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ORBIT 

ORBIT DURATION 

ORBIT RATE 

119 x 119 nmi 1220 x 220 Km) 

1 h 28 min 54 s 

4.05deg/min 
----------------------------------

V C (SURFACE) 

I.E. (µ 
vc •YR 

ESCAPE VELOCITY 
(SURFACE) 

7,905.4 mis 

25, 936. O ft/s 

15,356. 7 n mi/h 

11,027 mis 

36, 178 ft/s 

21,421 nmi/h 
----------------------------------

ONE DEGREE ON SURFACE 
,... 

RADIUS 

MASS 

SURFACE GRAVITY 

60 nmi 

0.3986032 X 1015 m3ts2 
6,378,165 m 

20,925,738 ft 

3,444 nmi 
24 

5. 975 X 10 kg 

32. 14 ft/s
2 

--------------------------- - -------
ORBIT CHARACTERISTICS 

SEMI MAJOR AXIS 

ECCENTRICITY 

MEAN VELOCITY 

PERIOD 

INCLINATION 

,...SUN 
l METER 

l ARC-SEC 

• 0. 132715445 X 10
21 

m3ts2 
• 3. 2808 ft 

-4 
• 5.396lxl0 nmi 

-4 
• 6. 2137 X 10 mi 

-6 
• 4. 8481 x 10 rad 

-4 
• 2. 7778 X 10 deg 

EARTH ABOUT SUN 

l. 496 X 1011 m 

4. 908 X 1011 ft 

8.073 x 107 nmi 

0. 0167 

29,770 mis 

97, 702 ft/s 

57,888 nmi/h 

365. 24 days 

23. 44 deg 

l meru • 7. 292115 x 10 -8 rad/s 

• 4. 178 x 10 -6 deg/s 

• 2. 507 x 10-4 arc-minis 

• 0. 01504 arc-sec/s 

1 cm/sec
2 • 3. 281 X 10-2 ft/s2 

• 1.0197 X 10-3 g 



GUIDANCE AND 

NAVIGATION SUMMARY 

CM SOFTWARE 

ASPO 45 CRT DISPLAYS 

LAUNCH AND BURN SCHEDULES 

BURN PERTURBATIONS 

DIGITAL AUTOPILOT 

SCIENCE 

INTERFACES 

HARDWARE 



ASTP MISSION PROFILE 

SOYUZ APOLLO 
ORBIT ORBIT DOCKING APOLLO 
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_DOCKED OPERATIONS I O 
(2 DAYS) 1 UP TO \ 

I- APOLLO-ACTIVE -----+\--5 
DAYS \ 
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~ A ----C.---------------1 ~~ ,r' ! lt ____ - SOYUZ ,__ a 
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LAUNCH LAUNCH IN PACIFIC OCEAN0 

7.5 HR 



APOLLO/SKYLAB MANNED-FLIGHT SUMMARY 

MISSION CDR CMP/ SPT LMP/PLT LAUNCH DATE MISSION 

Apollo 7 Schlrra El■ele Cwmlngham• 11 OCt l!IM Ftrat Maooed Apollo Fllght - 163 Earth Orblta 

Apollo 4 Borman Lo"°ll Andera• 21 Dec 1968 Ftrst Manned Fllghl Around the Moon • 
10 Lunar Orblta 

Apollo 9 McDlvltt Scott Schwelbrt 3 Mar 1969 First Manned Teet of Lunar Module - 151 Earth 
Orblta 

Apollo 10 Stafford Yow,g Cel'tllD 18 May 1969 Ftr1t Telt of Lunar Module ln Lunar Orbit -
31 Lunar Orblta 

Apollo 11 Armatro~ Colllna Aldrin 16 July 1969 Ftra6 Moon Landliv - Traoqulltty, o. 64° North, 
23, 5 East • 31 Lunar Orblta 

Apollo 12 Conrod Gordon Bean 14 Nov 1969 Second Moon Lancij.ng - Ocean of Storms, 
3. 040 South. 23. 4° West - 45 Lunar Orbits 

Apollo 13 Lovell Swigert Halae 11 April 1970 Lunar LandJqt Aborted 

Apollo 14 Shepard Rooaa Mitchell 31 Jan 1971 Third Moon Land1iv - Fra Mauro, 3. se0 South, 
17.480Weat- 34 Lunar Orbtte 

Apollo 15 8oott Worden lrwtD 26 July 1971 FOW"th Moon Landliv - Hadley, 26. o?° North, 
3. 85" Eut - 74 Lunar Orblta 

Apollo 18 Yow,g Matttivly Duke 16 April 1972 FmhMoonLaodiqf - DNcartea 
9. 00° South, 15. 52° Eaat - 64 Lunar Orbtta 

Apollo 17 Ceman Evaoe Schmitt 6 Dec 1972 Sixth Moon Landliv - Taurua-Llttrow 30. 7° North, 
20. 2° Eaat - 75 Lunar Orblta 

Skylab 2 COond Kerwin Weltz 25 May 1973 Ftrllt Earth Reeourcee/ Solar Obeervatory 
561 Workabop Revs - 405 CM Revs -
29-day M1H10D 

Skylab 3 Bean Oarrtott Louama 28 July 1973 Second Earth Reaourcea/ Solar Obeervatory 
1939 Workabop Rev■ - 859 CM Reve-
59-day Mtaoton 

Skylab 4 Carr Glbaon Pogue 10 New 1973 Third Earth Reoourcea/ SOlar Obeervatory 
3828 Woruhop Ren - 1214 
CM Ren - 84 day Mtaatoo 

ASTP .. Stafford Brand Slaytoo 15 July 1875 Ftrat Joint Space Fllgbt 
138 Apollo Rev• - 91 Soyuz Reva 
30 Docked Reva 

-OCcupted CSM Righi Reat 
.. Slat United Statea Manned Space Flight 



ASTP LAUNCH 
CONFIGURATION 

USA LAUNCH VEHICLE 

Thrust - 1.5 Million lb 

Engines--8 

Fuel - Lox - Kerosene 

Height --223 Ft 

SATURN 1B 

S-1B 

250 

200 SL-4 

USSR LAUNCH VEHICLE 

Thrust - 1.58 Million lb 

Engines--20 

Fuel - Lox - Kerosene 

Height --175 Ft 



SPACECRAFT LAUNCH CONFIGURATION 

LAUNCH ESCAPE ASSEMBLY 

TOWER ATTACHMENT (4) 

SERVICE MODULE 

ECS RADIATOR 

SLA PANEL JUNCTION 
(BETWEEN FWD AND AFT 
PANELS)-------4)... 

S-IVB INSTRUMENT UNIT 
(SHOWN AS REFERENCE) 

PITCH CONTROL MOTOR 

JETTISON MOTOR 

LAUNCH ESCAPE MOTOR 

LAUNCH ESCAPE TOWER 

CM-SM FAIRING 

SPS ENGINE EXPANSION NOZZLE 

SUPPORT TRUSS 



3.9 METERS 
{13 FT) 

ASTP SOYUZ SPACECRAFT 

COMMAND 
MODULE 

7_3 METERS 2.45METERS 
------ (24 FT) -----+-- (8 FT) 

