

v06 NSI Flashing. Loed Desired Av 

I 
+ 

0 0 

0 0 

• 0 0 

• 0 0 0 

• 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X 

X X X 

X X X 

NOTES: 

LB-35 

PJO-EXTERNAL Av 
TEI S & DOl 

Pu'POM 

Prop/GuM:S.nee 

Weight (lbl N47 

PTrim N48 

YTrim 
I degrees) 

Hours NJ:J 

Minutl$ GET I 

Sec:onds 

Avx N81 

Avy LV 

Avz litis) 

R 

p IMU Gimbal 
Angles ldejj) 

y 

HAI)09ee 
N44 

nmi 
Hper�gte 
AvT lft/sl 

BT lmin:sl 

Ave lftlsl 

SXTStar 

SFT ld19<-l 

TAN ldegreesl 

BSS I Coas Star) 

SPA ICoas Pitc:h, deg) 

SXP (Coes X Pos, degl 

LAT N61 
ldegree5 

LONG 

ATGO (nmil EMS 

VIO ltt/sl 
GET 0. 05 g 
Hr: min · s 

SET STAAS 

A Align 

P Align 

Y Align 

UU.AGE 

lt 
. I 
+ 

0 0 

0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

+ 0 0 ' X X X f 
X X 

X X X 

0 

+ 

+ / 

X X X 

X X X 

X X X 
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LB-36 

P24 - LANDMARK TRACKING 

CSM Landmark Traddnc Profile 

22 -de� pitch down 0 
from local borl&oatal A 22 

orbital rate through�'>' 
out tracking. lliif:� :J.' 

· ....-\ T2-A06 / '  . I \ 
\ 

\ 
Tl-Horlzon 

\ 

�T2 �T3 

I I \ I I \ I I 

Horizon 

Typical 

�TI • 290 seconds 
� Tl! • IHu seconds 

:. T3 s h seconds 

AOS to LOS 2 148 seconds \
\ I I 

\ I /RAdius or Moon ' I ,  
\ 

C enter o f Moon 

TGT: 

Tl -

T2 -

TCA -

T3 -

R - -

• • - - · - - · - -

• 
_ , _ - - · - -

• - - · - - ' - -

• • - - · - - · -

- • p - • y  - - -

-

-

N or S nmi _ _  / SA _ - TA _ 

N89 

TGT: 

T
l 

T
2 

TCA 

LAT - - · - - -
LONG/2 - - • - - -
ALT - - - · - -

• 
_ : _ - - - · - -

- - _ : _ _ I _ -

- - - ' - _ , _ -

- - - ' - • - · - -

( ) 

_• (T2 ACQ) 

- (T2 ACQ) 

( ) 

R _ _ _ • P _ _ _  • Y _ _ _ • ( T2 ACQ) 

N or 8 111111 _ _  / S A  _ _  TA _ _  ( 1'2  ACQ) 

NSi LAT - -·- - -
LONG/2 _ - · - - -

ALT - - - · - -

F C!e 89  

PZ4 RAT.E-AID .ED OPTIC S TRACKlNG 

CMC - on (req) 
1.88 - oa and al icfted 
SCS - on 
BMAG MODE (3) - RATE 2 
06N PWR OPTICS - on 
OPT ZERO - ZERO (verify) 
OPT MODE - CMC 

V37E Z4E 

LAT, LONG/2, ALT 
LOAD LMK COORDS 
OPT ZERO - OFF 
PRO 

(0.001', 0.001' , O.Ol nml) 

oe $2 AUTO OPT SHF/TRUN (0. 01', 0. 001') 

F 51 

F 37 

e F 05 09 � (TRUN > 90") 
• MNVR to acquire 
e PRO 
• or V34E, F 37 
OPTICS MODE - MAN 

MARX REQUEST 
MARK (u ctteo u dMir� 
To termlna1e: 

PRO 

XXE 
OPT ZERO - ZERO 
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LB-37 

DESCENT ORBIT INITIATION 

EVENT Frf/6.V G.E.T. 
PROPULSION/ PRETHRUST 
GUIDANCE TARGETING 

nor 22. 9/207 . 6  82:39:32. 5 SPS/G&N P-30 

(RETROGRADE) EXT 6V (P-40) -

- - - • - V 

I 
I 

I 
I 
I 
I 
I 
\ 
\ 

I 

\ 
\ 

oVx 
OVy . OVz 

X TRIM 

/ 
I 

I 

\ 
\ 

' N85 + X X 
RESIDUALS (ft/s) + X X X 
(BODY AXIS) + X 

- - - · - v 
YTRIM 

- - - - -
-- -

b 
min GET 

8 

- - -•-V z (ft/s) 
TRIM 

-

--,1---- - - __ _;\1,-, -0 
\ Sun 

9.6 nmi 

\ LOS 
I 
I 
I 
I 
I I 

I 
I 

I I 
Note: Shadow is with respect \ 

to the CSM orbit. \ 
I / 

"" 
" ' 

......._ 
...... 

....... 
- - -- - - -

Earth 
LOS 

/ 
/" 

_./" 

/ 

/ 
/ 

/ 

• 



-

I 

' 
• 
• 

• 
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1137 E nt«. 30 E nt« 

V06 N 33 F IMhing, Loed Desired GE Tl 
V06 N81 Fleshing, Loed Desired flv 

. 

- I 
+ 

0 0 

0 0 

+ 0 0 

• 0 0 0 

• 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

• 0 0 

X X X 

X X 

X X X 

0 

• 

• 

-

X X X 

X X X 

X X X 

NOTES: 

LB-38 

P30-EXTERNAL flv 

TEl 12 & TEl 19 

Purpose 

Pr()!)/Guidance 

Weight llbl N47 

PTrim N48 

YTrim 
(degrteSI 

Houn N33 

Minutes GET I 

Seconds 

llv x N81 

llvv LV 

Avz (ft/sl 

R 

p IMU Gimbal 
Angles (Otg) 

y 

HAPO!Ift N44 
nm• 

HPeril;lee 

llvT lftlsl 

BT (min:sl 

llvc ltt/sl 

SXT Star 

SFT ld89"eesl 

TRN (d�r-1 

8SS (Coas Start 

SPA (Coa Pitch. degl 

SXP (Coes X Pos. degl 

LAT N61 

(degrees 
LONG 

RTGO (nmil EMS 

VIO (ttlsl 
-

GET O OS g  
Hr: min;s 

SET STARS 

RAiign 

P Align 

Y Align 
UU.AGE 

/ 

• 

II I 
• 

0 0 

0 0 

• 0 0 

• 0 0 0 

• 0 

X X X 

X X X 

X X X 

• 

+ 

X X X 

X 

X X X X 

• 0 

• 0 0 

X X X 

X X 

X X X 

0 

• 

• 

X X X 

X X X 

X X X 



V37 Enter, 30 Enu• 

V06 N33 Flahing, Lold Desirld GETI 

V06 N81 FI8Shing, Loed Oesirld fly 

I 
+ 

0 0 

0 0 
. 

+ 0 0 

+ 0 0 0 

+ 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X 

X X X 

X X X 

NOTES: 

. 

LB-39 

PJO-EXTERNAL fly 

Separation 

Purpose 

Prop/Guidanc. 

Weight {lb) N47 

PTrim N48 

YTrim 
(degrees) 

Hours N33 
Minute-s GET I 

Seconds 

flvx N81 

l:lvy LV 

l:lvz I ft/s) 

R 

p IMU Gimbal 
Angles (<leg) 

-
y . 

HApogee N44 
nmi 

Hp.,i9" 

l:lvT lh/sJ 

BT (min:s) 

l:lvc lh/sJ 

SXT Slit 

SFT (d�ees) 

TAN (degt-) 

BSS ( Coas Star) 

SPA (Coas Pitch, deg) 

SXP ICoas X Pos. deg) 

LAT 
(degr-

LONG 

RTGO lnmil EMS 

VIO (ft/sl 

GET 0.05 g 
Hr:min:s 

SET STARS 

A Align 

P Align 

Y Align 

ULLAGE 

/ 

N61 

' - I 
+ 

0 0 

0 0 

+ 0 0 

• 0 0 

+ 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X 

+ 

+ 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X 

X X X 

X X X 

0 

X 

0 

0 0 

j I L 
I 

I ' 

I 



• 

\ 
' 

LS-40 

P24 - LANDMARK TRACKING 

CSM Landmark Tn.d<ln& PToCIIe 

22-deCJee pttcb doW1l 0 
Crom local bor!zoataJ A 22 

orbital r1IU thrw.cb- -� >' 
out tracl<ina. _ >t(j.: 

/' . \ n-AOS 
I \ 

\ 
\ 

T 1-Hor!zoc \ 

-

O:.T2 .:.T3 

�Tl 

I \ I \ I \ I 

Horizon 

Typical 

.:. T I a 2 90 seconds 

� Tl , IIJu seconds 

.:. T3 = h seconds 

AOS to LQ:; : 148 seconds 

\ 
\ I /Radius or Moon ' I ,  \ l--

Center of Moon 

TGT: 

Tl 

T2 

TCA 

- -

- -

- -

/ 

• • 
- ·  - - . -

• _ ,  - · - -

• 
_ : _ - · -

• • 

-

-

-

- - - · - - · - -

( ) 

R _ _ _ 
' P _ _ _  ' Y _ _ _  • ( T2 ACQ) 

N or S amt _ _  / SA _ _ T A _  _ ( T2 ACQ) 

N811 

TGT: 

Tl 

T2 

TCA 

LAT - - · - - -

LONG/2 - - · - - -

·ALT - - - · - -

• 
_ I _ - - - · - -

• 
_ I - - - · - - -

- - - ' - _ : _  -

- -/- ' - • - · - -

( ) 

R _ _ _ • P _ _ _  • Y _ _ _ • ( T2 ACQ) 

N or 8 ami  _ _  / SA  _ _  TA _ _  (T2 ACQ) 

N8t LAT -•-
- - -

LON0/2 - - · - - -

ALT - - - · - -

F 06 89 

P24 RATE-AlDED OPTICS TRACKJNG 

CMC - on (r� 
ISS - on and ali(oed 
SCS - on 
BMAG MODE (3) - RATE 2 
G�N PWR OPTICS - on 

OPT ZERO - ZERO (verify) 

OPT MODE - CMC 

V37E 24£ 

LAT, LONG/2, ALT 
LOAD LMK COORDS 
OPT ZERO - OFF 
PRO 

(0. 001'. 0. 001' • O, 01 nml) 

06 92 AUTO OPT SHF/TRUN (0. Ol', 0. 001/ 
• F 05 09 00404 (TRUN > 90') 
• MNVR to acquire 
e PRO 

e or V34E, F 37 
OPTICS MODE - MAN 

F 51 WA.RK REQUEST 

F 37 

MARK (u o(teo u dee Ired) 
To terminate: 

PRO 

XXE 
OPT ZERO - ZERO 



+ 0 

+ .  0 

+ 0 

+ 

+ 

+ 0 

+ 0 

+ 0 

+ 

+ 

+ 0 

+ 0 

+ 0 

+ 

+ 

, 

: NOTES: 

0 

0 0 

0 

0 0 

0 

0 0 

LB-41 

P24 - LANDMARK TRACKING 

MARK DATA 

Houn 

Minutes GET 
-

Seconds 

p 
IMU G1mbal 

y Angles (degree) 

R 

Shaft 
SX T A"Qits 

Trunnion (degree) 

Hours 

Minutes GET 

Seconds 

p 
IMU Ci1mbal 

y Angles (degree) 

R 

Snah 
SXT Angles 

Trunnion 
I degree) 

Hours 

M1nutes GET 

Seconds 

p 
IMU Gimbal 

y Angles (degree) 

R 

Shaft SXT Angles 

(degree) 
Trunnion 

-

+ 0 0 

+ 0 0 0 

+ 0 

+ 

+ 

• 0 0 

+ 0 0 0 

+ 0 

t 

• 

+ 0 0 

+ 0 0 0 

+ 0 

+ 

+ 



LB 41 

c 
( Rccorden curing lzt IV� t� 

Ver�fied �Jr �ng succee � i ng 
I.J.: 
lV':' ' s )  

Docked Co�rse klign: 

l .  CS!-� sh� '..lld t:e in 1\ � r. .  �actand, Attitude !-:old . 

3 . CDH calculates coarse al ign angl e s :  

ang:e s . 

CJter Gbbal Inner G i:'::bl l<iddle Gi:nbal 

300 .00° 
. 

• 

-
• 

- • 

� . -
� 

X 
em 

xlm 

t-

-

'c·� o,o - ..,J . v 

• ·.; 
• em 

• y
lm 

-

--

' 0 .;,bO . OO 

• 

. 

• 

z 
em 

zl.m 

L .  CDR exec;.1t.es Vlll;"ll�()S nne lo:!ds X, Y, z cru angles . 

5 .  
NOTE : 

CDR executes v40N20i:: n:u goes inertial. 

�he accuracy of this procedure is limited by 
( a )  the coarse alibn accuracy of the ISS 
( b )  vehicle attilude changes bet�eer. steps 2 and 5 .  

Docked Fine Align: 

Clv.: 

LM: 

6.  C�2 and CDR enter simultaneous v06N?O in CM and LM .  The ICDU 
angles are recorded anc reported to MCC. 

GE::' - ___ : ___ : --- {:or gyro drift calculation) 

Cuter Gimbal In.'1er G imba l r-actcle G imbal 

• • • 

• • • 

7 . lv�CC calculates gyro torquing angle s and reports them to LM .  

W. GTA ' s  - • X ,  • 
v 
. ' _ __:..· __ z 

8 . CDR disables jet f ir ings and performs fine align ( V42E), loading 
the gyro torquing angles voiced up from MCC. 



) 

/ 

= 

ng 

I 
LM GYRO DRIFT -

DoCked (Noun 20 Method ) 

The LM IMU drift check is performed by MCC using a set of simultaneous CM and LM ICDU angles . 

tl T • hrs. crev Report: GEl' ---- ---- ----
(Time since pre v iou.s Noun 20} -

0 

outer Gimcal Inner Gimbal Middle Gimbal 

CM: 0 0 0 

LM: 0 0 0 

!ofX calculates gyro torquiD8 angles : l=') __ ...:_ ___ x, =''---'----'!, 
.23o•x, 

The above limits are based on the following requirements: 

-

�-__.:. ___ z 

Maximum platform misalignment 
< 1 kilometer. 

at PDI - . 19• about X t th t hd - o Assure a crossrange error a� touc ov'n sm 

2. Maximum platform misalignment at PD! : .5• about Ysm to ass�e a safe cesce�t abort capatllity. 

) . FCNCS is No/Go if drift rate > 100 meru abool� any axis . 

Although the restrictive requirements concern the state o� platform aligr�nt at POI, high dri�t rete can 
l)l!gate a perl'eet· platform realignment (P52) performed 80 minutes before POI. 

equi vale'nt drift rates allovable are: 

.145 deg/hr (X) . 376 deg/hr ( Y} 1.5 deg/hr (Z} 

'l'he GTA limits ut111�e these drift rates, assume 75 :ninutes tet••een Noun 20 entries, and allov . 05 • for 
total a>easurement error. 

Undocked ( P52 Method ) 

The gyro torquing angles obtained dur1D8 the IMU realignment program (P52} can be used to calculate the 
rate of platform drift since the last realignment. 

Rev. 12 P52 GEl' • ----·---- ----

Time of previous align : ----- ----- -----

A T (difference) : --..,....-- ----
___ ....:_ __ hours 

GJTO TorquiD8 Angles ._
-

_

,

_...:.,_ __ "(X) '=0=--'----•(y) r-.., .. · _ _,_ __ .(Z)  
.;- ( .Ol5 ) A T  (S) S :  -1 s 2 -1 s : •1 

� Drift Rate (meru): (X} _____ ('!} _____ (Z) 
NOTE': As presently planned, the Rev. 12 GTA's vlll be torqued out to serve as a baseline for the Rev 13 f'52. 
The time-of-previous-align used in the Rev 12 drift calculation will nominally be the GET of the PS2 GTA ' s .  
during Docked Fine Align. Hovever, allowance must be made for any changes in the compensation values 
dur1D8 this period. In spite of the GTA limits defined for !X>cked GJTO Drift (above}, Mission Rules provide 
for uplinking new compensation values �benever the drift rate exceeds 5 �ru on any axis. 

Rev. 13 P52 GET = ---- ---- ----

Time of Previous Align u . 0 

� T  (difference} : . hours . (2.0) 
" GJTO Torquing Angles ' •( X) c ·<n 0 • ( Z) 

Limits 
·

370 .830" 3.000" 

GTA .:. • 

Drift 

NOTE: 

( .QJ.5 ) L\. T (S) s = -1 s 2 -l s • •1 

Rate (meru}: (X) (Y) (Z) 
The Rev 13 GTA's will be torqued if they do not exceed the limits shown. These limits are based 
on the equivalent drift rates allowed during the Docked Gyro Drift measurement (above } .  They 
assume 2.0 hours betveen the t�o P52's, and allov .os• for AOT measurement errors. If the limits 
are exceeded POI vill be delayed 1 Rev. 

I 

f 
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V37 Enter, 41 Enter 

LB-44 

P41 ACS THRUSTING 

Separatoon 

VSO N I B  Flashing, Request Maneuver to FOAl R, P, Y Angles 

V06 NIB. FOAl A, P. Y Angles After Maneuver to Burn Attotude 

V06 NBS. X .  Y. Z Body Axes Velocity to be Gained 

V16 NBS (Average G on at TIG ·301 Velocity to be Gaoned 

V 1 6  NBS F lashong, Body Axes Aesoduals Ito bP ll'ulled} -

so 1 8  Roll 

Potch 

Yaw 

06- IB Roll 

Potch 

Yaw 

06·BS X 
y 
z 

16-BS X 

y 

z 

16-BS X 

y 

z 

X 

y Trom 

(ftfsJ 

z 

(degl 

(deg} 

VG (ft/sl 

VG (It/$} 

Resoduals 

( ft/s} 

' 

l I I I ' I 

! 
. ' 
i 

• 

• 
t 

' 

; 
I i • : • I i 

I 

• 
� 

• 

I ' 
I ' 

� 
I � 

I • 

t 



LB-45 

-

• 

-

P47-THRUST MONITOR (LM) 

V37 Entet', 47 Entet' Separation 
V16 N83 Fle&hing, /lV XYZ Body Axn 

N62 Entet' 

V16 N62 Fle&hing, lntrtiel Velocity, Altitude Rate. Altitude 

X X X A X X X 

X X X p IMU Gimbal Angles X X )( 
(degr..s) 

X X X y X X X 

X X X BT (min:sl X X X 

VI (ftlsl 

. 

X N83 

y ll V Ns 

z 

v Ns N62 

HOOT f1/s 

H nmi 

NOTES: 

/ 

/ 



-

' • • 

+ 
• 

+ 

+ 

+ 

+ 

X 

X 

X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0 0 
. 

0 0 0 

0 . 

X X 

X X 

X X 

0 0 

0 0 0 

0 

0 0 

0 0 0 

0 

LB-46 

POl 0 ABORT PAD 

Hour.; N33 

Minutes GET I 

Seconds A 
tlvx N81 

tlvy LV 
( ft/s) 

tlvz 8 
HApogee N42 

HPerigee 
(nmi) 

tlv R (h/sl 

· BT (min: s) 

R 
FOAl Inertial / 

p 
Angles (degrees) 

Minutes 
TIG 

(AGSl 373 

tf..v X N86 

tlVy 
AGS 
Targeting 

tlvz 
(ft/sl 

Hour.; N 1 1  
TIG 

Minutes of 
CSI c Seconds 

Hour.; N37 . 
. TIG 

Minutes of 
Seconds TPI D 

/ 

/ 

+ 1) 0 . 

+ 0 0 0 

+ 0 

+ 

+ 

X X X 

X X X 

X X X 

+ 

+ 0 0 

+ 0 0 

+ 0 

.,. 0 c I 
• 

+ 0 0 0 I 
I 
I 

0 . 
T ' 

l 



• 

LB47 

P76 - STATE VECTOR UPDATE ICSM) 

-

V37 �nter, 76 Enter 

V06N33 Flashing. TIG 

V06N84 Flashing, �V (LV) ofCSM 

PURPOSE 

+ 0 0 Hours N33 + 0 0 

0 0 0 Minutes TIG + 0 0 0 

+ 0 Seconds + 0 
� vx N84 

� vy 
LV of CSM 
(h/sl 

fNZ: 

PURPOSE 

+ 0 0 Hours N33 + 0 0 

+ 0 0 0 Minutes TIG + 0 0 0 

+ 0 Seconds + 0 

�v X N84 
LV of CSM 

�Vy (ft/s) 

�vz 

NOTES: 

/ 
' 

i ' 



-

i ' 

V37 Ent•. 30 Enter 

V06 NJJ Fl .. h ing, Load O..ired GETI 

V06 N81 Fl .. hing, Load Desir.O t::..v 
. 

I 
+ 

0 0 

0 0 

+ 0 0 

• 0 0 0 

+ 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X 

X X X 

X X X 

NOTES: 

LB-48 

P30-E XTE ANAL t::.v 
Cl RCU LAR I ZA Tl ON 

PurpoM 

Prop/Guidance 

Weight (lb) N47 

"Trim N48 

YTrim 
(degr-) 

Houn: NJJ 

Minutes GET I 

S.COnds 

t::., V X 11181 

t::..vv LV 

O.vz (ft/s) 

A 

p IMU Gimt..l 
Anvles ldegl 

y 

HAI>09H. N 4<4 
nmi 

HPerigee 

t::..vT tttlsl 

BT (min:sl 

t::..vc tttlsl 

SXT Star 

SFT (degrees! 

TAN (degr-1 

ass I eo.s star I 
SPA (C:O.S Pitch, deg) 

SXP (C:O.S X Pos, cleg) 

LAT 
(degr-

LONG 

ATGO lnmi) EMS 

VIO lft/s) 

GET 0 .05 g 
Hr: min: s 

SET STAAS 

A Align 

P Align 

Y Align 

ULLAGE 

I 

N61 

I I 
+ 

-

0 0 

0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X X X 

X X X 

X X X 

+ '/ 

+ 

• 

X X X 

X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X 

0 

I 

+ 

• 

-

X X X 

X X X 

X X X 



. • ' 

-

L8A!I 

CSM LUNAR ORBIT CIRCULARIZATION 

' -

EVENT f1f I 6V G.E.T. 

CSM 
CIRC ULARIZATIO t-1 3.9/70. 8 101:34:55. I 

1POSIGRADE 
AVx N85 
AVy RESIDUALS (tt/e) 
AVz (BODY AXIS) 

- - -·- V 

PROPULSION/ PRETHRUST 
GUIDANCE TARGETING 

SPS/G&N 
EXT fN (P-40) P-30 

+ X X h • 

+ X X X min GET 
.. X 8 

- - - • - V xTRIM YTRIM 
- - -•-V (ft/s) 

zTRIM 

CSM Orbit -s
(64. 7 x 54. 5 nml) 

:-tote: Shadow is with respect 
to the CSM orbit. 

L M  Orbit 

I 
I 

Earth 
LOS 

- - ---t--1 Sun 
LOS 



LB-50 

-

NO PDI +12 A80RTPAD 

+ 0 0 -
Hours N33 + 0 0 

0 0 0 Minutes GET I 
- 0 0 0 + + 

+ 0 Seconds E + 0 

t:.vx N81 

b.Vy 
LV 
( ft/sl 

t:.vz F 
+ HApogee N42 + 

HPerigee 
(nmi) 

+ t:.vR ltt/sl + 

X X X BT lmin:s) X X X 

X X X R 
FOAl Inertial 

X X X 

X X X p Angles (degrees) X X X 

+ Minutes TIG 
lAGS I 373 + 

t:.vx N86 

b.Vy 
AGS 
Tar911ting 

t:.vz 
(ft/s) 

+ 0 0 Hours N 1 1  + 0 0 
TIG 

+ 0 0 0 Minutes of + 0 0 
est G + 0 Seconds + 0 

+ 0 0 Hours N37 + 0 0 
TIG... 

+ 0 0 0 Minutes of + 0 0 0 
TPI H + 0 Seconds + 0 . 



LB·51 

P63-BRAKING PHASE 

v37 Enter. 63 Enter 

v06 N61 Flashing 

TG, TF l, crossrange (minis. min/s. 0.1 nmi) 

N33 Enter 
v06 N33 Time of Ignition (h, min, sl 

-

0 
V50 N18 Roll, Pitch, Yaw, FOAl angles (0.01 l 

v50 N25 Flashing 

R 1 : 0 0 5 0 0 (position L R to Position 1 I 

V50 N25 Flashing 

R 1 :  0 0 2 0 3 (switch Guidance Control to PGNS, Mode to Auto, Thrust Control to Auto) 

V06 N62 Flashing 

Inertial velocity, time from ignition, !:lv (accumulated) (0.1 ft/s, min/s, 0.1 ft/s) 

V99 N62 Flashing 

Engine on Enable Request 

V06 N63 Flashing 

�Altitude (+LR > LGCI. HOOT. H (ft. 0.1 ft/s, ftl 

-

+ 0 0 Hours N33 +· . 

TIG 
+ 0 0 0 Minutes for + 

POl I + 0 Seconds + 

X X min:s TGO N61 X 

nm• Crossrange 

X X X Roll N18 X 
F OAI inertial 

X X X Pitch angles at POl X 
(deg) 

X X X Yaw X 

231 Landing Site Radius lAGS) 
if ROO. 

NOTES: 

0 0 

0 0 

0 

X 

X X 

X X 

X X 

0 



' ' 
Ll-62 

( 1 < POl .;; 6) ABORT PAD 

Lot lnMftion GET th m.n d 

• 1 0 0 0 0 

Boo• GET (h mtn a} 

• 1 0 0 0 0 

�HAM, GET (h m•n sJ 

• 1 0 0 0 0 

CSI. GET lh· mtn'd 
• 0 0 

• 
Houn N37 • 0 0 

TIG 

• 0 0 0 Minutes of • 0 0 0 

TPI J • 0 ·soeonc�o • 0 

T1 (6 < POl .;; 15) ABORT PAD 

I L.o9 ln...cion GET (h.min:d 
• 5 5 0 0 

TIG of CSt (h.min.aJ 

• 0 0 Houn N37 • 0 0 

TIG 
+ 0 0 0 M�tes + 0 0 0 

of 

• 0 Socondt TPI K • 0 

T2 (POl + 21:26) ABORT PAD 

lot ,_,._ GE T l h , rnft:l) 

• 5 0 0 0 

Boot< GET (h:mln:&l 

• 1 0 0 0 0 

HAM, GET lh:mln:&l 

• s 0 0 0 

CSI, GET (h:mln:t) 

• 0 0 Houn N33 • 0 0 
TIG 

• 0 0 0 MI ....... • 0 0 0 

• 0 - L • 0 ' 
+ 0 0 Houn N37 • 0 0 

TIG 
• 0 0 0 Minutes of • 0 0 0 . 

TPI M • 0 S«cwlo + 0 

T3 (1 REV) ABORT PAD 

Log lnMttlon GET (h : min : tl 

• s 0 0 0 

CSI TIG fh . mon : tl 

• 1 3 3 0 0 

TPI TIG (h : min : II 

• 0 0 Houn N33 • 0 0 

i • 0 0 0 Minutft TIG + 0 0 0 

' 

+ 0 -· N + 0 



i 
• 

LB·63 

P24 - LANDMARK TRACKING_ 

CSN: Lalldmark Tracktnc Profile 

' 
22-deJTM ptteb down 0 
f1'0m local bol11011&&1 A 22 

orbital rU. tbrouP., �. >' 
out tracklnc. �-.J" /' T \ n-AOS 

I \ 
\ 

\ 
T1-Hol1zon 

\ 

.:l. T2 j.TJ 

I I 
\ I I \ I I 

-

H orizon 

Typical 

�TI • 290 etlCondA 
� T'l • I nv seconds 
�T3 • �� eeconds 

AOS to LOS • 148 seconds \
\ I I \ I / Radiu.a of Moon \ I ,  

\ 
Center of M oon 

TGT: 

TCA 

R 

- _ : _ 

• 
- · -

• - · -

• - · -

• 
- · -

_ , _ 

- ' -

• 
- · -

( ) 

_ _ • P _ _ _  • Y _ _ _  
• ( T2 ACQ) 

N or 8 nmt _ _  I SA _ _ T A _ _ ( T2 ACQ) 

N89 

TOT: 

LAT 

LONOI2 

ALT 

- · -

- - · -

- - · -

_ :  _ _  I _ 

_ : _ - ' -

- · - _ , _ 

- ' -
• 

- · -

( ) . 

_ _  • P _ _ _  • Y _ _ _  • (T2 ACQ) 

N or 8 Dml _ _  I SA _ _ TA _ _ ( T2 ACQ) 

N8i LAT 

LON0/2 

ALT 

-·- -

- · -

- - · -

F 06 89 

PZ-4 RATE-AIDED OPTICS TRA C KI NG 

C MC - on ( req} 
ISS - on and aliJned 

SCS - on 

BMAG MODE (3) - RAT£ 2 
G� PWR OPTlCS - on 

OPT ZERO - ZERO (verily) 
OPT MOO£ - CMC 

V37£ 24£ 

LAT, LONCI2, ALT 
LOAD LM.K COORDS 
OPT ZERO - OFF 
PRO 

(0.001'. 0.001' . 0.01 nml) 

06 92 AUTO OPT SHFITRUN (0. 01', 0. 001") 

F 51 

/ 
F 37 

/ 

• F 05 09 00404 (TRUN > 90•1 
• MNVR to acquire 
• PRO 
• or V34£, F 37 
OPTICS MOD£ - MAN 

MARK REQUEST 
MARK (u often u dNire<l) 
To terminate: 
PRO 

XXE 
OPT ZERO - ZERO 
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NOTES: 

0 

0 0 

. 

0 

0 0 

0 

0 0 

LB-54 

P24 - LANDMARK TRACKING 

MARK DATA 

Hovn 

Minutes GET 

Seconds 

p 

IMU Gimbel 
y Angln (degrMI 

R 

S�ft 
SXT Angln 

Trunnion (degree) 

Hours 

Manutes GET 

Seconds 

p 

IMU Gambal 
y Angles (degree) 

R 

snatt 
SXT Angles 

Trunnion 
(degreel 

Hours 

Minutes GET 

Seconds 

p 

IMU Gimbal 
y Angles (degree) 

R 

Shaft SXT Angles 
(degree) 

Trunnion 

+ 0 0 

+ 0 0 0 

+ 0 

+ 

+ 

• 0 0 

• 0 0 0 

• 0 

+ 

+ . 

+ 0 0 

+ 0 0 0 

. 
+ 0 

' 
' 

+ 

+ 
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RASIC REFERENCE COORDINATES Al'D REFSMMAT 

The Basic Reference Coordinate system ( BRC) is an orthogonal inertial coordinate 

system whose origin is located either at the earth or moon center of mass ( Figure 1) . 

The orientation of-this coordinate system is defined by the line of intersection of the 

mean earth equatorial plane and the mean ecliptic at the beginning of the Besselian 
year which starts January 1. 010, 1971. The X axis (�xi) is defined by the inter

section of the earth' s equatorial plane and the ecliptic in the direction of the ascending 

node . Thr Z a:'<is ( �zi )  is along the mean earth north pole, and Y a.xis (� yJ) com
pletes the right-handed triad. 

This coordinate system is shifted from earth-centered to moon-centered when esti
mated vehicle position from the moon falls below 64, 373, 760 meters. It is likewise 

shifted from the moon back to the earth when the spacecraft position exceeds 64, 373,760 
meters. All navigation stars, lunar-solar ephemerides and vehicle state vectors are 

referenced to this system ( Figure 2) . 

REFS:'-I:\1:\T. The matrix used to transform the elements of a vector given in 

BRC space to Il\ll' space is known as R EFSMMAT. 

Eight REFS;\-lMAT's or 1!.\fU alignments are utilized during this mission. 
Each is a unique ma trLx which locates a stable member axis (�XSM• � YSM• or 

� zsM) in BR C space ( Figure 3) • 

IMU REALIGNMENT. Any desired IMU orientation with respect to the BRC sys

tem and its associated REFSMMAT can be obtained from star sightings ( Program 

P52). 

The procedure generally used to change the alignment of the IMU from one of the 

five primary attitudes to another is as follows: 

• The astronaut executes Program P52, Option 3. This realigns the IMU 
to the present inertial attitude thereby eliminating the effects of gyro 

drift. 

• The astronaut executes Program P52, Option 1 .  The REFSMMAT for 

Option 1 is generally up linked prior. to entering P52. When executed, 

the program computes and displays the IMU gimbal angles for the 
desired IMU attitude using the present vehicle attitude. 

A total of four options are available to the crew when executing P52 ( Figure 4) . The 

basic difference between options is the manner in which REFSMMAT is obtained. The 

basic orthogonalization procedure used to compute R EFSMMAT is shown in Figure 5. 
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Node Line 

Ea rlh 

F.qualor 

LB·56 

u - zr 

�XI = Mean Equinox of Date* 

Earth 
Center 

Ecliptic 

:\loon Orbital Plane 

Moon Orbital Plane 

Ecliptic 

�Xr 

N u zi 

Moon Equator 

:Vloon 

2. go 

"'--!:,.--.�:::::,_r-- -..........._ �YI 
.!:! XI 

22 . 4° 

* Besselian year starting January 1. 2516251, 1972 

Plane Parallel to 
Earth Equator 

Figure 1.  Basic Reference Coordinate System 
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1. 

0 , 8  

o. 6 _..--- Earth Equatorial Plane 

0 . 4  

0 . 2  Earth 

-1. 0 -0.8 -0,6 -0. 4 -0, 2 0 . 2  0,4 0 , 6 0 , 8  1.0 

LOl 
�1 

- -0.27 

Landing 
�� = -0, 35 

Ascent 
�ZI = -0.46 

- 0 . 2  

-0.4 

-0.6 

-1.0 

-0. 8 TEl 
�Zl = -0.42 

Figure 2. Basic Reference Coordinate System 
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UZI = -0, 18 
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I LAUNCH PAD REFSMMAT I 
1. Launch 

-
2, T LI  

3. T & D  
• 

X XIX 
y - YIX -

LB·58 

XIY XIZ 
YIY YIZ 

I 

X 
y 

-

-

z Spacecraft ZIX ZIY ZIZ 
Platform 

Z ECI (MNBY) 
Stable 
Members 

XIX = -0. 93615136 XIY = 0, 31765305 XIZ = 0. 15072214 

YIX = 0, 030764652 YIY = 0. 50103907 YIZ = -0. 86487766 

ZlX = -0.35024871 ZIY = -0. 80501950 ZIZ = -0.47882089 

I PTC REFSMMA T I 
1. MCC-1 

2. MCC-2 
. 

/ 

3 .  Passive Thermal Control 

4. MCC-3 

5. MCC-4 

6, SIM Bay Door Jettison 

7, MCC-5 

8, MCC-6 

XIX = O. 93969262 

YIX = 0. 34202014 

ZIX = 0. 0 

XIY = 0. 31378939 XIZ = 0. 13606614 

YIY = -0. 86212926 YIZ = -0. 37383864 

ZIY = 0. 39783077 ZIZ = -0. 91745881 

/ 

Figure 3 (Sheet 1 of 3). Mission REFSMMA T's 
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[ PREFERRED (LOI) REFSMMAT I 
1. LOI 

- -

X XIX XIY XIZ X 

y - YIX YIY YIZ y -
• 

z Spacecraft ZIX ZIY ZIZ z ECI ( MNBY) or 
Platform MCI ( MNBY) 
Stable 
Members 

XIX = 0. 48089333 XIY = -0. 41515140 XIZ = -0. 77226350 

YlX = 0. 019274318 YIY = -0. 87557755 YIZ = 0. 48269293 

ZIX = -0.87656721 ZIY = -0. 24700866 ZIZ = -0. 41305764 

[ LANDING SITE REFSMMAT I 
1. DOl 

2. CSM Separation· / 
3. CSM Circularization 

4. LM Powered Descent 

5. Subsatellite Jettison 

XIX = 0. 58256124 XIY = 0. 47618509 XIZ = O. 65868822 

YIX = -0. 25065581 YIY = -0. 66565295 YIZ = 0. 70290671 

ZIX = 0. 77317145 ZIY = -0. 57459023 ZIZ = -0. 26842505 

I PREFERRED (LOPC) REFSMMAT I 
1. LOPC 

XIX = -0. 25509020 XIY = -0. 66899247 XIZ = 0. &9812468 

YIX = -0. 038763394 YIY = -0. 71435482 YIZ = -0. 69870923 

ZIX = 0. 96613994 ZIY = -0. 20529556 ZIZ = 0. 15619250 

/ · 

Figure 3 (Sheet 2 of 3). Mission REFSMMA T' s 
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I LM ASCENT REFSMMAT I 
1. LM Ascent 

2. TPI 

3. CSM Separation following LM Jettison 

4. LM Deorbit 

X XIX XIY XIZ 

y -- YIX YIY YIZ 

z Spacecraft ZIX ZIY ZIZ 

Platform 
Stable 
Members 

-

X 

y 
z ECI ( MNBY) or 

:\IICI ( M�BY) 

XIX = 0. 055099073 XIY = 0. 66312594 XIZ = 0. 74647713 

YIX = -0.22872524 YIY = -0. 7 1 935067 YIZ = 0. 65591112 
/ 

ZIX = 0. 97193049 ZIY = �0. 20687825 ZIZ = 0. 11203809 

I PREFERRED (TEl) REFSMMAT I 
1. T El  

XIX = -0. 76029649 XIY = -0. 043428479 XI Z  = -o. 64812285 

YIX = O. 38932093 YIY = 0. 76823375 YIZ = -o. 50817920 

ZIX = 0 . 5 1997930 ZIY = -0.63869464 ZIZ = -0.56717782 

I ENTRY REFSMMA T I 
1. MCC-7 

2. Entry 

XIX = -0. 79310282 XIY = -0. 13441632 XIZ = 0. 5 9407084 

Y1X = -0. 60877234 YIY = 0. 20632025 YIZ = -0.76604711 

ZIX = -0. 019599619 ZIY = -0. 96920805 

/ 
ZIZ = -0.24546211 

Figure 3 (Sheet 3 of 3). Mission REFSMMA T' s 
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foPTION: 00001 (PREFERRED)) 
DESCRIPTION: Preferred Thrusting Ulustrated 

-

XSM • UTD 
YSM "' (XSM) x (rTIG) 

::-::-=-:: . ZSM = (XSM) X (YSM) 

ZSl\1 

The PREFERRED option refers to one of two possibilities: 

XSM 

a. The PREFERRED thrusting orientation which is calculated and stored by P40 and 
P41. 

b. Any orientation up linked by MSFN via P27. 
The CMC is unable to distinguish between a and· b. Whenever a PREFERRED orienta
tion baa. been computed by P40 or P41 and stored, or up linked by MSFN via P27, the 
PREFERRED ATTITUDE flag Is set. This flag indicates to the CMC that a usable 
platform orientation bas been stored in the locations allotted to PREFERRED ATTI
TUDE. The PREFERRED ATTITUDE flag being reset indicates the information in 
the PREFERRED ATTITUDE locations is unusable. The PREFERRED ATTITUDE 
flag Is reset by P40 and P41 at TIG - 30 seconds. 

CALCULATION OF ORIENTATION: 

PREFERRED XSM UTD 
/ 

Unit (UTD x 
-

REFSMMAT = YsM = rTIG) 
(Thrusting) ZsM Unit cuTD x (OTD x (rT1a» 

where 
UTD is a unit vector in the desired thrust direction expressed in the basic 

reference system. 
rTIG is t� position vector of the vehicle at ignition expressed in the basic 

reference system. 

Figure 4 (Sheet 1 of 3) 
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loPTION: 00002 (NOMINAL)) 
DESCRIPTION: LOCAL VERTICAL 

� • (ifli:iil • (�) 
� • <V> � <f) 
- -
ZSM • .. r 

-

ffif s � ;: 
ffit '"' (\) Cr) 
ZSM � XS�I • ffil 

, 

-

: 

The CMC requests the g. e. t. for which the vehicle rand v are to be selected to define 
the NOMINAL orientation. 

CALCULATION OF ORIENTATION: 

[ Nominal ]= 
REFSMMAT 

., 

where 

CSM 

!sM X ZsM 
Unit (V X i') 

unit <-r> 

/ 
LM 

Unit (?) = Unit (V x r) 
�SM x X.sM 

r are position and velocity vectors of vehicle at the time 
v specified. 

loPTION: oooo3 (REFSMMA T) I 
DESCRIPTION: 

This option is used for gyro drift determination. This option realigns the pLatform to 
tbe platform orientation currently maintained in the CMC. The actual platform orien
tation differs from the CMC maintained orientation due to gyro drift. 

XsM Currently maintained [ REFSMMATJ = YsM = CMC platform 

ZSM Orientation 

Figure 4 (Sheet 2 of 3) 
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- -X�M • Ml..S 
Ys� • tz�•• � '�' 
iiloJ • cf · ;t · cfi\f• 

(OPTION: 00004 (LANDING SITE)J 
DESCRIPTION: 

. ' 
Wi • itu 

I I 

r::m .. (n:\h . •  x�\h 
m . •  ;. ;, . t:<lliu 

• -

-

The latitude, longitude/2, and altitude above the mean lun�r r�dlus or the Iandini! •He 
must be entered to determine R LS· The g. e. t. for wh1ch the CSM rand v are to be 
selected must also be entered. 

[Landing SILe] a 

REFSMMAT 

Unit (RLS) / 
a ZSM x XsM 

Unit ((rx ., x XsMI 

wbe" 

Rl.S Is tbe Iandin' alte position vector, defined by the latitude, long!Wde, 
ILtld altttude, apeelfled In tbe baalc reference system. 

a" tbe CSM poeltlon aDd velocity vectors at the lime specified. 

PROCEDURE FOR SPECIFYING OPTIONS 

a. Wbeo P52 Ia entered, tbe CMC cheeks tbe PREFERRED ATTI1'UDE !lag. 

b. If the flag Is set, the DSKY fluhes Verb 04, Noun 06, R2 = 0000 1, Indicating 
the PREFERRED option may be selected. 

e. U the Oag Is not set, the OISKY fbsbee Verb 04, Noun 06, R2 • 00003, 
indicating the PREFERRED option may not be selected. 

d. The desired option Ia loaded Into R2 via Verb 22. 

FlgU� 4 (Sheet 3 or 3) 
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PSI/P52 IMU AUG!'!MENT 
z 

• Star I 
z 

* Star .! 

/-+--,..- y 
y 

.liS! and .!is2 are known Wilt vectors In EC! space or the stars and are stored In the AGC. 

XIM 
.!/SlM • YIM 

ZIM 
SM 

-

/ i .:� 1 or 2 

X 2M 

J.IS2M • y 2M 
z2M 

S�! 

I AI ) I All! ) I AO I I 32• ) Cos AS Sin AT 
Sin .-\S Sin AT 

Cos AT 

AI, AM, AO are Loner, middle, and outer gimbal angles at I th m:u-k time. AS and AT are SXT LOS shaft aDd trunnion at I tb mark time • 

.llstM and .lls2M are the measured tmU vectors (optics mark) La stable member ( SM) apace of the otara. 

.l/SI 

I s AI • <.Yst x .l/s2l x .list 
.list x 1ls2 

( SA) • ( A) ( ECII 

I SA I • I SB I 

I ECI I 
l 

I sB I • <.YstM x .!ls2Ml x llstM 
0StM x 0S2M 

I SM I 

I A I I ECI I • I B) I SM I 
-I I SM I • I B I I A I I ECI I 

1 REF'SMMATJ * 1 Bf1 I A )  

NOTE: For P52, .!1st and y52 are first 

tranaformod to SM apace using the de
sired RE F'SMJ."IfAT. ( B )  -I (AJ is then 

a cba nl<ltet"U&tlon of real�ent 
gyro torquing angles. 

z z 

liS2M 

X 

Figure 5. REFSMMAT Computations 
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Applicable 
aa.neuvers 

Launch 

MCC-1 
JCC-2 
ICC-3 
ICC-L 

LO: 

001 
Circular!-
zatioo 
POI 
Landing 

CSH plane 
change 

LM ueent 
Rendezvous 

TEl 

HCC-5 
HCC-6 
MCC-T 
E.otry 

LS-65 -

J-1 MISSION REFSMMAT SUMMARY, 26 JULY LAUNCH 
-

REFSMHAT Allneaent criteria 
Remark a . 

( 111.1 axil) 

"Launch Pad" X-a.xia alone !light azimuth at launch At earth launch the FDAI vill 
Z-a.xil along negative radius vector eli splay; Roll • 90+ flight 
r-axia completes rigbt-hand ays tem a:i=th 

Pitch • 90 
Y av • 0 

"PTC" ( Paaai ve X-&Jtia in the ec:liptic: pl.ane and At the beginning or the Bar-B-Que 
Thermal Control) perpendicular to the earth-aoon line IIOde, the spacec:rart vil1 ��&neu-
(CSM o�) proJection 1D tbe ecliptic: plane at to an FDAI displ� or: 

tbe a.-eraae tl.ae or trannartb ill,)ec:- Roll • 0 
tion tor the 110nthly laWJc:b vindov Pltcb • 90 
a.nd azhwth range. Yav • 0 

/ 
Z-axia perpendicular to the ecliptic 

&nd direc:ted aoutb . 

Y-&Xia ca.plete the right-hand ayatem. 

Preferred X-&Jtia &lined vitb the apaeec:rart In a heads dovn ori entation at 
(beads dovn X-body &Jtia at tbe vehicle attitude burn ignition, the CSH roo 
CSM) tor ignition vith the thrust vill display: 

direc:ted through the center or Roll • 0 
gravity. Pitch • 0 

Z-nla in the plana �noed by the Yav • 0 

X-e.xia ud the- poe" tion <rector . 
Poaith'e direc:tico a-r trom 1100n 

. tor a heada dovn attitude. Poai-
t1 n directlco tovarda 11000 tor 
beads-up attitude. 

Y-e.xia �etea the ri&bt-hand 
ll)'atea. . 

"Landinc Site: X-axia alone poaitive lunar radius At nominal touchdown , the LM 
(CSM and LH) vector at landinc lite at predicted r� vill display: Ro:� • 0 

landing time. ?itch • 0 

Z-&Jtis in direc:tico o! !light parallel Yav • 0 

to the CSM orbital plane and perpen-
dic:ular to X. 

Y-axis completes the right-hand system. 

''Preferred" Salle as above "preferred , ' 1 a.linement At burn i g nit1on . tht fDAl v i!: 
(CSM only) derio1t1on. display; Roll • 0 
(beads up) ?l.tch • 0 

Yav • 0 

"Littott" X-ax.ia &loac pos i t1 ve lun&l' ra.diua At nominal litto rr time , the 
(CSM r. LH) <rec:tor at landing site at pre- LM FDAI vill display: 

di cted llhot't u...,. Roll • 359 
Z-axia dovD r&D«" parallel to the Pitch • 0 

Yav • 346 CSM orbital plane &Ad perpeocUc:ular 
to X. / 

Y-axia completes the right-band system. 

"Pl"eterred" Sue as above "Pr/ed " ,  alinement In a beads down or !er.tation 
(heads dovn) definition. at burn ignition, the ?DAl 

vill display: Roll ; 0 
Pitch ; 0 
Yav ; 0 

UPTC" Same as above "PTC" ali nemen t . Same a.r abov -e "PTC " rf!mvr:.� . 
(CSM only) 

"En'try" X-&XJ s is in local horizontal plane A � en try i nter face vith ving• 
(CSM o�) in the direc:tion or fligh� at entry level loc:al horizontal, heat 

entry intert'ac:e (400 000). shield forvard, inplane, lift 

Z-a.xia id down along negative radius up, heads dovn, the FDAI vill 
display; Roll • 0 at entry interrace. P! tc:h • 18o 

T-axi a e<lllpletea r ill)1t-band .,.. tea. Ye. v • 0 

/ 

• 
• 

t r 
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P52 - I MU REALIGN ICM) 

V37 Enter. 52 Enter 
V04 N06 F 1ash1ng 

At 0 0 0 0 1 
R2. 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal. 
3 - REFSMMAT. 4 - banding Site 

-
V51 Flashing - Please Mark -

X 0 0 0 0 P52 Option 

+ 0 0 Hours 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 Celestial 
Body Code 1 I 

X 0 0 0 Celestial 
�odv Code 2 

I I Star Angle 
• 01fference (degrees) 

I X 
I f Gyro ! y Torquing 
I Angles 

(degrees) 
/ z 

I X Calculated 
Gyro 

I y > Drift 
I (meru) 

z 

I 
X I  0 0 0 0 P52 Option 

·r "' + , o 0 Hours 

+ 0 0 0 Minutes GET 
·-

+ l 0 Seconds 
I I 

X I  • Celestial 0 • 0 0 ' Body Code 1 · -· -1- - - ---···--

X 0 0 0 Celestial 
Sody Code 2 

I • I Star Angle • 

-

I Difference (d�ees) -: I I X 
I I Gyro 
I I y Torquing l • Angles 

I ) (degrees) 
I I z 
I 

· -X 
Calculated 

y Gyro 
Drift 

z 
lmeru) 

-

NOTES: 

/ 

..... _....... -

X 

+ 

+ 

+ 

N 7 1  X 

N71 X 

NOS 

N93 

X 

+ 

+ 

+ 

N71 X 
1-· 

N71 X 

NOS 

N93 

0 0 

0 0 

0 0 

0 

0 0 

0 0 

I 

0 0 

0 0 

0 0 

0 

0 0 

0 0 

I 

0 

0 

0 

0 

I 

0 

0 

0 

0 

I 

-

0 

0 

-
' 
• 
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PS2-IMU REALIGN ICMI 

V37 Enter. 52 Enter 

V04 N06 Flashing 

• 

Rl: 0 0 0 0 1  

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred. 2 - Nominal . 
3 - REFSMMAT. 4 - landing Sote 

' 

V51 FIIShing - Please Mark 

X 0 0 0 Q , P52 Option 

+ 0 0 Hours 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 Celestial 
Body Code 1 

.. Celestial 
X 0 0 0 �Odl£ Code 2 

I . Star Angle • I ! . Difference {degrees) 

I X 
Gyro 

y Torquing 
/ Angles 

/ . (degrees) 

I z 
·" 

X Calculated 
Gyro 

I y Drif1 
' (merul I 

z ' 
. 

X 0 0 0 0 P52 Option 

+ ' 0 0 ' Hours 

+ 0 0 0 Mtnutes GET 
-

+ I 0 Seconds 
• 

N71 

N71  I NOS 
I 

N93 

I • Celestial .l N2 1 0 
• 

0 X ' 0 Body C5>de 1 
�--·- . --

! 

I . 

X 0 0 
• • 
I '/ I 

I I i I • I i 
• I 

/ 

NOTES: 
/ 

0 Celesttal I N71 6ody Code 2 

Star Angle NOS Difference (degrees) 
• 

X N93 
Gyro 

y Torquing 

j Angles 
(degrees) z 

X � 
Calculated 

y Gyro 
Drift 

z (meru) 

X 

+ 

+ 

+ 

X 

X 

X 

+ 

+ 

+ 

X 

X 

0 0 0 0 

0 0 

0 0 0 

0 

0 0 0 

0 0 0 
. 

0 0 0 0 

0 0 

0 0 0 

0 

0 0 0 

0 0 0 

' 

-

I 

' I 
' 
I 
I 
I i 

. • I 
I 

! 

I • 

, 
c • 

i 

I 

• 
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P52 -IMU REALIGN ICMI 

V37 Enter. 52-Enter 

V04 NOG Flashmg 

R l  0 0 0 0 1  

R2 0 0 0 0 X IMU Alogn Opt1on 

J_- Preferred, 2 - Nominal. 
3 REFSMMA T, 4 - Landing Site 

V51 Flashmg PleaseMark 

X 0 0 0 0 P52 Option 

I ' + 0 0 Hours 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 Celestial 
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Difference (degrees) 

' X 
Gyro 

y Torquing 
Angles 
(degrees) 

z 

/ X Calculated 
Gyro 

y Drift 
(meru) 

z 

X 0 0 0 0 P52 Option 

+ 0 0 Hours .., 
0 ' 
0 

+ 0 0 0 Minutes GET 
' + I 0 Seconds 

X 0 0 0 Celestial 
Body Code 1 ' ---

X 0 0 0 Celestial Body Code2 I Star Angle 
Difference (degrees) 

X 
Gyro 

/ y Torquing 
Angles 

z (degrees) 
' 

. 

X 
Calculated 

y Gyro 
Drift 

z lmeru) 

NOTES: / 

/ 

. 

-
X 

+ 

+ 
+ 

N71 X 

N71 X 

NOS 

N93 

X 

+ 
+ 

+ 

N71 X 

N71 X 

NOS 

N93 

0 0 

0 0 

0 0 

0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 

0 0 

0 0 

0 0 

0 

0 

0 

0 0 

0 

0 

0 

-

) 

' 
0 



• 
' f 
• 

' 
• 
• 

LB-72 

P52-IMU REALIGN ICM1 
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P52 IMU REALIGN (LMI 
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X 0 0 AO T Detent N71 
and Star 1 I D . 

X 0 0 
AO T Detent 
and Star 2 I D N71 

Star A "llle 
N05 

Difference ( d ... - 1 

X l/N93 
Gyro 

y Torquinv 
Angles 
(degr-) 

z 

X I Calculated 
Gyro 
Drift y (mend 

z 

X 0 0 0 0 P62 Option 

+ 0 0 Hours 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 
AOT Detent 

N71 and Star 1 I D 

X 0 0 
AOT Detent 

N71 and Star 2 I D  

Stw Angle 
Diffwenca ( eesl 

�05 

X / N93 

Gyro 
y Torqui"9 

z 
Angles 
(deljreesl 

. 
X 

Cak:uleted 
y Gyro 

Drift 
z lmervl 

. 

NOTES: 

/ 

-,,..., 

-

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 

X 0 0 

. 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

� 0 

X 0 0 

X 0 0 

. 



v tl 

\ 

• 

... 

100:04 

OS lOO 
+18 

•• 
I 
I 
I 
I 
I 
I 
I 
I 

100:25 

.. . .. . 
·- -- -- - ---- ·-- - --

• 

PREP FOR UNOOCKING 

UNDOCK AND SEPARATION TO REV 1 2  LS TCA 

10 •25 
USE ACTJVATION & c.o. 

C/L to 10  MIN BEFORE UNDOCK 
-10 CHECK ATT (0,286,060) 

V48 21012 
LM WT (36,636) PRO, V34 

V06N20 COPY LM AND CSM ANGLES 
-1 P47 UNDOCK & SEPARATIO� · :. ···�· : __ : ( 100:13:56) ��� V60 ITRIM)O .' 1 J.r.:s) 

YAW L T 60° 
PITCH UP 90° 

*SEQUENCE CAMERA - ON (1 MIN) 
+3 FOAl (0,  0 1 6 ,  0) 

*VHF ANT - FWD 
*SEQUENCE CAMERA - OFF 

HELMETS & GLOVES - OFF (OPT) 
REVERSE HOSES 

*SUIT GAS DIVERTER - EGRESS 
*CABIN GAS RETURN - EGRESS 

IPGA DIVERTER·-IV 
*S-BD ANT - AFT, VERIFY COMH 
*IS-BD P (+41) 
• y (-55) 
*S-BD AN! - SLEW (•3.0) 
*TRACK MODE - AUTO 
*VHF B XMTR - OFF 
*BIOMED - LEFT, P�M - HI 
*UPLINK SQUELCH - OFF 

VOICE N20 ANGLES TO MSFN UPDATE FROM MSFN 

* 

* 
* 

* 
• 
* 
* 
* 
• 
• 
* 
* 
• 

*COPY REV 1 2  LS TCA __ :. __ :._* 
*UPDATA LINK - DATA * 
UPLINK CSM S.V., PIPA VIAS, 

GYRO DRIFT COli> 
*UPDATA LINK - OFF * 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 
I 
I 
I 
I 
I 
I 
I 
I 

100:46 

' *CAMERA SETTINGS FOR REV 12/13 TCA 
*LM3/DAC/ 10/CEX-ULC (f2.8, 250, •) 
* 1 FPS, .05 MAG, (5 MIN) 
*LM/OC/60/HCEX-(f5.6, 250, •)5 

DPS THROTTLE CHECK 
+18 *CB(16) STAB/CONT: ENG ARM · CLOSE 

THROT CONT - MAN/CDR 
TTCA (BOTH) · THROTTLE (MIN) 

*VERIFY MSFN CONTACT 
ENG STOP - PUSH 
ENG ARM - DES (DES REG LT - ON) 
TTCA MIN (6.6% - 1t4�1 ) 

THEN SOFT STOP .2% - 59.2%) 
THEN MAX (93.6% - 100+%) 
THEN MIN 

ADJUST FRICTION 
MAN THROT - LMP 

*REPEAT TEST FOR LMP TTCA 
ENG ARM - OFF . 

*CYCLE CWEA (DES REG LT · OFF) 
ENG STOP · RESET 
THROT CONT - AUTO/COR 
TTCA (BOTH) - JETS 

APPROACH TO LANDING SITE 

V83, SET ORDEAL ON CDR FOAl 
PITCH TO OBSERVE LS 
FOAl (0 ,  340/346 , 0) 

I 

' 

I 

• 
* 
* 
* 

* 
\ I 
* 

* 

* 

+28 *SEQUENCE CAMERA · ON (5 MIN) * 
+32 REV 12 LANDING SITE TCA : : ( 1 00:46) 

' 

I 

I tD 
00 
.... 

---------- --��--



\ 

- -

" .... 

REV 1 2  LS TCA TO AGS ACTIVATION 

100:46 REV 12 LANDING SITE TCA 1 1 :  ro  N93 TORQU ING ANG 
X 

oBIAS (P52) 
+33 *SEQUENCE CAMERA - OFF I RENDEZVOUS RADAR CH(CKOUT I GUID CONT - PGNS ,'MODE CONT (PGNS) - AUTO I V49, OOO.OO(OG) , 3J1 . 00( IG) ,  OOO.OO(MG) 

I FOA l (0, 344/33 1 ,  0) 

I CB ( 1 1  ) AC BUS A:  RNDZ RDR - CLOSE 

I 
I 
I 
I 
I 
I 
ss TOo 

CB( 1 1 )  PGI�S: RNDZ ROR - CL03E 
*VHF A XMTR - VOICE/HNG * 

I TEMP ( 1 0e - 75°) 
RT/ERR 1·10N - RR 
RR SLEW, MANUAL LOCK-ON , RR LGC 
TM - RNG/RNG RT 
V63, PRO, NO TRACK LIGHT OUT , PRO, N78 

• 

R R 
NM 7 FPS C011PARE N78, VHF, TM 

V34 �M�AX�:�.2���� 
*VHF A XMT R - VO I CE * F..;

N,;.,-7 8��--:----1--4 
V4 W72E ( +00000 TRUI�, +28300 SHFT )�V;.,H�F-=+===-=-+-==---1 
CB( 1 1 )  PGflS: RNOZ RDR - OPW ,"'r.:.I:..-1---L---'---
CB ( l l )  AC BUS A:  RNDZ RDR - OP�N 
V44, RR - SLEW 
RT /ERR MON - LOG RDR/C!·!r-T:: 

*COPY CSN CIRC P7( & P;)lo ABORT PADS 

....,..,.,.
,........,,..,..,.,...

...,.
"
..;..