3.25 METERS 
(11 FT) 

INSTRUMENT 
ASSEMBLY 
MODULE 

~~~~ 

ORBITAL 
MODULE 

2.7 METERS 
(9 FT) 

2.7 METERS 
(9 FT) 

.--~-'~t.::~~~;.ui...._ I 8 METERS __l_ (27 FT) 

DESCENT 
VEHICLE 

2.1 
METERS 

(7 FT) 
2.4 METERS 

(8 FT) 

___________________ 20METERS _______________ ___, 
(66 FT) 

(NOTE: ALL SIZES APPROXIMATE) 



D D2 (101 .fl.:::Q D4 I 8 I 
D3(5)~\ 

D1 (1~ 

A 
A3(31 

All~ 

A4 (21 A2 (161 

(4 (4) 
C2(14)~ 

+Y C3 (l) Cl 11 5) 
AG C 

DOCKED VEHICLE CONFIGURATION 

I (9) 

84 16) 
83 (7) 

82112) 8 

• 206 
-VAS 

+ 

+Yes 

• 2cs 
+YD6 
-ZAS 

XAS = APOLLO SC COMPATIBLE DOCKING REFERENCE SYSTEM 
XA6 = APOLLO SC REFERENCE SYSTEM 

XCS = SOYUZ SC COMP AT! BLE DOCKING REFERENCE SYSTEM 
XC6 = SOYUZ SC REFERENCE SYSTEM 

X06 = APOLLO/SOYUZ DOCKED REFERENCE SYSTEM 
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EXPERIMENTS LOCATION 

MA-048 
X-RAY 

COMMAND MODULE STOWAGE 
MA-010 FURNACE CARTRIDGE 
MA-106 LIGHT FLASH 
MA-089 DOPPLER RECORDER 

\ MA-088 
HELIUM GLOW 

MA-083 
EXTREME 
ULTRAVIOLET 
SURVEY 

MA-028 
CRYSTAL GROWTH 

ti 
It 
II 

□: 
II 

ELECTROPHORESIS 
MA-014 
MA-011 

DOPPLER RECEIVER 
ANTENNA 

MA-089 
DOPPLER 
1:u:ri::1\/i=R 

> 

MA-059 
ULTRAVIOLET 
ABSORPTION 

MA-010 
MUL Tl PURPOSE 
FURNACE 

DOPPLER 
TRANSMITTER 
ANTENNA 

I 

j_. ~l~~~~CK ~ / __ ., 

MA-147 )L.. ___ _ 
ZONE MA-089 
FORMING DOPPLER 
FUNGI TRANSMITTER/BATTERY 

CM STOWAGE 
MA-007 . STRATOSPHERIC AEROSOL MEASURE 
AD.nn? . Ull"RnDIAI l=Vl"I-IANGI= 



CM-1 

CM SOFTWARE 

SKYLARK 
CM DSKY 

COMPUTER PROGRAMS 
COMPUTER ROUTINES 

VERB CODES 
NOUN CODES 
ALARM CODES 
OPTION CODES 

CHECKLIST CODES 
FLAGWORD BIT ASSIGNMENTS 

IMODES30 AND IMODES33 
OPTMODES 
RCSFLAGS 

DAPDATRl AND DAPDATR2 
CHANNEL BIT ASSIGNMENTS 

COMPUTER PROGRAM DESCRIPTION 
ERASABLE MEMORY PROGRAMS 





CM-3 

CM DSKY (CONTINUED) 

TRACKER Light 

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

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

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

4. It is deenergized when the conditions of 1 above no longer exist. 

COMP ACTY Light - is energized when the AGC Is occupied with an internal sequence, 

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

Keyboard - contains the following buttons: 

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

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

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

4. O - 9 - are numerical keys. 

5. CLR - Used during a data loading sequence to clear or blank the data display register 
(Rl, R2, R3) being used. It allows the operator to reload the data word. 

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

b. When the AGC is in the Operate mode but Program 06 is not selected, press­
ing the button will provide the "Proceed" function. If the proceed button is 
pressed when VERB light contains 21 22, or 23, the action is rejected and 
the QPR ERR light is energized. 

7. ENTR - is used in three ways: 

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

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

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

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



PHASE 

Pre-a 
launoh 
and 
Service 

Boost 

Coast 

Pre­
thrusting 

Thrusting 

Alignment 

Entry 

Post­
thrusting 

CM-4 

LIST OF PROGRAMS FOR PROGRAM SKYLARK 

PROGRAM 

00 
01 
02 
03 
06 
07 

11 

20 
21 
25 
27 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 

40 
41 
47 
48 

50 
51 
52 
53 
54 
55 

61 
62 
63 
64 
65 
66 
67 

77 

PROGRAM TITLE 

AGC Idling 
Prelaunch or Service-Initialization 
Prelaunch or Service-Gyrocompassing 
Prelaunch or Service-Optical Verification of Gyrocompassing 
AGC Power Down 
System Test 

Earth Orbit Insertion Monitor (EOI) 

Universal Tracking 
Ground Track Determination 
Contingency Range Rate 
AGC Update 
Time-of-Longitude 

External Delta V 
NCl Targeting 
NC2 Targeting 
NCC Targeting 
NSR Targeting 
Transfer Phase Initiation (TPI) Targeting 
Transfer Phase Midcourse Correction (TPM) Targeting 
Rendezvous Final Phase 
Plane Change 

SPS 
RCS 
Thrust Monitor 
Rendezvous Thrust Monitor 

Not Used 
IMU Orientation Determination 
IMU Realign 
Backup IMU Orientation Determination 
Backup IMU Realign 
Not Used 

Entry - Preparation 
Entry - CM/SM Separation and Preentry Maneuver 
Entry - Initialization 
Entry- Post 0.05G 
Entry - Upcontrol 
Entry - Ballistic 
Entry - Final Phase 

CSM Velocity Vector Update 



ROUTINE 

00 
01 
02 
03 
04 
07 
21 
22 
23 
27 
30 
31 
34 
36 
40 
41 
50 
52 
53 
54 
55 
56 
60 
61 
62 
63 
64 
67 

CM-5 

LIST OF ROUTINES FOR PROGRAM SKYLARK 

ROUTINE TITLE 

Final Automatic Request Terminate 
Erasable and Channel Modification Routine 
IMU Status Check 
Digital Autopilot Data Load 
Docked DAP Data Load 
MINKEY Controller 
Rendezvous Tracking Sighting Mark 
Rendezvous Tracking Data Processing 
Backup Rendezvous Tracking Sighting Mark 
VHF Range Rate Mark Processing 
Orbit Parameter Display 
Rendezvous Parameter Display Routine No. l 
Rendezvous Parameter Display Routine No. 2 
Rendezvous Out-of-Plane Display Routine 
SPS Thrust Fail 
State Vector Integration (MID to AVE) 
Coarse Align 
Automatic Optics Positioning 
Sighting Mark 
Sighting Mark Display 
Gyro Torquing 
Alternate LOS Sighting Mark 
Attitude Maneuver 
Tracking Attitude 
Crew-Defined Maneuver 
Rendezvous Final Attitude 
Optics Angle Transformation 
Universal Tracking Rotation 
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LIST OF VERBS USED IN PROGRAM SKYLARK 

REGULAR VERBS 

00 Not in use 
01 Display Octal Component 1 in Rl 
02 Display Octal Component 2 in Rl 
03 Display Octal Component 3 in Rl 
04 Display Octal Components 1, 2 in Rl, R2 
05 Display Octal Components 1, 2, 3 in Rl, R2, R3 
06 Display decimal in Rl or Rl, R2 or Rl, R2, R3 
07 Display DP decimal in Rl, R2 (test only) 
08 Spare 
09 Spare 
10 Spare 
11 Monitor Octal Component 1 in Rl 
12 Monitor Octal Component 2 in Rl 
13 Monitor Octal Component 3 in Rl 
14 Monitor Octal Components 1, 2 in Rl, R2 
15 Monitor Octal Components 1, 2, 3 in Rl, R2, R3 
16 Monitor decimal in Rl or Rl, R2 or Rl, R2, R3 
17 Monitor DP decimal in Rl, R2 (test only) 
18 Spare 
19 Spare 
20 Spare 
21 Load Component 1 into Rl 
22 Load Component 2 into R2 
23 Load Component 3 into R3 
24 Load Components 1, 2 into Rl, R2 
25 Load Components 1, 2, 3 into Rl, R2, R3 
26 Spare 
27 Display Fixed Memory 
28 Spare 
29 Spare 
30 Request EXECUTIVE 
31 Request WAITLIST 
32 Recycle program 
33 Proceed without DSKY llJIIUtS 
34 Terminate function 
35 Test lights 
36 Request FRESH START 
37 Change program (major mode) 
38 Spare 
39 Spare 

EXTENDED VERBS 

40 Zero ICDU 
41 Coarse align CDU's (specify N20 or N91) 
42 Pulse torque gyros 
43 Load IMU attitude error needles (test onlY) 
44 Request Docked DAP Data Load Routine (R04) 
45 Activafe Docked DAP 
46 Activate CSM DAP 
47 Move Other Vehicle state vector into CM state vector 
48 Request DAP Data Load routine (R03) 
49 Request crew defined maneuverRoutine (R62) 
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LIST OF VERBS USED IN PROGRAM SKYLARK 

50 Please perform 
51 Please mark 
52 Spare 
53 Please perform alternate LOS mark 
54 Request Rendezvous Backup Sighting Mark routine (R23) 
55 Increment AGC time (decimal) 
56 Terminate tracking (P20) 
57 Request display of full track flag (FULTKFLG) 
58 Enable auto maneuver in P20 
59 Enable Jets disabled in R04 Docked OAP Data Load routine 
60 Set astronaut total attitude (Nl 7) to present attitude 
61 Display DAP following attitude errors (Mode 1) 
62 Display total attitude errors with respect to Noun 22 (Mode 2) 
63 Display total astronaut attitude error with respect to Noun 17 (Mode 3) 
64 Transform optics angles to tracking angles (R64) 
65 Optical verification of prelaunch alignment 
66 Vehicles are attached. Move this vehicle state vector b other vehicle 
67 Start W-matrlx RSS error display 
68 Spare 
69 Cause RESTART 
70 Update liftoff time (P27) 
71 Start AGC update; block address (P27) 
72 Start AGC update; single address (P27) 
73 Start AGC update; AGC time (P27) (Octal) 
74 Initialize erasable dump via DOWNLINK 
7 5 Backup liftoff 
76 Start R27 VHF range rate mark processing in P20 
77 Stop R27 VHF range rate mark processing in P20 
78 Update prelaunch azimuth 
79 Spare 
80 Enable Other Vehicle state vector update 
81 Enable CSM state vector update 
82 Request Orbit Parameter display (R30) 
83 Request Rendezvous Parameter display No. 1 (R31) 
84 Spare 
85 Request Rendezvous Parameter display No. 2 (R34) 
86 Reject Rendezvous Backup Sighting Mark 
87 Set VHF Range flag 
88 Reset VHF Range flag 
89 Request Rendezvous Final Attitude maneuver (R63) 
90 Request Out of Plane Rendezvous display (R36) 
91 Display BANKSUM 
92 Spare 
93 Enable W-matrlx initialization 
94 Spare 
95 Spare 
96 Terminate integration and go to P00 
97 Please perform engine-fall (R40) 
98 Spare 
99 Please Enable Engine Ignition. 
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LIST OF NOUNS USED IN PROGRAM SKYLARK 

00 Not in use 

01 

02 

03 

04 

05 

06 

07 

Specify address (fractional) 

Specify address (whole) 

Specify address (degree) 

Attitude Errors (AK's) 

Angular error/ difference 
Celestial angle 

Option code ID 
Option code 

CHANNEL/FLAGWORD/ERASABLE OPERATOR 
(Loading Noun 07 will set or reset selected bits 
in any erasable register) 

ECADR 
BIT ID 
Action 

08 Alarm data 

ADRES 
BBANK 
ERCOUNT 

09 Alarm codes 

10 

11 

12 

13 

First 
Second 
Last 

Channel to be specified 

TIG of NCC 

Optien code (extended verbs only) 

TIG of NSR 

14 Not Used 

15 

16 

17 

Increment address 

Time of event (used by extended verbs only) 

Astronaut total attitude R 
p 
y 

. XXXXX fractional 

. XXXXX fractional 

. XXXXX fractional 

XXXXX. Integer 
XXXXX. integer 
XXXXX. integer 

XXX.XXdeg 
XXX.XXdeg 
XXX.XX deg 

XXX.XXdeg 
XXX.XXdeg 
XXX.XXdeg 

XXX.XXdeg 
XXX.XXdeg 

Octal 
Octal 

Octal 
Octal 
Octal 

Octal 
Octal 
Octal 

Octal 
Octal 
Octal 

Octal 

00XXX.h 
000XX. min 
0XX.XX B 

Octal 
Octal 

00XXX. h 
000XX. min 
oxx.xx s 

Octal 

00XXX. h 
000XX. min 
oxx.xx s 

XXX.XXdeg 
XXX.XXdeg 
XXX.XXdeg 
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LIST OF NOUNS USED IN PROGRAM SKYLARK 

18 Desired automaneuver FDAI ball angles R XXX.XX deg 
p XXX.XXdeg 
y XXX.XXdeg 

19 Not Used 

20 Present ICDU angles R (OG) XXX.XX deg 
P (IG) XXX.XXdeg 
y (MG) XXX.XX deg 

21 PIPA's X XXXXX. pulses 
y XXXXX. pulses 
z XXXXX. pulses 

22 Desired ICDU angles R (OG) XXX.XX deg 
P (IG) XXX.XXdeg 
y (MG) XXX.XXdeg 

23 Not Used 

24 Delta time for AGC clock 00XXX. h 
000XX. min 
oxx.xx s 

25 CHECKLIST (used with V50) xxxxx. 
26 FRIO/ DELAY, ADRES, BBCON Octal 

Octal 
Octal 

27 Self- test on/off switch xxxxx. 
28 TIG of NC2 00XXX. h 

000XX. min 
oxx.xx s 

29 XSM launch azimuth XXX.XXdeg 

30 Target codes xxxxx. 
xxxxx. 
xxxxx. 

31 Time of rendezvous W matrix initialization 00XXX. h 
000XX. min 
oxx.xx s 

32 Time from perigee 00XXX. h 
000XX. min 
oxx.xx s 

33 Time of ignition (GET!) 00XXX. h 
000XX. min 
oxx.xx s 

34 Time of event 00XXX. h 
000XX. min 
oxx.xx s 

35 Time from event 00XXX. h 
000XX. min 
oxx.xx s 

36 Time of AGC clock 00XXX. h 
000XX. min 
0XX.XX s 
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LIST OF NOUNS USED IN PROGRAM SKYLARK 

37 Ti.me of ignition (TPI) 

38 Ti.me of state being integrated 

39 TIG of Last Maneuver 

40. Ti.me from ignition/ cutoff (TFJ/TFC) 
VG 
Delta V (accumulated) 

41 Target 

Azimuth 
Elevation 

42 Apocenter altitude 
Pericenter altitude 
Delta V (required) 

43 Latitude 
Longitude 
Altitude 

44 * Apocenter altitude 
Pericenter altitude 
TFF 

45 * Marks (VHF/ optics) 
Time from ignition of next blrn 
Middle gimbal angle 

46 DAP configuration 

47 CSM weight 
Other vehicle weight 

48 Gi.mbal pitch trim 
Gi.mbal yaw trim 

49 Delta R 
Delta V 
VHF or optics code 

50. Splash error 
Perigee 
TFF 

51 Spare 

52 Central angle of active vehicle 

53 Range 
Range rate 
Phi 

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

00XXX. h 
000XX. min 
oxx.xx s 

00XXX. h 
000XX. min 
oxx.xx s 

00XXX. h 
000XX. min 
oxx.xx s 

XXbXX min/s 
XXXX.Xft/s 
XXXX.Xft/s 

XXX.XXdeg 
XX.XXXdeg 

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

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

XXXX.Xnmi 
XXXX,Xnmi 
XXbXXmin/s 

XXbXXmarks 
XXbXXmin/s 
XXX.XXdeg 

Octal 
Octal 

XXXXX. lbs 
XXXXX. lbs 

XXX.XXdeg 
XXX.XXdeg 

XXX.XX nmi 
XXXX.Xft/s 
oooox. 
XXXX.Xnmi 
XXXX.Xnmi 
XXbXXmin/s 

XXX.XXdeg 

XXX.XXnmi 
XXXX.Xft/s 
XXX.XXdeg 
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LIST OF NOUNS USED IN PROGRAM SKYLARK 

54 Range XXX.XXnmi 
R ange rate XXXX.X ft/ s 
Theta XXX.XXdeg 

55 Perigee code oooox. 
Elevation angle XXX.XXdeg 

56 Vehicle Rate R X. XXXX deg/ s 
p X. XXXX deg/ s 
y X. XXXX deg/ s 

57 No. of half revs. xxxxx. 
Delta alt NCC XXXX.Xnmi 
Delta alt NSR XXXX.Xnmi 

58 Delta V (TPI) XXXX.X ft/ s 
Delta V (TPF) XXXX.X ft/ s 
Delta time (TPI - NOMTPI) XXbXXmin/ 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.XXg 
VPRED XXXXX. ft/ s 
GAMMA EI XXX. XX deg (+ above) 

61 Splash Target 
Latitude XXX. XX deg (+north) 
Longitude XXX. XX deg (+east) 
Heads up/ down +/-00001 

62 Inertial velocity magnitude XXXXX. ft/ s 
Altitude rate XXXXX. ft/ s 
Altitude above pad radius XXXX.Xnmi 

63 * Range from EI altitude to splash XXXX.Xnmi 
Predicted inertial velocity XXXXX. ft/ s 
Time from EI altitude XXbXXmin/ s 

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

65 Sampled AGC time 00XXX. h 
(fetched in interrupt) 000XX. min 

0XX.XX s 

66 Commanded bank angle XXX.XXdeg 
Crossrange error XXXX. X nmi (+south) 
Downrange error XXXX. X nmi (+ overshoot) 

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.XXdeg 
Inertial velocity XXXXX. ft/ s 
Altitude rate XXXXX. ft/ s 

69 Commanded bank angle XXX.XXdeg 
Drag level XXX.XXg 
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 SKYLARK 

70 Celestial Body Code (Before mark) 

71 Celestial Body Code (After mark) 

72 Time of R27-VHF Range 
Rate mark processing optimization 

73 Altitude 
Velocity 
Flight path angle 

74 Commanded bank angle 
Inertial velocity 
Drag acceleration 

75* Delta altitude (NSR) 
Delta time (TPI-NSR) 
Delta time (TPI-NOMTPI) 

76 Current R27 range 
Current R27 range rate 
Time from R27 optimization 

77 R27 Range 
R27 Range rate 
R27 Theta/Phi/Code 

78 P20 Yaw Angle (UTYAW) 
P20 Pitch Angle (UTPIT) 
OMICRON 

79 Pao rotation rate 
P20 deadband 

80* Time from ignition/ cutoff 
Velocity to be gained 
Delta V (accumulated) 

81 Delta VX (LV) 
Delta VY (LV) 
Delta VZ (LV) 

82 NSR Delta VX (LV) 
NSR Delta VY (LV) 
NSR Delta VZ (LV) 

83 Delta VX (body) 
Delta VY (body) 
Delta vz- (body) 

84 Delta V next maneuver 
Delta H next maneuver 
Delta V 3rd manuever 

85 VGX (body 
VGY (body) 
VGZ (body) 

86 Delta VX (LV) 
Delta VY (LV) 
Delta VZ (LV) 

8 7 Docked DAP Flag Specification 
Channel 5 jets inhibited by Docked DAP 
Channel 6 jets inhibited by Docked DAP 

88 Celestial body unit vector X 
y 
z 

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

Octal 

Octal 

0OXXX h 
00XX. min 
oxx.xx s 

XXXXXb. nmi 
XXXXX. ft/s 
XXX.XXdeg 

XXX.XX deg 
xxxxx. ft/s 
XXX.XXg 

XXXX.Xnmi 
XXbXX min 1s 
XXbXX minis 

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

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

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

X. XXXX deg/ s 
XXX.XX deg 

XXbXX minis 
XXXXX. ftls 
XXXXX. ft/s 

xxxx.x ft/s 
XXXX X ft/s 
XXXX.X ft/s 

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

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

XXXX.X ft/s 
XXXX.X nm! 
XXXX.X ft/s 

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

xxxxx. ft/s 
xxxxx. ft/s 
xxxxx. ft/s 

Octal 
Octal 
Octal 

.xxxxx 

.xxxxx 

.xxxxx 
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LIST OF NOUNS USED IN PROGRAM SKYLARK 

89 Docked DAP Maneuver rate X.XXXX deg/s 
Docked DAP Deadband XXX.XX deg 

90 Rendezvous out of plane parameters 

Y (CSM) XXX.XXnmi 
YDOT (CSM\ XXXX.X ft/s 
YDOT (Other Vehicle) XXXX.Xft/s 

91 Present optics angles 
Shaft XXX.XXdeg 
Trunnion XX.XXXdeg 

92 New optics angles 
Shaft XXX.XXdeg 
Trunnion XX.XXXdeg 

93 Delta gyro angles X XX.XXXdeg 
y XX.XXX deg 
z XX.XXX deg 

94 Alternate LOS 
Shaft angle XXX.XXdeg 
Trunnion angle XX.XXXdeg 

95 TIG of NCl 00XXXh 
000XX. m 
oxx.xx s 

96 Y (CSM) XXX.XXnmi 
YDOT (CSM) XXXX.Xft/s 
YDOT (Other Vehicle) XXXX.X ft/s 

97 System test inputs xxxxx. 
xxxxx. 
xxxxx. 

98 System test results and input xxxxx. 
.xxxxx 
xxxxx. 

99 RSS of position error xxxxx. ft 
RSS of velocity error XXXX.Xft/s 
RSS option code xxxxx. 



CODE 

00107 
00110 
00113 
00114 
00115 
00116 

00117 
00120 
00121 
00205 
00206 

00207 
00210 

00211 
00212 
00213 
00214 
00217 
00220 
00401 
00402 
00404 
00405 
00406 
00421 
00500 
00501 
00600 
00601 
00602 
00603 
00611 
00777 
01102 
01105 
01106 
01107 

01301 
01407 
01426 
01427 
01520 
01600 

01601 

01703 

CM- 14 

LIST OF ALARM CODES USED WITH V05 N09 
FOR PROGRAM SKYLARK 

PURPOSE 

Star tracker angles out of limits 
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 PIPA reading 
Zero encode not allowed with coarse align 
+ gimbal lock 
ISS turn-on request not present for 90 seconds 
IMU not operating 

Coarse align error-drive> 2 degrees 
PIPA fail but PIPA is not being used 
IMU not operating with turn-- on request 
Program using IMU when turned off 
Bad return from Stall routines 
IMU not aligned (No REFSMMAT) 
Desired glmbal angles yield Gimbal Lock 
Second MINKEY pulse torque must be done 

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

Rendezvous navigation not operating 
W-Matrix overflow 
Not enough pitch or yaw jets 
Not enough roll jets 

*Failure in Phase Match iteration 
*Failure in Height Maneuver iteration 
*Failure in Outer Loop iteration 
*Failure in iteration 
*No TIG for Given Elevation Angle 
PIPA fail caused ISS warning 
AGC sell-test error 
Downlink too fast 
Uplink too fast 
Phase table failure; assume erasable memory 
is destroyed 
ARCSIN-ARCCOS argument too large 
VG increasing 

**IMU unsatisfactory 
**IMU reversed 

V37 request not permitted at this time 
Overflow in Drift Te st 

Bad IMU torque 

Insufficient time for integration, 
TIG was slipped 

SET BY 

P55 
SXTMARK 
SXTMARK 
SXTMARK 
Extended verb optics CDU 
T4RUPT 

Extended verb optics CDU 
T4RUPT 
SXTMARK 
SERVICER 
IMU mode switch 

T4RUPT 
IMU mode switch, IMU-2 
R02, P51 
IMU mode switch 
IMU mode switch, T4R UPT 
T4RUPT 
T4RUPT 
P51, P53 
R02 
Fine Align, IMU-2, R61 
P52 
R52 
P52, P54 
R23 
INTEGRV 
Docked DAP 
Docked DAP 
P31, P32 
P31, P32 
P31, P32 
P31, P32, P33 
P34, P35 
T4RUPT 
SELF- CHECK 
T4RUPT 
T4RUPT 
RESTART 

INTERPRETER 
S40. 8 
P61, P62 
P61, P62 
V37 
Optical Prealignment 
Calibration 
Optical Prealignment 
Calibration 
R41 
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LIST OF ALARM CODES USED WITH V05 N09 
FOR PROGRAM SKYLARK 

CODE 

03777 
04777 
07777 
10777 
13777 
14777 
20430 

20607 
21204 
21206 

21210 
21302 
21501 

PURPOSE 

ICDU fail caused the ISS warning 
ICDU, PIP A fails caused the ISS warning 
IMU fail caused the ISS warning 
IMU, PIPA fails caused the ISS warning 
IMU, ICDU fails caused the ISS warning 
IMU, ICDU, PIPA fails caused the ISS warning 
Integration abort due to subsurface 
state vector 
No solution from Time-Theta or Time-Radius 
Negative or zero WAITLIST call 
Second job attempts to go to sleep via 
Keyboard and Display program 
Two programs using device at same time 
SQRT called with negative argument 
Keyboard and Display alarm during 
internal use (NVSUB) 

21502 Illegal flashing display 
21521 P0l illegally selected 
31104 Delay routine busy 
31201 Executive overflow - no V AC areas available 
81202 Executive overflow - no core sets available 
31203 WAITLIST overflow - too many tasks 
31211 Illegal interrupt of Extended Verb 
32000 Jask interrupting the preceding jask 
2XX:XX Indicates a go-to-routine 00 type abort. 
3XX:XX - Indicates a bailout type abort. 

Note: For V05 N09 Displays: 
Rl - XlCXXX (first alarm to occur after last reset). 
R2 - XlCXXX (second alarm to occur after last reset) 
R3 - XlCXXX (most recent alarm). 

SET BY 

T4RUPT 
T4RUPT 
T4RUPT 
T4RUPT 
T4RUPT 
T4RUPT 
All calls to integration 

TIMETHET, TIMERAD 
WAITLIST 
PINBALL 

IMU Mode Switch 
INTERPRETER 
PINBALL 

GOPLAY 
P0l 
EXECUTNE 
EXECUTNE 
EXECUTNE 
WAITLIST 
SXTMARK, 
DKJSLECT 

Depressing the RSET key on the DSKY will set Rl and R2 
to zero, but not affect R3. 

• This alarm is displayed without the astronaut having to key in V05 N09E. An astronaut 
DSKY response is required by this alarm. 

** This alarm is displayed without the astronaut having to key in V05 N09E. No DSKY 
response is required by this alarm. 
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LIST OF OPTION CODES USED WITH V04 N06/Nl2 
FOR PROGRAM SKYLARK 

(The specified option codes will be displayed in Rl in conjunction with Flashing 
V04 N06/Nl2 to request the astronaut to load into R2 the option he desired.) 

CODE PURPOSE INPUT FOR R2 PROGRAMS 

0001 

0002 

0004 

00024 

CODE 

00013 
00014 
00015 

00016 

00017 

00020 

00041 

00062 
00204 

Specify IMU orientation 1 = preferred, 2 = nominal P52, 
3 =REFSMMAT 

Specify vehicle 1 = this vehicle P21, 
2 = other vehicle 

Specify FULTKFLG 0 = Full, VHF and optics P20 
setting 1 = Partial, VHF or optics 

Specify P20 mode O = Rendezvous, (Vecpoint) P20 
1 = Celestial body, {V ecpoint) 
2 = Rotate 
4 = Rendezvous, (3-axls) 
5 = Celestial body, (3-axls) 

LIST OF CHECKLIST REFERENCE CODES USED WITH V50N25 
FOR PROGRAM SKYLARK 

ACTION TO BE EFFECTED 

Key in coarse align option 
Key in fine alignment option 
Perform celestial body 
acquisition 
Key In Terminate Mark 
sequence 
Perform MINKEY rendezvous 
sequence 
Perform MINKEY PC 
pulse torquing 
SWitch CM/SM separation 
to UP 
Key in AGC power down 
Key In SPS gimbal trim 
test option 

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 the DSKY 

P54 

R30, P29 
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FLAGWORD BIT ASSIGNMENTS (ALPHABETICAL) 
FOR SKYLARK 

APSESW FWB BS NCINTFLG FW0 B2 
ASTNFLAG FW7 Bl2 NCLPFLG FWl B9 
ATTCHFLG FW7 B2 NC12FLG FW0 BS 
AUTOSEQ FWl0 B7 NEEDLFLG FW0 B9 
AVEGFLAG FWl Bl NEWIFLG FWB Bl3 
AVEMIDSW FW9 Bl NEWTFLAG FW5 Bl0 
AZIMFLAG FWll BB NJETSFLG FWl BlS 
CALCMAN2 FW2 B2 NODOFLAG FW2 Bl 
CMDAPARM FW6 Bl2 NODOP0l FWl Bl2 
CM/ DSTBY FW6 B2 NORMSW FW7 Bl0 
COGAFLAG FWB B4 NOSWITCH FW6 B7 
CULTFLAG FW3 B7 NOUNFLG FWll Bl0 
CYCLFLAG FWll Bll NRMIDFLG FW4 Bl3 
CYC61FLG FW0 B4 NRMNVFLG FW4 BB 
DAPBITl FW6 BlS NRUPTFLG FW4 B4 
DAPBIT2 FW6 Bl4 NWAITFLG FW4 Bl0 
DIM0FLAG FW3 Bl N22ORN17 FW9 B6 
DRIFTFLG FW2 BlS N77FLAG FWll B9 
DSKYFLAG FWS BlS ORDERSW FWB B6 
EGSW FW6 BB PCFLAG FWl0 Bl 
ENG2FLAG FWl Bll PCMANFLG FWl0 BlS 
ENGONFLG FWS B7 PDSPFLAG FW4 Bl2 
ENTRYDSP FW6 Bl3 PFRATFLG FW2 B4 
ERADFLAG FWl Bl3 PINBRFLG FW4 B6 
ETPIFLAG FW2 B7 POOFLAG FW3 B9 
EXTRANGE FWl0 B9 PRECIFLG FW3 BB 
FINALFLG FW2 B6 PRIODFLG FW4 Bl4 
FIRSTFLG FW2 B7 PRONVFLG FW4 B7 
FIXFLAG FWll B7 PTV93FLG FWl0 B4 
FREEFLAG FW0 B3 P21FLAG FW2 Bl2 
FULTKFLG FWlO B2 P2SFLAG FWll B4 
GAMDIFSW FW6 Bll P29FLAG FW0 Bl 
GLOKFAIL FW3 Bl4 P3SFLAG FWlO BB 
GONEBY FW7 BB P4BFLAG FWll BS 
GONEPAST FW6 Bl0 PS0FLAG FW0 Bl0 
GRRBKFLG FW5 B5 QillTFLAG FW9 BS 
GUESSW FWl B2 REFSMFLG FW3 Bl3 
GYMDIFSW FW6 Bl REINTFLG FWl0 Bl3 
HDSUPFLG FWl0 Bll REJCTFLG FWl0 Bl2 
HIND FW6 B6 RELVELSW FW6 B9 
IDLEFAIL FWl B6 RENDWFLG FWS Bl 
IGNFLAG FW7 Bl3 REVFLAG FW2 B5 
IMPULSW FW2 B9 RNDVZFLG FW0 B7 
!MUSE FW0 BB RVSW FW7 B9 
INCORFLG FW5 Bll R21MARK FW2 Bl4 
INFINFLG FWB B7 R22CAFLG FW9 B7 
INRLSW FW6 B5 R27FLAG FWll Bl2 
INTFLAG FWl0 Bl4 R27UP1 FWll Bl 
INTYPFLG FW3 B4 R27UP2 FWll B2 
ITERFLG FW2 Bl3 R31FLAG FW9 B4 
ITSWICH FW7 Bl4 RS3FLAG FW0 B6 
JSWITCH FW0 Bl4 R67FLAG FWB B2 
LATSW FW6 B4 SBFLAG FW2 B3 
MANEUFLG FWl0 BS SKIPVHF FW2 Bl0 
MARKFLG FWl B4 SLOPESW FWl B3 
MAXDBFLG FW9 Bl2 SNAPFLAG FWll B6 
MIDlFLAG FW9 B3 SOLNSW FWS B3 
MIDAVFLG FW9 B2 SOURCFLG FW9 BB 
MKOVFLAG FW4 B3 STATEFLG FW3 BS 
MRKIDFLG FW4 Bl5 STEERSW FW2 Bll 
MRKNVFLG FW4 B9 STIKFLAG FWl Bl4 
MRUPTFLG FW4 BS 
MWAITFLG FW4 Bll 



STRULLSW 
SWTOVER 
TARGlFLG 
TCOMPFLG 
TDFLAG 
TERMIFLG 
TFFSW 
TIMRFLAG 
TPIMNFLG 
TRACKFLG 
UPDATFLG 
UPLOCKFL 
UTFLAG 
VEHUPFLG 
VERIFLAG 
VFLAG 
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FLAGWORD BIT ASSIGNMENTS(ALPHABETICAL) 
FOR SKYLARK 

FW6 
FW9 
FWl 
FWlO 
FWU 
FW7 
FW7 
FW7 
FWl0 
FWl 
FWl 
FW7 
FWS 
FWl 
FW7 
FW3 

BlS 
Bl5 
Bl0 
B6 
BS 
Bl5 
Bl 
BU 
BS 
BS 
B7 
B4 
B9 
B8 
BS 
Bl0 

VHFRFLAG 
VINTFLAG 
VNFLAG 
V37FLAG 
V50Nl8FL 
V960NFLG 
XDELVFLG 
XDSPFLAG 
.OSGSW 
S60SW 
SAXISFLG 
45/ 46FLG 
500**FLG 
50l**FLG 

FW9 
FW3 
FW4 
FW7 
FWS 
FWS 
FW2 
FW4 
FW6 
FWS 
FW5 
FW3 
FW3 
FW3 

B9 
BS 
B2 
B6 
Bl5 
B3 
BS 
Bl 
BS 
Bl 
B6 
B6 
Bl2 
BU 
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FLAGWORD BIT ASSIGNMENTS FOR SKYLARK 

(FLAGWORD 0) E Address 74 

Bit Name 1 0 

1 P29FLAG First pass through P29. Subsequent pass through P29. 
2 NCINTFLG Conic integration. Precision integration. 

3 FREEFLAG (Temporary flag used in many routines. ) 

4 CYC61FLG KALCMANU computes maneuver time. KALCMANU executes maneuver. 

5 NC12FLG P32 (NC2) active. P31 (NCl) active. 

6 R53FLAG V 51 initiated V 51 not initiated. 

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

8 !MUSE IMU in use. IMU not in use. 

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

10 P50FLAG Bypass 401 alarm check in CALCGA Perform 401 alarm check 

11 Not Used 

12 Not Used 

13 Not Used 

14 JSWITCH Integration of W matrix. Integration of state vector. 

15 Not used. 

(FLAGWORD 1) E Address 75 

Bit Name 1 0 

1 AVEGFLAG AVERAGEG (SERVICER) to continue. AVERAGEG (SERVICER) 
to cease. 

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

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

4 MARKFLG Mark accepted. Mark rejected is allowed. No mark reject allowed. 

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. Other Vehicle state vector being updated, 

9 NCLPFLG Computing NSR altitude difference in P31/ Computing NCC altitude differ-
P32. ence in P31. 

10 TARGlFLG Sighting Other Vehicle Not sighting Other Vehicle 

11 ENG2FLAG RCS burn. SPS burn. 

12 NODOP0l P0l not allowed. POl allowed. 

13 ERADFLAG EARTH-compute Fischer ellipsoid radius. EARTH-use Launch site 
radius 

14 STIKFLAG RHC control or MGA >75° and P20 AGC control or MGA <75°. 
track inhibited. 

15 NJETSFLG Two- jet RCS burn. Four-jet RCS burn. 
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FLAGWORD BIT ASSIGNMENTS FOR SKYLARK 

(FLAGWORD 2) E Address 76 

Bit Name 1 

1 NODOFLAG V37 not permitted. 

2 CALCMAN2 Perform maneuver starting procedure. 

3 SBFLAG Perform complex short burn logic. 

4 PFRATFLG Preferred attitude computed. 

5 REVFLAG Compute matrix in GET. LVC. 

6 FINALFLG Last pass through rendezvous program 
computations. 

7 FIRSTFLG First pass through S40. 9 

ETPIFLAG Elevation angle supplied for P35. 

8 XDELVFLG External Delta V VG computation. 

9 IMPULSW Minimum impulse burn (cutoff time 
specified). 

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

11 STEERSW Steering to be done (P40). 

12 P21FLAG Succeeding pass through P21, use base 
vector for calculation. 

13 ITERFLG 15 Iterations have occurred in ITER. 

14 R21MARK Rendezvous optics marking enabled. 

15 DRIFTFLG T3RUPT calls gyro compensation. 

(FLAGWORD 3) E Address 77 

Bit Name 1 

1 DIMOFLAG W matrix is to be used. 

2 Not used 

3 VINTFLAG CSM state vector being integrated. 

4 INTYPFLG Conic integration. 

5 STATEFLG Permanent state vector being updated. 

6 45/46FLG V45 was last DAP turn on extended verb. 

7 CULTFLAG Star occulted. 

8 PRECIFLG Precision Integration being done. 

9 POOFLAG Periodic Integration Is being done. 

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

0 

V37 permitted. 

Bypass starting procedure. 

Perform simple short burn 
logic if burn <1 sec. 

Preferred attitude not 
computed. 

Compute matrix and vector 
In GET. LVC. 

Interim pass through 
rendezvous program 
computations. 

Succeeding pass through S40. 9 

TPI time supplied for P35. 

Lambert AIMPOINT VG 
computation. 

Steering burn ( no cutoff 
time yet available). 

Radar read to proceed 
normally. 

Steering omitted (P40). 

First pass through P21, 
calculate base vector. 

15 iterations have not occur-
ed in ITER. 

Rendezvous optics marking 
disabled. 

T3RUPT does no gyro 
compensation. 

0 

W matrix is not to be used. 

Other Vehicle state vector be· 
integrated. 

Encke Integration. 

Permanent state vector not 
being updated. 

V46 was last DAP turn on 
extended verb. 

Star not occulted. 

Periodic Integration enabled. 

Periodic integration Is not 
being done. 

Two stars In the field of view. 
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FLAGWORD BIT ASSIGNMENTS FOR SKYLARK 

(FLAGWORD 3) (Continued) 

Bit Name 1 

11 50l**FLG The 501 alarm has been set to indicate not 
enough jets uninhibited for some roll ro-
tation wanted by the DAP. 

12 500**FLG The 500 alarm has been set to indicate not 
enough jets uninhibited for some pitch or 
yaw rotation wanted by the DAP. 

13 REFSMFLG REFSMMAT good. 

14 GLOKFAIL Desired middle gimbal angle exceeds 60° . 

15 V50Nl8FL Enable R60 attitude maneuver. 

(FLAGWORD 4) E Address 100 

Bit Name 1 

1 XDSPFLAG Mark display not b be interrupted. 

2 VNFLAG VNFLASH display. 

3 MKOVFLAG Mark display over normal display. 

4 NRUPTFLG Normal display interrupted by priority 
or mark display. 

5 MRUPTFLG Mark display interrupted by priority 
display. 

6 PINBRFLG Astronaut has interferred with 
existing display. 

7 PRONVFLG Astronaut using keyboard when priority 
display initiated. 

8 NRMNVFLG Astronaut using keyboard when normal 
display initiated. 

9 MRKNVFLG Astronaot using keyboard when mark 
display initiated. 

10 NWAITFLG Higher priority display operating when 
normal display initiated. 

11 MWAITFLG Higher priority display operating when 
mark display initiated. 

12 PDSPFLAG Priority display status exists 

13 NRMIDFLG Normal display in ENDIDLE. 

14 PRIODFLG Priority display in ENDIDLE. 

15 MRKIDFLG Mark display in ENDIDLE. 

(FLAGWORD .5) E address 101 

Bit 

1 

2 

3 

4 

5 

Name 

RENDWFLG 

Not used 

SOLNSW 

Not used 

GRRBKFLG 

1 

W matrix valid for rendezvous navigation. 

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

Backup liftoff received. 

0 

The 501 alarm has not yet 
been set. 501 **FLG is 
reset in R04. 

The 500 alarm has not yet 
been set. 500 **FLG is reset 
in R04. 

REFSMMAT no good. 

Desired middle gimbal angle 
is less than 60°. 

Inhibit R60 attitude maneuver. 

0 

No special mark information. 

GOFLASH display. 

No mark display over normal 
display. 

Normal display not interrupted 
by priority or mark display. 

Mark display not interrupted 
by priority display. 

Astronaot has not interfered 
with existing display. 

Astronaot not using keyboard 
when priority display initiated. 

Astronaot not using keyboard 
when normal display initiated. 

Astronaut not using keyboard 
when mark display initiated. 

No higher priority display 
operating when normal dis-
play initiated. 

No higher priority display 
operating when mark display 
initiated. 

Priority display status does not 
exist 

No normal display in ENDIDLE. 

No priority display inENDIDLE. 

No mark display in ENDIDLE. 

0 

W matrix invalid for 
rendezvous navigation. 

Lambert converges or time­
radius noncircular. 

Backup liftoff not received. 
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FLAGWORD BIT ASSIGNMENTS FOR SKYLARK 

(FLAGWORD 5) (Continued) 

Bit 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Name 

3AXISFLG 

ENGONFLG 

Not used 

Not used 

NEWTFLAG 

INCORFLG 

Not used 

Not used 

Not used 

Maneuver specified by three axes. 

Engine lnrn on. 

New longitude iteration. Skip display. 

First incorporation. 

15 DSKYFLAG Displays sent to DSKY. 

(FLAGWORD 6) E Address 102 

Bit 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
15 

Name 

GYMDIFSW 

CM/ DSTBY 

. 05GSW 

LATSW 

INRLSW 

HIND 

1 

CDU differences and body rates computed. 

ENTRY DAP activated. 

Drag over O. 05 g. 

Downlift not inhibited. 

Initial roll V (L V) attitude not held. 

Iterating of HUNTEST calculation to be 
done after range prediction. 

NOSWITCH Lateral roll maneuver inhibited in ENTRY. 

EGSW In final entry phase. 

RELVELSW Targeting uses earth-relative velocity. 

GONEP AST Lateral control calculations to be omitted. 

GAMDIFSW Calculate GAMDOT. 

CMDAPARM All,w ENTRY firings and calculations. 

ENTRYDSP Do ENTRY display via ENTRYVN. 

STRULLSW 

DAPBIT2 
DAPBITl 

Do Steering burn. 

B14 0 1 0 1 
B15 0 0 1 1 
A/ P Non RCS TVC Saturn 

0 

Maneuver specified by one 
axis (VECPOINT). 

Engine turned off. 

Display normal. 

Second incorporation. 

No displays to DSKY. 

0 

CDU differences and body 
rates not computed. 

ENTRY DAP not activated. 

Drag less than O. 05 g . 

Downlift inhibited. 

Initial roll V (LV) attitude held. 

Iterating of HUNTEST calcu­
lations to be omitted after 
range prediction. 

Lateral roll maneuver per­
mitted in ENTRY. 

Not in final entry phase. 

Targeting uses inertial 
velocity. 

Lateral control calculations 
to be done. 

GAMDOT not to be calculated. 

Inhibit ENTRY firings and 
control functions. 

Omit ENTRY display. 

Do impulse burn. 

DAP selection indicator. 
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FLAGWORD BIT ASSIGNMENTS FOR SKYLARK 

(FLAGWORD 7) E Address 103 

Bit Name 1 

1 TFFSW Calculate TPERIGEE. 

2 ATTCHFLG Two vehicles attached. Bit 
not tested by program 

3 VERIFLAG Changed when V33E occurs at end of P27. 

4 UPLOCKFL K-K-K fail. 

5 Not Assigned 

6 V37FLAG AVERAGEG (SERVICER) running. 

7 Not Assigned 

8 GONEBY Passed target. 

9 RVSW Do not compute final state vector in 
time-theta. 

10 NORMSW Unit normal input to Lambert. 

11 TIMRFLAG CLOKTASK operating. 

12 ASTNFLAG Astronaut has OKed ignition. 

13 IGNFLAG TIG has arrived. 

14 ITSWICH Accept next Lambert TPI search solution. 

15 TERMIFLG Terminate R52. 

(FLAGWORD 8) E Address 104 

Bit Name 

1 360SW 

2 R67FLAG 