S
...,
ET

..,.,.
DET TO ((lUI IT 0:1 TO CSI·1 C I RC 

-35 IMU FINE AtitN 
v76 
P52 OPT 3 
CB( l 1 )  AC BUS B :  AOT LAMP - CLOSE 
AOT - DETENT F/0.0° 
PGNS MODE CONT - AUTO 
1ST STAR DABIH ! 24 1 1  
PRO, R CD GET 

: ....,._.,..: .,...,_-'-2ND STAR ALPHERATZ (201 l IW5 ANGLE DlFF ---

PRO 

* 
* 

1 

y-
z 

PRO ----

N25 ' 

LPD CALIBRATION 
PRO, ENTR 
N70, ENTR 037 (NUNKI ) ,  PRO 
N87, ( +35954, +32018) PRO, PRO 
DETENT CL 
CB AOT LAI�P - OPEN 
POO 
PGNS MODE CONT - AUTO 

AGS ACTIVATION 

• • 

-... 
(+ )  -� (-.�AZ) 
(- ) � h'IEL) -

40 I I 
(+) 

-1- (- )  --(+) (+) --

-17  .( LOS -5) *AGS STATUS - STBY (MASTER ALARM, 
* & AGS WARNING LT - ON) *CB(16) STAB/CONT: AEA - CLOSE 
* (AGS WARNING LT - OFF) 

* 
* 
• 

:20 
. 

* 
C8(1 1 )  AC BUS B: AGS - CLOSE 

*RECORD TIME : : * 

*AGS STATUS - OPERATE (�ASTER ALARM. * 
& AGS WARNING LT - ON) * 

*02/H20 QTY MON - C/W RESET * 
*ATT MON (LMP) - AGS * 
*V16 N65E * 
*SET AGS TIME USING 100 HR BIAS * 
* 377 (+00800) * 
*616+0 * 

*224 (+60410) * 
*225 (+29365) * 

*226 (+60423) * ( 
*305 (-01 751 ) * 

*662 (-54776) * 

*673 (-3201 4 ) 

- - - · -

' 



101 : 20 

.. , 

� - - _. ----

AGS ACTIVATION TO BACKSIDE 

*COPY AGS K FACTOR __ : __ : * 101 :35 CSM CIRCULARI ZATION : --;::;� · -
_

( 101 : 3 4 : 55 }  *V47E * P76 (UPDATE CS�I S . V .}. PRO 
*V2SE LOAD AGS K FACTOR UPDATE 
*414+1 

• 
• 
• 
• 

V82, N12-00002, PRO .tSM HAIHP 
*400+3 (AFTER 50 1 6} 
*V83, 317R, 440R 

CONFIGURE C014M FOR LOS 5lf 
-

*PCM - HI  
*V47, 414+1 

V83 ,  SET ORDEAL 
- 1 3  ·�IAfCH INDicATED ANGLES 

*TRACK P.OOE - SLEW 
*S-80 ANT - AFT 

* 
* 
* 

101 
+41 

*317R,  440R, PCM - LO 

AGS CALIBRATION 
*READ AND RECORD I NITIAL CAL.NOS. 

+23 

101 :35 

*SET P (+ 166 } 
• y ( -38) 
*VHF B XMTR - DATA, PCM - LO 
*UPLINK SQUELCH - ENABLE 
*S-BD ANT - FWD (AFTER LOS) 

MNVR To AGS CAL 1\TT V49, +33750 OGA 
+02250 IGA 
+02250 14GA 

ROLL + 24} 
PITCH + 14 FOAl 

YAW + 21 

AGS ACTIVATION CON'T 

\ 

*412R+1 SELF TEST SATISFACTORY 
.. +3 LOGIC TEST FAILURE 
.. +4 MEMORY TEST FAILURE 
.. +7 LOGIC & MEMORY TEST FAILURE 
*574R DESCEN�

�
STAGE (+ NOT STAGED) 

*604R LUNAR S RfA C E FLAG 
* (+ NOT ON LUNAR SURFACE} 
*612R STAG!NG COUNTER (+0 NOMJ 
*232R +00600 
*233R +OD250 
*464R +00500 
*465R +00195 
*623R +00000 
*514R -53334 
*515R -47371 
"516R +00000 
*000 +888888 (OPR ERR LT - ON) 
*123 -45679 (DO NOT ENTR} 

* 
* 
* 
* 
• 

• 
• 
• 

* 
• 
• 
• 
• 

* 
* 
* 
• 
.. 

* 
* 
• 
.. 
.. 

101 :55 

' 

' 

PGNS MODE CONT - ATT HOLD 
*VERIFY 25 MIN SINCE TURN-ON 

V60, V76, V16N20E 
RATES < 0 .075°ISEC 

*400+6 , START WATCH 
*400R 

MONITOR ICDU LIMITS { OGA + 31500 I +00000 
IGA +00000 I +04500 LIMITS 
MGA +00000 I +04500 

BEFORE LIMITS ARE EXCEEDED, 400+0 . 

IF  TIME I S  LESS THAN 5 MINUTES 
REPEAT AGS CAL IBRATION . 

*CHECK E�S. RCS, EPS, APS 
*CY:(LE CWEA CB 
*400R+O 
*READ AND RECORD CAL VALUES 

540 
541 
542 
544 
545 
546 

' 

'NIT  CAL t L IM • 

• .039 -

+ .039 -

• .039 -

!2 .00 
!2 .00 
!2 .00 

* 
* 

* 

* 

* 

* 
* 

* 
* 
* 
* 

' 

f 

j ' 

r CD Oo w 

' 

I 
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� .... 

1 01 :55  
I I 

t.OS 102 
+12 

I I I I 
I 
I 
I 
1\ 
I I 
I 
I 
I I I I 
I 
I 
I 
I 
I 
I I 
I 

102 . 20 

\. 

- -

BACKSIDE TO POlo 
GUID COtH - PGNS, :-!ODE COrH {PGNS) AUTO 1 02 : 20 
V49, OOO . OO(OG} , 3 1 0 . 0 0 ( 1G) , OOO.OO(MG) In FOAl {0 . XXX/310 ,-fl} • I  

*RESET OET TO COUNT ON TO POlo 
*S-BO AtlT - F�ID. VERIFY COMM 
*,'S-BD P {+166) 
• y ( -38) 
*S-BO ANT - SLEW ( - 3.0)  
*TRACK MODE - AUTO 
*VHF B XMTR - OFF  
*BIOMEO RIGHT, P(� HI  
*UPLINK SQUELCH - CFF 
*S-BANO FUNCTIONS - RANGE 
*V O I C E AGS CAL. �OS . . TO 'ISFN 

-2 0 -;::;0 P""S:--;-.P R""E"""S ;;-S ...,.+...:..C;,-:.:...;:;0-=-. 
PRPLNT TEMP/fRESS MON - DES 1 & 2 

FUEL 50c-�or 50-130 PSI 
OXID S0°- 756F 30-80 PSI 

HELIU� MON: SUPCRJT PRESS 1070-1570 
: AMB PRESS 1495-1750 

DES He REG 1 tb - GRAY, REG 2 t2 - bp 
MASTER ARr� - ON 
DES PRPL HT !SOL VLV - FIRE 
He PRESS/DES START - F!�: 
MASTER AP.M - OFF 
PRPLtiT TEMP/PRESS H�,: j�S 1 & 2 
FUEL & 8XJD 50e-9o�r 20�-?SO PS: 
HELIUM MON: AMB P��S�-200-1110 

: SUPCR:: PRESS 1070-1570 

- 1 5  LANDIHG RADAR CHECi<OUT CH{1 1} PG�S: LDG ROR 
Ct: TEMP (60" - 95° ) 
X-P liT R S - d I t·lU LT 
MODE SEL · L R  
TM  )I,' - H/tl 
LOG MIT - f.lfTO 

CLOSE 

• 

* 
• 

.. 

* 
* 

* 
* 
* 
* 
* 

- ....... __ 

I 
I 

: , I 
I 
I 
I I ! 
. .  
I I ' I I I I I I I I I I I I I I I I I 
I I I 
I 

102:  35 

-
ROP. TEST - LDG 
POWEP S ! GtiAL L IGHT OUT 
i EST MO�I - ALT IV E L X KT R ( 2 . 1 - S . 0 ) , AGC 
X-PNTRS PEGGED UP , l T 

' 
TM {8000 ! 10C}/H (-480 ! 2) 
V63 N 1 2  OPT 2 ,  PRO 
N66 8286 ·! 1 0 ,  ANT POS 1 ( 00001 ) ,  PRO 
N67 Vx (-00495 ! 2 ) ,  Vy (+01862 ! 2 ) ,  

Vz (+01331 ! 2)  
V34, ROR TEST OFF ( ALT ·- 0 ,  POWER SIGNAL 

L I GHT ON , X-PNTRS - CENTERED) 
• CB 1 1  PGNS: LOG RDR - OPEN 

UP AT E FROM !�SFN 
*UPDATE LINK - DATA 

UPLINK CSM/LM :_ .  '/. ,P IPA 81AS1 
DESCENT 'TAR GET tiS, !..PO BIA'::l 

*COPY P�DS FOR . 
* N0 POI + 1 2  ABORT 
* PO! 
* POI EARLY ABORT 
* POI  LATE ABORT 
* T2 ABORT 
* T3  T I G  *UPDATA LINK - OFF 
*V4 7 ,  4 14+1 , 400+3 

V83, SET ORDEAL 
* 3 1 7 R ,  440R, 277R 

All CHECK 
- i O  MODE CONT (AGS) - AIT HOLD 

GUIO CONT - AGS 

• 

* 
* 
* 
* 
* 
* 

• 
* 

* 

MNVR TO AND r�AINTAIN FOAl ( 0 ,  295/XXX, 0 } ,  

-0:10 POI LMK LPD All CHECK ----
POl o __ __ __  ( 102 : 34 )  -50" 

*SEQUENCE CAMERA - ON ( 5  Ml� ) * 
PITCH TO OBSERVE LS 

. -

I 

+1 

• 

\ I I 



-· - - . ----

\ 

...... 

102:35 

I 
I 
I 
I 
I 
I 
I 

1 03 :  1 0  

• 

---···- ·-·- .--.. --· 
' 1-.� 

� - -__ ........... �---'--•..;; •• >l.·'\ ':..., �iioo·--· ·--.. . 

POlo TO BACKSIDE 

LANDING SITE OBSERVATION 
*SEQUENCE CAMERA - OFF * 

*CAMERA SETTINGS (POI)  * 
*LM3/DAC/1 0/CEX- * 
* ( f2. B ,  500, .. ) 12 FPS, * 
* 0 . 75 MAG,  (6 MIN) * 
*LM3/0C/60/HCEX-(f5.6, 250, oo ) 1 0  * 
*RELOCATE CAMERA * 

GUIO CONT - PGNS 

IMU FlNE ALIGN 
+16 V76 

P52 OPT3 
CB AOT LAMP CLOSE 
AOT - DETENT F/0.0° 
PGNS MODE CONT - AUTO 
1ST STAR DABIH (241) 
PRO, RCD GET : : 
2ND STAR ALPHERArz-{201) 

NOS ANG DIFF -:----
PRO "' N93 TORQUING (�) 

X ( . 370) 
y ( • 830) 
z (3.000) 

PRO 
N25 

COAS CALIBRATION 
PRO, ENTR 

' ' 

N70, ENTR 044 (EN I F ) ,  PRO BIAS AZ 
N87, (+OOOOO,+OOOOO)PRO, PRO EL------
DETENT CL 
CB AOT LAMP - OPEN 
POO 

*400+3 * 

1 

+17  

SR 
lOJ 
+34 

' 

103:35 

• 

• 

P63 IGNlfiON ALGORITHM TEST 
P63 
PGNS MODE CONT - AUTO 
N18 R,  P,  Y (0 ,  1 1 1 ,  310) PRO 
YAW LEFT 50° 
POO 
V48, 22 1 1 2 , 0001 1 ,  PRO, V34 

CONFIGURE COMM FOR LOS 
*MATCH INDI CATED ANGLES 
*TRACK MODE - SLEW 
*S-BO ANT - AFT 
*SET P ( -3) 
* y (+39) 
*VHF B XMTR - DATA 
*PCM - LO 
*UPL INK SQUELCH - ENABLE 
*S-BD ANT- FWD (AFTER LOS) 

COAS TO OVERHEAD WINDOW 
VERIFY LOOSE GEAR STOWED 
RESTRAINTS ATTACHED 
VERIFY FOAl ' S  INERTIAL 

PRE-POI ECS CHECKOUT 
CONN�CT HOSES NORMALLY 
HELMtTS AND GLOVES ON 

*CABIN REPRESS - CLOSE ' *SUIT GAS DIVERTER - EGRESS 
*CABIN GAS RETURN - EGRESS 
*PRESS REGS A&B - EGRESS 
*RESET DET TO COUNT ON TO POI 

PRE-POI SWITCH SETTING CH£CK 
-SS *VHF ANT - FWD . CB( 1 1  )AC BUS B:  !NV 1 - CLOSE 

*SELECT !NV 1 

... ·--- - � . . -- -- ·-

* 
* 
* 
• • 

* : 
* 
* * 
* 

* 
* 
* * 
* 

* 
* * 

( 

I 

' 

\ I 

r CD � U'l 

I 
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103:35 
- 54 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 04 : 1 0 

-40 

CB( 1 1 )  STAB/CONT: AELO - CLOSE 
CG( l l )  STAB/CONT: ABORT STAGE - CLOSE 
RESET ENG STOP PB 
SET WINDOW BAllS 

BACKSIDE TO POl 
104: 10 

-18 
AGS INITIALIZE 

*V47, 414+1 
*V83, 317R, 440R 
*240 + (231 RLS PAD) 
*254+02897 
*262-00136 . 

* 
• 
• 
* 
• 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I . 
I : 

*$-BAND FUNCTIONS - CWEA ENABLf* 
*CB( l6) STAB/COIIT : AELO - CLOSE * 

*CB ( 1 6 )  STAB/CONT: �BORT STAGE - CLOSE* 

•CYCLE CWEA CB 
*OATS 5 & 6 HORM FEED - ON 
*QECORO GET __ _

_ _ _ 

• 
* 
* 
* 

"S-BD ANT - FWD, VERIFY COMM * 
*.'S-BD P ( - 3 )  * 
• y . ( + 3�)  . 

•S-00 ANT - SLEW ('3.0)  * 
*TRACK MODE - AUTO * 
*VHF B XMTR. - OFF * 
*VHF A XMTR - VOICE/RNG * 
*BIOI�ED - LEFT, PCM - H I  * 
*UPLINK SQUELCH - OFF * 

�VOICE ASC BATT ON Ti l�[ TO I�SFN 

THROT CONT - AUTO 
CDR TTCA - 7HROTTLE - �l iN 

*LMP TTCA - THROTTLE - SOFT STOP 
RATE SCALE - 25° /SEC 
ATT/TRANSL - 4 JETS 
CHECK DPS, APS, RCS, ECS,  EPS 

UPDATE FR011 MSFN 
*UPOATA LINK - DATA 
UPLINK LM S. V., RLS, 

MSFN GYRO DRlFT COMP 
*UPOATA LINK - VOICE BU 
*COPY AGS RLS (231 ) ____ _ 

('""/s=u=R=N -:A"""B""OR�T:.::..R:-,U;,..L.;,:.E S�J-

• 
• 

* 
* 

* 

• 
.. 

• 
* 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-10 

-8 

-5 

-4"'-

-1 :00 

MODE SEL - AGS 

POWERED DESCENT I�HTIATION 
V25 N69E (IF NO UPL INK) 
PGNS MODE CONT - AUTO 
AGS MODE CONT - AUT.O 
P63 
AUDIO MODE (BOTH) - VOX 
PRPLNT QTY MON - DES 1 
• OPS CONF I G CARD 

*RESET OET 
N18, R,  ;> ,  Y {0, l l l ,  310)  · 
VER!FY FOAl 

*V40N20E , 400+3, 410+0 
*400+1 , 433R VI 

CB( 1 1 )  PGNS: LOG ROR - CLOSE 
.'AL T XMTR 
PRO - FINAL TRIM 
ENTR, .'DET 
GO/NO-GO FOR POI 
COMM CHEGK WITH CSM 
RESET WATCH 
MASTER ARM - ON 
MODE SEL - PGNS 

*367R 
-0:30 ENG ARM - DES 
-0:07.5 UllAGE 
-0:05 -:::-::-- PRO 

0:00 POI ��. (104:28:55) 
+0:02 (NO IGN) - START PB - PUSH 
+0:05 DES ENG CMD OVRD - ON 

!�ASTER ARM - OFF 

, 

I 

• 

* 
* 

• 

I 

r CD do 0) 



, __ .... _ ... ___ ---- �- --..--- . 

• 

�-·· 

- 1 : 00 MASTER ARM-ON 
MODE SEL-PGNS 
367R 

- : 30 ENG ARM-DES 
- : 07.5 ULLAGE 
- :05 PRO 

+ :oo @ 
+ :02 (NO IGN) - - 

START PB-PUSH 
+ :05 DES ENG OVRO-ON 

MASTER ARt1-0FF 
+ :26 THROTTLE UP 

lT /W > 1 .  6 

+2 V21 N69E (ON RUG) 
+J YAW FACE UP 
+4 . I ED BATTS 

V57E TO PERMIT 
LR DATA 

+5 V24 N69E (ON RNG, 
X-RNG) 

N68 

EVAL MAN CONT 

+8 V23 N69E (ALT) 

223+00120 ( E  @ 1 2K) 
360-0XXXOE 
SEQ CAMERA - ON 

TFJ 
I 

0 : 00 
0 : 30 

1 :00 
I : 30 
2 : 00 
2:30 
3 : 00 
3:30 

4 :00 

4 : 30 

5:00 

5 : 30 

6 : 00 

6 :  30 

7 :00 

7 : 30 

8:00 

8·30 0' 9 : 00 

9 

1 1 1  
110 

l 03 
98 

93 
89 

85 
lj[ 

79 

77  

76 
. 

74 

72 

71  
68 
63 

60 

57 

57 

. -·_..,._ . 

t>HMAX HIMAX ) 
-HOOT 

5.0  
6.0 

25. 0 
38.0 

47.0 
54 .0 

59.0 
63.0 

66.0 

70.0 

+1 7000 77.0 

+1 7000 84.0 

+1 6000 90.0 

+1 4()1)0 
1(494.0) 

99.0 
(464 . 0 )  +1 2400 97.0 
(435 . 0 )  

+10000 89.0 
. (401 . 0 )  

+ 8200 120.0 
(352.0) 

+ 6900 141 . 0  
(291 . 0 )  

+ 4500 1 55 . 0  
' 

!· ------ - -�;...._.;,;;.___ 

POl THROUGH T O +  3 MINUTES 

H OPS 

. 
50100 95 
50000 <i:;, 
49500 95 
48500 92 

47200 87 
45700 82 

44000 77 
42200 71 

40300 o6 

38500 61 

37000 56 

33900 51 

30900 45 

28200 40 

25200 35 

22300 30 

19300 27 

1 5200 24 

10900 21 

SBD 

·--. � 
-)/39 
�-�. 

4/36 

1 3/30 

19/24 

-13/-15 

-10/-18 

-8/-20 

-4/-23 

1/-28 

. 4/-30 

... ------, f P64 + 1 5  SEC: f NO THROTTLE ON � f - ABORT ' ·-------· 

MODE CONT (PGNS) -ATT HOLD 

IP661 
X-PNTR - LO MULT 

,.-------.., 
� DES B6�';' l ����31 ! ......... ��� .... �· (TOUCHDOWN I 
ENG STOP - PUSH 
ENG ARM - OFF 
PRO 

· oEs EK& cMo ovRo - OFF 
MODE CONT (PGNS)-ATT HLD 
MODE CONT (AGS)-AUTO , 
4 1 3+ 1 

, RECYCLE PARKER VALVES 

· ( -HMAX) VH 
H -HOOT DPS 362) 
. (226.0)  

7000 162.0  18  274 
(207.0)  . 

6 1 5 7 . 0  18  238 

( 185 .0)  
5000 1 35.0  1 7  222 

( 1 6 2 . 0 )  
4 1 1 2 . 0  1 6  203 

( 1 35 . 0 )  
3000 90·. 0 1 5  180 

( 104. 0)  
2000 62. 0  14 144 

(63.0)  
1000 3 3 . 0  1 2  90 

(35.0) 
r::nn 16.0 1 1  42 

(28.0)  
400 1 3 . 0  1 0  30 

(21 . 0 )  ; 

' 300 9.0 1 0  27 
( 1 2 . 0 )  

200 5 .0  9 -4 

,..-----------., f ABORT STAGE - PUSH f f ENG ARM - ASC f f ENG STOP - RESET f � ENG START - PUSH f 
' CALl p 71 ' I ' f MODE CONT (BOTH) - AUTO f 
.... ___________ ., 

f • 
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LANDING 
RADAR 

LASilii>C 
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Da te 

Oota 

LB-88 

LM LANDING DISPLAYS 
P63,P64,P66 

Ya'ili', Roll Attitud�s 

Pilch Auitudf" 

( )It' 1'1 . 'I '" . Uull  
AtUt\lde ErrorS 
(DA p 0..4>Ylll 

F o rwa rd/Late"') V elooll}o 

• 

Altltuclt•/A itltud<" R:ll � 

Vl6S'68 

P&3 \'06N61 

P63 VO&N&2 

P&4 

LM 
GUIDANCE 
COMPUTER 

P&5. PG6 
P&7 

• 

V06N&4 

V06N60 

C"Ol ·� 

Rl: Slant Range 
R2: Ttme-tO·-gO 
R3: Delte ll 

Rl: Time-to-gO 
R2: Time from OPS Ignition 
!t3· • 

!U: Del to Altitude 1+ LR >LOCI 
R2: Time !rom DPS lp>Jtloa 
R3: Meuured l> V 

Rl: Tlme-to-go/LPDAogle 
R2: Altitude RatA> 
R3 : A ltitude 

Rl: Forward Velocity 
R2: .�ltltude RatA> 
R3 : Altttude 

0 

0 

I• • ;;;f;;;;• ''• 
$ 

0 C' 

I 1�)\, \ 

0 

0 

I 
I I I 

I I I 
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I 
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l 
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DESCENT DISPLAYS 
I M U 

INfRTlAL 
IIIEASURIIIENT 
UNIT ', 

AGS 

GtW&Al 
ANG.l CS 

1'0<.• 

.,. .. 

G:IIS TA 
GIMBAL ANGLE SEOUENCE 
TRANSFORMATION ASSEMBLY 

TOTAl ATTIT VO £ 

r--------, 
I ATTITUDE IliON 1 I I 
I PGHS ' I 
I � 1 I I 
I I 
I 

AGS I 
L---

r
- - - -'  

AOl.l 1 � 

YAW 

"'TC" 

I 
I 
I 

l 
I 
I 
I 
I 
I 

..... 

Yt . : .}: . � : ' .:JJ .J FOAl �-c,__� G 1-../ FLIGHT DIRECTOR -...::.•:.::•1'0<�---o C/. ATTITUDE INDICATOR 

. ... -
-· · - .... 

-e: 
e • e -�

- - =. -�y .. ; e •- . -

' 

,. 

I 
I 

0 

RATE I ERR MON 

ftNOZ IU.OAR 

LOG ltOit /CMPTR 

' . 

IIOLL 

"'.. fOAl \ 
FLIGHT DIRECTOR I 

ATTITUDE INDICATOR, 

ATTIT 

1 0  
ATTITUDE IliON 

PGNS 

~ 
AGS 

YAW 

X, Y, & l AX(S 
BODY RATtS 
( AGS GYROS t 

p H 

CPU 

\ 

COUPLING DATA UNIT 

AID SECTION 

DIGITAL AUTOPILOT 
EOUATIONS LGC 

GtWSAl RAT( 
TO 8 00Y RAT( 
TRAJ.t5FOR¥Al1QH � cov · s 

���coso �NM] [�==�=] 
COSO SHo�O C0$0 MPR(S(NT-MO[SIR£0 

0 : OUTER GI .. &Al,. 4HGL( ( •) 
1 : INN(A �Uot8Al AHGl( (r) 
M ; Mt001..( GUot&AL AHGl( h l 
0, 1 , M 0£SI R£0 • OE:51REO COO ANGUS 
0 . 1 , M PR(S(NT • Pff(:S[Nl COU A l'rtGl,(S 

ORDEAL 
ORBIT RATE DISPLAY 

EARTH 6 LUNAR 
FLIGHT DIRECTOR ATTITUDE INDICATOR I 

l.R V(l ( VlA ) RFI $HArT RAT£ 

FWD VEl t LGC l 
I 

0 1  
I •• 

o l  TAVHNIOH IUT( "' 0 ' 
I 

' 

l.AT£RAl VEl. (AGSl I 

o ' I 
I 

MODE SEL 

LOG R.AOAR 

AGS 

' 
I 

RATE! ERR MON 
RNOl A;AOA.IIt 

® 
LNOG ROR/CNTR 

X POINTER � NOICATOR 

� 

X POINTER 

Hl WU\,. T 

® 
1..0 NULl 

·-liE� t· . . ' . . . I; 
' . 

.. .. . . . . .. . 
... .. �. -., •. 

RANGE-RA 0 
,..;Al:::o,:T.:,oT;.:IJ"O"E'--,..;L:cG:o<:..--o 

I 
...;AO!L::!T.!.IT;.:U"O£"-'-:_A:::G:cS'-. __ �O 1 

I 
I 

MODE SEL 

Al.TITUO£ RATE- \.GC 

ALTITUDE RAT[ - AGS 

lOG RO� 

®> PGHS 

AG$ 

0 

RNG/ALT MON 
RNG/A1«3 �l 

4Lf/At.T Fll' 

RANGE/RANGE RATE, Al TITUOE/AL TITUDE RATE INDICATOR 

I 

I , 
' 

I 
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• 

__ ..... -- _ .. .  

·-- -···

------

OFF 

+PITCH 

+ y L:ll 

+ZLM 

' 

MODE CONTROL 

ATT HOLD 

..... -- --.. -- ·-- -
. 

_...,... 

LANDING SITE REDESIGNATION {P64 ONLY) 

OFF 

ATT H0LD 

10 

20 

• 

5 10 

CO�niANDER'S 1\'fNDO\V 
Q .A/:':01:\G 1'0!:'\T I)ESlGNATOf< ON 
CO:\DlANflfH'S WIND0W ONLY) 

-ROLL = LEFT 
1°/JMPULSE 

' 

1- PITCH • S�ORT !�/IMPULSE 

ROLL 
PITCH ATTITUDE 

CONTROL 

. 

• 
--- ----- - .. 

ATTITUDE 
CONTROL 

+l··� 
ATTITUDE 

CONTROLLER 
(PISTOL-GRIP HANDLE) 

,... CD 
<l> 0 

-
-----



·---- ----- -------�-- -- ····--·---

' ( 

ASTRONAUT FLIGHT STATION 

OFF 

• PITCH 
• YLM 

• ROLL 
'ZLM 

MODE CONTROL 

PGNS 
AUTO 

ATI' 
HOLD 

- ·-·- ·· --- --....:...;.l;.... _ ____ ____ _ _ _ -·---

LANDING PHASE MODE CONTROL 
P66 

RATE OF DESCENT (ROD) 

+1 FPS 

-I FPS 

··----- .. ---- -· 

r-...;.,..---c.. ,.-- -(- � 
- · -:- ::  = 

.. e- o o o 
I 

l' ' 

- -

( "'o••---e,..---�-
- - --aaaa - - -

-

MANUAL LM ATTITUDE CONTROLLER 

OFF 

ATI' 
HOLD 

• 

IIOU 
Annuot 
COHnOI. 

MCK 
AmTUOI 

�COHTIOI. 
+l-A� 

( 
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P57, R 2 00003 
NOG 00010 

00001 

L846 

1st PSi 

00110 -
(No Att light-On/Off. Twice) 

-
-

N04 + N:�vigation Error (0. 01•) 
V32E (Recycle) 

NO 4 -=-::-=----
PRO 

N22 IC DC Angles 
PRO (No Att light-On/Off) 

NOS Angle DifferencE> (0. 0 1' ) 
PRO 

N93 ----- X Torquing Angles (0. 001') 
_____ Y 

z 
V34 E:::-.--,:POO-::-:--:E--

2nd P57 

PS 7, R 2 00003 
PRO 

N06 00010 
00002 
00110 

PRO 

N70/71 
N79 

______ 1st STAR / 
Cursor ----- (0. 01") 
Spira l 
PRO 

N79 
CUrsor 

_Spiral � ��"" :PRO, � � - Cursor 
Spiral 
PRO, PRO 

N70/7l ------ 2nd STAR 

N79 
Cursor ---- - (0.01") 
Spira l 
PRO 

N79 
Cursor / 

Spira l 
PRO 

N79 
Cu r sor 
Spira l 
PRO, PRO 

/ 

NOS 
PRO 

------ Star Ang le Oifferenceyo 1 •) 

______ x Torquing Angle (0. 001•) N93 
______ Y 

-:.---:�---::=------:- z 
PRO (Gyro Torquing), 
GET --- --- __ _ 

N25 00014 
ENTR 

N89 ----- L.,t (0. 001') 
----- Long/2 (0. 001) 

....,.
-

...,,.,..,-
- A It (0. 0 1 n m i) 

Consult MSF'K 
PRO- (UPDATE RLS) 

V34E - (fERM) 
POOF. 

/ 

/ 

P57, R2 00003 
PTlO 
N0600010 

00002 
00110 

PRO 

3rd P5i 

N70/71 ------ 1st STAR 
N79 

Cursor ------ (0. 01") 
Spira l 
PRO 

N79 
Cursor 
Spiral --. ---
PRO 

N79 
Cursor ----
Spira l 
PRO, PRO 

N70/71 ______ 2nd STAR 

N79 
Cursor (0.01') -----
Spi raJ 
PRO 

N79 
Cursor ----
Spiral 
PRO 

N79 
Cursor ----
Spi raJ 
PRO, PRO 

N05 ------ Star Angle Diff<·n·nct· (<•. 01') 

PRO 

N93 ------ X Torquing Angll' (0. 001•) 
______ Y 
______ z 

PRO (Gyro Torquin!t), 
GET ______ ---

N25 00014 
F.NTR 

NS9 _____ Lat (0.001') 
----- Lon�:/2 (0. 001< l 

----,-,...,.,=c=-:-- A ll (U . 0 1 n m i) 
C onsu lt l\tSFN 

PRO- (UPDATE RLS) 
V34E- (fERM) 

C B (11) AOT LA �I P - Op<•n 
POOE 

/ 
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L8·96 

4th p:; 7 
p;,;, St·l H:t 0000-1 
N34 Load LO Time, PRO 
]\0(; 00010 

UOOO:l 
- 011010 

PRO 
(:\o All ll�ht -On/Orr. Twice) 
N04 • (;ral'it,\' E:l'l'<>t' (11, Ol') 

\':l�E (Ht•c.\·clt>) 
=-ot · c.it'a\it\ F.n·or (II, 01 ) 
PHO 
:-; l'l IC DU Angles 
PRO ()l:o All light - On/Oft) 
N70/7l STAR lD 
N79 

Cursor ----- (0. 0 1 •) 
Spiral 
PRO 

N79 
Cursor ----

Spiral 
PRO 

N79 
Cursor ----

Spiral 
PRO, PRO 

-

NOS-:------- Star Angle Difference (0. 01") 
PRO 

N93 ______ X Torquing Angles (0.001•) 
_____ Y 
�--=---:-- z 

PRO (Gyro Torquing), GET __ 
N25 OOOH, ENTR (TERM) 
POOE 

P::i7F.. R2 00004 
=-:1·1 Ln�d TIC. PRO 
:0.:0 c; 000 10 

oooo:1 
00110 

PHO 

5th P57 

(!\<> All li�ht - On/orr. T'' icc) 

• 
·--

:O.:U-1 • Gt�tdt\ F.n·nt' (0. 01•) 
-, _...,:l...,.2""F. __ _ 

l\ 04 .,"'.,...,,..----- G r� \'it y Error 
PRO 

:O.:l!:! IC DL' .\nglcs 
PRO (1\o All li)!hl - On/Oft) 

N70/71 STAR 10 
N79 

Cursor _____ (O.o1·1 
Spir:U 
PRO 

N79 
Cursor 
Spir:U 
PRO 

N79 
Cursor 
Spi r:�l 
PRO, PRO 

N05 ------- Star Angle Difference (0. 01 •) 
PRO 

N93 ------ X Torquing Angles (0. 001 •) 
______ Y 
---:::--...,-- z 

PRO (G y ro Torquing) , GET __ -- --

N25 00014, ENTR (TERM) 
POOE 

I 
I 

I I 

I 1 • 
• 

I 
I 

I I 
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Fit·st P57 

Technique 1, 
Option 3 

L8�7 

APOLLO 15 P57's 

The purpose is to measure and detet·mine the dlrection of gravity 
in NB space as-Rleasured by PlPA's in SM space. The first gravity 
error angle is the dot product between r LS (navigated) and measured 
gLS .. Subsequent gravity error angles are the angles between suc
cessive gravity measurements. 

The K93 is not normally torqued primarily because o! uncertainties 
in rLS (navigated) at PDI. 

(SB = ) gLS (NB) = [SMNBI gLS ( SM) 

- -

(SA ") rLS (NB) = (SMNBJ [REFSMMATJ t•LS (navigated) 

cos 
-

l {Unit gLS (NB) · Unit rLS (N�� =Angular Separation 

1------ ----r---------- ------------- - ---·--��-����� The purpose is to align the Si\1 to the predescent landing site REF-

Second P57 
Technique 2, 
Option 3 

SMl\IAT and calculate coordinates of the landing site. N93 repre
sents gyro drift over the interval from the last P52 provided the 
N93 in the prior P57 was not torqued. The drift terms will include 
acceleration sensitive ter� due to descent and 1/6 g. 

Unit iLS (NB) determined from the first P57 can now be accurately 
transformed to moon-fixed coordinates and displayed. If iLS 
coordinates are accepted (via PROCEED), they are converted and 
stored as Fr.s in moon-fixed space. 

Unit ir.s (MF) = (M(t))( REFSMMATJ T (NBSMJ Unit gLS (NB) 
Where M(t) is the transformation between ECI and MF space. 

1---------· ··-- ---------·-----------------4 The purpose is to verify the landing site coordinates of the second 
P57. The procedure is the same as the second P57 except !or gyro 
drift which cannot be accurately calculated due to the short interval 
of time. Some difference is expected due to sighting inaccuracies 
of the AOT. 

Third P57 
Technique 2, 
Option 3 

l·'ourth P57 

Technique 3, 
Option 4 

Fifth P57 
Technique 3, 
Option 4 

The purpose is to initially align the platform after power up to the / -

liftoff REFSMMA T at TIC. The measured vectors (Ss) are gravity 
and one star (technique 3). 

r XSN. 
"sM I z���: , •· I -

{ s J • A 
(apeellliecO 

• 
�anding s ••• l HEFS�OtAi I 1H'I 

J 
l:ntt (; LSr ) 

lG 

r lrul "'• , 

I """ 
l'nal (i' l .. X � 

�.I :t�l 

i - . l! l Dlt 1 -.. \' )' I 1 <'�\J l· S \It S\IH 
4. � - 11G · 

r -
Cnl1 'LS 

X t:l'l 

\ lCI 
zt-.CI 

. 

l,!ftJt fr LSr X si X r tS IC I I C  

XSYO l 
y S"D J 

-$ D Vnlt <i"L$" S.,) ,. I • L> 
- -l'"nit (r l.Sr )C S,J lG -

1m m.. u.reod) 
zS.MO 

- ., -

I 's.\lol I Bl (A I (IS�! I 

. 
�·· 4iu. s� 

XS).J 

\'s.u 
�SM 

The purpose is to check the alignment to the liftoff orientation. 
If same TIG as above is used and CSM SV has not been updated, 
the N93 can be used for gyro <!rift. 

-
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LUNAR SURFACE ALIGNMENT 
AOT DETENT POSITIONS 

(2) O• Forward 

/ 
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LB-89 

LUNAR SURFACE ALIGNMENT- P57 

-
. 

VF.RII :17 f:t>TR. 
!i7 ENTR 

. .. 

Vf: Rn 0 4 N OLI N o r. ( fl.ASIIING) 
SI'F.CIFY IML' ORIF.N'rATION 

•• PRF.ff:RREU (00001) 
h. Rt:I'SMMAT (0000:1) 
�. L.MWING SITE (0000·1) 

I' R f: F'f: 1J REI) RE FSM�IAT LANDING SITE 

' l' 
VI· HI\ a f N'l H. 00001 t;NTR VERB U ENTH. OOOU:I ENTR VF.RR 22 ENTR, 00004 ENTR 

+ . 

VF.RR 01; I'IOliN 3 � ( fLIISIIING) 
TIME Of ALIGNMENT 

r-- - - -�-----, 
I TIME Of AI.IGNMt:NT CIIN liE MODI·( 
LIED WITH 11 vERn 25 I>AT/1 J,OAD

_J ____ T ____ 

I 
Vt:HU OS NOliN OG ( fl.ASIIINI;) 

Sl't:Cif\' 1\LIGNUt:HT TECIINJQL•E 
u. STOREil 1\TTJTlii>F. (00000) 
h. STO!U:n ATTI1'111lf. • GRI\VJ'I'Y 

(00001) 
c. 1'11'0 CF.LES'I'It\1. llOI>IES (00002) 
rl. ONt: CEt.t:.Srli\1. ROOY + GRI\VJT\' 

(0000�) 

VERn 2:l EN TR, OOOO X ENTil 
TECIINIIIUE I 011 :1 _:!._ TECIINIIIUE 0 OR 2 

• __-j-
f.XEt'IITf. TilE GRAVITY IWTI'IHIIK/1· \.R/1 \'ITY l)f.1't:R�11Nt\TION NOT RF.LF.· 
TION IIOL''r!Nf: VM;T TO Til ESE TECIINI<Il'F.S 
VF:RO or, NOUN 0·1 ( f'L.II$111NC:) 
t XXX. xx• (ANGL'LIIR l)ff'FF.Rt:NCt: 

RETWt:EN PRESENT /\Nil I'REVIOliSI.Y 
STOR ED GRAVITY VF.CTOR) , 

. 

I . 

TE C HNIQUE 2 O R : 1 1 TECIINJQtrE 0 OR I 

y OT 
Z£RO PF:RI'ORM i\01' 

ZF.RO �TA ll - AOT N OT USED fOR TilES£ TECHNJQLIES 

,( ;; b; STAR SIGIITJNGS O N  
CELESTIAL ROI>IF.S / I""' 'JV ) 51101 t\S REQLIIRF.I> BY '< ;Y TECHNIQUE � � 

CURSOR SPIRAL 
MEASUR£MEN'r M EASU�Elol ENT 

, 
Vt:Ril 06 NOl1N Oii (Fl.ASHING) 
, xxx. xx· (ALIGNMF.NT ANGLE 
niFFERF.NCt:) 

' , 
COMPUTE AND STORt: Nt:W 
Rf.F�IMAT AND 1\LIGN l�n· TO 
llt:SIRED ORJENTt\TION 

/ 
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LB·100 

LUNAR SURFACE ALIGNMENT 
GRAVITY DETERMINATION ROUTINE 

1. COAIISt: ALIGN TilE IMll TO TilE FIRST ORIENTATION: 

<.:>GA ..... •42• 
MCA - .. :l!"t. 25• 
TGt\ .. - l2 .. 

�. I'I.At'E TilE 1�1\· IN /IN 1Nf:IITIAL �101lt: •\Nil SAM I'. I.E TifF. (li'TI'FI' I IF Tilt: l'li'A's OVER A l'f:HIOO (\F 40 SF:CONDS. 

(1'1l'A)(. 1'11'\\ .. 1'11'.\z)· FORM ,\ 1 NIT \'n"1<1R �1 

� . 1 

WllERF.l1 IN01C ATt:S TllF: ll1RI::t:'I10N OF nn: t'IIIST t:ST1�1ATF: ot' TilE u:Nt\11 GRAVITY vt:C:TOR IN �M CO<llllliNI\Tt:S. 

:1. COARSE 1\I.IGN TilE STI\BLF. MI::MIIER 1�0· 1\00liT Tilt: MF:I\Sl'Rt:ll <:RI\VITY VF.CTOR. 

OCI\ - ·I:IR" 
MCA ..,.. +a!\. t!")" 

IGI\ - -•z• 

/ 

OOWNRAN<:t: 

�. PLACE THE IMtl IN 1\N INERTJI\L MODE ANII SI\MI'LE Tilt: OIITP\fT OF TilE: I'IP/\'5 OVER 1\ PF.Rton OF 40 SEt'ONDS 

(I'll' Ax. PIPI\y• PI PAz). FORM 1\ 11NIT VECTOII it2 

/ 

where �2 INDIGATF.S TilE DIRECTION OF THE SECOND ESTI�II\Tt: OF TIIF. LWAR CRI\VrfY VECTOR IN 51\1 COORDII>/\1 ES. 

•• l)f.FINt: A l�IT VF.CTOR iic Ol'T OF �I MW �z WlliCII REPRt:sr.r>TS Til F. ll iRECTIOI' OF Til F. Ll�AR GRI\VIT\' VECTOR . 

iic 2 tiN IT (i:1 + 'i2l 
/ 

N<YfE: THE Rt.S VECTOR IS CONSIOF.REil TO llF. COLINF.AR \\'!Til TilE GRAVITY VF.CTOR. 

/ 

' 

\ 
• 

I I 

.... 
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LB-101 

LUNAR SURFACE ALIGNMENT- P57 
LOS OlliECrT'ON IN BASIC REF. COORDINATES 

•:t 

-
•:t 

r 
- -

• X 

-
I: 

-
+Y 

I.M • Y 2nd • Z .stored h'Vm P•"<"vluulll :1.11gnn1-.'nl 
(1,:.1. fJ\.d) 

__... . '/. 

f. r LS atored 1D Met 

-N 

5,. 51 Slar 
C. Ia lOS 

- -
r LS' S: 

' 

-
'u; 

t' 

r 

s , 
AUT 

,. 

-N 

-
N • 

-
N 

.. -
N "' 1 

� ll' I 

,. 

ABSOLUTE INERTIAL REFERENCE 

-
y 

-
Sll 

- :. -
1SMeS • 1111 1sMt.:S 

(m\\'lliUn�d) 

- - - -
SA I AI 'M<.l • 

S11 fiJI 'SM<.S 

rl.S 
- - -
SA • (rLs� Z) x rLS 

- " 
1Mct • I AI 

fo-Uled) 

-
sll • 

( n\lv.tu rOIJI 

-
rLS ... z 

ILS 

liLS x ZM) • it.s 
- .:. 
ISMCS • I 81 

-
Ct.:;'ZM 

- -I -

-
1 MI.: I 

-
'&Mea 

ISMCS • (REFSMMATI 'Mel= 181 (AI 'Mel 

-
SA • 

(OJ)e<lft•d) 

-
sll 

• (nkio;�•wrcd) 

-
1SM<.:S -

sn 
( mt r..lfU r\.'d) 

[s, 
-
s. 

- -
•S,)•S, 1Met • I AJ I MI.: I L - -

s, • s, 

I -
s,M t'S,M: s.�� • S,M 

-
1SMt.:S - I 81 

-
1s�u.:s 

S,�o�•S,M 

I Rt:FSMMATI 
- -
1�K'I • I OJ _, I AI 1M I: I 

- -

'MCI • I AI 1M(; I 

- - -

I SMI:S flU: f'SMMA'Tf I MU - I BJ ·• I AI I MLI 
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LB-102 

P24 - LANDMARK TRACKING 

-
CSM Landmark Tracklnc Profile -

22 -degree pltcb down 
� 

from local horizontal A 22 

orbital rate tbroug!l- .� >' 
out tracking. .,i�; • /· ?" \ T'l-AOS 

I \ \ 
T 1-Horlzon 

\ \ 

.:OT2 .!'. T3 

�Tl 

I I \ I I \ I \ I 

Hori:ton 

Typical 

�T1 s 290 seconds 
� T� � 1 tiU seconds 
�T3 : �� seconds 

AOS to LOS w 148 seconds 

\ 
\ I / Radiua of Moon ' I, \ 
Center o f M oon 

TGT: ( ) 

Tl • • - - - ·- -· - --
T2 • _,_ - - -·- -
TCA • - ' -- - -·- -

. 
T3 • • 

- - -· - -· - -
R - - - •p - - _•y- - _ •  (T2 ACQ) 

Nor S run! _ _  I SA_ -· TA __ (T2 ACQ) F 06 89 

N89 LAT -- - · - - -
LONG/2 - -·- - -

P2.4 RATE -AIDED OPTICS TRACKING 

CMC - on (req) 
188 - oo and &ltgned 
SCS- on 
BMAO MODE (3) -RATE 2 
G6N PWR OPTICS - o n 
OP'I' ZERO - ZERO (verify) 
OP'I' MODE - CMC 

V37E ME 

LAT, LONG/2, ALT 
LOAD LMK COOROS 
OP'I' ZERO - OFF 
PRO 

(0.001', 0.001', 0.01 run!) 

ALT 06 112 AUTO OPT SHF/TRUN (0. Ol', 0. 001') - -

TGT: 

T
l 

• - - -·-

T2 
• - - -·-

TCA - - - ' -

- - _:_ 

- · - -

• 
-·- -

- ' - -

_,_ -
• 

-·- -

( ) 

R _ _ _ • P ___ • Y _ _ _ • ( T2 ACQ) 

N or S Dml __ I SA _ _ TA _ _ ( T2 ACQ) 

N88 LAT - -·- - -
LONG /2 - -•- - -
ALT - - -·- -

F 51 

F 37 

• F 05 09 00404 (TRUN >90"'1 
• MNVR to acquire 
e PRO 
• or V34E, F 37 
OPTICS MODE - .MA N 

MARK REQUEST 
MARK (u o(ten as deelr� 
To terminate: 
PRO 

XXE 
OP'I' ZERO - ZERO 

-
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+ 0 

+ 0 

+ 0 

+ 

+ 

+ 0 

·--
+ 0 

+ 0 
.... 

-

+ 
+ 

+ 0 

+ 0 

+ 0 

+ 

+ 

NOTES: 

0 

0 0 

/ 

/ 
0 

0 0 I· 

/ 

0 

0 o/ 

/ 

LB-103 

P24- LANDMARK TRACKING 
-

MARK. DATA 

Hours 

Minutn GET 
. 

Seconds 

p 

IMU GimtMI 
y Angles (degrM) 

R 

Shaft 
SXT Angles 

Trunnion ldegree) 

Hours 

Minuta GET 

Seconds 
. 

p 

IMU C.tmtMI 
y Angles (degree) 

. 

R 
Shaft 

SXT Angles 

Trunnion 
(degree) 

Hours 

Minutes GET 

Seconds 

p 

IMU Girre.l 
y Angles (degrM) 
R 

Shaft SXT Angles 

(degrM) 
TrunniOn 

-

+ 0 0 

+ 0 0 0 

+ 0 

+ 

t 

+ 0 0 

+ 0 0 0 

+ 0 

• 

+ / 

+ 0 0 

+ 0 0 0 

+ 0 

+ L + 



• r 
I 
I 
• 

• 

I 

• • 

I 
i • l 

' 
• 
• 

/ 

/ 

V37 Enler. 30 Enle< 

V06 N33 Flesl'lin g. Loed 0Hored GETI
. 

"'V06 N81 Flesl'ling. Loed DHored Av 

I 
+ 

0 0 

0 0 

+ 0 0 

• 0 0 0 

• 0 

X X X 

X X X 

X X X 

+ 

+ 
. 

X X X 

X 

X X X X 

t 0 

• 0 0 

X X X 

X X 

X X X -

0 

+ 

+ 

X X X 

X X X 

X X X 

NOTES 

LB·104 -

P30-EXTERNAL f:lV 

TEI26 

Purpose 

Prop/Gu�nce 

Weighl lib) N47 

PTrim N48 

YTrim 
ldegr-) 

Ho\Jn N33 

Minutoos GETI 

Seconds 

Avx N81 
Avv LV 

Avz (ft)$) 

R 

p IMU Gi�l 
Angles ldeg} 

. 
y 

HApogl� N44 
nmi 

Hp.,.._ 

AVT (ft)$) 

8T (min:s) 

!:lvc lh/sl 

SXT Star 

SFT (degrees) 

TRN(degrMs) 

8SS ICoas Star) 

SPA ICoes Pitcl'l. de9) 

SXP ICo.s X Pos. deg) 

LAT 
(degrees 

LONG 

RTGO lnmi) EMS 

VIO (ftls) 

GET 0.05g 
Hr: min: s 

SET STARS 

RAiign 

P Align 

Y Align 

ULLAGE 

N61 

I I • 

• 

0 0 

0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X X X 

X X X 

X X X 

. + 

+ 

X X X 

X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X 

X X X 

X X X 



' • • 

V37 E nt..-. 30 Enter 

VOO N33 Flashing, Lold O.Sirld GEi'l 

V06 N81 Flashing, Lold Oesirld Av 
• 

I 
+ 

0 0 

0 0 

+ d 0 

• 0 0 0 

+ 0 

X X X 

X X X 

X X X 

r- - -
+ 

+ 
. 

X X X . 

X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X 

X X X 

X X X 

NOTES· 

. 

LB-105 

P30-EXTERNAL Av 
TEl 37 & TEl 45 

. 
Purpose 

Prop/Gu idanoe 

Weight (lbl N47 

PTrim N48 

YTrim 
(degrlfll 

Hours N33 

Minutes GETI 

Seconds 

Avx N81 

Avv LV 

Avz ( fl/ sl 

R 

iMU Gimbel p Angles (degl 

y 

.( HApogee N44 
nmi 

Hp..-;ge. 
AvT lftlsl 

BT (min:s) 

Ave lfl/sl 
SXT Star 

SFT (degrees! 

TRN (degrMSI 

BSS (Coas Starl 

SPA !Coas Pitch, degl 

SXP (Coas X Pos. degl 

LAT 
/!degrees 

LONG 

RTGO (nmil EMS 

VIO (fl/sl 

GET 0.05 g 
Hr: min: s 

SET STARS 

RAiign 
/ 

P Align 

Y Align 

ULLA_9-E 

N61 

-

-

v I 
• 

0 0 

0 0 

+ 0 0 

+ 0 0 0 

• 0 

X X X 

X X X 

X X X 

+ 

. 

+ 

. X X X 

X 

X X X X 

• 0 

+ 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X • 

X X X 

X X X 



f 

. 
• 
• 

• 

V37 E nte<, 30 E nte< 

V06 NJJ FI-shing, Lo.cl Oes�rtd GE Tl 

V06 N81 FleshoiiQ. Load Onored D.v 

I 
+ 

0 0 
0 0 

+ 0 0 
• 

• 0 0 0 
' 0 

I I 
. 

I 
X I X I X I X� ! X I 

- - - ! X X X 

+ 
' 

-

+ 
.. 

X X X .-, 
X 

X X X X 
' 
' • 0 ; • -, 

• 0 0 I 
X X X 

X X 

X X X 

0 I 
I 

LB·106 

PJO-EXTERNAL D.v 
Plane Change & TE I S2 

PurPOse 

Prop/Guidllnce 

Weight flbl N47 

PTnm N48 

YTrim 
(degr-1 

Hours N33 

Minutes GETI 

Second• 

t.vx I N81 

llvv LV 

uvz (ft/s) 

R 

p IMU Gombal v/ Angle> !degl 

.. - .. 
HApogee 

' . nmo ' Hper;ge. ·-· . 
t.VT Clt/sl 

-.. 

I!:T (min sl 

t.vc !ft/sl 

SXT Sttr 

SFT !degrees) 

TAN ldegrec•J 

B$S !Coa• Sta<l 

N44 

SPI>: !Coas Pitch. degl 

SXP CCoas X Pos. degl 

LAT N61 
(Of9tee5-

LONG 

+ 

• 

• 

• 

X 

X 

X 

+ 

+ 

X 

X 

X 

• 

• 

X 

X 

X 

• ! z (nmo) EMS • 

• 10 (It/$) t 
-- - · -1- · 

I I 
X X X 

X X X 

X X X 

. -

NOTES 

GETO�g 
Hr.m1n s 

I SET STARS I . 

I RAii9f> 

p Align I 

I 
Y Ahgn 

ULI,AGE 

/ 

- . 

-· .. 

X 

X 

X 

. 

I 

0 0 
0 0 
0 0 
0 0 
0 

X X 

X X 

X X 

. 

X X 

X X 

I 
X X 

X 

X ' X - i 0 ! ' 

. -1---

- -

X 

X 

X 

X 

X 

X 

II 

0 

X 

0 

0 0 / 

·-- --

.� • 



', . ' 

V37 Enter, 40 Enter 

LB· 107 

P40- SPS THRUSTING CSM 

Plane Change 

v50 N18 Flashing, Request Maneuver to FOAl R,-P, Y Angles 

V06 N18, rDAI i, P, Y Angles AftP.; ll.laneuver to Burn'Altitude 

VSO N�S Fla$hing, R1 "0 0 2.0 4, Gimb>ll Actuator Test Option 

v:;c. 1\4.1, 'ime from. Ignition, Velocit�· to be Gained, Measured Change in Velocity 

'.'99 N40 Fla�t-ing, Engine On E n:·bie Request 

v06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity 

V16 N40 Fla$hing, �"inal Values at Engine Cutoff 

V16 N85 Flashing, Body Axes Residuals (to be Nulled} 

V37 Flashing, V82 Enter 

V16 N44 Flashing, Apogee AltiTude, Perigee Altitude, Time to Freefall to 35 K ft Moon Orbit. 

��;:.,----·--- 300 K ft Earth Orbit 

50·18 Roll 

Pitch ldeg) 

Yaw 

06· 18 Roll 

Pitch (deg) 

Ywvv 

06-40 TF I (min:s} 
' 

VG lft/sl 

�VM (ft/s) 

06-40 TFC (min·s) 

VG lft/sl 

�VM (ft/sl 

/ 16·40 TFC (min:sl 

VG (ft/sl 

.J. VM ltt/s) 

85 X 

y Residuals 
(ft/sl 

z 

85 X 
TRIM 

y (ft/sl 

z 

/ 44 HA (nmil 

HP (nmil 

TFF (min:sl 

-

/ 
/ 

/ 



• 
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I 

I 

• 
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l9·108 

LUNAR ORBIT PLANE CHANGE 

EVENT rrr I t::..V G.E.T. PROPULSION/ PRETHRUST 
GUIDANCE TARGETING • 

-

LOPC 16.5/308.6 165:12:50. 6 SPS/G&N P-30 
. EXT O.V (P-40) 

I:.Vx N85 + It It h 

6Vy RESIDUALS (ft/s) + It It It min GET 

6Vz (BODY AXIS) + It 8 

- - - •. - V  - - -•- V - - -•-V (ft/s) 
X TRIM 

• 

Note: Shadow Is with respect 
to the CSM orbit. 

• 

• 

• P, Y, R with respect to local vertical 

I 
I 

YTRIM 

Earth 
LOS 

' 
' 

/ 

/ 

, 

&TRIM 

p = 77° • 
Y = ss• 
R = -77° 

--+ New Orbit's Longitude 
of Ascending Node· 

..... 

Old Orbit's Longitude 
of Ascending Node 

Sun 
LOS 

-. 
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-

• 

' 
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LB·109 

P24 - LANDMARK TRACKING 

22 -degree pltc h down 22o from local horizontal A -orbital rate through:.- � >' 

CSM Landmarl< Trad<lng Profile 
-

out u·.;.cklng. '.<., 
�·;· ....., Tl-AOS 

/ " . \ 

TOT: 

T1 -

T2 -

TCA -

Ts -

R - -

I 
\ 

T I-Horizon 

• • 
- -· - - · -

- _ I _  _ ,  _ 

• • 
- -·- - · -

• • 
- - · - - · -

\ 
\ 

\ 

-

-

-

-

- • p  - - -• y - -

N or S nml_ _ / SA - - TA_ 

N89 

TCT: 

Tl 
T2 
TCA 

LAT 
LONG/2 
ALT 

- -

- -

- -

- - · - -

- - · - -

- - - · -

• • 
- ·  - - · -

• • - · - -· -

- ' -
• 

- · -

• • 

-

-

-

-

-

-

- - - · - - · - -

( 

-lT2 �T3 

�Tl 

I I 
\ I I 

\ I I 

Hurizon 

Typical 
!ITl 2 :!90 &o:conds 
:. T� , luo seconds 
!I T3 = I� seconds 
AOS to LOS � 1-18 seconds \

\ I I 
\ I /Radlu8 or Moon 

\ I ,  
\ 

C ente r v f Moon 

) 

• 

PZ4 AA T.E -AIDJ::D OPTICS TRACKJNG 
CMC - on (req) 
ISS - oo and aligned 
SCS - on 
BMAG MODE (3) - RATE 2 
GfiN PWR OPTICS - on 
OPT ZERO - ZERO (verify) 
OPT MODE - CMC 

_• (T2 ACQ) V37E Z4£ 

- (T2 ACQ) 

( ) 

F 06 89 

06 92 

LAT, LONG/2, ALT 
LOAD LMK COORDS 
OPT ZERO - OFF 
PRO 

(0. 001', 0.001' , 0.01 nmi) 

AUTO OPT SHF/TRUN (0. 01', 0. 001") 
• F 05 09 00404 (TRUN � 90') 
• MNVR to acquire 
• PRO 
• or V34E, F 37 
OPTICS MODE - MAN 

F 51 MARK REQUEST 
MARK (u olteo as dee Ired) 
To terminate: 
PRO 

R _ _ _ • P _ _ _  • Y _ _ _  • (1'2 ACQ) F 37 XXE 

N or S nml _ _  / SA _ _ TA _ _ ( T2 ACQ) 

N89 LAT - - · - - -

LONG/2 - - · - - -

ALT - - - · - -

/ 

OPT ZERO - ZERO 



I. 

' 
• 
• 

+ 0 

+ 0 

+ 0 

+ 

+ 

+ 0 

+ 0 

+ 0 

+ 

+ 

+ 0 

+ 0 

+ 0 

+ 

+ 

NOTES: 

0 

0 0 

• 

0 

0 0 

0 

0 0 

LB-110 

P24 - LANDMARK TRACKING 

MARK DATA 

Hours 

Min uta GET 
-

S.COndl 

p .. 

IMU Gimbel 
y Angles (degr"l 

R 

SN!ft 
SXT Angl .. 

Trunnion (degree) 

Hours 

Minutes GET 

S«:endl 

p 

IMU Gtmbal 
y Angles (degree) 

. 

A 

SN!ft SXT Angles 

Trunnion 
ldegr .. l 

Hours 

Minutes GET 

Seconds 

p 

IMU Girnbltl 
y Angles (degree) 

R 

SMft SXT Angles 
(degree) 

TrunniOn 

+ 0 0 

+ 0 0 0 -

+ 0 

+ 

t 
� 

+ 0 0 

t 0 0 0 

t 0 

. 

t 

+ 

+ 0 0 

t 0 0 0 

t 0 

/ 

+ 

+ 

/ 

/ 



' 
• 

• 

• 

• 

• 

LB-1 1 1  

P22-LUNAR SURFACE NAVIGATION -

V'n Enur, 22 Enur 

V04 N06 F181hint 

R1: 0 0 0 1 2  

R2: 0 0 0 0 X (1-CSM will not change orbit, 
2-CSM will en-. orbit) 

V06 N33 Fl81hing 

Time of ��eent (h, min, 0.01 s) 
• 

V60 N26 Flashing (if RR Auto mode not selected) 

R1: 0 0 2 0 1 - switch R R  mode to Auto 

X 0 0 0 0 Option Code 

+ 0 0 f,/oi('IUI'S. 

+ 0 Q 0 Minutes 

0 �nds 

X 0 0 0 0 Option CQcM 

+ p 0 �,. 
-

+ 0 0 Mini.ltee 

+ 0 Seconds 

X 0 0 0 0 Option Code 

+ 0 0 Houn 

+ 0 0 0 Minutes 

+ 0 Seconds 

NOTES: 

N06 X 0 

N33 + 0 

Tii'Tll> 
of + 0 
Ascent 

/ + 0 

N06 X 0 

N33 + 0 

Time 
of + 0 

Atclnt 
+ 0 

N06 X 0 

N33 + 0 
Time 
of + 0 
Ascent 

+ 0 
/ 

/ 

/ 

/ 

0 0 0 

0 

0 0 

0 0 0 

0 

' 0 0 

0 0 0 

0 

0 0 



• 

• 

. 
• 
• 

LB-112 

P12-POWEREO ASCENT 

V37 Enter, 1 2  En* 
-

V06 NJJ Flelhing • 

Time of ••�t lh, min, 0.01 sl 

V06 N76 Fllllhing 

OownfW91 velocity, �lei velocity, crOIIlWlge 10.1 ft/s, 0.1 ft/s, 0.1 nmll 

V50 N25 Flelhing 

R 1 :  0 0 2 0 3 ltwitctl Guidance Control to PGNS, Mode to Auto, Thrun Control to Auto) 

V06 N74 Flllhing 

TFI, yWt •f• riM, pitch eftet rile lmin/s, 0.01 deg, 0.01 dig) 

V99 N74 Fllllhin9 

E ngiM on eMble 

V06 N94 Flashing 
VGX. HOOT. H (0.1 ft/s. 0.1 ft/s, ftl 

V16 NBS Fl..,...ing 

VGX (LM). VGY ILM), VGZ ILM) 10.1 ft/s) 

V82 Entlf' 

V04 N06 Flllhing 

R1:  0 0 0 0 2 

R2: 0 0 0 0 X 11-thil vellicle, 2-othllf vehicle) 

V16 N44 FlllhiniJ 

Apoc»nter eltltude, periceoter altitude, TFF (0.1 nmi, 0.1 nmi, min/a) 

+ 0 0 Hours NJJ + 

+ 0 0 0 Minuus 
TIG 

of 
+ 

+ 0 S«:onds 
Aecent + 

+ Desired Downrenge N76 + 
Velocity lft/sl 

+ Desired Aldill Velocity + 
(ft/sl 

0 •ero-•nge Diltlnc. lnmil 

047 SiN of Azimuth 

�e_iOcteil IAGSl 063 Cosine of Azimuth 

Angle (Octel lAGS) 

224/226 Semimejor Axis 
et Insertion lk ft) lAGS) 

231 Lending Site Aid ius 

(k ftl lAGS) 
465 Target Aldill Rete 1t 
I niertion lft/s) lAGS) 
373 TIG of TPI 
(min) (AGS) 

+ 0 0 Hours N37 + 

+ 0 0 0 
Minutes TIG of TPI + 

. 

+ 0 
S«:onds + 

+ LM Weight (lb) + 

+ CSM Weight llbl + 

• Lold 8 nmi if crowange is ureet• tMn 8 nmi. 

NOTES: 

0 0 

0 0 0 

0 

0 

0 0 

0 0 0 

0 

-

" 
.. 
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LB-113 

-

P32-COELLIPTIC SEQUENCE INITIATION ICSI) 

V37 Enter. 32 E ntar 
V06 N 1 1  Flashing 

Tl G of CSI (h, min. 0.01 s) 
V06 N55 Flesh!ng 

Number of -.:>sid41 croaings, elevation angle for TPI (+0 0 0 0 X, 0.01 deg) 

+ 

+ 

+ 

V06 N37 Fl�thing 
TIG of TPI (h. m in, 0.01 s) 

V16 N-45 Fleshing 
Marks. time from ignition. moddle gimbal angle (marks, min/s, 0.01 degl 

V06 N75 Flashing 
6H (COH), 6T (CDH-CSI), 6T (TPI-CDH) (0 1 nmi. min/s. min/s) 

V06 N81 Flashing 
6Vx (LV), 6Vy (LV). 6Vz (LV) of CSI (0 1 ft/s) 

V06 N82 Flashing / 
6V X (LV), 6Vy (LV), 6Vz (LV) of CDH (0.1 ft/s) 

V90 Enter (out of plane correction in final computation only) 
V06 N16 F'-hing 

0 

0 

0 

Time of event (h, min, 0.01 s) 
V06 N90 Flashing 

Y, YDOT, PSI (0.Q1 min, 0.1 ft/s, O.Q1 deg) 

0 Hours 
TIG 

0 0 Minutes for 

CSI 
Seconds ILGCI 

N 1 1  + 

+ 

+ 

0 

0 

0 

0 

0 

N55 (+00001 )  No. of Apsidal Crotaings (+026.60) Elevation Angle ( + 130.00) Central Angle / 

+ 0 0 Hours N37 + 0 0 

TIG 
+ 0 0 0 Minutes for + 0 0 

TPI 
+ 0 Seconds ILGCI + 0 

/ 
+ 0 6 V X Components of N81 + 0 

6v in local 

0 6v y vertical coordinates ( ft/s) 0 

+ 373 TIG for CSI lAGS) + 
(minutes) 

+ 275 TIG for TPI lAGS) + (minutes) 

0 

0 I 

410 +1IAGS·CSI), 605 + 00777 (desired cotan of LOS angle between LM and CSM at desired TPI in octal), 
416 + 1 (computa CSI with CDH at y, orbit aftef' CSI). 623 + 0 (orient Z body-axis parallel to CSM orbit plane J 

0 

0 

0 
---·- --

6 V X Components of 

6V in local 
6Vy vertoca!,coordinates 

used in AGS {ft/s) 

6v2 

N86 0 

0 

0 

I 



\ \ 

TIG-Z AUDIO MODE (BOTH) - VOX 
400+1E GUIG STEERING 
kt5[T '..JATCrt 

TIG • 1 MAS it;< .L\Ri·' - ON 
3(,/f:: 
START CANE RA 

- : 1 0  ABO�T STAGE - PUSH(AT T=O 
ENG AP.l-1 - ASC FOR AGS) 

- :05 PRO 
+ :01 ENG START-PUSH ( I F  AUTO IGN) 

CHECK S-BD ANT 
+1':00 YAW RIGHT 40° 

623+1 
N76E (VH, Vv, jR) 
V16 N77E (Tgo, VY , V I )  
KEY RLSE. 

+ 5 : 00 STOP CAMERA 
CB( 1 1 )  PGNS: RNOZ RDR - CLOSE 
AGC ·· . 1 , AUTO fRK 
TM R/�, 3 1 7 R  
COI�PARE RR, AGS, CSI1 
500� 

500 FPS MAIN SOV \ 2 )  - OPEN· 
ASC FEED 2 (2)  · CLOSE. 

. 

Trl • 

0 : 00 

0 : 1 0 

0 : 30 

1 :00 

1 : 3v 

2:00 

2 : 3() 

3:')(; 
3 : 30 
4 : 00 

4 : 30 

" 

308 

305 

302 

?.99 
�96 

''9" � � 

289 
285 

281 

OtiW 
(\fYAv\ 

40 

38 

36 

34 

32 
?0 --

• 2:' 

25 

22 

ASCENT MONITOR 

VGX 

32.0 

-1 1 0 . 0  

4210.0 

4130.0 

4030.0 

3880 . 0  

3690.0 . 

3470.0 

3210.0 

2910.0 

2570.0 

H DOT 

0 . 0  

53.0 

91 . 0  

1 2 4 . 0  

1 5 1 . \J  
170.0 

183.0 

189.0 
190.0 

1 84 . 0  

1 7 3 . 0  

H 

0 

300 

1800 

5100 

9200 

1 4000 

1 9400 

25000 

30700 

36300 

41 700 
200 FPS ���G :.R;·:-OFr! I F  I Gi, ;,;t,� ,;�10 ' J c . c r -- � !j 19 2200.0 1 5 6 . 0  46600 0 FPS ABORT STAGc-RESE� 

m:; s ro:: - PL'Sf.i 

°KO.NUL� R£SI DUALS 1 2rPs: 
?RO 
S70P OET. RESET WATCI: 
COFY GET 
ENG STOP - RESET 
POO 
.�CC FOR TRIM OR Tw[A� 
FOR NO VOICE 
PGNS,AGS DIFFER < 1 0  FPS, 

TRIM ACTIVE SYSTEM 
PGNS, AGS DIFFER - 1 D  FPS, 

TRIM SYSTEM THAT AGREES 
WITH RR 

{ 1 0 °  IN OHW) (0° YAW) 

V82 

... . ·. 

: : 30 
. . 0 ·_· :·.1 
{, : 30 

7 : 00 

7 :  1 5  

' ! 
�73 

269 

265 

260 

257 

1 7  1 780.0 

1 4  1320.0 

1 1  820.0 
. 

8 290.0 

6 0.0 

r'No
-

AuroiGNili ON--1 
I WITHIN lO SEC:- ' 

1 .  GUIO CONT-AGS ' � STILL NO IGNITION ' 

� 1 .  GUID CONT-PGNS ' 

'
' 2 .  ENG START-PUSH I 

......... �� ....... � .. �-. .... 

135.0 51 000 

109.0 54700 

81 . 0  57500 

50.0 59500 

32.0 60100 

SBO 11e 

77/-66 3050 

2970 

2830 

144/-18 2640 

2470 

147/-13 2300 

2140 

1 50! ·8 1980 

182() 

1 54/-2 1670 

1520 
1 58 /  4 1380 

1240 
163/10 1 1 00 

970 

169/16 840 

1 7 1 / 1 8  770 

( 

MANUAL ASCCtiT (WILL NOM!tiALLY 
BE TARGETED 9 MIN LATEi 

CONFIGURATION NOM INAL EXCEPT: 
MOOE · CONT - ATT HOLD 

PROFILE NOMINAL EXCEPT: 
7-STEP FOR DIRECT MODE 

TFI FOAl OHW 

0:00 0 
0 :  1 5  305 38 
2:00 295 3 1  
3 : 00 290 28 
4 : ·J() 285 24 
5::Jf'\ 275 1 8  
6 : 0C Z6� 1 1  
7 : 00 260 8 

MSFN WILL CALL 2° PITCH AND 
ROLL BIAS COMMANDS FRO� 
GROUND TRACKING AT ABOUT 
7 M I N .  

ASC QTY LITE-MAIN SOV(2) -0PENr 
ASC FEED 2 ( 2 )  - CLOSE' 

SHUTDOWN 
ENGINE ARM OFF 
STANDBY TO RESET ABORT STAGE 

Pb AND DEPRESS ENGINE STOP 
Pb ON CALL FROM MSFN 

r 
IJ) ' 
.... 
.... 
.t> 



... 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TIME 
L0+5 
L0+6 
L0+7 
INS 
1 +00 
2+00 
3+00 
4+00 
5+00 
6+00 
7+00 
8+00 
9+00 

1 0+00 

RANGE ROOT 
140 16b0 
152 813 
155 - 175  
155  -446 150 -443 
146 -439 
142 -435 
137 -430 133 -425 
129 -420 
125 -414 
121 -407 
1 1 7  -400 
1 1 3  -393 

I I INSERTION 1 7 1  : 44 : 391 
I V82 ATT CONT-
1 V76 PULSE 
I AGS MODE CONT -ATT HOLD MODE CONT-

RR MOOE-LGC AUTO I RATE/ERR MON(2)-RNDZ ROR * 
I SHFT/TRUN · 5  
I RATE SCALE 5°/SEC 
I RNG/AL T �1DN-RNG/RNG RT *VHF ANT-FWD * I *400+2 Z-AXIS STEER * 
I *410+4 TPI EXEC * 
I *616+00005 ULLAGE * 
I *623+0 * 

*COPY AGS DATA * I AUDIO 1100E(2)- ICS/PTT * I /!NV 2, CB !NV 1-0PEN * 
I CB( 1 1 )  & ( 16 )  EO: LOGIC PWR-OPEN 

1 CB( 1 1 )  ECS CABIN FAN 1 - CLOSE 

I + 1 GO/ NO-GO FOR TWEAK 
-P4/"'To"AI\D:"2�':4oT - - - - - ,  I *404+0, 405+0, 406+0 • I I *MON ITOR 470 471 472 * I 

I +2 TWEAK 1 7 1 : 4 6 : 39 I 
� !  l>V' S I :I -l�==L _ l 

I 
INSERTION THROUGH TPI 

r, -P4 7FDA I( 0:242:0 )OR iQoOtif ..,, I *404+0, 405+0,. 406+0 • 

I I *MONITOR 470, 471 t 472 • I 
t Jl40 LM BAILOUT @ l .O.+l2:l0 ) I 

:· ll !�����\49 : 39! 1 : 
I L _ _ _ _ _ _ _ _ _ _ _ _ _  ..J 
I P20, AUTO MNVR RR-AUTO 
I V80, MAX N49(2.00,12.0) TRACK 
I 

P31: :ffiT_Ttl _ _ _ _  - - -, 
•*VERIFY PGNS WITH MSFN • 

I J*V47, 4 1 4+1 , 40D+3 •I 
I l"400+2 Z-AXIS STEER *j 
I ·iii 7+1(74i7+61 - - - �-

• 11 1 1  + 1 START AUTO � � J I *310R SET DET * 
I *303R 0 TPI • 

1 V82 
I V83 SET ORDEAL ( 35NM) 
I 
I 
I 

*317R, 1140R, 277R 
V48Qr1 2012 
LM 

• 

I {33 CSM BAI LOUT GET P76 PAD! 
SS *EXT LTG-TRACK • 

�.:..!Jo:....:.:.CH�AR_T_R..:../....:RD..:..OT.:...lj __ J_I _ ___Jj llBJ 
27 (ROOT fRI 

M=1 5, V32 
24 IR�T fRI *COMPARE CMC ,AGS ,VHF/R * 

*POLAR PLOT @ 90 NM • 
21 [ROOT §Rj 

18 !ROOT fRI *CHECK RCS, EPS, ECS * 

- CCC :=!I!! Ql T I "1* I £ I IJ4-' 
-

LOS 

1 5  
*514+0 
*515+4 YAW STEER VEC 
*516+0 

(ROOT iRl 
• 
• 
• 

*MATCH INDICATED ANGLES * 

*TRACK MODE-SLEW * 

*S-BD ANT-AFT * 
SET P (+105) * 

y ( +67} • *BIOMEO-OFF, PCM-Hl • 
*UPLINK SQUELCH-ENABLE * 

1 2  (ROOT §RJ �1� CHART RfRDOT/oj 
( 8 PRO-FINAL COMPI 

*411+D STOP AUTO 

I I � )ROOT J 

6 *COMPARE CMC, AGS 
CHECK TIG OF CSM 

*IDET & APS BURN CARD 
P42 N86 

{PERFORM YAW/ ROLL MANEUVER! 
*404+0, 405+0, 406+0 
*623+1 

r • ., 
• •  0 
� . ... 

• 

• 

* 
• 

*400+1 GUIO STEER ATT CONT-
*41 0+5 LOAD bV MODE CONT *500R __ 

1 :00 AGS MODE CONT-AUTO 
:30 ABORT STAGE PB-PUSH 

ENG ARM-ASC 
: 1 0  MANUAL ULLAGE 
:05 PRO 

• 

I : 00 T p I  ll 72 : 29 : 3 91 I ENG ARM-OFF 
ABORT STAGE PB-RESET 
NULL RESI DUALS 

0 

I 

I . 
r 
Ill 



' 

� .... 

I 
l l 

0 TPI 11 72:29:391 
V76, AGS ��DE CONT-ATT HOLD 
P35 TGT MCC I ATT CONT -PULSE 
MAX N49(0.80,5 .0)  HOD£ CONT-AUTO 
V67 (+02000,+00020, +00005) 

*400+2 Z-AXIS STEER * 
*623+0 • 
*417+1 (/621 +0) • 

, . , *4 1 1 + 1  START AUTO • •
• 2 L .J trn *410+4 TPI EXEC * 

*373+TPI TIME. +15 MIN * 
*307+028.00 * 

4 !ROOT iRI 
6 !ROOT !RI 
8 !ROOT iRI 
9 CHART ol • 

1 0  [ROOT iRJ 
1 2  PRO FINAL COMPI !ROOT � Rj 
1 3  CHART R/ROOT/ol I I *411+0 STOP AUTO � --

I * • 

'-·' 
370R TOTAL VEL ��CC 1 
371R 6V TPF 

-

*404+0, 405+0, 406+0 • 
P41 , V77 

*410+5 LOAD t:.V 
*502R 

05 *472R/502R 
115 MCCll 

NULL RES IOUALS 

ATT CONT-
!lODE CONT 

� 

SR 
r 

1 7  

19  

21 

23 

V76 

-- ...... r - -

TPI THROUGH DOCKING 

P35 TGT MCC 2 ATT CONT-PULSE 
V93 MODE CONT-AUTO r•vtlrrf'V" �tiS POi-Hi 1 • 

l*V47, 414+1 , 400+3 •I l �OQg_Z�li_S_2Tf.E.!L _ . .'�!.. 
*41 1 +1 START AUTO · • ·  

L.J 

*EXT LTG-OFF * 

*410+4 TPI EXEC * 

*373+TPI TIME +30 MIN * 
*307+01 3.00 * 

!ROOT 

!ROOT 

'!ROOT 

a]] 

iRJ 

�RJ 
iRI 

124 CHART � I * 

25 !ROOT iRJ 
[27 PRO-FINAL COMPI [ROOT iRI 
[28 CHART R/RDOTbol I I I - -

*411+0 ST P AUTO • * I 
, _ ,  

370R TOTAL VEL MCC2 
371 R t:.V TPF 

*404+0. 405+0, 406+0 • 

P41 , V77 

*410+5 LOAP t:.V IATT CONT-
*502R MODE CONT 

:05 *472R/502R 
130 MCC2) � 

NULL RES IOUALS 

POO 
V48, 1 1002 
P47 .  V63 

-

I 

*404+0, 405+0, 406+0 * 

AOS *S-BD ANT-AFT,VERIFY COMM* 
*/S-BD P (+ 105)  * 

I v ( +67) • 

1 *S-BD ANT-SLEW (>3.0) • 

*TRACK MODE-AUTO * I *BIOM£0-LEFT, PCM-HI * 
I *UPLINK SQUELCH-OFF * 
I TPI BURN REPORT 
I [40 INITIATE BRAKING! I 30 FPS - 6000 FT I 20 FPS - 3000 fT 
I 10 FPS - 1 500 FT 
I 5 FPS - 600 FT 

*SETUP CAMERA FOR I * DOCKING: I *LM3/DC/60/HCEX 

• 
* 
* 
* 
• 
• 

I * (f1 1 , 250,FOCUS) 5 
I *LM3/DAC/IO/CEX-ULC 
I * (TB/250/10) 6FPS 
I *MAG(BB) FRI __ * 

V34, POO I V76 [ATT CQNT -PULSEJ 
I MANEUVER PICTURES OF SIMBAY • I ss INITIATE OOCKitiG 
I COAS TO OVHD W INDOW 

*EXT LTG-DOCK · * I SHFT /TRUN :.50 * 
I V41N72 (+000,+320) 
1 CB RR(2)-0PEN, V44 
I PITCH DOWN 90°, YAW LEFT 120° 

V77 ATT CONT-I !65 CONTACT! MODE CONT I THRUST TTCA +X UNT IL 
I CAPTURE OR 10 SEC 
I CONFIRM CAPTURE FROM CSM 

MODE CONT (BOTH)-OFF 

. r 
co • 
-
-

en 



l 

• 

., 

I ! I 
I 

I 
i 

1 
I 

l 

-

P1 2 

P11 

Pl! 

Pl2 

Pl.! 

• • • 

Pl2 

LB·117 

ASCENT DISPLAYS 
(P12) 

-

c ;,mh •l 

\ n ·h·� �===�>tc. ;;:1.-:1 @):t -=:-

lt\1"1 c:\UO 
'"...;:· \lf\1 ' 

I �� 
Cl'II)M:C 1:. 
CO�II'l' n:n 

\'llt-.�;):l 

\'00� �t.i 

\'OG:-:H 

Ul 
GI'IJ\ASC' F 
('O�IPI"I ��� 

VOG:-!94 

V16!'i ... 

V\61<85 

1 Jl , ' ..... 

R I: 

R •• -· 
R3· 

Rl. 

R!: 
R1· 

Rl: 

R•· .. 

R3: 

Rl: 
R2: 

R3: 

Rl: 
Rl: 

R 1: 
R2: 
R3: 

·rtw.,• � f .\1'� h.:.n•tlun (f!RS) 
'I tnH· <'f .\P!'i lt:muor. PHS) 
Tim( • n f PSI mtio n s �:c 
l>o-.. nr.,n.-:<.· v .. ·!oc:Hr 
Rad1a1 \'dctt·i� 

Cros�"tr'.J •• 

Time t'rom Cgn.ihon 
Predict«! FOAl Yaw Angle 

After Vertical Rtse Phase 
l'redlclod t'OAI Pitch Angl� 
Alter PI 
vex 

hv r V h:l e 

Altitude Rate 

Altitude 

Tlmt to En.21ne CutoU 
Velocmo '\t•n-r..ll to 
CS�I Plan .... 

Veloclly·IO·b<'-Cained (X·A<II) 
Veloclty•IO•b<'•Calned ( Y •A<I8) 
Veloci ·-to•be- G aine<.l Z-Axls 

' . . \ I . I 

� :t

:

; T P I :•1 • "  

( 
. .. . ' . 

• 
: . 

• • 
. ' • •  l . .. .., ' .. -,..,q,'l""io"'""P"l"'f' 

#0 < \ 10 1 t> )- tO

I

, t l) 
•I • • • •<> (. U .-( \ 

(K• ..0.NT[R INDICATOR I 

• 

r-' 
. , . ... J : I 

'• I 
/ 

RHG / tlt:HG R T, ALT./ ALT. ItT 

''ZO.: .... \ 

IN()K:ATOR -� 

::a 7 8  



-

... 

• 

ASCENT DISPLAYS 
I M U 

INERTIAL 
IIIEASURMENT 
UNIT 

(i l fri8Al 
ANGL E S 

AOU 

GASTA 
GIMBAL ANG�E SEOUENC£ 
TRAN S FORMATION ASSEMBLY 

TOTAl A HIT\1 0[ 

r - - - - - - - -,  
I ATTITUDE loiON 1 
I I 
I PGH$ I 
I � 1 
I I 
I I 
I AGS I L---r - - - -'  

AOU- 1 _; 
' 
I 
I 

1'.::;"'��-:�::>--------oi' : ! -� AGS YAW : � ..-F· .
. :-1! 

I � :i w.,;J' I 
"'''" :> : � fOAl ""'=-Q..�-c-� f.:::\\,__./ FLIGHT DIRECTOR 

-...:;P,_,of-"C"::.....----o � - ATTITUDE INDICATOR 

- . 
G : 
-e: 

a •e ·tl.:\· - = · \�.) ;a e� . �. · 

� 0 
I -
I 

RATV ERR MON 
ltNOZ RAOAfll 

® 
\.OG ROfii/CNtftfR 

•• "· & l .U($ 
( 80()'1' RAT(S 

tAGS GYROS J 
ROLL / - .. 

/ 
fOAl \C • �· -1 . FLIGHT DIRECTOR 

ATTITUDE INDICATOR l! llr \.. � 1/ . 

� 
Pt tf.:H 

cou 
L orToTUD£ COUPLING DATA UNIT 

: o  A /0 SECTION 
ATTITUDE MON f PGN$ 

� 
AGS 

DIGI TAL AUTOPILOT 
EQUATIONS - LGC 

(,ll,if)Al AA'f( 
ArTtTu0( ro eoov oar( 
E PROOS T !It AHS(()It V A T1 ()H O (OV S [ 6 YAW 1 [I 
6 PITCH : 0 

A ROL� 0 

SINM 
cosMcosO 
cosO ""o 

0 ] [  0P<I£S£Nf • 0 DES"'£0] 
SINM [Ht(S(Nf .. I �IW:O 
COSO MPftES[Hf • MQGit(O 

0 :  OVI(R C.t,.8Al ANG\.l { t )  
1 -: IN,..( A GI,.,.8AI.. AHCiL( t ,1 
M � "'III)Ot..( Ga!oi8Al AHGL( (I l 

o. I. M ()(SIR(O • O£Stfll£0 COU •NCA. £S 
0, I . M PR (S£ N T • Pfi[S( N t c o v ANG \.(S 

ORD E A L 
OR81 T RAT E DISPLAY 

£ ARTH 8 LUNAR 
F LIGHT DIRECTOR ATTITUDE INDICATOR 

L• ·•:...:•:.E::_L _;I�V::;l,:A.:_I __ - 0 
fwO V[l llGCl 04 I 0 

I 
0 1  

I 
I 

0 ' 
I 
I 
I 

•• I 
&.A vn. tvYa) 0 1 TAuNHION �AT£ I 

I <.AT!IIAL VEl iLGCl 0. 1 0)-
1 

lATE:.IItAL '/[l. tAGS) 0 I 
I 

MODE SEL 
�00 AAOAA 

@ PGNS 

AGS 

I 

0 
I 
I 
I 
I 
I 
' 
I 

RATE/ERR MON 
ftHOZ RAOAA 

� 
\.HOG AOR/CNTA 

X POINTER INDICATOR I 

.,... 

---
X 

�-I • • I • • 
• •  

I . 
• 

I • I 
I y 
I 
I 
I 
I 

POINTER 
HI NUL.T 

� 
U) MUt..T 

• 
• 

.m;:& 

• 
. ... . . . . . . 

.. .. . _ _ .., 

MOO£ SEL 
�OG ROtt ®PGHS 

AGS 

RNG/ALT MON 
ANG/AHG AT 

� 
ALT/Alf Rf 

� Tt TUOt IU TE - l. fit I ��:.!!�::!'.!�._l"'<:>-----J 
ALTITVO£ fi'O.f£-\.GC O'-------O 
Af..fiTUO£ PA.t( -1\0S O 

RANGE/ RANGE AA rE . A � TITUDE / .Al TITUDE RATE I NOIC .A TOR 

' 

' 

I 

\ 
,.., 
ro . 
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' 
• 
• 

' 

V37 Entw, 12 En.

V06 N33 Fl .... ing 

Time of IIC*'It (h, min, 0.01 a) 

V06 N76 Fl_,ing 

LB-119 

P12-¥0MRED ASCENT 

Down,.. velocity, r.tlll velocity, Cl"1llll*'9 (0.1 ft/1, 0.1 ft/a, 0.1 nmi) 

V60 N26 Fl .... ing 

R 1 :  0 0 2 0 3 (Mitch Guidance Control to PGNS, Mode to Auto, Thrun Control to Auto) 

V06 N74 Flllhlng 
TFI, yfiN afw riM, phd\ aftw rile lmln/1, 0.01 dig, 0.01 dig) 

V99 N74 Flllhing 

Engine on INiblt 
V06 N94 Flashing 

VGX, HOOT, H (0.1 ft/s, 0.1 ftls, ttl 
V16 N86 Flllhlng 

VGX (LMI. VGY (LM), VGZ ILM) (0.1 ft/s) 

V82 Entw 
V04 N06 fl_,ing 

R1: 0 0 0 0 2' 
R2: 0 0 0 0  X (1-thill whicle, 2-other vehicle) 
V16 N44 Flllhlng 

Apocentw altitude, perantw 81titudt, TFF (0.1 nml, 0.1 nml, mln/s) 

+ 0 0 Houn N33 + 

+ 0 0 0 Minutes TIG 
of 

+ 

+ 0 S«onda �t + 

+ Desired Downr.nge 
v eloc:ity ( ft/ a) 

N76 + 

+ Desired R 8dilll V eloclty + 
(ft/1) 

0 "Croar•nge Oilt:lnce lnmll 

047 Sine of Azimuth 
Angle (Octal) IAGSI 
063 Cosine of Azimuth 
Anjjle (Octal lAGS) 
2241226 Semimejor Axis 
at I ntertion (k ft) lAGS) 
231 Landi "II Sita Radius 
(k ft) lAGS) 
465 Target R8dilll Rate at 
lniution (ft/sl lAGS) 
:I73 TIG of TPI 
(min) lAGS) 

+ 0 0 Hourt N:Il + 

+ 0 0 0 Min uta TIG of TPI + 

+ 0 Seconds + 

+ LM Weight (b) + 

+ CSM Weight llbl + 

•Load 8 nmi if croarange is greater than 8 nmi. 

NOTES: 

0 0 

0 0 0 

0 

0 

0 0 

0 0 0 

0 

/ 

, 
, 
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I 
' 
• 

• 

--
LB·120 

LM INSERTI0f'j 

EVENT BTTA V G . E . T .  PROPULSION/ PRETHRUST 
GUIDANCE TARGETING ' 

-

INSERTION 435. 2/ 171:37:23.9 LM-APS/PGNS P-12 
6 , 0 55 .5 

RESIDUALS (ft/s) + X X h 
t:. V X N85 jsoo + X X X min GET 
t:. Vy PGNS AGS �01 
t:. v z 1502 + X 8 

- - -•- VxTRIM - - -•- VYTRIM 
- - - • - VzTRIM (ft/s) 

Note: Shadow is with respect 
to the CS:vl orbit. 

' 
L M  
Apolune 
(45. 6 nmi) 

. . . . . . .  
• 0 • • • • • • • 

. . . . . . . . . . . . . . . . . . . . . • 0 • • • • • • • • • 
• • • • • 0 • 0 • • •  

• • • • • 0 • • • • • 
• • • • 0 • • • • • • • 0 0 0 • • •  0 • 0 • • •  0 . . . . . .. . . . .  . 0 • •  0 • • • • • •  0 • •  

• 0 • • • •  0 0 0 0 0 • •  • • • • • 0 • • • • • •  0 
• • • • • •  0 • • • •  0 • • 

• • • • • • • • 0 • • • • 

• 
0 

•
• "' ••

•
•

•
•

•
•

• 
0. • ••••• • 

•• 
• • • • 0 0 • • • • • • • 

• • • • • • • • • • 0 • • 
• • 0 • • • • • • • • • • 

• 0 0 • 0 0 • • • • • • • 
. . . . . . . . . . . . . 

• • • • • • • • 0 • 0 • 
. . . . . . . . . . . . 

• • • • • • • • • 0 • 
• • • • • • • • • • • 0 0 

•• • 0 •• •  
. . . . . . . . . . . . . . . . ......... .. .  

. :-: .. . :VIoon 

, � ......... 

" 
" 

\ 
\ 
\ 

/ 
I 

I / 

I 
I 

tW- -\ 
· L:\T Pe rilune "-

I 
I 
I 

(9 nmi) " 

--- - _ ... I I 
I 
I 

0 
CS�I Position at 
.-\sc�nt Initiation 

Ear th 
LOS 

\ 

i 
I 

Swl 
LOS 



GET 

.. ( It/a) 

T?f 
1'12!21131 

c lt�J.U/100. 0) 

PJ• FWl Comp. 
TPI-10 

( 1 ... W/)tt,t') 
. • 

'"""··�·-r; .... 
..... 
..,_. L::=--....: .... 

• • • 

• 

"'"'·" 

MCC-1 
f'M •13 

(&tO, JY/2&4. t) 

·---� 
wcc .. z TP1 •$0 
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RENDEZVOUS DISPLAYS 
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LB·123 

P34-TRANSFER PHASE I N I TIATION (TPI) 

_y37 Enter, 34 Enter 

V06 N37 Flashing 
-

TIG of TPI (h, min, 0.01 s) 

V06 N35 Flashing 
R2: Elevation angle, R3: Central angle (0.01 deg, 0.01 deg) 

V16 N45 Flashing 
Marks, time from ignition, middle gimbal angle (marks, min/s, 0.01 degl 

V06 N58 Flashing 
Pericenter altitude, 6 V (TPI), 6 V (TPF) (0. 1 nmi, 0.1 ft/s, 0.1 ft/sl 

V06 N81 Flashing 
6 Vx (LV). 6 Vy (LV), 6 Vz (LV) for TPI (0.1 ft/s) 

V06 N59 Flashing 
6 Vx (LOS), 6 Vy (LOS), 6 Vz (LOS) for TPI (0.1 ft/s) 

+ 0 0 Hours 
TIG 

+ 0 0 0 Minutes of 
TPI 

+ 0 Seconds • 

N37 + 

+ 

+ 

0 

0 

0 

N55 (+00000) Conic Integration, (+00000) • Elevation Angle (+1 30.00) Central Angle 

0 6vx !LV! N81 

0 6Vy (LV) Components of 
. 6V in local 

0 6Vz (LV) vertical 
coordinates (ft/s) 

+ 0 Total 6V required for N42 
TPI (ft/s) 

X X X R LM F DAI inertial 

X X X p roll and pitch angles 
at TPI (degl 

+ 0 Range at TIG·5 min N54 
(nmi) 

0 Range rate at TIG-5 min (ft/s) 

0 b.Vx I LOSl N59 

0 C.Vy (LOS) Components of 
�v in line of 

0 !:lvz (LOSJ sight coordinates 
I ft/sJ 

X X Burn time (min/s) 

307 + 043.00 (AGS-Desired Transfer Time) 

•P34 calculates Elevation Angle for given TIG of TPI 
NOTES: 

0 

0 

0 

+ 0 

X X 
X X 
+ 0 

0 

0 

0 

0 

X X 

0 

0 0 

• 

" 

X 
X 



• 

• 

• 

• 

; 
• 

• • • • • • 

o -1- • 0 

0 • 0 

0 • 0 

• 

• 

• . 
0 0 

0 0 

0 0 

• 

• 

• 

• • • 
• • • 

• 

• 

• 

CHANGE SIGN; BI AS , D.vX • · 1.0, D.vz • +2. 0 

BURN RULES 

If two of three solutions egret. 

burn pnouty $Oiutton. 

Pr•onty of Soluttons· PGNS, AGS. CMC, Charts 

• • • 
Gu•de Valuts X • 3 h/s, V • 7 h/s, Z • 9 ft/s 

RR agrMs with VHF where 
A R • 0.01 R -t 0.5 nm•. � R tS always �1 nmi, 

tf RR does not �ree w•th VHF. 

MSFN •solates fa•led systtm . 

L8·124 

DIRECT TPI 

PGNS 

• • 

• 

• 

• 

A GS 

• 

• 

• 

CSM 
• 
• 

• 

• 

• 

-

• • 
• • TIG TPI N 31 

• 0 HP (nmt) N!X\ 
' 

+ 0 u V TPI !Ills I 
. 

• 0 �V TPF Cft/sl 

• avx N81 . 
• �VY 

LV 
Ch/s) 

• �vz 

0 0 LOS ldogl 303 

0 u V TPI Cfllsl 370 

0 uV TP F C h lsl 37 1 

• �vx 450 
LV 

• �VY lh sl 451 

• .lvz 452 

• • • • T1G TPI N37 

• D.vx . 
LV 

• D.vv th/sl l --
• D.vz 

ELEV ,. NSS 
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TRANSFER PHASE INITIATION 

- PROPULSION/ PRETHRUST EVENT - BT/AV G . E . T .  GUIDANCE TARGETING - -

TPI 12.6/73.7 172:29:29. 1 LM-APS/PGNS P-34 LAMBERT (P-42) 
RESIDUA LS (ft/a) + X X h 

AVx N85 
AVy PGNS 
AVz t 

- - -•- VxTRIM 

/ 

Note: Shadow is with respect 
to the CSM orhit. 

* 

I - First br:rking rr.aneuver 
2 - Second braking m:meuver 
3 - Third braking maneuver y Fourth braking mnneuver 

/ 

� 00 + X X X min 
AGS �01 

lso2 + X 8 

- - -•- VYTRIM - - - • - VzTRIM 

- -
--

:$1_.. � 
:..v 

-

I 
I 

0Earth 
LOS 

' ' 

""" / 
/ ""'-

--- ' 

\ 
\ 

I 
/ 

' 
' 

\ 
\ 
I 
I 
I 

I 

" 
' 

2 
3 

4 

GET 

(ft/s) 

1 
Rr:tking 
Maneuvers* 

Sun 
LOS 
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• 

LM RENDEZVOUS FINAL PHASE 

BRAKING BRAKING BRAKING 
MANEUVER MANEUVER MANEUVER 

-

-

-

- -
-

1 2 3 MANEUVER 4 
AND DOCKING 

BR AKING MANEUVER DESCRIPTIONS 

1 .  AT R ; 3 , 000 FEET. MANEUVER REDUCES RANGE 
RATE FROM 32 TO 20 FT/S. 

2 .  AT R • 1 , 500 FEET. MANEUVER REDUCES RANGE 
RATE FROM 20 TO 1 0  FT/S. 

3. AT R a500 FEET. MANEUVER REDUCES RANGE 
RATE FROM 10 TO 5 YT/S. 

4. AT R •100 FEET. MANEUVER REDUCES RANGE 
RATE FROM 5 TO 0 FT/S. 

MOON 

/ 

/ 
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V37 Enter, 30 !Enter 
V06 N33 Fluhing, Lood Desired GET! 

V06 N81 Flashing, Load Desored ilV 

-

• 0 0 

• 0 0 0 

• 0 

. 

• 

X X X 

X X X 

X X X 

• 

+ 

+ 0 0 

+ 0 0 0 

• 0 

X X X 

X X X 

X X X 

v 

LB·127 

P30- EXTERNAL AV (LMJ 

. 

Purpose 

Hours N33 + 0 0 

MtnutH GET I + 0 0 0 

S.Conds • 0 

tlvx N81 

tlVy LV 

tlvz (ft/sl 

tlVR (ft/s) + 

ST (min:sl X X X 

R FOAl lntrttll X X X 
Angl� 

p (degrees) X X X 

tlvx N86 
AGS 

tlvy Targetong 

(ft/sl 
tlvz 

HApoqee 
N42 + 

HPerigee (nmi) J 
• 

• 

tl VT (ft/s) + 

LM JETTISON PAD 

Hours + 0 0 
GETI 

Minutes JETT 
+ 0 0 0 

Seconds + 0 

R N22 X X X 
IMU Gimbll 

p Angles (deg) X X X 

y X X X 

P99-LM DEORSIT SURN 

.-
Time from ignition N40 

Velocity to be Gained 

Veloci ty Accumulated 

Time from Ignition N40 

Velocity to be Gained 

Velocity Accumulated 
. 

X N85 

Y Residuals 
(h/s) 

z 
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V37 Enter. 3Q Enter 

V06 N33 Fleohing, Lo.cl Detired GETI 

V06 N81 Flashing, Lo.cl Oetir.cl 6.v 
. 

I 
+ 

0 . 0 

0 0 

+ 0 0 

+ 0 0 0 

+ 0 

/ / 
X X X 

X X X 

X X X 
. 

+ 

+ 

X X X 

X 

X X X X 
/ 

+ 0 

+ 0 0 

X X X 

X X 

/ Vx X X 

0 

+ 

+ 

X X X 

X X X 

,Vx X X 

- --- - -

LB-128 

P30-E XTE RNAL 6.v 
CSM Separation 

Purpose 

Prop/Gu�nce 

Weight Obi N47 

PTrim N48 

YTrim 
(degrees) 

Hours N33 

Minutes GET! 

Seconds 

6.vx N81 

6.vy LV 

6.vz (h/$) 

R 

p IMU Gimbal 
Anglet (deg) 

y 

HApogee N44 
nmo 

Hpe<igee 

6.vT !ft/sl 

BT (min:sl 

6.vc !ft/sl 

SXT Star 

SFT !degrees! 

TAN (degr-) 

BSS (Coas Star! 

SPA (Coas Pitch. <leg) 

SXP (Coas X Pos. <leg) 

LAT 
(degr-

LONG 

RTGO (nmi) EMS 

VIO (ft/s) 

GET 0 .05 g 
Hr: m i n ·s 

SET STARS 

RAiign 

P Align 

Y Align 

ULLAGE 

N61 

-

II / 
+ 

0 0 • 

0 0 

+ 0 0 

• 0 0 0 

• 0 

. 

X X X 

X X X 

X X X . 

+ 

+ 

X X X 

X 

X X X X 

• 
+ 0 

• 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X/ � 
X X X 

X X X 
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-

- • 

• 

P47-THRUST MONITOR 

vn Emer. 47 Entw 

• 
V18 N13 Fa.tllng. AV XYZ Body Ax• 

: NQ Entw 

! V18 N82 Fl..tllnt. lnehlel Velocity, Al11tud• Rat•. Altitud• I 
. 

. ',. .:: _, J . 
·1 
1 I 

' 
• 
• 

X X 

X X 

X X 

X X 

" 
/ 

..... 

NOTES: 

I 

/ 

/ 

X R 

X p IMU Gimbel Anol .. 

(� 
X y 

X BT (min:sl 

VI (ttl a) 

. 
X 

y Av ttl• 
z 

v ftls 

HOOT ttl• 

H nmi 

• 

-

X X X 

X X )( 

X X X 

X X X 

N83 

Ne2 



/ 
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V37 Enter, 41 Enter 

LB-130 

P41 - RCS THRUSTING 
CSM Separation 

V50 N 1 8  Flashing, Request Maneuver to FOAl R, P, Y Angles 
-

_ V06 N18, FOAl R, P, Y. Angles Af1er Maneuver to Burn Attitude 

V06 N85. X, Y, Z Body Axes Velocity to be Gained 
V16 N85 (Average G on at TIG -30) Velocity to be Gained 
V 1 6  N85 Flashing, Body Axes Residuals (to be Nulled) 

50-18 Roll 

Pitch 

Yaw 

06-18 Roll 

Pitch 

. Yaw 

06-85 X 

y 

z 

16-85 X 

y 

z 

16-85 X 

y 

z 

X 

y Trim 
( ft/s) 

z 

(deg) 

(deg) 

VG (ft/s) 

VG (ft/s) 

Residuals 
(ft/s) 

-

. 

• 
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LB·131 

LM DEORBIT 
. PROPULSION/ - PRETHRUST EVENT BT/AV G . E . T .  GUIDANCE -TARGETING 

- -

LM D£0RBIT 82. 3/195.4 179:06:22.7 LM-RCS/PGNS P-30 
(RETROGRADE) . EXT 6V (P-42) 

RESIDUA LS (ft/a) � X X h 
t:.Vx N85 �00 min GET t:. Vy 

+ X X X 
PGNS AGS �01 

t:.Vz �02 + X B 
- - -7VxTRIM -

- - -- VYTRIM 
- - - • - VzTRIM (ft/s) 

• 

Note: Shadow is with respect 
to the CSM orbit. 

- .. 

• 

-- -"""" 

• 

• 

LM Lunar 
Impact 

Approx. 26. 25° N 
1. 67°E 

LM!CSM 
Separation 

�-' 

/ 

' 

' 

CSM is ahead 
I and above LM. 
I 

/ 

Earth 
LOS 

/ 

/ 

/ 

SUn 
LOS 
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I. 
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V37 Enter. 30 Enter 

V06 NJJ Flashing, Loed Oesored GET! 

V06 N81 Flashing, Loed Oesored D.v 

I 
+ 

0 0 

0 0 

+ 0 0 
+ 0 0 0 

• 0 I 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

I 
X X X 

X X X 

X X X 

� 

. - - - ,.  

-

LB-132 

PJO-E XTE RNAL /::1v 
TEl 58 & TEl 60 

-

• 

-

PurpOse 

Prop/Guidance v I 
Weight Ubi N47 • 

PTrim N48 0 0 

YTrim 
I degrees) 0 0 

Hours N33 • 0 0 

Minutes GET I + 0 0 0 

Seconds • 0 

.:wx N81 

1::1vv LV 

uvz lft/s) 

R X X X 

p IMU Gimbal 
X X X 

Angles (deg) 

y X X X I 
HApc>gee 

N44 + 
nmo 

HPerigee I 
1::1vT (ft/sl • 

8T lmin:s) X X X 

1::1vc lh/sl X 

SXT Star X X X X 

SFT (degrees) + 0 

T R N (degrees) t 0 0 

BSS ICoas Star) X X X 

SPA ICoas PItch, degl X X I 
SXP ICoas X Pos. degl X X X 

LAT N61 0 

(degrees 
LONG 

RTGO (nmil EMS + 

VIO lft/sl + 
G E T O O S g  
Hr . min: s 

SET STARS 

RAiign X X X 

P Align X X X 

Y Align X X X 

ULLAGE 



I 

I 
' 
• 
• 

V37 Enter. 30 Ente< 
V06 N33 Flashing, Load Desired GE Tl 
V06 N81 Flashing. Load Oesored Av 

-

I 
+ 

0 0 

0 0 

+ 0 0 

• 0 0 0 

t 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X 
I 

0 

I • 
+ 

+ 

I I 
I 

LB-133 

P30-E XTE RNAL t:J.v 
TEl 62 & TEl 64 

-

Purpose 
PropfGu ida nee 

Weight (lb) N47 

PTrim N48 

Yrrim 
(degrees) 

Hours N33 

Minutes GET I 

Seconds 

D.v X N81 

Avv LV 

D.vz I ftfsl 

R 

p IMU Gombal 
Angles (deg) 

y 

HApogei! N44 
nmi 

HPerigee 
D.vr lftfsl 

8T (min:s) 

Ave lftfsl 

SXT Star 

SF T (degrees) 

T R N (degrees) 

BSS (Coas Star} 

SPA (Coas Pitch. deg) 

SXP (Coas X Pos. degl 

LAT N61 
(degr� 

LONG 

RTGO (nmil EMS 

VIO (llfsl 

- - --lGE T-0 05 g- � -
Hr m.n s 

SET STARS 

X X X RAJign 

X X X I P Align 

X X X y A(igr> 
ULLAGE 

-- / 
NOTES 

+ 

0 0 

0 0 

+ 0 0 

+ 0 0 

• 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X 

+ 

+ 

X X X 

X X 

X X X 

0 

• 

• 

--f-

X X X 

X X X 

X X X --

!I I 

0 

X 

0 

-

-

0 

0 

-

i 

f 
t 



' • • 

V37 Enter. 30 Enter 

V06 N33 Flashing. Load Oesor•d GETI 
-v06 N81 Flashing. Load Oesor•d t:J.v 

I 
• 

0 0 
0 0 

t 0 0 
I 0 0 0 
• 0 I 

I l i 
X X X 

X X X 

X X X 

• 

• 
' 

X X X 

X 

' 
• 

X X l X X 

+ 0 
• 0 0 
X X X 

. 
X X 

X X X I 
0 I I • 

+ 

t 
- - - - -I 

I 
X X X 

X X X I 
X X X 

--

LB-134 

P30 - E XTE RNAL t:J.v 
TEl  69 & TEl 7 1  

PurPOse 

Prop/Guidance 

Weight lib) N47 

Prrom N48 

Yrrom 
ldf!9r�) 

Hours NJ3 

Minutes GETI 

Seconds 

...lvx ' N81 

...lvv LV 

...lvz (ft/s) 

R 

p IMU Gimbal 
Angles ldeg) 

y 

HAP09" N4-4 

nm1 
HperoQ" 

t:J.vr !ft/sl 

BT lmon S) 

...lvc lft/sl 

SXT Star 

SF T I degrees) 

TRN (degrees) 

BSS ICoas Starl 

SP� (Coas Potch. deg) 

SXP ICoas X Pos. deg) 

LAT N61 

I degrees 
LONG 

RTGO lnm1l EMS 

VIO lft/sl -- �r o os -�--·-
Hr m 1n s 

SET STARS 

RAtogn 

P Align 

Y Alogn 

ULLAGE 

II I 
• 

0 0 
0 0 

+ 0 0 
• 0 0 0 
• 0 

X X X 

X X X 

X X X 

• 

+ 

X X X 

X 

X X X X 

• 0 
+ 0 0 
X X X 

X X 
I 

- x X X 

0 

• 

• 
- -

X X X 

X X X 

X X X 
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LB-135 

• 
P30-E XTE RNAL flv 

-TEl 73 & TEl 74 (Preliminary) 
V37 Enter. 30 E nte< 

V06 N33 Flashing. Load Oesirad GETI 

voo N81 Flashing, Loed Desired tlv 

+ 

0 

0 

+ 0 

• o · 

t 0 

X X 

X X 

X X 

+ 

+ 

X X 

X 

X X 

+ 

+ 

X X 

X 
' 

X 

X X 

0 

+ 

+ 

X X 

X X 

X X 

NOTES: 
/ 

. 

1-
I 

0 

0 

0 

0 0 

..... 
X 

X 

X 

X 

X X 

0 

0 0 

X 

X 

I 

X 

X 

X j 

-

Purpose 

·Pr op/Guidance 

Weight lib) N47 

PTrim N48 

YTrtm 
ldegr&es) 

Hours N33 
Minutes GETI 

Seconds 

Llvx N81 

!::J.vy LV 

tlvz lh/s) 

R 

p IMU Gombal 
Angles ldegl 

y 

HApogee N44 
nmi 

HPerigee 

LlvT lft/s) 

BT (m;n:s) 

tlvc lftlsl 

SXT Star 

SF T (degrees) 

TRN !degrees) 

BSS !Coas Star! 

SPA !Coas Pitch, deg) 

SXP !Coas X Pos. deg) 

LAT N61 
(degrees 

LONG 

RTGO !nmi) EMS 

VIO (ft/s) 
- I GET 0 .05 g 

Hr: min: s 

SET STARS 

RAtign 

P Align 

Y Alogn 

ULLAGE 

-I 
+ 

0 0 

0 0 

+ 0 0 

+ 0 0 0 

• 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 
+ 0 

' 0 0 

X X X 

X X 

X X X 

0 

t 

• 

X X X 

X X X 

X X X 



I 

' 
• . 

/ 

i..B-136 

PJO E XTE ANAL tJ.v 
TE I 74 (Nominal! & TE I 75 

V37 Enter, 30 E nte< 

V06 N33 Flashing, Load Oostred GETI 
-

V06 N81 Flashing. Load Oewod �v 

• 

0 0 

0 0 

• 0 0 

I 0 0 I 
• I 0 

: 

i • ' I 
I 

X X X 

X X X 

X X X 

• 

• 

• 
• 

X X X 

X 

i X X X I • f-
• . 

. 

X X X 

X X 

X X X 

. 0 

• 

• 

. I • 

X X X 

I X X X 

X X X 

--

NOTES 

. 

I 

0 

l 
I I I 
I 
I 
I 

. 

' 

I i 

I X 

! 

' • I ' 
' I I 

I 

I 

0 

' 

. 

i 
• 

I 
I 

0 

0 

- . 

PurPOse 

Prop/G u 1dance 

Weight (lbl N47 

PTr•m N48 

Yrr�m 
ldegreesl 

Hours NJJ 

Mtnvtes GETI 

Seconds 

..lv x 
I I N81 I ..lvy LV 

..lvz (fils) 

I ' R 

p tMU Gombal 
Angles ld�l 

y 
. 

HApogee N-44 
nm1 

HPero� �VT llt/sl 

BT '""" sl 

..lvc llttsl 

' SXT Star 
I 
I SF T I degrees) • I I I TAN (degrees) 

BSS ICoas Starl 

• 1 SPA ICoas P1tch. degl 

I �X P I Coas X Pos. d�g I 

LAT N61 

I (degrees 

I LONG I 
ATGO lnmil EMS 

VIO (ft/sl 

�-�ToosgT-
Hr mtn s 

SET STAAS 

RAitgn 

' 
P Altgn 

; Y Alogn 
• I . 

ULLAGE 
. 

I 

' 

' 

• 

X 

X 

X 

• 

• 

X 

X 

X 

• 

• 

X 

X 

X 

+ 

• 

- -· 

X 

X 

X 

I 
• 

_I_ 

0 0 

0 0 

0 0 

0 0 

0 

I ! 

X X 

X X 

X X 

X X 

X X 

X X 

X 

X X 

0 

r-
X X 

X X 

X X 
-----

-

0 

X I I 
• 

I j I 0 

0 0 

I 
• 

I 

- -

I 



L8·137 

TRANSEARTH INJECTION 

- EVENT BT/ t:::.V G . E . T .  PROPU LSION/ 
GUIDANCE 

TEI 139.0/ 223:43:4 7 . 6  SPS/G&N 
(POSIGR.ADE) 3 , 0 4 6 . 7  EXT 6V (P-40) 

6Vx 
AVy 
AVz 

- - - • - V 
X TRIM 

Note: Shadow is with respect 
to the CSM orbit. 

' 
• 
• 

N85 + X 
RESIDUALS (ft/s) + X 
(BODY AXIS) + X 

- - - · - v 
YTRLM 

. ....... . . . . . ... ... .  ······ ············· ••• • ...........•. 

I 

Moon 

Earth 
LOS 

X 
X X 

- -

\ 

PRETHRUST -
TARGETING 

P-30 

h 
min GET 

8 

- • -V z (ft/s) 
TRIM 

Hyperbolic 
Lunar Escape 



' , 

t 
t 

I 

• 

' 
• 
• 

V37 Enter. 30 E nte< 

V06 N33 Flashong. Load Oesored GET I 

V06 N81 Flashing, Load 0Hored �V 

I 1'-
+ 

0 0 

0 0 

• 0 0 

• . 0 0 0 

I 0 I • 

I ! 
I I ' 

I I -I • 

X X X ' 
-

X X X I 
X X X 

• 

I 

• 

X X X 

X 

X X X X 
I 

0 • 

� ' 
• � 0 

X X X ' 
X X 

X X X 

0 
• 

+ 

+ 
--�-

X X X 

X X X I 
X X X 

---- I 
-

NOTES: 

! 

� 

I 

LB·138 
PJO-E XTE RNAL t::I.V 

MCC 5 

Purpose 

Prop/Guodance 

Weight Ubi N47 

PTrim N48 

YTr•m 
ldegr�11 

Hours N33 

Mtnutes GET I 

Seconds 

_j,vx I N81 

�Vy LV 

�vz lft/sl 

R 

p IMU Gombal 
Angles (degl 

y 

HAI)09ee N 44 
nmo 

HPeri9ee 

t::l.vT lft/sl 

BT lmin·s) 

.j,vc lft/s) 

SXT Star 

SF T ldegreesl 

T R N ldegr&esl 

BSS ICoas Starl 

SPA ICoas Pitch, deg) 

SXP ICoas X Pos, degl 

LAT N61 
I degrees 

LONG 

RTGO (nmol EMS 

VIO (ft/sl 

--- � GET005g 
Hr: m•n· s 

SET STARS 

RAhgn 

P Align 

Y Ahgn 

ULLAGE 

I 
• 

0 0 

0 0 

• 0 0 

• 0 0 0 
• 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

I 0 0 

X X X 

X X 

X X X 

0 

+ 

• 

·-1-

X X X 

X X X 

X X X 



' 
• 
• 

V37 Enter, 23 Enter 

V05 N70 Flashing 
Rl: O O O X X  

LB-139 

P23-CISLUNAR MIDCOURSE NAVIGATION 

R2: 0 0 X 0 0 0 - Horizon 1 - Earth Lendmark 2 - Moon Landmark 
RJ: 0 0 C 0 0 C • 0, 0 • 0 Landmark C·l Earth Horizon C·2 Moon Horizon 

V59 Flashing, Perform Optia Calibration 0·1 Near Horizon 0·2 Far Horizon 

V51 Flashing · Pleae Mark 

OPTICS CALIBRATION 

... 0 0 Hours + 0 0 
. 

+ 0 0 0 Minutes GET + 0 0 

+ 0 Seconds + 0 

X 0 0 0 Star I 0 N70 X 0 0-

+ Trun Angle Bias N87 + 
R2 

+ Trun Angle Bias N87 
R2 

.. 

+ Trun Angle Bi• N87 + 
R2 

MIOCOURSE NAVIGATION 

' 
+ 0 0 Houn + 0 0 

+ 0 0 0 Minutes GET + 0 0 

+ 0 Seconds + 0 " 
X 0 0 0 Star 10 N70 X 0 0 

X 0 0 0 0 LMK 10 X 0 0 

X 0 0 0 Hor 10 X 0 0 

�R nmi N49 

�v ft/s 

�R nmi N49 

�v ft/s 

�R nmi N49 

�v ft/s 

�R nmi N49 

�v ft/s 

li.R nmi N49 

llv ft/s 

�R nmi N49 

�v ft/s 

NOTES: 

0 

0 

0 

0 

-

I 

• 

l ! 

0 0 

0 

I 

I I 



I 

-

• 

' 
• • 

V37 Enter, 23 Enter 

V05 N70 Fleshing 

R1 : OOO X X  

A2: O O X O O  

LB-140 

P23-CISLUNAA MIOCOUASE NAVIGATION 

-

Celestial Body COde 

0 - Horizon 1 - Eanh Landmark 2 - Moon Landmark 

A3: 0 0 C 0 0 C • 0, 0 • 0 Landmark 
V59 Flashing, Perform Optics Calibration 

C·1 Eanh Horizon C-2 Moon Horizon 
0·1 Near Horizon 0·2 Far Horizon 

V51 Flashing · Please Mark 

OPTICS CALIBRATION 

t 0 0 Hours + 0 0 

+ 0 0 0 Minutes GET + 0 0 0 

+ 0 Seconds + 0 

X 0 0 0 Star I 0 N70 X 0 o· 0 

+ Trun Angle Bias N B7 • 

R2 

+ Trun Angle Bias N87 
A2 

• 

Trun Angle Bias 
N87 

.. + R2 

MIOCOUASE NAVIGATION 

' 
+ 0 0 Hours + 0 0 

+ 0 0 0 Minutes GET + 0 0 0 

+ 0 Seconds t 0 
' 

X 0 0 0 Star 10 N70 X 0 0 0 

X 0 0 0 0 LMKIO X 0 0 

X 0 0 0 HoriO X 0 0 

6A nmi N49 

6 v  ft/s 

6A nmi N49 

6V ft/s 

6A nmi N49 

6 V  ft/s 

6A nmi N49 

6V ft/s 

6A nmi N49 

6 v  ft/s 

6R nmi N49 

6v ft/s 

NOTES: 

-

-

0 0 

0 I 

I 



I 

r 
I 

' 
I 

P4() SPS 1 HAUS T lNG CSM _ 

V37 E nlet. 40 EtHer 

VSO N t8 Flashtng, AIQu.-st Meneuv� co FOAl A, P. Y A�lts 

v06 N 18, FOAl R. P, Y Angles A fur M1neuvet to Burn AUttvd* 

v5o0 N1!> FliShtng R I 0 0 2 0 4 Gtmbll Actu•to, Tut Ootton 

vc»N40 r.me from ton•I•On. VeiOCtiY 10 bt GJ•ned Mtasured Crunl)e 
1n VtiOC•IV 

v99 N40 Ftash•ng. Engu'• On Enable Requtst 

v06 N40, f tmt from Cutoft, Vtloctty tO bt Ga•ntd, Measured Chan9e 

,n vetoc•tv 

v 16 N40 S: lash tng, F • nat Val�ottS it E ngtnt Cv toff 

Vl6 NAS Ftashti"'Q, Oody Jht1 AestduiiS tto be Nulledl 

v J 1 F-l,unrng V81 E nttt 

v tG N44 F tash•ng, Aooget Altltydt, Pengte Altt1ude, Tune co F-reet all 
co 35 K ft Moon OrD•L 300 t<. h Eatth Orbtt 

50 18 Roll 

P�tch (d1J91 

y-

()6.18 Roll 

Plt.Ch ld1J9) 

y,.. 