3 V96ONFLG 

4 COGAFLAG 

5 APSESW 

6 ORDERSW 

7 INFINFLG 

8 ;Not used 

9 UTFLAG 

10 Not used 

11 Not used 

12 Not used 

13 NEWIFLG 

14 Not used 

15 Not used 

1 

Transfer angle near 360 degrees. 

R67 rotation active. 

P00 integration has been inhibited by V96. 

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

RDESIRED outside of PERICENTER­
APOCENTER range in time-radius. 

iterator uses second order minimum mode .. 
(Never set to 1) 

No conic solution (closure through 
infinity required). 

P20 option 1, 2, or 5 selected. 

First pass through integration. 

0 

Calculate TFF. 

Two vehicles not 
attached. 

No K-K-K fail. 

AVERAGEG (SERVICER) off. 

Approaching target. 

Compu~ final state vector in 
time-theta. 

Lambert computes its own 
unit normal. 

CLOKTASK inoperative. 

Astronaut has not OKed 
ignition. 

TIG has not arrived. 

Test Lambert answer 
against limits. 

Do not terminate R52. 

0 

Transfer angle not near 360 
degrees. 

R67 rotation inactive. 

P00 integration is proceeding 
regularly. 

Conic solution exists, (COGA 
does not overflow. 

RDESIRED inside of PERI­
CENTER-APOCENTER range 
in time-radius. 

Iterator uses first order 
standard mode. 

Conic solution exists. 

P20 option 0 or 4 selected. 

Succeeding iteration of 
integration. 
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FLAGWORD BIT ASSIGNMENTS FOF SKYLARK 

(FLAGWORD 9) E Address 105 

Bit Name 

1 AVEMIDSW 

2 MIDAVFLG 

3 MIDlFLAG 

4 R31FLAG 

5 QUITFLAG 

6 N22ORN17 

7 R22CAFLG 

8 SOURCFLG 

9 VHFRFLAG 

10 Not used 

11 Not used 

12 MAXDBFLG 

13 Not used 

14 Not used 

15 SWTOVER 

1 

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

Integration entered from one of MIDTOAV 
portals. 

Integrate to TDEC. 

R31 selected (V83). 

Termim te and exit from integration. 

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

R22 is processing an optics mark. 

Source of input data is from VHF radar. 

Allow R22 to accept range data. (V87) 

Maximum A/P deadband selected. 

Switchover to Low bandwidth filter 
has occurred. 

(FLAGWORD 10) E Address 106 

Bit Name 1 

1 PCFLAG Plane change maneuver being targeted. 

2 FULTKFLG Optics or VHF marks being taken. 

3 TPIMNFLG TPI targeting complete. 

4 PTV93FLG W matrix to be initialized after maneuver. 

5 MANEUFLG No mark incorporation since targeting 
completed. 

6 TCOMPFLG - Then + torque. 

7 AUTOSEQ MINKEY auto-rendezvous. 

8 P35FLAG MCC targeting completed. 

9 EXTRANGE R63 range valid 

10 Not used 

11 HDSUPFLG Heads-up tracking attitude. 

12 REJCTFLG Reject mark data being processed by R22. 
13 REINTFLG Restartable integration in process. 

14 INTFLAG Integration in process. 

15 PCMANFLG P20 exits after maneuver to plane 
change attitude 

0 

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

Integration was not entered 
via MIDTOAV. 

Integrate to the then­
present time. 

R34 selected (V85). 

Continue integration. 

Compute total attitude errors 
with respect to Nl 7 (V63). 

R22 is not processing an 
optics mark. 

Source of input data is from 
optics mark. 

Stop acceptance of range 
data. (V88) 

Minimum A/P deadband 
selected. 

No switchover has occurred 

0 

Not plane change targeting. 

Optics and VHF marks 
being taken. 

TPI targeting not complete. 

W matrix initialized. 

Mark incorporated. 

+ then - torque. 

Manual rendezvous. 

MCC targeting not completed. 

R63 range meaningless 

Heads-down tracking attitude. 

No mark rejected. 

No restartable integration 
in process. 

Integration not in process. 

P20 operates normally. 
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FLAGWORD BIT ASSIGNMENTS FOR SKYLARK 

(FLAGWORD 11) E address 107 

Bit Name 1 0 

1 R27UP1 1st pass in R27 complete. 1st pass in R27 not complete. 

2 R27UP2 2nd pass in R27 complete. 2nd pass in R27 not complete. 

3 TDFLAG TD angle in R27 has been computed. TD angle in R27 has not been 
computed 

4 P25FLAG Program is P25 Program is not P25. 

5 P48FLAG Program is P48 Program is not P48. 

6 SNAPFLAG Inhibit R22 mark processing. Allow R22 mark processing 

7 FIXFLAG R27 in optimizing mode. R27 not in optimizing mode. 

8 AZJMFLAG Three-axis tracking maneuver VECPOINT tracking maneuver 

9 N77FLAG Noun 77 update inhibited Allow current state to be 
stored in N77. 

10 NOUNFLG Display Noun 77 in P25 and P48 Display N76 in P25 and P48 

11 CYCLFLAG R27 is still processing mark. R27 ready for a new mark. 

12 R27FLAG Allow R27 call from P20 (V76) Inhibit R27 in P20 (V77) 

13 Not used 

14 Not used 

15 Not used 

JMODES30, a flag whose individual bits are used to control the monitoring of IMU functions 
associated with Channel 30 (and in a few cases Channel 33). 

E Address 1323 

Bit Meaning 

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

14 Last sampled value of Channel 30 Bit 14 (0 if lSS 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 11 (0 if an IMU 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 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 !MU turn-on sequencing. 

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

6 Bit is set to 1 to indicate that IMU initialization is being carried out. No Verb 37 inputs will 
be processed while bit is equal to 1 and alarm 015200 is generated. 

5 Bit is set to 1 to inhibit the generation of program al arm 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 lSS warning based on receipt of an IMU fail signal. 

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

2 Bit is set to 1 to indicate failure of the turn-on delay sequence for !MU turn-on (alarm 
02078 is also generated). 

1 Bit is set to 1 to inhibit generation of an lSS warning based on receipt of a PIP A fail signal 
(Bit 13 of Channel 33). 
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FLAGWORD BIT ASSIGNMENTS FO"f? SKYLARK 

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

E Address 1324 

Bit Meaning 

15 Not assigned. 

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

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

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

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

10-7 Not assigned . 

6 Bit is set to 1 to indicate that IMU 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 8. 22 seconds) . 

4-2 Not assigned. 

1 Bit is set to 1 when a Verb 35 ("lamp test•~ is received, and reset to O about 5 seconds later, 

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

E Address 1327. 

Bit Meaning 

15-11 Not assigned. 

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

9 Not as signed. 

8 Not assigned. 

7 Last sampled value of Channel 30, Bit 7 (0 if an optics CDU fail indication has been gener­
ated by the optics CDU hardware). If Bit 2 of the word is O, a Tracker alarm (Bit 8 of 
DSPTAB + 11) is generated if this bit has a 1 to O 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). Also may 
be value of C31FLWRD, Bit 5 if backup indicator is used. 

4 Last sampled value of Channel 33, Bit 4 (0 if Optics Zero switch set to Zero). If Bits 5-4 
= 112, the Optics Mode switch has been set to Manual. Also may be value of C31FLWRD, 
Bit 4 if backup indicator is used. 

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 01168 to be generated 
(if switched to Manual, a "grace period" of about 5. 3 seconds is provided before the optics­
zeroing time counter is reset, during which time a switchback to optics zeroing can be 
made). Bit remains 1 for about 16 . 2 seconds, and is then reset to O (at the same time that 
Bit 10 of this word is set to 1, and Bit 2 of this word is set to 0) . 

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

1 Not assigned, 
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FLAGWORD BIT ASSIGNMENTS FOR SKYLARK 

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

E Address 3130. 

Bit Meaning 

15 Bit is set to 1 to indicate that a high rate (2 deg/s) automaneuver is in progress. Bit is re­
set to O 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 filter initialization is 
required. Bit is reset to O if the G&N is in control and the IMU data is usable. Approxi­
mately 1 second after the bit is reset to O the rate filter initialization is complete. 

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

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

11 Bit is set to 1 if the 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. Bit 9 set to 1 to indicate beginning and end of docked DAP auter 
maneuver. 

8, 7 If either or both bits have been set to 1, there has been a change in RHC yaw command 
since the last DAP cycle. Bit 7 set to 1 to indicate beginning and end of docked DAP 
auter maneuver. 

6, 5 If either or both bits have been set to 1, there has been a change in the RHC pitch command 
since the last DAP cycle. Bit 5 set to 1 to indicate beginning and end of docked DAP auter 
maneuver. 

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

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 O if the T6 program should be initialized. 

C31FLWRD, 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 indicators are to be used. 
Octal representation is AXXDX where: 

E Address 00373 

A VALUE 

0 or 4 
1 
2 
3 
5 
6 
7 

DVALUE 

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

Bits 13, 14, 15 of Channel 31 are valid 
CMC Control FREE 
CMC Control HOLD 
CMC Control AUTO 
SCS Control FREE 
SCS Control HOLD 
SCS Control AUTO 

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

C31FLWRD Switch override can be activated by: 

V21N01E 
373E 

AXXDXE 
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FLAGWORD BIT ASSIGNMENTS FOR SKYLARK 

DAPDATRl, a flagword for RCS-CSM DAP interface. E Address 03114 

Rl of Noun 46. 

Bits 15-1.~3 _ _ ~1=2~-=10~~~9--7~~~6--4~~-3~-~1'-----, 
fCONFIG XTAC XTBD DB RATE 

15-13 CONFIG: Configuration 

0 No DAP or ENTRY DAP 
1 CSM 
2 CSM/ LM* 
3 CSM/ SIVB 
6 CSM/ LM Ascent Stage Only* 

12-10 XTAC: X-translation using Quads AC 

0 No AC 
1 Use AC 

9-7 XTBD: X-translation using Quads BD 

(j No BD 
1 Use BD 

6-4 DB: Deadband 

0 ± O. 5 degree 
1 ± 5. 0 degrees 

3-1 RATE: Response to RHC, automatic maneuvers 

0 0.05 degree/ second 
1 0. 2 degree/ second 
2 0. 5 degree/ second 
3 2.0 degrees/ second 

• Reference remains in Software Coding. Only CSM/ LM Ascent stage 
is used for CSM/ DM Vehicle configuration. 

DAPDATR2, a flagword for RCS-CSM DAP interface. E Address 03115. 

R2 of Noun 46. 

Bits 15-13 12-10 9-7 6-4 3-1 
I AC-Roll Quad A Quad B Quad C I Quad D 

15-13 AC-Roll: Roll jet selection 

0 Use BD Roll 
1 Use AC Roll 

12-10 A, B, C, D Quad fails 
9- 7 ' 6- 4, 0 Quad Failed 
3-l 1 Quad OK 
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FLAGWORD BIT ASSIGNMENTS FOR SKYLARK 

DAPDATR3, a flagword for Docked DAP interfaces. E Address 03070. 

Rl of Noun 87 

Bits 15-13 
AC-Roll 

AC - Roll 

XTAC 

XTBD 

PCTRL 

YCTRL 

12-10 9-7 6-4 3-1 
XTAC XTBD PCTRL I YCTRL I • 

Roll control jet selection quad preference for phase plane 
roll command. If an inhibited jet is encountered in a pre­
ferred quad DAP automatically uses other nm quads for roll 

O BD preferred 
1 AC preferred 

X Translation using Quads AC 

O Do not use AC 
1 Use AC 

X translation using Quads BD 

O Do not use BD 
1 Use BD 

Pitch Control 

Preferred use of pitch torque couple or Z translation force jets 
for pitch control. 

o Use torque couple control for pitch 
1 Use Z force control for pitch 

Yaw Control 

Preferred use of yaw torque couple or Y translation force jets 
for yaw control 

0 Use torque couple control for yaw 
1 Use Y force control for yaw. 

CHfF AIL. a flag specifying channel 5 jets to be inhibited. E Address 3071 

R2 of Noun 87 

Bits 

octal 
value 

8 7 6 5 4 3 
! B-4 ! B-3 D-4 D-3 A-4 A-3 
00200 00100 00040 00020 00010 00004 

0 = use specified jet 
1 = inhibit specified jet 

2 1 
C-4 C-3 

00002 00001 

CH6F AIL, a flag specifying channel 6 jets to be inhibited. E Address 3072 

R3 of Noun 87 

Bits 8 7 6 5 4 3 2 1 

octal I C-2 C-1 A-2 A-1 I D-2 I D-1 B-2 I B-1 

value 00200 00100 00040 00020 00010 00004 00002 00001 

0 use specified jet 
1 inhibit specified jet. 
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CHANNEL BIT ASSIGNMENTS 

INFUT CHANNEL 3 

Bits 1-14 Contains the illGH ORDER SCALEF.: 23.3 hours = maximum capacity in increments 
of 5.12 seconds. 

INPUT CHANNEL 4 

" Bits 1-14 Contains the LOW ORDER SCALER: 5.12 seconds = maximum capacity in increments 
of 1/ 3, 200 second. 

OUTPUT CHANNEL 5 

BIT 

1 
2 
3 
4 
5 
6 
7 
8 

JET DESIGNATION 
SM QUAD NO. / CM RING 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 

(RCS DAP) 

+X/+P 
-X/-P 
-X/+P 
+X/-P 
+X/+Yw 
-X/-Yw 
-X/+Yw 
+X/-Yw 

DOCKED DAP 
(Torque Couples Only) 

+X/+P 
-X/-P 
-X/+P 
+X/-P 
+X/+Yw 
-X/-Yw 
-X/+Yw 
+X/-Yw 

OUTPUT CHANNEL 6 

SM COMMAND 
JET DESIGNATION TRANS/ ROT DOCKED DAP 

BIT SM QUAD NO./ CMRING NO. (RCS DAP) Force Control 

1 B-1/ 1-1 +Z/ +R +P/ +R 
2 B-2/ 1-2 -Z/ -R -P/ -R 
3 D-1/ 2-1 -Z/ +R -P/ +R 
4 D-2/ 2-2 +Z/ -R +Pl-Ft 
5 A-1 +Y/ +R -Yw/ +R 
6 A-2 -Y/ -R +Yw/ -R 
7 C-1 -Y/ +R +Yw/ +R 
8 C-2 +Y/ -R -Yw/ -R 

OUTPUT CHANNEL 11 

BIT 

1 ISS Warning 
2 Light Computer Activity Lamp 
3 Light Uplink Activity Lamp 
4 Light Temp Caution Lamp 
5 Light Keyboard Release Lamp 
6 Flash Verb and Noun Lamps 
7 Light Operator Error L amp 
8 Spare 
9 Test Connector Outhit 

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

CM COMMAND 

CM COMMAND 

+R 
-R 
+R 
-R 
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CHANNEL BIT ASSIGNMENTS 

OUTPUT CHANNEL 12 

BIT 

1 Zero Optics CDU's 
2 Enable Optics CDU Error Counters 
3 Not Used 
4 Coarse Align Enable 
5 Z6ro IMU CDU's 
6 Enable IMU CDU Error Counters 
7 Spare 
8 TVC Enable 
9 Enable SIVB Takeover 

10 Zero Optics 
11 Disengage Optics DAC 
12 Spare 
13 Not Used 
14 SIVB Cutoff 
15 ISS Turn-on Delay Complete 

OUTPUT CHANNEL 13 

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

10 Test Alarms 
11 Enable Standby 
12 Reset Trap 31-A 
13 Reset Trap 31-B 
14 Reset Trap 32 
15 Enable T6RUPT 

NOTE: 
Channel 13 Range Unit Selection: Bits 1 through 4 are assigned control functions for 
sampling of the VHF range link. These bits must contain 1001

2 
in order to obtain control. 

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 (1 ~ minus) 

10 Gyro Activity 
11 Drive CDU S 
12 Drive CDU T 
13 Drive CDU Z 
14 Drive CDU Y 
15 Drive CDU X 

Channel 14 - Gyro Selection 

a b Gyro 

0 
0 
1 
1 

0 
1 
0 
1 

X 
y 
z 

OUTPUT CHANNEL 14 
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CHANNEL BIT ASSIGNMENTS 

INPUT CHANNEL 15 

BIT 

1 Key codes from Main DSKY 
2 Key codes from Main DSKY 
3 Key codes from Main DSKY 
4 Key codes from Main DSKY 
5 Key codes from Main DSKY 

6-15 Spares 

INPUT CHANNEL 16 

BIT 

1 Key codes from Navigation DSKY 
2 Key codes from Navigation DSKY 
3 Key codes from Navigation DSKY 
4 Key codes from Navigation DSKY 
5 Key codes from Navigation DSKY 
6 Mark button 
7 Mark Reject button 

8-15 Spares 

DSKY KEY 

0 

INPUT KEYCODE 

10000 
1 
2 
3 
4 
5 
6 
7 
8 
9 
VERB 
NOUN 
ENTER 
ERROR RESET 
CLEAR 
KEY RELEASE 
+ 

BIT 

1 Not Used 
2 Not Used 
3 Not Used 
4 Not Used 
5 Liftoff 

00001 
00010 
00011 
00100 
00101 
00110 
00111 
01000 
01001 
10001 
11111 
11100 
10010 
11110 
11001 
11010 
11011 

INPUT CHANNEL 30 

6 Guidance Reference Release 
7 Optics CDU Fail 
8 Spare 
9 IMU Operate 

10 S/C Control of Saturn 
11 IMU Cage 
12 IMU CDU Fail 
13 IMU Fail 
14 ISS Turn-On Request 
15 Temperature in Limits 

NOTE: 

All of the input signals in Channel 30 are inverted; that is, a ZERO bit indicates that 
the discrete is ON. 
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CHANNEL BIT ASSIGNMENTS 

INPUT CHANNEL 31 

BIT 

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

10 - Y Translation 
11 + Z Translation 
12 - Z Translation 
13 Hold Function 
14 Free Function 
15 G & N Autopilot Control 

NOTE: 

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

INPUT CHANNEL 32 

BIT 

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

10 Spare 
11 Not Used 
12 Spare 
13 Spare 
14 Proceed (Standby button) 
15 Spare 

NOTE: 

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

INPUT CHANNEL 33 

BIT 

1 Spare 
2 Range Unit Data Good 
3 Spare 
4 Zero Optics 
5 CMC Control 
6 Not Used 
7 Not Used 
8 Spare 
9 Spare 

10 Block Uplink Input* 
11 Uplink Too Fast 
12 Downlink Too Fast 
13 PIPA Fail 
14 AGC Warning 
15 AGC Oscillator Alarm 

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

NOTE: 

All of the input signals in Channel 33 are inverted; that is, a ZERO bit indicates that 
the discrete is ON. 
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CHANNEL BIT ASSIGNMENTS 

INPUT CHANNEL 77 - (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 
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P00-CMC IDLING PROGRAM 

Purpose: 

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

2, To update the CSM and Other Vehicle 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. 
P00 Integration will resume when P00 is reselected. Usage of V96 can cause in­
correct W-matrix and state vector synchronization, 

2, Program changes are Inhibited during Integration periods and program alarm 15208 will occur if a change is attempted when Inhibited. 

Sequence of Events: 

V37E00E 
V06N38E 

Optional Display 

V06N38 Time of State Vector Being Integrated 00XXX h 
oooxx min 
oxx.xx s 

P0l-PRELAUNCH OR SERVICE-INITIALIZATION PROGRAM 

Purpose: 

1. To initialize the platform for the prelaunch programs, 

2, To provide an initial stable memb'clr orientation for Gyrocompasslng (P02), 

Assllmptions: 

1. Erasable locations have been properly initialized, (Azimuth, +1; Latitude, +1; 
LAUNCHAZ, +l; IMU compensation parameters). 

Sequence of Events: 

V37E01E 

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 SERVICE-GYROCOMPASSING 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. V7 5 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 Initialization program (P0l) . 

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

Sequence of Events: 

P02 entered automatically from POL 

Vertical erect for 640 seconds, then gyrocompass. 

V78E Optional entry if launch azimuth change ls desired. 

Flashing XSM Launch Azimuth 
V06N29 

XXX,XX deg 
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P02 (continued) 

V21E. Enter new launch azimuth. 

PRO Vertical erect for 320 seconds, then gyrocompass. 

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

AGC advances to Pll at liftoff. 

P03-PRELAUNCH OR SERVICE-OPTICAL VERIFICATION 
OF GYROCOMPASSING 

Purpose: 

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

Assumptions: 

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

2. A minimum of 45 minutes between V78E and P03 (V65E) 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 15 seconds. 

V65E 

PRO 

P03 displayed. 

Flashing 
V06N41 

Target Azimuth 
Target Elevation 
Target ID 

Target 1 coordinates. 

V24E. Change azimuth and elevation if desired. 

Flashing 
V06N41 

Target Azimuth 
Target Elevation 
Target ID 

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 
V50N25 

Checklist Code 

Request terminate Mark sequence. 

MARK REJECT 
(If mark was unsatisfactory), and recycle to Flashing V 51. 

PRO (If mark was satisfactory), and continue. 

Optics Mode - CMC 

CMC drive s optics LOS to Target 2. 

Flashing 
V51 

XXX.XXdeg 
XX,XXXdeg 
00001 

XXX.XX deg 
XX.XXX deg 
00002 

00016 
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P03 (continued) 

Optics to Manual - Mark on Target 2. 

Flashing 
V50N25 Checklist Code 00016 

Terminate mark sequence. 

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

PRO (If mark was satisfactory), and continue. 

Flashing Alignment Error 
V06N93 In Delta Gyro Angles 

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: 

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

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

Assumptions: 

1. If 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. 

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 

00E Select P00 

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

No Att light on for 90 seconds. 

00062 
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Pll-EARTH ORBIT INSERTION MONITOR PROGRAM 

Purpose: 

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

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

3. To display AGC computed trajectory parameters. 

4. AGC takeover of Saturn during Boost 

a. Automatic Control- First Stage Only: should the Saturn platform fail the 
astronaut may set the LV Guidance Switch to the CMC position. This stores 
the current attitude errors as a bias. The Attitude Error routine for each 
cycle thereafter will compute the attitude error, subtract the bias, and transmit 
the difference Information to the Saturn Instrumentation Unit (IU) for steering. 

h. Manual Control-The astronaut may select the Saturn stick function via V46E 
(DAP conflgurat!Jn = 3). This will terminate the Attitude Error routine. 

Assumptions: 

1. The program Is normally automatically selected by the Gyrocompasslng program 
(P02) when the AGC receives the liftoff discrete from the SIVB. In the backup 
case It would have been selected by keying In V75 ENTER . 

2. The orbit parameter display routine Is available hy keying in V82E. 

Sequence of Events: 

V75 Enter Is not keyed unless the liftoff discrete fails and Pll does not start 
automatically. 

Pll displayed - Average G on. 

V06N62 Inertial Velocity Magnitude 
Altitude Rate 
Altitude 

Pitch/roll pc>lynomlal start at liftoff+ 10.30 seconds. 

Terminate polynomial at liftoff + 129. 55 seconds. 

V82E Orbital parameter display. 

PRO 

V37E00E 

Flashing Apogee Altitude 
V16N44 Perigee Altitude 

TFF 

Average G off. P00 Is selected. 

XXXXX. ft/s 
XXXXX. ft/s 
XXXX.Xnml 

XXXX.Xnml 
XXXX.Xnml 
XXbXX minis 

V 46E While In Pll will terminate polynomial computations and enable the RHC to steer the 
Saturn vehicle through the AGC interface. 
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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 Other Vehicle without 
constraining rotation about the vector (VECPOINT). This option ls 
used to acquire the Other Vehicle in the SXT field of view. 

Option 1 - Point a specified S/ C vector at a speclfled celestial body with­
out constraining rotation about the vector (VECPOINT). This option 
does not employ optics drive. 

Option 2 - Perform rotation about a specified S/ C vector at a specified 
rate and beginning at a speclfled time. This option is normally used 
to effect PTC. This option does not employ optics drive. 

Option 4 - Point a specified S/ C vector along the LOS to the Other Vehicle while 
constraining rotation about the vector (three-axis). This option ls 
used to acquire the Other Vehicle in the SXT field of view and ls au-tomatically 
enabled by the MINKEY controller. 

Option 5 - Point a specified S/ C vector at a specified celestial body while 
constraining rotation about the vector (three-axis). This option 
does not employ optics drive. 

2. Update the Other Vehicle or CSM State vector on the basis of optical trackine; data 
and/or VHF range data (Options 0 and 4 only). Update the CSM and Other 
Vehicle State Vectors every four time steps (Options 1, 2, and 5 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 AGC will calculate the desired 
tracking attitude. 

2. The Other Vehicle optical beacon is visible to the CSM. (Optioas, 0 or 4). 
3. During rendezvous, W-matrix initlallzatlon is enabled by keying V93E, a fresh 

start (V36E), uplinked state vector update, and automatically during MINKEY. 

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

5. Range, Range rate estimation and display (N76, N77), based on raw VHF ranging 
data, may be enabled during options 0 and 4 by V76E. Disabled by V77E. 

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

Sequence of Events: 

Option 4 may be initiated automatically by the MINKEY controller. 
The sequence will start at MANEUVER below if automatic initiation. 

V37E20E 

Flashing Option ID Code 00024 
V04N06 Tracking Option Code 0000X 

V22E to Load desired option: 0 = Rendezvous (VECPOINT) 
1 = Celestial body (VECPOINT) 
2 = Rotation (PTC/ ORB rate) 
4 = Rendezvous (Three-axis) 
5 = Celestial body (Three-axis) 
(Option 4 assumed for MINKEY rendezvous) 

PRO 

Flashing 
V06N78 

Yaw Angle (y) 
Pitch Angle (p) 
Azimuth Constraint (OMICRON) 

V25E to Load the desired coordinates. 

XXX.XX deg 
XXX.XX deg 
XXX.XX deg 
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P20 (continued) 

y, p are rotational coordinates of the desired 
pointing axis or axis of rotation. The coordinates 
represent Euler rotation of the S/ C + X axis about 
the + Z axis and then about the new + Y axis. 

COAS pointing 0° ,o• ! Option 0, 4 

~

,.,.,,: \:~.:.-. ..., Optics pointing o•, -35° 

mk:ron Hds dn L. V. 0°, 90" I 
o•. 210° I Option 1, 5 

y • Hds up L. V 

. OA Z.L. V • a 90°, 305° 

OA SI . 90°, 125° 
z 

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

OMICRON Is an attitude constraint about the pointing 
vector for the three-axis options. It Is Ignored In 
VECPOINT options. 

PRO 

Flashing Desired Rate (Option 2 only) 
V06N79 Desired Deadband 

V24E to Load desired rate and deadband. 

PRO to appropriate option 

CELESTIAL BODY TRACK (Option 1 or 5) 

Flashing 
V01N70 Star ID Code 

V21E to load desired Star Code. 

PRO If Star Code f' 00, Go to MANEUVER 

Flashing Unit position vector 
V06N88 of desired planet 

V25E to load position vecbr. 

PRO to MANEUVER 

ROTATION (Option 2) 

Flashing GET at which rotation 
V06N34 maneuver Is to start 

O" = Apex forward/ heads up L. V 
180" = Apex forward/heads down L. V 
180" = OA Z L. V. 
180" + Tlz = Solar Inertial 

'lz Is the OA X axis out-of-plane angle 

X. XXXX deg/s 
XXX,XXdeg 

oooxx 

X .XXXXX 
y .xxxxx 
z .xxxxx 

00XXXh 
000XX min 
oxx.xx 8 

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

PRO to TERMINATE (rotation will commence at specified GET). Selection of P21, P27, P29, 
P30, P52, or P54 will not stop rotation. 

RENDEZVOUS (Option 0 ,or 4) 

MANEUVER 

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. 

If the tracking attitude error Is less than 10 degress, proceed to the appropriate 
marking sequence. 

The attitude error Is defined as: 

P 20 Option 0 & 1 - Angular error between the vehicle pointing axis and 
the LOS to the target with no angular constraint about 
the pointing vector. 
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P20 (continued) 

P20 Options 4 & 5 - Angular errors between the actual and desired gimbal angles 
required to align the vehicle pointing axis along the LOS to 
the target and constrain the rotation about the pointing vector. 

V58E 

Request automaneuver execution. 

Flashing Desired FDAl angles for 
V50Nl8 automaneuver 

PRO 

V06Nl8 Maneuver in progress 
Flashing 
V50Nl8 Maneuver Complete 

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

XXX.XXdeg 
XXX.XXdeg 
XXX.XX deg 

ENTER Terminates automaneuver routine. If rendezvous option go to appropriate marking 
sequence, otherwise go to TERMINATE. 

OPTICS MARKING (Option 0 or 4) 

The rendezvous sighting mark routine is called automatically. Proceed with 
optics marking. 

VHF RANGE MARKING (Option O or 4) 

If MINKEY 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 (Option O or 4) 

V54E Calls the backup sighting mark routine. 

PRO 

Flashing Optics angle coordinates 
V06N94 for alternate LOS (COAS) 

V24E to load coordinates. 

Shaft 
Trunnion 

XXX.XX deg 
XX.X:XX deg 

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. 

Flashing MARK Counter (VHF - Optics) 
V53N45 TFI of Next Burn 

MGA at TIG 

TFI and MGA are computed by 
targeting program, if running. 

XXb:XX 
XXbXX min/s 
XXX.XX deg 

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

Note: N78 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. 

UPDATE DISPLAY (Option O or 4) 

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 XXX. XX nm! 
V06N49 Delta V XXXX. X ft/ s 

Source Code (1-OPT, 2-VHF) 0000X 

PRO U sea data and updates the state vector. 
V32E Rejects mark data and state vector update not done. 

TERMINATE 

V56E 
Flashing 
V37 Select New Program 
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P21-GROUND TRACK DETERMINATION PROGRAM 

Purpose: 

1. Provide astronaut with details of his ground track. 

Assumptions: 

1. Can be used while CSM is in earth orbit to determine ground track of either 
Other Vehicle 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 : 

V37E21E 

PRO 

PRO 

V06N73E 

KEY REL 

PRO 

Flashing 
V04N06 

Option Code (specify vehicle) 

Vehicle Code (1-CSM, 2-other Vehicle) 

CSM is assumed; if Other Vehicle is desired, V22E2E 

Flashing 
V06N34 

Time Lat/ Long 00XXX. h 
000XX. min 
oxx.xx s 

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

00002 

00001 

Flashing 
V06N43 

Latitude of Vehicle 
Longitude of Vehicle 
Altitude Above Launch Pad 

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

V32E recycles to Flashing V06N34 for new display. 

Optional Display 

Flashing Altitude 
V06N73 Velocity 

Flashing 
V06N43 

Flashing 
V37 

Flight Path Angle 

Same as N43 above 

Select New Program. 

XXXXXb nmi 
XXXXX. ft/s 
XXX.XX deg 
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P25-CONTINGENCY VHF RANGE RATE PROGRAM 

Purpose : 

1. To display to the astronaut, range and range rate from a source independent of the 
vehicle state vectors. 

2. To allow the astronaut to sel ect a sequence of times for which range rate will be 
optimized. 

Assumptions: 

1. VHF range generator is ON and has acquisition. 

2. If the astronaut loads N72 with a time in the future, optimizations will occur auto­
matically every 4 minutes beginning with that time. 

Sequence of Events: 

V37E25E 

PRO 

PRO 

PRO 

Flashing 
V06N72 

Time at which range 
Rate will be optimized 

00XXX h 
000X:X min 
oxx.xx s 

V25E to load desired GET (all O's specify no optimization desired) 

if O's entered go to V16N77 display. 

Flashing VHF Range 
V16N76 Range Rate 

Flashing 
V16N77 

Time to optimization 

VHF Range 
Range Rate 
Theta/ PHI/ Code 

V32E Recycle to N72 display 

Flashing 
V37 

Sel ect new program 

XXX.X:Xnmi 
XXX:X.X ft/ s 
XXbXX min/ s 

XXX.XX nmi 
XXXX.X ft/ s 
-00001 



Purpose: 

1. 

CM-44 

P27-AGC UPDATE PROGRAM 

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

Assumptions: 

1. 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 (l-18 
Inclusive locations whose address is specified) (V71). 

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 P00, P02 or P20 (Options 1, 
2 or 5), and If the DSKY Is available. 

3. The UPTEL Accept/ Block switch must be In 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 DSKY responses are keyed In by the astronaut rather than 
transmitted . 

Sequence of Events : 

Select P00 If P00, P02, P20 (Options 1, 2, or 5) not selected. 

Up Telemetry switch - Accept Enable Uplink. 

Uplink Acty light - ON Program selected via Uplink. Mode window 
displays 27. 

Returns to program selected prior to P27 update 

Up Telemetry switch - Block Disable uplink. 
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P29-TIME OF LONGITUDE 

Purpose: 

l. To provide the astronaut with an esti,nated time of passage over a selected 
longitude. 

Assumptions: 

1. This program may be selected while the CSM Is in earth orbit to 
find the time of longitude of either the CSM or the Other Vehicle. 

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

Sequence of Events: 

V37E29E 

PRO 

PRO 

Flashing Option ID Code 
V04N06 Vehicle Option (1-CSM, 2- Other Vehicle) 

V22E to load desired vehicle code. 

Flashing GET at which AGC 
V06N34 begins search (all O's 

for present time) 

V25E to load desired time. 

Flashing Desired Longitude (R2) 
V06N43 

V22E to load desired longitude. 

PRO 
Flashing Time of longitude crossing 
V06N34 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 Flashing V04N06 to recycle . 

Flashing 
V37 Select New Program 

00002 
oooox 

00XXX h 
000XX min 
oxx.xx s 

XXX.XX deg 

00XXX h 
000XX min 
oxx. xx s 

XXX.XX deg 
XXX.XX deg 
XXXX.Xnml 
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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 (TIG) and the impulsive t:,. V along CSM local 
vertical axes at TIG. 

Assumptions: 

1. Target parameters (TIG and t:,. 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 Ground Elapsed Time of Ignition (TIG) 
V06N33 

V25E to load desired TIG. 

PRO 

PRO 

PRO 

Flashing Impulsive Delta V at TIG 
V06N81 in Local Vertical Coordinates 

V25E to load desired Delta V. 

Fla.shing Apogee Altitude 
V06N42 Perigee Altitude 

Magnitude of Delta V at TIG 

Flashing Mark Counter (VHF - Optics) 
Vl6N45 Time from Ignition (TFI) 

Middle Gimbal Angle at TIG with 
Vehicle +X Axis in Direction of Thrust 

00XXX. h 
000XX. min 
oxx.xx s 

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

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

XXbXX marks 
XXbXX mln/s 
XXX.XX deg 

If the RE FSMMA T flag is reset (that ls, the ThlU ls not aligned) MGA will equal 
-00002. 

PRO 

Flashing Select New Program 
V37 
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P31-NC1 TARGETING 

Purpose: 

1. To calculate the parameters associated with the NCl for Delta V burns . 

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

Assumptions: 

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

2. The NCl, NC2, NCC maneuvers are constrained to be horizontal maneuvers. 

3. The NSR maneuver is constrained to result in coelliptic orbits following 
the maneuver . 

4. The following time constraints apply 

a. The TPI time and the time between the NCC and NSR maneuvers 
are specified. 

b. The times between NCl and NC2 maneuvers and the NC2 and NCC 
maneuvers are indirectly specified by~ecifying the number of 
1/ 2 revolutions involved in the transfers between the maneuvers. 

5. The altitudes between the Other Vehicle orbit and the CSM at both NCC and 
NSR time are specified. 

6. If P20 is in operation while the program is operating, the astronaut may 
hold at any flashing display and turn on the rendezvous sighting mark 