� 06·40 Tf. I I Min S) 

• 

VG 111/sl 

.lVM lh/sl 

rx 06 40 TfC Cm•n \I 

VG tlti'J 

JV\"1 Itt�� 
- -

X . 
I 

1-
� ' 

' 
• 
• 

• 

- � I 

I -

I 

[X 

'6 40 1 T i!C !m.n �I 

VG I His) 

.lv"' Utr•J 

85 X 

v RtS•Ou.l1$ 
(h sl 

z 

I 
8!> X 

y TRIM 
tft/s• 

z 

44 HA tnm.) 

HP (nm•l 

TFF (m,n s) 

MCCS 

I 
• 

I 

• 

P41 P.CS THAUSTING 

V37 Ento<, 41 EntO< 

VSO N18 Flaohing, Aoquott Ma-vO< to FOAl A. P ,  Y, Anglft 

V06 N18, FOAl A, P, Y Anf4e:s Afttt Mtntvvet to Burn Antlude 

V06 N85, X. Y. Z 8ocly Axft Vtlocoty to b4 GaoMd 
V16 N851AvO<eot G on t1 TIG ·301 VtiO<oty to b4 Goo ntd 

V 16 N85 F lashtn9. 80dy Ax• A"•dulll Clo bot NullecU 

so 18 Aoll 

P•tch I dO\) I 

v-

()6.18 Roll 

P•tch I <lev) 

y-

()6..85 X 

y VG llt/sl 

z 

16-85 X 

y VG (ft/sl 

z 

16·85 X 

y Rtitduals 
'"'" 

z 

X 

y Tnm 
ChJs) 

z 

• 

I 

• 



' 
• ' 

V37 Enter, 23 Enter 

VOS N 7 0  Flashing 

-

LB-142 

-

P23-CISLUNAR MIOCOURSE NAVIGATION 

R 1: 0 0 0 X X Celes1ial Body Code 

R2: 0 0 X 0 0 0 - Horizon 1 - Earth Landmark 2 - Moon Landmark 

-

R3: 0 0 C 0 0 C • 0, 0 = 0 Landmark 
V59 Flashing, Perform Optics Calibration 

C-1 Eanh Horizon C-2 Moon Horizon 
0-1 Near Horizon 0·2 Fet Horizon 

V51 Flashing · Please Mark 

OPTICS CALIBRATION 

+ 0 0 Hours .. 0 0 

+ 0 0 0 Minutes GET + 0 0 0 

+ 0 Seconds + 0 

X 0 0 0 Star 10 N70 X 0 0- 0 

t Trun Angle B;.s N87 • 

R2 

.. Trun Angle Bias N87 
R2 

• 

Trun Angle Bias N87 + .. 
R2 

MIDCOURSE NAVIGATION 

.., .. 0 0 Hours .. 0 0 

t 0 0 0 M1nutes > GET + 0 0 0 

.. 0 Seconds + 0 
" 

X 0 0 0 Star I 0 N70 X 0 0 0 

X 0 0 0 0 LMK 10 X 0 0 

X 0 0 0 Hor 10 X 0 0 

6R nmi N49 

6 v ft/s . 

6R nmi N49 

L:.v ft/s 

6R nmi N49 

t:.v ft/s 

L:.R nmi N49 

6v ft/s 

6R nmi N49 

6 V ft/s 

s jq "lm� I N�O 

0 0 

0 

l 

I 

I 

t 



/ 

. 
• 
• 

LB-143 

P23-CISLUNAA MI OCOUASE NAVIGATION 
-

V37 Enter. 23 Enter 

V05 N70 Flashing 

A 1: 0 0 0 X X Celestial Body Code 

-

A2: 0 0 X 0 0 0 - Horizon 1 - Earth Landmark 2 - Moon Landmark 

A3: 0 0 C 0 0 C • 0, 0 • 0 Landmark C-1 Eorth Horizon C·2 Moon Horizon 

V59 Flashing, Perform Optics Calibration 0-1  Near Horizon 0·2 FM Horizon 

V51 Flashing· Pleas. Mark 

OPTICS CALIBRATION 

+ 0 0 Hours + 0 0 

+ 0 0 0 Minutes GET + 0 0 

+ 0 Seconds + 0 

X 0 0 0 Star I 0 N70 X 0 o-

+ Trun Angle Bias N87 + 

R2 

+ Trun Angle Bias N87 
R2 

• 

Trun Angle Bia N87 + + A2 

MIOCOUASE NAVIGATION 

"'I + 0 0 Hours + 0 0 

+ 0 0 0 Minutes > GET + 0 0 

+ 0 Seconds + 0 
' 

X 0 0 0 Star 10 N70 X 0 0 

X 0 0 0 0 LMKIO X 0 0 

X 0 0 0 Hor 10 X 0 0 

llA nmi N49 

llv ft/s 

llA nmi N49 

llv ft/s 

llA nmi N49 

llv ft/s 

llA nmi N49 

llv ft/s 

M nm i N49 

llv ft/s 

llA nmi N49 

llv ft/s 

0 

0 

0 

0 

0 0 

0 

• 

I 
I 
I 

I 

I 

I 
I 



l 
• 

V37 Enter, 23 Enter 

V05 N70 Flashing 

LB-144 

P23-CISLUNAR MIOCOURSE NAVIGATION 

A 1. 0 0 0 X X Celestial Body Code 
R2: 0 0 X 0 0 0 - Horizon 1 - Ear1h Landm•k 2 - Moon Landmark 
RJ: 0 0 C 0 0 C • 0, 0 • 0 Landmark C·1 E81'1h Horizon C·2 Moon Horizon 

V59 Flashing, Perform Optics Calibration 0·1 Near Horizon 0·2 Far Horizon 

V51 Flashing . Please Mark 

OPTICS CALIBRATION 

+ 0 0 Hours + 0 0 

+ 0 0 0 Minutes GET + 0 0 

+ 0 Seconds • 0 

X 0 0 0 Ster 10 N70 X 0 o-

• Trun Angle Bills NB7 + 
R2 

+ Trun Angle Bias N87 
R2 

T 

+ Trun Angle Bias N87 + 
R2 

MIOCOURSE NAVIGATION 

' 
+ 0 0 Hours + 0 0 

+ 0 0 0 Minutes GET + 0 0 

+ 0 Seconds + 0 
' 

X 0 0 0 Star I 0 N70 X 0 0 

X 0 0 0 0 LMKIO X 0 0 

X 0 0 0 Hor 10 X 0 0 

6R nmi N49 

av ft/s 
-

6 R  nmi N49 

av ft/s 

.C:.R nmi N49 

.C:. V ft/s 

.C:.R nmi N49 

.C:. V ft/s 

6R nmi N49 

.C:. V ft/s 

.C:. R  nmi N49 

.C:. V ft/s 

NOTES 

0 

0 

0 

0 

-

-

0 0 

0 

I • 

I 

I 
I 

I 
I 

I 

-



• 

/ 

/ 

/ 

• 
• 

V37 Enter, 23 Enter 

V05 N70 Flilshing 
• 

A1: OQO X X  

A2: 0 0 X 0 0 

LB-145 

P23-CISLUNAA MIOCOUASE NAVIGATION 

Celestial Body Code -

0 - Horizon 1 - Ear1h Landmark 2 - Moon Landmark 
. 

A3: 0 0 C 0 0 C • 0, 0 • 0 Landmark C·1 Ear1h Horizon C·2 Moon Horizon 
V59 Flashing, Perform Optics Calibration 0·1 Near Horizon 0-2 Far Horizon 

V51 Flashing ·Please M...-i< 
OPTICS CALIBRATION 

+ 0 0 Hours + 0 0 

+ 0 0 0 Minutes GET + 0 0 

+ 0 Seconds + 0 

X 0 0 «} Star 10 N70 X 0 o· 

+ 'Jtvn Angle 808s NB7 • 
R2 

+ Trun Angle Bia• N87 
R2 

� 

Trun Angle Bias N87 + + R2 

MIOCOURSE NAVIGATION 

.., + 0 0 Hours + 0 0 

+ 0 0 0 Minutes GET + 0 0 

+ 0 Seconds + 0 
I 

X 0 0 0 Star I 0 N70 X 0 0 

X 0 0 0 0 LMK 10 X 0 0 

X 0 0 0 Hor 10 X 0 0 

6A nmi N49 

6v ft/s 

6R nmi N49 

6v ft/s 

6R nmi N49 

6V ft/s 

6R nmi N49 

6V ft/s 

6R nmi N49 

6v ft/s 

6A nmi N49 

6v ft/s 

NOTES: 

0 

0 

0 

0 

0 0 

0 

I 
I . 

l 



' 
• 
• 

LB-146 

f>23-CISLUNAR MIOCOURSE NAVIGATION -

• 

V37 Enttr, 23 Enttr 

V05 N70 Flashing 
R 1: 0 0 0 X X Celestial Body Code 

R2: 0 0 X 0 0 0- Horizon 1 - Earth Landmwk 2 - Moon Lend mark 

• 

R3: 0 0 C 0 0 C • 0, 0 • 0 Landmark C·1 Earth Horizon C·2 Moon Horizon 

V59 Flashing, Perform Optics Calibration 0·1 Near Horizon 0·2 Fw Horizon 

V51 Flashing· Pie .. Mark 

.Of>TICS CALIBRATION 

+ 0 0 Hours + 0 0 

+ 0 0 0 Minutes GET + 0 0 

+ 0 Seconds + 0 

� 
X 0 0 0 Star 10 N1 0 X 0 o· 

+ Trun Angle Bias N87 + 

R2 

+ Trun Anre Bias N87 
R2 

• 

+ Trun Angle 8iM N87 + 
R2 

MIDCOURSE NAVIGATION 

+ 0 0 Hours + 0 0 

+ 0 0 0 Minutes GET + 0 0 

+ 0 Seconds + 0 
' 

X 0 0 0 Star I 0 N70 X 0 0 

X 0 0 0 0 LMKIO X 0 0 

X 0 0 0 Hor 10 X 0 0 

�R nmi N49 

1:1 V ftls 

l:iR nmi N49 

/:iv ftls 

l:iR nmi N49 

1:1 V ftls 

l:iR nmi N49 

1:1 V ftls 

AR nmi N49 

1:1 V ftls 

l:iR nmi / N49 

1:1 V ftls 
-

0 

0 

0 

0 

0 0 

0 I 

I 

I 
I 



' 
• • 

VJ7 Enter. 30 Enter 

V06 NJJ Flashing. Load Desired GETI 

V06 N81 Fleshing. Load D11ired f:.V 

• 

I 

• 

0 0 

0 0 

• 0 0 

+ 0 0 0 

+ 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

- -t--

X X X 

X X X 

X X X 

NOTES 

LB-147 

PJO-EXTERNAL f:.V 

MCC6 

Purpose 

Prop/Gu ida nee 

Weight (lbl N47 

PTrim N48 

YTrim 
(degrees) 

Hours N3J 

Minutes GET I 

Seconds 

t:.vx N81 

t:.vy LV 

l:.vz I ft/sl 

R 

p IMU Gimbal 
Angles ldegl 

y 

HApogee 
. N44 
nmi 

HPerigee 

t:.vT ltt/sl 

BT (min:sl 

t:.vc lft/sl 

SXT Star 

SFT (degrees) 

TRN (degrees) 

BSS ICoas Star! 

SPA (Coas Pitch. deg) 

SXP (Coas X Pos, deg) 

LAT N61 
(degrees 

LONG 

RTGO lnmi) EMS 

VIO (ft/s) 

I G ET 0.05 g 
Hr:mtn:s 

SET STARS 

RAiign 

P Align 

Y Align 

ULLAGE 

-

II 
I 

• 

0 0 

0 0 

+ 0 0 

+ 0 0 0 
' 

• 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

+ 0 

+ 
' 0 0 ! I . 

X X X 
• 

X X 

X X X 

0 

+ 

+ 

I 

X X X 

X X X 

X X X 



! 
' 
• 
• 

P61 

V37 Enter. 61 Enter 

V06 N6 1 Flashing 

V96 N60 Flashing. Record 

LB-148 

ENTRY 

V06 N63 Flashing, Used for EMS if no Communication 

P62 

VSO N2S Flashing. ReQuest CM/SM Separation 

V06 N61 Flashing 
V06 N22. Monitor 

P63 

V06 N64 MonitO< • 

Area 

X X X A 0.05g 

X X X p 0.05 g 

X X X I y o.os g 

GET Hor Ck 

X X X p E 1·17 

0 Lat N61 

Long 

X X X Max g 

+ V4()()1( N60 

. 0 0 'Y400K 

+ ATGO EMS 

+ VIO 

ATT 

X X 
I 

RET O.OS g 

+ 0 0 DL Max N69 

+ 0 0 DL Min 

+ VL Max 

+ I VL Min 

X X X oo 

X X RET Vcirc 

X X AETBBO 

X X AETEBO 

X X RETORO 

X X X X SXTS 

+ 0 SFT El-2 

+ 0 0 TAN 

X X X ass 

X X SPA E1·2 

X X X SXP 

X X X X Lift Vll("tr-r 

X X X 

X X X 

X X X 

X X X 

0 

X X X 

+ 

- 0 0 

•• 
+ 

+ 

X X 

+ 0 0 

+ 0 0 

+ 

+ 

X X X 

X X 

X X 

X X 

X X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X 

v " v v 



, 

I 
I 

V37 Enl.,., 40 En.., 

P40- SPS THRUSTING�M 

V50 N18 Fl_,ine. Roquen M..-- lo FOAl R, P, Y Angl .. 

V06 N18, FOAl R. P, Y Angi•.Aflor- to Burn Al1iludo 
V50 N25 Fleohine. R 1 • 0 0 2 0 4, Gimbel Acluat.or T .. t Option 
V06 N40, Tomo from lgnotion, Velocity to be GoiMd, M...,...cl ChlnQI 

1n v .. ociry 

V99 N40 F!otnint. Eneino On Enobto Roquftl 

V06 N40, Time from Cut.off, Velocity lobe Goino<l, MOMUrod Chonvo 
in Velocity 

V16 N40 F�ine, Finel Voluos 11 Engine Cutoff 

V16 N85 FIO<I>ing, Body Ax• Rooiduols (IO be Nullod} 

V37 F lootune, V82 E nl« 

V16 N ..... FIMhi�. Ap.o.get Altitude. Per� Altttudt, Time to Frerfall 
10 35 I( fl Moon Omit, 300 I( ft Eorth Ort>it 

50-18 Ron 

Pttcf\ {�} 

y,.,. 
. 

• 
06-18 Roll 

Pitch (dog I 

Yow 

fX' 06-40 TFI {min:s} 

VG lh/sl 

6VM fft/\1 

rx 06-40 TFC {mon sl 

VG Ut/sl 

I llVM lhlsl 

r 1:5< 16-40 TFC fm•n s) 

VG lh/sl 

6VM lft/sl 

85 )( 
I 

y AH.Ovals 
lh sJ 

z 

85 )( 

y TRIM 
lh/sl 

z 

44 HA lnm•) 

HP Cnmtl 

rx TFF lmon s) 

i 
• 

/ 

LB-149 

MCC 6 

I 

P41 - P.CS THRUSTING 

V37 Entlf. 41 Entor -

V50 N18 F-ine. Roqu..C Monouvor to FOAl R. P, Y, Anglos 

\106 N18, FOAl R. P, Y An.gte� A her Man�\ler to Burn Attitudlt 

\106 NSS, X, Y, Z 8odv Axes Veloctty to be Gatf'teld 

V16 NBS {AVO<- G on 01 TIG -301 VelocitY to be Goonocl 

V16 NBS Floshu>Q. Bodv Ax• R .. oduols ho be Nullodl 

50-18 Roll 

Pttcn I dog I 

Yow 

06-18 Roll 

P1tCh (dog I 

Yow 

06-85 X 

y VG lft/sl 

z 

16-BS X 

y VG lftlsl 

z 

16-85 X 

y Rt1tdvals 
'"'" 

z 

)( 

I v Tr�m 
lh Sl 

z 



-

' 
• 
• 

-

-

V37 Enter. 23 Enter 

V05 N70 F lashi119 

Al· OOOXX 

A2· OOXOO 

LB-150 

P23-CISLUNAA MIOCOUASE NAVIGATION 

Celestial Bodv Code 
-

0 - Horizon 1 - Earth Landmark 2 - Moon Landmark 

A3: 0 0 C 0 0 C • 0. 0 • 0 Landmark C·l Earth Horizon C·2 Moon Horizon 

V59 Flashi119, Perform Optics Calibration 0·1 Near Horizon 0·2 Far Horizon 

V51 Flashing · Pl ease Mark 

OPTICS CALIBRATION 

+ 0 0 Hours • 0 0 

+ 0 0 0 Minute� GET + 0 0 

+ 0 Saconds + 0 

X 0 0 0 Star 10 N70 X 0 o· 

+ Trun A119le Bias NB7 + 
R2 

+ Trun Angle Bias N87 
R2 

• 

+ T run Angle B iss N87 
R2 

• 

MIOCOURSE NAVIGATION 

.... 
+ 0 0 Hours + 0 0 

+ 0 0 0 Minutes GET + 0 0 

+ 0 Seconds + 0 
' 

X 0 0 0 Star 10 N70 X 0 0 

X 0 0 0 0 LMK 10 X 0 0 

X 0 0 0 Hor 10 X 0 0 

6R nmi N49 

6v tt/s 

6R nmo N49 

6V tt/s 

6R nmi N49 

Av ft/s 

AR nmi N49 

Av tt/s 

AR nmi N49 

Av ft/s 

AR nmi N49 

Av ft/s 

NOTES: 

0 

0 

0 

0 

0 0 

0 

. 



' 
• • 

V37 Enter, 2 3  Enter 

V05 N70 Flashing 

I 
LB-151 

P23-CISLUNAR MIOCOURSE NAVIGATION 

R 1: 0 0 0 X X Celestial Body Code -

R2: 0 0 X 0 0 0- Horizon 1 - Earth Landmark 2 :._Moon Landmark 

R3: 0 0 C 0 0 C • 0, 0 • 0 Landmark C-1 Eanh Horizon C-2 Moon Horizon 
V59 Fl..tling, Perform Optlca Calibration 0-1 Near Horizon 0-2 Far Horizon 

V51 Flashing· Plula Mri 

OPTICS CALIBRATION 

t 0 0 Hours + 0 0 

+ 0 0 0 Minutes GET + 0 0 
. 

+ 0 Seconds + 0 

X 0 0 0 Star 10 N70 X 0 o· 
/ 

+ Trun Angle Bias N87 + 
R2 

+ Trun Angle Bias N87 
R2 

T 

Trun Angle Bla$ N87 • + R2 

MIOCOURSE NAVIGATION 

.., + 0 0 Hours + 0 0 

+ 0 0 0 Minutes GET + 0 0 

+ 0 Seconds + 0 
" 

X 0 0 0 Sta< 10 N70 X 0 0 

X 0 0 0 0 LMKIO X 0 0 

X 0 0 0 Hor 10 X 0 0 

' 6R nmi N49 

6v ft/s 

6R nmi N49 

6v ft/s 

6R nmi N49 

6V ft/s 

6R nmi N49 

6V ft/s 

6R nmi N49 

6v ft/s 

6R nmi N49 

6V ft/s 

NOTES: / 

0 

0 

0 

0 

-

0 0 

0 

v 



• 

·, 
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V37 Enter. 23 Enter 

VOS N 70 Flashing 

A1: OOOX X 

A2: 0 0 X 0 0 

LB-152 

P23 -CISLUNAA MIOCOUASE NAVIGATION 

-

Celestial Body Code 

0 - Horizon 1 - Eerth Landmark 2 - Moon L•ndmark 
A3: 00 C 0 0 C • 0, 0 • 0 Landm•rk C·1 Earth Horizon C·2 Moon Horizon 

V59 Flashing, Perform Optics Calibration 

V51 Flashing . Please Mark 

0·1 Near Horizon 0·2 F81' H"';•on 

OPTICS CALIBRATION 

t 0 0 Hour� • 0 0 

• 0 0 0 Minutes GET + 0 0 

• 0 Seconds • 0 

X 0 0 0 Star 10 N70 X 0 o· 

• I fcvn Anglt Bias N87 + 
A2 r---r--- - -

• Trun Angle Bias N87 
A2 

? 

• Trun Angle Bias N87 + 
A2 

MIOCOUASE NAVIGATION 

.., 
+ 0 0 Hours + 0 0 

+ 0 0 0 Minutes > GET + 0 0 

+ 0 Seconds + 0 
" 

X 0 0 0 Star I D N70 X 0 0 

X 0 0 0 0 LMK 10 X 0 0 

X 0 0 0 Hor 10 X 0 0 

AA nmi N49 

AV ftls 

AA nmi N49 

Av ft/s 

AA nmi N49 

Av ft/s 

AA nmi N49 • 

A v  ft/s 

AA nmi N49 

Av ftls 

AA nmi N49 

Av ft/s 

NOTES 

0 

0 

0 

0 

-

· -

0 0 

0 

' 

I . 

I 

I 
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P23-CISLUNAR MIOCOURSE NAVIGATION 

V37 E ntef', 23 Enter 

V05 N70 Flashing 

R 1 : 0 0 0 X X Celestial Body Code 
-

-

R2: 0 0 X 0 0 0 - Horizon 1 - E.nh Landm.-k 2 -Moon Landmark 

RJ: 0 0 C 0 0 C • 0, 0 • 0 Landmark C-1 Earth Horizon C·2 Moon Horizon 
V69 F lelhing, Perform Optics Calibration 0·1 Near Horizon 0·2 F• Horizon 

V61 Flashing. Pl ease Mark 

OPTICS CALIBRATION 

+ 0 0 Houu + 0 0 

+ 0 . 0 0 Minutes GET + 0 0 

+ 0 Seconds + 0 

X 0 0 0 Star 10 N70 X 0 o· 

+ Trun Angle B ies NB7 + 

R2 

+ Trun Angle Bias NB7 
R2 

• 

Trun Angle Bies NB7 + + R2 

I 
MIDCOURSE NAVIGATION 

' 
+ 0 0 Hours + 0 0 

+ 0 0 0 Minutes GET + 0 0 

+ 0 Seconds + 0 
' 

X 0 0 0 Star 10 N70 X 0 0 

X 0 0 0 0 LMK 10 X 0 0 

X 0 0 0 Hor 10 X () 0 

.6R nmi 
, 

N49 
. 

tw ftls 

.6R nmi N49 

.6v h/s 

.6R nmi N49 

.6V ftls 

.6R nmi N49 

.6v ftls 

Mnml N49 

.6v ftls 

.6R nmi N49 

.6V h/s 

NOTES: / 

0 

0 

0 

0 

• 

. .... 

0 0 

0 

f 
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P23-CISLUNAR MIDCOURSE NAVIGATION 

V37 Enter. 23 E ntar 

V05 N70 Flashing -

Rl: 0 0 0 X X Celestial Body Code ' 

R2: 0 0 X 0 0 0 - Horizon 1 - Eenh Lendm•k 2 - Moon Landmark 

R3: 0 0 CD 0 C • 0, 0 • 0 Landmark C·1 Eenh Horizon C-2 Moon Horizon 
V69 Fllllhing, Perform Optics Calibration 0-1 Near Horizon 0-2 F• Horizon 

V61 Flashing· Pie .. Marie 

OPTICS CALIBRATION 

+ 0 0 Hours • 0 0 

• 0 
. 

0 0 Minutes GET + 0 0 

+ 0 Seconds + 0 

X 0 0 0 Star 1 0 N70 X 0 o· 

+ Trun Angle Bias N87 + 

R2 

+ Trun Angle Bias N87 
R2 

? 

Trun Angle Bias N87 + + R2 

MIDCOURSE NAVIGATION 

" + 0 0 Hours + 0 0 

+ 0 0 0 MinutH > GET + 0 0 

+ 0 Seconds + 0 
� 

X 0 0 0 Star 10 N70 X 0 0 

X 0 0 0 0 LMK 10 X 0 0 

X 0 0 0 Hor 10 X 0 0 

�R nmi N49 

� v  ftls 

�R nmi N49 

/ 
�v ft/s 

�R nmi N49 

�v ftls 

�R nmi N49 

�v ftls 

Mnmi N49 

�v ftls 

�R nmi N49 

�v ftls 

/ 
NOTl:S: 

0 

0 

0 

0 

-

0 0 

0 

I 
I 
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V37 Enter, 23 Enter 

V06 N 7'0-f leshing 

LB-155 

P23-CISLUNAR MIOCOURSE NAVIGATION 

R1: 0 0 0 X X Celestial Body Code 
R2: 0 0 X 0 0 0 - Horizon 1 - Earth Llfldm.r1c 2 -Moon Landm.r1c 

R3: 0 0 CD 0 C • 0 ,  D • 0 Landmarlt C-1· Earth HOC'Izon C-2 Moon Horizon 
V59 Flalhifl9, Perform Optics Calibration 0·1 Near Horizon D-2 Far Horizon 

V51 Flashing· Pleas. Mark 

OPTICS CALIBRATION 

t 0 o· Hours t 0 0 

+ 0 0 0 Minutes GET t 0 0 

+ 0 Seconds + 0 

� 
X 0 0 0 Star 10 N70 X 0 o· 

+ Trun Angle Bias N87 + 
R2 

+ Trun Angle Bias N87 
R2 

� 

+ Trun Angle Blel 
N87 t 
R2 

MIOCOURSE NAVIGATION 

.... t 0 0 Hours + 0 0 

t 0 0 0 Minutes GET t 0 0 

+ 0 Seconds + 0 
, 

X 0 0 0 Star 10 N70 X 0 0 

X 0 0 0 0 LM.K l·D X 0 0 

X 0 0 I) Hor 10 X 0 0 

AR nmi N49 

AV ft/s 

AR nmi N49 

AV ft/s 

AR nmi N49 

AV ft/s 

AR nmi N49 

AV ft/s . 

Mnml N49 

AV ft/s 

AR nmi N49 

• 

AV ft/s 

NOTES· 

0 

0 

0 

0 

' 
'I 
!! ' 

0 0 

0 

•• 

t 
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V37 Enter. 30 E nte< 

V06 NJJ Fleshing. Loed Desired GET I -
-

V06 N81 fleshing, Load Desired .6v 

I 
• 

0 0 

0 0 

• 0 0 

• 0 0 0 

• 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

• 0 

• 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X 

X X X 

X X X 

/ 
NOTES: 

LB-156 

PJO-EXTERNAL l:J.V 
MCC 7 

Purpose 

Prop/Guidance 

Weight (lb) N47 

PTrim N48 

YTrim 
(degrees) 

Hours N33 

Minutes GETI 

Seconds 

JVX N81 

JVy LV 

,j,vz (ft/s) 

R 

p IMU Gimbal 
Angles ldeg) 

y 

HApoge<! N -44 
nm1 

HPerigee 

.6vr llt/sl 

BT (min:s) 

.6vc llt/sl 

SXT Star 

SFT (degrees) 

TAN (degrees) 

BSS (Coas Star) 

SPA (Coas Pitch. deg) 

SXP ICoas X Pos. deg) 

LAT 
I degrees 

LONG 

RTGO lnmi) EMS 

VIO (h/s) 

GET 0 .05 g 
Hr·min·s 

SET STARS 

A Align 

P Align 

Y Align 

ULLAGE 

N61 

/ I 
• 

0 0 

0 0 

+ 0 0 

• 0 0 0 

• 0 

X X X 

X X X 

X X X 

+ 

+ 

X X X 

X 

X X X X 

• 0 

• 0 0 

X X X 

X X 

X X X 

0 

+ 

+ 

X X X 

X X X 

X X X 
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P61 

V37 Enter, 61 Enter 

V06 N61 Flashing 

V06 N60 Flashing, Record 

LB-157 

ENTRY 

V06 N63 Flashing, Ueed for EMS if no Communication 

P62 

VSO N25 Flashing, Request CM/SM Separation 

V06 N61 Flashing 

V06 N22. Monitor 

P63 

V06 N64 Monitor • 

Area 

X X X R 0.05 g 

X X X p 0.05 g 

X X X y 0.05 g 

GET Hor Ck 

X X X p E 1-17 

0 Lat N61 

Long 

X X X Max g 

+ V40QK N 60 

. 0 0 1'4001< 

+ RTGO EMS 

+ VIO 

RTT 

X X RET 0.05 g 

+ 0 0 DL Max N69 

+ 0 0 D l  Min 

+ VL Max 

+ VL Min 

X X X Do 

X X RET Vcirc 

X X RETBBO 

X X RETEBO 

X X RETORO 

X X X X SXTS 

+ 0 SFT El·2 

+ 0 0 TRN 

X X X BSS 

X X SPA El·2 

X X X SXP 

X X X X Lift Vector 

-

X X X 

X X X 

X X X / 

X X X 

0 

/ 
X X X 

+ 

- 0 0 

+ 

+ 

X X 

+ 0 0 

+ 0 0 

+ 
/ 

+ 

X X X 

X X 

X X 
/ 

X X 
/ 

X X 

X X X X 

+ 0 

+ 0 0 

X X X 

X X 

X X X 

X X X/ X 



POO SPS THRUSTING CSM 

V37 Enc..-. 40 Enttf 
VSO N 18 Flooh•"ii· ROQuOSI Monouve< 10 F OAI R. P. Y A"iilt1 

V06 N18, FOAl R. P V Angles Attw Maneuv« to Burn Attttude 
VSO N25 fl•hu-.g, R 1 • 0 0 2 0 •. Gtmbl:l Actuator THt Oot•oo 

V06 N40. T une  f·rom lgn•t.c>n. VtiOCtty to bt Gamed. Musurtd Change 
m v .. oc•tv 

V99 N40 Fltlt\tnQ, EngtM On Enable Reautst 

vos N40, Tone from Cutoff, Veloctry to be Ge•ned. MMSUrld Ch1nge 
'" Vtloc•t"f 

V16 N40 Flas.htng, F•n•l Velun It Engtnt Cutoff 

Vl6 NBS Floshong, Body A us Rosoduols (IO be Nulltd) 

V37 Flosh•"i!. VB2 Enlor 
V16 N4-4 Fl .. t'W\og, AJ)09M Altttudl, PertQM Altltudt, Ttme to Freef1ll 

lo 35 1< It Moon Orbol, 300 I< h E1<1h Orb;! 

50·18 Roll 

P.tch ldeg) 

YiWY 

06-18 Roll 

! 
P•tch IOe<jl 

[. I y,_ 

[)( ()6.4() T F I CM•n sl 

VG !Ills) 

.lVM (h/sl 
' 

j 

[)( 
06-00 TFC (m.n $) 

I 
VG lhlsl 

I .lVM lh/SI 

' [)( 16·40 TFC (mu'\ sJ 

: VG 1ft, d 
-

: �VM Ht s• 

85 X 

v Rf'1•duals 
l ft/ sl 

z 

85 X 

I 
y TRIM 

!fllsl 

I z 

v 44 HA (nm•1 

HP lnm•i 

[X TFF (m•n s.J 

/ 

LB· 158 

MCC 7 

-

' 

P41 RCS THRUSTING 

V37 Enttf 41 Ent• 
VSO N18 Fl.alhtng, ReaYf'St M1n.uvet to FOAl R P V, Angle\ 

V06 N\8, FOAl R. P Y Angl-' .Ahtt Maneuvtf to Burn A.ll1tud� 

V06 N85. X. Y. Z 80dy Axes VtiO<IIV to be Gttne<S 
V16 N85 (Avtrage (jon at TtG 301 Vti<X•tv to bt G••ned 

V16 N85 flas.hmg, 80dy A•• RHtCh,als 110 t>e Nvlltd) 

-

50 18 AoH 

P•H;h 1 oeyl 

'V <iW 

06- 18 Roll 

P•tCh OOe<jl 

y,... 

06-85 X 

y VG ttvs, 

z 

16-85 X 

I y VG tf1 ._, 

z 

16·85 X 

I v R�1dudh I ' Ht:SI 

z 
! 

)\ 
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P23-CISLUNAR MIDCOURSE NAVIGATION 

V37 Enter, 23 Enter 

V05 N70 Flashing 

A-f-:. 0 0 0 X X Celestial Body Code 
R2: 0 0 X 0 0 0 - Horizon 1 - Earth Landmwk 2 - Moon Landmerk 

R3: 0 0 C D  0 C • 0, D • 0 Landmark C-1 Earth Horizon C-2 Moon Horizon 
V59 Flashing, Perform Optics Calibration 0-1 Neer Horizon 0·2 Fw Horizon 

V51 Flashing · Please Mark 

OPTICS CALIBFIATION 

� 0 0 Hours + 0 0 

+ 0 0 0 Minutes GET + 0 0 

+ 0 Seconds + 0 

X 0 0 0 Star 10 N70 X 0 o· 

• Trun Angle Bias NB7 + 
R2 

+ Trun Angle Bias NB7 
• 

R2 

Trun Anghl Biel 
NB7 + + 
R2 

MIDCOURSE NAVIGATION 

� 
+ 0 0 Hours + 0 0 

+ 0 0 0 Minutes > GET + 0 0 

+ 0 Seconds + 0 
" 

X 0 0 0 Star 1 0  N10 X 0 0 

X 0 0 0 0 LMK 10 X 0 0 

X 0 0 0 Hor 10 X 0 0 

.C:.R nmi N49 

.C:. V ft/s 

.C:.R nmi _ N49 

.C:. V ft/s 

.C:.R nmi N49 

.C:. V ft/s 

.C:.R nmi N49 

.C:. V ft/s 

t:.R nmi N49 

.C:. V ft/s 

.C:.R nmi N49 

.C:.v ft/s . 

NOTES: 

0 

0 

0 

0 

0 0 

0 
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P23-CISLUNAR MIOCOURSE NAVIGATION 

V37 Enter. 23 Enter 

VOS N70 Flashing 

R 1: 0 0 0 X X Celt$1oel Body Code 
R2: 0 0 X 0 0 0 - Horizon 1 - Eenh Landm•k 2 - Moon Landmark 

RJ: 0 0 C 0 0 C • 0, 0 • 0 Landmark C·1 Eanh Horizon C·2 Moon Horizon 

V59 Flashing, Perform Optics Calibration 0·1 Near Horizon 0·2 Far Horizon 

V51 Flashing ·Please Mark 

OPTICS CALIBRATION 

t 0 . 0 Hours + 0 0 

+ 0 0 0 Minutes GET + 0 0 

+ 0 Seconds + 0 

X 0 0 0 Star 10 N70 X 0 o· 

+ Trun Angle Bias N87 + 

R2 

+ Trun Angle Bias N87 
R2 

.. 

Trun Angle Bias 
N87 + + R2 

MIOCOURSE NAVIGATION 

" + 0 0 Hours + 0 0 

+ 0 0 0 Minutes GET + 0 0 

+ 0 Seconds + 0 " 
X 0 0 0 Star 10 N70 X 0 0 

X 0 0 0 0 LMK 10 X 0 0 

X 0 0 0 Hor 10 X 0 0 

6R nmi N49 

6v tt/s 

-

6R nmi N49 

/::;. V ft/s 

/::;.R nmi N49 

6v ft/s 

/::;.R nmi N-49 

6v ftJs 

/::;.A nmi N49 

6v ftJs 

6R nmi N49 

6v ftJs 

NOTES: 

0 

0 

0 

0 

0 0 

0 

I' 

• • 
f 

•• 
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P23-CISLUNAR MIOCOURSE NAVIGATION 

V37 En�. 23 Entw 

V05 N70 Flashing 

R 1 : 0 0 0 X X Celestiel Body Code 
R2: 0 0 X 0 0 0 - Horizon 1 - Eerth Lendm•k 2 - Moon Lend,..X 

R3: 0 0 C 0 0 C • 0, 0 • 0 LendtNrk C·1· Eerth Horizon C·2 Moon Horizon 

V59 Flelhing, Plf'form Optics Calibretion 0·1 NNr Horizon 0·2 F• Horizon 

V51 Flashing· P .... Merk 

Of>TICS CALIB.RATION 

+ 0 0 Hours • 0 0 

. 

• 0 0 0 Minutes GET • 0 0 

• 0 Seconds • 0 

X 0 0 0 Ster 10 N70 X 0 o· 

+ Trun Angle Bias N87 • 
R2 

• Trun Angle Bias N87 
R2 

� 

• Trun Angle B� 
N87 • 
R2 

MIOCOURSE NAVIGATION 

. " • 0 0 Hours • 0 0 

• 0 0 0 Minutes > GET • 0 0 

• 0 Seconds • 0 .) 
X 0 0 0 Ster 10 N70 X 0 0 

X 0 0 0 0 LMK 10 X 0 0 

X 0 0 0 Hor 10 X 0 0 

6R nmi N49 

6V ft/s 

6R nmi N49 
-

6V ft/s 

6R nmi N49 

6V ft/s 

6R nmi N49 

6v ft/s 

6R nmi N49 

6v ft/s 

6R nmi N49 

6v ft/s 

NOTES: 

0 

0 

0 

0 

0 0 

0 
/ 

/ 
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APOLLO EARTH ENTRY 

Aerodynamic Forces 

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 directed 
opposite to the relative 
velocity vector and equal 
to: 
- SCo 2- 2 D = Y. M pv lo(ft/s J 

l1ft is a force perpendicu· 
lar to the relative velocity 
vector and equal to; 
- scL -L=Y. M pv21L(ft/s2) 

where, 

Relative 
VelOCity 
Ve<:tor 

p =Atmospheric density {slugs/ft3)( 1) 
v = Relative velocity magnitude {ft/s) 
c0 = Coefficient of drag (unitless) 
CL = CoeHicient of lift (unitless) 
M = Mass of spacecraft (slug,: 

0: 

S =Surface area presented to atmospheric flow (tt2) 

Aerodynamic lift (or CL) 
is a consequence of the 
v e hi c I e center·  of· m ass 
(CMJ(2) being offset from 
its axis of symmetry. With 
the relative velocity vector 
along the axis of sym· 
m e t r y ,  the r e s u l t i n g  
symmetrical pressure dis· 
tribution produces a re· 
sultant force (F) through 
the �enter-of-press ure 
(CP) ( 3). The _£omponent 
of this force ( f 1) perpen· 
dicular to the line joining 
the CP and CM causes a 
torque about the CM. The 
spacecraft  will  rotate 
about the CM until a 
stable attitude is reached -
where the force F is fully 
along. the line joining the 
CM and CP. 

Notes: 

F 

1. A slug is a constant. relating units in the equation 
F(pound-force) = M(slugs) x a(ft/s2) 

0: • Angle of Attack 

Relative 
Wind 

Prenure 
DistributiOn 

2. Center-of-mass: The point where the mass of a body may be regarded as being con centrated,· insofar 
as motion of translation is concerned. 

3. Center-of-pressure: The point where the resultant of all aerodynamic forces apparently operates. 
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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 r e l a tively un· 
changed throughout the 
entry phases. 

Lift Modulated Entry 
-

During earth entry, steer· 
ing is accomplished by 
orienting the lift vector -(L) so that the resulting 
specific forces satisfy the 
entry guidance objectives. 
The I ift vector is rotated 
about the Roll Stability 
Axis a c c ording to roll 
commands issued by the 
AGC. 

A r o  II angle (8) of 0 
d e g r e e s  causes the lift 
vector to be up along the 
v e r t i c a l  a n d  produces 

maxi mum downr a n g e  
flight. A roll angle of +90 
degrees puts the lift vector 
in t h e  local horizontal 
plane, producing maxi· 

mum c r o s s r a n g e  (or 
lateral) flight. 

F 

LB·163 

CP 

Roll Stability 
Axis 

L 

F L 

� D 

-� > 

Pressure 
Distribution 

Horizontal 

Pointed End 
Forward 

L 

Relative 
Wind 

/ 

./ 

Relative 
Wind 

-
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The entry control programs are designed to calculate the roll angle (0) wh1ch will produce the vertical 
Cl:>mponent of lift necessary to satisfy a guidance objective (constant drag flight. downrange target 
acquisition. and so forth). Crossrange control is maintained by choosing the proRer sign of roll angle in 
order to reduce lateral errors. -

Lift modulated flight can significantly reduce the peak accelerations experienced during entry, as shown 
below. 

28 

24 

� 
� 20 _, 
<.:) 
E 
� 16 
• 
� 

12 

Zero·L1h f8•1ht11c-l 

Constlt\I· L ift 

-7.5 ·7.3 ·1. 1 -6.9 

v . 36 . 1 9 4 " ' • • 

he • �.000 h 

/ 

·6 . 7 -6 . 5 ·6.3 -6. I ·5.9 ·57 ·5.5 

The maneuver footprint for a GNCS-controlled entry utilizing modulated lift is approximately 2.500 
nautical miles in downrange and 250 nautical miles in crossrange. A typical entry footprint for a lunar 
return mission is shown below. A backup control procedure - the EMS ranging technique -defines the 
maximum range limit of 3,500 nautical miles. 

60 

50 

40 

30 

20 

..::10 _. � 0 z 

0 
-5 
:s 0 

Vl 10 

. . 
1--+--ii---+--+-+--+-+--·Range I imi t = 3 

aneuver footprint 

�4--+���-r-- Enuy t-+--+--t---t__,!==':" lti tude = 3 9 9 6 2 2 It 
Longitude= 174.95° W 

t-+--+___;,t--+--+-- Latitude = 14 3 0 o N -+--+�f----+---1---t-+--+--+-· " 
•• : ·v. 

·. 
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Entry Control Equations 
-

The entry guidance-equations are solved every 2 seconds in the AGC. Navigation and autopilpt functions 
are also performed during this computation cycle. 

The guidance equations below are used during the entry phases associated with a nominal lunar return 
entry. Equation I (targeting) is executed every pass through the computation loop. Equations II  and Ill are 
executed during their particular entry phases for downrange steering. Lateral steering is done by Equation 
1 v dependent upon certain logic constraints in the AGC. The roll angle needed to meet the above equations 
is calculated using Equation V. 

N..,igotion 

I 
- - - - - -

I Targ1tir19 !Equatio n U 

I 
\ Which Pho•7 

I 
I 
I Conn.nt Oreg 

No St-ing Flight 

I !Equation II) 

I 
I 
I No 

latttal Steedng 

I v .. 

I !Equation IV) 

I 
I -

!Equation V) 

L - - - - -

Equation /: Landing Point Targeting Equations 

Autopilot 

- -

FlnoiPhne 
St-Ine 

IEquotion Ill) 

GUIOANCE 
- - -

I 
I 
I 
l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

_j 

During the early entry phases, a unit vector is calculated which points from the earth's center to an 
estimated splash �nt. This initial target vector (IRI.OL together with unit vectors in the equatorial plane 
directed

_e
asterly ( 1 RTE) and in the target meridian ( 1 RTN) . 

is used as a reference from which a new target 
vector ( 1 RT) is calculated based on an updated estimate of time·to·splash. 
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Wt 

-

lRT = lRTO+ lRTN [cos(Wt) · 1] + 1RTE sin (wt) 

Updated 
Target 

• 

. 
where (Wt) is the amount of earth's rotation for the difference between the old and new estimate of 
time-to-splash. 

Based upon the new target vector ( 1 RTl. the downrange angle from the spacecraft to the splash point is 
computed using: 

eH =arc cos(1RT. Unit R}tradians) 

The crossrange error from the present flight plane is calculated as follows: 
- -

LA TANG= 1RT ·Unit (V X R) (radians) 

Instantaneous 
Flight Plane 

Ground 
Track 

-

v 

LA TANG 

Target 
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-

Equation /1: Constant-Drag Flight Equation 

Reduction of near-parabolic velocities (associated with the lunar return mission) to a point where capture in 
the earth's atmosphere is assured, is accomplished by flying a constant-dragtrajec_tory. 

' 

Constant-drag guidance is achieved using an on-board computed reference trajectory and constant guidance 
factors for compensation of off-nominal conditions. The control refrence parameters are computed using 
the following constant drag relationships. 

where 

v2 1 
(L/D)Ref = · (R- g) � (unitless) 

. 2D·o 
RRef= �v (ft/s) 

V = velocity ( ft/s) 

R =radial distance (ft) 

g =gravity ( ft/s2) 

D 0 = desired drag level ( ft/s2) 
/ 

(3 = constant associated with atmosphere (�) 
Gain factors were chosen which relate perturbations in drag and altitude rate to the reference LID. 

Equation Ill: 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 prestored into the AGC. Linear perturbation coefficients, used 
to adjust for deviations in flight parameters from nominal values, are also stored. Using velocity as the 
independent variable, the various quantities in storage are chosen which are used in the basic control 
equation: 

where 

. . 
(L/Dlcontrol = (L/DlRef + K1{ (R- RRef) + K2 (D- DRef) + K3 (R- RRefl} 

(L/DlRef =constant value (�0.27) 

R Ref = reference range-to-go ( racl ians) 

DRef = reference drag (ft/s2) 
• 

R Ref = reference altitude rate ( ft/s) 

/ 

K 1 =sensitivity of LID to deviations in range (unitless) 

K2 =sensitivity of range to deviations in drag level (raclians/ft/s2) 

K3 =sensitivity of range to deviations in altitude rate (raclians/ft/s) 
/ 
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Equation IV: Crossrange (or Lateral) Control 

' 
• ' 

Crossrange control is maintained only when the lateral error ( LAT ANG) is in excess of a computed 
deadband limit. This limit (somewhat less than _!be crossrange capability of the spacecraft) is computed 
every 2 seconds as a function of $pacecraft velocity. 

-

When this limit is exceeded the sign of the commanded roll angle (K2ROLL) is changed so that the 
horizontal component of lift causes the spacecraft to steer laterally toward tM target. 

Equation V: Commanded Roll Angle Equation 

Using previously determined quantities (K2ROLL and LID control) the commanded roll angle is calculated 
by 

where 

ROLLC = (K2ROLL) arc·cos 

LID Ref""' 0.3 (unitless) 

Entry Control Programs 

LID control 
LID Ref 

(degrees) 

The guidance function, which incorporates the entry control equations previously described together with 
certain logic decisions, can be considered as a basic set of AGC software programs (P60's). The programs are 
associated with various phases of the entry profile as described below. 

P61- Entry Preparation Program 

a. Purpose: Start navigation, check IMU alignment, and provide EMS initialization data 10 case of 
communications failures. 

b. Initiation: Astronaut keys DSKY - V37E 61 E 

c. Steering: None, lift vector is oriented full·up (0 degrees) or full·down ( 180 degrees), according to 
the astronaut specifications. 

d. DSKY Displays: 

V06N61 
R 1 - Impact latitude 
R2- Impact longitude 
R3- Heads up/down 

V06N60 
Rl- G max 
R2- V predicted 
R3- 'YEI 

V06N63 
Rl- RTOGO 
R2- Vio 
R3- Tfe 

/ 

Latitude of splash point 
Longitude of splash point 
±1 

Maximum predicted g·load 
Predicted velocity at E I ( 400 K ft) 
Predicted entry angle at E I 

R ange·to·go from 297 ,431·foot altitude 
Predicted velocity at 297 ,431·foot altitude 
Time to 297 ,431·foot altitude 

I ' 
I 
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P62 - CM!SM Separation and Preentry Maneuver Program 

a. Purpose: Notifies crfNV when GNCS is prepared for CM/SM separation. Also orients the spacecraft 
to the entry attitude. 

b. Initiation: P62 entered when P61 completed and the astronaut keys PROCEED after final P61 

display. 

c. Steering: None, lift vector orientation maintained. 

d. DSKY Displays: 

V50N25 
R 1 -00041 

R2 

R3 

V06N61 

Request to separate CM/SM 

Blank 

Blank 

R 1 -Impact latitude 

R2-Impact longitude 

R3-Heads up/down 

V06N22 

R1- AOG 

R2-AIG 

R3 -AMG 

Desired final gimbal 

angles at El 

P63- Entry Contra/Initialization Program 

a. Purpose: Initializes the entry targeting and guidance equations. 

b. Initiation: P63 entered automatically when P62 achieves the entry attitude. 

c. Steering: None. lift vector orientation maintained. 

d. DSKY Displays: 

V06N64 

R1-G 

R2-vi 
R3-RTOGO 

P64 - Post 0. 05 g Program 

Present g-load 

Present velocity 

Range to the target 

a. Purpose: Perform initial steering while awaiting subsequent phases. 

b. Initiation: P64 is entered automatically when 0.05 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 entry 

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 

positive) than -700 ft/s. 
is flown (:=:::: 4 g) until the altitude rate becomes greater (more / 

' 
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Range-to-go checks are made to determine whether the available range will permit a controlled 

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/s 

and ex it is made to the final phase. 

d. DSKY Displays 

V06N74 

R1-BETA 

R2- Vi 
R3 -G 

P61- Final Phase Program 

Commanded roll 

Inertial velocity 

Present g-load 

a. Purpose: Steer through the dense portion of atmosphere and achieve the planned splash point. 

b .. Initiation: P67 is entered automatically from P64 for the nominal lunar return entry. / 
c. Steering: Steeri� is done using a terminal type controller based on a prestored nominal trajectory. 

Guidance is terminated when velocity drops below 1,000 ft/s. 

d. DSKY Displays: 

V06N66 

R 1 -BETA 

R2-XRNGERR 

R3-DWNRGER 

V 1 6N67 

R1-RTOGO 

R2-LAT 

R3- LONG 

/ 

Commanded roll angle 

Crossrange error 

Downrange error 

Range to target 

Present latitude 

Present longitude 

• • 
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TYPICAL CM/SM SEPAllATION A1'TJ'fti0E 

Local llo rlzontal 

l!l dcr� , 
� ' ,\fi:? . 7d /'.J .11. cgrccs 1 � 

\... , . .§' " 0(, � 

P61 

Assume 
Sepa ro. ti on 
Attitude 

IncrUal 
Velocity 
V(>CtOI' 

P62 

Separation, 
Assume Entry 

Attitude 

P63 

Lift Vector 
Up. Await 

0. 05 g 

TYPICAL ATTITUDE AT ALTITUDE UF 400,000 FEET 

•x sc 
20 dog r(>E'!S 

P64 

Constant 
Drag Flight 

P67 

Final Phase 
""'- Steering 

0 . 05:---g -----���� �:--------
Terminate Guidance 

v = l, ooo tt/s 
o. 05 g v -25,000 tt/s 

I 
' 

rYP!CA! F''-ZTRY PROGRAi\l SF.QI:ENCE OF EVENTS 

1 

' 

\ I 

I ' 

r CD 
• 

-
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-
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APOLLO MISSION SPLASH POINT SUMMARY 

' 

Planned Pinal DSKY Ship Spluh Tot&l 
Tarpt Reading Report Recovery 

Total Ship 
DSKY Reported 

North We at t�orth We at Error North Wut Error 
MIIIIOO Lat Long C.t Long Nmlll. Lat Long Nmi 

Apollo 7 27.61 6-6.17 27.63 64.18 1. 3 27.54 64,07 7.3 
' 

Apollo 8 8. 13 165.03 8. 10 165.01 2. 1 8. 12 165.02 0.9 
Apollo 9 23.25 68.00 23.26 68.01 0.8 23.21 67.94 4.3 

Apollo 10 ·15.07 164.. 67 -15.07 164.65 I. 2 ·15.03 164.. 65 2. 7 

Apollo II ·13. 25 169. 15 -13. 30 169.15 I. 2 ·13. 25 169. 15 "· 2 
Apollo 12 ·15. 81 165.17 ·15. 87 165. 16 3. 6 -15.78 165.15 2. 2 
Apollo 13 ·21.66 165.37 ·21. M 165.38 1. 3 ·21. 64 165.36 3.9 

Apollo 14 -27.02 172.65 -27.02 172. 65 0 -27.00 172.659 1.3 

• O nboard data lolt during entry - mill dlltance 11 belt e1t1mate 

• 

, ..... ·� ..... -·dl· ........ '"" 

Belt·E•tlmate 
TraJectory 

(BET) Report 

Nonh West 
Lat Long 

27. 6-4 64.15 
' 

8.1 165.01 

23.22 67.98 

·15.06 164. 65 

• • 

·15.83 165. 17 

·21.6-4 165. 36 

-27.01 172.()6 

--

Total 
(ottlclll) 
Error 
Nml Remarlul 

2. 1 Earth Orbital 

2. 3 Lunar Return 

2. 1 Earth Orbital 

1.3 Lunar Return 

1. o• Lunar Return 

I. I Lunar Return 

I. 0 Lunar Return 

. 62 Lunar Return 

( 

, 

' 

........ -----�--..... -

' 

\ 

r 
c:o 

' 
-
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P61 
V37 Enter. 61 Enter 
V06 N61 Flesh1ng 
V06 N60 Flashing, Record 

I 
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ENTRY 

-
V06 N63 Flashing. Used for EMS if no Communication 

P62 
VSO N:ZS Flashing. Requ.st CM/SM Separatoon 
V06 N61 Flashing 
V06 N22. Monitor 

P63 
V06 N6 4 Moni tor • 

Area 

X X X R005g 

X X X p 0.05 g 

X X X Y OOSg 

' GET Hor Ck 

X X X p E 1·17 

0 Lat N61 

Long 

X X X Max g 

+ V40QK N60 

. 0 0 'Y400K 
• RTGO EMS 

• I VIO 

RTT 

X X 
I 

RET OOSg 

• I 0 0 J DL Max N69 

+ 0 0 DL M1n 

+ VL Ma" 

+ VL Min 

X X X Do 

X X i RET Vc,c 

X X 
I 

RETBBO 

X X RETE SO 

X X RETDRO 

X X X X SXTS 

+ ! 0 SFT E 1·2 
' 

• I 0 i 0 TAN 

X X X ass 

X X SPA E 1·2 

X X X SXP 

X X X X / Lift Vector 

X X X 

X X X 

X X X 

X X I X I • 
0 

X X X 

• 

- 0 0 

+ 

• 

X X 

• 0 0 

• 0 0 

+ 

• 

• X X X 

X X 

X X 

X X 

X X 

X X X X 

• 0 

+ 0 0 

X X X 

X X 

X X X 

X X X X 



I LB·174 

• 

-

·- AREA· XXX Splashdown Area Defined by Target Line. 
-

R .05G XXX (deg) Spacecraft IMU Gimbal Angles Required for 
P.05G XXX (deg) Aerodynamic Trim at 0.05 g 
Y .05G XXX (deg) 

GET XX: XX: XX Time of Entry Attitude Horizon Check 
(HOR CK) (h:min:s) at E I -17 Minutes. 

p XXX (degJ Pitch At\itude for Horizon Check at 
(HOR CK) EJ -17 M<nutes. 

LAT :btx.xx f cegt Latitude of Target Point. 

LONG :txxx .xx ldegl Longitude of Target Point. 

MAXG XX.;( (g) Predicted Maximum Reentry Acceleration. 

Y40QK XXXXX (ft/s) 1 nertial Velocity at Entry Interface. 

'Y400K X.XX (deg) Inertial Flight Path Angle at Entry 
Interface. 

RTGO XXXX.X (nmit Range to Go from 0.05 g to Target for 
EMS Initialization. 

ViO xxxx-x. (ft/sl Inertial Velocity at 0.05 g fer EMS 
Initialization. 

ART XX:XX:XX Reentry Reference Time Based on GET of 
(h:min:s) Predicted 400K (DET Start). 

RET .05G XX:XX Time of 0.05 g from 400K (RAT). 
(min:s) 

DL MAX x.xx (g) Maximum Acceptable Value of Predicted 
Drag Level (from CMC). 

DL MIN x.xx (g) Minimum Acceptable Value of Predicted 
Drag Level (from CMCl. 

VL MAX XXXXX (ft/s) Maximum Acceptable Value of Exit 
Velocity (from CMC). 

V L MIN XXXXX (ft/s) Minimum Acceptable Value of Exit 
I Velocity (from CMC). 

DO x.xx (g) Planned Drag Level During Constant g. 

RET VciRC XX:XX Time from E I that S/C Velocity 
(min:s) Becomes Circular. 

RETBBO XX:XX Time from E I to the Beginning of 
(min:s) Blackout. 

RETEBO XX: XX Time from El to the End of Blackout. 
(min: s) 

RETDRO XX:XX Time from E I to Drogue Deployment. 
(min:s) 

SXTS XX (octal) Sextant Star for Entry Attitude Check. 

SFT xxx.x (deg) Sextant Shaft Setting for Entry Attitude 
Check. 

TAN xx.x (deg) Sextant Trunnion Setting for Entry 
Attitude Check. 

' 

BSS XXX (octal) Boresight Star for Entry Attitude Check • • 

Using the COAS. 
. 

SPA xx.x (deg) BSS Pitch Angle on COAS. 

SXP x.x (deg) BSS X Position on COAS. 
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PERTURBATIONS 

BOOST MONITOR 
TLI 

LUNAR ORBIT 
LM DESCENT 
LM ASCENT 

TEl 
ENTRY 

I 
• 

• ' 
l 
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PS-J 
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ERRORS rn PERICYN'I'HION 
DUE TO VELOCITY ERRORS DURnlG 'ffiANSLUNAR CO.OST 

DIRECTION OF ERROR IN 
VELOCITY ERROR PERICY�'IliiON 

(nmi/ft/s) 
ERROR EXISTnlG AT TLI CUTOFF (2 :55:53. 5 GET) 

Along 'V 97.72 
Along R x V -0.61 
.A�ong y_ x 'f!l x V) -5.46 -

ERROR EXISTING AT MCC-1 (TLI + 9 hours) (11:56:2 GET) 

.<Uong y_ :!!l.�:? 
Along R x V -S.55 
Along V X '[R X y_) -13.20 

ERROR EXISTING AT �ICC-2 (TLI .._ 28 hours) (30:56:2 GET) 

Along V 
Along R x V 
Along V X '[R X V) - - -

ERROR EXISTING AT MCC-3 

Along y_ 
Along R XV 
Along Y X 'f!l X Y._) 

ERROR EXISTING AT MCC-4 

Along V* 
Along R* X V* 
Along Y* x 'f!l* x y.;r.) -

18.01 
-7.51 

-10.57 

(:LOI - 22 hours ) (56:31:14 GET) 

8.48 
-3.85 
-4.95 

( :LOI - 5 hours ) (73:31:14 GET) 

0.34 
0 
2.78 

-

* R a n d · ; ar e . .,.it b respect to m oor: c en�;er e c i�.ertial s y s:e::: . 

/ 

/ 

/ 

/ 

R* x V* into - -

V* X (R* x V*) 

p�ge ( page :.::-:-! 

....... �J- __ ... �::::._ _ _:::::.1..:{· -· v 

Y._ X (R X y_) 
Lunar Sphere of 
Influence 34,759 nmi 
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!:FFECT OF INSTRUMENT ERRORS ON THRUST GUIDANCE 

The thrli1:l guidance used on Apollo, in simplified form, is as follows 

Thrust 
.. 

GvroDrift • 

-
1> X A 

AB 
(PIPA Bias) 

l__ Thrust Pos 1tionmg 
and Thrust Curoff·--; 

l 
s 

t:.V Desired 

�----6¥-MJV\�+----�-------· 
- ''61 

Cross Product 
Steering 

The above steering loop attempts co drive V g (velocity to be gained) to zero. The inability 
of the steering loop to drive V g to zero will result in velocity residuals at the end of the 
burn ..IS displayed In P-40. 

Since the thrust guidance loop performs its calculations on the difference between 6.V measured 
and (:.V desired, the velocity residuals displayed by P-40 at the end of each burn are not caused by 
instrument errors but by che inability of the steering loop to drive V g to zero. 

-

Instrument errors result in a difference between the measured incremental velocity change and 
the true incremental velocity change. Assuming perfect cross product steering (VReslduals 
= 0 in P-40) the resultant orbit will differ from the planned orbit. A measure of the difference 
bet"een the actual and planned orbits is the error between actual and planned apolune and perilune. 