routine, take optics marks and/ or allow VHF ranging marks to accumulate. 

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

8. 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. 

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

Sequence of Events: 

If entered automatically by MINKEY controller, go to MANEUVER. 

V37E31E 

Note: If P20 rendezvous option is not running, P20 Option 4 is activated now. 

Flashing MINKEY Rendezvous Option 
V50N25 Checklist Code 00017 

PRO Elects MINKEY automatic rendezvous sequencing. 

ENTER Elects manual sequencing. 

MANEUVER 

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

UPLINK ACTY light on 

If the tracking attitude error is less than 10 degrees, proceed to TARGETING. 

The attitude error is defined as: 

V58E 

P20 Options O & 1 - Angular error between the vehicle pointing axis and the 
LOS to the target with no angular constraint about the 
pointing vector. 

P20 Options 4 & 5 - Angular errors between the actual and desired gimbal 
angles required to align the vehicle pointing axis along 
the LOS to the target and constrain the rotation about 
the pointing vector. 

Request automaneuver execution. 

Flashing 
V50Nl8 

Desired FDA! angles for 
auto maneuver 

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

XXX.XXdeg 
XXX.XXdeg 
XXX.XXdeg 



PRO 
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P31 (continued) 

V06Nl8 Maneuver in progress 

If MINKEY sequence, go to TARGETING when maneuver ls completed. 

Flashing Maneuver Complete (manual sequence) 
V50Nl8 

ENTER Terminates automaneuver routine, go to TARGETING 

TARGETING 

PRO 

PRO 

PRO 

Flashing GET of NCl Ignition TIG (NCl) 
V06N95 

V25E to load desired TIG. 

Flashing No. of 1/ 2 Revs (NC1/ NC2) 
V06N57 tl. Altitude (NCC) 

tl. Altitude (NSR) 

Flashing GET of TPI Ignition TIG (TPI) 
V06N37 

V25E to modify TIG. 

Flashing Mark Counter (VHF-Optics) 
Vl6N45 Time from Ignition TFI (NCl) 

MGA 

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

00XXX h 
oooxx min 
oxx.xx s 

oooox 
XXXX. Xruni 
XXXX.Xnmi 

00XXX h 
000XX min 
oxx.xx s 

XXbXX 
XXbXX minis 

-00001 

PRO Sets Final flag to execute final pass through program 

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

PRO 

Alarm Codes 00600 through 00603 may occur . If an alarm occurs, V32E recycles 
to V06N95 where the input parameters may be adjusted for a new solution. 

Flashing Delta V (NC2) XXXX. X ft/ s 
V06N84 Delta altitude (NC2) XXXX.X nm! 

Delta V (NCC) XXXX. X ft/s 

Flashing Delta V at TIG (NCl) 
V06N81 In Local Vertical Coordinates 

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

V25E to modify Delta V. 

PRO If Final flag not set go to previous flashing Vl6N45 

Flashing Mark Counter (VHF-Optics) XXbXX 
XXbXX min/s 
XXX.XX deg 

PRO 

Vl6N45 TFI (NCl) 
MGA 

MGA will be the MGA at TIG (NCl). If the IMU is not aligned, MGA 
will be -00002. 

If MINKEY controller is active, W matrix reinitialization is performed and the 
appropriate burn program is initiated. 

If Delta V solution < 10 ft/ s, P41 ls initiated. 
If Delta V solution 2: 10 ft/ s, P4-0 is Initiated. 

Flashing 
V37 Select New Program (manual sequence) 
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P32 - NC2 TARGETING 

Purpose: 

1. To calculate parameters associated with the NC2 maneuver for Delta V burns. 

2. To store the NC2 target parameters for use by the desired thrusting program. 

Assumptions: 

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

2. The NC2 and NCC maneuvers are constrained to horizontal maneuvers. 

3. The NSR maneuver is constrained to result in coelliptic orbits following 
the maneuver. 

4. The following time constraints apply: 

a. The TPI time and the time between NCC and NSR maneuvers are specified. 

b . The time between NC2 and NCC maneuvers is indirectly specified by 
specifying the number of 1/ 2 revolutions involved in the transfer 
between maneuvers. 

5. The altitude between the Other Vehicle orbit and the CSM at NSR is specified. 

6. 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. 

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

8. 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. 

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

Sequence of Events: 

If entered automatically by MINKEY controller, go to MANEUVER. 

V37E32E 

Note: If P20 rendezvous option is not running, P20 Option 4 is activated now. 

Flashing 
V50N25 

MINKEY Rendezvous Option 
Checklist Code 00017 

PRO Elects MINKEY automatic rendezvous sequencing. 
ENTER Elects manual sequencing. 

MANEUVER 

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 

If the tracking attitude error is less than 10 degrees, proceed to TARGETING . 

The attitude error is defined as: 

V58E 

P20 Options O & 1 - Angular error between the vehicle pointing axis and the 
LOS to the target with no angular constraint about the 
pointing vector . 

P20 Options 4 & 5 - Angular errors between the actual and desired gimbal 
angles required to align the vehicle pointing axis along 
the LOS to the target and constrain the rotation about 
the pointing vector. 

Request automaneuver execution. 

Flashing 
V50N18 

Desired FDAI angles for 
automaneuver 

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

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



PRO 

CM-50 

P32 (continued) 

V06Nl8 Maneuver In progress 

If MINKEY sequence, go to TARGETING when maneuver is completed. 

Flashing Maneuver Complete (manual sequence) 
V50Nl8 

ENTER Terminates automaneuver routine, go to TARGETING 

TARGETING 

PRO 

PRO 

PRO 

Flashing GET of NC2 Ignition TIG (NC2) 
V06N28 

V25E to load desired TIG . 

Flashing Blank 
V06N57 Delta altitude (NCC) 

Delta altitude (NSR) 

V25E to load desired data. 

Flashing GET of TPI Ignition TIG (TPI) 
V06N37 

V25E to load desired TIG . 

Flashing Mark Counter (VHF - Optics) 
Vl6N45 Time from Ignition TFI (NC2) 

MGA 

Mark Countar updated by P20 which may be running In the background. 
MGA Is only displayed on the final pass through the program. 

PRO Set Final flag to execute final pass through program. 

00X:XX h 
000XX min 
oxx.xx s 

XXXX.Xnmi 
XXXX.X nmi 

00XXX h 
oooxx min 
oxx.xx s 

XXbXX 
XXbXX mln/s 
-00001 

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

Alarm Codes 00600 through 00603 may occur. If an alarm occurs, V32E recycles to 
V06N28 where the input parameters may be adjusted for a new solution. 

PRO 

Flashing Delta velocity (NCC) 
V06N84 Delta altitude (NCC) 

Delta velocity (NSR) 

Flashing Delta V at TIG (NC2) 
V06N81 In Local Vertical Coordinates 

X 
y 
z 

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

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

V25E to modify Delta V 

PRO 

PRO 

If Final flag is reset, go to previous Flashing Vl6N45. 

Flashing Mark Counter (VHF - Optics) 
Vl6N45 TFI (NC2) 

MGA 

XXbXX 
XXbXX mln/s 
XXX.XXdeg 

MGA will be the MGA at TIG (NC2). If the IMU is not aligned, MGA will be -00002 . 

If MINKEY controller is ac tive, W-matrix reinitialization is performed and the appropriate 
burn program is Initiated. 

If Delta V solution < 10 ft/ s, P41 is initiated. 
If Delta V solution~ 10 ft/ s , P40 is Initiated. 

Flashing 
V37 Select New Program (mamtal sequence) 



Purpose: 

1, 

2, 

CM-51 

P33 - NCC TARGETING 

To calculate parameters associated with the NCC maneuver for Lambert 
steering Delta V burns. 

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

Assumptions: 

1, This program is based upon previous completion of the NC2 Targeting program 
(P32). Therefore: 

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

b. The NCC and NSR maneuvers were assumed to be parallel to the plane 
of the Other Vehicle orbit. However, the NBl display Is modified to establish 
an antinode at NSR, 

2, lf 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, This program may be selected manually or Internally by the MINKEY controller. 

Sequence of Events: 

lf entered automatically by MINKEY controller, go to MANEUVER, 

V37E33E 

Note: lf P20 rendezvous option is not running, P20 Option 4 Is activated now. 

Flashing MINKEY Rendezvous Option 
V50N25 Checklist Code 00017 

PRO Elects MINKEY automatic rendezvous sequencing, 
ENTER Elects manual sequencing. 

MANEUVER 

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

UPLINK ACTY light on 

lf tracking attitude error Is less than 10 degrees, proceed to TARGETING. 

The attitude error Is defined as: 

P20 Options O & 1 - Angular error between the vehicle pointing axis and the 
LOS to the target with no angular constraint about the 
pointing vector. 

P20 Options 4 & 5 - Angular errors between the actual and desired gimbal 
angles required to align the vehicle pointing axis along 
the LOS to the target and constrain the rotation about 
the pointing vector. 

V58E 

PRO 

Request automaneuver execution. 

Flashing 
V50N18 

V06N18 

Desired FDAI angles for 
auto maneuver 

Maneuver In progress 

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

lf MINKEY sequence, go to TARGETING when maneuver Is completed. 

ENTER 

Flashing Maneuver Complete (manual sequence) 
V50N18 

Terminate automaneuver routine, go to TARGETING 

XXX.XXdeg 
XXX.XXdeg 
XXX.XXdeg 
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P33 (continued) 

TARGETING 

Flashing GET of NCC Ignition TIG (NCC) 
V06Nll 

V25E to correct desired TIG. 

PRO 

PRO 

PRO 

Flashing GET of NSR Ignition TJG (NSR) 
V06Nl3 

V25E to correct desired TIG. 

Flashing GET of TPI Ignition TIG (TPI) 
V06N37 

V25E to correct desired <J'IG. 

Flashing Mark Counter (VHF - Optics) 
Vl6N45 Time from Ignition TFI (NCC) 

MGA 

00XXX h 
oooxx min 
oxx.xx s 

00XXX h 
000XX min 
oxx.xx s 

00XXX h 
oooxx min 
oxx.xx s 

XXbXX 
XXbXX min/ s 
-00001 

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

PRO Sets Final flag to execute final pass through program 

V32E continues in program but Final flag is not set. Used when another pass is desired. 
If an Alarm occurs, a V32E may be used to recycle to V06Nll and readjust TJG. 

PRO 

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

PRO 

Flashing Delta V at TJG (NCC) 
V06N81 in Local Vertical Coordinates 

X 
y 
z 

X 
y 
z 

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

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

PRO If Final flag Is reset go to previous Flashing Vl6N45. 

PRO 

Flashing Mark Counter (VHF - Optics) 
Vl6N45 TFI (NCC) 

MGA (NCC) 

XXbXX 
XXbXX min/s 
XXX.X:Xdeg 

MGA will be the MGA at TIG (NCC). If the !MU is not aligned, MGA will be -00002. 

If MINKEY controller is active, W-matrix reinitialization is performed and the appropriate 
burn program ls initiated. 

If Delta V solution < 10 ft/ s, P41 is initiated 
If Delta V solution ~10 ft/ s, P40 is initiated 

Flashing 
V37 Select New Program (manual sequence) 
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P34- NSR TARGETING PROGRAM 

Purpose: 

1. To calculate parameters associated with NSR maneuver Delta V burns. 

2. To store tbe NSR target parameters for use by the desired thrust program. 

Assumptions: 

1. This program is based upon previous completion of the NCl (P31), NC2 (P32), 
and NCC (P33) targeting programs. 

Therefore: 

a. At a preselected TPI time the line of sight between the 
CSM and Other Vehicle was selected to be a prescribed 
angle (E) from the horizontal plane defined at the active 
vehicle position. 

b. The NSR maneuver is assumed to be parallel to the plane of 
the Other Vehicle orbit. However out-of-plane parameters are 
computed for TIG (NSR) and are available by keying V06N90E 
at flashing V16N45 after a computation cycle . In addition N81 
display is modified to establish an antlnode at NSR. 

2. If P20 ls 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. This program may be selected manually or automatically by the MINKEY 
controller. 

Sequence of Events: 

If entered automatically by MINKEY controller, go to MANEUVER. 

V37E34E 

Note: If P20 rendezvous option ls not running, P20 Option 4 is activated now. 

Flashing MINKEY Rendezvous Option 
V50N25 Checklist Code 00017 

PRO Elects MINKEY automatic rendezvous sequencing. 

ENTER Elects manual sequencing. 

MANEUVER 

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

UPLINK ACTY light on 

If tracking attitude error is less than 10 degrees, proceed to TARGETING. 

The attitude error ls defined as: 

P20 Options O & 1 - Angular error between the vehicle pointing axis and the 
LOS to the target with no angular constraint about the 
pointing vector. 

P20 Options 4 & 5 - Angular errors between the actual and desired glmbal 
angles required to align the vehicle pointing axis along 
the LOS to the target and constrain the rotation about 
the pointing vector. 

V58E 

Request automaneuver execution. 

Flashing Desired FDA! angles for 
V50Nl8 automaneuver 

PRO 

V06N18 Maneuver In progress 

OG(R) XXX.XX deg 
IG (P) XXX. XX deg 
MG (Y) XXX. XX deg 
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P34 (continued) 

If MINKEY sequence, go to TARGETING when maneuver is completed. 

Flashing 
V50N18 

Maneuver Complete (manual sequence) 

ENTER Terminate automaneuver routine, go to TARGETING 

TARGETING 

Flashing 
V06N13 

GET of NSR Ignition TIG (NSR) 

V25E to correct desired TIG. 

PRO 

Flashing 
V16N45 

Mark Counter (VHF - Optics) 
TFI (NSR) 
MGA at TIG (NSR) 

00XXXh 
000XX min 
oxx.xx s 

XXbXX 
XXbXX mini 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 Sets Final flag to execute final pass through program. 

V32E continues In program but Final flag Is not set. Used when another pass 
is desired. 

PRO 

If an alarm 611 occurs, a V32E may be used to recycle to V06N13 and 
readjust TIG. 

Flashing 
V06N75 

Flashing 
V06N81 

Delta altitude (NSR) 
Delta Time (TPI-NSR) 
Delta Time (TPI-NOM'FP!) 

Delta V at TIG (NSR) In 
Local Vertical Coordinates 

XXXX.Xnml 
XXbXXmln/ s 
XXbXX mln/ s 

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

V25E to modify Delta V. 

PRO If Final flag Is reset, go to previous Flashing V16N45. 

PRO 

Flashing 
V16N45 

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

XXbXX 
XXbXX min/ s 
XXX.XXdeg 

MGA will be the expected MGA at TIG (NSR). If the !MU Is not aligned, MGA 
w!ll be -00002. 

If MINKEY controller is active, W-matrix reinitialization is performed and the 
appropriate burn program is Initiated. 

If Delta V solution < 10 ft/ s, P41 is Initiated. 
If Delta V solution:. 10 ft/ s, P40 is Initiated. 

Flashing 
V37 Select New Program (manual sequence) 



Purpose: 
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P35-CSM TRANSFER PHASE INITIATION (TPI) 
TARGETING PROGRAM 

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

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

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

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

3. To 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. 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. If the angle is within this zone the 
astronaut should reassess the input targeting parameters based upon Delta V and 
expected maneuver time. 

4. When determining the initial position and velocity of the target at intercept time, either 
conic or precision integration may be used, The time difference for computation is 
approximately 10:1 (that is, conic Integration ls 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 MINKEY controller. 
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P35 (continued) 

Sequence of Events: 

If entered automatically by MINKEY controller, go to MANEUVER. 
V37E35E 

Note: If P20 rendezvous option is not running, P20 Option 4 is activated now. 
Flashing MINKEY Rendezvous Option 
V50N25 Checklist Code 00017 

PRO Elects MINKEY automatic rendezvous sequencing. 
ENTER Elects manual sequencing. 

MANEUVER 

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 

If tracking attitude error is less than 10 degrees, proceed to TARGETING 
The attitude error is defined as: 

V58E 

P20 Options 0 & 1 - Angular error between the vehicle pointing axis and the 
LOS to the target with no angular constraint about the 
pointing vector. 

P20 Options 4 & 5 - Angular errors between the actual and desired gimbal 
angles required to align the vehicle pointing axis along 
the LOS to the target and constrain the rotation about 
the pointing vector. 

Request automaneuver execution. 

Flashing Desired FDAl angles for 
V50N18 automaneuver 

PRO 

V06N18 Maneuver in progress 

OG(R) XXX.XX deg 
IG (P) XXX. XX deg 
MG (Y) XXX. XX deg 

If MINKEY sequence, go to TARGETING when maneuver is completed. 

ENTER 

Flashing Maneuver Complete (manual sequence) 
V50N18 

Terminate automaneuver routine, go to TARGETING. 

TARGETING 

Flashing GET of TPI Ignition TIG (TPI) 
V06N37 

V25E to correct desired TIG. 

PRO 

Flashing Number of Precision Offsets 
V06N55 Elevation Angle 

V24E to load desired data. 

00XXX h 
oooxx min 
oxx.xx s 

0000X 
XXX.XXdeg 

Number of precision offsets is an integration code where X = 0 specifies integration of a 
conic trajectory to generate the target vector and X 'f 0 specifies precision integration to 
generate the target vector. 
Elevation angle is the angle between the CSM/ other Vehicle LOS and the CSM local horiz­
ontal at TIG (TPI). E should = +00000 if E is to be computed at TIG specified. 
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P35 (continued) 

PRO 

Flashing Mark Counter (VHF - Optics) 
Vl6N45 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. 

COMPUTE ELEVATION ANGLE FOR GIVEN TIG 

If elevation angle above was = o. 
Flashing Same as N55 above, except elevation angle has 
V06N55 been computed. 

PRO Sets Final flag to execute final pass through program 

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

COMPUTE TIG FOR GIVEN ELEVATION ANGLE. If elevation angle above was 'f 0. 

Flashing Time of Ignition for Specified 00XXX h 
V06N37 Elevation Angle TIG (TPI) 000XX min 

oxx.xx S 

If MINKEY flNAL PASS, set E = 0 and go to COMPUTE ELEVATION ANGLE 
FOR GIVEN TIG above. 

Note: If alarm 00611 occurs, PRO to TARGETING at start of program. 

PRO 

PRO 

Flashing Delta V Required for TPI 
V06N58 Delta V Required for TPF 

Delta time (TPI-NOMTPI) 

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

Optional Display N59E 

Vl6N59 Delta Velocity X (LOS) 
Delta Velocity Y (LOS) 
Delta Velocity Z (LOS) 

KEY REL to Flashing V06N81 

PRO If Final flag is reset, go to previous Flashing Vl6N45. 

Flashing Mark Counter (VHF - Optics) 
Vl6N45 TFI (TPI) 

MGA 

XXXX.X ft/ s 
XXXX.X ft / s 
XXbXX m!n/s 

X XXXX.X ft/ s 
y XXXX. X ft/ s 
Z XXXX. X ft/ s 

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

XXbXX 
XXbXX minis 
XXX.XX deg 

MGA will be the expected MGA at TIG (TPI). If the IMU is not aligned, MGA will be - 00002. 

PRO 

If MINKEY controller active, W-matrix reinitialization is performed and the appropriate 
burn program is initiated. 

If Delta V solution< 10 ft/ s, P4 1 is initiated. 
If Delta V solution ;, 10 ft/ s, P40 is initiated. 

Flashing 
V37 Select New Program (manual sequence) 



Purpose: 
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P36-CSM TRANSFER PHASE MIDCOURSE (I'PM) 
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 a 
CSM rendezvous . 

Assumptions: 

1. If P20 ls in operation while this program ls 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 ls 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 ls within this zsne, the 
astronaut should reassess the input targeting parameters based upon Delta V and the 
expected maneuver time. 

3. The time of intercept (I' (INT) ) was defined by previous completion of the Transfer 
Phase Initiation (I'PI) program (P-35) 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 Universal 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 LV coordinates is available in N8l. 

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

Sequence of Events: 

If entered automatically by MINKEY controller, go to MANEUVER. 

V37E36E 

Note: If P20 rendezvous option is not running, P20 Option 4 is activated now. 

Flashing MINKEY Rendezvous Option 
V50N25 Checklist Code 00017 

PRO Elects MINKEY automatic rendezvous sequencing. 

ENTER Elects manual sequencing. 

MANEUVER 

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 

If the tracking attitude error is less than 10 degrees, proceed to TARGETING. 

The attitude error is defined as: 

V58E 

P20 Options O & l - Angular error between the vehicle pointing axis and the LOS to 
the target with no angular constraint about the pointing vector. 

P20 Options 4 & 5 - Angular errors between the actual and desired glmbal angles 
required to align the vehicle pointing axis along the LOS to the 
target and constrain the rotation about the pointing vector. 

Request automaneuver execution. 

Flashing Desired FDA! angles for 
V50Nl8 automaneuver 

OG(R) XXX. XX deg 
IG(P) XXX. XX deg 
MG(Y) XXX,XX deg 



PRO 
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P36 (continued) 

V06N18 Maneuver In progress 

If MINKEY sequence, go to TARGETING when maneuver is completed. 

Flashing Maneuver Complete (manual sequence) 
V50N18 

ENTER Terminates automaneuver routine, go to TARGETING. 

TARGETING 

Flashing Mark Counters (VHF-Optics) 
V16N45 TFI (TPM) 

MGA 

XXhXX 
XXbXX min/s 
-00001 

Mark counter Is updated by P20, which may J,e running In the background. 
MGA is -1 until the final pass through program. 

PRO Sets Final Flag to execute final pass through program 

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

PRO 

PRO 

Flashing 
V06N59 

Delta V at TIG (TPM) 
In LOS Coordinates 

V25E to modify Delta V 

If Final flag is reset, go to previous Flashing V16N45. 

Flashing Mark Counter (VHF - Optics) 
V16N45 TFI (TPM) 

MGA 

X 
y 
z 

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

XXbXX 
XXbXX min/s 
XXX. XX deg 

MGA will be expected MGA at TIG (TPI). If the IMU is not aligned, MGA will be -00002. 

If MINKEY controller is active, W-matrlx reinitialization is performed and the 
appropriate burn program Is Initiated. 

If Delta V solution< 10 ft/ s, P41 is Initiated. 
If Delta V solution~ 10 ft/ s, P40 is initiated. 

Flashing 
V37 Select New Program (manual sequence) 
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P37- RENDEZVOUS FINAL PHASE PROGRAM 

Purpose: 

1. To establish X-axis tracking (P20, with UTPIT and UTYAW = 0 qeg.) 

2 . To select R31 intemally to provide range and range rate information prior to 
the braking phase of rendezvous. 

Assumptions: 

1. This program is selected by the astronaut by DSKY entry or by the MINKEY controller. 

Sequence of Events: 

If entered automatically by MINKEY controller , go to MANEUVER. 

V37E37E 

Note: If P20 rendezvous option is not running, P20 Option 4 is activated now. 

Flashing MINKEY Rendezvous Option 
V50N25 Checklist Code 00017 

PRO Elects MINKEY automatic rendezvous sequencing. 

ENTER Elects manual sequencing. 

MANEUVER 

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 

If the tracking attitude error is less than 10 degrees, proceed to TARGETING. 

The attitude error is defined as: 

P20 Options O & 1 - Angular error between the vehicle pointing axis and the LOS 
to the target with no angular constraint about the pointing vector. 

P20 Options 4 & 5 - Angular errors between the actual and desired gimbal angles 
required to align the vehicle pointing axis along the LOS to the 
target and constrain the rotation about the pointing vector . 

V58E 

Request automaneuver execution. 

Flashing Desired FDA! angles for 
V50Nl8 automaneuver 

PRO 

V06Nl8 Maneuver in progress 

OG(R) XXX.XX deg 
IG(P) XXX.XX deg 
MG(Y) XXX.XX deg 

If MINKEY sequence, go to TARGETING when maneuver is completed. 

ENTER 

Flashing Maneuver Complete (manual sequence) 
V50Nl8 

Terminates automaneuver routine, go to TARGETING. 

TARGETING 

Flashing Range 
Vl6N54 Range Rate 

Theta 

PRO If manual sequence, go to Flashing V37. 

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

If MINKEY controller is active, MINKEY initiates P48 Rendezvous thrust monitor. 

Flashing 
V37 Select New Program (manual sequence). 
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P38-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 TIG from the last maneuver, an uplinked TIG or 
crew loaded TIG in N39. 

2. If P20 is In operation while this program ls 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 program unless automatic state vector 
updating is desired by the Universal Tracking program (P20). 

4. Thi3 program is normally used to target a plane change burn at the midpoint (90 
degrees central angle) after the last maneuver. 

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

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

Sequence of Events: 

If entered automatically by MINKEY controller, go to MANEUVER. 

V37E38E 

Note: If P20 rendezvous option is not running, P20 Qptlon 4 is activated now. 

Flashing MINKEY Rendezvous Qptlon 
V50N25 Checklist Code 00017 

PRO Elects MINKEY automatic rendezvous sequencing. 
ENTER Elects manual sequencing. 

MANEUVER 

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 

If the tracking attitude error is less than 10 degrees, proceed to TARGETING. 

The attitude error is defined as: 

P20 Options O & 1 - Angular error between the vehicle pointing axis and the LOS to 
the target with no angular constraint about the pointing vector. 

P20 Options 4 & 5 - Angular errors between the actual and desired gimbal angles 
required to align the vehicle pointing axis along the LOS to the 
target and constrain the rotation about the pointing vector. 

V58E 

Request automaneuver execution. 

Flashing Desired FDA! angles for 
V50Nl8 automaneuver 

PRO 

V06N18 Maneuver in progress 

OG (R) XXX. XX deg 
IG(P) XXX. XX deg 
MG(Y) XXX. XX deg 

If MINKEY sequence, go to TARGETING when maneuver is completed. 

ENTER 

Flashing Maneuver Complete (manual sequence) 
V50N18 

Terminates automaneuver i:outine, go to TARGETING . 
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P38 (continued) 

TARGETING 

PRO 

PRO 

Flashing Time of Ignition (last maneuver) 
V06N39 

V25E to modify TIG, 

Flashing GET of PC Ignition TIG (PC) 
V06N33 

V25E to modify TIG. 

Flashing Mark Counter (VHF-Optics) 
V16N45 Time from Ignition TFI (PC) 

MGA 

00XXX. h 
000XX. min 
oxx.xx s 

00XXX 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 -1 until the final pass through program. 

PRO 

V32E 

PRO 

Sets Final flag to execute the final pass through program 

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

Flashing Delta V at TIG (PC) 
V06N81 In Local Vertical Coordinates 

V25E to modify Delta V. 

PRO If Final flag Is reset, go to previous Flashing V16N45 , 

Flashing Mark Counter (VHF-Optics) 
V16N45 TFI (PC) 

MGA 

MGA will be the MGA at TIG (PC). If the IMU is not aligned, 

PRO If Manual Sequence, go to Flashing V37. 

X 
y 
z 

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

XXbXX 
XXbXX min/s 
XXX.XX deg 

MGA will be -00002. 

If MINKEY controller is active, W-matrix reinitialization is performed and Delta V 
(N81) magnitude is tested: 

If DV magnitude = 0, MINKEY initiates Flashing V37. 

If DV magnitude> 0, MINKEY initiates P52 for possible realignment to new 
orientation to avoid gimbal lock for +X-axis burn. Go to P52. (PC Realign). 

Note: Crew may elect to perform a Y-axis RCS burn, if the Delta V ls 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 MINKEY sequencer . 

Flashing 
V37 Select New Program (manual sequence). 
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P40-SPS PROGRAM 

Purpose: 

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

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

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

b. A new orientation achieved by selection of P52. 

3. To 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 prior 
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, Engine ignition may be slipped 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 31 , 
Bit 15) during thrusting. This means that the AGC will continue to generate engine 
actuator commands, SPS Engine On discrete, aid FDA! 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 GNCS 
and then given back, and it is not recommended, 1n 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 ls available during this program until average g turn-on by keying in V06N81E. 

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 MINKEY controller. 

Sequence of Events: 

If entered automatically by MINKEY controller, go to Flashing V50Nl8, 

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

V37E40E 

Flashing 
V50Nl8 

Desired FDA! Angles for 
Auto maneuver 

Request maneuver to computed burn attitude . 

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

XXX.XX deg 
XXX. XX deg 
XXX.XXdeg 
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P40 (continued) 

PRO 

V06N18 Same as N18 above. 

Maneuver ls in process; final FDAI angles displayed. 

Flashing Same as N18 above . 
V50N18 Automaneuver is completed. 

SCS-GDC aligned to IMU for backup attitude reference. 
SPS gimbal drive motors energized. 
S/ C Control to SCS; SPS servo check and manual drive check performed. 
S/ C Control to CMC. 

PRO 

Flashing 
V50N18 

Same 'l.S N18 above. 
Vehicle is trimmed to burn attitude . 

ENTER 
Flashing 
V50N25 

Gimbal Slew Test Option 
Checklist Code 00204 

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

SPS gimbals commanded to trim angles (P, Y) 

V06N40 Time from Ignition/Cutoff (I'FI) 
Velocity to be Gained (Vg) 
Accumulated Velocity (AV) 

XXbXX min/ s 
XXXX.X ft/ s 
XXXX.X ft/ s 

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

Average G on. 

Ullage initiated with THC if required. 

Flashing 
V99N40 

Same as N40 above at TIG -5 seconds. 
Astronaut approval of ignition requested . 

PRO Ignition approved. 

PRO 

V06N40 Same as N40 above. 

Ignition at TIG. 
TVC DAP activated. 
SPS engine cutoff; burn complete. 
TVC DAP off. 

Flashing 
V16N40 

Flashing 
V16N85 

Same as N40 above. 

V g Residuals in Control 
System (body) Coordinatc,s 

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

TRIM Vg residuals with THC if required. 

PRO If MINKEY controller is active, P3X ls entered except P38 at P20 entry. 

PRO 

Flashing Apocenter Altitude, Ha XXXX. X nml 
V16N44 Pericenter Altitude, Hp XXXX.X nm! 

Flashing 
V37 

Average G off. 

TFF XXbXX min/ s 

Select New Program 
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P41-RCS PROGRAM 

Purpose: 

1. Compute a preferred IMU 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 IMU orientation (not recommended if middle gimbal angle is greater 
than 45 degrees) . If the IMU has not been aligned within the last 3 hours, re­
alignment 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 prior 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 ls 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 
V06N81E . 

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 Flashing V50Nl8. 

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

V37E41E 
Flashing 
V50Nl8 

Desired FDA! Angles 

Request maneuver to computed burn attitude , 

PRO 

V06Nl8 Same as Nl8 above. 

Automaneuver in process; final FDA! angles displayed, 

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

Flashing 
V50Nl8 

Same as Nl8 above. Maneuver is complete. 

ENTER 
Vl6N85 Velocity to be Gained in Control 

System (body) Coordinates (V g) 
X 
y 
z 

XXX.XX deg 
XXX,XXdeg 
XXX. XX deg 

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

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

Flashing Flash signifies TIG has arrived. 
Vl6N85 Same as N85 above. 

Null Vg with THC at TIG. 
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P41 (continued) 

PRO If MINKEY controller is active, P3X, is entered except P38 at P20 entry. 

Flashing 
V37 (Manual Sequence► 

V82E Request Orbital Parameter display. 

PRO 

Flashing Apocenter Altitude 
V16N44 Pericenter Altitude 

TFF 

Flashing 
V37 

Select New Program. 

Average G off. 

P47-THRUST MONITOR PROGRAM 

Purpose: 

XXXX.X ft/s 
XXXX.X ft/s 
XXbXX min/s 

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 can be used during rendezvous final phase. If the crew desires to 
do any final phase thrusting maneuvers automatically under GNCS control, tbey must 
be accomplished via selection of tbe Transfer Phase Initiation (TPI) program (P35) 
and tben 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 Pm may be displayed during this program bv calling the 
Rendezvous Parameter Display routine No. 2 (R34) with V85E. 

4. VI, He DOT and H may be called by keying in V16N62E. 

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 

Average G On 

Flashing 
V16N83 

Delta V Accumulated in Control 
Coordinate System 

Display of integrated acceleration during thrusting. 

OPTIONAL DISPLAYS 

V16N62E 
V16N62 Magnitude of Inertial Velocity (VI) 

Rate of Change of Altitude (HDOT) 
Altitude Above Pad Radius (H) 

X 
y 
z 

XXXX.X f+./ s 
XXXX.X ft/ s 
XXXX.Xft/ s 

XXXXX. ft/ s 
XXXXX. ft/ s 
XXXX.Xnml 
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P47 (continued) 

KEY REL 

Flashing 
Vl6N83 

Same as N83 above. 

V83E Rendezvous parameter display at crew option. 

PRO 

Flashing 
Vl6N54 

Range of CSM to other Vehicle 
Range Rate 
Angle Between CSM +X Axis and 
Local Horizontal (Theta) 

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

V85E Rendezvous parameter display at crew option. 

PRO 

Flashing Range of CSM to Other Vehicle 
Vl6N53 Range Rate 

Angle Between Optics SLOS and the 
Local Horizontal (PHI) 

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

V 82E Orbital parameter display. 

PRO 

PRO 

Flashing Apocenter Altitude 
Vl6N44 Perlcenter Altitude 

TFF 

Flashing 
Vl6N83 

Flashing 
V37. 

Same as N83 above. 

Select New Program. 

XXXX.Xnmi 
XXXX.Xnmi 
XXbXX min/ s 

Average G off. 

P48 RENDEZVOUS THRUST MONITOR PROGRAM 

Purpose: 

1. To display to the astronaut range and range rate from a source independent of vehicle 
state vectors. 

2. To display AGC calculated values of theta. 

3. To allow the astronaut to select a time at which the rendezvous range rate will be 
optimized. Optimization Is then repeated at four minute intervals. 

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

Assumptions: 

1. VHF Is operating. 

2. The responsibility of avoiding glmbal lock is on the astronaut. 
3. Range, range rate and PHJ (computed from state vectors) may be displayed by 

keying in V85E. 

5. This program ls normally used during rendezvous final phase. 
6. This program should be turned on a few minutes prior to the planned thrusting 

maneuver to allow for range rate convergence, and terminated as soon as 
possible after the maneuver In order to keep IMU compensation and A VE RAGE 
G computation errors at a minimum. 



Sequence of Events: 

V37E48E 

Average G on. 

Flashing 
Vl6N77 
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P48 (continued) 

Current R27 Range 
Current R27 Range Rate 
R27 Theta 

Theta - Angle between CSM +X axis and the local horizontal plane. 

V32E 

PRO 

V25N72E Load desired optimization time for R27. 

Flashing 
V16N76 

Flashing 
V16N83 

Optimized Range 
Optimized Range Rate 
Time to Optimization (TFO) 

Delta Vx (body) 
Delta Vy (body) 
Delta Vz (body) 

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

XXX.XXnml 
xxxx.x Ws 
XXbXX min/s 

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

V32E. To reinitialize: lf the optimization time is loaded to non-zero recycle to flashing 
V16N76 otherwise the recycle Is to the flashing V16N77 display. 

PRO To terminate 

Flashing 
V37 Select new program. 
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P51- !MU ORIENTATION DETERMINATION PROGRAM 

Purpose: 

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

Assumptions: 

1. Time and RCS fuel may be saved, and subsequent !MU 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 . 
2, There are no restraints on the CSM attitude control mode In this program. 

3, Any proportional set of components may be loaded into N88, However, unit vectors are recommended. 

Sequence of Events: 

V37E51E 
Flashing 
V50N25 

Checklist Code 
Perform Celestial Body Acquisition 

ENTER To Bypass Coarse Align PRO to Flashing V51 
V41N22 Desired Gimbal Angles to 

Coarse Align to 

NO A TT light on. 
NO A TT light off when coarse align complete 

Flashing 
V51 Request mark. 

ZERO OPTICS for 15 seconds, 
OPTICS Mode - Manual 

MARK 

Flashing Checklist Code 
V50N25 Request terminate mark sequence. 

00015 

OG 000 . 00 deg 
IG 000 . 00 deg 
MG 000. 00 deg 

00016 

MARK REJECT and recycle to Flashing V51 if not satisfactory. 

PRO 

Flashing 
V01N71 

Celestial body code 

PRO If DE = 0, go to Flashing V06N88 

PRO 

If first mark, recycle to Flashing V51 
If second mark, go to Flashing V06N05 

Flashing 
V06N88 

Unit Vector Specifies Planet 
Position 

V25E to Load Planet vector. 

If fi r st mark, 

Flashing 
V06N05 

recycle to F lashing V 51 
Star Angle difference• 
Star Angle (Measured) 

X 
y 
z 

000DE 

.xxxxx 

.xxxxx 

.xxxxx 

XX:X.XX deg 
XX:X.XX deg 
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PRO V32E to recycle to start of program. 

REFSMMAT flag set. 

Flashing 
V37 

Select New Program. 

• Acceptable NOS Limits 

STAR/ STAR SXT 0.03° 
SCT 0.11~ 

ST AR/ PLANET SXT 0.18 
SCT 0. 21° 

P52 - IMU REALIGN PROGRAM 

Purpose: 

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

a. Preferred Orientation (00001) 

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

b. Nominal Orientation (00002) 

where 

¾M Unit (Y SM x ZSM) 

YSM Unit (V x R) 

ZSM Unit (-R) 

R The geocentric radius vector at time T (align) selected 
by the astronaut . 

V the Inertial velocity vector at time T (align) selected 
by the astronaut. 

c. 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 (REFSMMAT). 

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

If cos (CDUY) VGYLV :a: 0 

¾M Unit (XSMO cos 45° + YSMO sin 45°) for first maneuver 

¾M Unit (¾Mo cos 45° - YSMO cos 45°) for second maneuver 

YSM Unit (ZSM x ¾M) 

2sM 2 SMO 

where subscript 'O' refers to the orientation existing before the alignment. 

If cos (CDUY) VGY LL< 0 the ¾M for the first and second maneuver Is reversed. 
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P52 (continued) 

Assumptions: 

1. The configuration may be SIVB/ CSM, Other Vehicle/ CSM, or CSM. The present 
configuration should have been entered in the AGC by completion of either R03 or 
R04 and either V45 or V46 (depending on configuration). 

2. If the CMC Mode switch is In CMC-Attltude Hold during the Gyro Torquing 
routine (R55), the DAP wlll maneuver the vehicle to follow the platform. 

3, An option is proviaecfto poinfthe sextant LOS at astronaut selected or AGC se­
lected stars either manually by crew input or automatically under AGC control. 

4. This program may be selected manually or internally by the MINKEY controller 
in conjunction with the plane change maneuver. 

Sequence of Events: 

If entered automatically by MINKEY controller, go to PC REALIGN. 

V37E52E 
Flashing 
V04N06 

Option ID Code 
Alignment Option 

1 - preferred, 2 - nominal 
3-REFSMMAT. 

V22E to key in desired alignment option. 

PRO To appropriate option. 

PC REALIGN 

Flashing 
V06N22 

Gimbal angles which will 
result from pulse torque to 
PC orientation 

00001 
oooox 

OG XXX. XX deg 
IG XXX. XX deg 
MG XXX, XX deg 

If MGA is not satisfactory, maneuver vehicle and V32E to recompute N22 angles. 
PRO If N22 angles are satisfactory. 

Flashing MINKEY Pulse Torque Option 
V50N25 Checkllst Code 00020 

ENTER If this is first 1•eorientation maneuver, the pulse torque to PC orientation is 
bypassed and MINKEY enters the RCS Burn program (P41). If this is the 
second reorientation maneuver, alarm 00402 is generated, The platform 
must be torqued to its original orientation, 

PRO Commence with pulse torquing, 

Vl6N20 Present ICDU Angles OG 
IG 
MG 

XXX.XX 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 < 10 ft/ s 
2, P40 if pre-plane change burn and if Delta V 2: 10 ft/ s 
3. P33 if plane-change maneuver completed (second pulse torque) 

NOMINAL OPTION (00002) 

Flashing GET of Position and Velocity 
V06N34 Vectors defining nominal coordinate 

system. T(Align) . 

V25E to Load T(Align). All O's specify present time. 

PRO To Preferred Option, 

PREFERRED OPTION (00001) 

Flashing 
V06N22 

Desired Gimbal Angles for New 
Orientation at Present Vehicle 
Attitude 

OG 
IG 
MG 

00XXX h 
000XX min 
oxx.xx s 

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

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



PRO 

Flashing 
V50N25 

CMC Mode Switch - FREE 
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P52 (continued) 

Coarse Align Option 
Checklist Code 

(Avoids maneuvering vehicle) - Key in ENTER or PRO. 

Gyro Torque Only 

ENTER 

00013 

Torques gyros to achieve new orientation (maintains attitude reference). 

V16N20 Monitor Gimbal Angles OG XXX. XX deg 
IG XXX.XX deg 
MG XXX.XX deg 

Go to RECHECK when torquing is complete . 

Coarse Align Only 

PRO Coarse alil!lls gimbals to achieve new orientation (lose attitude reference) . 
NO ATT light ON until coarse align complete. 
Go to REFSMMAT option when NO ATT light out. 

REFSMMAT OPTION (00003) 

Flashing Checklist Code 00015 
V50N25 

Request Celestial Body acquisition. 

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

MARK SEQUENCE 

Flashing 
V01N70 

Celestial body 

V21E to load star code . 

ZERO OPTICS for 15 seconds 

OPTICS Mode - CMC 

PRO 

PRO 

If DE '/ O, go to V06N92 display. 

Flashing 
V06N88 

Unit vector specifies 
Planet Position 

V25E to specify desired planet vector. 

V06N92 Desired Optics Angles 

CMC drives optics LOS to target. 

OPTICS Mode - Manaul 

Flashing 
V51 

Request MARK 

Shaft 
Trunnion 

OOODE 

X .XXXXX 
y .xxxxx 
z .xxxxx 

XXX.XX deg 
XX.XXX deg 
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P 52 (continued) 

MARK 

Flashing Checklist code 
V50N25 Request terminate mark sequence 

MARK REJECT and recycle to Flashing V51 if not satisfactory 

PRO 

Flashing 
V01N71 

Same as N70 above 

V21E if celestial body code incorrect. 

PRO If DE = 0, go to Flashing V06N88 
If first mark, recycle to MARK SEQUENCE 
If second mark, go to Flashing V06N05 

Flashing 
V06N88 

Same as N88 above . 

V25E to correct planet vector. 

PRO If first MARK recycle to MARK SEQUENCE. 

PRO 

Flashing 
V06N05 

Star Angle Difference• 
Star Angle (Measured) 

If N05 not satisfactory, V32E, and go to RECHECK. 

Flashing 
V06N93 

Gyro Torque Angles to Fine Align 
The stable member 

X 
y 
z 

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 

STAR/ PLANET 

Select New Program 

SXT 0.03° 
SCT 0.11° 
SXT o.1s0 

SCT 0.21° 

00016 

OOODE 

XXX.XXdeg 
XXX.XX deg 

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

00014 
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P53 - BACKUP IMU ORIENTATION DETERMINATION PROGRAM 

Purpose: 

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

Assumptions: 

1. This program is identical to P51 except that R56 is called in place of R53 . 
2. Time and RCS fuel may be saved and subsequent IMU alignment decisions greatly 

simplified if this program Is performed in such a way as to leave the IMU inertially 
stabilized at an orientation as close as possible to the optimum orientation required 
by future AGC programs. 

Sequence of Events: 

V37E53E 
Flashing 
V50N25 

Checklist Code 
Perform Celestial Body Acquisition. 

ENTER To bypass coarse align, PRO to Flashing V06N94. 
V41N22 Desired Glmbal Angles 

to Coarse Align to 

NO A TT light on 
NO ATT light off when coarse align complete, 

Flashing Optics Angle Coordinates 
V06N94 for Alternate LOS 

00015 

0G xxx.xx 
IG XXX. XX 
MG XXX.XX 

Shaft 
Trunnion 

XXX.XXdeg 
XX.XXXdeg 

V24E to load LOS coordinates. COAS Nominal Shaft +ooooo 
Trunnion + 57470 

PRO 

Flashing 
V53 

Request MARK 

ENTER Does alternate LOS mark. 

PRO 

PRO 

PRO 

Flashing Checklist Code 
V50N25 Terminate Mark Sequence 

Key ENTER to reject mark and recycle to Flashing V53. 

Flashing 
V01N71 

Celestial body code 

If DE = 0, go to Flashing V06N88 
If first mark, recycle to Flashing V06N94 
If second mark, go to Flashing V06N05 

If DE ,# o and first mark, recycle to Flashing V06N94 
If DE ,# 0 and second mark, go to Flashing V06N05 

Flashing Unit Vector Specifies 
V06N88 Planet Position 

PRO If first mark, recycle to Flashing V06N94. 

Flashing Star Angle Difference• 
V06N05 Star Angle (measured) 

PRO V32E to recycle to start of program. 

Set REFSMMAT flag. 

Flashing 
V37 

• Acceptable N05 Limits 

STAR/ STAR 
STAR/ PLANET 

Select New Program. 

COAS 0.70° 
COAS 0.72° 

X 
y 
z 

00016 

000DE 

.xxxxx 

.xxxxx 

.xxxxx 

XXX.XX deg 
XXX.XX deg 
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P54 - BACKUP IMU REALIGN PROGRAM 

Purpose: 

1, To align the IMU from a "Imo=" orlentatl,n to one of three orientations selected 
by the astronaut using sightings on two celestial bodies with a backup optical 
device. 

a, Preferred Orlentatlm (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, Nominal Orientation (00002) 

XiiM = Unit (YSM x ZSM) 

YSM = Unit /Y x R) 

ZSM = Unit (-R) 

where 

R = The geocentric radius vector at Time T(align) selected by 
the astronaut. 

V = Tbe Inertial velocity vector at time T (align) selected by the astronaut, 
c. 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 orientatloo 
(REFSMMAT). 

Assumptions: 

1. The docked configuration may be SIVB/OSM, Other Vehicle/CSM, or CSM. The present 
configuration should have been entered Into the AGC by complatlon of either 
routine ROS or R04 and either V 45 or V 46. 

2, If the CMC Mode switch Is In CMG-Attitude Hold during the Gyro Torquing routine 
(R55), the DAP will maneuver the vehicle to follow the platform. 

Sequence of Events: 

V37E54E 

Flashing 
V04N06 

Option ID Code 
Alignment Option 

1 - preferred, 2 - nominal, 
3-REFSMMAT. 

V22E to load desired option 

PRO To appropriate option, 

NOMINAL OPTION (00002) 

Flashing GET of position and velocity 
V06N34 vectors defining nominal 

coordinate system. T (Align) 

V25E to Load T(Allgn). All o•s specify present time 

PRO To Preferred Option. 

PREFERRED OPTION (00001) 

Flashing Desired Glmbal Angles for New 
V06N22 Orientation at Present Vehicle 

Attitude 

OG 
IG 
MG 

00001 
0000X 

00XXX h 
000XX min 
oxx.xx S 

XXX.XXdeg 
XXX. XXdeg 
XXX.XXdeg 

If the new orientation yields glmbal Jock, maneuver vehicle and V32E to recompute 
(N22) desired gimbal angles, 



PRO 

Flashing 
V50N25 

CM-76 

P54 (continued) 

Checklist Code 
Coarse Align Option 

00013 

CMC Mode switch - Free (avoids maneuvering vehicle). Key In ENTER or PRO. 
ENTER 

ToI11ues gyros to achieve new orientation (maintains attitude reference). 
Vl6N20 Monitor Gimhal Angles OG XXX.XX deg 

IG XXX. XX deg 
MG XXX. XX deg 

Go to RECHECK when torquing is complete. 
PRO Coarse aligns gimbal to achieve new orientation (loses attitude reference). 

NO A TT light - on. 
NO ATT light - off when coarse align is complete, go to REFSMMAT 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 

Celestial body code 

V21E to Load Star code 

PRO If DE 'f 0, go to Flashing V06N94 

Flashing 
V06N88 

Unit Vector Specifies 
Planet Position 

V25E to Load desired planet vector. 

PRO 

Flashing 
V06N94 

Optics Angles for Alternate LOS 

COAS Nominal: Shaft 

V24E to Load LOS coordinates. 

PRO 

Flashing 
V53 Request Mark 

ENTER Does alternate LOS mark 

Flashing Checklist Code 

Trunnion 

V 50N25 Terminate Mark Sequence 

Shaft 
Trunnion 
-+-00000 
+57470 

PRO Key ENTER to reject MARK and recycle to Flashing V53. 
Flashing 
V01N71 

Same as N70 above 

V21E to correct Celestial body code. 

000DE 

X .XXXXX 
y .xxxxx 
z .xxxxx 

XXX.XXdeg 
XX.XXX deg 

00016 

000DE 
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P54 (continued) 

Flashing 
V06N88 

Same as N88 above 

V25E to correct planet vector 

PRO If first mark, recycle to MARK SEQUENCE 

Flashing 
V06N05 

Star Angle Difference• 
Star Angle (Measured) 

PRO If N05 unsatisfactory, V~2E and go to RECHECK. 
Flashing Gyro Torque Angles to Fine Align 
V06N93 Stable Member 

CMC Mode Switch - Free 

(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 Select New Program 
V37 

*Acceptable N05 Limits 

STAR/ STAR COJ\S 0. 70° 
STAR/ PLANET COAS 0 . 72° 

XXX. XX deg 
XXX. XX deg 

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

00014 
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P61 - ENTRY - PREPARATION PROGRAM 

Purpose: 

1. To start navigation, check IMU alignment, and provide entry monitor system 
Initialization data. 

Assumptions: 

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

2. The ISS Is on and precisely aligned to a satisfactory orientation. 
Sequence of Events: 

V37E61E 

Average G On 

Flashing 
V06N61 

Impact Latitude 
Impact Longitude 
Roll Attitude Code 

X = +l - beads up/ lift vector down 
X = -1 - beads down/lift vector up (normal) 

V25E to load entry data. 

PRO 
Flashing 
V06N60 

G Max 
VPRED 
GAMMA EI 

XXX. XX deg 
XXX.XX deg 
:l:0000X 

XXX.XXg 
XXXXX. ft/s 
XXX.XXdeg 

GMAX is the maximum predicted acceleration for ENTRY at nominal bank angle 
(L/ D ratio= 0.18). VPRED is the predicted inertial velocity at Entry Interface 
(El) altitude of 4-00 k ft . GAMMA EI is the flight path angle between the inertial 
velocity vector and the local horizontal at EI altitude of 400 k ft. 

PRO 
Flashing 
Vl6N63 

RTOGO 
VIO 
TFE 

XXXX.Xnmi 
XXXXX. ft/s 
XXbXX min/a 

RTOGO is the range to go from a preselected altitude (0 . 05 g altitude) to splash. 
VIO is the predicted velocity at the preselected altitude. TFE is the time until 
the preselected altitude is reached. 

RTOGO and VIO may be used for EMS initialization if pad values not available. 
PRO 

AGC advanced to P62. 
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P62 - ENTRY- CM/ SM SEPARATION AND PREENTRY MANEUVER PROGRAM 

Purpose: 

1. To notify crew when the GNCS is prepared for CM/ SM separation. 

2. To orient the CM to the correct attitude for atmospheric entry . 

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 Vl6 N63E . 

Sequence of Events: 

V37E62E 

If entered manually; normally entered automatically from P61. 

Average G on. Normally on from P61. 

Flashing Checklist Code 
V50N25 

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 

Impact 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 If angle of attack of CM is within 45 degrees of desired, go to P63 . 

V06N22 Desired Gimbal Angles OG(R) 
IG(P) 
MG(Y) 

00041 

XXX.XX deg 
XXX. XXdeg 
±0000X 

XXX.XX deg 
XXX.XX deg 
XXX.XX 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. 
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P63 - ENTRY- INITIALIZATION PROGRAM 

Purpose: 

1. To initialize the entry equations. 

2 . To continue to hold the CM to the correct attitude with respect to the atmosphere 
for the onset of entry deceleration. 

3. To establish entry DSKY displays. 

4. To sense O. 05 g and display this event to the crew by selecting the Entry-Post 
0.05 g program (P64). 

Assumptions: 

1. The program is automatically selected by the Entry-CM/ SM Separation and Preentry 
Maneuver program (P62). 

Sequence of Events: 

P63 entered automatically from P62. 

V06N64 Drag Acceleration 
Inertial Velocity 
Range to Splash 

OPTIONAL DISPLAYS 

V16N68E 

V16N68 

V16N63E 

V16N63 

V16N74E 

V16N74 

Commanded Bank Angle (Beta) 
Inertial Velocity (VI) 
Altitude Rate of Change (HDOT) 

Range from EI Altitude (RTOGO) 
• Inertial Velocity at EI Altitude 
• Time to go Until EI Altitude 

Commanded Bank Angle (Beta) 
Inertial Velocity (VI) 
Drag Acceleration (G) 

XXX.XXg 
XXXXX. ft/ s 
XXXX. Xnml 
(+ ls overshoot) 

XXX. XXdeg 
XXXXX. ft/s 
XXXXX. ft/ s 

XXXX.Xnml 
XXXXX. ft/ s 
XX bXX min/ s 

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

Manual track of horizon reduces pitch error needle as pitch attitude approaches the desired 
angle of attack. 
G&N System senses 0. 05g drag acceleration. 

AGC advanced to P64. 

• If the entry sequence ls not entered via P61, these displays are not calculated. 
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P64- ENTRY- POST 0.05 G PROGRAM 

Purpose: 

1. To start entry guidance at 0.05 g selecting roll attitude, constant drag level, and drag 
threshold, KA, whic!J are keyed to the 0. 05 g point. 

2. Select final phase (P67) when 0. 2 g occurs ii V < 27,000 ft/ s at 0. 05 g. 

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

4. Select final phase (P67) ii no upcontrol solution exists with VL > 18,000 ft/ s. 

5. To continue entry DSKY displays . 

Assumptions: 

1. The program Is automatically selected by the Entry-Initialization program (P63). 

Sequence of Events: 

P64 entered automatically from P63 at 0. 05 g. 

V06N74 Co=anded Bank Angle (Beta) 
Inertial Velocity (VI) 
Drag Acceleration (G) 

OPTIONAL DISPLAYS 

Vl6N64E 

Vl6N64 

Vl6N68E 

Vl6N68 

Drag Acceleration (G) 
Inertial Velocity (VI) 
Range to Splash (RTOTARG) 

Commanded Bank Angle (Beta) 
Inertial Velocity (VI) 
Altitude Rate (IIDOT) 

AGC advances to P65 or P67 . 

If VI < 27 k ft/ sat 0.05 g, go to P67 when 0.2 g drag Is sensed. 
If VI ~ 27 k ft/ s, a constant drag trajectory is flown until HDOT 
becomes more positive than -700 ft/ s . A range-to-go check will 
determine ii a controlled skip (P65) phase should be entered. 
The entry Is targeted nominally for a RTOGO at EI which will 
be too small to satisfy P65 requirements and P67 is entered at 
this point. 

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

XXX.XXg 
XXXXX. ft/ s 
XXXX.Xnmi 

XXX.XXdeg 
XXXXX. ft/ s 
XXXXX. ft/s 
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P65-ENTRY-UPCONTROL PROGRAM 

Purpose: 

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

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

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

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

Assumptions: 

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

Sequence of Events: 

P65 entered automatically from P64. 

PRO 

Flashing Commanded Bank Angle (Beta) 
V16N69 Drag Level at Skipout (DL) 

Skipout Velocity (VL) 

Manual response to N69 is not necessary to terminate P65. 
P67 by entry guidance provides automatic termination. 

V06N74 Co=anded Bank Angle (Beta) 
Inertial Velocity (VI) 
Drag Acceleration (G) 

OPTIONAL DISPLAYS 

V16N64E 

V16N64 

V16N68E 

V16N68 

Drag Acceleration (G) 
Inertial Velocity (VI) 
Range-to-Splash (RTOTARG) 

Commanded Bank Angle (Beta) 
Inertial Velocity (VI) 
Altitude Rate (HDOT) 

AGC advanced to P66 or P67. 

XXX.XXdeg 
XXX.XXg 
XXXXX. ft/ s 

Selection of P66 or 

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

xxx.xxg 
XXXXX. ft/ s 
XXXX.Xnmi 

XXX.XXdeg 
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. 
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P66-ENTRY- BALLISTIC PROGRAM 

Purpose: 

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

2. To sense reentry (drag acceleration builds up to Q7 + O. 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 Entyy-Upcontrol program (P65) 
when drag acceleration becones less than Q7 ft/ s2. 

Sequence of Events: 

P66 ls 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 S/ C is regained when acceleration falls below 0.05 g and ls 
relinquished when the drag increases above this value . 

OPTIONAL DISPLAYS 

Vl 6N64E 

Vl6N64 

Vl 6N68E 

Vl6N68 

Vl6N74E 

Vl 6N74 

Drag Acceleration (G) 
Inertial Velocity (VI) 
Range to Splash (RTOTARG) 

Co=anded Bank Angle (Beta) 
Inertial Velocity (VI) 
Altitude Rate (HDOT) 

Co=anded Bank Angle (Beta) 
Inertial Velocity (VI) 
Drag Acceleration (G) 

AGC advances to P67 . 

P67 ls entered at reentry or when approximately O. 2 g ls sensed. 

xxx.xx g 
XXXXX. ft/ s 
XXXX.Xnmi 

XXX.XXdeg 
XXXXX. ft/s 
XXXXX. ft/ s 

XXX.XX deg 
XXXXX. ft/ s 
xxx.xx g 
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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 hy: 

a. P65 when HDOT Is negative and the V Is sufficiently low (V-VL-C18 neg). 

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

c. P64 lfno upcontrol solution exists with VL > 18,000 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 

V16N64 

V16N68E 

V16N68 

V16N74E 

V16N74 

Drag Acceleration (G) 
Inertial Velocity (VI) 
Range to Splash (RTOTARG) 

Commanded Bank Angle (Beta) 
Inertial Velocity (VI) 
Altitude Rate (IIDOT) 

Commanded Bank Angle (Beta) 
Inertial Velocity (VI) 
Drag Acceleration (G) 

Relative velocity reaches 1,000 ft/ s 

Flashing Range-to-Splash (RTOTARG) 
V16N67 Present Latitude 

Present Longitude 

SC Control - SCS 

Prevent jet firings when Drogue chutes deploy . 

PRO 

Flashing 
V37 

Average G off. 

Select New Program. 

XXX.XX deg 
XXXX. X nm! (+ south) 
XXXX. X nm! (+ overshoot) 

xxx.xx g 
XXXXX. ft/ s 
XXXX.Xnmi 

XXX.XXdeg 
XXXXX. ft/s 
XXXXX. ft/ s 

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

XXXX. X nmi (+ overshoot) 
XXX. XX deg (+ north) 
XXX. XX deg (+ east) 
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P77-CSM VELOCITY VECTOR UPDATE 

Purpose: 

1. To provide a means of notifying the AGC that CSM has changed (or will change) Its 
orbital parameters by the execution of a thrusting maneuver when Average G is not 
running. 

2. To provide to the AGC 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 N81 Is the same as the previous value at entrance to P77 . 

Sequence of Events: 

V37E77E 

Flashing 
V06N33 

V25E to Load TIG 

PRO 

Flashing 
V06N81 

V2 5E to load Delta V 

PRO 

Flashing 
V37 

TIG at which Delta V 
maneuver was executed 

Delta V executed in 
Local Vertical Coordinates 

Select New Program 

00XXX h 
000XX min 
oxx.xx s 

X XXXX. X ft/ s 
Y XXXX. X ft/ s 
Z XXXX. X ft/ s 
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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 4, with present values for P20 
displays . 

Assumptions: 

1. The Initialization values for the W matrix must be loaded prior to selection of a 
rendezvous targeting program. 

2, This routine is Initiated by astronaut selection of a rendezvous targeting program, 

P31 (NCl Targeting) 

1. Start rendezvous navigation (P20) Option 4, with optics tracking assumed; 
maneuver to track attitude and enable VHF ranging and state vector updating. 

2. Perform NCl targeting computations. 

3. Inhibit rendezvous navigation. 

4 , Select a burn program. • 

5. Select NC2 targeting (?32). 

P32 (NC2 Targeting) 

1. Start rendezvous navigation (P20), maneuver to tracking attitude, and enable VHF 
ranging and state vector updating. 

2 , Perform NC2 targeting computations . 

3. Inhibit rendezvous navigation. 

4. Select a burn program•. 

5. Select NCC Targeting P33. 

P33 (NCC Targeting) 

1. Start rendezvous navigation (P20), maneuver to tracking attitude, and enable VHF 
ranging and state vector updating. 

2. Perform NCC targeting computations. 

3. Inhibit rendezvous navigation . 

4. Select a burn program*. 

5. Select NSR targeting (P34) 

P34 (NSR Targeting) 

1. Start rendezvous navigation (P20), maneuver to tracking attitude, and enable VHF 
tracking and state vector updating. 

2. Perform NSR targeting computations. 

3. Inhibit rendezvous navigation. 

4. Select a burn program•. 

5. Select TPI targeting (P35). 

P35 (I'PI Targeting) 

1. Start rendezvous navigation (P20), maneuver to tracking attitude, and enable VHF 
tracking and state vector updating. 

2, Perform TPI targeting computations and reinitialize W matrix. 

3. Inhibit rendezvous navigation. 

4. Select a burn program•. 

5. Select TPM Targeting (P36). 
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R07 (continued) 

P36 (TPM Targeting) 

1. Start Rendezvous Navigation Tracking (P20), maneuver to tracking attitude and enable 
VHF ranging and state vector updating. 

2, Perform TPM targeting computations and reinitialize W matrix. 

3. Inhibit rendezvous navigation 

4, Select a burn program* 

5. Reinitiate TPM Targeting ,P36) or Rendezvous Final Phase (P37). 

P37 (Rendezvous Final Phase) 

1. Start rendezvous navigation (P20), maneuver to X-axis tracking attitude and enable 
VHF ranging and state vector updating. 

2. Activate rendezvous parameters display (R31) of range, range rate, and theta. 

3, Exit MINKEY auto sequencing and manually select new program. 

P38 (NPC Targeting) 

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 . lf PC Delta V = O, go to exit program. 

b. lf PC Delta V ;,lo, select IMU Realignment (P52) program, 

(1) lf X-axis thrusting desired, realign IMU to PC 
orientation to avoid gimbal lock and go to selec­
tion of burn program, Step 5. 

(2) lf Y-axis thrusting desired, IMU realignment is 
bypassed and RCS burn program (P41) is selected. 

5. Select a burn program.* (P41 Selected if Y axis RCS used) 

6. Reorient IMU to original orientation prior to PC realign and maneuver 
to Other Vehicle tracking attitude (only if !MU reorientation was performed). 

*Automatic selection of a burn program (P40/ P41) is based on the Delta V 
solution computed in the targeting program. 
1. If Delta V < 10 ft / s, the RCS burn (P41) program is selected. 
2. lf Delta V >: 10 ft / s, the SPS burn (P40) program is selected. 
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CMC ERASABLE MEMORY PROGRAMS 

The following erasable program and procedures have been developed to extend the capability of 
the Skylark software and to provide workarounds In the event that hardware malfunctions limit 
normal use of the G&N system. 

SL-1 RECOVER ANGLE PHI AT TD 

Assumptions/ Limitations: 
l. R27 Is operating In optimization mode 
2. Execution Is constrained to occur In the Interval TD + 10 seconds to TD + 85 sec. 
3. The procedure should not be executed during a targeting comp cycle. 
4. A restart occurlng after execution could result In an erroneous PHI. 

DESCRIPTION: Due to a routine phasing descrepancy a possibility exists that PHI, 
the angle between optics LOS and Local horizontal, might not be updated at R27 opltmiza­
tlon time TD · This procedure calls the job which performs the computation of PHI for 
the designated optimization time, 

SL-2 SOFTWARE RESTART. 

Assumptions/ limitations: None. 

DESCRIPTION: In preference to the hardware restart of V69 a software restart (bail­
out alarm 31211) can be Initiated by executing a waltllst call to the MKABORT routine. 

SL-3 GDC REFSMMAT DETERMINATION. 

Assumptions/ limitations 
1. GDC Is inertial. 
2. The established Inertial reference Is valid only for the orientation at which the 

star sightings are made . 

DESCRIPTION: Loading of N20 with GDC angles and proper Initiation of P51 logic enables 
onboard computation of GDC REFSMMAT for GDC orientation. 

SL-4 BACKUP OPTICS VARIANCE. 

Assumptions/ limitations 
l. SXT or SCT usable - may be Immobile (If IMU good). 
2. GDC Inertially referenced If IMU failed (complements SL-3). 

DESCRIPTION: Increased uncertainty In mark data due to a degraded IMU or optics, or 
when GDC Inertial reference Is used, can be compensated for by using the COAS variance 
(ALTVAR) rather than the SXT variance (SXTVAR). 

SL-5 MARK TAKING WITH MARK BUTTON FAILURE, 

Assumption/limitations 
l. A MARK switch short precludes use of the NA V DSKY keyboard for other than 

performing optical marking. 

DESCRIPTION: Interrupt processing of the NAV DKSY key Inputs also results In storage 
of MARK data. Normal MARK logic can be actlvlated by a waltllst call to routine MARKDIF 
In the event of an open MARK switch failure. A shorted MARK switch failure merely re­
quires depression of a NA V DSKY key which Is Interpreted as a MARK. 
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CMC ERASABLE MEMORY PROGRAMS (con1t) 

SL-6 DSKY DISPLAY OF VHF RANGE DURING P37 

Assumptions/ limitations 
1. This procedure complements SL-3 and 4 for performing rendezvous navigation 

with a failed IMU. 
2. P20 (Option O or 4) ls running, and VHF ranging ls enabled. 
3. state vector updates are enabled, but N49 display ls blocked. 

DESCRIPTION: In the event that the EMS range counter should fail during rendezvous 
final phase, a means ls available for backup range display on the DSKY. By enabling 
state vector updates during P 37 the range marks can be monitored as they are Interro­
gated. A possible waiting N49 display will terminate state vector updating and hence 
VHF range marking until the N49 display ls responded to. 

SL-9 INHIBIT GIMBAL LOCK MONI'IOR DOWNMODING. 

Assumptions/ limitations 
1. Any V37 major mode change will disable SL-9. 
2. TVC DAP does not operate normally. 
3. Entry programs do not operate normally. 
4. Maneuver to actual glmbal lock will cause an IMU dump. 

DESCRIPTION: In the event that a ZCDU failure causes an apparent gimbal lock condi­
tion, the automatic coarse align modlng can be Inhibited by setting AVEGFLAG and load­
Ing the Saturn vehicle configuration In Rl of N46. This procedure preserves the use of 
the IMU as an Inertial reference, but precludes use of.the TVC digital autopilot. 

SL-15 MANUAL RANGE INPUT. 

Assumptions/ limitations 
1. Automatic acquisition of range marks cannot be accomplished. 
2. Cannot be actlviated while a MARK ls being processed. 
3. This program ls overwritten In P27/ 40/41/ 52/54. 

DESCRIPTION: Should the automatic VHF range marking become disabled, a method ls 
available for manually Inserting range marks. The range mark address ls loaded with 
a future value of range. When the loaded value of range ls encountered, as determined 
from the EMS range counter, the erasable program ls activated and the range mark ls 
processed. 

SL-21 ENTER P51/ P53 WITH IMU OPERATE BIT FAILED OFF. 

Assumptions/limitations 
1. IMU ls operating and Inertial. 

DESCRIPTION: In the event that the !MU-operate Input discrete should fall off, IMU 
orientation determination can be performed by bypassing the first portion of the program. 

SL-22 SPS GIMBAL DRIVE TEST. 

Assumptions/limitations 
1. Valid gimbal trims have been loaded via DAP data load routine. 
2. Not to he performed while in P40. 

DESCRIPTION: In order to avoid executing P30/ P40 to perform an SPS glmbal drive 
test, this procedure performs a waitllst call to that portion of P40 (840. 6) which executes 
the glmbal drive test. 
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CMC ERASABLE MEMORY PROGRAMS (con't) 

SL-23 MONITOR JET-ON FAILURE. 

Assumption/limitations 
1. RCS DAP is active and Auto or Hold mode is selected. 

DESCRIPTION: DAP attitude errors are sampled once per second to determine If the 
DAP deadband has been exceeded by an amount specified in the erasable program. If 
that amount is exceeded, p,.·esumably due to a thruster failed on or off, ISS warning is 
energized, which in turn activates the Master Alarm. 

SL-26 IMU CDU TRANSIENT MONITOR. 

Assumptions/ limitations 
1. Downlink interrupts are received every 20 ms (high bit rate) or every 100 ms 

(low bit rate). 
2. W matrix is invalid and will not be integrated. 
3. P20 options 0 and 4, rendezvous targeting programs and self check are not 

operating. 

DESCRIPTION: As a protection against Wldesirable effects of CDU transients, particu­
larly ZCDU transients which result in apparent gimbal lock, a once per 0.l second CDU 
monitor is performed to detect '1/'I"easonable CDU drive rates. If a CDU change of 
greater than a specified value (4 recommended) over one sample period occurs the ISS 
WARNING is energized, which, in turn, activates MASTER ALARM to alert the crew. 
To distinguish a CDU transient from a detected jet on/off fail (SL-28) QPR ERR light 
is also illuminated. In addition, the N20 angle that is detected in error is replaced by 
the previous sampled value. The axis in which the transient occurred is flagged by 
setting Channel 11, Bit 11, 12, or 15, for X, Y, or Z axis, respectively. 

SL-27 MONITOR SINGLE IMU CDU. 

Assumptions/ Jimitatio!}s 
l, Pre-TPI rendezvous targeting programs 3t1d self-check are not operating. 
2. Ef!ective CDU rate detection limit is 16.8 / second during high bit rate and 

20 I second low bit rate. 
3, Bit rate selection must be loaded into program for proper rate detection. 

DESCRIPTION: Since rendezvous navigation and TPI targeting programs preclude the 