T'K' folio" ing tJhles relate incremental spacecraft velocity errors, during lunar orbit maneuvers, 
t•l _ n·, .:·� ll' .lJ'•'h!•!�o :mJ !X'rilune. Knowing apolune and perilune errors, the table is used to obtain 
the r<.:(jliii'C·d crn>t· m velocity, expressed in body axes coordinates. This velocity error is then 
com·en..:J to possible inscrumem errors by using the cable relating PIPA bias and gyro dnft to 
spacecraft velocity, 

For Ex,1 mple: Assume a perilune error d +5. 0 n mi and zero spacecraft residuals, us shown 
in P-40, after the 001 maneuver. 

1, From the "Lunar Orbit Maneuver Perturbation" table, the most sensitive spacecraft 
velocity error is o.V x· 

2. The required velocity error is 

6.V = 5. 0 n ml 
x ::70 n mi/ftjsec 

= -7. 14 ftjsec. 

3. The weighting factors relating Instrument errors co velocity errors yield 

Therdore: 

-2 -2 
-0.79 x 10 ABx x 52.9 - 3.18 x 10 ABz x 52.9 = -7. 14 ftjsec 

- . 42 ABx - 1 . 68 ABz = -7.14 ftjsec 

Uncompensated AB = +17 cmjsec2 
X 

or 

Un�ompensated ABz = +4. 25 cmjsec2 

I 

1 i I 

/ 

l 
I 
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EFFECT OF INSTRUMENT ERRORS ON THRUST GUIDANCE (CONTINUED) 

The "Lunar Orbit Maneuver Perturbation" table also gives the transformation from stable 
member space to spacecraft body control axes space as follows: 

X X 

y y 

Z SjC CSM / z ·· SM 

where: 

[ SM-N� 

[ R x ( -7. 25° )1 -

For the LM 

X 

y 

z 

Transformation from stable member tO the nav base 
using gimbal angles 

Rotation ma/trix about XNB of -7. 25 degrees to transform 
from nav base space to spacecraft control axes space for 
the CSM. 

X 

- [sM-NB] y 

z 
SjC LM SM 

The purpose of this tran sformation is to indicate the location of the stable member with 
respect to thrust. The assumed gimbal angles are as follows: 

OUTER GIMBAL INNER GIMBAL MIDDLE GIMBAL 
(degrees) 

/ 
(degrees) (degrees) 

LOI 0 0 0 

001 0 2S-I 0 

CIRCULARIZATION 180 
/ 

1 l .j 2 

LOPC 0 0 0 

LM TPI 0 100 0 

TEl 0 0 0 

For all maneuvers thrust is assumed along +Xs;c axis . 

/ 

... 

/ 
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' • . -APOI LO I') LUNAH (HUIIT MANEUVEH PERTURBArriOl'H;i 
-

BODY AXES EHROIII:O.: EIIHOHIN s·ri\BLE MEMDER TO SPACECH;\F'I 
!\IANEUVEI1 VELOCITY PERILUNE A POLU NE CONTI10L AXES TRANSFOHMA 1'1011: 

EtUl011S (nmi/ft/s) (nmi/fl/ s) I sc I =I M I ISM I 
,... ---c.vx -0.09 -0. I>!! 1 0 0 

LOI 6Vy - -0. :tl 0 0. 992 -0. 12b 

t:.Vz -0. H - '
-

0 0. 126 0. !){12 
-

,.. 0. !)70 l c..vx -0.70 - 0.242 0 

DOl 6Vy 0. 122 0. 992 - - -0. 031 

J AVz - ' - L-0. 963 0. 126 0. 240 

,. • 
CSM AVx O.:J2 0. •I 2 -0. 407 0.033 -0. 9l� 

C it·cu tar lzat ion AVy - - 0. 100 -0. 992 -0.080 
c.v2 -0. 17 0. 20 _-0. 908 -0. 124 0. <!00 -

r- ' AVX O.O!i - l 0 0 

LOPC AVy Graph A Ga·aph A 0 0. 992 -0. �26 
6V z Graph 13 Graph B ._0 0. 126 0. 992 -

... -c.vx - 0. 60 - 0. 177 0 -0. 984 

TPI 6Vy - - 0 1 0 
c.v2 - -0. 25 L 0.984 0 -0. 177 -

,-c.vx 
- - 1 0 0 

TEl 6Vy - - 0 0.992 -0. 126 

AVz - - 0 0. 126 o. 992 -

-Indicates coefficient is less than 0. 0::> nmi/ft/s. 

-
It EFS!\1 ;\lA I I 

I :-<�1 I I H EFS.:IJ:\Ir\ 'I I 1 nns 1 
lilt� -· 1\ASIC IU.:F EH I·.:-.<: 1·: SYSTE:II 

,..-· -·-· 
�·-

tl.·l';l -U , Jl:i 
o. ul!l -0. k'it) 

._-0 .... 77 -0. �J I 

,... 0. ;,,-.:! o ,. -r , l I , 

-0 . .!�l 1 -0. 6(il. 

l- 0. 77'J -0.575 

Sanae as Above 

-

L 
,... 

-0 ·lr;f) . ..... 

-o. o:s!J 

0. !Hili 

o. u:):, 

-O ·I'I!J . - -

L. 0. !J7:! 

,... -0 . 760 
O.'J89 

L 0 � '10 • o).,. 

-0. 66!) 

-0.71-1 

-0.20:i 

0. 6(;:1 

-0.719 

-0. 207 

-0. 04'J 

0. 768 

-0.63!) 

• 

- � 
l -0. 772 

o. -1 s:l " Pt·efeaTcd 

J -0. 413 
- ... 
- ,... . 

0.659 Lunar 
0. 70:$ :. Landing 

-0. 26k- '- Site 

0. li91l- .- -

. 
-0. 699 = Prefen·ed 

0. 156 - '- -
-- ,.... 0. 746 

0.656 Lunat· = 
0. 11:!- '-

Liftoff 
-

- ,- -
-0. 648 

-0.50!! = ' 
Preferred 

-0. 567- '- -

.. 

.. 
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APOLLO 15 LOPC APOLUNE AND PERILUNE PERTURBATIONS 

-3 -·) - -1 

/ GRAPH A 

, 

-2 -1 

GRAPH B 

/ 

' +3. 0 
nmi 

+2.0 

+1.0 

-1.0 

-2.0 

-3.0 

+1. 0 nmi 

+0.5 

+1 

-0. 5 

-1. 0 

6rp 

--

+3 

... 3 
.. W ZSC (ft/ s) 

• 

I 
I 

... 

• 

l 
1 
t 
I 
i 

I f 
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GYRO OHIFTS 

PIPA BIASES 

Avsc 
L\Tp 

L\Tg 

f:'::.VSC F.��O�S CAUSED·BY �-HO DHIFTS [ i:i X A) A:--:D Pll't\ Hl:\!->1.� 

MEIW 

CM/SEC2 

FTfSEC 
-

SEC (LENGTH OF BURN t 30 SECONDS FOH STAit I'UP OF A VEI\:\G LG ROUTI:'\E) 

SEC (TIME F�OM LAST ALIGNMENT TO BURN) 

WEIGHT FACTORS RELATE PIPA BIAS ANDGYitO DRIFTS TO VELOCITY ERROl\. 

LOI 

DOl 

D.vxsc 

b.v 
Ysc 

-2 ·3. 28 x 10 AB xr..Tp 

+2 .. 76x 10·5 NBDYt>Tg -2.17x 10" 4 

A82 6Tp 

-2 -? NBDZ 6Tg -3. lS X 10 ABy 6T [l +0. 41 X 10 -

= -2.17 X 10"4 NBDY l'l\� -2.76 X 10-5 NBDZ hTg -.41 X 10'2 ABV 6Tp -3.2:\ -� 10-:! 

� -1.46 x/10·5 NBDX t>Tg t 0. 19 x lO-S NBDY 6Tg -0.36 x 10-5 N BDZ t:>Tg ·0. 40 x 10-2 

·2 T -2 T ABx 6 T p ·3. 25 x 10 A By 6 p + 0. I x 10 ABz 6 p 

= -o.t9 X 10"5 NBDX 6Tg -I. 50 X w·5 NBDY 6Tg +3. 16 X 10"2 ABx 6T p ·0. 41 X 10"2 

ABy6Tp ·0.79x 10"2ABz6Tp 

ClRCULARLZA T!ON 

D.vxsc 

D.vYsc 

= 2 -2 0-2 1.33 x 10" A Bx 6Tp -0.11 x 10 AB
y 

ATP +-3.00 xI ABz 6Tp 

= -4.67 x 10"6 NBDX 6Tg -0.64 x 10·6 NBDY 6Tg -2.10 x 10·6 NBDZ 6Tg ·0:33 x 10·2 

ABx6Tp �3.25x 10"2 AByt>Tp+0.27x 10"2ABz ATp 
= -0.52 x 10·6 NBDX C.Tg •5. 12 x 10·6 N B DY oTg ·0. 42 '10·6 :-:BOZ AT I! �2.98 "< 10·2 

A Bx 6Tp -<1.41 � w·l .�!ly 6l'p ·1.1l � 1 0 · 2 :\13l.-:>Tp 
PLANE CHANGE 

LM TPI 

L\vx sc 
b.

vYsc 
t::.v zsc 
TEl 

D.vxsc 

D.vy 
sc 

= -2 -3.28 x 10 ABx oTP 
= 0. 28 x w·5 NBDY h Tg 

ABz ATp 
= -2. 23 x 10·5 :--JBDY r..f2 -0.28 x 10·S NBDZ 6Tg -0.41 >. 10·2 ABy t:>Tp -3.25 >. 10·2 

ABZ r..fp -

= 0. 58 x 10"2 ABx oT p +3. 23 x 10"2 ABz AT p 
= 5. 29 x 10·6 NBDX 6Tg -<l. 95 x 1 0· 6 NBDZ ATg ·3. 2 8  x 10 · 2 ABy liT p 
= ·5. 37 x 10·6 N B DY O.T

g 
·3. 23 x 10"2 ABx 6T p +0. 58 x 10·2 ABz ATp 

" -3.28 X 10"2 ABX 6Tp 

= +0.28x 10"4 NBDYr..Tg -2.20x 10·4 NBDZoTg · 3 . 25 x I0-2ABy6Tp+0.41 x 10·2 

ABz ATP 
= 2 - '2 -2. 20--x'10"4 NBDY 6Tg ·0. 28 x 10"4 NBDZ r..Tg -0.41 x LO" Ally AT p ·3. 25 x 10 

--

' 

I 
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APOLLO 15 LUNAR ORBIT PARAMETERS (TYPICAL) 

PERILUNE (run!) 

6. 9 
POI 

8 16 24 
Time from DOl (hours) 

57.5 APOLUNE (nmi) 

+ 
57.3 POI 

57.1 

56.9 

56.7 +------.-------.--------r-
0 8 16 24 

Time from DOI (bours) 

• 0261 ECCENTRICITY • 
POl 

'02590 

• 0257 

. 0255 

0 8 16 24 

Time from DOl (hours) 

159.4 

159. 2 

159.0 

158. 8 

ANGLE OF ASCENDING NODES 
(degrees) 

POl 

158.6 +-----.-----,------.-
0 

134. 94 

134. 84 

134.74 

8 16 

Time from DOl (hours) 

INCLINATION ANGLE 
(degrees) 

24 

134.64�--------�------�--------�-
0 

970.7 

970.6 

8 16 
Time from DOI (bours) 

SEMlMAJOR AXIS 
(nmi) 

24 

+ 
• 

POI 

970.5+----,-------.--------.--
0 8 16 24 

Time from DOl (hours) 

/ 

I 
I 

• 

' 
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INSTR1Jt:1:.N"T 
ERROR 

PIPA I3IAS 
X 
y 

PB·10 

EFFECT OF INSTRUMENT ERRORS ON 
LUNAR LANDING FCSITION 

APOLLO 15 

CROSS-RANGE 
ERROR 
(ft) I' 

2 (em/sec ) 
0 

-3o85 

--
• 

lX)i-JN RANG E 
ERHOH 
(ft) 

-202 
0 

z 0 -3082 

IMU MISALIGNMENTS (mrad.) 
About xs� 

780 0 
About YSM 0 -103 
About ZSM 45 0 

GYRO DRIFT (meru)* 
NBDX 10.1 0 
NBDY 0 -3.75 
NI3DZ 2.8 0 

* Gyro drift was assumed to start at ignition. 

/ 
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Effect of Instrument Errors on LM Insertion Orbit 
-Apollo 15 

Instrument Error Apolune Error (ft) Perilune Error 
( ft) 

PIPA Bias (cm/s2) 

X 
y 

z 

IMU Misalignment 
(arc-seconds) 

X !</>xl 
y (</>y) 
z !</>zl 

Gyro Drift (meru) 
N8DX 
NBDY 
NBDZ 

Nominal Values 
Apolune 45.6 nmi 
Perilune 9 nmi 
Inclination 131 deg 

Graph A Graph A 
0 0 

Graph 8 Graph 8 

0 0 
Graph C Graph C 

0 0 

0 0 
Graph D Graph D 

0 0 

Crossrange 
Error (ft) 

0 
-2,915 

0 

-4.8 

0 
2.16 

-12.2 
0 

·3 . 1 

Inclination 
Error (deg) 

0 
0.026 . 

0 

4.2 X 1 0·5 
0 

·2.0 X 10·5 

1 X 10·4 
0 

3.0 X 10·5 

l 
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DffiECTION 
o: 
•r:. i..OC I'7i 
::::t'lOR 

PB 13 

EllROR3 AT TriZ E!lffiY D;ERFAC:: (:000,000 !"'!'. ALT.) 
DUE TO Vl::LOCIT'f ERRORS DURDlC 'IRANSE.IIRTH COAST 

ERROR m ERROR DJ ERROR IN 
VACUU?•I TI:'·€ OF VELOCIT'f 
?C:RICEE AR1UVAL AT EI 
(nmi/fl/s) (s/ft/s) (ft/s/ft/s) 

ERHJH f:<ISTiriC AT TEI ClJI'OFF (223:46:06. 6 GET) 
.:\.lon.: V* . 
Alonr.: 'fi• X V* 
b.l onr; Y* X r�· X y•) 

-13.70 
3.20 

-0. 12 

-42.3 
4.6 

27.0 

0.80 
-0.03 

0.09 

f.':lt'{OR EXISTING AT MCC-) (11::! ... 17 hours) (240:46:06. 6 GET) • 

�..l,..r.c v 
.C..l :1.: � X V 
Alor.; Y X \� X y) 

2.05 
I. 21 
9.49 

-24. 1 
3.4 

32 .. 

-0.31 
-0. 12 
-0.33 

• 

• 

-

ERROR m 
:'LICET rAT:. 
A!ru· A� ---\1 . .it. tJ.l (deg rces/ft/ s) 

---

-0.95 
0.22 

-0.01 

0. l:l 
o.o:
o.r,s 

�------ --- ·---�--------------�--------------� :::RHOR EXI3TDC AT l·!CC-6 (EI - 22 bours) (272:58::20 GET) 
f.lone y 
..uons R x v · 

Along Y X \� X y) 
1. 34 
0.03 
5. 73 

-5.2 
0.05 

14.50 

ERROR f:XIST!NC AT 1-iCC-7 (SI - 3 hours) (291:58:20 GET) 

0.09 
rO. 08 

-0.41 

0. 09 
0 
0. 38 

�----------------.-----------.-----·------.--------------�-------------; Alone y 
Along R X V 
Alone Y X \� X y) 

0. 52 
0 
1.47 

0.3 
0 
2.6 

0.33 
0 
o. 09 

* � nnd V are vith respect to coon centered inertial syste� 

....... - ... . . �.. .. 

v I 
v X (.!!X y) 

• 

� 
,., ,, ,, )( 

Definition of' 
Velocity Error 
Direction 

C:Jt -:"' 

page 
V* 
-

\ 
V* X (�_. X 

/ 

/ 

0.03 
0 
o. 10 

Lunv Sphere or Influence 

nmi 

.. 
-.. 

into page 
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TYPICAL LUNAR RETURN ENTRY POSITION ERROR SENSITIVITIES 
AT GUIDANCE TERMINATION 

!NOMINAL 1, 250 NMI ENTRY 
ERROR SOURCE Downrange Cross range 

( ( ) Error Error 
(mni/E) (nmi/c) 

.GYRO BIAS NBDX 0.0 -0. 17 
DRIFT NBDY -0.15 o. 0 (meru) 

NBDZ o.o -0.43 

ACCELEROMETER ACBX -4.72 o.o 
BIAS ACBY 

(cm/sec2) o.o 4.78 
ACBZ -1. 50 o.o 

NOTES: 1. Assumed accelerometer operation 15 minutes prior to EI (altitude of 
400, 000 feet). 

2. Assumed IMU drift from L 5 hours prior to EI. 
3. Assumed IMU orientation such that at EI: 

-
ZsM -
-
YsM -
-
XsM -

-
- Unit (R) 

- -
-Unit (R x V) 
- -
YSM x 2SM 

-1. Crossrange-downrange definition: 
North 

Cross range 

/ / 
/ / / 

�-------"'---- East 2?// 
��� ·<:;:: o. / 

o<Y-v;/ 
/ 
Nominal 1� 250 Nautical Miles Entry 
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SCIENCE 

NAVIGATION 
CSM DIGITAL AUTOPILOT 
LM DIGITAL AUTOPILOT 

LUNAR LANDING 
ORBITS 

-

I 
l 

I 



-

' 
• ' 

--

sc 2 
CO.\�Ti�G �·Lit;HT :-IA\'IGATIO� 

The purvns-.. • !.:L.Cnasttr\tt FllJ;hl �.1\'tl':utun •� to ,·S:IIm.th: St).tccc:zah pu�ataun anti \elocJt�. The e:ottmates are computed 

us1n� urhtta1 mt.· ... ·hanu.·� .tnd na\'lj.tatann �qJ::htinp.:- t<J 1mpro'e the accur3<:\ r')f thtt orbat:'l l rncchanlC's. The na' i)!3tlnn 

.iiJ;!hti n�s ;tn• 11\l"'Jt'P<;r:ued anto tht• pm:·ition and \t•locily t•st•rn:ues using :t modtflcd Kalman fi1tcr which Is a recursive 

opt una l esu m...at,, r th:u as c..·f\..'lr:Al'h:rtz.t..-d t>y th� lnlluwa� cumput3llnna1 prn�urc. 

• 
-· 

. , . 
:>. ' tc lp: l -n n- -n-

.1. Compute the optim�l gain mat nx. 

• 

L'pciatt> the PSlim�tc or the state vector .  using th<> ••xtrapolated state X 'n· tne optimal gain tK;,), the t'xtra-
polated measur('ml'nt f �· and tht' actual measur('ment at ttm<' tn· Y:. 

x = x· •rK· 1 tv • \·'> -n -n n \..!.n -n 
6. l1pciate the t>rror covaMance m�trlx in a similar manner. 

This proc.,dure ts illustrated by the following block dia�ram. 

.)-y .. - n [K� J + SYST01 >' J -
• 

\ , 
..,, 

[li,J 
'--

< )I 'i' 

X' 
- n [o"_l] 

Basic 1\ecurslvc Proc.,dure ul Kalonan Fil1eo•on�: 

• 

X 
-n 

l 
. 
X '-n-1 l'!"IT }-J 

l I)F 1.-\ Y i 

-

\ 

I 

\ 
' 

I 

! 

I 
. ... 

i 
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MODIFICATIONS TO THE BASIC KALMAN FILTER 

The basic Kalman fllter ouUlned on the previous page was mod�ed for usc in Coasttng Flight Navigation 
in the following aspects. 

1. Instead of extrapolating th� err<:>r covariance matrix. fEJ. the square root of the error covanance 
matrix Is extrapolated. This insures that the covariance matrix will ah,ays be pos1ttve senu
definlte and avoids the usual difficulties that occur "hen computation techniques y1eld a negat1ve 
error cov&rlance matrix. The square root of the error covariance matrix IS called the error 
transition matrix [WJ. 

2. The slate vector and error transition matr1x 3re extrapolated by integr3ting the1r rcspccuve 
second order differential equations via the coastin1; mtegration routine. Th1S 1S done 1n lieu 
of the slate transition approach and eliminates the necessity of computmg a new time varyi� 
transition mstrlx for each measurement interval. 

. 
3. The update of the state vector after each measurement must first be displayed and npprovcd 

by the astronaut before it is incorporated into the state vP.ctor. This elinun::Hes the po:;sibillt.� 
of an erroneous update due to an Improper mark. 

4. Only one measurement is incorporated at a time. This reduces the diml.'nsion of the filter 
equations and changes the matrix inverSIOn 10 the optimal ga1n equation to a scal3r thvi,ton. 

STATE VECTOR DEFINITIOI\ 

The state vector for coasting flight navigation IS def1ned as the deviation uf the spacecraft pos1t1on aod 
velocity from a reference conic. 

/ / 

State Vector = x( t) �[ 6 r] = - 6v 

Deviations from 
6 r y conic position 

= 

Deviations from 
conic velocity 

Deviations from \he refe1:eooe conic are assumed to be Gaussian distrib.lted with a known mean and var
iance. The mean is estimat.e& via the precision integration routines or obtained from MSFN. The var
iance is given by the error covariance matrix, wnich is prt>CC'mpuc�·d �nd entered \'Ia erasabl!.' data lead. 

CORRELATION BETWEEN BASIC KALMAN FIL TEll TERlllfNOLOGY AND COASTING FLIGHT 

TERMINOLOGY 

The following table lists the correlation between basic Kalman filter terminology as used on the previou 
page and Coasting Flight Navigation terminology to he used on the foliO\\ I� pa�es. 

CELESTIAL NAVIGATION 
TERMINOLOGY 

/ 
b .. geometry vector of -

dimension "D" 

w = w�ighting vector of -
dimension ''D" 

[WJ = error transition matrix 

of dimension "D x D" 

X = slate vector -
-2 a = a priori measurement 

error variance (scalar) 

6Q = measurement deviation 
( scalar) 

/ 

KALMAN FILTER 

TER�Ill'OLOGY 

[HJ measurement 
mntrix 

rK•J n = optimal gain 
matrix 

[EJ � t>rror covariance 
mat rue 

X = slate '·ector -

[VJ � covariance of the 
measurement noise 

" 

<!n-!n> = measurement 
residual 

I 

CORR ELA TIOl\ 

.2 T :>r111 

w :;>rK�J -

I EJ =>r" w,·, 

x ::>x - -

a.z :>rv1 

6Q :;::.&·- y ) n -n 

I 
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COASTING INTF:GilATIOI' ROl"TI:\F 

The Coasting Integration routine Is a standardl�ed subroutin� usl.'d to int�gr:ot<• >P:tcccraft stat� '••<:tors to 
specific times. It Is used during each of lhe lhrce navigation programs ( P20-0rbl�l Na,·tgation, P22-Rrnd<·t
voue Navigation, :�nd P23 Cislunar Midcourse Navigation) to extrapolate th� �t:Hc 'ector and 'rror tr.tnslll<>n 
matrix ahead to lhc measurement time by direct numerical Integration <>f lhcir diffcrcntial <"<tuatlons. 

-

STATF: VECTOR £QUATIONS 

The basic equation d escribing spacccran motion I• 

r . 
r 0 I r 0 -

� - (I) L . j! v "lr.l' 0 v 
�d -

where 

r • spacecraft position vector 

v = spacecraft velocity vector 

!!.d = disturbance �cceleration vector 

11 = primary planet gr.wlt.�tion constant 

When the disturbance, !!.d• is small. then Enckc's method of differential acc<>lcr:lltons ca n bt• us.•d to soiH· 
Equation I. Encke's method divides spacecraft n1otion into two p:t rts: (1) con1c •.>t" oscul:ttini( <'ll"hltal ""'" 

lion which would result H :!.d c 0 and (2) de,·inllon from conic 111otion as a re�ull of :!d � Q.. 

where 

r = r  + 6  -conic r 

" =�conic • 6v / ' 

!.• � = spacecraft position and velocity 

!conic• �conlc = conic position and velocity 
6 r, §..:! • deviations from eonic position and ,·eloclty 

(:!) 

(3) 

Substitution of Equntlons 2 :1nd 3 Into the b:lslc equ:1tion of motion, Equntion l, yields diflerentl:ll equa
tions for the conic position :1nd velocity :1nd the deviation from conic position :lno ''elocity. 
Conic Motion Equation 

. 

!.conic 

. v -conic 

= 

Oevi3tion E lion 

!L!" 0 
= 

6 ... G 

where 
G e !.1 

rs conic 

I 

0 

0 I 

0 

r 

l·� {.: 

r -conic 

v -conic 

Sul>icct to - o -{ 1"(1 ) = 0} 
lnltl:l I conditions . 0 

!.! .. �..<to> = -

[ 3 r . rT . -con1c -come - r  1(11 1 conic J 
The conic motion equ:ltlon is soln'<l explic•tl� using Kepler'$ \UIH"outinc. I h,• de,i:lti on t•Qu:lh<>n 1S $•>1H·d h·. 
by direct numer,cal mtegr�tlon :tnd IS c:�lled the ·•st.�te e<fU:ltllm"; it can 1><: "r1ttcn m the form 

X = (F) X .. c 
- - -

ERROR TRANSITION �lATRIX £Q1" AT IONS 

The accur:�cy or the st.�te vector estimation process is ch.�r:lcterized hr tht> Hrur co,·ari:�nct> <1\:ltnx 
which expresses the ml'�n squared error or each st.�te •·ector element in m:1tr1" form 

where 

where 

state vector estim:ltion error 
• 

e • X - X -

e � estimation error 
• x : estim:lU'd state ,·ector 

x e nctu:ll stnt.e vector 

error covari3nCe m:�lrix 

(£1 • < e e T > 

(E)" error covarl:lnce matrL� 
< > � tlenote5 ""<'Xi>CCted ,." luc·· 

(I;) 

1'1 

/ 
• 

/ 

I 
• 

•• 

I 

I 
t 
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If the state vector Is described by Equation 6 ,  then the error covariance matnx !s described by 

E = FE + EFT (neglecting process noise) -

:tnd the error transition matrix is described by 

. w = FW 

where 

(WWT)"' (£] 

Equation 10 Is the differential equation describing the error transition matrix and is solved by direct 
numerical integration. 

SUMMARY 

(9) 

(10) 

TIME DOMAIN EQliAT10NS 
STATE TRANSITION NUMERCIAL INTEGRATION 

x"Fx � c  - -
. 

EFT E = FF. • 

. W = FW 

EXTRAPOLATION 

/ 

/ 

" ' " X = (<I>] X 

E'e oEoT 

"• X = -

w' = 

EXTRAPOLATION 

" f
tn+l !!. (t0) + 

tn 

tn+l 
W(t)+/

t n n 

M dt -

FW dt 

/ 
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ME1\SL"BEME!\T !NC'ORP0H.\ rtOI' HOLTr.'\�: 

The Measurement Incorpor:nlon routint•, like th(\ Co:tstjni! lnt{•1tr3liOn routim.•. is usc.>d ;,, ;ttl thn....- n '' i�ation ,,. . .,-.:,,·.u .. , ... 
Its purpose is to compul" ,1 state ,·ect.Or up<btc bast!<! on th<' informatiOn obl."lim>d frum th•· nadttatln_ll..•t�thtinc. I h. 

procedure lor updating the st."ltc 'ector t·an he divided lnt.O lhre<· parts. 

1. Compute a geometry \'CCI Or. 2· bast>d on the >l."ll<' \'CCt.Or and t)1>C ol n:l\·i�ati<>n sil(htin'" th.ll 1S l><•in�: 
made. 

2. Compute a stale vector update. 

3. t:pdate the state \'ector and •·rror transition matrix if th,• .lstronau t :.ppr0\'<!8 ol tht· incorporation. 

GEOMETRY VEC'TOH 
A I ,.. 1 

The geometry 'ector. relates tht• mea sur eme nt, Y n• to the st."ltC '<'Ctor. �n· according to Equation II 

where 

Y·, bT., . " n - ...., 

. Y� = th.:- expected mcasu•·ellwnt (a •cal:.!') 
b : gt'011H�tr� ' ector ( n < l column 't.'ctor) 

!� = sL:\le v<;t:tor C'xtr!l.pOl:llvd lCI th,· t)H\tSurcoH!nt tim'-'' ia lhC> Co,lstin� l.ntt>gr:.ltion routlnt•. 

I I I ) 

The Hate 'ector lor coastinl!, fliJ!,nt1'la\ tt.:,:ttion IS"\ ch.·\'i.ttion from:. r'-'fl•rt.·nc._· (osculallnlt) otbit .uHt tht· nH.·�bun.uH nt 
variable C3n :�lso bt.• thought of :tS :' dl'\ \;ttion £rom =" rcf•.'r'-'nc£" or nomin:tl. Thu=' th<' mt•asurcnh·nt 'l'<-'lOr '.Ln � .... 
determined by takin� th<' rlcri\·ativt• of th,• mc:t sur,•mcnt "ith n·spcct to th..- •t."lt<' \l'Ctor. This can I><· illustr:lt<"<l fo•· 
the case ol cislunar midcourse navlgallon, where the navigation sighting is tht: an�l" bet'Aeen a known near planel:'ln 
landmark and a star as shown below 

I r L ens A � Uc• r "'-" -L 
Taking partials 

6rL cos A-rL sin A 6A t 

6.'\ = 

By definition 

6 r L r L " .c:llar = 

therefore ,. .. 

T 
r 6 r -L -L 

T 

l!.s 

T -L 
6rL 6rL" : I!.L 6 r L  ,. 

and 

L 

T T 
I!.L 6rL cos A ·l!.s 

6.-\ = 1·L �in A 

( T T ) 
1!. ''"'A·£!.. 6rL 6.'\= L _ ::.  

r L Sin ,\ 

b = 
1!. S -I!. L n•• .\ 

�'L �111 A 

� .. - L 

" 

I 

.. I 

• 
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'II" �<'<HH<'tn ' t•ctor rnn �I so � dNcrmim•d by gt'Ometrlc:�l rc l:�tionship �"'�en tht· st.,tc 't><:tor and tht: type of 

m<••t�url·ll'I\.'1\C. Sin<'"' 2 is different Cor l'ach navi�ation program, Its cicriv3tions arc prcscnt<'d on thP rotlo'l4 ing p.:ages 

"hlch rlt•o('riht• tht• inclh·idual n:wtgation programs . 

CO�IPl'Tf. TilE STATE VECTOR UPDATE 
- Thr ('omputatlon of the state vector update encompasses Steps 3, 4, and 5 of the basic Kalman filtering procedure. 

1. Computt' tht• nptimal g:�in m:ltrix 

or, In tht• terminology of C03Sting Olght na\·ig�tion, 

wiH.•rt' 

w s 

W' z 
-

.. = optimal gain \·ector 

\\ I : 

. 
, . c 

•·rror transition matrL' extrapol:�tt.'d forwar·d br th� Coasting lntejtrntion routine 

\r :r \! (a vector us<>d to �impt if_, computotions) 

zT7. � b T W'\r'T b (analogous to HE' H T) - -

(I 2) 

( 13) 

mcasurNnent noise covariance (an erasable data lo:�d or fl�ed memory constant which depends 
on which navigation program is in usc·) 

. -. 
( z· • o·) Is 3 sc:�lar and eliminates the necessity of matrlx inversion 

:!. Compute the expeeted measurement based on the extrapolated state vector. 

wh('re 
• 

y' n 
b 
• I 
�n 

� 

• 
= 

expected measurement from current navigation sighting 

geometry veetor 

extrapolated state ,-ector 

J. Com pute th<' state \'ector updat<' 

''hcr·c 

ox .. � 6Q 
. 

= ,.,; (Y - Y') _ n n 

a optimal 1\'Clghting ,·ector 

oQ a measurement residual 

Y n 2 lnform:>Uon from current navigation sighting 
• Y� : cxpectt!'d measuremen t 

l'PDATE: THf. STATE VECTOR .\KD ERROR TRMSITlOl\ �lATRIX 

(14) 

(1 5) 

Before th� state vector update, ox, is incorporated into the stat<' vector, it is displayed to the astronaut for his ap

pro,:tl. This Is to pre,·cnt erroneous tracking data, ;uch as improperly identified stars or landmarks.from being used 
to update lhe St.:lte. \\'hen astronaut approval has been issued, the sute vector and <'rror tr:>nsltlon matri>t are updated 

as folio>� s: 

t.:PDATE THE STATE VECTOR 

E.n a best estimate of stale at time ln 
• state vector extrapolated ahead from lime t0_1 

(, x : state vector update 

UPDATt: 'I'IH: ERROR TRANSITION MATRIX 

(16) 

lO l., 

The· ·�tuation �o,·crnint�: updnting of the l'rror <:o,·arianct· m:ttr;x is �h·cn in Step G of the baste Kalman filtering procedure. 

I J·:n I = I t:,' I - f Kn • J I 11,1 l I E ;, I 
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This t·�n bt• rewritten In terms of consting flight navigation terminology 

( 18) 
Equnllon 18 ci}n be scp:�ratcd to obt.�ln an equation for updating only �e error transition matrix IW 1 Instead of the 
product [ WW I . 

where 

"' ZT 
I w I • [w'J-

I .. I ��-' -1 zl �a l 

I W 1 • updated error tr&nsltion matrix 

I W' 1 • extrapolated error transition matrLx 

z 
-

2 optimal gain vector 
• w•T b 

= measurement noise covariance 

SUMMARY 

( 19) 

The total spacecraft position and velocity is kept current through extrapolation, updating, :�.nd rectification. Rectifica
tion Is a process used to redefine the reference traJectory by adding the deviations, 6 r and 6 v . to the osculating 
elements, r. conic andy conic , thereby redefining the osculating orbit and reducing the deviation st.�t<> vector to 1.ero. 

rr coolc 

l:::: conic 

6 r 

6 v 

• [:conic ]• [::] 
-conic 

0 

0 

Thl� process is used to preserve the efficiency of £ncke' s method and is !llustr:ucd below. 

r 
6i' 

Extrapolate V" ',(_t::,l-
Update 

Extrapolate � 
V''<t) \ 

U pda tc .--=::::::::::� 
Extrapolate \ 

i.t (t:) 

t, 

. 

·l...r (l:) 

Rectification Measurement time Measurement 11 me 

Rectify 

Rectification 

( 20) 

(21) 

-



. 
• 

• 

SC-9 
INITIAUZINC THE COASTING FLIGHT NAVIGATION PROGRAMS 

-· 
tach of the novl�allon pf'Ojlrame Ia lnlllal lzed prior to usc b) •pcclfylng the m.-asur�ment \'>rlance. Ct , and Ole lnlllal 
error tra nsition matrix. r w r • The measurement variance gives • confidence le\'<'1 for the na\'lltallon lnatrumenls by 

�peclfylng Ole ''arlance of all the error oources ossoclat<'<l wllh lhe Instrument. Thew mntrl• slveo a confidence level 
for Ole initial csumatc of the olllle vt-ctor by specifying the mean squnnxl error In �sltlon and ''eloclty collm>teo. (w�o initialized ao a diagonal murlx which says that Initially the po•ltlon Md velocity error� are Independent. 

��UREMENT VARIANCE INlnAL "W" MATRIX 

• (0. 0& mr)1 + 

CISLUNAR MIDCOI,;RSE NAVlCAnON ROUTINE 
P-23 

[WJ • 

' . ' 
wm,.J , 0 ' ---··-·;· 

() : wmvl 
' 

r--------------------------�L-------------------------4 

-t " • Vaf!<cT ' v ... U.CC 
• \\ .,...,., •• t().lau1' 

ORBITAL NA VlCATIO!'i ROt:nK E 
P-22 

/ 

RENDEZVOUS NAVlGAnON PROGRAM (LEM) 
P-20 

• 'ti.' /rl : 0 I 0 
• .......... " ... . . ... . .. 0 ° ,.. tv' I 0 

··-··--- ·'---· 
0 ' 0 . "I . . w t 

RANCE MEASUREloiENT FOR RENDEZVOUS 

<i' • Mu f vai'Ji, 

RANCE RATE MEASUREMENT 

o' • Mu f r' Var\,. Var� min} 
SHAFl A);CLE MEASUilEMENT 

fWI • 
I 0 

I I .. 0·· .--.� . --· � - -
1 Wrr , 

-- · 1 · - . ' ... ' I . ., ' IJ I ' 0 I 0 I 0 
' I ' 0 
• I 

-. 
0 

.,• 8 
0 

-
0 

0 

0 

o' • var; + V&lJMU • Var; • (0. 2 mr)' t'OR Ll:NAR Sv'RFACE !iAVlCAnO!'i 

TRUNNION ANGLE MEASUREMENT 

o' • var; + Va"lMU • VarB + (0. 2 mr)1 
[WJ • 

RENDEZVOUS NAVlCAnON PROGRA�I (CSM) 

P-20 

OPTICAL TRACIONC 

• V a"lNT 
rcL' 

a' • VarsxT + V&l)MU + 

Var• • (0. 2 mr)1 + (0. 2 mr)1 + n:T 
•cL 

VliF RANCUIC 

li' • ( . Max l VarR, 

ALTERNATE LOS 

a' • Var�LT + VariMU 

• Var• + (0. 2 mr)' 
ALT 

• Thcsco v:tluNJ :u•c Mlorcd tn crn�Abl(' memO!"\'. 

0 
' . 
I w tvJ ' .. 
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ERASABLF. DATA LOAD PAR-\�1ETt:RS 

llATA LOAD 
VALL'£ 

�11\010?\IC 

RA?\G t:\' AR 1.1111>< 10 - l 

H\' -\R�ll?\ ( 6(i rn) 1 

R .\ T E\' .-\R 1. '-:7";'; X 10- 5 

\' \' .-\R �II?\ co. OJ iH:, m/s) � 

SHAFT\'.-\R ' 

I ( l ntrad) · 

r!lt -�l>".Hl: r • 
( I "'r.:JJJ.� -

PYICY \\H (l·llll); 

9(•\' ,\·U o.o 

H \' . .VDI ['.: J 
• (�OOit)· 

.\ LT\' .-\R ( L � !!.?.t".:J.d) : 

--.-

P.-\R.U1 ETER 
I \\ I 

\\ (C!'�I) <'IIY 

\\Ill\ ( CS�I) 

\\' 1 r ( CS�1l 

\\' ( CS�I) I\' 

\\' , ( CSM) 
' 

\\' rr ( LM) 

,,. rv \ l.�q 

\\[J ( Ul) 

\\ ol ( Dl) 
\\ lr (L:!<l) 

\\' . ( U1) . ,. 

\'. n ( CS.\1) 

\\' n· ( CSM) 

-

OA 1 .-\ L0.\0 
\'ALL'E 

,\1?\DIOI\IC 

�n1IDPOS JO. 000 ft 

\\ :0.110\' E L 30 ft/s 

\\'ORBPOS 0.0 

1\'0RBVEL o.o 

S22WSUBL 10.000 m 

\\'RENOPOS 10, 000 ft 

\\'R!::NDVEL ! 0 ft/ s 

\\'SHAFT 1(; mrad 

\\'TR l?\ 15 mrad 

\\'Sl' R F POS o.o 

\\"SL'RFVEL 0.0 

1.1. RF.I'DPOS !0,000 fl 

WREKOVEL 10 ft/s 
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CISLUNAR MlDCOURSE NAVIGATION PROCRAM 

( P23) 
During: ctalunar mtdcourae n.avtgatton the angle bet"Neen the lines of sight to a known star and a planeury landmark te measured. 

Thla angle measurement Ia then used to update the state vector via the measurement lncorporaUon routine. The geometry 
reialinl lhe -.ngutar measurement to the deviation state vector is given below. 

STAR/LANDMARK GEOMETRY 

STAR 

A 

Ao 

6 A  

r actual angle measured by optics 
• an,gte corresponding to conic position 

• measurement va rtable 
(a Kalman filter variable) 

vo.._ ___ contc 

Spacecraft 
Poatuon 

Position 

' 

o"" <C: 
/ 

Landma rk 

The relationship between the state vector and measurement variable can be 
deter-nH ned bv red row lng part or the preceding figu r('. 

FIGURE 
A 

Landmark 

Earth 

onic 
Position 

The Wlit vector, � p• can be detennlned I rom Figure A 

% =- UJ\Il vector alo"« sur 
IID<'•OI-Slght \ \ 

T 
T 

6r = b 6x 

\ 
\ unit vector �long tandm.a rk 

LOS r rom the spa.cec r:.ft 
6A = 

where� 10 a unit vector prependlcular to EeL 

• • 

�P • UnJt (�s- �d 
�� Co mponent <>I� :tl"nK �L < <%. �L) �L 

� l!nlt �s - �� . !!(· Ll � Ll 

IJ • 1_2_ [ l'nlt (� - <�s · .':!c Ll � L] !.c 1.1 .. 
- / 
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ORBITAL NAVIGATION· L..ANOMARK TRACKING 

(P221 

During orbital navlcaUon. tho ln<rtlol line of sight from the spacecraft to a plano:ary landmark Ia meaour<d by recording lile O!>llcs 
ahaft and trunnion a.nglea. tht' IMU gimbal angles. and lhe ttme of the mark. Up to Uve marks ar� made on csch tandmark before 
the Me.aaure.ment Incorporation routine Ia ca.Hed tO update lhe 1tate vector. 

Classical cel�aUal mec.ha.ntclt tAya that U the angl es between a pla.netary laftdmark and rwo different start are nu:.:uurcd lhC"n the 
tlne of stghl from lhe �paeec:rah to t.he 1a.ndmark can be determined. or that two star/landmark measurements art' (_I!QulvalenL to 
one 11ne-of1lght meaeurement. 0r'bltal navlgatJon usee thla cqulvatency to Incorporate the line-of-sight meaJurcrnent hy treating 
lt as two star/landmark meaeuremenu. The two flcUUoue atar/la.ndmark measurements are then incorporated ln the same manner 
•• ree.l atar/landmark meaauremtnt.a ln P23. 

The dtmen.eton of the atate vector for orb«tal n.avtptlon la expanded from atx to alne to ux::lude the landmark poeUton vector. If lht! 
eoooept of .. devlatJon atat.e veetor" ta carried over to Include t.he landmar\c:, 'hen 

where 

6r 

x • orbital navlg;Oon •t.'\te vector 

6r • dnl&tLon. of arp.aeecrt.ft poaiUon. from the reference conic 

6v • df'Vl&llon of spacecnft velocity from the reference conic 

6r L • dc:ovlation of landmark po1tt1oa. from lhe nominal 

The geometry �·ector. �. can be- determined using a procedure 1lmltar to tha' u1td for P23. 

!.CL 

PoalUon 

The expected \In<! of sight II !.CL' 

The mgl< between lilc &tar !.OS 
and landmark LOS'-

A • A, +6A 
where 

A • Star/landmark LOS ancte 

Ao • Part of angle due to conic 
or nominal poah1ona 

6A • Part of ancte duo to dovl· 
, ations from conic or 

aomloal potlllonl 

!:t.o \Nominal Landmark 
Posltlon 

I!S 

"UL 

tbe 'tar La>' I are eh�en perpendicular to !cL 

l!s! • unit <l!s , !c L1 

l!s2 • Unit <l!sJ �!eLl 

!w • meuured L06 

!cL • expecud L06 
L.'\ndmark 

Nomlna.l l.."\helm:lrk 
PostUon 

from the above ncu� 

• • 
• 

6A • bTx • _!__ ( u T 0 •01T J - - I r I "' ' "' -c�: 

b • 
I 

-

6 r 

\ 
I 

l 
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llt.I\IH"Z\"Ot·s S,\I"IGATIOl\ PIIOGRA�I 
1 v·zo) 

1 h"' Ut •P•kl\OU� �.1\ ts:auon pro�r;tm, P'lO, is ust-d tlurintt lhc rcndez.,•ou:, ph:ast-s of Olght. Both lhc CSM and LM computers h3\'f' 
P1"<1o�r:.m P�O so th:tt tht.• CS�1 can (lo J'l'l'\d(•t\Ous n:wig:nton b\• tr;u;:kin� thtt LM. or the L�t can navlg:�tc by tracklng the CSM. The 
C!'iM can n,,, 1fc:1tt· h\' rn c:•surJnR th�<' of si�tht to tht• LM usinR l.hc S:.X1' or thE' COAS, and/or the VHF r anging ltnk. The LM usee 

the Rendc.:\OU5 R.•d�r to nu��uurc range.•. r3nite r:Ht>, Rll sluh t��ng1� bi:\s, and RR truMion angle bla1. 

Tht• .st:'lt<.' \'t•etors for· rcndt'l. \'OUS na\'lgation arl' 

!.!: 

. [:] 6\ 

!cs�t !I.�t • oil 
611 

0 

2..!: • de" l:.uon from contc po,;n•on 

6• • dc,-l:.ttion r rom conir 'elocih 

o,i = RH Sh::th JOJ:,lt· h1.1� 

• RR trunna('" .1n�lt- hi ' 

1 h,· -'1' 1 .. �.u ( rlh nt ln<·orl><H".•t•on routi nt 1 � usc.'d w mcurl ���·:tt,• th .. • I'Cnd\'7\ ou� measurcm<:nts, ::�,nd the gC"OmNr�' 'cctors art dc·tcr
nun"·d ,., lnllo� s. 

• Lint•-of-Sa�hl Mt':.surt•mt.·nls ,\1:td<- \\ il.h tht· SX r or COAS. The l int-of-sight measurcm�nts 3rt Incorporated into the 
:o�L.1u.• \'t'Ctor bv :tdofiling t\\O ffrcitious :-t:•r/landm.,rL sfghUngs JUSt as with the LOS measurem ents made during orbiul 

n:H i��tion. 
• \'Uf fbng� Me:uurt'ments �t.tdc by the CSM. The $teom�try vector for VHF ranging la d�rlved 1n the ume manner as 

th<• RR range me>surement vector. The only dlllercnce Is the dimension of the CSM which Is only 6 •·crous 9 lor the LM. 

� . ( • Is ustd dop�inK on "hcthcr the Ul or CSM state \'C<:LOr 
Is being update<!. ) 

Tht.• Jt,MnH:tr\" • ·cl:utng the RR m e:uurcmcnt.s to the- SlaCt.• \ CCtor Je described on thf' rollowfng p:li('S. 

) 

Rt:r;Of:ZWll"� HASGE (r ) �IEASl:Rn!E�T 
m 

r • r -"L -c· f" -ontc-

r -I.( !! 1.(" • 

r ·u o c 
n -I< -1 

lr • t • 6r 1 "- C -L -L 
(" 001 (' 

• u 0 -I� 

•\r ·· ·u · dr 
I' 

, 
m -t.c -1 

. ' 

... -I.( 
.. -
I o -

� 

Ran�t �lusurtmtnt 
t 

., 
• $ll ..,,lftd Ran�.tr \l('aS·Jrc>o·•�m 
A • 
r · r • h r 

m n m 

where r ("(H'npnn�nt of rtn�te dut t•• 
" 

l>r ., 

i. t' -I. 

�I 
••. I 
0'• 

" 

JY.'S• llnn veC'h,rs 1..'"""'" "' &h 
t�rn unctorta1nl\ 

t\tthnan f•ller mt•surt,1('r'' 
\·::t nahlt 

h t '( -

' 
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SC-14 
IIF.:-;Jlf.7.V<lt:S ltAl'Cf. IIATE (\' l Mf.ASL"IIt;.\IE�r 

m 

H�ndez\'ous r�nl(e rate meaeurement has a le rm duet� deviat1on from conic veloclt�1 @..)' 
and a term dur lo devi:Hlt"'n from C<'1n1c position @!LL The term due to velot"ltr dev1atlnft 

(�t! is: 

.. v 
m 

6\' 
m 

v 
0 

• 
\1 • v . u 

m -LC -LC 
•_u.,.· cv -v ·6V)•u · '"" '-<" -1. -L -L(' 

.. v • v .. 6\' 
m o m 

C'ontc 
(V -v 1- u · C -L -L(' 

C'onfc 

wbere \' • component of range rate due to Vectnrs knnwn wilh z.ero uncertatntv 
0 

• !!u- . l'!c . !'L ) 
Conic 

6\1 • Kalman filter mea1uremenc variable 
m -J.� . '"" on•c 

I·�.· • •u . 

\' 
-L 

Conic 

A 
\' 

m 

6\' 

-l 

\' 
-L 

(" ontc 

0 

-LC 
!c 

0 

The Nndezvoua range rate term due to poeltion devlaUon it: 

\ 
6\' 

m 

6 r '1.. 

� ,; . 
0 

\' 0 

I o 
0 0 
0 r -L 

\ 

\� 

T 
6\' 

= I> � m 

r -c 

" •u -LC 

0 

A \' ... 6\1 
m o m 

.. \' : \' u 
m -LC -LC 

v • v . 
o -LC 

6''
m 

• II!!Lc x .!l.C • !!t.cll ••n ° 
tan o • -�l· t:n11 (!!L(' x .!u- x !!t.c• 

6\' - !. • 

lojl 
6Y 
0 

.. 

/ 

/ 
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R£�0EZVOUS RADAR SKAf'T AI<CU: 91 I MEASURtMEI<TS m 

u I� -y 

u 
...,. 

8 m 

Meuvred 
u .. of Sial>l 

RR Coordi nate 
System 

• 
.... 

Th Ren4e&'f'0\1.41 Rad u thafl anct� •• Oehnf'd "" th.- ndu X-Z 

coordinat� plane 'ne en•et of LM aftd ("�M P"l•h·ln ,.eC(nra ' on Chi: eta&ft •rete un be Otterm•ned tw lonlunc 11 the prnledh'U'I 
of th•u •.nora 0111 t.he a··t. pltM: 

' . ' . � "' 0 "' 

9(H1it�n of RR ahafl tnl(le dut• t•• � and !1. c.,, ... (' 
I Mm " ;- � Vn•l � .1 �1.("1 ' !_rt..l 

...,., 

Th� IC:IWII meuuf'ed e.haft •ncle hu nr.•o compHICnll • nomln1t 
one due to tpeeecHfl pnalllon and.,, add:luonal devtation term 
(611) which 11 tn element o( the It ate vector . 
• 

13m • Om+ <>O • 80 • 6J.Im • M 

..L I l''"' � .II � • .('. "' 
r -I. 

.... ._. " -I. 
I • 1>11 
0 60 

0 0 

REI<OttVO\JS RADAR TRUt<:-10N At<Gl.£ (01 MEASUREMENTS 

The f'tndHVOiiW ncar tNM.lon anc'• \a deftntd In the u . • plaM and caR M llhattr..ted h\• pro,eC'HI'I!K the aiPIC'etran 
poalllon vedon onto lhlt plane, Like «be ahan ancle Ttlf. dl--;rded into t••o eompor�enta. a �lnal C'H\0 di.J.e t.o -.ptC-tenft 
potlllo"' and a <leowlatloo term f61) which ia aa element o( t.h� state \�ttor. 

•U - v  

r 
...... 

•• m 

'Aht!rt' q 

• 
"' 

II .. ���� • hfl 
" m 

0 
•• • m 

Kalm�n (dltr mt•luf"t'n•('r'll vartthlt 

"'' .. "'' h" • 
"' 

• • 

• 

Ar -I 
A V -1. 
"' ' 
• • 
• 

/ 

/ 

/ 
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CSM DIGITAL AUTOPILOT 
-

The CSM dlgttal autopilot ( DAP) provides a primary atablll�atlon and control function and attitude error 
display for CSM or CSM/LM coasting flight, CSM or CSM/LM powered flight and CM entry, u well as a 
backup SATURN takeover function. 

COASTING FLIGHT 

The CS�I coasting flight autopilot or reaction control system autopilot (RCS DAP) provides attitude and 
translation contr-ol In three CSM ues during nonthruatlng phases of flight. The RCS DAP has three major 
modee of operation, Auto, Hold and Free, as commanded by tbe S/C CONTROL switch. 

The Hold mode m�lntalns or holds the spacecraft (S/C) at a desired attitude within the limits of an atti
tude deadband specified by the crew. Rotational hand controller (RHC) commands will be processed as 
the discrete commanded rate specified In the DAP variable load; a new desired attitude will be established 
and maintained opon release of the R II C. 

The Auto mode enables rate Md attitude commands from the steering routines to be processed by tbe DAP 
for maneuvering the SIC to a deslr<-d attitude 't a spe<'lfled rate. With the absence of maneuver com
mMds. the Auto mode functions �s an attitude hold mode. RHC commands are processed In the Auto 
mode as a discrete commanded rate and automatic maneuvering Is terminated until resumed by crew 
action via the DSKY. 

The Free mode of operation releases the SIC from all maneuvers snd at"tltude hol.d commands. other 
than minimum Impulse commands, and allows the SIC to drift freely. Minimum Impulse commands are 
single 14- mllllsecond <:<>ntrol jet firings which arc commanded by the RHC or, If there are no RHC com
mands, by the minimum-Impulse controller (MIC). 

Translation band controller (THC) commands are processed In any mode and are combined with rota
tion commands for tbe destred maneuver. When a combination rotation and translation Is not poealble, 
due to a quad failure, the rotation command has priority. 

ERROR DISPLAY 

The DAP aleo provides attitude error display to the crew via the FOAl attitude error meters. There are 
three types of attitude error displays available. 

• To provide a monitor of autopilot performance , the autopilot following errors or phase plane 
errors In control uls coordinates can be displayed by keying a V61E. 

• To aid the crew In executing a manual maneuver. tbe total attitude error with respect to the de
sired maneuver angles In N22 can be displayed by keytng V62E. 

• Total Astronaut attitude error with respect to preloaded Nl7 angles can be displayed by keytng 
V63E providing another manual maneuver ald. N 17 can be loaded wltb a snapsbot of tbe present 
CDU angles by keying V60E. 

POWERED FLIGHT 

The powered flight autopilot stablll:r.es and controls the attitude of tbe spacecraft and me.lntalos thrust 
vector control (TV C) during service propulsion system (SPS) thrusting. Pltcb and Yaw uls control I a  
achieved by TVC DAP generated commands to the SPS engine g1mbal servos to maintain the tbruet vector 
through tbe center of gravity of the vehicle. The TVC DAP also accepts angular rate commands from the 
steering program to position the thrust vector along a Aeslred thrust direction. 

Roll axle attitude and rate control during powered flight Is accomplished by the TVC Roll DAP. Ita func
tion Is strl�;tly to provide attitude hold about the roll uls of the spacecraft by means of RCS thrusters. 

ENTRY 

The entry autopilot provides attitude control of the command module (CM) from separation from the 
service module (SM) to deployment of tbe drogue chutes. Tbe DAP bas an extra-atmospberlc phue and 
an atmospheric phase. The extra-atmospheric phase provides tbree-ula spacecraft control for the 
trajectory segment prior to o. 05 g and accepts attitude commands from entry guidance to orient the S/C 
for tbe onset of 0. 05 g. Tbe atmoapberlc pba.se provides attitude contr-ol, after 0. 05 g &bout entry roll or 
&bout the vector direction of SIC velocity relative to the air mus, to staer the S/C along the entry tr&jec
tory. The DAP accepts steering commands from the entry guidance programs. 

SA TURN TAKEOVER . 

lD tbe event of a. Saturn h>strumentatlon uolt (IU) fall, a capability Is provided for the CMC to Issue angu
lar rate steering commands to the W autopilot. CMC takeover of Saturn control, wblcb Is accomplished 
by means of the LV GUIDANCE switch. may be an automatic or manual steering mode. 

Tbe manual or stick mode Ia a.vallable by keytog V46E. which terminates computation of automatic mode 
attitude errors. Discrete rate commands. baaed on erueable parameters. are Initiated by means of tbe 
RHC and transmitted to the W e.utopllot, 

DAP DATA 

The DAP regtstera containing the variable parameters which determine DAP selection and desired DAP 
performsncc are accessible by keying V48E. 

-
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V48E 
CSM DAP CONTROL 

Fla5hlng V04 N46 

A B c I) 
Register 1: I COl\ FIG I XTAC I XTOU I OB 

CONFIG - Vetuclr \onfl!,rur�tion 

0 • No OA I' Is rE'QUf'Stt>d 
1 • CSM :•lonE' 
2 � CSM 3nd I.M 
3 = SIVB, CS�I and tM (SIVB contr<>l) 
G • CSM and l.�l (�SC!'nt st�gt> only) 

XT AC - X-Transl3tions !'sin�: Quads AC 

0 = Do not usr A C  
1 � Ullf' AC 

XTBD - X-Translations l'sing Qu3ds BD 

0 : 0o not USE' 80 
1 • Us(' 80 

E 

I RATE I 

DB - Angular n .. adband for Attltudt> Hold and AutomatiC' ;\lanruvt>rs 

0 • , 0. 5 degree 
I • t S. 0 dE>gret>s 

-

RAT E - Rotatlonall!�tl' for RHC In HOLD or AUTO Modi' and for Automatic 
�laneu,·rrs. 

o • o. 05 deg/s 
1 • 0. 2 deg/s 
2 • o. 5 deg/s 
3 .. �- 0 deg/s 

RE>glster 2: I AC Roll I Quad A I Quad B I Quad C I Quad 0 I 
AC Roll - Roll-Jt>t sele('tlon 

0 = Usr 80 roll Quads 
I • Use AC roU Quads 

A, B, C, 0 - Quad falls 

0 • Quad has failed 
I • Quad operational 

Flashing VOS N47 

Register 1: CSM weight In pounds 

Register 2: LM weight In pounds 

Flashing V06 N48 

Register 1: Pitch-trim gimbal offset. In 1/100 d�>gree 

Register 2: Yaw-trim gimbal offset, In 1/100 degreP 

AUTOMATIC MODE ATTITUDE HOLD MOD£ 

l .  Automatic thr�axis rotation. I. Manual thrE"�axls rotation and trans-

2. Manual thre�axis rotation and trans-
lation 2. 

3. Attitude hold to program or manual 
defined attitude. 3. 

4. Automatic rate damping. 

!at ion. 

R HC produces 1 rotational rate a a 
specified by N46 while out of detE'nt. 

Attitude hold to attitude selected via 
hand coot roller. 

4. Automatic rate damping. 
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V61 C 

V62 or 
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Error Display 
Body Coordinates 
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Att Set 0 I 
CMC I 
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IMU Error 

Counter Enable 

lMU Error 

Counters 

FOAl Select 
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1 
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LM OAP CONTROL 

Fluhln� VOl N46 

A B c 0 £ 
. 