use of SL-26 (CDU transient detection), a single axis CDU transient detector is available 
in this procedure which samples at a once per 0. 24-second sample rate for CDU changes 
of greater than 4° . The crew is alerted by ISS WARNING, MASTER ALARM, and QPR 
ERR should a transient occur same as in SL-26. Availability of erasable memory 
during rendezvous precipitated the need for an abbreviated version of SL-26. 

SL-28 MONITOR JET-ON FAILURE AND DO SL-26 

Assumptions/limitations 
1. For use during P00 and P20 Options 2 and 5. 
2. W matrix is invalid and should not be integrated. 
s. Same as for SL-26 
4. SL-26 must be uplinked. 

DESCRIPTION: This EMP provides the jet on/off monitor as described in SL-23 and 
operates SL-26, which must be uplinked in addition to this EMP. Both CDU transients 
and jet on/off failures will trigger the ISS WARNING and MASTER ALARM indications 
with the QPR ERR indication being triggered by CDU transients only. 
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CMC ERASABLE MEMORY PROGRAMS (con't) 

SL-50 CONVERT GYRO TORQUE ANGLES (N93) TO CDU ANGLES FOR FAILED IMU, 

Assumptions/limitations 
1, !MU Is unusable 
2, GDC Is aligned using SL-3, 

DESCRIPTION: P52 realignment of the GDC using optics can be accomplished using 
this procedure to convert N93 torquing angles to final N20 Euler angles. The present 
N20 Euler angles of the GDC, at which attitude marking was performed are Inputted, 
as well as the N93 torque angles required to realign the GDC to the present GDC 
REFSMMAT. Since such torquing of the GDC Is Impossible, this procedure uses the 
N93 angles to compute a final set of N20 Euler angles which would result from gyro 
torquing of the !MU stable member. The GDC can then be aligned to the resulting N20 
angles thus accomplishing a GDC REFSMMAT REALIGN, 

SL-52 CHECKSUM ON VAC AREA STORAGE 

Assumptions/limitations: 
1. R27, If activated, will destroy the EMP 

DESCRIPTION: This program does an erasable sumcheck on the VAC area 4 storage 
cells. It Is designed to be used with EMP's SL-23 and SL-28 which use this VAC area 
for program storage. Alarm Code 01753 Is generated If the VAC area 4 EMP Is not 
Intact. 

SL-55 IMU SLIP RING PROGRAM 

Assumptions/Limitations 
1. An !MU slip ring discontinuity has been detected, 
2. State Vector Integration Is disabled and program Is P00. 

DESCRIPTION: This program Is designed to rotate all three gimbals simultaneously 
through 100 revolutions In the positive and negative direction at a 35°/s rate. Any 
contamination or corrosion on the slip rings responsible for the discontinuity should 
be removed by the wiping action, Self-termination of the program occurs after approxi­
mately 35 minutes of gimbal rotation. 

ASTP-75 COMPUTES-BAND ANTENNA ANGLES 

Assumptions/limitations 
1. P31 through P36, W matrix Integration and navigation mark incorporation 

will overwrite the EMP. 
2. An Improper V32E response to a flashing Vl6N43 display of rho, gamma angles 

will result In a meaningless N44 display. (Key N43E to recover). 

DESCRIPTION: Hi gain S-BAND antenna pointing angles (rho, gamma) are computed for 
the current LOS between the CSM and other vehicle state vectors. N43 is used to display 
the antenna angles In Rl, R2 at one second Intervals. The EMP Is used to compute antenna 
angles for acquisition of the ATS-6 satellite. 

ASTP-76 • TRANSLATIONAL IMPULSE MODE 

Assumptions/limitations 
1, EMP to be performed only In conjunction with P20. 

DESCRIPTION: Minimum Impulse translation commands of variable duration can be executed 
with the Translational Hand Controller (THC) using this EMP. Impulse duration Is selectable 
by means of the CMC mode switch, I.e., Auto position enables a 0. 5 second Impulse, Hold 
enables a 0,25 second Impulse and Free enables a 0.125 second impulse. All Impulses are two 
Jet translation commands along the axis specified by the THC. Resulting velocity Impulses for 
an assumed 32000 pound vehicle are 0.1 ft/sec, 0. 05 ft/sec or 0. 025 ft/sec In Auto, Hold, or 
Free mode respectively. 

Since this EMP actively interfaces with the CSM digital autopilot, two DAP cycles are bypassed 
for each Impulse commanded to avoid conflict In Jet usage for translation and rotation control. 

ASTP-77 MA083 RASTER SCAN 

Assumptions/limitations 
1. The EMP must be run in PO0, 
2. The maneuver will be terminated by any RHC commands thus requiring re-

Initialization of the starting attitude and the EMP. 

DESCRIPTION: A raster scan maneuver Is produced with the EMP to calibrate the misalignment 
of the extreme Ultraviolet (EUV) telescope while pointing at a known EUV source. ~ raster 
scan maneuver consists of 9 maneuver segments; +6° roll, 1° pitch/yaw, -6° roll, 1 pitch/yaw, 
a repeat of the previous four segments and a +6° roll. 
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TRACKING STATIONS FOR ASTP 

Tracking Station Abbreviation 
Location 

Operation Mode Geocentric latitude, a deq Longitude, deg 

Ascentionb ACN 7. 9 S 345. 7 S-band 
Bermudab BOA 32. 2 N 295. 3 S-band 
Goldstone GOS 35. 2 N 243. l S-band 
Canton CTN 2. 8 S 188. 3 C-band 
Guam GWM 13. 2 N 144. 7 S-band 

z Hawaiib HAW 22. 0 N 200. 3 S-band 
0 Kwajelein Missile I- KMR 9. 3 N 167. 5 C- band Vl Range 
V, Orroral Valley ORR 35.4 S 149. 0 S-band =i Madrid MAD 40. 3 N 355. 8 S-band 

Merritt lslandb MIL 28.3 N 279. 3 S-band 
Newfoundland NFL 47. 7 N 307.3 VHF 
Quito QUI 0.6 c; 281.4 S- band 
Rosman ROS 35.0 N 277. l S-band 
Santiago AGO 33. 0 S 289. 3 S-band 
Tananariveb TAN 18. 9 S 47. 3 S- band 
Vanguard (ship) VAN 25. 0 S 205. 0 Voice 

Petropavlovsk- PPK 53.0 N 158. 7 Voice/ 
Kamchatski Television 

Tbilisi TBL 41. 6 N 45. 2 Voice 
Kolpashevo KLP 58. 2 N 82. 9 Voice 

0:: Ulan-Ude ULD 51. 8 N 107. 6 Voice 
V, Ussuryisk USK 43. 9 N 131. 6 Voice/ V, 

Television =i Evpatoria EVT 45. 2 N 33. 4 Voice/ 
Television 

Dzhusaly DJS 45. 7 N 63. 5 Voice/ 
Television 

Ship Position l SPl 44.5 N 300.5 Voice 
Ship Position 2 SP2 16. 4 N 272. 7 Voice 

au. s. S. R. latitudes are geodetic. 

be-band anter-rnae are within a few miles of these S- band station coordinates 
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GMTA _______ _ 

GMTC _______ _ 

CTE 

CMCB _______ _ 

CMC 

OPT 

CMC 

ID ____ FL 

VERB NOUN PRGM 

REG 1 

REG 2 

REG 3 

MAN ATT SW 

CSM GNC PRIMARY 

QUAD PKG T 

WPU LBS 

P/ T PCT 

HE TK P 

HE TK T 

HE MN P 

FU MN P 

OX MN P 

CM RCS 

HE TK P 

HE TK T 

HE MN P 

PITCH 

ISS 

SITE ___ _ 

QUADA QUADB 

SYS 1 SYS 2 

YAW 

QUADC 

ROLL 

p y R ACDU --------- ------- --
__ DAP 

RATE DB 

ADB 

ATT 

ERR 

6ATT--------- ____ _ 

FCDU --------- -----
CMC 

scs 
DAPDTRl ____ RATE CMC 

DAPDTR2 ____ SCS 

DAPDTR3 ____ OPT POS 

DKRATE GMB CMD 

DKDB OCDU DC 

SLOPE SPS GMB 

WCHDAP ____ AT TVC 

CHAN31 MNTVC 

DIF CUR 

0671 

QUADD PSM 

FU TK p 

OX TK p 
> --SPS "' 'O 

HE TK p ~ .., 
HE TK T 

FU TK p 

FU IN p 

ox TK p 

ox IN p 

CHMBR P 

N2 A p 

N2 B P 

REDO 

FALRG 

CHNL77 

DSTBll 

YEH ACC 



MSK-671 

ACDU Actual cou Angle• (N 20) XXX. deg FL Verb/Noun Fla.sher St.atu11 

ADB OAP Attitude Deadhead Preaently in UN x.x deg GMB CMD TVC OAP Issued SP5 Engine Actuator x.xx deg 
SCS Auto-TVC Servo Loop Command• X.X:X deg 

Command• (Pitch. Yaw) 
D H M s AT- TVC 

GMTA Greenwich Mean Time at Rece ipt of S/ C :OOC: XX: XX:. xx CHAN 31 Computer Input Channel Cootatntrw RHC, xxxxx. Analog Data THC and Vehicle Control Mode Command 
D H M s , __ 

GMTC Greenwich Mean Time at Receipt of CMC XXX: XX: XX: XX 
CHNL 77 Channel 77 Restart Monitor XXXXX9 Oownllllt 

H M S ID Identification of CMC Downll■t being CMC CSM Computer Clock XXX:XX:XX Transmitted 
CMC S/ C COd:f'Ol and Mode Swltch Statua ISS Inner, Middle, Outer lX Resolver Anglea XXX deg (SCS or CMC Auto. Hold or Free) H M 8 MANATT SW SCS Vehicle Control Mode Switch Stab.ls lD CMCB CMC Clock Time Minua a AT Speclfled. ,cxx,xx,xx 

P, Y, and R Axe• (Rate Command, Uauall,y Equal to a AT Clock Updale, to Acee! Comm.and or Mln Impulae) aync CMC and CTE Ttmea. 
H M S MNTVC SCS Manual TVC Servo Loop Command• X . XX deg 

CTE Central Timing Equipment Clock XXX::XX:XX NOUN Noun Dtsplayed on DSKY xx. 
AATT Difference of lx Reaohtera and ACDU XXX deg OCDUDC OCOU DAC Output Scaled to Optic ■ or x.xx deg angles TVC GLmt.l Commands 
OAP Functional OAP Mode ■tatu.1 (No OAP, OPT Optics Mode Swltcb Statu1 (Zero. CMC, SAT OAP, RCS OAP. or TVC OAP) or Manual) 
DAPDTRl RCS OAP Data Flag• lnd.icating Crew XXXXX8 OPT P06 Optics CDU Angle• (Shaft, Trum) xxx.xx deg Selection of Vehicle Confl(untioa, X 

PROM Computer Program Dl1played on OSKY xx Translation QUAD Preference. 
Maneuver Rate, and Attitude Deadband QUAD PKG T Temperature ot RCS xxx"F 

15 
(N46). Engine QUAD 

DAPOTR2 RCS OAP Data Flap Indlcatlng Crew xxxxx. REDO Counter Indicatlng Number of Hardware xxxxx i Selection of Roll Quad Preference and Re1tarta Slnce LHt FTe1b Start (V36) RCS Quad Fa.ll Statu.l (N46) . 
RATE RCS OAP Maneuver Rate Sel.oted X.XX: deg/lee OAPDTRS Docked OAP Data Flap Indicating Crew xxxxx. by Crew ID DAPDATRl (1146) . Selecllon of Roll and X Tran1latlon Quad 

Prefereoce, and Force/Couple Mode for RATE CMC RCS/ Docked DAP Computed Control X. XXX deg/ eec Pitch and Yaw Control (N87). Axil Ratel (ADOT) or TVC DAP 
DB RCS DAP Attitude Deadband Selected by X.Xdeg Computed ~ Rate• «c)MEGAB) 

Crew lD DAPDATRl (N46). RATE SCS SCS Bo<\v Rate,, P, Y, R, Derived from X. XX:X deg/lee 
DIFCUR SP8 GLmbal Motor Differential Clutch XXX. MA BMAG Rate Gyro1 

Current (Pitch. YaW) REG l, REG 2 Row 1. Row 2 and Row 3 Displayed xxxxx 
DKDB Docked OAP Attitude Deadb&Dd Selected x.x deg REG 3 oo DSKY 

by Crew (1189) SITE STDN Remote Site from which Data 
DKRATE Docked OAP Mceuver Rate Selected by x.xx deg/1e, 11 being Received 

Crew (1189) SLOPE Specl!te• the Slope of the Pbale X. XXXX deg/oec/ deg 
OSTBll Dlaplay Table of OSKY Statu• Light.I xxxxx. Plane BouDdariea 

X0400s Prop-am Caution SPS GMB SPS Glmbal Trlm Anctea from x . xx: deg X0200s Tracker Warning Glmbal Po11t1on Tran1ducer1 X0020s No Attitude 
YEH ACC Computatlon of Vehicle Acceleration X:X.XXX ft/1ec / 1ec X00408 Glmbll Lock 

During Thrusting from RS8 of PIPA ERR CMC RCS/Docked/TVC OAP computed Attitude x.xxx dee Measurement.I Error Needle Command• 
Error• Diaplayed on FOAi Error Needl.ea x.xxx deg 

VERB Verb Dlaplayed on DEIKY xx. ERR SCS 
OAP Mode Flag. 1 Slgn1fiea Docked (FDA! No. 1 or Selected FOAi) WCHDAP xxxxx. 

Molt Recent Program Alarm Code xxxxx. DAP Ia Active. 0 Slgnifle1 Undocked FALRG RCS OAP II Active. 
FCDU Final Deaired CDU Anglea (N22) XXX:deg 



CMC MONITOR I 0672 

JD ___ SITE ___ X/ ROLL Y/ PITCH Z/ YAW 

FGWD 0 GMTC PIPA 

FGWD CTE DELV 

FGWD CMCB VGIMU 

FGWD CMC FCDU 

FGWD 4 CMCaT DCDU 

FGWD TCMSV ACDU 

FGWD 6 TOWSV ISS 

FGWD TGO ERROR 

FGWD 8 TIG AK 

FGWD TEVNT ADOT 

FGWDl0 OMGAC 

FGWDU PG __ FL __ WARN ENT 

VB _ NN _ PRG p ERR 
> 
"' .,, 

CHNLU KKK BIAS ___ ~ .. 
CHNL12 Rl ____ UPFST _ P OCTL ___ 

CHNL13 R2 UPSW_ DLTA T 

CHNL14 R3 CMD_ OWS ___ ACTOFF . 

CHNL30 CSM ___ GMBCMD 

CHNL31 REDO DSTBU UTYAW DPDTRl 

CHNL32 FALRG CHNL 77 UTPIT DPDTR2 

CHNL33 RSBBQ ADB DOCK DAP 

C31FW DPDTR3 

IMDE30 INTEG TIME VHF C5FAIL 

IMDE33 HLDFG RCSFG -- C6FAIL 

OPTMDE N06 OPT DKRTE 

WCHDAP STAR!Dl Rl __ OGC _____ DKDB 

STARID2--- R2 __ JGC --- SLOPE 

CDU SHFT MGC ___ 

CDU TRUN aVLV:K...-- y z 
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ACDU Actual CDU Angles (N20) X:XX.XX: deg DELV Values of X, Y and Z PIPA Counters at xxxx. x rt/sec 

ACTOFF SPS GLmbal Trim.I in CMC x.xxx deg 
Lut Reading, Compensated for Scale 

(PACTOFF, YACTOFF) 
Factor and Blu Errors. 

ADB OAP Attitude Deadband Preaently 1n Uee x.xx deg DKDB Attitude Deadband Selected for Docked x.xx deg 
OAP Control (N89') . 

ADOT RCS/Docked DAP Comp1ted Control xx.xx deg/sec 
DKRTE Maneuver Rate Selected for Docked OAP x.xxxx deg/,ec 

Axil Rate, (A.DOT) or TVC OAP Control CN89). 
Computed Bo<ty Rate■ ~MEGAB). 

AK RCS/Docked/TVC OAP comp1ted DLTAT Elapsed Time Since La.et PIPA Blaa XX:XXX bra 
Attitude Error Needle Comm.anda xx.xx deg Computa.tlca was lnltialized (dT over 

BIAS Meuured Accelerometer Blu Computed. 
which Blaa ii Computed) 

Every 10 ■ec . over Time Interval ln DPDTRl RCS OAP Data Flags Indicating Crew xxxxx. 
"DLTAT11 X. XXXX tt/ ■ec/ aec Selection of Vehicle Configuration, X 

CSFAIL Docked OAP Jet ID.b.lbit Buffer■; Bit.I 
TranalaUon Quad Preference, Maneuver 

C6FAIL are Respectively Dedicated to Output Rate, and Attitude Deadband (N46). 

Channels 5 and 6 Jet Command Bita. xxxxx. DPDTR2 RCS OAP Data Flags Indicating Crew xxxxx. 
C31FW Switch Override Buffer for S/ C Cootrol, ~lection of Roll Quad Preference and 

CMC Mode and Optic• Mode and Zero 
RCS Quad Fail Status (N46). 

Swltcbe•. xxxxx. OPDTR3 Docked OAP Data Flap Indica.ting Crew xxxxx. 
CDU SHAFT Optic& Shaft COU Angle (N91) XXX.XX deg 

Selection of Roll and X Tranalation Quad 1;; 
Preference, and Force/ Coo.pie Mode for .. 

CDU TRUNNION Optlca Tnmnioo CDU Angle (N91) XX.XXX deg Pitch and Ya.w Control (N87). ~ 
CHNL 11 - CHNL 14 Computer OJ.tput Channels xxxxx. OSTBll Diaplay Table of OSKY Statue Light:a xxxxx. 
CHNL 30 - CHNL 33 Comp.at.er Input Cbannela xxxxx. X04008 Program Cautioo. 

CHNL 77 Channel 77 Reatart Monitor xxxxx. X02003 Tracker Warning 
X0020s No Attitude 

H M s X00403 Glmbal Lock 

CMC CSM Computer Clock XXX: XX: XX. XX ENT Vehicle Rates, p, q , r Relative to the X.XX deg/ ■ec 
Entry Coordinate Syatem 

H M s ERR Uncompenaated PlPA Blas (Measured X.XXXX ft/sec/sec 
CMCB CMC Clock Time Mlm.11 A XXX: XX: XX. XX 

ll.T Specified, Uaually Equal to a 
Mlnu.1 Loaded Values) 

ll.T Clock Update, to Sync CMCB ERROR RCS/ Docked OAP Pha.ae Plane XXX.XX:deg 
and CTE Tlmea. H M s AWtude Errora {R. P, Y) 

CMCll.T DWerence of GETC and CMC Time■ XXX: XX: xx. xx FALRG Flrat, Second am Moat Recent Program XXXXXe 
CMD Uplink Too Fut Statua 

Alarm Code a Since La.at Error Reset 
~ 

CSM CMC Loaded CSM MUI XXXXX lbe • 
FCDU Fin.al Deaired CDU Anglea (N22) xxx.xx: deg 

H M s FGWDO - FGWDll Computer Flagwords O Through 11 xxxxx. 
CTE Central Tlmlng Equipment Clock XXX: XX: XX. XX FL Verb/Noun Flasher Statue 
DCDU OAP Desired CDU Anglea (Phaae XX:X.XX deg GMBCMD TVC OAP Iuued SP8 Engine Actuator X.XXX deg 

P lane Reference) Command• (Pitch, Yaw) 
ll.VLVX, Y,Z X, Y and Z Component:a of Delta V in XXXX. X ft/sec 

Local Vertical Coordlna.tea (N81) D H M s 
GMTC Greenwlch Mean Time at Receipt of XXX,JOCJOCXX 

CMC Down.list 



MSK-672 (Cont'd) 

HLDFLG CMC Flag u•ed to Control Nature of xxxxx. RCSFG Statua Reglater for Control of RCS/ xxxxx. Attitude Hold Performed by RCS/ Docked OAP Functions, RCS Flap 
Docked OAP. 

REDO Counter Indicating Number of HardwaH xxxxx 
Ill JdentifJcatlon of Oownliat Being Transmitted Reatarta since Laet Freab Start (V36). 
JGC During Gyro ToTQUing, The "Y" Gyro X.X:XX deg RSBBQ Value of BBANK and Q Registera =: Torquing Angle, or During P50 the at the Point of Restart 

Inner Gl.mbal Docking Angle (I. 
SITE STON Remote Site From which Data la 

IMDE 30 lMU Stab.la and Input Charmel 30 xxxxx. being Received 
Buffer Regiater, Imodes 30 

SLOPE Speciflea tbe Slope of the Pbaae x.xxx deg/ ae,c/ deg 
I.MOE 33 £MU Status and Input Channel 33 xxxxx. Plane Boundaries. 

Buffer Register, lmodea 33 
H M s STARIDl Octal Equivalent of the Flr•t and =: STARID2 Second CMC STAR L D. Number lNTEq TIME Time to which atate vector = xx, xx. xx 

ta Presently Integrated H M s 
ISS Outer, Inner and Middle 1 X Resolver Anglea XXX. XX deg TCMSV Time Tag of CSM State Vector XXX: XX: XX. XX 

H M s KKK Uplink Data Status 
TEVNT CMC Time of LHt Event; SPS XXX: XX: XX. XX 

MGC During Gyro Torqulng the "Z" Gyro TorQUlng X.XXXdeg Ignltloo., Cutoff or Liftoff 
H M s Angle or During P501 The Middle Glmbal 

TIG CMC T Lme of lgnitton or Tl.me of xxx, xx, xx. xx I:; Angle y . 
CUtoff After Ignition Occur• 

H M s 
~ 

N06 Rl, Option Code Spec ifle s Option Category xx. TGO Time to SPS Cutoff XXX: XX: XX. XX 
R2, Option Spec ifies which Option Elected xx. TOWSV Time Tag of Other Vehicle H M s 

NN Noun 0l8J)layed on DSKY xx. State Vector = xx, xx. xx 
OCTL Octal Equivalent of Loaded XXXXXg UPFST Block Inllnk Discrete Statue 

PIPA Blas Compeneatloo 
UPSW Uplink Accept/Block Switch Status 

OGC During Gyro Torquing the X Gyro Torquing X.XXX deg 
UTPIT P20 Pitch CoordJnate Defining S/ C Pointing xxx.xx deg Angie, OT During P50 the Outer Gimbal 

Vector (SCAXIS). (New X Rotation About Docking Angle a . 
Rotated S/ C Y ax1,_ Rotation Ordered 

OMGAC RCS/ Docked OAP Control Axis Rate Com- XX.XX deg/sec Yaw, Pitch), 
mand (W BodY) or TVC OAP Body Rate 

UTYAW P20 Yaw Coordinate OeftnJng S/ C Pointing XXX.XX deg Command& (OMEGAC) from Croas 
Vector (SCAXIS). (X Rotation about 8/ C Z Product Steering. 
Axis, Rotation Ordered Yaw, Pitch). 

OPT Number of Optlca Mark• Incorporated xx. VB Verb Dlapla.yed on DSKY xx. in St.ate Vector (P20). 
VGIMU X, Y, Z Velocity to be Gained in SM XXXX.X ft/aec OPTMDE Optica Stab.la Register, OPTMODES xxxxx. Coordinate a 

ows Other Vehicle M&H Loaded in CMC XXXXX lbs VHF Number of VHF Range Ma.rk11 Incorporated xx. 
PG Computer Progra.m Displayed on DSKY xx. ill State Vector (P20). 

PIPA ContenUI of X, Y and Z PlPA xxxxx WARN CMC Warning Lamp Statua 
Counters In AV Counts. 

WCHDAP OAP Mode Flag. 1 algnlflea Docked xxxxx. OAP Ill Active . 0 Slgn1fle11 Undocked PRG Program Caution Lamp Statua 
RCS OAP ta Active , 

Rl, R2, R3 Row 1, Row, 2, and Row 3 xxxxx 
Displayed on OSKY. 



LB-1 

LAUNCH & BURN SCHEDULE 

GYROCOMPASSING & LAUNCH 
BOOST & EARTH ORBIT INSERTION 

RENDEZVOUS 
DEORBIT & ENTRY 



LB-2 

PRELAUNCH IMU COMPENSATION 

GYRO DRIFTS PIPA 

POSITION NBD ADIA ADSRA BIA~ 
SCALE 

(meru) (meru/g) (meru/g) FACTOR 
(ft/s ) (ppm) 

X 

y 

z 

IMU COMPENSATION UPDATES 

PIPA 
TIME OF UPDATE 

POSITION 
GYRO 

BIAS (ft/s
2
) 

GET NBD (meru) 
h min s 

X 

y 

z 

X 

y 

z 

X 

y 

z 



Event 

Soyuz lift-off 

Soyuz lnaertlon 

Soyut !int maneuver 

Apollo UH-off 

Apollo lnaertlon 

Begin tr1111poatuon, 
docking, and dock­
ing modi.le 
extn.ctlon 

Apollo evuh,e 
maneuver from 
S-IVB 

Apollo clrculartullon 
maneuver 

Pbulng 1 (NCl) 

Plane change (NPC)c 

Soyu:r; clrculariu-
Uon maneuver 

Ph:!'euC:;Jt~~) 
Pbaalng 2 (NC2) 

Corrective oomblnatloa 
{NCC) 

CoeUlptic (NSR) 

Tenn.lnal phase 
initiation (TPI) 

Begin Braklng 

Bed,n Statlonkeeplng 

Doekl"' 
Apollo ft rat undocldng 

from Soyuz 

Apollo flnal undoddng 
from Soyuz 

Apollo separation 
from Soyuz 

Soyuz deorblt 

Soyuz landing __ ,. 
Jettlaon 

CSM aeparauon 
rnaaeuver from 
OM (DMl) 

CSM stable orbit 
maneuver (DM2) 

CSM deorblt 
maneuver (ADM) 

Entry Interface 

Main parachute 
deployment 

CM landlng 

July 
1975 
Date 

15 

15 

15 

15 

15 

15 

15 

15 

16 

16 

16 

16 

17 

17 

17 

17 

17 

17 

17 

19 

19 

19 

21 

21 

23 

" 
24 

" 
" 
" 
" 

Greenwich 
mean time 

G. m,t. 
br:miD:aec 

12:20:00.0 

12:29:05,0 

17:ll9:00.0 

19:50:00.0 

19:59:52.l 

21:04:00.0 

2%:24:00.0 

23:35:00.0 

01:31:00.0 

02:08:00.0 

12:46:20,0 

20:41:43.0 

12:54:04.l 

13:38:03.4 

14:15:03.7 

15:14:25.1 

15:42:55.0 

15:51:55.0 

18:15:00.0 

12:02 :05.0 

15:2l:OO.O 

18:36:00.0 

10:08:00.0 

10:51:00 . 0 

19r41:00. 0 

20:16:00. 0 

00:42:55.3 

20:40:00.0 

20:58:23.0 

21:14:00.0 

21:18:31.0 

Ll>-3 

ASTP POWERED MANEUVER SUMMARY 

Time of 
lnitlaUoa 

from 
Soyu:r; launch 

hr:min:aec:g.e.t. 

00:00:00.0 

00:09:05.0 

05:19:00.0 

07130100.0 

07 :39:52.l 

08:44:00.0 

10:04:00.0 

11:15:00.0 

13:11:00.0 

13:48:00.0 

24:26:20.0 

32:21:43.0 

48:34:04.l 

49:1 8:03.4 

49:55:03.7 

50:54:25.l 

51:22:55.0 

51:31:55.0 

51:55:00.0 

95:42:05.0 

99:07:00.0 

102:16:00.0 

141:46:00.0 

142:31:00 . 0 

199i21:00.0 

199156:00. 0 

204:22:55.3 

224:20:00.0 

224:38:~3. 0 

224:54:00.0 

224:58:31.0 

Time of 
initlaUoo 

[rom 
Apollo lllWICb 

br:ml.D,aec:g.e. t, 

-07:30:00.0 

-07:20:55.0 

-02:11:00.0 

00:00:00, 0 

00:09:52.l 

01:14:00,0 

02:34:00.0 

03:45:00, 0 

05:41:00. 0 

06:18:00.0 

16:56:20.0 

24:51:◄ 3.0 

41:04:04.l 

41:48:03.4 

42:25:03.7 

43:24:25.l 

43:52:55.0 

44:01:55.0 

44:25:00.0 

88:12 :05.0 

91:37:00.0 

94:44:00.0 

134:16:00.0 

135:01:00.0 

191151:00.0 

192:26:00. 0 

196:52:55.3 

216 :50100.0 

217:08:23. 0 

217:24:00.0 

217:28:31.0 

a.m 
c:lirauon, ..., 

NA 

NA 

o.o 
NA 

NA 

NA 

8.7 

0.9 

3. 1 

o.o 

19.9 

o.o 

1.6 

1. 8 

1.2 

o., 

NA 

NA 

NA 

NA 

NA 

5.8 

105.6 

NA 

NA 

0.1 

0.6 

6.7 

NA 

NA 

NA 

•Approximate predicted value above a apberlcal earth of 3441. 72 nml. 

TotalllV, 
ft/ sec 

NA 

NA 

o.o 
NA 

NA 

(b) 

29.5 

20.1 

66.3 

co.o 

40.00 

do. o 

36 . 4 

40.0 

NA 

2. 3 

213, 9 

NA 

1.0 

20. 1 

20.3 

191.6 

NA 

NA 

NA 

bTranalatlon away and back da.rtng tranapoa!Uon and docking doe• not effecUvely chan&:e orbit. 

Resultant 
apogee/ pert&ee•, 

oml 

NA 

123/101 

123/101 

NA 

90/ 81 

90/81 

90/81 

91 / 90. 6 

126/ 91 

122.5/ 91 

121/ 121 

123/90 

100/89 

111/100 

110.6/ 110 

121/110.6 

121/ 119 

120/ 119 

119/ 119 

118/ 118 

118/118 

118/ 117 

118/ 0 

NA 

116/ 114 

126/ 114 

114/ 114 

114/ 8.6 

NA 

NA 

NA 

CNomlnally, NPC la DOt required. However, It m~ be ueed to correct any out-of-plane error• previoualy Incurred. 
dNomlnally, the phasing correcUon maneuver I• not required. 
9

TheoreUcal TPF llV le 28.5 n / 11ec. Additional ooats include mldcourae and Une-of-atgbt oorrectlona . 

AlUtude&, 
oml 

NA 

101 

123 

NA 

81 

86 

86 

90 

91 

122. 5 

121 

90 

89 

100 

110 

110.6 

120 

120 

119 

117 

117 

117 

l1S 

114 

114 

114 

114 

66 

l.6 

NA 

NA 

NA 

NA 

59.6 

57.5 

52.4 

49.3 

44.6 

44.1 

40.8 

28.9 

4.3 

2.3 

1., 

o., 

0.02 

o.o 
o.o 

o.o 

o.o 

0.0 

2.8 

NA 

o.o 

0. 02 

2 . 9 

NA 

NA 

NA 

NA 



s1nuz LIFT•BF'F" 
SBYUZ INSERTIBN 

EVENT 

SeYUZ F'IRST MANEUVER 
APBLLe LIF'T•BF'F' P02 re P11 
ENABLE TBWER CLEARANCE YAW MANEUVER 

INITIATE PITCH ANO RBLL PRBGRAM 
MAXIMUM DYNAMIC PRESSURE 
s-1e INBBARD ENGI~E cure,, 
S•IB euTBeARD ENGINE CUTBF'F' 
s-1e1s-1ve SEPARATIBN 

S•IVB IGNITIBN 
s-1ve 90, THRUST 
LAUNCH ESCAPE SYSTEM JETTISBN 
GUIDANCE INITIATE 
S•IVB CUTBF'F' 

BRBITAL !NSERTIBN 
OPTICS DUST CBVER JETTISeN 
P52 !HU REALIGN (~PT 31 LAUNCH REF'SMMAT> 
CSM/S•IVB SEPARATIBN 
CSM/DH DBCK 

5-IVB MANEUVER TB APBLLB EVASIVE 
MANEUVER ATTITUDE 

P30 EXT, DELTA V, EVASIVE MANEUVER 
ILB•31) 

ENTER P41 RCS THRUST PRBGRAH 1LB•33) 

MANEUVER CBHPLETE 
DH EXTRACTIBN • EVASIVE MANEUVER 
CIRCULARIZATIBN PRELIMINARY PAD (LB•35) 
C!RCULARIZATIBN F'INAL PAD (L8•35) 
P52 l~U REALIGN (BPT 31 LAUNCH REF'SMMAT) 

P30 EXT, DELTA V, CIRCULARIZATIBN MNVR 
ENTER P40 SPS THRUST PR6GRAH (LB•37) 
C!RCULARIZATIBN IGNITIBN 
CIRCULARIZATIBN BURN STATUS REPBRT 

LB-4 

ASTP 

DATE 

DAY 1 ACTIVITIES 

JULY 151 1975 
JULY 15, 1975 
JULY 15, 1975 
JULY 15, 1975 
JULY 15, 1975 

JULY 15, 1975 
JULY 15, 1975 
JULY 15, 1975 
JULY 15, 1975 
JULY 15, 1975 

JULY 15, 1975 
JULY 15, 1975 
JULY 15, 1975 
JULY 15, 1975 
JULY 15, 1975 

JULY 15, 1975 
JULY 15, 1975 
JULY 15, 1975 
JULY 15, 1975 
JULY 15, 1975 

JULY 15, 1975 

JULY 15, 1975 

JULY 151 1975 

JULY 15, 1975 
JULY 1s, 1975 
JULY 15, 1975 
JULY 15, 1975 
JULY 15, 1975 

JULY 15, 1975 
JULY 151 1975 
JULY 15, 1975 
JULY 15, 1975 

TIME 
HIMINIS 
c.o,r, 

71201 o, 
71291 5, 

121391 o, 
141501 o, 
141501 1, 

14150:10, 
14151132, 
14152116, 
14152119• 
14152121• 

14152121, 
14152125, 
14152151, 
14152155, 
1111591'12, 

14159152, 
151101 o, 
151261 o, 
161 41 o, 
161131 o, 

171161 o, 

17:17: 0• 

17 191 t, 
17 241 o, 
17 501 o, 
18 101 o, 
18 111 o, 

18 26: o, 
18 311 o, 
18 351 o, 
18 381 o, 

TIME 
HIMINIS 
Q,E,T, 

01 01 o, 
01 91 5, 
51191 o, 
71301 o, 
71301 1 • 

7130110• 
7131132, 
7132116, 
7132119, 
7132121• 

7132121• 
7132126, 
7132151, 
7132155, 
713914'2, 

7139152, 
71501 o, 
81 61 o, 
!IHI 0• 
81531 o, 

9151152 • 

91561 o, 

91571 O• 

91591 1• 
101 41 o, 
101301 o, 
101501 o, 
101511 o, 

111 61 o, 
111111 O• 
111151 0, 
111181 o, 



EVENT 

DAY 

NCI PRELt<INARY PAD (LB•391 
NC1 FI NAL PAO !LB•39) 
P30 EXT, DELTA V, NC1 
ENTER P40 SPS THRUST PRBGRAM (L.8•40) 
NCl IGNITJBN 

NCI BURN STATUS REPBRT 
P52 !MU REALIGN (BPT 3: L.AUNCH RErSMMAT) 

(Ir NPC NeT REQUIRED) 
NPC IGNITIBN ( Ir REQUIRED) 
P52 l~U REALIGN (8PT 1l RENDEZ• BRIENT,) 

(DELAY Te 15120 GET Jr NPC REQUIRED! 

UPDATE Ct<C Te SYNC APBLLB TB SBYUZ GET 

SeYUZ CIRCULARIZATIBN MANEUVER 
P52 lt<U REALIGN (6PT 3: RENDEZ• BRIENT,) 
DP TRANSrER re DM • Dt< ACTIVATIBN 
DP TRANSrER re CM 
P20 UNIVERSAL TRACKING• ePTIBN 5 

PCM FINAL PAO (LB•51) 
PS2 IMU REALIGN (6PT 3: RENDEZ• BRIENT,) 
P30 EXT, DELTA V, PCM 
ENTER P41 RCS THRUST PRBGRAM (L.8•53) 
PCM IGNITIBN 

PCM BURN STATUS REPBRT 
P20 UNIVERSAL TRACKING• BPT1eN 5 
NC2 PREL.IMINARY PAD• TPI T!G (LB•56) 
PS2 IMU REALIGN (6PT 3l RENDEZ• BRIENT,) 
PS2 lt<U REAL.ION (BPT 3l RENDEZ• BRIENT,) 

P52 CeAS L.BS DETERMINATIBN (L.8•58) 

LB-5 

ASTP 

DATE 

1 ACTIVITIES ceNTD 

JUl,.Y 1s, 1975 
JULY 15, 1975 
JULY 1s, 1975 
JULY 15; 1975 
JULY 1s, 1975 

JULY 15, 1975 
JULY 15, 1975 

JUL.Y 15, 1975 
JULY 15, 1975 

JULY 15, 1975 

DAY 2 ACTIVITIES 

JULY 16, 1975 
JULY 16, 1975 
JULY 16, 1975 
JUL.Y 16, 1975 
JUL.Y 16, 1975 

JULY 16, 1975 
JULY 16, 1975 
JULY 16, 1975 
JULY 16, 1975 
JULY 16, 1975 

JUL.Y 16, 1975 
JULY 16• 1975 
JULY 17, 1975 
JULY 17, 1975 
JULY 17, 1975 

JUL.Y 11, 1975 

TIME TIME 
H:MINlS , MIMINIS 
c.o,r, O,E,T, 

19:141 o, 111541 o, 
19:3,,: o, 121141 O• 
20:20: o, 131 01 o, 
20:261 O, 131 61 o, 
20: 311 o, 131111 o, 

2oa61 o, 131261 o, 
211 71 o, 131471 o, 

2P 8: o, 1314111 o, 
21:13: O• 131531 o, 

22:401 o, 1!51201 o, 

7:46120• 24126120• 
s:ss: o, 251381 o, 

10:2s1 o, 271 81 o, 
11:..s: o, 2812!11 o, 
13l54l O• 301341 o, 

14: .. 21 o, 311221 o, 
15: ltl O• 3114"I O• 
15:301 O, 321101 o, 
15:351 o, 3211!1I O• 
15141143• 32121143• 

16l 11 o, 321411 o, 
l6l391 o, 3311" o, 
5l501 o, 461301 o, 
5l56l o, 01361 o, 
1:121 O• 471!521 o, 

7H71 o, 471571 o, 



EVENT 

NC2 l'INAL PAD <LB•651 
NCC 6 NSR PRELIMINARY PADS <LB•66) 
P32 NC2 TARGETING <LB•681 
P32 NC2 TARGETING C6MPLETE 
ENTER PIIO SPS THRUST PR6GRAM <LB•69) 

NC2 IGNIT!eN 
NC2 BURN STATUS REPeRT 
P33 NCC TARGETING 11.8•72) 
NCC AND NSR FINAL PADS ILB • 73! 
P33 NCC TARGETING C6MPLETE 

ENTER PIIO SPS THRUST PReGRAM 
NCC IGNITl6N 

<LB•H) 

NCC BURN STATUS REP6RT 
P3' NSR TARGETING (l.,B•??l 
P3'1 NSR TARGETING C6MPLETE 

ENTER PIIO SPS THRUST PReGRAM 
NSR IGN!TleN 

(l.8•78) 

NSR BURN STATUS REP6RT 
P35 TP! TARGETING <LB•82l 
TPI PRELIMINARY PAO <LB ■83l 

TPI FINAL PAD <LB•831 
P35 TP I TARGET I NG C6MPLE·TE 
ENTER P40 SPS THRUST 
TPT IGNITl6N 

PR6GRAM <LB•Blt) 

P36 TPM TARGETING <LB•87l 

ENTER P41 RCS THRUST PR6GRAM <LB•88l 
TPM1 IGNITl6N 
P36 TPM TARGETING <LB•89) 
ENTER P41 RCS THRUST 
TPR2 IGNITl6N 

PR6GRAM CLB•90l 

P37 RENDEzveus flNAL PHASE <LB•92l 
P'l8 BRAKING (l,8•93) 
AP6LLe1seyuz D6CK!NG 
DP TRANSFER re OM 

LB-6 

~ 

DATE 

DAY 3 ACTIVITIES 

JULY 17, 1975 

JULY 17, 1975 
JULY 17, 1975 
JULY 17, 1975 

JULY 17, 1975 
JULY 17, 1975 
JULY 17, 1975 
JULY 17, 1975 
JULY 17, 1975 

JULY 17, 1975 
JULY 17, 1975 
JULY 17, 1975 
JULY 17, 1975 
JULY 17, 1975 

JULY 17, 1975 
JULY 17, 1975 
JULY 17, 1975 
JULY 11, 1975 
J ULY 17, 1975 

JULY 17, 1975 
JULY 17, 1975 
JULY 17, 1975 
JULY 17, 1975 
JULY 17, 1975 

JULY 17, 1975 
JULY 11, 1975 
JULY 17, 1975 
JULY 17, 1975 
JULY 17, 1975 

JULY 17, 1975 
JULY 17, 1975 
JULY 17, 1975 
JULY 17, 1975 

TIME TIME 
HIM!NIS HIMINIS 
c.o.r. G,E,T, 

7:20: o, 1181 01 o, 

7:37: o, 481171 o, 
,: .. 21 O• 481221 o, 
,: .. s1 o, 48128: 0, 

7:541 II, 1181341 11, 
71561 o, 1181361 o, 
7:571 o, 1181371 o, 
s:20: o, 1191 01 o, 
81271 o, 1191 71 0, 

s:32: o, 1191121 o, 
s:3s1 3, 1191181 3, 
a:40: o, 1191201 o, 
s111-11 o, 1191211 o, 
9: 41 o, 11914'11 o, 

91 91 o, 11911191 o, 
9:15: ... 491551 4• 
91161 O• 491561 o, 
9:201 o, 501 01 o, 
91371 o, 501171 0, 

915'11 o, 501341 o, 
101 'II o, 50IHI o, 
101 81 o, 501481 o, 
1011'1125, 50154125, 
10:151 o, 501551 o, 

10:2111 o, 511 Ill o, 
101261 o, 511 61 o, 
10: 211 o, 511 71 o, 
101361 o, 511161 o, 
10:351 o, 511181 o, 

101'>01 o, !511201 o, 
101'>'1 I o, 511241 o, 
111151 o, 511551 o, 
111281 o, 521 81 o, 



LB-7 

MIT 

EVENT DATE TIME TIME 
H:MJN:S MIMJNIS 
c,o,T, IJ.E,T, 

DAY 3 ACTIVITIES C6NTO 

DP TRANSFER T6 CM JULY 17, 1975 121191 o, 521!591 o, 
P52 IMU REALIGN 1ePT 3: RENOEZ• eRIENT,) JULY 17, 1975 12:551 o, !5313!51 O• 
P52 !MU REALIGN 1ePT 1: BRBITAL BRIENT,) JULY 17, 1975 131 01 o, !531 ♦01 o, 
AC ANO OP TRANSFER TB DM JULY 17, 1975 13:371 o, !5 ♦ 1171 o, 
AC TRANSFER Te sevuz JULY 17, 1975 111:251 o, 5!51 St o, 
DP TRANSFER re seYuZ JULY 17, 1975 111:301 O• 5!51101 o, 
Op TRANSFER re OM JULY 17, 1975 1,.:,.31 o, !5!51231 o, 
DP TRANSFER re Sf!YUZ JULY 17, 1975 15111: o, 5!51!511 o, 
DP TRANSFER TB OM JULY 17, 197!5 161 21 o, !561 ♦1!1 o, 
FE TRANSFER Te OM JULY 17, 1975 16:131 o, !561531 o, 
FE TRANSFER re seYUZ JULY 11, 1975 161171 o, !561!571 o, 
AC TRA NSFER Tfl OM JULY 11, 1975 16:301 o, !571101 o, 
AC TRANSFER Tfl CM JULY 11, 1975 171121 O• !571521 o, 
DP TRANSFER Tfl CM JULY 17, 1975 171291 o, !581 91 o, 
P52 !MU REALIGN IBPT 31 BRBITAL BRIENT,) JULY 17, 1975 11:361 o, !581161 o, 
AC TRANSFER re OM JULY 18, 1975 ~: 3: o, 6811131 o, 
CP TRANSFER T~ OM JULY 18, 1975 '11301 o, 691101 o, 
CP TRANSFER re SflYUZ JULY 18, 1975 ,.:561 o, 691361 o, 
SC TRANSFER Tfl OM JULY 18, 1975 5: 8: o, 691UI o, 
P52 IMU REALIGN 1ePT 3: eRBITAL BRIENT,l JULY 18, 1975 5:251 0• 701 !51 o, 
SC TR~NS,ER re CM JULY 1a, 1975 5:551 o, 7013!51 o, 
Ac TRANSFER Te CM JULY 18, 1975 6: 71 o, 701 ♦71 o, 

DAY 'I ACTIVITIES 

AC TRANS,ER Te OM JULY 18, 1975 10 01 0• ?♦ 1 ♦01 o, 
Sc TRANSFER re OM JULY 18, 1975 10 201 0• ?!51 01 o, 
SC TRANSFER re seYuZ JULY 18, 1975 11 71 o, ?!51 ♦71 o, 
CP TRANSFER re OM JULY 18, 1975 11 81 o, 7!51481 o, 
AC TRANSFER T6 seYuZ JULY 18, 1975 11 91 0• 7!51 ♦91 o, 
FE TRANSFER re OM JULY 18, 1975 11 231 o, 761 31 o, 
FE TRANSFER re CM JULY 18, 1975 11 591 o, 761391 o, 
CP TRANSFER TB CM JULY 18, 1975 12 61 o, 7614161 o, 
P20 UNIVERSAL TRACKING • ePrJeN 5 JULY 1a, 1975 13 211 o, 781 11 o, 
DP TRANSFER re OM JULY 18, 1975 14 15: o, ?8!!5!51 O• 



LB-8 

ASTP 

EVENT OATE TIME TIME 
HIMINIS HIMINIS 
CeD•T• 13,E,T, 

OAY 'I ACTIVITIES CeNTO 

FE TRANSFER re 01'1 JULY 18, 1975 141321 o, 791121 o, 
DP TRANSFER re sevuz JULY 18, 1975 Hl591 O• 791391 O• 
i)p TRANSFER re D/'1 JULY 1s, 197!5 151131 O• 791531 o, 
F"E TRANSFER re seyuz JULY 1s, 1975 151151 o, 791!5!51 o, 
AC TRANSFER re 0/'1 JULY 111, 1975 151451 o, 8012!51 o, 
P52 !MU REALIGN (ePT 31 eRB IT AL eRIENT,I JULY 18, 1975 151511 o, 801311 o, 
AC TRANSFER re CM JULY 18, 1975 161221 o, 81 I 21 o, 
DP TRANSFER re CM JULY 18, 1975 161521 o, 811321 o, 
P52 IMU REALIGN tePT 3: eRBITAL eRIENT,) JULY 191 1975 61251 o, 9!51 !51 o, 
UNDeCl<ING (LB•103) JULY 19• 1975 71 21 5, 9!51421 5, 

DAY 5 ACTIVITIES 

SECeNo oec1<ING JULY 19, 1975 ?:371 o, 961171 o, 
P52 l/'1U REALIGN (ePT 31 eRBITAL BRIENT,) JULY 19, 1975 715'11 o, 961341 o, 
P52 !MU REALIGN (6PT 1 I UVA BRIENT,) JULY 19, 1975 81 01 o, 961401 O, 
SEC6NO UNOBCl<ING (LB•l051 JULY 19, 1975 101271 o, 991 71 o, 
APeLLB SEPARATION JULY 19, 1975 131361 O• 1021161 o, 

P20 UNIVERSAL TRACl(ING • BPTJON 5 JULY 19, 1975 18131: o, 1071111 o, 
P52 IMU REALIGN (BPT 31 UVA BRIENT,) JULY 19• 1975 181361 o, 1071161 o, 
P52 IMU REALIGN (ePT 11 ORBITAL BRIENT,> JULY 19, 1975 1811+1 I O• 1071211 o, 
P20 UNIVERSAL TRACl<ING • ePT10N 5 JULY 20, 1975 51 31 o, 1171431 o, 
P52 !MU REALIGN (6PT 31 eRBITAL BRIENT,) JULY 20, 1975 61251 O• 1191 51 o, 

DAY 6 ACTIVITIES 

seYuz oEeRBIT MANEUVER JULY 21• 1975 51 6: o, 1411461 o, 
seYuz LANDING JULY 21, 1975 5:511 o, 1421311 o, 

DAY 7 ACTIVITIES 

P52 !MU REALIGN (/!PT 3: 6RBITAL BRIENT, I JULY 21, 1975 71'151 o, 14'1:2!51 o, 
P20 UNIVERSAL TRACl<ING • BPTieN 1 JULY 21, 1975 1'81271 o, 1551 71 o, 
P52 IMU REALIGN (!!PT 31 eRBITAL BRIENT•> JULY 21, 1975 221 61 o, 1581461 o, 



LB-9 

M'.IT 

EVENT DATE TIME TIME 
HlMINlS MIMINIS c.o,r, G,E,T, 

DAY 8 ACTIVITIES 

P20 UNIVERSAL TRACKING• 6PT!6N 5 JULY 22, 1975 7:321 o, 1681121 o, P52 !MU REALIGN (t!PT 3l eRBITAL BRIENT,> JULY 22, 1975 10:22: o, 1711 21 o, P52 IMU REALIGN cePT 3: 6RB IT AL BRIENT,) JULY 22, 1975 19: 11 o, 1'791-H I o, 
DAY 9 ACTIVITIES 

P52 IMU REALIGN (6PT 31 ORBITAL 6RIENT, > JULY 23, 1975 91531 o, 1941331 o, P20 UNIVERSAL TRACKING• OPT!BN 2 JULY 23, 1975 141201 o, 1991 01 o, 
OM JETT I seN JULY 23, 1975 HlHI 0• 1991211 o, P30 EXT, DELTA V, DM! CLB•122> JULY 23, 1975 15: 3l o, 199Joll31 O• ENTFR P40 SPS THRUST PR6GRAM CLB•123) JULY 23, 1975 15l101 O, 1991501 O, 
DM1 IGNITI6N JULY 23, 1975 151161 O, 1991561 O, OM! BURN STATUS REP6RT JULY 23, 1975 15l18l o, 1991581 o, 
P52 IMU REALIGN (BPT 3l 6RBITAL BRIENT,) JULY 23, 1975 15139: o, 2001191 o, P30 EXT, DELTA V, DM2 CLB•126) JULY 23, 1975 19l27l o, 2041 71 o, ENTER P'+O SPS THRUST PR6GRAM (l.6•127) JULY 23, 1975 19l321 o, 2041121 o, 
DM2 IGNIT!BN JULY 23, 1975 19l'+2l55, 20'+122155, DM2 BURN STATUS REP6RT JULY 23, 1975 19l5'+l o, 20'+1341 o, P52 !MU REALIGN (6PT 31 BRBITAL 6RIENT,> JULY 23, 1975 2)l271 o, 2061 71 o, 

DAY 10 ACTIVITIES 

UPDATE CMC FeR PET JULY 211, 1975 7l27l o, 2161 71 o, P20 UNIVERSAL TRACKING• 6PT!6N 5 JULY 24, 1975 7l301 o, 2161101 o, P52 IMU REALIGN !OPT 31 BRBITAL BRIENT,> JULY 2'+, 1975 12120: o, 2211 01 o, P52 !MU REALIGN (6PT 11 ENTRY BRIENT,) JULY 24, 1975 12:391 o, 2211191 O, P52 IMU REAL ION (6PT 3l ENTRY 6R!ENT, > JULY 2'+, 1975 1311121 o, 2221221 o, 
P30 EXT, DELTA V, DEBRBIT (LB•136) JULY 2'+• 1975 15111 I o, 2231511 o, ENTER P40 SPS THRUST PR6GRAM (LB•137> JULY 211, 1975 151331 o, 224113 I o, DE6RB!T IGNITION JULY 24, 1975 1s:1101 o, 22111201 o, CMiSM SEPARATl6N JULY 2'+, 1975 1511151 O, 2241251 o, ENTRY INTERFACE JULY 24, 1975 15158123, 224138123, 
P67 ENTRY•FINAL PHASE JULY 24, 1975 161 '+133, 22HHl33, DReGUE CHUTE OEPL6Y JULY 2'>, 1975 161131 3, 22111531 3, MAIN CHUTE DEPL6Y JULY 2'+, 1975 161141 o, 2241541 o, SPLASHD6WN PACIFIC 6CEAN JULY 2'+, 1975 16118131' 2211158131, 



180' 

80' 

70' 

50' 

150'W 120' W 

Apollo rev count 

90'W 80'W o· 30'[ 80'[ 90' [ 120'[ 150'[ 180' 

80' 

40' ir-+-.-+-r-t----.-+-7'i'·-k-l=:!!,l"'~,,...,t,ll'o;;f'J&g~'r.''<"t-~v-+.,-{ 

~~~.,q:.:,,,&~~• 9~pL-.1..._...L+--aA'F---l---7-'t~+-+..--'i 3o' 30' 1-:::~ '--t-----''b~--''i<-,~~CJ.AN==,;e~
1

,tj,f-J;,j-,::;--lrrl- l 
20'f_,qH--J"""'.,._H..-+--A--+-=~H~e-;•~>il'!:-,ii!f".+..-/~ ¾;,c¾!'.-!...\,-+il'-A--HY',j-=,ctllc---.---'j, \.--!-4c-¥--= ........ 20· 

f 1 0' b--!aa::'7'!-..-<:-t---,-+--t-lr+--frt},!§i;;~~fil~-.--f-----'>t.--""'eilri"icl!'.li,,d-;~ ~f/r<;f""'Sr'· ~+->t<!.-----1-'----iHll"l-----...'l~ift.-+-=Jff-mlm,I' 10' 

"8. o· 
.i3 

o· 

~ 10' 1tt;;_!;-:,_1,J~i_~-t..--A--..._t,--:-'::-:..,--'-:-,t>,~d~ )..b~.-Y+-~~~lp,,J+~~~~~_.,it,;--l---l,L...J--:::=f"';~4'd1!~~1(-+.:- 10· 

20' •• ' 

180' 150'W 

it---+::::,.i:l.:"!1+''..-t-----.l-----''-l--~ ---1•..---+--+'1-;=,E'<tffi~Wr.'•4"'--+-----'tef+--+-+h+--,f-t-''lft''-1'=-14"'1' 20' .___, __ ---'! 