Rechu.r 1: CON FIG ACC ACA OB RATE 

CON FIG - Vehicle Corulsuratlon 

1 • Aacent stq� only 
2 • Ascent and dttc:tnt tta&tl 
3 • LM and CSM doc:kt<l 

ACC - Acceltrolion Code 
0 • Two-jet tra.nalatJon ( RCS System A - mtnlmum lmpu1ae) 
I • Two-jet tranolatlon ( RCS Sy.tem B • mlt\lmum lmpuloe) 
2 • Four-jet tranolatlon ( RCS Syatem A - m!Jllmum Impulse! 
3 • Four-jet tronolatlon ( RCS Syatem B - mltllmum Impulse) 

� - ACA Sealing 

o • Fine (4 deg/o, max. rate) (0. 4 deg/o If docked) 
1 • Norm>! (20 deg/a, max. rate! (2 dtg/o If docked) 

Q!! - Oeadb•nd 
0 • o. 3 degree 
1 • 1 .0  degree 
2 • S. 0 degrees 
3 • S.. 0 degreea 

RAT£ - Maneuver Rate (Autom>tlc Mode) 

0 • 0. 2 deg/s 
I • 0. 5 deg/o 
2 • 2.0 des,io 
3 • 10.0 deg/s 
Use 0 or 1 il doc:kt<l 

A B c 0 l. 
Repeter 2: AUTO ABORT 

THROT MONITOR 

AUTO THROT - AU«> Throttle Backup 

0 • Check Channel 30 Bit 5 lor Auto Throttle rwlt<:h eettlng 
1 .  3, 5, 7 � Bypass auto throttle check of Code 00203 and 1'66 

ABORT MONITOR - Abort Monitor 

0 • Check Blto I and 4, ol Channel 30 for Abort with descent 
or ascent stage 

1.1.  :1.7 = Bypa .. (Rll)  monitor of tl>c Abort/Abort Stage 
pushbuttons for an abort 

Fluhtn« V06 N47 

Rte�ou.r I: Ul weight It\ pounds 

Replier 2: CSM weight in pouodo 

Fluhlng \'06 :<48 

J, 

Reghttr 1 :  Pitch· trim engine gimbal angle, In 0. 01 degree 

Reg!Oter 2: Roll-trim engine Jdmbol angle, In 0. 01 decree 

Al'TOMATIC MOO£ AT1'ITt;O£ HOL- .>100[ 
AutomatJc tl'lree�a.xu rotation and I. Manual three-axis translation. 

/ 

translation. 
2. Manual three-a.xts rate command using 

2. 

3. 

4. 

s. 

Manual Lhr�a.xia translation. V77, 
Manual X-a.xta rout command 3. Manual minimum impulse command 
( lnhlblted lJ1 LPO phase) u11n« V76. 

Attitude hold to program defined 4. Attitude hold to attltude selected via 
attitude. hand controller. 

Automatic rate da.mplft& $. Automatic rot� clamplt\g. 

V77 - l:sed to provtdt a manu�l ratr comm3.nd. 
Commanded rotaUonal ratt U proportional 
to hand controller (ACA) deOectlon. Maxi
mum commanded roUidonal rate ta elthtr 

4 deg/s or 20 dtg/1 ao cho1en lJ1 OAP O.ta 
Load routine . 

V76 - Used to provide a m!Jllmum lmi)Uhe command. 
Releues AtUwdo Hold mode and allowo vehicle 
to drlft freely. One lmi)Uioe lo product<! for 
each hand controller ( AC:Al den.,.tton greater 
th:an 2. 5 degreea. 

-

I 
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PIIASE- P L�l'F n : :-: O AME�TA!.� 

-

The �u3&Jons d<"1tcrlbing 81):'1Cecra.ft allltud� (>rrors and 3ttltude ra.h� t"rrors in lh<" ph�SE' plant" :ere d�rhed ;a, fnllo"s: 

ATT!Tl.'DE RATE ERRORS 
0 0 0 

e(t) • e (t) • eo (t) 

e(t) • Attitude rate error 
ilo (t) • Desired atlltude rate 

• Bo (to) (destrt"d r:\t� 1! const..·mt over 
sample Interval) 

6 (t) • Actual spacecraft 1'!1te 
• 9(t,) • •  (\ - lo) 

(:\ � control • dlaturOOnce acct""leraUon 
3nd la assum� cor.sta.nt O\'er sample 
Interval) 

• 0 0 

(I) 

ATTITUD� t'RRORS 

e(t) = 8 (t) • �D (t) 

... here 

e(t) = Attltudt error 

Bo{t) • 0<-slrcd spacecraft aClltud<' 

• 'o Ct.,) • e0 li,Ht • to) 

(desired attitude should be •nwgr�l o( d�SI red 
1'!1\e for proper phoso-plane control! 

fl (t) = Actual spacccrolt >Ill tude 
. I • 

• n(t0) . >(t0)(t . toJ • i J (t • t0)" 

.. e(tl r �(to) · •o (lo) 0 0 
• I" ltol • •o (l<>ll (t · t,,, 

1 

(3) 

• -

e(t) ". q (t0) • eo (l0) / • (t • to) t1) 1.11 

=7.====�===�=o================�======�i �==��·
o

�7===7=====·
o

====�============ 
Equntlons :! 1.nd .q abo"e can be combined to � ll minat.e (t ... t0l a nd s: ol\'t for th<' ph.."tse plan4,_) t"QU.,tlon of e(t), 

(for constant torque) (5) 
or 

0 0 
e(t) � e0 • constant (for zero torque( (G) 

Equotlon S describes • parabo!Jl that gOeS 1ft o clockwise phase plane direction for negath·e >pplled torque ond •n • 
coun�rc:lockwlse direction for positive torque, Equ3tion 6 describes a straight line going to the right for posltl•·e initial 
rates ond to the left for negative Initial rates, Equations 5 and 6 together describe a typical llmlt cycle tr:�)eCtory that 
travels In • clockwise direction about the origin of the error plane as shown below. 

Apph Poslth·e 
t'()ntrol Tvrqu� 

Coast \\'hh Posttwt• Rat(> 

Apph !\'t•�tath·c Control Torqvt• 

OPTIMAL PH.o\SE PLANE CO:-:TIIOLU.IIS 
(double lntegrol plant with maximum control occeleration- o) 

l l�IF·OI'Tl\lAl. CONTROI.U.Il H Fl.·OI'Tl�!Al CO�TROLU R C<>�l 81�.\ nON COKTROL! t II 

Positl\'t' 
Torqu(' 
Region 

!'\ C)ot'.Jll \'t,• 
TorqU<' 
ll<·l!lon 

•• 

Posith·e 
Torque 
Region 

:--. .. ·�:Jtl\4• 
Tnrqu< 
Rt cton 

. . . . . .... ······· '•'•'•' .• .• .•.•.• . . ....... � .. . ·•····· ... • ···••·• ·::::::-:················.:.; 
··::�C oast S Region it ,--.-.-..",/.'. .......... ... .:::::::: 

Switching 
Curve 

Posith·e 
Torque 
Region 

)1.1 ..: •1lq 
r .. rq.-. 

u, �wn 
•!H 

•• 

s,. itching 
Curve e 'L 

23 23 t z. d R · �·� 

Pl'RPOSE: 

To bring e 1nd � to zero tn 
minimum Umtt. 

Pt.:RPOS£: 

To bring e �nd e to t.tro with mini
mum fut1 consumption. ( r. must be 
dimlnfshlnKh small for minimum 
fuel. Thts drasticall." increases 
response lime.) 

Pl'RPO!'E: !1 Jl 

To aehit•\·t- a s3usfactor�· rna\ or tan�(' ;�nd ful•l 
optint3l control and at the s:lr'''- t1n1'' n•inunlu.· tht• 
numlwr of If(.'� r .. t finngs tn 1 .. �;�bho;:hin� C"�Jaoctanl.!. 

dcldb:mds. 

f 

• • 
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SC-29 

LM UNDOCK£0 PHAS£-PL.AN£ 

The purpose of th<' L�l l'ndocked Phase-Plane logic is to compute and Issue commands to the RCS thn.sters In 
order to nuU spacecraft attitude and attitude rate errors. The thruster commands are In the form of a signed 
time. "here the sl�n Indicates the sense of rotation (positive or negative) and the Omc Is the cllratlon or thrusting 
required to reach the phase-plane switching bouo<iary. In order to achieve these ends, the phue-plane Is divided 
Into t"o principal regions, ROUGH !.All' and F'!NEL.AW. 

ROL'GifLAII' 

; hl' fl(ll'C H LA II' phase-plane lo�ic is used lor coarse control of 
thl· ,pacec raft " hen the phase-plane errors are greater than 
1 1 .  2> dc�rccs and/or 5 . 625 degrees/second. The division be

t\\ c�n the positive n.nd negative thrusting regions are shown lo 
the di'lf(ram on the right,. 

rl"< L.\11 

4.> 

·r hl· FIS f LA II phas,•-pl:\ne tos:ic Is used whenever the phase-plane errors arc less than ll. 25 degrees and 
,. ,, �-, dl,:rcc� 'hCC(Il'ld. The fiSELAW phas<>-planc is configured differently lor po" cred and coasting Ol!(ht 

to 00111p,·n••tc lor orrs�t accelerations caused by the OPS or APS engine not thrusting through the L�t center of 
grant). te 

• DR! fTISG fLIGHT 
The drilling Olght phase-plane is set up to achieve a mini
mum In pulse limit cycle. \\'hen the phase-plane errors are 
in th� minimum lmrulse z.one. a 14-nlilliseoond jet flri� 
"tU l>e commanded. This should be su!ficlent to reverse the 
Sign on e 3nd CllUSe the sp<>eecraft 10 drift back to the other 
dcadhand. 

• PO\\'ER£0 fLIGHT 

\\'hen the DPS tr.m �lmbal system is operating during 
powered night, the offset accelerations ( AGS) will be nulled 
and the phase-plane looks like the drifting night phase-plane 
except Lhat lhc n\inimunl impulse z.ones are eliminated. 
\\'hen the �imbal trim system (GTS) 1S not in operation 
or when AOS is too lar�e to be nulled within 2 seconds, 
the phase-pl3ne lop:ic is set up according to the magnitude 
of APS as shown belo". The switching curves •re then 
t·�l.ald•�ht d ba�·R·d on AOS (dtsturl'>t� :tcceler3tl0n) 

AMtN ( t .  4 degrces/second1) 1 AN£T NEG (acceleration due 
to negative JCIS + AOS) or AN£T POS (acceleration due to 
positive jets + AOS) and the established deadband (DB). 
The DB Is selected ns o. 3, I ,  or 5 degTees dependent 

upon the mission progr3ms ond the LM ostronout. 
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l.M(CSM lX>C!<E[) l'ICASf·PLASf: 

The pur�<' of lhfo I.M/CSM D.lckNI autopilot is to pnh·lde Mc:kut, "'uUudf' eontl"'>l ·•f 1� doc-kNJ c:ooJII(Vr.aelon 
during drtftfl\f(, ntl{hc aM dockt'd OPS burn111. Sin« this is l 1).1Ckup .1utopllot, 1imphcHy 's sc�s.std r:lthc.-r �hlw 
�rfornH•nc�. Slnwllcli,Y �� :.chlt\'ed ;'I� follow!>. 

• Tht> tame ll<"S ph:tl�·pl1nt is used for all thret control :ue:u. 

• Only t\J.•o-jtt thrustlna It :.llo\\•('d for t:tch uis, • • Jtl3 are t\lrncd on or off :u contrul !'i::lmplf' lntton•a ls r:Hhotr d\.'U\ computinf[ ttM- thrustlnl( time requ1red 
to r�;ach ttlot t.1 r1(f't swHchln.g JlOint. 

• Tht L.·u·,�t �'<�>Uchtnc p.-tt:lbc)l:u :�rf' rf'pktcN b)· stnl�tht line ft«ments. 
Thor detlcn objc<thu M thf- .. lmplltlf'd 3Ull')ptlnt "" &n: 

• D\&bte tow rato attltudo manevYt'rs or artttl.lde hold durU. drlttinc rupt. 

• F:�ble RCS aulludr control in conJunction ""'lh tM Ct'S (Cimtftl Trtm S�·tWml lturing dockf"d OPS burnt, 
• Rtduee- the probablllty or bltndlnst mod� exclt:ltlon l.n f')t�f'tl n( docklnr-tun.net load ertt�rla. 

• Perform thor :ttXWf' t�tka a•-.amtnc that the nt.tmber o( Jet flr1ncs and RCS fuel uaacr are nonerttleal. 

PHASE-PI.Al'l£ MF.CifANTZAT!O� 

tn ordtr to achieve thot 1bove cHitC'ft ob}eetlves Ow- LM/CSM Docked ph.1n-plane emptors r�tc-llmUing. �rJtf'l 
r:H�ta, and jet Inhibition log1c In addition t.o thf' norm:.. I oh.ase .. pl:me lo,:tic. 

RATE I.IMlTlNC 

R:l\t' llmll1ng It lncorponl.ti'l to pr�·•ent thfo RCS Jf'l<" trr)m 
C:ll.lsing .attitude r.ue errors exc�dlnJI: l. 125 d�tgr«s/sec
ond. Th1t numbrr ... at chocten to �llo• t� M:niut con
!lcunUon to reach a hmit cycle-""' ilh lU'O O'-"erl�. 

TARCET RATES 

Tlr"J''tl rat.ee of 4o(), l deCT'M/tecond for po.tltlve tb.naath'J 
ud ·0. 1 <Serrt.elaeoond for n..,.uve thruauac •A Incor-po
rated clur1n& powe� Oldll (Tarte< rat. • o for dnntn& 
ntcbt.) Thla allowt 1 IUady •&ate llmll cycle to be rt:,ched 
In mtnlmum tim� by bypruttnc the pl\aM·pl.ane loctc when 
tbe jtLI are on &Did thrvtUnc &.oward the tars:�t r.at..t:. 

JET ISHIBIT LOCIC 

Jt-t tnhtbtUon lo�c oper·,u�� 10 rtoduet- bending mode txci
c.:Hl<'ln b\' pr·C'\'f!ntlnJ!t Jt"t comn"'lndJi frnm rt•\torsin�t �·�"" 'lt 
:'1 :-cptd t"3l(', Th;ll 11, .r the )Cl& �re f1dnR neg:a.th·e Jnd the 
ph.sse plane logic catla tor poaUiv� j�ts, then the jet lnhtbi
uon togH: turns tht: jete ott tor a period of l second. (0. <l 
s«<nd for the plt.ch ule) before &.hey e*n be cumed on apln. 

TVIOI(AI,. UA,,((f()tn• r()�t Vfiii:V 
M(AYV LMICSW CONftGV1U.T'IOfo4 

C O loST 

""'I(AI,. flltA.II:(fOfl'r 1011: """"'" 
� COoi .. K41 .. � 
'MfWQUf f�l III:U'(l 

f'¥f'ICAa,. fllliA.I(Cf(lollY 10• \.IC..l 
"-� COI'o' ·C4.1..,_ rtQirol 
""u. ,,._." t ••ru 

!;<.OPE: 
-.zs 0£.41 ... s, 

�4 I 

·' ... ·S 

POSt II� 
IOQQV( REC.tON 

-3 

-I.'+. 

LM /CSM DOCKED 
PH.b-SE- PL�NE 
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CTS ArTITUDE CONTROl, SYSTEM 

Tb� De� �ttoa Syttem (OPS) enctn.e It mounted on 'tmba.lt to tbat It can r,otate abc:M.at tbe t..M pitch and 

roll uN lk:::<ttt aJtrntng tbe thrust vector wt.tb the LM eenter of cravtty. Tblt feat\lre c.an be und for attUuM 
-control tf :w •attwde error and error rate• are tm&ll. 

... 

GIMBAL TRIM SYSTEM MECRA!<TZATIOII 

TM Clmba · '!'- -n Sytt�m (CTS} Ia controlled by the LOC which 
ts�uu :."'nh -c 'r orr commanda, The CTS reapond.a to theet 
command:J !'"I :'?btlng the OPS tnglnt about Ita hinge pin al • 

con�tanl n:�. JL Tht ruulting detlectton of the DPS engine 
producf's u �t torque on the LM which can � uted 11 the 
contro1 '\.xor:.nttOG.. Tht r't'l.aUontNp bfobl.tu tAft •ncutar 
ae«lt-rna.x &ad DPS �flne dtOect l on It ctnn by Equ.atloo 1. 

v. ht' r-t 

LC C 

r 'i • � • 
• 

Fl.6 
I 

i.' " !;'dC('('nft angular accel•r•cton 
1 • ��r.at\ moment of tnenta 
'!'" • • �.,. ctu .. to OPS engine fimballnc 

r:.. •an � =: F L6 (sm311Jna;1t app�"U�:tmatlon) 

r : r-:.- t" n Jln • lh nun 

(1) 

t � ::--- '(\mbo.l hlnttt Ptn to center of ,nvttr dltt.anee 
c--bit I ddttctlon 

• I 
I u L� I 
• 

• � ontrol 

Gtmbal 
Drive 
Actuator 

R 

0.035 � l 

. 
6 
Drl ... 

Trim 
Glmbo.l 

1 
-

s 

Dofiectlon 
Llmlti llC 

-· v- 6 
Clmb&l 

T�RUST F' 

Cootrol 

arecu�•• 

FL 
-

. . 
e 

I Spoceeraef 
' S\(1\AI RAtA! _) -�· DeOectlon Anc1.4lar Ace eleraU® 
' ( R = o. 2 ' Ia 

CTS FUNC'nONAL BLOCK DIAGRAM 

GTS CONTROL LAW 

The GTS coouol law hat two mode• of ope.raUon: Acoelerattoa HWJtnc aad Attttude Control. 

ACC£1.£RATION St.!I.LINC MODE 

Tbt Acce-l�ncton Suthng rroGe tt �;�ud wtMn u.e RC.S pbi.M·plane •rror.s lte outatdc tbe cce.st &.OM and t.be RCS jet• are 
tMre-fore controlhn& attlt\lde, ln c.lua mode. a drtve Ume 11 computed to d.rtve tbe trtm (\mbal 10 tbat tbe tbr�;�at ftetor 
1S ah t::nf'd -.ub tbt lM center or graVity, 

... h�rt· 

T • rLR I 

T • dl'lv• time d�raHon 

FL.R t • control effecth'entoll 
0 4 • catn flctor u..aed to preve.nt o�rabooU in tbe eoatrol law. 

ATTITUDE COSTROL MOD£ 

Tbe Attttu<Jt �oncrol mode uteJ a "Ume-C)t)timal'" control law to control specee,..ft anuude. attitude r-ate. and 

angW.ar sccf>t�rauon. Tbe ttme--opttmal control law wa..a cboeen ror cwo reuona: 
1 , Fut-: I.!O•t oC the control effort 11 nea:llgtble becaute the OPS engine '' on •nd thrusting and the elttcttlc:&J 

PQ•·er requared to drive th• gtmb&l It ... very smalL 

2 Ru.pobM' time 11 an import.a.nt coaat6er&tion beCAUH of tM fixed� alo.., f0 2 cSf.cree se-condt tlmbat dnve 
rat� 

Th.� �tr.-f'·.,.-t·r- 1 control Ia .. lS a chr•e·d•men81onal phan-plan� C')Pt" c:onuolltr de•tgMd todrtve athtudt error (f'l 
1� H$ !l�:.t t .. o Jenvat1�e (e and i) to uro ttmuJ�MOUal)·. Thf' control Ia._ ddirw:a a ewuclnng •urface and llll.ltl 

poattl\'e dnv� c:ommanda wben t.be errore are on one stdt of tbfo aw-face and ne-pctvt drive command• or. the ot.ber 
side of th� Jurface. Control loop tampiii\C ratea and GOA rtaeume delays ace to produce error limtt cyclta witb 
b.fgb amphtudea and tlow aettle--out ttme. To compennte tor thi1, a control etrecttvenett ptn or 0. 3 It introduced 
t�reby mochfytnc the aw'itcbtng turft.ce . 

• 

e 

e 

SWITCH I� C SUII.Foi..C£ F� � COWT'R.O\.. C..FFE.C"TWENC�S 
I'Lil 

e 

e 

-r MODIF'IEO �ITC:.t< l ll(, 
SQII.Fi>,CE FOit �OU"TQ.OL 
e.FFECTIIJE WE:'<.'<. 

'3Ft c:; 
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ST A TF : F.STDI AT0 11 

Th(' uurp,.)oc(' "t( tht' St.1Ee F�tl,.:unr IS to cnmputc· "'l).'lCecrart :1UUudt', :1U1tuck- r.H�· •nd .lntt,l..d:tr .I('Ccl<'r.ltl m h.l�fit �n 

tht" .tll1tudr •nfnrm.1tion uhl:tlncod from the Cl>l . 1 h� prnbl<'n' thfl'n 1:-o ,., .·�hnutr dw.· <t:llt" \CCtnr l�d Jn tNI'\ •nt t:o.
urcmt'nt� n( lnt t'h"mt'nt •• lh(' st:ll(' \'CCtor. l"ht• '(()IUlUln nr \ht• ,_ruhft..·n: I!' Jlo:tU<>tn('d .lfter K.tlm.tn hlt�nnt<t .tnd U<ct� ..... 
a rt�Ur$1\(' Cilct\r \\llh }!:til'� h.l1f:('d un t'"n�int'.,_rlll� c-un.;.idtr:Hit'lnllt r:1th('r th:1n :\l, III!CliC;d upltll111,tlmn. 

STATE EQL1A 1101' (Continuous System) 

( 1) 

• E) (I) 0 1 0  ()(t) 0 0 0 are assumed constant 
. 0 0 I W(ll - W(l) + b,(\) [��] u.,tu.c. 

0 0 (l) over control s.ample •nt(•rv:•l + 
. 

• 0 0 0  <X. ( t 0 I mcc, b, ("t) 9 ll <X.(tl I I • 
t ..... '• t._ 1: 

STATE t:Ql" A TION (Discrete Sy•tem) 

''"' t.. 

�f[¢<t-,'Y)j [Bt'"rl) U.!Y) cl"' �ft�<t-, ""r)j f11(-r)J'Y 
or : 

OIUV I NC MATRIX 

t t� -· "'., 

• m - l'tll-t 

t� 
a "t� [� � .... .J "f[¢(t_, ""�'>) [scn) Jl 

t� ·'l' (t_-1")/:t 0 0 
., 1 t--'"r b,("Y) 0 

0 1 0 1 
t ...... t .... 

t-
b,("Y)(t .. -'"r) :l (t .. ·""r)/:l. T _,et (T-T,ot/l,) -rl<., 

b, ("() t�-,. J.'r ; T1e1 T'/z. 

0 1 0 T 
t..,_' 

MEASt.;REWE.!-T EQLATIOS 

KO�I ESC L-\1 L" llE 

!! (I) 

u ( l) • 

!!( t) • 

•(t) • 

..>(t) • 

cr ( t) 
ul • 

ug 
"<"G 

"m • 

tn· 1n-l 

T 
Tjet 

• 

state vector 

control or dravmg: vector 

process noiae vector 

spacecralt 2ttitude 

spacecr::Lft aui tude rate 

spacecrafc 3fl«ular acceleration 

angular aeeeleratlon due to RCS jets 

rate or eha�e or angular acceleration due to GTS 
sp3ctcraft cHsrurbance dut to CC movement. nozzle eros•on. propellent 

slosh. and � on 

measurtd spo.ctcraft 3ttlwde 

tame of prt'Sent and past state vec:tor estim&te1t. respectively 

control "ample •nterval 
duration o! RCS 1et finng 

(4) 

ell (G.) 

(?) 

(B) 

(:l) 

• 

-

I 
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STATE ESTIMATOR (Cont) 

STATE ESTI�IA1'0R MECHANIZATION 

The Slat<" t:sttmator Is mcchnnltt>d as .1 I"O-part process: Stat<> Vector E:xtrapolatlon and State Vector l'pdatln�. 

The otatc vector Is extrapolate<! using Equation 4 "·here th<> state transition matrix 1 �n- I l Is defined In Equation 5 
•nd the driving matrix 1 C0_1 J In Equation 7. The process noise is assumt>d to be random with tero me:tn so that the 

best estimate of Its �fleet on the state vector Is 1.ero. 

' 
e,.,. 

I 
CJ,. 

1\ 
,; a,.,., + 

" 
... w .. 

,._, 

Cl..' .. 
1\ 
ex:,.._, "' 

" T w,.._, 
" TCi.M-1 

... 'T u.. co 

... /'\ .. I h.. d..,.,-· 
+ l:,et Uj 

• 'TJ�t ( T -ljrt/2 ) U.) ') 
.. 1/b l...L<; ('l) 

... 

.. 1 h U..co \ 11\J 
( i I ) 

S�1tc \'t•<"tM �'prlatlng 

The state ,·,-<:tor Is updated hased on the "eightlng functions and the measuremt:'nt rcsldu:t l 

f\ , G.... " e.., 
, ' c.J "" 
, 

Cl.,. 

+ K9 ( e,..., - e� ) 
.. �</',-( s.,.,- e.:) 

( 12) 
( I�) 
( I�) 

TM measurement residual 1s the differeD« between the octual measurement, o
m

' and tht:' l'Xpccted measurement, 

8 �· The M<peCtcd measurement Is !)qual IX> the extrapolated estimate of sp3cecraft attitude, b<!cause lhe measurement 

noise, ncou• Is assumed to be random v.1th zero mean and the best estimate of Its dfect on tht:' nH.>asurement is 
therefore zero. 

The weighting functions use a threshold logic 10 filt<>r out COU quantizing rolse. This means that if lhc measuremcnt 
residual Is less than a preselected threshold, the weighting fWICtlon Is tero and t.be measurement residual Is Ignored. 
When lhe measurement residual Is above the threshold, the �aln is not zero and the n>easurcment residuol Is used to 

update the state vector. In other words, small variations between the meaaured and expected attitudes are ossumed 
10 be due to COU quantltlng and large variations due to spacecraft maneuvering. 

Th<' "cightlng functions also ,.ar) as function or the time since the measurement residual last exceeded the th1·esholn 
1<-vcl. 

Weighting Functions 

Attitude Cain 

, 1 e_- e_ l � e...,A, : 
l<e' o 

�or I a,..-a� I > e,...,..: 
K, • t 

Attitude Rate Cain Angular Accelernlion Cain 

� I Kw m • t 

, j -.=:;::::;----;;��;:;�r�_:;:_:::=;;::d=oc
;;;

k
=

cd
=;==

(;.N
_

..,.:_·
_

•
_

o
_

) 

, 9- �& e .. -eM . . , ... 
'<:Y 

- / e� 

l • .. • .• ·• ... .. ,. 

( 
.l't. 

no. of OAP passes since 
threshold was last exceeded 

"--E IC >1,-IN(, 
F U NC'T t ON 

1<. �.IV\ 
- '¢/ t 

M��<.MEWT 
M "'TR \X 

[14] 
STATE ESTIMATOR FUNCTIONAL BLOCK DIAGRAM 

' - " I • O 
no. of OAP passes since 
threshold "as last exceeded 

- ·--·--· - ·· - · · - - · - - - ... . .. - ... .. ... ... - .. , I 
I [?� r J I 
I � "'"' • 
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• w ... ' 
' d. ... , • 
' 

.fV...-+ I • <1)..1 U N tT • 
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l / A C CS R()UTIN E 

l"be 1/ACCS routine 11 M:hedvled by knker every 2 aecotldl dllrl"' P<" I'C'ed flight. The p..&J"po.f' of thfo \, A('("� 
t'OI;Itlnrt Ia to comp.�te &eCf'lf'tatiOM 6ue to RCS jfrt Urtnp. v�f\JciC' momtnu of Inertia, aft(J lhC' '''''nt'le <'tn1tt ·)f 
CT•"Ity u ft�tw::tiON d .-eh�le m.ua. The mua or the veb�1e 11 c:omputed by Sen•le.• even• 7 tf'l("onde l<t &<"N001 
tor fwel conewned by the main lhtultlttc eoJ1ne. The mut c-ompv�aUM 11 performed a((Ordinl to £qu11110" 1 bu� 
Oft velocity cb.aftiM m .... ared by th• PI.PA'a, 

m (t ) • v.tllcte mu• at c\AI'reM time, t • • • 
m (t ) • vehic le mau at aut tl.me Increment, •-I 
av • chant:• ua veloclty u m-..W'ed by tbe P1PA'a bet..,eea llmH 'n·l and t0. 

V 1 • ub&�.�et veloetty c:on.ttact 

V 1(0PS) • t, Ul, Ut met.e.n/ .. co ad 
V ,(A.,. • J, OlO m.t.-r-a/ue'XW1 

V (RCS) • V (DP8) or V CAP$) • • • 

-

Tbe fuocUoat !.Wed by t/A("CS 10 c:omp.tt.e Jet a.cceteutlof\1, momeniA ot 1nert1a, a.nd center-'Of-pavU)· tocauon 
ve 1·tvu below 

RCS Je\ AeeeluaUOM 

Oa�-J�t a.ccelu'IIUOM ·� compu\Hl u f'lyprrbolte 
func\lou o( ..-eblele ou.u. 

• 
"J • m.., 

where 

m • ma .. of veNcle (Equation 1 &bo"e, 
a, b. e • contt.&nu 

" 

�- •• . • 

-� . . 

• 

... , l 
,.. 
� - 1 0  • • • • 
, •• • 
J 0 . .  • • I •• u 
-; 
• . ,  • 
• 

• 
.. (.w-..., c..�o ...... _.J • IO. «D .. . ».«» .0.000 ·-

u 

1 " ·� 'Ott fHf I UIS 
l .. 
! .. 
. � 

� 
.. 

• " • J 'Off tNt 0 4.11'$ • • 
w ·.1 .: 
u 't 
• ,J � � 

' . t.owc:•t.•n-, I ""''• OJ�fflH(I'4U,J 
• 

• """ - - - - -
.... ... u .. .  � .... -. 

Vebtele Moment ol lo.ert,\a 

One·Jel aeu1era.tlou for tbe plteh ud roll uea Ia 
lh� CSM/L..V. dock•d cOftflfunt�" are COCDp.::ted 
&<:cotdti"'C too) • T/1, Tb•t.orq\le. T, ll U• 
Jwnf'd coMU.r.t �nd tl'lf' lnf'rUa. 1. a.!l comp.;t� 
u •*' quadrlltlC (ut'ICU•Jt'l of thf l..� !n&JJI Jlh.l 
the CS�1 mau. 

1 • ul • by' • CX)' • <tx • •Y • f 

wherf' 

1 • momt"ftt of tnertaa &bout p�tco or roll uee 
& • CSM mu1 
y • L.M mua 
a.b. c. d. e. f • eoo.t\at:ata 

Hlnce P in to Center ot Oravlty 01•\&nc• 

- - -

• 
L • LM. mu• • b • c 

--'luf' •· b. c, • c-onstanu 

... �.. 

- 10 000 t U OO 14,000 1 •, 000 

TOTAL ... u. tC'III ... , •'·• U -••1 t- .. ,..,._,) 

10 

.... ! • 

l • 
! , 

� 
• • 

IJIJ fOI t�( 0 ._liS 

f • • • • •i w 
J ,J w u 't 
• :1 " 

e1 POl ht( I A.IU 

• 
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:. • •  �1 • i � , . .... r.: .. . 1 -

� ' <' 
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*1 
Ow �i • l't.«< ... i n.oao•, � � J ,,,.. ,, ~ •· 

mol �� � 
-• � 
0 • 

L • u1 • b,-2 • cq • 8 ... cb: • ey • f 

6 • •  cs� roau 
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CCNO\IIONS 

.. t.SI\M�TEO • ���TE V£-CIOR SI�Tt: Vt.C:TOR 
UP DAlE [�] ... ROUIINE • 

w \t-:1 00\oJ V:.woP t 
J1 t'OI u ll'-l 1 \II: c:'f o � "'-.... � v � � A.C.C.ELE: R"-110 t-) liJEQTI-'L � f--;..:, ( PIPA.S) /1. � ----�w� 'REL"''TIVE 

POS\\ION (. \JELO C..l\V l-� ( lt>-.NO\t-J� AAD�R) 

LUNI\.R LAN DINe; N /l..VIG�I\Ot'J 
tJII.V \�P\"TION IS PERFORMED 8Y TI-l� S\AIE. 

Vt.C\O R UPOJ(T� RO\JIItJE. WI-IIC.H USE:':> A. 
HOO\f"IE.O K llo.U·'\ Po..N FILlER 10 ES. TIH AlE -n-n:::. 
VE'HIC.U:: 511"\IE \ISC.IOR t3 J>..'E>E.C ON PIPP... � 

L "NOINC. R�O"-Q ME.P\S.!J\2E.ME.t-JTS. • 

� r 
QUA-ORA. I \  C 

.. <:;UID�.JJC.t: 
EQUt>-IION S 

' 
' I . 

I'H'RU€.1 

.. C.OMM��OS 
.. 

�111\UCE 

.. 01�\IA.L � COMM�NOS 
... A-UTO P\LO\ .. 

LUNI\R L f.:\NOINC3 GUID��C.E 
I 

\'ME QUP...OR"-IlC �UIOA.NC.E E.QL>f".\\ON� 
�e:NER"-IE I�RU£.1 � 11.\11\ UOE.. C.OMHA.t..l05 
13"SEO ON \ H E.. ?Q.E.£.�101 IJE.�I C LE C::.T�TE:.. 
VE:.�"TOR A."lO \HE_ OE.SI!<E:O .A.\H POit..lT 
C.OIVDIIIO t..lS .  I�E \'HRVST � 1'..\T!TUDE 
COMMP..NDS �'<..� EX��V'TE:.O g'( \ 'H E  
SPACE. C:..I2.1>\"'FI -ro t:..CHI E.VE I'ME.. OE�IR e:.o 
\R P..-:I'E.C. TORY. 

Cl> () 
w "' 
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PRIMARY CONSIRA.INTS ON LUNAQ LP>..NO\N(3 
THE IE:�MINA.\.. ?OINI IS CONS\R,..IN�O 
IN POSIIION P..NO VCLOCI\V 

.,-\-IE. IN\1\1>.\.... ?0\N\ \S CC>NSIQ P..INE:D 
IN OOS\�.) . ..0� A.'N'Q VI:: Ls:).C-1.,-Y. __ 

rt t.,l • a.
!!:! l ·�) ... .Q 

( \. ... >.101�(, .,,.,.� l (l\0\ • '£• • �ClE:'Ot:N"T �O<i.I"T IO>J t <i.Of',. 1.. .. »1>1»<;) �lt.l - OT· • ?�E:S�"l,. VE.I..OC.I.,.Y 
,.��MIN"\. 
CO\.lOI"T\0'-.J 

!l'-' · r, 
ett.l· !r• 

--------+-------------------ij------�·� ,.,�€ 
't.o t , 

BAS\C �U\DA.NCC SC'rlt:.Mt:. 
C �PRES<;, LEM PO{o\"T\ON A.<;, " 

"T"VLO� SEQ IE S IN '""£ �XI'M�OCO "Q(?U,. "T>IE "TE RMIIJ"-L ,.\Mt. "'-� • 

E:lC.P��SS V�LOCITY "NO "C.C.· 
�I..E�"-"TIO� "-"- "T>\E "I�S.,. "l'lO 
SECONQ OE �IV""TIVE<;. 0� PO'orT\Ot.l. 

COHPIJTE: 114�\)Sf COMI-U.\.10<; 
rii.OM .,._.E "C<:.£1..€ � •cnoiJ 
1'11.01" I\.� "N 0 { � lW I"T_,_V_,_. _____ _ 

,.,,, . r('•' . rlt,ll\·'t11 • ;:,,,K�1r, ... 

� ,.\,11 •Nlt1l(•·�,l • O..(tclt�,;.S11\ . •  � 

l\l'(tl • lll'lt.c) � o.tt.,llt·1'.11 •jltcllt.·�l\ . •  2 
e>-ltl • a..tt11 • Ht.1lh·t1l .. ·•· 

(\.(.\,"!• O..l't\ ' O..tt, l .. J(.t..,)lt,-t, , ... .. . ••• 
··no\t:t\)c;,.,. lt,, • a.,l .. ,, • 0.(:\.,) � �l\,) 

I>OS l'fiO>J 
CO.., • .,. .... IUT 

f(.".-) , '"'· ;\l"·\,.� 

vtLOC.rTV c.o��-;�,._·,wl 
.. ll . . ..t. , ;..·:...·t.'" 

C A PABIUTY OF' 1!-t[ \31\SIC CUIOA 't-JCE:. SC\-ISM E. 
.... � �OCI.M 0" >'<E. "c.CE.LECI. .. .,.\0� P�o••�t. I!> OE.'t�Q.HI»£:0 tN .,.,.c 

NUI'\(3t.1i! 0> -rt.II.HI> I»(.I..VOE.O \OJ "r>IE: "T"'(\.011. �EI<.It.� Ei<.I' .. »S\0/'J 01" !h) . 

----�--------------------4-----\l �� 
'· 

2 U""_,,, 't UU�UOIU\J� 
.. , , y 

A.t ( ""f,.. ...... �\)'(L'( 

O..T .. Q."'t�O ,,. �UI'tt"'t... 
C...., �"t' ""'1\lT .\ 

'2 �'1 ..... "'T\OU\{ � � u \,Ill, \:10..1 � � 
.. , l .. , ) ,.� 

•• 

- 1 0'-C,t.U. ·� �e.c.t.,a"'i -
Jt c .... u Q'.. �"'tl1:tl"*lt0 ' 

""�'""'\.:1 ..... � � "T,. " .. ' 1,1�\C�Iol--\,'f 
<) .. ,. C .. lo\1'-)�b 

2 EqiJA.,IO�S I , '1 V�!UlO'-J�\ 
.. \ .) l; ,) lo' ) l"l. 

- 2. �c..a��\. o\ 9i:��t.'t)Ol-\-
"'" t ·,., (.,.Ito. \.:I 9t. • ---- �,,e_, .. \fi\..0 ) 

'"'t�tlU !.4 .. \� .... , \N\0\J.'\..V 
ot. Tt:, �..,_,��D. 

I 

I 

-- . --� -----'--· - - -·-··--- - - - · -·----' 

.. 

I 
I 
l 
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SECONDA-RY CONSIRI\\NTS OF LUN�Q. L�NOl NC4 

1-\\�1-\ .6-.C..C.UR."'-C.. y 
-..-r ll.. Rto.IE Of - 5  fttj._£.c... • VE.�IIC."'-L DESC.t:N"T FOR L!>.S"T 200 �t. 

-

e L �ND:N� Srn: VISISILIIY FOR '2.00 SEC.. SEFO�£. 'TOUC.\.\OOW� 

MODlFlCAIIONS \0 BA-S\C G.U\OANCC SC.\4t::.MC 
\HE FOLLOWIN� MODIF\C �\IONS WERE: MA.DE \0 \ H E  

BJ>.. SIC GtU/I...ORt:>.\1 C. c;u1 01\IVCE SC.'t-l.EME. IN OQ.Ot:� 10 t:>.. C: 1--\\t. VE: 
\H'E SEC.OIVOA.I<Y C:.Ol\)Sit<AI�JTS 01='"" Ll)l\JA.';:< U'-.. NDII-J<4 

e i�E: 0£'0\QEO IR.I'I.:n::CTOR. \S R.E:O'EFINE.D 010 EVERY 
\TE'i<..£1..\10"-l C:YC::Lt:. ( 2.. COEC..) SIJC.\-\ I� A..I \>-IE INITIA-l C.ONOIT\0�� 

(r: (t...,) , ,Yt,ol) AQ£ i�t: C.URRt:N\ 13t:SI ES1 1 Mt:>..IE OF Vt:�IC.\...E 
Slt:I.IE �S ocn::R.Mit-.)£0 SY "T�t.. S'Ttl.l£ Vt:C'I'OR U?OJ.\1£: R.Oll\INE . 

"THIS EN�Q.LES �IN-POINT AC.C.U2.A..C.'1' 8Y t:UMIIVII.IIN� C.UI1\JLATIVE: 
t:RI<OKS II\) 11-1£ IMP\..E:MUH�\10\-) OF I�E: Q..£1..SIC. SC.HE Mt:. • 

e I \.-\E: \.."-�01�(\ SE:�Ut: 1-JC.E IS 01\J\OE:D IN\0 IHR££ PI-I J>.SE S E�C.I-\ 
'I;J\i'>-1 liS OI.Jt-J FltJAL CON0\1\0IVS OR !>-IM PO\\'\)\S . 

1. BRAY.. IN� PHA..SE: 
1\4\S PUt-.SE SR.J>..'I(.ES II-IE. U:M DOWN !'"�OM O'i<.�ITt>.\... 

V£\..OC.\'"N MJO \S '"�<\'t:l£0 S\K\4 1\-1�1 \l-It \...�NO\t-.l� S\1£ 
\1\S\SI\...\T'-i eOtJC::."TR.AI�IS C.�l-J ts£ Mef 00�\tvC., 1\-1£ VIS\�\UI'-i 
PHASE . 

z .  VISIBIL\T'( P\.-lt>..£E (APPROA.C.� PI-III.SE) 
\�IS P�t>.S£ IS FLOWI-J \.J\1� \4£ Lt:M 02.1\::l-)1�0 SUt� 

���� 11-l'E \...ANOIN� SIIE IS VISISLE: FOR. LA..NOIIVC. SITE R..t:
OESI� N II.IIOt-J. \�<;?.C.,EI\\'J� IS C.'r\OSEIV TO 'tiElD 1\IE �ROPER 
IIVIT\11.\... CO�VOITIOIVS FOR VE.Q'TIC�\... OESC.O-lT CO�SISI E::t-JT 
\rJITH II-IE VlSIBILII'( C.OIVSI R �INT S .  

'3. VE Rl I CA.\... OE SC.t:: N\ P'H �Stt:.. 
\14\S P\4ASE R.EOUCES \HE. SPA..C..E.CQ.�FI 140RI "C..ON\AL 

V£LOC.IIV 10 �...t: R.O A.NO Vt.R.IIC.A.L VE..\...QC.I\Y 10 -� �� �Ec... 
Q. U�OQJ:>-\\ C. �U\OJ:>-'tVC.E. IS IVO\ USE 0 .  

I<iNI"TION 

V "X. 5(.,00 fit/�EC... 
\;1 � so, 000 �t. 
H � -5 ��<:.�<. -

IU <;A. IE 
v -x -:)30 �)(L .. 
H� 1100�\. 
H � -t"li ""-/�"€<. 

LOW 
C.�IE 

v � 7 �'\/��c... 
H ::s '2.00�� 
H <:11-bt't/ Sf. C. 

'TOUC�OOWN 

v��:ntt>...\... 
OES<:.�IVI foe--

8R.I\KIN� PI-II>.SE 
0\JR 1'1.\IOtJ � SbO SEC 

�PP�O�C\-1 
p ... ,.. ... E. 0��"1 ION ::::: II) Ht.: 

OUR�TIOtJ 
� '-1 0  �e.£.. 

/ 
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DE R IVAl.ION OF QUADRfl.IIC �UIDJ\NCE L �\,J 

E X  PR( SS TH£ !'>OSITION 1 V£LOUT'{-ot li.C.t �U:.R"' 1 ION EQU"'-\IONS IN �"-\RIX FOftM 

Q£1'1.QQ"'NC,E iHE Ml>.iQIX £QUA"TION SUC.\-1 "TI-\1>.\ Q.lt\ ) ?�  � h 1\\-\� O£PU�O-.l-l"T 
VM� IJ>.I!LESl.Ml.E I:.):,Pi?I'..">StO 11\l "t't.ll.MS OF �W > �l\l l (), I ) fl ( �� l �( 11-ltlf.I'EI'!O"'"-l\ 
V)..0.1)..'6L£S • 

• 

1 • -"t I -,.,0 Q.l\l 0 o :  1 0 0 l){l tl • ,.. 2. [�J : [� �J [�] . . . • . . . . . . . - • . . . • • •  :2' . 0 • � �  I -T�oJ(o -'T ,../2. :: . 1 O ' i . � l 0 '((t) "' .  cc. + 0� 
S • EC. + I' � ' . . - . -.. 0 ' -T1of2. '+ -T1'flo -�. �  ' I 

0 I l ·1 ; T'aof2. T,. 
' 

1 �� "'·CC, % 01-\ 

Q.U�OR�TI� .�CCELERI>.TIOI\l t.QVf>..TION 
Q.ltl � Q. t . �� l t ·'t� ) ' �� lt..;_f�'l. 

(..,) 1-\-.:. Q. 1:: : 
J� � -� tr�-r.l-� t�. ·J��> -.!!. g,( ,.,,1 'T,-'1. T� 
�+ y 

n t r1 - r.l + � t�. · 2.�1 H� g,� T,." T,,, T�t 
LEADTIM[ 

I -1 
COMP(NSt\1 \0N .. ���·)·Q., -!4 (\ -��)·��(\-ttl 

z 

- - 2.4 .:..r ( 'T • 
- . T�o 

t 

ry� -EC. • -9•1"1-1 

ft 

\XJ � •\'<] i 
_, e. ·  \ltl l'<l Q 

TIME- TO-GO COMPUTA.IlON 
'TIM£ "TO C.O IS COMPll'TEO 10 S"-"TISIO'Y 

iH[ Qt:QUIR(.O FINA.\. VA\.1.'1. OF OO"J"l-
Q�>.NC.E. :n:R'I<. • 

F R.OH "THE. MlOVt. EQUI>.\\O�S : 

jf � Z.'< { <, .(, ) - t.  ( IJ' .. ..  1Ni ) -k a., � :::.- , t � T� ... " 'liE " T 4; 
.,. -r )• 

o\<IS £QV"oiO>J IS �I.. \IE 0 FOil. 'T:I" W'( ... 
IJ£-.rlOIJ· ll1A .. 9SON o'T"ell."'f\01.:1 "T ��"IJt q:� • 

l>U� � ,. .. uc,s;:u<.V 
",. 1(.. ' �1..0� • o:tl l "• � ( ""') .... 

--t---:;;.t""+--t"---� .. 

"TO FIIJO 1'(.1 � 
tNoTIA.L C:,U£SS . ""· 

TO Ft�O -r1Ht. ·'TO· C:,O : 
11.11, .... '- C.VE �'i. • 'T \ "T 
tJeiiJ ..._l'f>llO._l�-"'T\0\.l ' "T"T"T - 0,\\1' 
h ''T'T'T) .�.a.{,,.,.,..� • (. ("· �. 3 �.)'TTl -'Z. 'I ( �"o,- r, 't) 

4"'1 TT � • :t. 
3 Jft 'T'TT +I 'a. 0.�._, T"T\ + '- ( N"ol• �-"'•) 

-

-

I 

.. 

I 

1 
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SC-39 
--

.BASIC MECHAN\ZATION OF QUADRA\IC GUIDANCE (Ph3,Pb4-) 
a 

THE FOLLOWIN� SEQUDJCE OF" C9MPUTA\10NS IS PERrORMCO 
OURII'K� EACH \WO SECOt-JD �UIDANCE -CYC.LE . -

J COMPUTE OiTTj 
I "TIT . •  .,..,.,. + DIIT I 

� to ( Dlii <. �' 't'e:s 
IJO / 8 liER .tl. 110 N S >-'(�E;:��:-:-71 

Al .ti.RM 1401.> 

£.>HER£: V".,} PilES E.�\ \IE HIC.L� :
., 

I>OS\TIOIJ ( VELOC.I""( '( �· f'�O\"\ "'"T�"TE.·VEC:TO� UPOI>.\� ll.OI)\1\l€. 

<l.� OESIItE.O 1'\ltl-f>OII-lT 

CO�OI\\O�S �0� 'Y"� Pl. 1 o� ?io� . 
f� (Et;t"'">"-�L� LO"'O) 

·� = ,.,, ... , 
OE"TE'ittii�E <;> ll.'ilO\IE 

1'3� • TT\ • Lt"-OTIME 
( lEM>ItHE = 2.1. �E<El21•.S"'�L� LC"-0) 

� • ��A\1\"T'/ \lECTOR 

/ 

E I S I t-.l I I I A \.H. 't:. 0 
€. .  ITT II '28 

ER"-SAQ.U:::. OAI.tl. \..OAO A.\M·PO\N\5 

r� . 

<H> 

IV'r " r-/9�4& J tHJsc<) -u.�.75 
Q.�= [ - - �8 ] 

(H.(s£c.'-) -s. :so2. 
j� = 1.512 " t o -' 

l 
(�tf s�c') 

�---------------·:�--------------------------------� R.A.DI.O..L C.UIDt\NCE 
If" \HE OI::<;.IR"£0 A.C.(.I::LE.�A.IION IS G�EI\IE.R \1-1-"'IV \"\"'�· E.IVC.ItH: 
II-IRVS.\ , \HEIV 00\.JIJRI>.IVC.E \HitU�\ IS L\M\\E.O . 

X 
-- _ _ �/ M.O..X. . IHRVSI I.E VEL 

, ' -

.__ ______ ....:c.::.:.o R R E. C.. T e: 0 00\IJ IJ R"-10<, E -r >-1 R U!. T 
OE.S\l�.�t> 00"-1� �k l-lt; � T HI't.I) S"T 

/ 
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SC-40 
• 

BASIC M[C\-1 ANIZATtON (co"rr.) 

3 .  
-

. ALIGN \\-\C C,UIOANCC COOQO\N�T E  FQAM� 

II-IE �UIOP..NC.E �R P..ME IS M .. lc;Nt:D SO 11-1"-1 11-1£: CROSS-RA.NC.t: ('<-(OHPOlllEN"T) 
OF' J£"�1( IS ?.E�O A.'T Pl-\ li.SE: IEI<tJIINUS. 11-\t: '(.(.OHPOI'JE!VI Or !_� IS 
�IVE:!V {3Y IKE: Q.V.M>�"'IIC. G,UIDII.l'JC.� E:�UII.\IDI'J<;,. 

. ,., 24 (., 
J(y .. --T"" "t ( N'o'! • 3 N'{ v ) .. ....,. 3 ( '(� .. 'f"o� ) - � O...t y �· ' ''l" 'f ·�· 

IKE '( ·COI"'I�O\l�IJ\S OF' l>lE. AIM·POIIVT VEC"TO�S 
..._�e: ��..:.c. I�="•�O �s 'C:E �o : r�Y = IV{�= o..�'f = o 

• • 
• 

0 '( :  
T�\JS, l>l l:: �UIOAIVC.E FR�>.HE IS "'LIG,Nie:O VJiiH liS '(·AA>!. Pe.R.PENI)IC\JLM� 10 "T>l<: VEC..IOR (f0- "fo '4:-) 

l,b�<; • UN\"T (!'v.) 
!,b. Y<; "' UN 1\ ( f� s X ( f• -,![. :1.•)) " 
!J. � C. .. !,b. ' � X \,!,. '< c, 

4. COMPUTE 1\-\E 
'1.,!,::-'ol' G \JW\1 (fp) 

�,..; �,. 

WINDO'vJ P01NI\N� Vt:.C.IOR 

P-b '1-
-�-··-........ P-63 

\ 

SP�C.t:·C.Q�FI 
OQ lt:NI�\10\\l 

TI-\E: X-1300'{ l>-'-lS IS A.\..\(, ._, E. 0 �'.\.. 0 1-:l C, I 141:: 
0�":.1�£.0 TI-IRUSI \IE.�\OR h-
\KE � - �COY �XIS \S 

11.\..IC,N€:0 \N 11-\E l'\..11.1-:lE COIJ"TI'..\�1�(, �; \ U.wof' 

IF <X.� 15° II\� L"IJOII.lC, 
S.I"TE 1"> NO\ V\SIGL� A.l-lO IME 
l.<.lll.lOo w- P ou-:rn�.X, v�c. TO� '"' 
A.LIC,I\!�0 A LOIJ(, � <; .  
II=" « � <! S 0 "TH!i: l. "-l.lOI))C, 

I;ITt: IS vt<;IQLE. A.l'JO T>l'l: 
W>>.lOO\o.l ·I>OIIJII»<; Vi:C.\011. IS 
ALIC, IJE.O I'>.\.. OI-l C, fc; , 
1F ,s• .c. ot <. �s· A <;,Moo• .... 

"T�'i.IT\OlV IS h"OE. laE.TWE..EI.l 
THE �>-.<aove. -rwo c..o..se.s. 

LLwol' " S1 ':he. + 13'2. (ft.c,-!:'p) 
131 82. 

\ S 0  2S0 
' 

<X_ �  (UN II ( fc,) X �x.'al>) • I,J.'I'c, 
� II..NC,\..1::. S�"T'•JI'-�1-.l '('<; ',. 11.,- �ORMII.LieE.O 1'"011. 

!>...IV Y C.'<. 0 S <; • R II.. 1.) C, 10. "-r H 1:t I) HI 1\) C.. . 

S. COMPUTE IHRUSI MP..C.NITUDE 
A.C:TUII.\... I�ROIIL£ SI::\1\NC.S 1>-.'<.t 

L\Mt'TEO 13'1 ENC.IlJE: CONSIOS\<.1>-IIONS 
TO �en % OF FU\...L SCM .. E:: OR L£SS 
I 1-1 1'. IJ (., >, '>,'. • 
E. � ""s Po.<;;!. Ll� 

lOC. R.II 

HIC,HCRIT 

\) .��..... \.. 0 ""0 �""' Q !'-. t-\ E: .,. t. 12. s 
5'1f15 L8S - S7 '?. 
� U. I S L 8 S � '=>3 % 

FRAC - r-r---
q7<o8.b&�t• q30SJ'7. 

� 0 4 0 ... o so \00 
O�'i>tREO "T I-I R'..>'i.l te, TI ( "?.) 
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SC�l 

LUNAR LANDING - STATE VECTOR UPDATE RECURSIVE FILTER 

BLOCK DIAGRAM 

1.1'1 !lATA llt:ASONAIILENESS 
1.1\�llii•H: RAI)Ail 

• 1 ··· ·.·.�rs �lt:A�l!llf�M EN ' 

• 1 F.STS ANI) ASTRONAt'T 
:\I'T'ROVAt. 

� .  6 q  

-

• 

• l.'PDATED 
:< STATt� 1.1\�IIIN<; 

RAilAil 

•• 

' 
'l 

\\'f.lt:IITINC 
f'liN('Tl! >N 

(w. wul 

<:F.O�II:.'TRY Vf:('1 (IR 

llf:LATINC: I'll''• 
TO 1.11 ,;t 

-

o l-'1 ATE Vt:<"r< >ll t:XTHAI'Cli,A1'1(1N 

X• • • • • 
..tp 

P l'l,ATFOHM FRAME 

ti STATE VECTOR III'DATE 

X • 
v -P 

+ 

CONI)lTIONS Nf.(.'f.SSARY 1'0 lii'OATE STATt: l1SIN<: I,H IIANGt: UATA: 

• 

X 
-

• 

r.;<T llA I'( >LATE ll 
STAT F. 

I' SIN<; PI PA 
(ll 'T l'l'TS 

ON(.' f: t.Al' II � 
SH'I >!'liS 

• L.\SOIS<: RAOAR IS I'IO'r llF.Il'G S\\1T('IIf.ll Fllll�l l'<�l'rtlll\ XO. I 1'0 POSITION NO. 2 

• RAf'lt;£ OATA M t:ASl IU;�H.N'J TEin !> Allt. SA'I ISFII·.Il. 

OATA COOO OISCRETt: liAS REElS PRESEIST fOR 4 St:CONDS Oil �IORf. . 
• 

LR RANCE SCALE HAS NO'T Rf.EN CIIANCEO \\lTIIIN LAST SF.Cmm. 

VECT<lll 

o MEASUREMENT Rf.SIDU1\L (6q) IS WITIIIN Sl'EC IFif.O Ll�IITS lcl<d � OEI.IlFL'<• +0.125 (q') (nnly '" l'b•l 
o ASTRON All APPROVAL FOR t;I'OATil'IC liAS BEEN GIVEN (V;,7). 

t'ONOITIONS l't.t: ESSARY 1'0 l'PI>ATE STATt: l'SING Lll \'f.Ul(.'IT\' llATI\: 

o t:STI�1ATEO VELOCITY IS LESS TitAN G,OOO 11/s. (Vl'P) 

o LANDING RADAR IS NOT REINC SWJ1'CHF.D FROM POSI1'10N NO. I TO POSITION 2. 

• n:LOCI'IY 1).\Tr\ �n:\Sl'Rf:�tt·tn Tt:S1'S o\RF. SATISrtt:o 

OATA GOOD OISCRETE liAS BEEN PRESENT FOR 1\T l.t:,\51' 4 SECONDS. 

• MEASURF.Mf.NT RESIOl'AL IS WITIIIN SI'ECIFI£1) LIMITS 16<1,,1 · 7. ·, • 0. 12'• (,!� · ='1'1 • !pl· 
o AS1' RONAl'T APPROVAl. FOR l'POi\TING HAS OEf.N CIVF:l' (\'!i7 ). 

•Ill-\ \)I I )(  I 00 ft 

/ 
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STATE VECTOR EXTRAPOLA TION 

-

State vector extrapolation is accomplished by an Average G routine at 2-second inter· 
vats coincident with PlPA AV processing. 

L�l position vector (!: pl is extrapolated assuming constant acceleration 
over the 2-second interval 

whC're 

�p 
2 Al + Kn-1 

2 

.!:.n-t = position VC'ctor (rp) at end rf previous interval 

�.n-l : ,·elocity vector �p) at end e>f previous interval 

-�vp " accumulated PI PA AV pulses during 2-second interval 

�-I = lunar gravitational acceleration at end of previous interval 

1.:-.1 velocity vector � is extrapolated using PIPA ::.. V pulses and the average gravita

tional acceleration over the 2-second interval 

where 

v = v0 • a�t 

v = v + ::.V" ... r�n-1 + le] ::..t - P  _ n-1 _ p 2 

�n-• = velocity (�0) at end of previous interval 

-::,.,·p :tccun:ubtl'd rt P.-\ ::..\· p�l lSC'S over 1-scconct inten·al 

Kn-1 " lunar gravitational acceleration at end of previous interval 

Kp = lunar t;ravitational acct>leration at end nf present interval 

-j.ll\ 1 = .Ip r l p 

In acld1tion to tht> state vector update, the following terms are computed 

Altitude 

where 

Velocity 

Mass 

Velocity 
Increment 

h '  = rp - rLs 

rp = magnitude of position, .!: P 

rLs = magnitude of landing site, .!: LS 
v ' = l:!J 
mn = mn-l - IAv I m /V (V = Exhaust Velocity Constant) - P n-1 e e 

I 
I 
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tJPDATE T H E  STATE VECTOR l'SING L R  VELOCITY DATA 

The Landing Hadar has three velocity components. They are used (one during eacr. 

'[. 

2-second Interval) to update state according to the time line shown below. • -

-
.:.v - - -

- .:.v !lv 6v - n-1 t:l. v  - n  - n+l -n+2 

I -u , .. :l seconds �I I 

I v X I\· 
-
q - v -

u X '�
u 

- v 
y 

\J - !Cl'll I u .!!A P -AP11 -x ., (C II u ' rn 

I 
PIP A r roce!lslng Times 

v I :o: 
Ul Velocity Read T lmes 

I u ,. 1\ 

-
qu = V  l 

_;�AP0" !C rn I �7. 
u 

e C'omput<' th<' meagurt'mcnt residual corresponding to the tim<' that the 
v('loc:ltv data t!l rc>:td (t ). • u 

• 

-" ·� -0. 2 
c 

· -

Ln velocity component read at time tu 

estimated component of LM relative velocity in the d i recllon of qu 

where 

�p x ..!:p � velocity of lunar surface 

!!A p u = unit vector in di rection of LM velocity data 

!� - �p x ..!: p - velocity of LM relative to lunar surface 

::� esti mated LJ\f velocity at time lu 
-

�� .'!:.n-1 + !lvu + .&n-1 (tu - ln-tl 
where 

.'!:. n-t � LM velocity at end of previous update eye le 

-ll.'!:. u PIP A 6 V read at time of LH velocity data t0 

g n-t = lunar gravitational acceleration at end of previou!' cycle 

L'pdat<' t.h<' Lill velocity ,·ector at time t using measu rc>ment residual 
and ext r:1polatc: velocity (v ) 0 

vm l  = 200 ll/s 

-p 

Velocity (v 1) 
v01 : 2,500 ft/S 

w = 0 v 1 " vm .... ' 

I 
w = 0. 2. v < v m 1 

.. 

.. 

1 
•• 

.. 

• 



� 
� 

1 

• 1 

I 

/ 

/ 

0 / 

' 
I 
' 

LUNAR LAI'IDING PARAMETERS (P63, P64) 
APOLLO 15 

-
10 \ 

I I 
"' r 

TIIIH'ST MAGNITUDE 
(ll>s) 

t k  � I 
.. 

Thronlc-Up 
�-- (0:J6) 

l 
I 
I 

7 k � 
� k 

�� k _, 

I 
40 k � 

Th rolllc-Down 
(7 :30) -� ' 

L __ 

pt;:� ------I ... "';.IIPiili 
- -.- ---

� ()0 600 800 
Time from POI (seconds) 

� L 1'1TUOE 
(let•t) 

8 k 

G k 

4 k 

0 

0 

INERTIAL VELOCITY 
(ft/s) 

200 400 600 
Time from POl (seconds) 

ALTITUDE RATE 
(ft/s) 

800 

0 1-��---r--------�----�T�l�m�e�l�rro�m�P�O�I�(�s�eco=rnd�s�)-
30 k 200 600 800 

I -100 
20 k 

10 k 
-200 1+------

P63 ____ _.•+I•�P�� 
0 

0 200 400 600 800 
Time from POl (seconds) 

LOOK ANGLE 

125 I 00 (de!( roes) 
INNEH GIMBAL ANGLE 

(degrees) 
100 80 __,.- !\. 

60� ViSlhlill)' 
7� ....... -....__ Region � ) 
so 40 

� �5 1 20 P63 P64 P66 

I I Pti3 p I u +  0 

II �00 400 600 800 0 200 400 600 800 
T1me I rom POl (seconds) Time from POl (seconds) 
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LUNAR LANDING PARAMETERS (P6<4) 
APOLLO 15 

THRUST �IAGNITlJDE 

(I b) 

400 

300 
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�--
.--�---1'64 200 

100 �' 
:s. 000•+---.----,-----,, --,--
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10 
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., 
.. . " � 0 .. 

, o  0 �  -< ·  

1;9o 
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INNER GIMBAL ANGLE 
(degr ees) 
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-100-

-200-
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570 • 

II) ., , � .. .. .. o .... 
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1 I 
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A. ORBITAL R ELATIONSHIPS 

Assuming a spherical planet.� the equation of motion for a satellite Is given by 

where 

1.1 - (M Planet + MSatellite) G 
G � gravitational constant 

The solution of Equation 1 is: 

where 

r = 1 + e cos f 

h - angular momentum of the satellite 

e = eccentricity of the orbit 

f = true anomaly 

( 1 )  

(2) 

which is the polar equation of a conic. The conic will be an ellipse, a parabola, or a 
hyperbola. Treating the parabola as a special case of the ellipse and considering only 
the hyperbola and Pllipse, the following relationships are obtained: 

Angular Momentum 

Velocity 

Apogee 

Semi\atus Rectum 

Sem imajor Axis 

Eccentr1citv 

Perigee 

True Anomaly 

Ell ipse Only 

Period 

Mean Motion 

�ean Anomaly 

Eccentric Anomaly 

Hyperbola Only 

Mean Motion 

Mean Anomaly 

Eccentric Anomaly 

- - - . 

h = r x v = r2 f = constant 

v2 = 1.1 (2/r - 1/a) 

ra = a (l + e )  

P - hz/1.1 

a - r1.1/ (21.1 - rv2 ) Negative for hyperbola 

e = ( I - h2 /11a) 1/1 

rp = a (l - e) 

cos f = p - ! sin f - h - -r · v re e 1-' re 

P = 2 lT (a 3/z I I' 1/2) 
n = 11 1/2/ a 3/2 

M = n (t - r ) 

r = time of perigee passage 

E - e sin E = M (Kepler's Equation) 

tan (E/2) = [ (l - e)/(1 + e ) [ 112 tan (f/2) 

M = - (t - T ) 

r = time of perigee passage 

H - e sinh H = M 
tanh (H/2) = [ (e - 1 ) / ( e  + 1)  [ 1/2 tan (f/2) 

/ 
From these relationships. given an initial position and velocit.v vector. the orbit and 
orbit paramE:'lers art> unique!\· determinerl. 
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B. THE ORBIT IN SPACE 

SC-48 

-

The orbit in space is defined by an orthogonal set of axes along perigee. the semilatus 
recrum. and the angular momentum vector. The ordered set of right hand rotations 
(Euler angles) to achieve this orientation from the earth-centered-inertial ( ECI) 
frame are illustrated in Figure 1 and given by the expression 

p X X 

Q - I Rz (w) I I Rx (i) I I Rz ( Q ) I  Y = ( A I  y 

W Orbit 
z ECI z ECJ 

z 

�Orbit."!.! Plane 

- - - - -

X. y 

where 

n = longitude of ascending node 

i "' angle of incidence 

w = argument of perigee 

-

Figure 1 .  The Orbit in Space 

(3) 

y 

The angles Q, i, and w are generally unknowns; therefore. the elements in [ A  1 must 
be evaluated by some other means. To this end, Equation 3 is expressed as follows: 

p Px Py Pz X X 

Q - � Qy Qz y = ( B I y 
/ \\' \\' \\'y \\'z 

z z X ECJ ECI ( 4) 

The unll vector along perigee (that as, Px, Py. Pz) can be determined by Equation 
1 4 1 .  Page 20 of Battin as follows: 

- 1 (v2 j.t ·- - - -p = r - -) r - (r . v) V I  (5) j. te r 
where 

v = absolute magnitude of velocity 

r - absolute magnitude of the radius vector 
-
,. = inertial velocity 

r = ra-Jius vector / 

/ 

. .. 



-

I 
l 

I 

• . 

-

SC-49 

This relationship IS obt.a�ned as follows: 

-Q 

\ 

' sin jJ 

. 
h. \\' 

f'il(ure 2 

p • 

(I) 

(2) 

- -

er COS f - en Sin f 

- r -er • - ch = r 

r • 
1 •  e cos f 

• 

-

h 
h 

-. h 
, en = -

h 

cos f .  

- -

� 

but r a ve r = v cos /3 • r · v 
r 

(3) sin f • 
r · v 

r 

Combining 1, 2, and 3 into Equation 6 

-

p • 
r 
r 

By substituting 

1 I -e 

- -

h r ( - > - ) h r 

h • r v sin {J. cos (J a 
r · v 

rv 

and adt11ng th(' factor 

the above equation reduces to 

r 
-

r 

-I r 

h 
' s:;e  

\ cos {J 

l 
e 

r · v 
r 

Sin f = 

- I p s (v2 - J!.. ) r - ( r · � ) (v cos 8 Cr + v Sin {J e: ) r 

but 

v s v cos 8 e-;. • v sin fJ e: 

therefore 
-p = " -I (v2 - - ) r -

- - -
( r • \' ) V I  r 

- . 

h 
JAC 

. 
r 

(6) 

Since h • _constant, the unit v�tor along h (that 1s. \\'x· 
g1ven any r and corresponding v 1n the orb1t. That 1S 

\\\·· \\'z ) is determined 

-

h 
h 

r ., v 
rv sin (J (7) 

Hav1ng detcrm1ncd P and \i·. the rcm:l.min�t untt \'PClllr. Cl. " calculated as follows: 
� - -Q • \\' / P  (") 

0\ using Equations (i, 7. and � the matro:\ I n I IS <letcrminc<l. Thill is. the ..  rl)lt is 
llcrined In inertial space. From Equations :1 ;and �. I ... I • I B I .  a, C'<JU:Iting clements 
all\l b.'· usln�t the constraint o• • i · I �u· . the f:uln an�tlf.'S !! . 1.  an<l " are tletcrmlncd. 

/ 

.. 
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C. OJIBIT OETER�tii'ATIO!\ 

1'h<' probl('m nf orbit dct('rminatoon can be SLU('tl 3$ follows: Gl\'cn an onotoal �1 and -
corrcspondong '1 vector �•'J)r('SS('d in EC! coordinates. determine the posolion and 
'clocrt' on EC! coordonat('S at �omc ume. t1 .  

-From " hat h:o� been presented so far, the Approach ><ould be to determine:" if the conic ' 

is a h)perbola or an ellopse. Then use the correspondong form of Kepler's equation 
to solve foo· the true anomaly and through lhe orblt-ln-space-tra.nsformallon determone 
the position and "elocity at 1: .  
This methnd has the undesirable feature O( firSt determining If lhe COniC IS a h}'J)erbola 
nr an <>II Ipse and requorcs two sets of equations. 

A more unified approach as presented by Battin os lhe universal conic equations wh1ch 
are given by 

-
\'(t.. ) = 

\\here 

e n-;: ... ' ) 

. 
u 

• 
I -? ' - . 

[A t  -

x z "' - I + 
(Xl al)l 

4 ! 6!  

S (XI <I' I ) = I - - xz al + (X1 a1) 1  
3! 

A I • lz • 11 
1 2 

5 ! 

... :;;; - -

X • 

X = 

a rt 

� - E! 
"'I 

Hz - HI 
\ ... (\'1 

v I ...:.L.. 
jJ 

7 ! 

for ellipse 

for hyperbola 

' IJ  
- (9) 

(I 0) 

The parameter X which os requir,ed for Equations 9 and 10 Is determined as follows: 
An initial �uess for X is gh·cn bv 

X = X 1 + S I I - f'l S (l - 2 F l S) -

where 

X 1 • 0 for the first oteration and X for subsequent oterations 

s • 

r, 
·) � - ' I 

(� - t., ) 

(II)  

Having an initial �uess for X, an Improved value Is obtained by a Newton-Rhapson 
Iteration scheme as follows: 

"here 

r 
f (Xn ) 

=l I' I " I 
jJ 

\' f '  (X n ) 
rl I 

= jJ 

Xn1 C (X01 &1 ) .. (I - r1 o-1 ) X03 S (X01 n1 ) • 

r 
l ' xn - &I Xn S (Xn· 0'1 ) ] + [ (I  - rl &o ) xn! 

( 12) 

rl 

, 

xnJ 
jJ .lt 

C (X01 ll- 1  ) • r1] 

r 

.. 

I 
l 
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ll\4· lt••r.Hu'n !lt"th·m,· t.ll t.IJU;llton l! t'01\tii'M.I,•tl vnul 'n •l - !\n 1$ S\lfhcl('nlh small Tl\..•lood •nmal tNeu pf'0\1dcd b\ (quauon I I  
hn11u tht• lh·nulun tt• T;t; <•r ll'ln.•t• il" n•Ost C':llit'�- 1 h,• ulu<" fc.>r .,n•l •• th('n NbtUtut('('l 1nto f.quaUon• 9 and JO. thc.•r<'b� •t>C"Cif)1nr. 

, ,. .1nd '> In tTl !'lx•n. Follo••nJ ""'' unht'ts.al curu(' rN•thod JVtt dcur•tX'd. Uh• ro'•Hon and 'C"IOC'��·("cton rt'ff'rrt"d to &CJ 
,-1,,14.:·•· (',tn I•• •'•'h'l nHn� •t for·'"' nmc t durtntt fn·,•lall. 

Th. conu: �,"t'"11un cv�-,·pl utlll.tt'd for �'i �<�Uon rt"'(futn:s tf'l.to comput.at1on of lUJ#CIDr� le,mcnt• undt'r a •l<k- \·lr1Ny of C"'ft llulntt . 

lk•IM'rwhnl on th-· c•nnstmlntJt ln\oh•nl, \.h(' af't ofunl't"raal equauon• •'U tolvf' 

""''l)h•t•'s ..... "'�'"' lh••n ro. ,.., . .1nr l .l.t. JOhC' for ra- ''I 

: l.tml�t•rt'-t l�rt,hlt·rn t:I\C'n ' o· r1• >lotf �1. s•�'(' tor coni(' pa:ranlttt"r•. 

liAI\ 

11nlt' 
I h.. ta Pr�t·m @I' -.:•n ro. 'o. :tnd f .soh«' for .lt 

Rarl1u11 Pn•bh•m JtiHn r0• 'o· and 1 1 .otvc for .)t. 

Occupied 
Foe\&• 

r, 

.ll a Ofg_ht till!'' rrvm I'() tU r1 
p • lk·mi14tCVs recwm 

a • 1/:.t t1 • .S<.•mlm:.�.JOr ll"il$ 
y • 01t.ht ,-th �,_k 
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D. OISTl:RBANCE ACCELERATIONS 

So far tht' planl!t on question has been assumed to be spherocal which ts not the case 
for eilhcr the earth or the moon. Nor have the effects of lhe sun and the moon nn the 
earlh or vice versa been considered. Therefore, Equation 1 must be modified as 
follows 

where 

-
ad is lhe disturbance acceleration due to 

I. oblateness of the earth or the nonspher1cal shape of the moon depending 
<>n which reference body is used. 

2. the effects of the sun. 

3. the effects of the secondary body on the primary body: that is. effects 
of moon on earlh if earth is primary body a.nd voce v.-rsa. 

- -
Analytical expressions for ac1 are �iven in R-5ii. Section.-.. Sin ce ad os small in 

comparison to �-'_ . the two-body orbit l!iven by Equation I is used as .1 reference 
or osculating orbot "hoch is perturbed by :id. The actual posnion and ,·eloclt.'· vectors 
are, therefore, piven by 

-
r : rc 

- -
v = vc 

where 

- -

-
+ 6 

-
+ (1 

rc and "c are lhe position and velocity of the two-body conic solutions, 

(24) 

6 and ;; are lhe deviations from lhe two-body conic solutions of position and 
velocity. respectively. 

Differentiating Equation 24 and substirutlng into Equation 23 gives the following expres
sion for lhe differential acceleration 

: jJ 
r ' 

c 

subject tO the initial conditions 

(25) 

This method (Equation 25) is known as Encke's method of differential accelerations. 

-
Since lhe coeffocient of r in Equation 25 requores the subtraction of nearly equal 
quantities. prohibitive errors arc ontroduced bv solving E1uation 25 in ots prt>sent 
form. This dof ficulty can be O\"ercome by making the substitution 

(I- �) = � (1.,. .,.!:.1'-1-
r r I + p 

Equation 25. therefore. becomes 

r 
7 

) r 
-6 I where p 

.. 
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Equ:ltion 21i can be solved by any number of numeracal mtegration schemes. The 
method used in the Apollo Guidance Computer (AGCl 1S the Nystrom mNhod. 

In ord<'r 10 mamtain the eff1cicnc' nf £nckt•":. m('thncl of differential accelerations. 
-

6 (t) must remain small. Therefore. a n('w o�culatinj:( conic must be defined by the 
. . ' 101.::11 pOSition and 'elocit�· ''eciOrs r (t) and,. (t) -.hen ,1 (L) reaches a predetermined 

limit. The process of scleclinR a nc" conoc orbit from "'hich to calculat(' d<·,·iatiOnS is 
called rectification . -

To -sum up. the position and ''elocot\. dunng frecfall. :u lime �. gh·en the positic•n 
and velocity at time t, . are computed as follows: 

1. Position and \"elocoty in the osculating orbit at time � are calculated accord
ing 10 Equations 9 :1nd I 0. 

2. Devoations are then obtained by numerical integTation of Equation 2G. 

3. A new conic from "hich to calculate dE'natoons os defined ('ach ume the 
-

deviations (6 (I)) o·each a vredetcrmincd l1mit. 

E. OISTt:RBll\G Ft.:l'\CTI01'\S AKO TIIE!fl APPLICABII.ITY 

We define the folio-. mjt dosturbancc a<'Ct'lcratoons as applicable to Apollo: 

ad£ = acct•l<.•ral!on <lut' t•> the n••n�phc•·l<'al �ra' Jtational perturbations nf 
the !'a rth 

adm = 3C'('ef('ration UU(' 10 thl' nonsphE'n<'al Jll':l\"tlatiOnal perturbations or 
thl' moon 

- acceleration due to the Sl'condary body on the primary boc.h: that 1s. 
moon •s secondary body when earth is used as reference and 'icc 
versa 

ads ,. accelera lion due to the sun 

analytical expressions for which are �iven 10 R-577, Section 5. 

The applicable diswrbance accelerations and their region of applicability for Apollo 
are given in Figure 3. 

r.,rt: 

Rei! ion I. ad = 

R �loon 
R� 

"d£ 

= 3.441nmi 

= :J. GGO nmi 

= 43. �.;2 nmi 

= 938 nmi 

" 1.154nmi 

= S. 690 nmi 

= :1�. �'" nm• 

"I 

�loon 

Rej!ion :!. ad z "<IF: • "cts 3<k11n �lonn· � �f.h<·o·t• nf mfluencl'. 
-

c.:t•ordinatc <.·han�t! !legion :J. ad 
- :ld� 

� "cJq Ill 
Region 4. "d - "d� 

• "dq E 

Rt'gion . '· ad = .. dot 
• 

·•,ts ' ·•c�c, E 

flCJ;IOn 10. :\" = atln1 

Figure :1. Apollo 01sturhancc Acccl£>r:ltJon Re�:.wns 
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F. DISTURBANCE ACCELERATION 'OSCULATING ELEMENTS 

y 

Accctcratlon Norm3l At·cderat ion Along 
To Orbit• I ?lone ( 1\) U:>dial Line (R) 

do de 0 d a 2c s in R -- • = 
dt dt dt n 1·{'2 

iL r cos (..> • I) d<' V 1-} sin!!) N • 
nol Vt-c2 = R 

dt dt na 

�- r sln (.· • I) di dr N = = 0 dt no2 'b-c2 sin (I)  d t dt 

dO . V l-c2 COS!!) dw d..> 
-. -cos(!) dt 1\ -- R dt dt n :>l' 

" • Semlmajo r Axis (ft) 
<' • t:ccentrlclty 

• Orblul lncUnation 

r • Central Angle From Perigee 
r • Position (ft) 

u • Longitude of the Ascending Node 

w • Argument of Perigee 
n • Mtlan Molion • � s·l 
�E • 1.41 x tol7 n3;s2 
�M • 'I 'l 1. 73, 1015 rt' /s 

2 N .ll . T • ft/ s 

A<·cc lcratlon Along 

Tro<-k ( T) 
da 21 V t-e2 

- • T dt n r 

de 0 [ 2 2 a (rl-e ) 
• na2e dt 

dl £!! 0 - • • dt dt 

-r] T 

� 
dt 

• Q e 
nae 

( 2 + C COS{ f)) 
1 + e cos( f) sin( I) T 

I I I 
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C. TPI TARGETING 
-

The TPI targeti ng for the Apollo 15 mi ssion is accomplished using the equations and 
techniques stated below utilizing the following information: 

Targeting Procedure: 

RENDEZVOI)S 
/ _... TRAJECTORY 

T time at which the TPl maneuver Ia to be performed 

R - Llol pooltlon vector at T -LM 
Y LM 

-

LM vt1loclty vector at T 

1 

1 
Rcr.t 

-

CSM poaltion vector at T 
1 

CSM velocity v�ctor at T 
' 

central angle CSM willtraverM between TPI ...,d rencluvoua (130• 

nominally) 

v -CMF 

1. Compute the elevation angle of the LM -CSM LOS above the LM horizontal plane at 

the time of TPI. 
1: 
/ 

' . 'I ' , - L / 

�CM 
/ \ r- .... 

. \ - . 

cos -l [ u . 

-L !L p SGN @ p . u X !! LM) I 

u • unit(!! Llol x y LM I 

u • -p 

il E < 0 • define £ • 2• - £ 
A A A 

.. 
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2. Compute the time (t21) required for the CSM to travel through the central angle 
1/J CM using the Time-Theta method described on page SC-51. 

-

3. Update the state vector of the CSM to the time of rendezvous (AT = t21) using 
Kepler's method as described on page SC-51 obtaining @CMF, YcM�· 

4. Compute the central angle Qt LM) through which the LM must traverse between 
its position at TPI and the CSM's position at rendezvous. 

if 1/J LM < 0 o define 1/J LM = 1/J LM + 21r 

5 Using the Time -Theta method, determine the flight path angle y required of the LM at the end of the TPI burn such that the time required by the LM to traverse 
the central angle of 1/J LM is the same as t 21 • 

6. Calculate the velocity to be gained. 

v· -U4 

P • sernllatu.s rectum of the TPJ orbit 

The velocity to be gained is burned out using the APS and Lambert Aimpoint 
Guidance. 

/ 

• 

' I l 
I 

' I 
. 

I 
' 

I 
I 
I 
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A 
p 

p " 

c .. 
J = 

1/C 

- s<c7J+l) 

Pendulostty 
Coefficient of Viscous Damping 
Float Inertia 

HW-2 

PIPA LOOP 

Sampler 

Preamp 
AC Olff-Amp and 

Interrogate Module 

Btn·ary CUrrent Switch 
DC Dlff-Amp 

Calibration Module 

The PIP Signal Generator Oucosyn provides Information on rotor position In the form of a 3200 hertz output. The stable limit cycle In rotor position Is converted to an AC suppressed carrier modulated signal. 

The PIP Preamp amplifies the SG output (14 V fV gain) and phase shifts the 3200 hertz carrier 45° lag. 

The AC Dltf-Am and lnterro ate Module provides additional amplification (3050 V /V), peak detects float 
position, an sets a lp· op. e state of the fllp·flop Indicates float position on the plus side of null and 
the other state means float position on the minus side of null. 

The Binary Current Switch provides discrete current pulse outputs of appropriate phase as determined by the 
stare of the fltp-flop In the AC Dlff-Amp Module. 

The Calibration Module Is the passive circuit Interface between the BCS and the P!P torquer. The clrculrry 
IntrOduces bias and scale factor adjust capability Into the PIPA loop. 

The PIP Torque Ducosyn converts current pulses from the Calibration Module to torque about the PIP OA axis. 

The DC Dlff-Amp and P'/R Module Is the mechanism which regulates current and hence PIP torque to 
precisely controlled value.s. 

' 
• 

• 

- -a · 11A 

PIPA Bias 

+ 
ern/ a' ern/ a 

-
-Velocity 

Each l>V Command Module • 5. 85 em/ s 
Each l> V LUDAr Module = 1. 00 _ em/ a 

.. 3 Q) "' 
� " 2 
p., 
"' 1 

I + 

.. Velocity-"' 
.!1 

2. � z 
3 

6V' 8 

l 
I .. . . < -• . ' 

; : � �-;1J,'' � _- ;�· J 1 . .-., .. ·-·--s�· ;'·' ·W:' �·· 
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' ' . ..: 
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! 

PAl 

-1! Ma: 
' .e . Set 

3· Pel 

4. To: 

PI. 

6. PI 

7· PI 

8. PI 

9· To 

10. No 

Ra 

2. 81: 

3· Pl: 
4. St 

1. Sc 

2. B: 
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PIPA CHARACTERISTICS 

PARAMm'ER CM LM 

Maximum measurable acceleration 19.1 g's 3. 26 g's 

Scale factor 5.85 em/sec/pulse 1.00 em/sec/pulse 

Pendulosity p 0.25 d�e em 0.25 dyne em 
cm/sec2 cm/sec2 

Torque to balance T 4680 dyne em Boo dyne em 

PIP float inertia J 14.0 dyne em 14.0 dyne em 
rad/sec2 rad/sec2 

PIP viscous damping c 4 12xl0 · dyne em 12x104 d;t:ne em 
rad/sec rad/sec 

PIP break point c/J 8550 rad/sec 8550 rad/sec 

PIP time constant J/C .117 ms .117 ms 

Total torque constant .42 dyne em/rna 2 .42 dyne 2 em/rna 

Nominal torque current 105 ma 44 ma 

SUSPENSION CHARACTERISTICS 

Radial Force 2. 3 grams per . 0001" min 

Suspension current 65 ± 6 ma 

the two ends (SG & TG) matched with 3 rna 

Phase angle of current lags 45° ± 2.8° 

Suspension stiffness 30 x 10-3 grams/micro-inch 

TYPICAL TEM.PERATURE CHARACTERISTICS 

Scale Factor 

Bias 
0 F Actual PIPA Temperature 

150 ppm;oF 
300 ppm;oF 

CM 
LM 

I 

l 
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PIPA PARAMEmRS 

Primary PIPA parameters are scale factor and bias. Specification values across ISS, G&N, and S/C 
testing are as shown in Table I-1. 

. 
Table I-1 

PIPA Coefficient Stability Criteria 
Coefficient Units Dl D2 D3 

PIPA Bias (�) 2 em./ sec 0.50 0.70 0.90 
. 

4oo 6oo PIPA Scale Factor SF ppm 500 

2 PIPA bias in a unity gravity field (�} must be within 0.30 cm./sec of that evaluated in a zero 
gravity ( �} field at the ISS level of test . 

Tbe maximum value of PIPA parameters which can be compensated for by the computer is as shown in 
Table I-2. 

Table I-2 

Coefficient Units Max Value t CM) Max Value (LM) 
� 
SF 

X PIPA Bias 
Y PIPA Bias 
Z PIPA Bias 

PIPA Bias CM 
PIPA Bias LM 

c::m/sec2 

ppm 

Register 
1452 
1454 
1456 

±9.14 ±12.50 

±1900 ±1900 

PIPA COMPENSATION 

= (.0005569) (Reg Contents in Decimal) cm./sec� 
- (.0007628) (Reg Contents in Dec:l.mal) em/sec 

The correction to the PIPA's is 

where 
is the compensated data for the Ith PIPA denoted PIPAXC' PIPAYC' PIPAZC 

- SF - SF nom (erasable load) 
SF nom 

SF = Scale-factor CM/Sec 
Pulse 

is the bias for the Ith PIPA {an erasable load) 

I I 

' I 

' 



... C/3 1nd1 cates assets camnon to all three loops • 

.---- -+'20 VDC ( PTPS) 

C � -20 VDC (PTPS) 

�- SWITCH PUlSE (COMPUTER) 
C3 

IN'lERROGAroR 
PEA - BLOCK II 
PTA- IEM 

J.l'l'lER • PUlSE 

'IMSET 

+20 VDC 120 VDC ( PTPS ) 
(PTFS ) 

c, 3 c 3 

BINARY 
CtlRRENT 
s-w :m:.'H 
PEA/PTA 

4V DUG 

2V PIP C/3 

DUCOOYN 
EXCIT. 
X Fl-IR 

L..r" 28V 3200 CPS 
f \..._., PSA 

DATA PUlSE 
(COMPUTER) 

SlSPENSION 
.-MODUlE 

SG 

PIP 

IMU 

TG 

P1'PS .. Pulse Torque Poller Suppl,)' . Por Hock II PTPS is in the PSA 
For LEM PTPS is in the PTA 

CAL 
MODUlE 
PEA/PTA 

PEA ,. PIPA .Ele;:;tronics Header Assellbly ( CM); PTA = Pulse Torque :leader Assembly ( LEM). 

PIPA LOOP 

DC DIFF 
AMP 
PEA/PTA 

120 VDC 
(PTFS) 

28 VDC 
(PTPS ) 

� I Vl 
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Rotor (Signal 
Generator) 
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PIPA DEADZONE 

Digital interrogation of PIPA float position with zero 
3 clock pulses for each half cycle·of float position. 

acceleration applied will generally yield 
This is called 3:3 moding. 

During initial build-up, torque 1mbalance is minimized by artificially inducing 2:2 or 4:4 
moding and adjusting the zero g null to coincidence vith the 3:3 moding zero g null. The null 
coincidence between a stable 2:2 and a stable 3:3 null must be less than 20 arc seconds in 
build-up (Figure 1). 
PIPA near null operation at PIPA level testing. 

Input 
Acceleration 

Indicated 
Acceleration 

Solid 3:3 moding PIPA 

Input 
Acceleration 

Indicated 
Acceleration 

Null Coincidence 

2:2 null 

� 3:3 null 

Solid 2:2 moding PIPA 
(2:2 mode artificially achieved) 

Figure 1 

At higher levels of test, subtle changes in configuration due to integration of the PIPA loop 
into the G&N System can cause the PIPA to dual mode, i.e. the stable 3:3 mode may be replaced 
by a bistable 2:2 and 3:3 mode. Bistable moding causes no net delta V output and is manifest 
as a deadzone to near null inputs. This deadzone is checked at the ISS level of test to assure 
that it is less than 50 arc seconds (0.0075 ft/sec2 or 0.23 cm/sec2). 

For an input acceleration of A33 (Figure·2), a dual moding PIPA will issue zero A V's and 
mode 3:3. 

3:3 
null 

Figure 2 

2:2 
null 

Input Acceleration 

For an input acceleration of �2, a dual moding PIP.A will also issue zero 6. V's and mode 2:2. 

For an input acceleration between the A33 and �2 limits, the PIPA will issue z-ero A V' s and 

dual mode from 2:2 to 3:3 at a rate of 5 or 6 times per second. The amo1mt of time spent in 
2:2 or 3:3 moding is dependent on the input acceleration A1• 

I 
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ffiSTORY OF IN-FLIGHT PIPA PERFORMANCE 

AVG IN-FLIGHT CHANGE FROM LUNAR ORBITAL DEVIATIONS 
ERROR* {PREFLIGHT) COMP MINIMUM MAXIMUM 

X -0.01 -
No Lunar Orbital 

Apollo 8 y +0.03 -
Variations Available z +0.00 -

CM X +0.02 +1.17 *** -o. 39 -0. 58 
Apollo 9 y -0.04 +0.28 -0. 32 -0.42 

z -0.08 - +0.32 +0.42 

LM X +0.01 -
y -0.15 -
z +0.01 -

CM X 0.0 -0.27 0.0 -0. 36 
Apollo 10 y 0.0 - 0.0 -0.29 

z 0.0 - 0.0 +0. 03 
LM X -0 .. 06 -

y -0.12 -

z 0.03 -

CM X - - -0. 07 -0. 31 
Apollo 11 y -0.02 +0. 2 1  -0. 25 +0.34 

z +0.03 -0.12 -0.01 +0. 11 

LM X -0.01 -
y +0.02 -0.06 
z -0.03 -0.17 

CM X +0.09 - o. 0 +0.27 
Apollo 12 y -0.05 - -0. 08 -0. 20 

z 0.0 - -0.04 -0. 25 

** LM X -0.05 -0. 05 Pre-DOl 
0.0 -0. 15 Post-Ascent 

y o.o o.o Pre-DOl 
0.0 -0. 18 Post-Ascent 

z o. 0 -0. 06 Pre-DOl 
0. 0 +0. 29 Post-Ascent 

CM X -0.204 -
Apollo 13 y -0. 195 -

z +0.006 -1. 63 

LM X +1. 50 -
y -1.35 -
z -1. 52 -

CM X -0.02 -0.10 -0.34 -0. 55 
Apollo 14 y -0.02 +0. 08 -0.18 0.12 

z -0.02 +2. 77 -0. 19 5 -0.45 

Ll\1 X 0.3 -

y -0.35 -

z -0.14 -

, *Deviations from compensation updates when made, or from preflight loads when no update was made. 
: All units cmjs2 

**This Il'IIU was turned off for �27 hours on the lunar surface. 

*** Earth orbit deviations. 

NOTE: Variations ofCM bias in lunar orbit caused by variations in coolant temperature. 
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IMU COARSE ALIGN lOOP 

Tbe coarse align loop drives the IMU gimbals to the angles commanded by the computer With an accuracy 
of :t 1. 5o. 'lbe coarse align mode also acts as a caging mode when a gimbal lock condition is approached. 

The three basic elements of the coarse align loop are the Digital Computer which issues angle commands 
(6QC) and moding discretes, the �' and the ECDU which encodes gimbal position and provides position 
and rate feedback for proper loop operation. 

n.ro F:rnE ALIGN LOOP 

'lbe fine align loop drives the lMU gimbals to the canputer commanded angles ± 80" by pulse torquing 
the gyros. Pulse torquing is a canputer controlled switching of a constant current source to a gyro 
torquer vinding. The current produces gyro torque, a. corresponding precession rate 1 and hence, gimbal 
position. 

lMU INERTIAL MODE 

The elements of the inertial mode are the gyro, stabilization amplifier, and gimbal torque motor. 
The gyro senses inertial rotation about its input axis and supplies torquing to the gimbal via the 
stabilization amplifier to compensate for the motion. 

JI.POLLO INERTIAL lliS'IRUMENTATION/STA:BLE l-iEMBER ORIENTATION DIAGRAM 

Gyro drift is positive vhen the S�l drift rate is about the positive gyro input (IA) axis. 

Drift Fate Gyro Drift Coefficient 
About SM Axes NBD ADIA 

WXSM +NBDX +ADIAX (&xgM) 
WYSM +NBDY +ADIAY <aysM) 
WZSM -NBIYZ +ADIAZ (aZSM) 

aXSM' BysM' aZSl� is positive along positive stable member axes. 

XSM IA SRA 

OA 
0 OA 

AmRA 

-AOORAX CaySM) 
-AOORAY ( aZSM) 
+AOORAZ (BySM) 

SRA 
OA 

I A  Z GYRO 
SRA 

Gyro IAAlong SRA Al� OA Along 

+XSM - -X -YSM +ZSM 

y +YSM -ZSM +XSM 
- - -

z -ZSM -YSM +XSM 

Input axes of the X, Y, Z acceleraneters lie respectively along positive XSM, YSM, ZSM axes. 
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IMU COARSE ALIGN LOOP 

The servomechanism used to achieve coarse align of the Block II IMU is shown below. 

Error Coun ter .Enable 
r - - - -C�r;, Ali� 'En;bl; - -

-
,. I r------------, 

I I I I 
Digital 

Compute!· 

0 6 s 192 Pulses I . I• .. , � + I1 n 
ECOU 

� D. lie 

Coarse Align VoltagE 

sin 90• cos 80 • sin 16 8 
G

' 

IMU Coarse Align Loop 

Stab Amp! Torque lxand 16x OG 
Motor and Resolvers 

Gimbal 

cos 16 0 
G 

Computer Operation 

The foUowlng sequence of events ls performed by the computer each time the Coarse Align program Is entered. 

1. Issue Coarse Align Enable. The computer sets Bit <I of Channel 12 which issues the Coarse Align Enable discrete to the 

ECOU. 

2. Issue Error Counter Enable. The computer sets Bit 6 of Channel 12 which issues the Error Counter Enable discrete to 
all three IMU axes of the ECDU. 

3. Determine Command Angle. The contents of the computer gimbal angle counte1·s are read and differenced with the desired 
gimbal angle to determine the command angle. 

4. Issue Command Angle. Gimbal angle commands are issued in bursts of 192 pulses (8.4 degrees) at a rate of 3,200 r>ulses/ 
second. Each burst requires 60 milliseconds. The delav between bursts is 540 milliseconds. If the command Is not an 
Int egral multiple of 192 pulses, the remainder is issued as the laet command. Gimbal commands are gated out of the 

computer by setting Bits 13, 1<1, and 15 of Channel 1<1. All three bits are set simultaneously, thereby allowing all three 
gimbals to be slewed simultaneously. 

5. Determine If Command Angle Is Achieved. After gimbal commands have been issued, the computer reads gimbal posi
tion and compares the position achieved wiU1 the desired angle. If the difference is greater than 2. 0 degrees, an alarm is 
issued. 

Steps 1 through 5 constitute a computer control process which positions gimbals In an open loop sense. The computer does not check 
final gimbal position such that corrective commands can be issued if the des ired position has not been reached. The check on final 
gimbal position iS used to determine if an alarm condition exiSts. 

ECDU Response to Coarse All.gn Enable 

When addressed by the Coarse Align Enable discrete from the computer, the ECDU: 

1. Provides a ground t o  the PSA coarse align Input relays, thereby switching the stabilization amplifier inputs from !RIG 
outputs to the ECDU DAC output. 

2. Supplies a ground for the PSA stabilization amplifier demodulator relay, thereby changing the reference excitation of the 
stabilization amplifier ring demodulators from 3, 200 Hz to 800 Hz. 

3. Provides grounds for the coarse align relay In each of tbe stabUizatlon amplifiers, thereby changing stabilization 
amplifier servo compensation. 

4. Generates an Internal moding signal which enables gimbal feedback pulses (6.22) to Increment the error counter.. This 
signal also changes the read counter high speed pulse rate (PI pulses) from 12.8 kpps to 6. 4 kpps. 

ECDU Response t o  Error Counter Enable 

When addressed by the Error Counter Enable diScrete from the computer, the ECDU: 

' 
• 
' 

l. Generates an Internal moding signal which allows error counter pulses (PE = 6.22 or 60c) to increment the error counter. 
Absence of this discrete zeros the error counter and holds it there. 

2. The Error Counter Enable command (E) is combined with the Coarse Align diScrete (CA) and the CDU Zero command 
(CDUZ) to mode the read counter In accordance with the following logic equation. 

where 

a. 

b. 

c. 

d. 

e. 

f. 

Y= E· CA + CDUZ 

The presence of Y inhibits P1 pulses from incrementing the read counter 

E = Error Counter E·nable "not" 

C A = 
Coarse Align Enable 

CDUZ = CDU Zero DiScrete 

E · CA is an "and" operation 

+ Is an "or" operation 

Inhibiting the read counter In this fashion will prevent gimbal drift due to residual voltages w ithln the loop. The fine 
error will accumulate to a value such that the effect of residual voltages is cancelled. 
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£CDU Servo Coatrol 

Sorvo�nC lM tMU to the eoneet pceiUc:m u commanded byl.be COin.P'lter S. adUevod by a multiple loop ayttem coulat�Di" ollJle. error 
eocm.t4r, a OAC, t.bc coarae: aJJp mbclAc amplltle r, a ayett-m f1 HJ.e ud awU.ch ttloc� logtc, the read co.mter, and tbc atabiliJ.a ... 
tlOD loop. 

ErJ"or Cowat4r 
Tho orror cOUDt..cr provtdea dJ.rU&l <liiSeruclD.I betwe.en gl.mbal eommaodl ud stmbal poelUona. loput pull-el iO the error counler 
ue olthoar poaiUon command put.l&a (ll. I J ff"om the computer or gl.mbal poetUco toodb&dc: pulses (622) IJ'Om tho �e&d counter loop. 
Compul4r command pulsea (+bole) cauae tho error counter \0 count u.p. Read eou.ot.or (4.21) pulses will, ln turn, count the error 
COWliUtr down, thereby, produclD.c acptlvo feedback. Tho error COW'Iter It a� mechanlud to inhibit (1>£) puleee when Btta 1 and 8 
ol the error COUlter an "1. 11 The rtau..lt la a HmltJnc' o! tbc ou.t:put at 11. z.5• + $. 626• or 16. 875•. Tht total fi.U)(llonat cbaracter
lollc s. obown below. 

• 

3, 200 ppa 
x 160''/pulae 
• 141.' /aoooDd 

621 • 880 P9t x lGO".fpu.ltc • 3.5'/tccond (hish rate) 
• 100 ppa :If .a$0"/ueond • 4, 3'15'/ .. cond (low rate) 

Error Qwnter 

DAC (DI&Ital to Analog Ccl!lve:rter) 
11M DAC eouLIUi o! locte Pllebu <b'tv-t:n br tbe erN!' C<JU.Dter, a dlvlde down r .. t,uvo la.d6er networlt, and a tealloa am-plUter. 
The flln<:UOO ol lhe  DAC lo 10 provlolo an 800 IU •lp&l whose ampU"'<Ie lo proportlon&IIO lhe 0Jl8le ConleDI <J1 lbo error CCW>Ier. DAC 
Jenalll•ll)' lo &djQJied 10 o. s Vrma/<leereo. 

Co:auo Align Mixing Amplltlcr 

Tho coo.ree align mixing ampUllar add$ t.be !Lne error volt.aao and the OAC output with A mtxi.Qg ratio o! 3 to 1 l.n ta.vo\" of the fine 
error \nput. DAC outpu� to tbo eoarn t.Ucn miXlng a.mplUior are cllodo-Umltcd tOO. 5 volt as ebown below. 

0. SV 

Coorao Allp Mbtl"' Ampllfl.,. 
Fine Sr�wm Switch Selection Lo;llc: 

( 100 H< nn•) 

o. 828 .Y 
v 

Th e Uno ey•tem awltch selection loale 1.8 a network o! weig'hti.ng resistors, tumcnlng amplUien, and sv.lltcbea uttd to implement the 
trtgonomottfo identity -sin (9 ·¥) • -st.n 8 cos .p + coa 9 sln �. Funettona.lly, thi.A network compares tho gimbal angle (6) u 
nprenntod. by the 16-spetsd resolver eipA\a to the read counter anglo (�) And genor&tee an error aignBl uecd to drive tbe read 
counur loop. 

Ra10 Select &nd Up/Down Losl<: 
Rato ••••cc and up/down Josle la generated from the fine e.nor I !pal (an an.aloc mea•u:re. of tbe etror betw.e.n rttolver angie and 
read cou.nt.er aag�) by Sc:bmtu: a-SU.r c.ypa 1�el detectora. The r&U u&ec-t &Dd up/dowa IOile proceuu the ea.mpled ovtpu.t o1 the 
Scbmttt tricler• to determine. at whlc:h rue tM read counter abocald be increment�. !f the outplt ol the hlsb apeed Sc:limitt is tugb 
(1. 'f•volt traer thre-.tbold'). the Had CO&&ntv 1.- i:acl'emeot..d a.t 6, tOO ppe: if the CM.�tput of tbo fine Schmitt Ll h.lcb (0.1-volt trigger 
tbro.�bol4), the rate is BOO pp�:. 'l'1w1, 1D ooo e&mple time Lhe re ad COUJlt-er wJU be incremented 1 bit a.t low apetd O\" 8 bits a.t high 
epeed. The (lU\Ctional equivalent o( 8y1t.cm R.at6 &nd Swit.eh SeleeUcm la shown below. 

.. : • .. • � E " > > � 
• 0'-· .. 0 

:f ine £'n'Or ..; .. l.UV 
(oloCHCa) '"' (800 H<) I 00 1>1' 

f (dOiH .. ) 
6. 400 PPI 

Re&d Counter 

6 , 400ppo 

OOooo 
� ... 

• 0 
e • E > " 

� > 
0 .. 
.. 

. -

Read Counter fn Pill 
Hicb Rate • c. 4 

(PI) 
00 pps x 

/wl•• 
/aecond 
ppa X 

/PIII&e 

10" 
)t lf,J:.600 . 3$• 
l,.ov.• Rat• • 800 

2.0" 
X 1/3. GOO • 4. 37$•/aecond 

Tho rtad COW\tor Ia a 16-stAga d!;tW couotor with u. IMU ansle rranularlty o! 20 aocoD:Ja/blt. Inputa to Uto ret.d coun\cr a.ro con
trolled by rtt.e telect and up/down tope. Tbt output le uaed by the nne aytt4m twUcb 1elect1ou Iogie to produce tbt nne er-ror 
•lrn&J. Acc:ua by the compute.r ta to tho low order blt (A!'). Accttt by the error 00\l,a;tcr la to tho 'third ordor blt (�). F\mc
tSon&ll,r, tbe reid counter is f'tpr•eented u aD iQterra.tor with a cOWJt rate tn 6erroe.a/eecond and an output Jn d•f1'eu. 

("/aecond) 

Sta.btlbaUon Loop 

'l'he an.aloc: part of the COUM a.Ugn .. rvomcc:banlam conailta ol the stabiU.ttJion amp utter, torque motor, and. clm.b&.l. The overall 
trauler tu.oetiCG o! the ibove three eltmtat.a l• u abown below. 

(800 H • nna) 

• • 
57. 750 ' l.iiS • 1) (2U o l ) 

. . .� (o.rn • 1) <w • 1, ( degre<:o) 

.. 

. ' 
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IMU COARSE AUGN BLOCK DIAGRAM 
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Error Counter 

IMU COARSE AUGN FUNCTIONAL BLOCK DIAGRAM 

Coarse Align Mixing Amplifier 
100 k 
A AA 

Stabilization Loop 
.... I ......... 

( X - f".... 16·875o /1 8 Ec DAC �DAr 18 k 300 k "- V c
_..
A K 1 .:25 + 

1 2-4��3-+0 
-----1"VJ--.. I J. "" � J �---'f:n�.�3V�rmggt--T--IV"'V·IN' ....,...--.�VA\/A'V'-..,..1' ·"""'>-._...:.,_.._. 

!::. 8 -+_� -.. V; / I I 
• ...... 

.
-A/ ± C -16 .875o Degree V" 2 ( s + 1)( s 1) 3, 200 pps I \} it .� s 0 .1 25 217 + . 

160"/Pulse '-------� "'f-_.,.. :�100 k 
14P /sec � 4 

K = 5.  76 x 104 degrees 
Vrms 

1 Hi Rate = 800 pulses/sec x 16011/pulse x 3 600 o /11 = 35° /sec 
I ' 1  LoRate= 100 pulses/sec x 16011/pulse x 3 600 °/11 = 4.375° /sec , 

Error 
Amplifier 

v 0.356 v Buffer 
Amplifier 

Sample 
And Hold 

r = 1.25 ms 

Fine 1 . 15 + 

�
------��E�r�r�o�r----�VQr�m�s� �--�(�8_-.wi}L---��'' _ 8 

degrees -
.. 1/J 

Rate Select and Up/Down Logic 

,... Read 
. �unter 

�------�,---���-+--��----r-�1/J-· �r-------� .._ 

Hi Rate = 6, 400 pulses/sec x 2011/pulse x 3 !oo o /11 
, 

= 35° /sec 

Lo Rate = 800 pulses/sec X 20"/pulse X 3 !oo 0/11 
�-----------------------------------------------� ' 

= 4  ' 
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IMU INERTIAL MODE 

The circuitry employed by the Block n stabilization amplliier operates on IRIG error signals In the following sequence: 

1. Input network 
a. Full wave phase sensitive ring demodulator 
b. AC ripple !Uter 

2. High pin ompliller and torcp1e motor current driver 
3. Feedback netwOrk 

a. Armature current sampler 
b. R-C servo compensation network 

Input Network 

The Input gain characteristic or the stab!Uzation amplifier orlgtoates from the circuit shewn below. 

1.5A 

v 20k!l 

� 
5J.k!l 

e; 30kn 

Where Zfb > 

The galn 18Ctor relating demodulator output to lRIG Input is: 

v 
....!!.£ = v rms 

ac peak-to-pea!s, 2* 1. S (XFMR scale factor ) x 1. 414 ( V x 
ac rms • 

1.35 V/V 

* 2  - Is the de component of the Fourier series of a full wave rectified signal. 
� 

0 . 0033 

25H IOH 

1.0047 101 
20k!l 2M!l e0 r. o 

lk!l 
4.WF 

I
O. !ijJF 

The totnl lnput !!"In relatLng IRIG error signals (3,200 Hz) to de volts at the Hlgb Gain Amplifier Input Is 

vd l, 35 _.2 X v rms 

33 k!l 
145 kSl = o. 307 

vdc 
V (IRIG) rms 

Where 33 k!l/145 k!l Is the effective "dlvlde down" resistance of the Input network. 

Feedback Network 

51 k!l 
33k!l 

e; 

Zfb 

The feedback goln characteristic of the stsblllzatlon amplifier origtoates from armature current feedback or the gimbal drive motors. 
A 1-ohm resistor ls Inserted In series with the armature winding of each motor tn detect nrmature current. The appropriate feedback 
gain unlcp1c to each gimbal loop Is obtained with the divide-down networks shewn below \ 

I 
I 
I 

.,,. . " 
' 
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where 

e1b (Inner loop) = 
1 X 30 

( 1 + 30 ) 

efb (middle loop) 

10 30 (30' (3? "' 
Frequency shaping of torque motor current is achieved with the passive "T" network shown above. 
lstlc of the feedback compensation network ls: 

� " o.o2o (o.�25 + 1
) (2.�oo + 1) 

( /12 + 1 )( 10�. 5 + 1) 
with the feedback diodes not conducting. 

1 5 eo 
(

30 
I.;:

M 

= 31 or 31 0.020 
s 

0. 125 
s 

4 . 12 

volts/volt 

+ 1 s 
2 000 + 1 

+ 1 s + 1 102.5 

The frequency response character-

Assuming an ideal High Gain Amplifier, the input and feedback networks can be combined as if each were working Into an operational 
amplliler thus: 

1TM -
v rms (IfliG) 

" 

iTM (Adc) 

Input Network 
Feedback Network 

15 s 
4 . 12 

VmiG ( Vrms ac) = s 
\ o . 125 

+ 1 

+ 1 

0 . 307 
o. 020 

s 
102.5 

s 
\2'  000 

s + 1 4.12 
s 

0.125 
' + 1 

+ 1  
) 

102 . 5 
s 

+ 1 

s + 1 
2,000 

A/V (inner axis) 
... 1 

' 
Course Align 

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 800 Hz. 
2. The feedback compensation Is changed by connecting a 4. 1 1'F capacitor In parallel with the 0. 5 I'F capacitor used for the 

inertia I mode. 
3. The coarse align compensation is: 

iTM (Adc) ( 1. �25 + 1 )(z:. 3 + l) 
= 15 \.:. :.:..:..::..:;_-:--'-7';;.;.:.;'--�.J.--

v . DAC (Vrms ac) 
+ 1) (z�7 + 1 ) 

inner loop 
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IMU "INERTIAL MODE" BLOCK DIAGRAM 

r Gain: 22. 2 A/V I 
I Demod Filter 

l 
I 
I l Inner Gimbal Stabilization Amplifi� 

'-II• To IMU Fai I Module 
JG Servo Error 

r -
Gain: 44.4 A/V 

Filter I 
Middle Gimbal Stabilization Amplifie�-J 

To TMU Fai I Module 
MG Servo Error 

r -l Gain: 66. 6 A/V 

---....., 
De mod Filter 

l 
I 
I 

Outer Gimbal Stabilization Amplifier I L � 
To TMU Fail Module 
OG Servo Error 

Inner 
Gimbal 
Torque 

Motor 

I 

___ j 

Middle 
Gimbal 
Torque 
Motor 

Outer 
Gimbal 
Torque 
Motor 

1. 12 ft -lb/ A 

1. 12 ft-lb/ A 

0. 906 ft-lb/ A 

Inner: 50 rad/s2/ft-lb 
Middle: 25 rad/s2/ft-lb 
Outer: 12. 5 rad/s2/ft-lb 

-<0 
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IMU "INERTIAL MODE" FUNCTIONAL BLOCK DIAGRAM 

-I 

Torque Motor 

K T 

K T = 1 .  52 x 107 dyn - em 
A 

1. 52 X 107 dyn - em 
A 

dyn - em 1 .  23 X 107 
A 

--�-- ------ · .. - - ... ..._ .. 

r-

' I 

' M 

, 0  

. ..... 
. : ''';) ··-. : . .  � 
·> - ... :. " .. ·, 

-·: 

Gimbal Inertia 

1 
• 

J s2 1 
-J 

Stabilization Amplifier 

1 5 K ( 4.�5 + 1) ( 1;0 + 1) 
� ( o. �25 + 1 )( 2, �00 + 

1) 
K = 1 A ' I H =  

V rms 

2 A M ' c V rms -

3 A , 0  
V rms I -

H/C = 
C/I = 

-6 - 3.78 X 10 , I -6 1 .  85 X 1 0  , M rad/see2 

0. S35 X 1 0-6 ,  0 dyn - em 

Gyro 
Preamplifier 

1 310 Vrms 
' rad 

0. 434 X 106 

0. 475 X 1 06 

367 gm - em2 

0 . 915 
1, 290 rad/ sec 

dyn - em 
rad/sec 

dyn - em 
rad/sec 

Gyro 

H 
-

c 

cii + 1 

8 
G imbal 

a .. 
. 

� 
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!MU INERTIAL MODE 
CIMBAUCYRO/TORQUE MOTOR 

FREQUENCY RESPONSE 

1 H/C 

� x (cjy + 1) 

I • 34. 5 dB 
M • 28. 2 dB 
0 • 20. 4 dB 

)( KT 
rad/aec2 

A de 

10 

C/1 • 2� H< 

IMU INERTIAL MODE 

frequ�ncy <Hz) 

OPEN LOOP FREQUENCY RESPONSE 100 ��------------���������������----------------------------, 

80 

60 

w ;  1 rad/s 
40 

0 
1 

-20 
Inner Gimbal/ 

-40 Gyro/Torque 
Motor 

Inner Notch and 
Preamplifier 

Inner Total 
Open Loop 

Crossover Inner/Middle/Outer 

10 100 Frequency 
(Hz) 

30,-
----------------------------------------------------------------------, 

20 

10 

o dB • l A/Vrru 

O. I 

·10 

APOLLO STABILIZATION AWPUFI&R 
CLOSED LOOP FREQVKNCY RESPONSE 

l� tf,ij-• I) (* • I) 

!o.fu • ll(� • 11 

.. r 
Ff'equei'IC)' 

(II• I 

1.000 

-20 �--------------------------------------------------------------------__J 
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OYRO PVLS£ TO!QillliG 

Gyro torque, Ita eorreaponding pT�eeH1on ntc, and hence gimbal po.IIUon u-e controlled by reJUI&Unr the pulee width of IYl"' 
torquer curre-nt. In the Fine A lign mode, the length ol. the torquer eurrent pule• Ia preclael,y controlled by the comput.er to acb.Jeve 
a <Hit ired gimbal poeiUon. 

To torque a particular 10'1"0, the foll,...lng sequence ol commah:la 11 lteu.S by the eompu�otr. 

1. Gyro To �que En&ble 
2. Cyro Set.et 
3. Gyro Set (lhe Gy ro Reset command is t .. ucd at. all timee wt\.en Gyro �t 11 l)ft') 

Oyro 1·orgue .Ena.blo Command 
Tho Gyro Torque Enable command Ia tuuod by the comP�o�t.er throu.&b 8St 6 oC Cbanael 14. The Btt $ p.cea a. 102.4 M.Ka. pube train 
ovt of U'le comp;a\u to a ret.y driver lft ll'loe- GyTO Callbratlon Modute. Wbea actuated, 21 Vdc ia applied t.o the Precltlon VolL&ge 
Rderence (PVR) auppty aa:S 120 Vde f1 appUod to the B.laary Curren\ 8wltcb and DC OlfferentW Amplltler. The Gyro Torque 
Enable command muat be Issued 20 miiUeocondl prior \o tbe Gyro Seleet Command to auure a..mple Ume for relay el01ure, 

, - - - - - - - - - - - - -, I I 
I 
I 

.za v 

I I I 
I Amplitier and 

PVJl 
I 
I 
I 
I 

L !_V�20_!!0:!_ - - - - - - - - - - .J 

(i Vde 1 ,.. .. as. 003 m.A 'iO, S8ti Ohma 

Torqu�tr Current 

(iyro Select Comm.a6 

, - - - - - - - - - - - - - ..., 
Torqve ..., Set f'lip-F1op 

�Torque 
Reat:l 

I I I 
Current I 
llegulator t 

rfl�l-f=!j� I . Binary I .... OJ OJ CurrentJ 

L - - - -
9wtteb 20100171 

_ _ _ _  _.J 

r - - - - - - - - -.,  

I 1 Pad (> 
I ;> Gyro 
I Torqver 
I Select 
I SWitch 

I 

� A. 
'). Dummy < Load > 92011 

I 
I 
I 

i'--_......_,_---J S Current '). Monitor I 
I 

I 
I 

70. 58SG s Sc:ole Fae<or 

I � Re.lator 
C .,i:::tioo 1 

I MO<lule I 
L - - - - - - - - - - - - �·�20__ J 

The Cyro Sel.cl command ta col'llrollad by the c:.<u•nputer tht"&uch Bite 1, 8, a.Dd 9 ol Cl\aMel 14. "Jlle ••lection loC1e I• •hown in the 
lollowtnc table: 

lllT T  BITS J!!ll TO!l9U£R WINOiliO 
0 I 0 +Y 
0 1 I .y 

I 0 0 +X 

I 0 I ·X 
I I 0 +Z 

I I I -Z. 

TM. mode loglc ahown Jbove p&ca a )02. 4 kHt. put..t tra.ln out ol Uw: computer to co. of elx tranalelor ndt.c:hee in the. Gyro Callbra,.. 
Uon Module, Thll pul1e train will cloee the trana ... tor swtteb, theNby eaabUac torquer t:uTrenl whee the 0)-ro Set com.mand t& 
tuued. Jf more than ooe c;yro l• to be torq\*S, tM order d M l . .etlon La Y, 2. aod X with -.eh IJ'1"0 beln« cornpla.�lr Lcnqued 
before the next une ta aelee\ed.. 

Gyro Sel Comma'!! 

The Cyro Set command Ia controlled by the computer throup BU 10 ot Cll-.nnel 14. 1l\la btt ..u a flip-flop wbScb pt.M a 3. 2 ic.Ht 
pu186 t,..in Ottl of the computer Lo \he Btnaey Cwrrcnt Switch via the Gyro Calibration Module. Wbln a.ctuated io tb .. m.a.nner, gyro 
torque current IS •witched from the t20-ohm dummy toad t.o \be &orque wlnd.lag Mlec\oiCS by tbe co�np.�oter. Wben tha Guh·td aumb-or 
of eet pubu baa been luued, 121� flip-nop Ia reset ca�,�;�lng current to be trander.-.d h'Om \be. torqu.r windklc to the duCt.Eny load. 
rr tho number d aol poises to be luu«t it leu than 16, 384, they are all t .. ued 1.D a atnjJ\e burSt at a raLe of 3. 200 pp.t. U the num
ber 11 1freatel' tha.n 16, .:l84, they are divided into groupe Qf 8, 192 pul .. a pla.a a rem.ahwin. Glm'-1 po•lttonlng Ia then achieved by 
luuln.r l!lueceutv� bur�n• oC 8, 192 pvleu. each upan.ted by a 30-miiUaee<tnd Oel&y, phd: the remainder. 

Putae Torgue Sea�• F'actor 

The pulte t.onaue acale f&etor, ln arc-•ecooda of flmbal tn.vel per oomput.er •-'" pu.la•. 
of to•t. The torque produced by ea.cb oro toTquor ta: 

where 
T = K l •  4,3:15 dyne....cm 

• � Ia miti"C)ayn aensiUwf\y ln dy.w-em/amp"' 

i t.a mleroayn curre-nt 

t•ch toJ'Quer 111 padded to provide 4, 335 dyne-em of torque tor a curnnt of 85. 003 mA. 

'- 0. 611t8h.l, 150 ppm at th• 0 ££ N level 

TM l)'f'O pula• torque loop opcrtole• to a.eh.J.evc: c:tmbal poeiUoaJf'&C onder 00tft911ter control by contrvlUnr tbe gyro preo•a1oa rate 
and, �nee, gimbal ,..te.. The mulmum al.,.. 1"&ae capa.blltty o( tbl• ayatem 1•: 

, T 8 .  - • 

" 
4335 drl"le·Cm 

o. ol3-i x 10' 4$]-:m 
T • mic roeyn lo"lue 

H • gyro a�lar mom•n,um 

.. JD mnd/IJ 

. i 

. ' 

: ; 
�· . .  

, 
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. 28/120 Vd 
PTPS 

� "' 

(), ... 

• ...... 

28 Vdc (PSi\) 

GYRO PULSE TOHQU[N G !-OOP 

Sliprings 

1' �, y '1.._, � To PTPA Preamplifiers 

. .. · ·· ·· ·-------�-�---1 

/""'. TG IRIG �G • 
"" 

{\ Error signal goes to resolver for middle 
en to stab amplifier. '--' . k:::plifie� and outer gimbal, th 

4 V  
1- � �, 2s v, 3, 200 Hz 

2 V PIP ·�� -? I" PSA 

'-Ducosyn Excitation Transform er 

.-Gyro Torque Enable, 102. 4 kHz (issued by computer 20 ms prior to gyro s elect). 

r- Gyro Select Command, 102. 4 kHz (issue by computer to one of six swit ches in calibration 
module, to al low torque current to flow to the proper gyro torquer) . 

- Gyro Set, 3. 2 kHz occurs 2 ms after gyro select; switches binary 
al low torque current r Gyro Reset, 3. 2 kHz (o ccurs at a I I  times that gyro set does not 

IIIII 1111111: : current to be applied 
TM Reset 

Calibration Module 11111111 TM Set PSA/PTA 
- """' "'"" Torque Current 

No. 2010020 .... 
-

� "'"" ""� :. PT Dummy Torque Current PT 

current switch to 

occur; causes torque 
to a dum my load). 

Curren t Feedback � 
'·. 28/120 Vdc PE 

PS = Pulse Torque Power Supply 
A = Pulse Torque Assembly (LM} 
A = PIPA Electronics Assembly 

(CM) 

�� DC Differential Bina1y 
Amplifier - Current Switch 
PSA/PTA • PSA/TPA 

No. 2010029 � No. 2010017 
Torque Current Control 
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IMU FINE AUGN FUNCTIONAL BLOCK DIAGRAM 

Gyro 
Torquer 

I 
K.r 

T .. rnA 
- l " dyn - em 6 -· mA2 

I 
I 

Gyro -- --

1 
-c • .. . 

I 
I 

Preamplifier 
1 , 310 

5 ( cir + 1) � V/rad 

H 

H = 0. 434 X 106 

C = 0.475 X 106 

I = 367 gm - em2 

f4 
dyn - em 
rad/see 

dyn - em 
rad/see 

_j 

Gyt·o Torque = K T 12 - 0. 6 (85) 2 - 4, 335 dyn - em 

Stabili zation Amplifier 
Gimbal 
Torquer Gimbal 

• 15 K (  /1 5 +1)C;o +1) 2 
- KT � 8 .. 

.. .. ... J s ... 

(o.�zs + 1 ) (2,;oo + 1) 

A K = 1 K V rms ' 1 

. 

= 1.  52 X 1 T 1 0  , I 
= 1. 52 X 107' M 
= 1.  23 X 107,  0 

dyn - em 
A 

1 -
J 

- 3. 78 X 1 0 
-6 ' I 
-6 = 1 .  85 X 10 , M 

- 0. 935 X 10-6 , 0  
rad/see2 
dyn - em 

' 
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AFDLLO 25 IRIG 

Moments of Inertia: 

about OA: 
about IA : 
about SRA: 

367. 3 gram -cm2 

650. 8 gram -cm2 

724. 9 gram-cm2 

Damping Coefficients : 

about OA: 4. 75 x 1 0
5 

dyne-cmjradjsec 
about IA: 1 .  5 x 109 dyne -cmjradjsec 
about SRA: 1 .  5 x 109 dyne-cmjradjsec 

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 gram-cm
2 

sec 

Signal Generator : 

Input: 4 volts, 3200 cps 
Sensitivity: 10 mv jmrad 

Torque Generator Sensitivity: 0. 6 dyne -cmjma2 

Pulse Torque Scale Factor: Tr 1220 radjpulse at 3200 pps 

Magnetic Suspension : 

Input: 
Stiffness :  

4 volts, 3200 cps 
6 gmjO. 0001 inches Radial 
0 .  8 gmjO. 0001 inches Axial 

Typical Temperature Sensitivity 

Scale Factor : 
Drift: 

400 ppm/° F 
0. 2 meru;o F 

Actual IRIG temperature 
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HW-28 

Primar;y gyro parameters are ADIA, AISRA, l'IBD and scale factor . 
and S/C testing are as shown in 'lhb1e II-1. 

Specification values across ISS, Gall, 

'lhb1e II-1 
Coefricient Stab1Hey Criteria 

Coefficient Ullita Dl m D3 Max 

Acceleration Drift al01:18 the IA 'IIJIJru/ g 17 33 40 100 
(ADIA) 

Acceleration Drift along tbe SRA reru/g 14 
(.AWRA) 

21 25 4o 

Non-Acceleration Bias Drift meru 6 (HBD) 9 11 15 

Qyro scale factor l1m1ts are :t 1750 ppm. 

� max:lmnm value of e::Jro perfarmance parameters which can be canpensated for by the computer is shown 
1n !llable U-2 • 

'lhb1e II-2 
Coefficient Ullits Max Value CM_IlM 

ADIA merufg 862 /630 

AlERA meru/g 862/630 

HBD meru 128.7 

1be eaupensated PIPA data is used to ccmpute the mm torquing necessary to cancel the KBD, 
AWRA gyro coefficient&. b CODPutatians are 

where 

XlRIG 

rmm 

ZlRIG 

• 

• 

-

-ADIAX PIPAXC + AmRAX PIPAYC - fCBDl{ 6 t 

-ADIAY PIPAYC + .AWRAY PIPAZC - 11BDr 6 t 

-AD!AZ PIPAZC - AIBRAZ PIPAYC + Jl1:!M 6 t 

XlRIG, YlRIG, ZlRIG are gyro drift caapensatians 

:rmnx, NBDY1 l'i'Bm are gyro bias drifts (an erasable load) 

.AISRAX, .AIBRAY, .AWRAZ are gyro drifts due to acceleration in spin reference axis 
(an erasable load ) 

ADIAX, ADIAY, ADIAZ are gyro drifts due to acceleration in the i.nput axis 
{an erasable load) 

ADIA and 

'When the lllft8D:I tude of a:ay lRIG CCI!Il!•nd exceeds two pulses, the camnand s are sent to tbe gyros . 

IXlri.ng txee-fall only the NBDX, HBDY, NBirl are the relevant coefficient& and the routine is so ordered 
that oxicy these terms are calculated for the gyro compensation. 

� ccmputer HBD registers are 1460, 1461, and 1462 for the X, Y, and Z gyroe respectively. 

axRO llUFT l'IBD • ( .007835) (Beg Contents in Decimal) MERU 

I 
I I l 
' 

'I ' '
.' 

I 
' J 
! I 'i 

I 
• 



3 . 0  
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" 
"' Q) 
E 2. 0 

"' 
8 "' ) . 0  � 

� ·� "' 
Q 0 1--� 
bD > 
< 
:::: -1. 0 
bD ·-;;:: I .E -2. 0 

-3. 0 

\. } 

LM 
Apollo 8 Apollo 9 

� 

" 
"' 1 .  0 Q) 
E 

*After in-flight compensation 
change 

** Insufficient numbe1· of data points 

HISTORY OF IN-FLIGHT GYRO DRIFT ERRORS 

} 
CM 

Apollo 10 

C?.J LM 
Apollo 1 1  

CM LM 
Apollo 12 

y 

� z  

CM 
Apollo 13 

** 

CM 

N = Number of 

Data Points 

) 

LM 
Apollo 14 
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HW.JO 

ELECTRONICS COUPLING DISPLAY UNIT (ECDU) 

The ECDU encodes and scales the IMU gimbal angles and transfers the angles 1.o the 
computer in the proper format. 

The ECDU is an analog-to-digital converter which utilizes two 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 gimbal resolver ( the coarse system) .  

The ECDU digital servo is analogous to a resolver synchro illustrated by the follow
ing diagram. 

Resolver Synchro 

. / 

1 Servo Error Signal 

I 
e 

-.,. , . .. ........ ., . · - . ' • . • . • -!l!l!"--

Volts 

-. .. _ _ .. 

I 
I 
I 
I 

V in/Position (out) 

. . 
• • ' 

Feedback I Se"o Amplilie' I --,Jr- - - -�-
Di�ital switch selection lo�ic implements 
sin ( n - J}  or 0 - ;J, as docs l'CSol ver-
pair. 

' 12. 8 kpps I I I I I 1 2 . 8  kpps Read 

I 1 .. ��er I pps 
li e  +£2" 0. 0()7 V I'll)$ 800 Hz I _., - ' � clcgrcc , . I " I c -- I r' L _j E1:ror Signal ( �) I I . 

Pulse rate selection logic 
Read counter accumu-I generates 12. 8 kpps or 0 I lates pulse train. 

based on· servo error. 
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HW-32 
EL£CTROH1CS COUPLIII<l DISPlAY UNIT £COU (CONTINUED) 

Tbe ECDU 15 u a.n.aloc-�dJc"ltal eo.v.:rtt:r wbkh \IUIL&u t--o ucoclUic Joope l.ft4 OM. read �ltt to whJeb a.he conlputu tiM ae-ec••· 
()1)0 locp dtaiCft*l-.d \bt. ''f� 11)'1\fm .. i.l �o�.sed to tiiCoOe llx c:Jml:l•l n�colver qWa. '11M other. a "e-oarte ayatcm," encodes JlC 
Jl.mbal rt•olver a.nalu. 

Wbee U.. dlf(uuc• bltwtM• a 1.�1 .... otver anclc Md lk ECDU ,...,d ccunter cxeeedll •· 4 �ca. \N .. C)OU"n •Y"l�ftl .. hu 
�ciu.l.iW contrOl ol "'- r�ad �r. F'OT efT'Of'"a •m.alkT lt.A t,4 de&Tcee, the '1£tte •1at.tm'' bas .,;cku1ve ccntf'nt ot the ,...d 
counter. 

Coaru S.ntem 

T'hll! coue• ays-te.m uU\U.u a a)'tllem {fl ...,itch Ml.e\Soo 'klck. ,.l;&kta.a rMLI�N. &Dd fUIIUninC ampllhen to ceoerllte a tr'C<OO• 
metriC: Ldtn.Uty o! the Corm: 

• • the ,,..., anc)e 
' • the read c01.mtcrr &.01 � 

1'tl.1s Lrt,onornetrtc: tdonth,y is utod •• Lft c:-ror tt.pal to d:rlvo tho r•ad counter .mlll 1- hU been i:ao\altd to ()l)fJ or el&ht -45-deC'l'M 

Sq�Mt!\.e. 

' •  Rtoso)wer 
s .... 
Wlndin$: 

lot lteaol.,tr 
Cosifte 
WlAding 

... .. . 

. ., 

t i n 57, 5 • --"'N\r-R.:."':._-1} .. eu I a in f 

ala tz. �· / elnn.�· 

..,lt.:hea ut from 
cUcbl •t.a&c fl 
Read Counter (f) u,.O 
100 U:t rwU Ia achJeved. 

COUfller 
E:rror 
Sla-nal 

270' 

A lackkr att'Work pt·�ldu u addiUon.al aip.al wl!Jeh d:r i \' .. lho ra.d C!O�,&Al.r' \lOU I f. bu bNn f�o�t"tkr .. o lii.Wd tv one of 16, 
1.8 clean• •�· 

•in S . G 

ttn 2. � 

S.itche• n1 until 
.00 Ht "•U .a aclllirvt'd 

000 Hr 

l't .. Counler 
l!rn.r SIJ('nal 

The 11,11\CUonat equtvatenl of dlCI t'I'IUro eoan• •r•tem enor c.te�.eeti.nc toclc \A &.I ahowl'l �low. 

+ 0.061 Vrrn• 
detrtt 

C�ue ltrrot 

0 

ln lhet manner abown above, tbo error betWeen tba 1x ro.otwu potiU0r1 aDd \hot d'c'ft.al •lA"- cl thot ,...ell C:c..u'l.t.er l6 e�vcrLt-d �o •n 
BOO IU &A&log •lCMI. Tbt.. ia conwett.ed bUilt IAUO a dfett•l drl� at,pa.l for tho � cOIII\tn by the ''ce&ue ScM\Ut trlacu •ftef rate 

••Miction l.cwte." TM coaue Scll.mltt lrfll•r tlu'ubo1d .. .. , at O. H Vrm• (1. • chrnea) th.treby d .. cttvuU!g tM eoau� nad 
c:oun&cr loop wboea tbe errOl' �twMD h re.olflr I)Oettk:ft and tM rnA cCIW!It.er la '-•• tbAn 8.• deiT"eM. The pulae tram ""tpu\ ol 
\be Sc.l'lmltt t:rlgu t.a tnkrropte6 by • 1, 100 pp. lmpulM tnlft. Wbeo tba C'OU'M Sc:bmln •• de-tec.t.ed ht«tl, tbt r .. d CCVftte.r la an� 
cremeft14'CI at a � ot IJ. 8 tq)ptl, 0.. re&dtac II bU. tMo t .. re&d co..n&.r "' 1/800 cl a aoeoo6. Tbe fw.nctl.onal tqvtva\leat ol 1hU.. 
aipa1 � .. Inc,. eM'Wft Mlow. 

n. a ��ppe 

c .. ... � 0 . $5 v .... "" 
Error � 0 . W Vrma ac 

.. _ , _ 

COlt .. Scbmln Tri(Jer and R�alo Solcctlon �.oc-•� 

(J'hc CM ()pti.c• CDU'• do no1 contain 2 coa.rn •y•t�m.) 
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ELECTRONICS COUPI.JNG OISPLA Y UNIT ECOU (CONTINUEO) 

Fine Sxatem 

The fl.ne aystom utilizes :a system of ftwiteh sdoction Joglc, weighting rcsUa'l.ors. a.nd summing ampJlllcra to genl.'rntc llw trJgonu

metrle Identity. 

-sin (0·#1� sin 9 c os �  • cos 9 sin • 
This Identity is uged as an Grror signal to drive the rend countct' Wllil � La Laolated to one o! 256, 0. OSl!·<legrco sc�mo:ntK. Mech· 
onlzatlon of this ld�ntity ig similar to tllat o! the coa.ree syatem except for the following significant dl!fcrcnccs. 

1. The fine system gener>tea an intern.al reference eos (0- �I to eo<clte ladder switches. 

2. The J6x resolver nngle is divided Into 16 segments of 22.5 degrcas r<>solver electrlet.l. 

3. The bdder divides each 22. �egTec sesment Into 256 tegmenta of 0. 088 de&r<'e resolver electrical. The I Y mochanical 
equivalent iB 0. 088 degree/16 or 0. 0056 degree (20 seeondo of arc). 

4, A quadrature reject network Is employed to achieve a true loop ouU. 

The !unctlonal equivalent d the fine system error detection loclc La shown below. 

J6x 9 
Resolver E lectrica l A ng l e 

+ 

t 
Read Counter State 

8. 63 Vrma 
degree 

Error V ol e 
( 800 IU oc) 

f'111e ayotema error sign& La are cooverted back lnlo df«llal read COWlter drive stgn&La by a fine Schmitt trigger aystent and a high 
speed Schmitt trf«ger system operating in tandum. Each Is !nt.errogated by the same 1, 600 ppa impuLae train. When tho high speed 
Schmitt trigger Ia detect.cd high, the read coWller Is incremen!A>d &t a rat6 <! 12, 800 pps. Wilen the fino Schmitt trigger Is detected 
high, the read COWlter Is Incremented at a rate of 800 ppe. The tl\reshold level of the fine syatem Schmitt triuera Is set such that 
the ra,. selection logic ahoW11 below Ia achieved. 

• • E E � 
� ;> > l; .. . . 

- 0 

Fine Error 
800 IU rma 

,.vu ppa 

12. 8 kw• 

Schmitt Trlaer Tbreabold 

1 degne 
1.2 Vrme x 

8_63 v/• : 2 . 2 degrau  read counter 

1de� 0.07 Vrma x8_63 v/• = 0.131 degTee read counter 

12. 8 kppa 

800 DDS 

' 
.. 
E " 
.. E 
> � 
... > 
0 .. . 
0 -

High Rate ; 

J..ow Rate c 

12.8 kpps X 20' 
• 10•/secot>d 
800 pps > 20 "/ 
• 4. •s•fsccon 

pu l.sc 
d 

The rt.to select and up/down logl.c procesaea the sampled output of the Schmitt trlaer• to determine at whlcb rate the read counter 
La Incremented, 11 the h!ch speed Schmitt Ia "on," the Increment rate Ia 12,1!00 J>PI or 16 blla In one aample time. I! the fine 
Schmitt Ia "on," tbe increment rate 1e 800 pps or 1 btt ln one sample tJmo. 

Read Counter 

The read counter Ia a !6-s�.a«e digital counter with an IMU anglo gTanularlty of 20 seconds/bit. Inputs to the road counter nrc con
trolled by rate select and up/down logic. The output 11 used by the fine ay1tem switch selection logic tu vroduce the fi.nc error 
signal. Access to the contents o! the read counter by both the com.,;.ter and the error cOWlter Is serlal only. Access by the rom· 
puter 11 to the flrat order bit (A2'). Accee.a by the error counter Ia to the third order bit (A21 ). Because of the above, tllr count 
rate t-O the computer is fou.r timea futer than to the error count..or. Computer bite, howeve't, have one-fourth the weight. !1.\ctor of 
t.hOBe transferrad to the error count.er. 

funettonany. the read counter is :repr�se:med aa an Integrator whh a eoun.t rate in degreu/eccond and an ootput '" dei(Teea. 

(degree a) 
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IMU/CDU/ AGC INTERFACE DIAGRAM 
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/ 
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./ FiDe S)'llem 16X Switch Selection 

Reaol�er Logic 

Cos 

CDU Read Couoter . 
1so• 90' 45' �2. s• 1. 25 �. 6 ' 2. a· 1. 4° o. 7° 0 35° �. 17' p.oss· 

2" 2" 2" 2" 2 "  2 »  2' 2' 2' 2' 2' 2' 

AOC Location 003n• (CDUN) 

180' 90' 45' 22. s• l. 25' s. s• 2. 8' 1.4° 0. 7° p. 35" 0. 17° 

2" 2 "  212 2" 2"' 2' 2' 2' 2' 2. 2' 

CD U Erro� Counter 
•Loc NAME GIMBAL 

0032 CDUX OUTER 11.25 5.6° 2. s• 1.4° 0. 7° 
0033 CDUY INNER 
0034 CDUZ MIDDLE 2' 2' 2' 2� 2' 
1155 T!iETAD OUTER 1156 THETAD+l INNER 
1157 I _T!!J)LT�+_L l\1IDQb£_ I 

I (THETAD - CDUN)/4 I 
I I (LOC 115X - 003n)/4 L _ _ _ _ _ _ _ _ J 192 pulses/0. 6 second mrutlmum 

. 

�.044' 0.022' 40'' 20" 

2) 2' z' 2' 

�.088' 0.044° ".022' 40" 

2) 2' 2' 2' 

0. 35' 0.17° .oas• .044° 

2' 2' 2' 2' 
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IMU GIMBAL ANGLE AND OPTICS SHAFT SCALING DIAGRAM 

Contents of Respective Location in AGC 

4ooooa soooo8 000008 2oooo8 

.:.120° -90° +30° 

Actual Optics Shaft Angle or IMU Gimbal Angle 

DSKY Indication and CRT Display on RTCC 

+210° +240° +270° +300° oo +30° +90° 

+150° 

+120° +150° 

NOTE: For Colossus, V16 N91 monitors the optics shaft angle in R1 (+XXX. XX) ; V16 N20 monitors the IMU gimbal angles 
as follows: 

R1:- Outer Gimbal (+XXX. XX) 
R2: Inner Gimbal (+XXX. XX) 
R3: Middle Gimbal (+XXX. XX) 

4oooo8 

+180° 

I 
� 

• w <D 



-
••• 

I 
I 
I 
I 
I 
I 
I 

I +o· 

r 
I 
I 

1 

-· --

617408 

I 
I 

Positive 
Zero 

OOOOOg 

OPTICS TRUNNION SCALING DIAGRAM 

+400 I -25. 225. I I I 
-1o.oo 

I I +64. ;73° I I I I I I I 
I I I 
I I I I I I 40000g 

I I 1 Negative 

I 
I 

. I 
I 
I 

I I CRT Display 
L __ +_l 0�·-0_0----J_ on RTC C I 

I I 
I 
I 
I 
I I 
I 
I I 52640g 77777g � I 377778 Maximum I 1- I 

617408 I 
Contents of 
Location 0035 
in AGC (CDU1) Negative I Zero I 

-1o• o· +lo• +3o• +40° 

+HJ. 773• r-

+19.775° 

Posllive 
Maximum 

+so· +60° +70° 

+64. 773° � 

+64. 775° 

I 
I 

+so· +90° 

I 
I 

+10 o• LOS Trunnion Angle 

DSKY Indication 
(V16 N 9 1 ,  
Colossus, 
R2: +)OC XXX) 

NOTE: CDUT (LOC 0035) is loaded with a -19. 775• bias during ZERO OPTICS. This bias produces positive driving commands for angles 
up Lo t-64. 775• in the CMC mode. Without the bias, the CMC mode would drive the trunnion to the negative stop for command angles 
of 45• or greater. 

· --
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RENDEZVOUS RADAR/CDU/LGC INTERFACE DIAGRAM 

Sin 
IX Coarse System 

Resolver Switch Selection 
Cos Logic 

,_ _ _  - - - -

Sin Sin 
RR Servo Fine System 

l6X 
Electronics Switch Selection 

Resolver Cos Cos Logic 

' 

CDU Read Counter 

180' 90' 45' 22. s• 11.25' s. 6° 2. a· 1. 4• 0. 7<> 0. 35' 0. 17° 0.088' 

211 2" 2'' 2" 2" 2" 2' 2' 2' 2' 2' 2' 

LGC t.ocatton 0035 (CDIJT) for Trunnion and 0036 (CDUS) for S h aft 

180' 

2" 

Note: RR scaling is the same as 
!Ml! gimbal scaling. 

90' 45' 

2" 2'' 

LUMINARY RR Angle Readout (Vl6 N72) 
Rl • XXX. XX Trunnion 
R2 + XXX. X"X Shaft r - - - - - - �  

I R R  Gyro I 
1 Torque Commands 1 
L _ _ _ _ _ _ J 

22. 5' ll.25' 5. 6" 2. a• l. 4° o. 7° 0. 35' 0. 17• 

2" 2" 2' z• 2' 2' 2' 2' 

C DU Error Counter 

11.25' s. 6° 2. s· 1. 4* 0. 7° 

2' 2' z' 2• 2' 

3 84 pulses/0. 5 second maximum 

0.044' 0.022 40" 20" 

2' 2' 2' ?." 

0.088' 0 . 044 ' 0.022' 4011 

2' 2' 2' 2' 

0. 35' 0.17' 0.088' 0.044' 

2' 2' 2' ?." 
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OPTICS TRUNNJON/CDU/ AOC INTERFACE DIAGRAM 

Degrees ==:>I 
LOS 

Floe Byelem 
&wl""' Seloctloo 

LcJc1c 

CDU Read Counter !LOBI 

45• 2.s· u.zs s.6· 2.a· 1.4• 0.1• o.ss• 0.11• .o8s• . 022 40" 20'' 1 0" 5" 

AGC Loca.tloo 0035 (CDU1) 

45• zz.s• 11.2s s.a• 2.s· 1.4· 0.1· o.3s• 0.11 .osa· .044 .022· 40" 20" 10" �� .... 

r------- - -'""'1 

I (DESOPT'T - CDU1)/4 

I (LOC 1160 - LOC 0035) /4 
L _ _ ____ _j 

2' 

CDU £rror Counter 

2.8· 1.4• 0.1• 0,35• 0.11• .oaa• .044" 0.022 40" 

t 2' 

8!1 pulaea/0. 24 second maximum 

• 

1 

i 

l 

I 
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OPTICS SHAFT/CDU/ AOC INTERFACE DIAGRAM 
Sin 

16X FIDe Syat.em 
Resolver Switch BeleoUoo 

Logic 
Cos 

C DU Read Connt.e r 

180' 90' 45' 22.5' 11.25 s. 6' 2. 8' 1 ••• 0. 7. !1.35' 0.17' 0.088' 0.044' 

2" 2" 2" 21.1 2" 210 2' :z4 2' 2' 2' 2' 2' 

AGC Location 0036 (CDUSj 

188' 90' 45' �2. 5' 11. 25" 5. 6' 2. 8' 1. 4' o. 7' 0.35' 0.17' p.oee· 

2" 211 2u 2" 2ol 2' 2a 2' 2' :z4 2' 2' 

CDU Error Counter 

1'1. 25 5, 6' 2.8' 1. 4' o. 7' 0.35' 

2' 2' 2' a' 2' 2' 

r- ----- -- .., 

I (OESOPTS- CDUS)/4 I 
I L 116 -L 003 4 ( oc 1 oc S)/ I 
L ________ .J 83 pulaee/0. 2 4  eeooud mazlmum 

0.022' 40" 20" 
2' 2' 2" 

�.044' • 0.022 40'' 

2' 2' zO 

0.17' 0.088' P.044 

2' 2' :!' 
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HW-44 

CM OPTICS 

The Optical Subsystem has three major modes of operation (MANUAL, COMPUTER, 
arid ZERO OPTICS). 

The.configuration of the Sextant Trunnion and Shaft servos determines the mode 
of operation and is controlled by switches on the G&N Indicator Control Panel. 

ZERO OPTICS is a Sextant velocity follow-up servo commanded to zero degrees 
by position measuring resolvers mounted in the SXT head. The actuating errors 
are the sine windings of the 64X and lX resolvers for trunnion and the 16X and 
1/2 X resolvers for shaft. 

COMPUTER operate optics uses the Sextant servos in an integrator configuration 
that accepts position commands from the CDU DAC' s. The computer supplies 
the CDU Error Counter with pulses every 0. 5 seconds. At each 0. 5 seconds, 
the computer recalculates the number of pulses required to position the LOS 
using information obtained from the CDU Read Counter. 

MANUAL* mode uses the Sextant servos in an integrator configuration that 
accepts velocity commands from the Hand Controller. There are two sub-modes 
of the MANUAL mode, DIRECT and RESOLVED. 

For the DIRECT MODE up and down Hand Controller motion results in increasing 
and decreasing trunnion angles respectively and right and left Hand Controller 
motion results in increasing and decreasing shaft angles respectively. 

For the RESOLVED MODE up-down or left-right Hand Controller motion results 
in up-down or left-right image motion respectively. 

The SCANNING TELESCOPE SHAFT servo follows the Sextant shaft servo in all 
modes of operation of the Optical Subsystem. 

The SCANNING TELESCOPE TRUNNION servo follows the Sextant trunnion servo 
in all modes of operation of the Optical Subsystem except when the Optical Sub
system is in the MANUAL mode and the TEL TRUN is set to oo offset and 25° 
offset. In the oo offset and 25° offset modes, the SCT trunnion angle is held at 
oo and 25° respectively. 

*During Program 24, the SXT integrators accept velocity commands from the 
Hand Controller and the CDU DAC's. The computer supplies rate commands 
to the shaft and trunnion CDU Error Counters (by setting bit 2 of Channel 12, 
Enable Optics CDU Error Counters) and inhibits feedback from the Read Counters 
to the Error Counters (by setting bit 8 of Channel 12, TVC Enable). 
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83 pul$e1: ,.-, 

-· l �--�·. 0. �259�nd J 0.24 wcond ···-

Qn, 

83 pulses/0. 
40"/pulse = 3. 

1 Compuc., Cycle 

"�uc 
24 second x 
8• /second (LOS) 

TRUNNION COMPUTER OPERATE MODE FUNCTIONAL BLOCK DIAGRAM 

Error Counter 

Sextant 
DAC Trunnion 

2. ]• �� /. 0 EC VDAC, o. 51 •jsec 0T (Mec� OT (Loo.l .. +X 4. 8 Vrms 
·� Vrms 

2 . _v / 
-

degree s 
• 

-

(PE) 

-2.]• 

1 HI rate .. 1, 600 pps x 20"/p x 3600 
•j" = 8. 75 •;sec ( mech) 

1 
Lo rate = 100 pps x 20''/p x • I" . 3600 

"0. 544 •jsec (mech) 

Rate Select and Up/Down Logic 
., 12,800 pps ., s s ... 

... > > t-"' C> 800 PP ! . 
.... C> I I ., 800 pps E .. 

... E 
> ... 

> ,._ 
12, 800 pps 

0 "' . 
0 .... 

Fine Error 
Test Po!ot 

� 
I I OT (mech) 

Sample + ( •j 
( 0 -�) and Hold 69 Vrm s � .... 

T = 1. 25m sec degree -
��/-(.) 

Fine System 
Switch Selection Logic 

r- Read �nter . 
lJ. 

(Yf/ -
.... v 

. 

HI Rate� 12,800 pps x 2. 5"/p l( 1/3,600 •/" = 8. 75 •j 
Lo Rate- 800 pps" 2. 5"/p x 1/3,600 •f" = 0. 544 •;se 

sec (mech) 
c (mech) 

I 
� ct 

-
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I I I I 61 7408 

i 
526�08 77777� 

Negative 
Zero 

... to• o• +io· 

+ 1 9 . 77:) . 
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HW-50 

OPTICS TRUNNION DRIVING LIMITATIONS 

Positive Zero 
OOOOOg 

+3o· 

+ 1 9. 77 5° 

OPTICS TRUNNION SCALING DIAGRAM 

�-�To·--�1 · I -25.;2s• � ��--- l�oro_·-J 

I I I 
I I I I 

+64. 773. I I .---.-0 .----.. I 
I 
I I I 

I 10000g I 

I Negative � 
377778 "- iVta.ximum 617408 

Positive 
l\·taxlmum 

. 

+10. o• 

<�-4.0� +so· �6o• +70. +d-o· +90. +!00 • 

+ 64. 773 . f-
+64 . 77 5. 

•so· 

CRT Display 
on RTCC 

Contents of 
Location 0035 
in AGC (CDUTl 

LOS TrunnIon -'• ngle 

OSKY Indication 
(Vl6 N91. 
Colossus. 
R2: +XX, XXX) 

NOTE: COUT (LOC 0035) is loaded with a -19. 775• bias during ZERO OPTICS. This bias produces positive driving commands lor ongles 
up to .:..64. 775• in the C:\JC mode. Without the bias. the C:\>IC mode would drive the trunnion to the negative stop for command a ogles. 
of 45• or greater. 

Since optics trunnion scaling is 9. 88 arc-sec per data bit, the 14-bit CDUT register in 
the Computer will overflow ( 400008) at 45 degrees LOS*. This overflow is interpreted 
by the Computer as a negative angle when in reality it is not. By biasing the CDUT 
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 approximately 57 degrees. Beyond this angle 
the line of sight is completely vignetted. 

*LOS Line of Sight 
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he operational effects of trunnion biased overflow on the CMC Operate Optics mode 

summarized below. 

OPTICS CMC TRUNNION POSITIONING BETWEEN 0 AND 64. 773 DEGREES 

,-fHIY angle in this range can be commanded from within the 0 to 64. 7-degree range and 
,.11., Computer will drive the trunnion to the correct position. If an angle greater than 
;;�o.<±· 773 degrees is commanded from within the 0 to 64. 7-degree range, the trunnion will 

driven into the 0-degree mechanical stop. This is because the Computer thinks a 
ve angle has been commanded. 

OPTICS CMC TRUNNION POSITIONING BETWEEN 64. 775 AND 90 DEGREES 

':9-''" angle in this range can be commanded from within this range and the Computer will 
ive the trunnion to the correct position. If an angle less than 64. 775 degrees is com

�ful<"-11'-'"'u from within the 64. 775 to 90-degree range, the trunnion will be driven into the 
-degree mechanical stop. This is because the Computer thinks a positive angle has 

· • been commanded. 

OPTICS LOOP AMBIGUITY AT 64. 775 DEGREES 

Computer Operate Optics mode is a multiloop position followup servo operated 
J.ln<:ter control of the Computer. The Computer supplies a maximum of 165 command 

ses (1.83 degrees) each 480 milliseconds (ms) in the form of a 3,200 pps burst. 
response of the Optics is then measured by the Computer once each 480 ms and 

t-'<'+'l:'ropriate correction commands are issued. This sample data loop has an ambiguity 
'"'�· 64. 775 degrees for the following two cases. 

Case 1: Initial Trunnion Between 0 and 64. 773 Degrees and Angle Close to 
64.773 Degrees is Commanded 

. 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. 

Case 2: Initial Trunnion Between 64. 775 and 90 Degrees and Angle Close to 
64.775 Degrees is Commanded 

.. 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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83 pulsos 
.--���� I -j F 0.0259 second · 
1----- ·· - 0.24 second I 

One Computer Cycle 

J:t.Bc 
83 p ulses/o. 24 second x 

160"/pulse = 15.1•/secood 
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Bl.CCK II SEll VO !'ARA!.sTERS 

�m'CR SP££05 VERSUS !.OS RATES 
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0.1 deg/sec 
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!XYAN c ¢ UP -rr ¢ 0 ¢ CCII :'"'¢ C',/ 
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GU HESTAHT 5•l HAN.<iE - H.H - THE.TA 
7•l EHASAI3LE DUMP 55 CODE - ELEV A.N<i - .WT 
BG I� EJECT COAS MAHK 5B H.P - � VTP.I - � VTP.F 
UfJ TEHMINATE VHF MAHKS 5U �VLOS.X - �VLOS.Y - �VLOS.Z 
U•l HECYCLE ATT MNVH (P23) G5 CMC TIME 
UG TEHM SV INTE<l (CALL POO) 73 H(X I 0) - VEL - <lAM.MA 

NOUN LIST 
05 AN<l E.HH 
10 CHANNEL 
I I TIG CSI 
I 3 TIC; CDH 
14 V CUTOFF TLI. 
I 5 INCHEMENT ADDHESS 
I G T EVENT (EXIT VEHI3) 
2•l � CMC CLOCK TIME 
32 TF HP 
33 Tl<; 
3•l T EVENT (PIH><1HAM) 
35 TF EVENT 
3G CMC TIME 

75 �H CD.H - � T I - ,.:. T2 
7H Y.AW - J>IT.CH - OMICRON 
7U .HATE - .DB 
B2 �VCDH LOCAL VERT 
H5 vc; CONTIH>L AXE.S 
U7 CALII3 SHA.FT - T.HUN 
UU .LAT - LON.G/2 - A.LT 
UO Y A.CT -Y DOT AC.T -Y DOT PAS.S 
U I PHESENT SHAFT - T.HUN 
U2 COMMAND SHA.FT - T.HUN 
U3 TOIHlUIN<1 .ANG 
U4 SHA.FT - T.HUN 
U5 TFI/TFC - vc:;. - VI. 
UU POS EHit - VEL ERH - CODE 

• L • 
" •• 
,-,•·-·- ,• ·--· 
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• � • 

. , .. ··r'iti' · • '""""" -.�-='-·'"�l;';'; . ...• '. """ -<>I> E. S ·: ..... ..... ,. ,,.. ··�"" -""'�' - . . N 7 <> <' • ;,.l.h-;,..o ·�e> . ...... �..:'"!'f�t<:•� -:;<� ct.] (} U I 

:I: 
:E 6> 
"'" 

.. -··-· 

·

-

-



·-· 

NOUN 70 CODES 

H I :  CELE STIAL BODY CODE OOODE P22 H2: LANDMAHK DATA 

00 PLANET 
0 1  ALPHEHATZ 
02 DIPHDA 
03 NAVI 
04 ACHEHNAH 
05 POLA H I S  
O G  AGAMAU 
07 MENKAU 
I 0 M I U F  AK 
I I ALDEBAUAN 
1 2  HIHEL 
1 3  CAPELLA 
1 4  CANOPUS 
I 5 S I H I U S  
I G PIH>CYON 
1 7  H E B O H  
20 D N O C E S  

2 1  ALPHAHD 
22 HE BULU S  
23 U E N EBOLA 
2•l <1 1ENAH 
25 ACHUX 
2G S P I C A  

27 ALKAli> 
30 MENK ENT 
3 1  AHCTUHUS 
32 ALPHEGCA 
33 ANTAHES 
3•l ATUIA 
3 5  l�ASALHABU E  
3G VEBA 
37 N U N K I  
•lO ALTAIH 

4 1  l>ABIH 
42 PEACOCK 
43 DENEB 
4•l E N I F  
•l5 FOMALHAUT 
·lG S U N  
47 EAHTH 
5 0  MOON 

LANDINB SITE 1 000 1 

KNOWN SITE 1 .0000 

U N KNOWN SITE 20000 

P23 H I :  OOODE STAH I I >  

H2: oocoo 
c�o HOHIZON 
C: I EAHTH LI>M K  
C :2 LUNAH LI>MK 

H3: OOGI>O HOHIZ I D  
C :  I EAHTH. 2 LUNAH 
D= I N EAll. 2 F AU 

- - - - - -- - ---·--·'"'·--·· .. � � - - - - -- - - -�-- · ... ·-· - -

------- - - - ----- --- - - - -- - -- --- - --· -

,....---��-·:>: 
----- ·-

:r 
� 

I m 
(j1 
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00 1 1 0  
00 1 1 3  
00 1 1 4  
00 1 1  5 
00 1 1 6  
00 1 1 7  
00 1 20 
00 1 2 1  
00205 
00206 
00207 
00210 
002 1 1  
002 1 2  
002 1 3  
0 0 2 1 4  
002 1 7  
00220 
00401 
00402 
00404 * 
00405 
00406 
00421 
00600 
00601 

�;.�_.;.��3£�;4&'����;��·:-::.::::�;�;:�::--����������.-.--.--�--.:::: 
--.. ·· - ·--· ···- - --- - -- -··-.- ··--- -----; 

�-_::c-= 
----· -------·-· ·- - -- -�------- - - - ---- -- - ----- ------- _,;;.� =--::-.:.:�-::. -· - _ _ :" __ _ 

-----·· .. 

MK REJECT ENTERED & IGNORED 
NO INBITS (CH 161 
MORE MKS THAN DESIRED 
V41N91 WITH OPTICS NOT I N  CMC 
OPTICS SW MOVED BEFORE 15 SEC 
V41N91 BUT OPTICS NOT READY 
ZERO OPTICS FIRST 
CDUS BAD DURING M K - REPEAT 
PI PA SATURATED 
CANNOT ZERO ICDU -WITH ALARMS 
NEED 90 SEC FOR ISS TURN ON 
IMU NOT OPERATING 
COARSE ALIGN ERROR> 2 DEG 
PIPA FAIL BUT PIPA NOT I N  USE 
IMU NOT ON- TURN ON IMU 
PROGRAM USING I M U  BUT IMU OFF 
COARSE ALIGN/TORQUING PROBLEM 
IMU NOT ALIGNED/NO REFSMMAT 
DESIRED MGA TOO LARGE 
DO SECOND MINKEY PULSE TORQUE 
TGT OUT OF VIEW (TRUN > 90 DEG) 
STAR PAIR NOT AVAILABLE 
P20 NOT OPERATING 
W MATRIX OVERFLOW 
NO SOLUTION ON 1ST ITERATION 
HP < 5.8 NM AFTER CSI 

·-----

00602 
00603 
00604 
00605 
00606 
006 1 1  
006 1 2  
006 1 3  
00777 
0 1 1 0 2  
0 I 105 
0 1 1 06 
0 1 107 
0 1 301 
0 1 4 0 7  
01426 
0 1 4 2 7  
0 1 520 
01600 
0 1 6 0 1  
01703 
03777 
04777 
07777 
I 0777 
I 3777 

----- ·- -· --·-· ·------

AlARM CODES (VOSN09) 

HP < 5.8 NM AFTER CDH 
CSI TIG TO CDH TIG .6.T < 1 0  M I N  
CDH TIG TO TPI TIG .6.T < 10 MIN 
TOO MANY ITERATIONS 
CSI .6.V > 1000 lAST 2 ITERATIONS 
NO TIG FOR ELEV ANGLE GIVEN 
WRONG SPHERE OF INFl AT TIG 
REENTRY ANGLE OUT OF liMITS 
ISS WARNING -PIPA FAIL 
CMC SELF TEST ERROR 
DOWNLINK TOO FAST 
UPLINK TOO FAST 
PHASE TABLE FAI L - ERASABLE BAD 
ARCSIN/ARCCOS INPUT > ONE 
VG INCREASING 
IMU UNSATISFACTORY 
IMU POLARITY REVERSED 
V37 NOT PERMITTED NOW 
OVERFLOW DURING DRIFT TEST 
BAD IMU TORQUE 
INSUF TIME TO INTEG- TIG SUP 
ISS WARNING-ICDU FAll 
ISS WARNING- ICDU & PIPA FAIL 
ISS WARNING-IMU FAIL 
ISS WARNING - I MU & PIPA FAll 
ISS WAR NING-IMU & ICDU FAIL 

-----
----· ---·· - . -- . ·-· .. - . ----'-"'"=' ==== 

1 4 777 
20430 
20607 
20610 
2 1 204 
2 1 206 
2 1 2 1 0  
2 1 30.2 
2 1 501 
2 1 5 0 2  
2 1 5 2 1  
3 1 1 0 4  
3 1 2 0 1  
3 1 202 
3 1203 
3 1 2 1  1 

NOTE 

ISS WARN- IMU ICDU & PIPA FAIL 
ORBITAL INTEGRATION STOPPED 
NO CONIC SOLUTION 
ALTITUDE < 400K AT TIG (P37) 
NEG OR ZERO WAITLIST CALL 
TWO DI SPLAYS ATTEMPTED AT ONCE 
TWO PROGRAMS USING AT ONCE 
SORT CALLED WITH NEG ARGUMENT 
DSKY ALARM DURING INTERNAL USE 
IllEGAl FLASHING DISPLAY 
KEYED POl AFTER LIFTOFF 
DELAY ROUTINE I S  BUSY 
EXEC OVERFLOW -NO VAC AREAS 
EXEC OVERFLOW- NO CORE SETS 
WAITLIST OVERFLOW - MANY TASKS 
CANNOT INTERRUPT EXTENDED VERB 

00404 * I S  A PRIORITY ALARM 
2XXXX POODOO - NO RESTART lT -F37 

(AVE G ON OR EXT VERB 
ACTS AS BAILOUT) 

3XXXX BAILOUT - NO RESTART LT 
PROGRAM CONTINUES 

:I: � 



·-· OUA LINE OF SIG�iT TO IMU STABI,E MEMBER TRANSFORMATIONS 

X I I cos AI 

Y l a l  0 

Zj 
SM 

L-sln AI 

0 

1 
0 

sin AI I I cos AM 

0 I I sin AM 

cos Alj L o· 

-sin AM 0 1 0 

cos AM 0 0 cos AO 

0 1 0 sin AO 

zsc. zNa 

Ill 
-

H,? 

0 cos 32* 0 sin 32* 

-sin AO 0 1 0 

cos AO -sin 32* 0 cos 32* 

OUA Boreslghl (LLOS) 

Zoa 

-tl .. Xsc• XNB 

Ysc• YNB• YoB 

cos AS -sin AS 0 I I cos AT 

sin AS cos AS o I I 0 

0 0 1 I I -sin AT 

• Nominal Angle 32• 31' 23" 

X I I cos AI 
y 2 0 

0 sin AI 
I 0 

cos AM -sln AM 0 
sin AM cos AM 0 

1 o o 1 r cos 32* 
0 cos AO -sin AO I 0 

0 sln 32* 
I 0 

z -sin AI 0 cos AI 0 0 I 0 sin AO cos AO -sin 32* 0 cos 32* 
M 

where 

AI, AM and AO are the inner, middle, and outer gimbal :Ingles as Indicated by the CMC 
AS and AT are the SXT LOS shaft and trunnion angles 

cos AS sln AT 
sin AS sin AT 

cos AT 

0 ein AT I I 0 
1 0 I I 0 
0 cos AT I I St LOS 

- -- - -

:X: � � 
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SXT F I ELD OF V I E VV 

OhiVE R AT L S  

T RU N N ION SHAF T I 

H I  10.0 DEG/S 19.5 OEG/S t l II I · ·-I MED 1 . 0 D EG/S 2.0DEG/S 
LO O. I DEGIS 0.2 D�G/S 
M I N  25 SEC/S 50 SEC/5 
C MC 3 .  � OEG/S 1 5, I DE GIS 

R E T ICLE ROTAT ION W I T H  - ?-'-/ 

' 

J 

I I OPTICS H.A.NO CONTROLLER 
F ULL FIGHT (MANUAL 01 RECT "" - 1.& DEG --·-

>I 
! �AOOE) 

SXT LOS MECH AN ICAL L 1  M I TS 
TRUN N IO N  0(0; - 1 0) TO 90 ( 10;0) DEG 
SHAFT 2 70 (0, - 10) TO - 270(-10;0) DE<; 

' 

Yo 

STLOS I � / I \ '---

�� I A� 7 

Xsc 
ROLL xo 

y 

zo 

Zsc 
YAV/ 

I 
)> � 

• 

Xo 
0) 
(X) 
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SXT VACUUM RETICLE 

ISO SEC 

I�---J 

• 

i 
• 
• 

I 

• 

I [ ' ' . 
' 
• 

i k---- 5 MIN-·-----.. 

- s 

- - 0 

I 

SCT RETICLE 

6.25 SEC 
4 M I N  

IO SEC 

I 

j "y,---30 Ml N ---\t�--�,. 

� E60MIN 1---+ .-30 MIN . I 4 M'"' 
I l I 

- I 
- -

1 
' 

+IIOSEC 

I 
: 

RETICLE CENTER 

' I I 
. ' 
. ' ' . 
I 
I I . 
I 
• 
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AOT LJNE 01' SIGUT TO IMU STABLE MEMBER TRANSFORMATIONS 

Xsc• XNB 

Orbital Allpmenl 

X 001 Al 0 oln AI eoe AM ·lin AM 0 I 0 0 1 0 0 

y • 0 1 0 oln AM COl AM 0 0 coo AO -sin AO 0 <no AZN aln AZN 

z -oln At 0 001 AI 0 0 1 0 eln AO cos AO 0 ·olo AZN COl A� 
8M 

N • Detent Poaltlon 

Lunar Surface Altgnment 

X 
y • 

z 
8M 

where 

coo AI 0 sin AI coe AM -sin AM 0 I 0 0 I 0 
0 I 0 sin AM co& AM 0 0 cos /\0 -sin AO 0 coe /\ZN 

-oln AI 0 COJ AI 0 0 1 0 eln AO cos AO 0 ·lin /\ZN 

Al. AM. a.nd AO ue the inner, middle. und out.er 'hnbal ang'lea as indicated by the LOC 
A 'ZN �thd £� •re the AOT atlmuth and elevation an,-lee at the Nlh detent. 

0 
sin AZN 
CO.!t AZN 

E�,. ·$· , N • l, 2,-·-, 6; Az1 ., -60" : AZ2 ., 0 " :  AZ3 ., GO" : AZ4 ., 120" : AZ& "' ISO" : A z6,.-120" 

AOT Boreolght Detent 2 

Zgc. �NB 

coo E� 0 aln E� 
0 I 0 

-sin E� 0 COl £� 

coo ELN 0 eln E� 
0 1 0 

-aln E� 0 COI E�J L  

COl RN -eln RN 0 XRetlele Plan• I 
oln RN Col RN 0 y Rotlolo Plane 

0 0 1 LOS 

RN •AZ2 • AZN 

(Note: RN ta a eorrectloD !or the IP"*l"ent rotattOD 
of tlte otar field about tlto optlcol ulo wbon tlto AOT 
Ia moved to different dot .. \ pooltlooe. ) 

coa RN -sin RN 0 co� AS ·sin /\S O l lcosAT 
sin RN COl RN 0 oln AS coo AS o I I 0 

0 olnAT I I  0 
1 0 I I 0 

0 0 I 0 0 l l l·$lnAT 0 coo A'T I I LOS 

AS • Y Reticle AnJle 

T 360 + S Reticle Angle • Y Reticle An&le A = 12 

:r 
:E • -...! 
... 
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ZERO REFERENCE 
+ Y  

.:;:---•=•;.--,r--;;r ·� :-;.: OW,· 
--�- --- ..... --- -==:::::::;-;;;:�"""";:; 

·�: ....... =:.: :; 3it"&T .. l"li 

DOUBLE AOT STAR MEASUREMENT 
ZERO REFERENCE 

.1.. y INES I � -ARCHI M EDIAN 

SPIRAL LINES 
' 

- X I � I l + X 
9o• r-, �� 27o• 

- Y  

ZERO 

- X  

TAR- I '» s 

I ' ... , 

SHAFT ANGLE 

_.. x 

� w  

CURSOR SPIRAL 
MEASUREMENTS 

x.v MARKS - X P.' . u I + X 

- Y 

ZERO 

STAR PATH 

RETICLE ANGLE 

STAR- I \ 

I /"\� 
- X  

- X  

- Y  

:t 
� ..., 
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33-5 
min. 

t 

1 ain. 
15.9 sec 

·--

- - --- --

23.7 min. 

J -

. - . 

1 ain. 
9.7 aec 

----· -......... -� 

31.2 -1 sec 

HW-73 

--------/· 

25.1 
aiD. 

I 

22. ;:>-0----t""i 

50.5 aiD; 

Une 'of1dth , 10.4 - 52 sec 

Line Width Uniform Within 20.8 sec 
I t . .  ---1---1--.L 

l ain. T L 
1- -

--.- 1--.-

2.4 sec 

31.2 aec 

31.2 eec 

RETICLE CBifl'ER 

31.2 aec 

AOT RETICLE 
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TYPICA L IMU TEMPERATURE 

PIPA Temperature After Coolant Loss 

LM Typical CM Typical 
132 

I 
J 

v J 
40 60 80 100 120 

131 

130 

129 
0 20 40 60 

[7 
80 

Time (minutes) Time (minutes} 

PIPA Temperature After Power Loss 
Coolant Normal - Typical 

� ........... 
r--...... 

90 0 20 40 60 80 100 120 140 160 180 

• 

• 

• 

• 

• 

Time (minutes) 

NOMINA L PARAMETERS 

PIPA Temperature - 130 ± 1. 5°F 

Low Temperature Alarm - 126 ± 2. 5°F (PIP A Temperature} 

Hlgh Temperature Alarm -135 ± 2. 5°F (PIP A Temperature} 
+5 

Safety Thermostat Opens- 140 
_2 

o F  (PIP A Temperature) 

Safety Thermostat Hysteresis - 2 - 5°F 

J v / 
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TYPICAL HEADER TEM PERATURES AFTER 
COOLANT LOSS 

CM LM 

120 

. 
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100 / .... 
� 

80 / I PEA alt PIP A
I 

Calibrtion lodulel 
60 

0 20 40 60 80 100 120 

Time (minutes) 
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80 
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40 60 80 
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CDU at 4 Vdc Power Supply 

40 60 80 

Time (minutes) 

I I I 

100 120 
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CMC at +14 Vdc Supply 

40 60 80 

Time ( minutes) 
100 120 

PTA at PIP A Calibration M odule 

Time (minutes) 

120 

PSA at 800 Hz, 5% Supply 
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60o�--�2�0--�4�0--�60��8�0��1�0�0--�1�20� 
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CDU X Tray 
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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 whenever an 
IMU FAIL, ICDU FAIL, or PIPA FAIL occurs. 

I n  both systems each of the failures are inhibited from causing an ISS Warning to be 
issued 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 coarse aligned and during the first 5.12 seconds of the 
ensuing fine align mode. 

• When the I M U  CDU Zero is commanded by the astronaut for a period of 10.24 
seconds. 

• During R47 AGS I nitialization for a period of 10.24 seconds (LM only). 

The IMU CDU FAIL is inhibited: 

• During the ISS turn-on period. 

• When I MU CDU Zero is commanded by the astronaut for a period of 1 0.24 seconds. 

• During R47 AGS I n itialization for a period of 10.24 seconds (LM only). 

The PIPA FAIL is inhibited: 

• Anytime "AVERAGEG" is not running. "AVERAGEG" 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 PIP A FAIL. 

The Program Caution light on the DSKY will always be turned on when the computer issues 
an ISS Warning. 
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IMU FAIL 

• I G or MG or OG servo error > 3 Vrms (0.1 66°} for 2 seconds. This is a 3,200 Hz 
signal and is detected at the input to the respective servo amplifiers (see page 
HW-19). 

• 28 Vac, 800 Hz, 5%, Phase B (to wheel supply) < 14  V. This signal is detected at 
the output of the power supply and is such that if any 28 Vac, 800 Hz power 
supplies fail the failure will show up on this line. 

• 28 Vac, 3,200 Hz, 1%, < 14 V. This signal is detected on the feedback line in the 
regulation circuit. 

Error codes for I M U  FAIL. 

IMU CDU FAIL 

• IG or MG or OG coarse error > 2 Vrms (8 - 1/1 > 30°) . This is an 800 Hz signal and 
is detected at the input to the emitter follower circuit preceding the coarse Schmitt 
trigger (see page HW-33). 

• IG or MG or OG fine error > 1 Vrms (8 - 1/1  >o.7°}. This is an 800 Hz signal and is 
detected at the output of the main summing amplifier (see page HW-36). 

• I G or MG or OG read counter limit cycle >160 Hz. This signal is detected from the 
upline output of the read counter up-down counter (see page HW-31 ) .  

• I G or MG or OG cosW - 1/1) < 2 Vrms. This is an 800 Hz signal and is detected at 
the output of the ladder amplifier (see page HW-36). 

• +14 Vdc CDU power supply < +8 Vdc. This signal is detected at the output of the 
power supply. 

e - gimbal resolver angle 
1/1 - CDU read counter angle 
Error code for IMU CDU FAIL 

PIPA FAIL 

• No P I P  A pulses for 312 microseconds. 

• "+"and "." PIP A pulses occurring simultaneously. 

• No "+" and "-" pulses for 1 .28 to 3.84 seconds .. 

OPTICS C9U FAIL 

Same as I M U  CDU FA I L  with the exception that there is no coarse error signal. 

RR CDU FAIL 

Same as IMU CDU FAIL. 
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Alle(WC Warning 

The AIJC/WC Warning l1gbt vill be turned on as a result of the following: 

• Scalar Failure 
• Scalar Double Failure 
• AIJC/WC. Pover Failure 
• AIJC/WC Counter Failure 
• AIJC(WC V FAIL (STANDBY) 
• NlC/WC Restart (Hardware) 

In addition, the Pul.ae Torque Power Suppl,y Inhibit is generated every time a AIJC/WC Warning is generated. 
The effect is to open up the accelerometer loops and prevent any pulse torquing of gyros. 

Scalar Fa 1lm-e 

Occurs if Stage 17 of the scaler fails to produce pulsea. Tbio is the 1.28 second period scalar stage 
and thus a check of timing for nll alarms. 'Ibis failure causes imlnediste turn on of the AGC/WC Warning 
light. 

Scalar Double Failure 

Occurs 1f the 100 pulse per second stage ( .010 second period) operates at 200 pps. '!his provides a check 
on the scalar stability. 

AIJC/WC Power Fail.ure 

Occurs vhen the prime +28 VDC pover to the computer is lost. This failure causes an i.anediate turn on of 
the AIJC/WC Warning l1gbt. 

Counter Failure 

Occurs if counter increments happen too frequently or else fail to happen following an increment/ decrement 
request. "Too frequently" means continuous counter requests and/or incrementing from .625 to 1.875 
milliaeconds . 

Examples of counters are: 

Alle(WC input/output, (Time 1 and Tillie 2), :t. CIJJ X, Y, Z, PIPA X, Y1 Z, 
shaft and trunnion angles, Rate lland Cootroller�r R, P, Q, etc. 

AIJC/WC Voltage FAIL {STANDBY) 

The occurrence of a Voltage Failure Vbile the computer is in the STANDBY mode vill cause the AGC/WC 
Warning l1gbt to be turned on. Tbe causes of a Voltage Failure are given belov in the RESTART section. 

RESTARTS 

A RESTART (bardvare) and subsequent AIJC/WC Warning is generated for the folloving alarms : 

• Oscillator Failure 
• Transfer Control ( TC) Trap 
• Parity Alarm 
• Nigbtvatcbman Fail 
• Interrupt (RUPr) lock 
• Voltage Pail 

'!he RBSTART 1nh1b1ta access to memoey temporaril,y, freezes the computer, stores in process infonoation 
and then transfers control to address 4ooo. Tbis address baa the 1nfol'lllation address for the next 
instruction after a RESTART that the eottvare programmer bas provided. 

In general, the progr8DIIIer has chosen some particular point in a program to resume operation after a 
RESTART and operation continues vith onl,y small inconsequential loses of information of time and/or 
thrust. 

Oscillator Fail 

Occurs if loss of oscillator 1.024 milliseconds square vave happens. In addition a logic circuit insures 
a RESTART condition for a 250 millisecond interval upon trana.ferrina from STANDBY to OPERATE. 

Transfer Control (TC) Trap 

Occurs 1f too many or too fev TC instructions are requested. The period for "too 1118!1Y" or "too fev" 1s 
from 5 to 15 Bdll1seconda in duration. 

: Parity Alarm 

Occurs 1f any acceosed vord in fixed or erasable memory vhose address ie lOA or greater contains an even 
number of "cmes." All locations of 108 or greater are stored 1n fixed or ef'asable meiDOlj" vitb odd parity. 
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Ni§htvatchman Fail 

occurs if the computer should fail to access address 67 vithin a period vhose duration varies from o.64 
to l. 92 seconds. 

Nightvatchman assures that the computer is still operating during an extended idle period and is not tied 
up in some interrupt loop. 

Interrupt ( RUPI'} Lock 

Occurs if an interrupt is either "too long" or "too infrequent." The time period for "too long" or 
"too inf�quent" varies from 14o milliseconds to 300 milliseconds. 

Voltage Fail 

Occurs if the AGC/I.GC voltages (+28, +14, or +4 VDC) are out of limits tor 157 to 470 microseconds. 

These limite are: 

• 

• 

• 

+28 VDC supply <22.6 VDC or 20.3* VDC ±0.2 VDC 

+16 VDC<+l4 VDC supply >+12.5 VDC 

+4.4 VDC<+ 4 VDC suppl,y >+3.65 VDC 

*'1\lo types of modules are in existence. Each computer has 
its ovn particular module. · 

When the computer is in the OPERATE mode a RESTART is generated for Voltage Fails. If the Computer is 
in the srANDBY mode, the Voltage Fail is processed through the varning filter to turn on the AJJC/I.GC 
Warning light. 

All of the signals vith the exception of Scalar failure or a prime pover (+28 VDC) failure are processed 
through a buffer filter that prevents momentary transients from generating failures. 

The filter operates such that an output vill occur if input pulses occur at a rate of greater than 
0.9 pps or 6 consecutive stretched (16o milliseconds) pulses occur or a single event longer than .g6o seconds, then the AGC/I.GC varning lasts tor a minimum of 5 seconds. 

V35E - Test LightS 

The computer has a test light routine, called by V35E, that teats all the lights on the DSKY. All 
"8's" and "+" signs are displsyed along vith each light turned en for 5 se�onds minimum. 

After the 5 seconds are completed, the lights are turned off. Note that this verb also turns off the 
Pulse Torque Pover Supply vhich then causes the PIPA loops to open for approximately 5 seconds. This 
should be avoided if possible. The routine can be celled vhen ISS operate is not on • 
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Semiminor Axis b =  

Semimajor Axis a =  

Eccentricity e =  

Posltion r = 

Velocity V= 

Semilatus Rectum p= 

ELUPSE 

I• r a 

.lr r � a P 
r + r a p 

2 
r b 2 � 1 - <;:) 

rp 

< 1  

v p 

a(1-e2) 
1 +  e Cosf = a (1 - e Cos E) 

[ � ( 1+2eCos f + e2 1/2 
a 1 - e2 ) I 

a (1 - e2) 

HYPERBOLA 

p 

, • • 'I ' � j{ 

a 
� ae .. , 

f.¥ r p p 
/:!. 
V 2 

()() 

b 2 1 + (-) a 

a(e2 - 1) 
1 + e Cos f 

[ J.l. (� 1 1/2 
r + ;- ) J 

a (e2 - 1) 

v2 
= Y:. 

oo a 

v .. 

> 1  

b 

HYPERBOLIC ENCOUNTER 

a 

A 

rp , vp <t>' ; ' 

v 2 = V 2 - 2 JJ./rp = J.tla ()() p . 

rp Vp = bV00 

Tan ¢ =  b/a = bV002/p. 
p. = GMM ft8/s 2 

MM' = Mass of the Moon 
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