12o·w 90' W 60' W 

---- US tracking o• elevation angle! 

'--"'-+"~-t~+---+-- - - - - USSR tracking o• elevation angle) 70' 

30' W 0' 30' E 60'[ 

Longitude, deg 

•··················· USSR trading fl' elevation angle) 

120 n. mi. orbital altitude 

90' [ 120' [ 150' [ 

80' 

180' 

Apollo Groundtracks Revolutions 1 through 8 
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GYRO COMPASSING 

The purpose of gyro compassing is to provide for a Launch alignment so that the crew can monitor 
the boost phase performance, a back up control for orbit insertion, and an inertial reference frame 
for incorporating the velocity gained during boost and thus maintaining the state vector. 

The earth pre-launch aliimment orientation is a local vertical alignment J><>inting along a launch 
azimuth. For the ASTP mission, this corresponds to approximately 45 east of north for 
the 51. s0 inclined orbit of the Soyuz. 

In vector notation 

u -xsm 

Uzsm 

Uzsm 
Uxsm 

unit (-.!:> 
unit~) 

UzsmX Uxsm 

Stable member x axis 

Stable member z axis 

~ is a horizontal vector at the desired launch azimuth angle. 

_£ysm completes the set. 

The alignment by the computer is a two step process. The first step is to level the platform for a 
specific time of 640 seconds after a coarse aligning to the initial computed alignment direction. 

After the leveling and a settling period is accomplished, the computer automatically switches to 
the gyro compassing mode where gyro's are torqued both for level and azimuth. 

The basic loop diagram's for vertical erection and azimuth alignment are shown in Figures A & B. 

Both loops are similar. During the vertical erection period, no attempt to align the platform in a 
specific azimuth is made. 

The three acceleometer outputs are processed by the !MU compensation program every . 5 seconds, 
compensated for bias and scale factor error and used to compute the gyro compensation for ADIA and 
ADSRA drifts which are then added to the normal bias drift (NBD). 

After rotation by the xsm matrix to the local vertical and azimuth direction system, the x and y 
accelerometer outputs are filtered and used as an indication of the amount of "off-level" of the 
Inertial platform. 

Proportional control is then applied for the theoretical east and vertical gyros. The theoretical 
south gyro uses proportional plus integral control. 

After rotation by the xsm matrix again, the outputs are ready to be applied to the actual gyros. 
Earth rate compensation for 5 seconds at the local latitude is added and the actual gyros torqued at 
the end of the 5 second cycle. 

The gyro compensation routine inserts a "dead zone" of two to three gyro pulses before torquing 
the gyros. 

In the process of torquing the gyros, the routine rounds off to the nearest integral pulse and saves 
the fractional remainder for the next sampling time. 

In addition, to maintain the same magnetic condition of the gyros, an additional two pulses positive 
and two pulses negative are performed after every command. 



FLl.VNi-1 
I 
I 

Ax~ I 
I IMU 
I COMPEN-

PIA TFORM ERROR 

I [xsM] 
I 

~sMJ 
ANGLE TORQUE 

I SATION I VECTOR 

Ay~: PROGRAM MATRIX I MATRIX 

I 
I 

I FLl.VEi-1 
I t' 

I I ~ 
EARTH RATE 

~

I "EAST" Pl P + 
Az I 

COMPEN-

I 
SATION 

SAMPLE & ZERO (EVERY 5 SEC) 

EVERY .5 SEC 
SAMPLE ERO 

GYRO COMPENSATION !0.5 SECOND LOOP) 
BE, BS, 8 V EVERY 5 SEC 

FIGURE A VERTICAL ERECTION LOOP FOR PRE-LAUNCH ALIGNMENT 



IMU 

[xsMJ 
MATRIX 

"fAST" PIP+ 

~sMJ 
MATRIX 

PLATFORM ERROR 
ANGLE TORQUE 

VECTOR 

~•-"•= 

fARTH RATE 
COMPEN­
SATION 

(EVERY 5 SEC) 
SAMPLE ERO 

GYRO COMPENSATION (0,5 SECOND LOOP) 
9E, es , 9 V EVERY 5 SEC 

FIGURE B. AZIMUTH ALIGNMENT LOOP FOR PRE-LAUNCH ALIGNMENT 
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LAUNCH AZIMUTH CHANGE 

V78E Optional entry if Launch azimuth 
change is desired. 

Flashing 
V06N29 

V21E 

PRO 

xsm Launch Azimuth 

Load new Launch Azimuth 

Copy GMT of Launch Azimuth 
entry 

Wait 320 seconds for vertical erect, 
then gyrocompass. 

V78E Optional entry if Launch azimuth 
change is desired. 

Flashing 
V06N29 

V21E 

PRO 

xsm Launch Azimuth 

Load new Launch Azimuth 

Copy GMT of Launch Azimuth 
entry 

Wait 320 seconds for vertical erect, 
then gyrocompass. 

Vertical 

North 

XXX. XX deg. 

I + io I I 1 I I deg 

______ ,.hr 

-----"'"'·min 
---~-__,.sec 
______ date 

XXX.XXdeg. 

I+ IO I I l I I deg 

______ ,.hr 
______ ,. min 
______ .. sec 
______ date 

East Launch Azimuth ""45° 



LIFTOFF GMT ___ __ hours 
_____ minutes 
_____ seconds 
_____ Date 
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BOOST MONITOR 

SATURN BOOST 

DET -e VI ff 
U+UO 90 l 340 0 
0+30 84 l 423 395 
l+OO 66 1 973 1013 
1+30 46 3 254 1739 
2+-00 31 5 575 2592 
2+30 26 7 583 2825 
3+00 29 8 023 2311 
3+30 32 8 557 1941 
4+00 28 9 190 1592 
4+30 25 9 925 1261 
5+00 21 10 768 950 
5+30 18 11 721 662 
6+00 15 12 795 402 
6+30 11 14 005 176 

I 7+00 8 15 374 -9 

7+30 4 16 928 -1 41 
8+00 1 18 586 -230 
8+30 357 20 297 -286 
9+00 354 22 266 -257 
9+30 350 24 576 -117 
9+42 350 25 629 -4 

BOOST POLYNOMIALS (129. 55 sec) 

H 
.0 
.9 

4.3 
10.9 
21. 7 
36.0 
48.6 
59 .1 
67.8 
74.8 
80 .3 
84.3 
86.9 
88.3 

88.7 1 

88.3 
87.4 
86. l 
84.7 
83. 7 
83.6 

Pitch Angle (S/C) = 3. 4105492 -. 6459651t + . 0397588 t2 -. 00068310359 t3 

+7.2429454 X 10- 6 t4 -4 . 3654159Xl0-8 t5 +1.09095Xl0-lOt6 

Where t = t;. time from deduced time of liftoff when the roll and pitch computed attitude errors 
should start. (Nominally 10. 3 sec after liftoff) . The stop time ls nominally 130. 3 sec 
after liftoff. The attitude errors are biased by the actual vehicle angle if Saturn 
takeover is accomplished. 

RA = Roll angle = Saturn Roll Rate • t - 180° + Launch Azimuth - (- 9o0
•) 

*Loaded in Prelaunch Erasable as SATP.LRT (1 o / sec) and AZIMUTH (- 90°) 

PA Pitch Angle 

[ 

sin PA 

-sin RA cos PA 

-cos RA cos PA 

0 

-cos RA 

-sin RA 

-cos PA l 
- sin RA sin PA 

-cos RA sin PA 

~DC desired X S/ C vector 

Inc desired Y S/ C vector 

~DC desired z S/C vector 
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INSERTION MONITOR 

GET .hrs 
.min 
. sec 

N62 
VI Inertial Velocity . ft/ s 
HOOT Altitude rate . ft/ s 
H Altitude nmi 

N44 
ha Altitude of Apogee nmi 
hp Altitude of Perigee runi 
TFF Time from 

Free Fall 
(300, 000 ft) min-sec 



BASIC REFERENCE COORDINATES AND REFSMMAT 

The Basic Reference Coordinate system (BRC) is an orthogonal inertial coordinate system whose 
origin is located at the earth 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 Besselain year which starts January . 9233573, 1950, E.T.* The X axis (UXI) 
is defined by the intersection of the earth's equatorial plane and the ecliptic in the direction oi the 
ascending node. The Z axis @zI) is along the mean earth north pole, and Y axis @YI) completes 
the right-handed triad. 

REFSMMAT. The matrix used to transform the elements of a vector given in 
BRC space to IMU space is known as REFSMMAT. 

Five REFSMMAT's or IMU alignments are utilized during this mission. Each 
is a unique matrix which locates a stable member axis @XSM, !!.YSM• or !!.zsM) 
in BRC space (Figure 2). 

IMU REALIGNMENT. Any desired IMU orientation with respect to the BRC system 
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 
three 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 uplinked 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 three options are available to the crew when executing P52 (Figure 3). The basic dif­
ference between options is the manner in which REFSMMAT is obtained. The basic orthogonaliza­
tion procedure used to compute REFSMMAT is shown in Figure 4. Navigation stars, the solar 
ephemeris and the vehicle state vectors are referenced to this system . 

.!!zI 

Ecliptic 

~XI = Mean Equinox of Date 

Figure 1. Basic Reference Coordinate System 

* E.T. = Ephemeris Time 
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I LAUNCH PAD REFSMMAT 

1. Launch 

2. Separation (AEM) 

3. Clrcularlzatlon (ACM) 

4. NCl 

[:] ___ [: XIY 
XIZ~ 

[; ]EC< 

= YIY YIZ 

ZIX ZIY ZIZ 
Platform 
stable 
Members 

XIX -.06310192 XIY -. 78289669 XIZ . 61894336 

YIX -.64741865 YIY -.43986600 YIZ -. 62238812 

ZIX • 75951776 ZIY -.43998938 ZIZ -.47910554 

I RENDEZVOUS I 

1. NC2 

2. NCC 

3. NSR 

4. TPI 

XIX .42218671 XIY :'49164148 XIZ -. 76160818 

YIX -. 70565224 YIY -. 34915579 YIZ -.61655912 

ZIX -.56904594 ZIY .79773358 ZIZ .19951897 

I UVA I 
1. Separation 

XIX -.26508801 XIY • 96422422 XIZ • 00000000 

YIX .11660937 YIY .03205867 YIZ . 99266031 

ZIX . 95714711 ZIY .26314235 ZIZ -.12093595 

I ORBITAL I 

1. DMl 

2. DM2. 

XIX ~. 51994343 XIY -. 58638351 XIZ .62113864 

YIX -. 78608606 YIY • 04392069 YIZ -· 61655466 

ZIX • 33425665 ZIY -. 80884198 ZIZ -.48378419 

DEORBIT 

1. Deorblt 

2. Entry 

XIX .40941366 XIY . • 87663779 XIZ -.25275 8()7 

YIX -. 76617207 YIY .17994650 YIZ -. 61692755 

ZIX -.49533907 ZIY .44623474 ZIZ • 74532796 

F igure 2. Mission REFSMMAT•S 
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!OPTION: 00001 (PREFERRED)! 

DESCRIPTION: Preferred Thrusting Illustrated 

XSM = UTD 

YSM = (XSM) x (rTIGl 

ZSM = (XSM) x (YSM) 

The PREFERRED option refers to one of two possibilities: 

a. The PREFERRED thrusting orientation which ls calculated and stored by P40 and 
P41. 

h. Any orlentation uplinked by STDN via P27. 

The C MC is unable to distinguish between a and b. Whenever a PREFERRED orlenta­
tion has been computed by P40 or P41 and stored, or uplinked by STDN via P27, the 
PREFERRED ATTITUDE flag is set. This flag indicates to the CMC that a usable 
platform orientation has been stored in the locations allotted to PREFERRED ATTI­
TUDE. The PREFERRED ATTITUDE flag being reset indicates the information in 
the P.REFERRED ATTITUDE locations is unusable. The PREFERRED ATTITUDE 
flag is reset by P40 and P41 at TIG - 30 seconds. 

CALCULATION OF ORIENTATION: 

[
:::::::Dl = [:::l = l~:i~ ~TD x rTio> J 
(Thrusting) J Zs~ J l~nit (UTD X (UTD X (rTIGll 

where 

UTD is a unit vector In the desired thrust direction expressed in the basic 
reference system. 

rTIG is the position vector of the vehicle at Ignition expressed In the basic 
reference system. 

Figure 3. (Sheet 1 of 2) 
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!OPTION: 00002 (NOMINAL)i 

DESCRIPTION: LOCAL VERTICAL 

The CMC requests the g. e. t. for which the vehicle r and v are to be selected to define 
the NOMINAL orientation. 

CALCULATION OF ORIENTATION: 

CSM 

[ ] 
r
XSMJ [!SM x ~SM1 

:~~;':~T = Y SM = Unit (V X i') 

ZsM Unit (-F) 

where 

r 
v } are position and velocity vectors of vehicle at the time 

specified. 

!OPTION: 00003 (REFSMMAT) I 
DESCRIPTION: 

This option Is used for gyro drift determination. This option realigns the platform to 
the platform orientation currently maintained In the CMC. The actual platform orien­
tation differs from the CMC maintained orientation due to gyro drift. 

[

Currently maintained l 
CMC platform 

Orientation 

Figure 3. (Sheet 2 of 2) 
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P51/P52 IMU ALIGNMENT 

z 

X 

.!!g1 and~ s2 are lmown unit vectors ln ECI space of the stars and are stored ln the CMC. 

[

X2M] 
.!!s2M = y2M 

z2M SM 

[ 

cos AS sin At ] 
= [Al] [AM) [AO) [32°) sin AS sin At 

cos At 

Al, AM, AO are inner, middle, and outer glmbal angles at 1th mark time. AS and At are SXT 
LOS shaft and trunnion angles at 1th mark time. 

~~ :r.~2M are the measured unit vectors (optics mark) in stable member (SM} space 

AXISGEN - A celestial body coordinate system with coordinate axes in ECI space and SM space ls 
generated. The celestial body space axis vectors comprise the transformation matrices 
from ECI and SM space to celestial body space, 

~A = [~~ X !,52 J ~ ~ = [~~:X!!g2M J SM 
~ X ~l X .!!&) ~M X ~lM X .!!s2M) 

[A) EC! = [BJ ~ 

SM = [Bf
1 

[A) ~ 

[REFSMMAT) = [Bf1 [A) [~] = YSM 

~SM ECI 

~ SM I SM and ~ are the present stable member axes ln reference coordinates. 

z 

X 

Star Angle Difference • a - ~ 

Stsr Angle • ~ 

X 

Figure 5. REFSAQ.{A.T Computations 
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OETERM INATION OF GYRO TOR OU ING ANGLES 

The star sighting data obtained during P52 is used to calculate the gyro torquing angles required to align the stable member from its 
present orientation to the desired orientation as defined by the REFSMMAT presently stored in the computer. 

Since the gyros in the I MU are always torqued in the sequence Y. Z, and X, the transformation from the present orientation to the desired 
orientation is defined by the permutation shown below: 

[

XSMJ [ cos¢, cos~Y sin~, 
Y SM • (si~x si~Y • cos¢• si~z cos4>yl cos¢• co,¢2 
ZsM (si~x si~z cos4>y + cos¢• si~yl -sin~x co,¢2 

Desired 

A transformation equivalent to the above transformation is obtainable from the star sighting data of the P52 program. 

[Ar' [B] 

For P52 

.§A• [A]fil!l 
Desired 

[A]fil!l 
Desired 

[

XSM] [XSM] [C(l,1) YSM • • [C] YSM • C(2,1) 

ZsM ZsM C(3, 1) 
Present Present 

.lie • [B]~ 
Present 

SM 
Desired 

[Af1 [B]~ 
Present 

C(l,2) 

C(2,2) 

C(3,2) 

C(l ,3)] 
C(2.3) 

C(J,3) 
~

SM] YsM 
2sM 

Present 

The gyro torquing angles can be computed from any convenient element for element assignment between the matrices [C] and [tf,x] (;z] (ct>y l Gyro torquing angles are computed using the relationship: 

'v • tan- • ( ·§/;}/ ) 

' -z 
-, 

tan 

-, 
tan 

(.C11,2) cos4>y) 
\ C(l,1) 

(·g1rn ) 



APPLICABLE 
MANEUVER REFSMMAT 

Launch, Launch 
Separation 
NCl 

NC2 Rendezvous 
NCC 
NSR 
TPI 

Separation UVA 

DMl Orbital 
DM2 

ADM Deorbit 
Entry 

ASTP MISSION 
REFSMMAT SUMMARY 

ALIGNMENT 
CRITERIA (IMU AXIS) 

X-axis along flight azimuth at Launch 
Z-axis along negative radius vector 
Y-axis completes the right-hand triad 

Z-axis along negative position vector 
defined at TPI ignition time. 

Y-axis along negative momentum 
vector of the vehicle defined at TPI 
ignition time. 

X-axis completes the right-hand triad. 

A REFSMMAT obtained by the follow 
rotations from a local vertical (see LB-
20) REFSMMAT at the ascending node 
of Rev 59: Yaw = 45°, Pitch = 90°, 
Roll = 180°. 

Z-axis along negative position vector 
defined at orbital noon of Rev 110 

Y-axis along negative momentum 
vector of the vehicle defined at orbital 
noon of Rev 110 

X-axis completes the right-hand triad. 

X-axis aligned with the Spacecraft 
X-axis at the vehicle attitude for de-
orbit ignition with the thrust directed 
through the center of gravity 

Z-axis in the plane formed by the 
X-axis and the radius vector, 
Positive direction away from earth 
for heads down attitude, 

Y-axis completes ,the right-hand triad, 

REMARKS 

At launch the FDAI will display: 
Roll = 90° + flight azimuth, 
Pitch = 90°, Yaw = o0 • 

At TIG of TPI the FDA! will 
display Roll = o0 , 

Pitch = E = elevation angle 
at TPI, Yaw = o0 • 

At orbital noon on Rev 110 the 
FDA! will read: Roll = o0 , 

Pitch = o0 , Yaw = o0 • 

At deorbit the FDA! will read: 
Roll= o0 , Pitch = 180°, Yaw = o0

• 
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DETERMINATION OF SIC ROLL AXIS WITH 
RESPECT TO A LOCAL HORIZONTAL COORDINATE SYSTEM 

The procedure outlined below provides • method for dttll'mining the direction cosines of the CSM roll axis with respect to the local 
horizontal COOfdinate systtm. Thit procedure requir11 knowing the IMU gimbel 1nglM, thl REFSMMAT to which the sta ble member is 
aligned, and the state vector (expressed in refereric• coordinates) of the CSM corresponding to the time of the gimbal angles. 

The procedure is broken Into two perts : the first defines the SIC a,cis with resptet to the basic reftfence COOl'dinate system; the second 
dlfines the SIC axis with rtspect to the toe.I horizontal coordinate system. 

The following transformations are used in the development of the procedure and ere defined hefe for completeness. 

[SMNB) • the transformation from the stable member to the navigation base of the G&N system. Since the navigation baM axes are 
colinear with SIC axes for the CSM, this transformation alto defines the transformation from the stable member to the SIC 
l[SMSC)I. 

(A0f 1 [Amf' [A;f' YsM • [SMNB[ YsM • [SMSC[ YSM 

[

xsM l [xsM l [xsM] 

[

a,,A;co,Am 

• (linAi sinAo-cosAi sinAm cosAo) 
(cos.Ai sinAm sinAo+sinAi c:osAo) 

2sM 2SM 2sM 

slnAm 
cosAm cosAo 
-cos.Am sinAo 

-sinAi COIAm ~ 
(linAi slnAm cosAo+cosAI slnAo) 
(cosAi cosAo-sinAi sinAm sinAo) 

whef'e Ao, Ai, ind Am are the out.,, inner, and mtCkllegimbal angles n displayed on the OSKY. 

~EFSMMAT1 - the transformation from the basic reference coordinate system to th• stable member. There are several different types of 
REFSMMAT ,net they are defined elstwhere in this section. 

Ll
XIX 

(REFSMMAT) • YIX 
ZIX 

(REFSC( - the tr1nsform1tion from the basic reference coordinate system to the S/C axes. 

(REFSC) • (SMSC) [REFSMMAT) • !SC/ REF • REFSC(2, 1) 

Ll
XSCJREF] ~REFSC(l, 1) 

3'.SC/ REF REFSC {3, 1) 

REFSC (t , 2) 
REFSC (2, 2) 
REFSC (3, 21 

REFSC 11 , 3~ 
REFSC 12, 3) 
REFSC (3, 3) 

where XSCJREF, YSCJREF, and ZSCJREF define the X, Y, ind Z axes of the CSM with respect to the bHic reference coordinate 
'iv-stem. - -

[LHREF] - the tr1nsform1tion from the local horitontal coordinate system to the besic reference coordinate system. 

[LHREF] • . (unit{~X!!IX( -~l}. unit(~X!!_l, unit( -!!I) 

"'"" 
.!!, and Y, •e the state vector of the CSM at the time of the gimbll •ngln. 

[LHSC) - the trardformatK>n from the local horizont1I coordinate system to the CSM axes. 

[LHSC[ • [REFSC) [LHREF) . fi~~~l 
llSCILHJ 

where XsC/LH, YSCJLH, and ZSC/ LH define the X, Y, and Z axes of the CSM with respect to the loc,t horizontal coordinate 
ivstem. - -
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STEP 1. SIC AXES WRT BASIC REFERENCE COORDINATES 

(REFSC) • (SMSC) (REFSMMAT) 

AEFSC (1, 1) • cosAi cosAm XIX+ sinAm VIX - sinAi oosAm ZIX 

AEFSC (1, 2) • cosAi cosAm XIV+ sinAm VIV - sinAi cosAm ZIV 

REFSC (1, 3) • cosAi cosAm XIZ + sinAm VIZ- sinAi cosAm ZIZ 
} ~SC/REF 

AEFSC 12, 1) • (linAi sinAo - cosAi sinAm cosAo) XIX+ a>1Am cosAo VIX + (sinAi sinAm cmAo + cosAi sinAo) ZI X } 
REFSC (2, 2) • (sinAi sinAo • cosAi sinAm oosAo) XIV+ oosAm cosAo YIY + (sinAi sinAm cosAo + cos.Ai sinAo) ZIV 

REFSC (2, 31 • lsinAi sinAo - cosAI sinAm cosAo) XIZ + cosAm cosAo VIZ+ fsinAi sinAm cos.Ao+ cos.Ai sinAo) ZIZ 

REFSC 13. 1) • (cosAi sinAm sinAo + sinAi cosAo) XIX • cosAm sinAo VIX+ (oosAi cos.Ao• sinAi sinAm sinAo) ZIX 

REFSC (3, 2) • !cosAi sinAm sinAo + sinAi cosAo) XtY oosAm sinAo YIY + (cos.Ai cosAo - sinAi sinAm sinAo) ZIV 

REFSC (3, 3) • (cosAI sinAm sinAo + sinAi cosAo) XIZ - cosAm sinAo VIZ+ (oosAi cosAo - sinAi sinAm sinAo) ZIZ 

LHSC (1, 1) -
LHSC 11, 2) -
LHSC (1, 3) -
LHSC (2, 1) -
LHSC 12, 2) -
LHSC (2, 3) -
LHSC (3, 1) -
LHSC {3, 21 -
LHSC 13, 31 -

STEP 2. SIC AXES WAT LOCAL HORIZONTAL COORDINATES 

(LHSC) • (REFSC] (LHREF] 

{ REFSC (1, 11. REFSC 11, 21, REFSC (1, 31} o { un;, (I~ X !!1 X l· !!IJ} } { REFSC (1 , 11. REFSC 11 , 21 , REFSC 11, 31 ) o fun ;, ly X~I ) 

{ AEFSC (1, 11. AEF SC (1, 21, AEFSC 11, 31 } o {unit(·,!!)} 

{ REFSC (2, 11, REFSC 12. 21. REFSC 12, 31) 0 { un;, ( ly X ~I X 1-~I] ) } { AEFSC (2, 1) , AEFSC (2. 2), AEFSC (2, 3)} o {unit(~ X !!I} 

{REFSC (2, 11, REFSC 12, 21. REFSC {2, 31} o { un;, 1-~I} 

{ REFSC 13, 11, REFSC 13, 21, REFSC 13, 31) 0 { un ;, (ty X ~I X t-~11) 

} { AEFSC (3, 1). AEFSC (3, 2). AEFSC (3, 31) o { unit(:! X !!_I } 

{AEFSC (3, 11. AEFSC (3, 2), AEFSC (3. 3)} o {unit( -~) } 

• ~SC/LH 

• Ysct LH 

• ~SC/ LH 

} 
• ,!'SC/ REF 

• ~SC/ REF 

The ~SC axis is the same as the roll axis and therefore the components of the roll axis of the S/C with respect to the local horizontal 
coordinate system are : 

LHSC (1, 3) - component of Xsc along-.fi 

LHSC 11, 21 - component of Xsc normal to orbita l plane 

LHSC (1, 1) - component of Xsc normal to ·!! and in plane.! . 
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P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal. 
3 - REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 

+ 0 0 
Hours } 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 
Celestial 
Body Code 1 

X 0 0 0 
Celestial 
Rorlu l"nrl" 2 
Star Angle 
Difference (degrees) 

Star Angle 
Measured (degrees) 

:1 Gyro 
Torquing 
Angles 

z ) 
(degrees) 

:} 
Calculated 
Gyro 

I Drift 
I (merul 
I 

I 

NOTES: 

N71 

N71 

NOS 

N93 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 
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P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 0 0 0 0 1 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal. 
3 - REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 

+ 0 0 
Hours } 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 Celestial 
Body Code 1 

X 0 0 0 
Celestial 
Ro .... l'nd1> 2 
Star.Angle 
Difference (degrees) 
Star Angle 
Measured (degrees) 

:1 Gyro 
Torquing 
Angles 

z) 
(degrees) 

:} 
Calculated 
Gyro 

I Drift 
I (meru) 
I 

I 

NOTES: 

N71 

N71 

NOS 

N93 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 



LB-28 

P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

R.t : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal, 
3 - REFSMMAT 

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 

X 0 0 0 
Celestial 
Rn.iv l'nda 2 
Star Angle 
Difference (degr-) 
Star Angle 
Measured (degrees) 

:1 Gyro 
Torquing 
Angles 

z ) 
(degr-) 

:} Calculated 
Gyro 

I Drift 
I (meru) 

l 
NOTES: 

N71 

N71 

N05 

N93 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 



LB-29 

P52- IMU REALIGN 

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 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 

+ 0 0 
Hours } 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 Celestial 
Body Code 1 

X 0 0 0 
Celestial 
...... ~. l':oda 2 
Star Angle 
Difference (degrees) 
Star Angle 
Measured (degrees) 

:1 Gyro 
Torquing 
Angles 

z ) 
(degrees) 

:} 
Calculated 
Gyro 

I Drift 
I (merul 

I 

I 

NOTES: 

N71 

N71 

NOS 

N93 

X 0 0 .o 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 

. 



LB-30 

P52-IMU.REALIGN 

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 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 

+ 0 0 
Hours } 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 Celestial 
Body Code 1 

X 0 0 0 Celestial 
Bo~v l"nda 2 
Star Angle 
Difference (degrees) 
Star Angle 
Measured (degrees) 

:1 Gyro 
Torquing 
Angles 

) 
(degrees) 

z 

:} 
Calculated 
Gyro 
Drift 
(meru) 

NOTES: 

N71 

N71 

N05 

N93 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 



V37 Enter, 30 Enter 

LB-31 

P30 - EXTERNAL /::.V 

AEM 

V06 N33 Flashing, Load Desired GET I 

V06 N81 Flashing, Load Desired I::. V 

PURPOSE 

+ 0 0 Hours 

+ 0 0 0 Minutes GET I 

+ 0 Seconds 

0 /::.VX Local Vertical 

0 l::.Vy 
(feet/ second) 

0 l::.Vz I 

+ 0 0 Roll 

+ 0 0 Pitch 
IMU Gimbal 

Angles (degrees) 
+ 0 0 Yaw 

X X I::. V C (feet/second) 

X X BT (min:sec) 

+ X X X I::. V C at Ignition 

- X X /::.VC TAILOFF 

+ Weight (lbs) 

0 0 
I PTRIM 

0 0 YTRIM 
X X X X SXT star 

+ 0 Shaft Angle 

+ 0 0 Trunnion Angle 

NOTES: 

I N33 + 0 0 

+ 0 0 0 

+ 0 

I N81 0 

0 
I 

0 

I N22 + 0 0 

+ 0 0 

+ 0 0 

X X 

X X 

+ X X X 

- X X 

I N47 + 

I N48 0 0 

0 0 

X X X X 

+ 0 

+ 0 0 



LB-32 

MANEUVER UPDATE (P30) PAD DESCRIPTION 

GET of ignition (GET!) in noun 33 display 

Change in velocity components in noun 81 display 
Ground calculated S/ C burn attitude relative to the IMU at GET! called by V49 N22 
EMS AV counter load (AV c> 
Burn duration (BT) 

EMS AV counter cue (AV C Ignition) for manual SPS ignition in short bum SCS control 
EMS AV counter reading (AV C t ailoff) to trim to for short burn SCS control 
Ullage duration, and number of quads (2 or 4) used 

Vehicle weight, and pitch and yaw trim engine gimbal angles, for DAP data load 
Star number, and optics shaft and trunnion angles. 



LB-33 

EVASNE . MANEUVER 

P41 - RCS THRUSTING 

V50 Nl8 Flashing, Request Maneuver to FDAI 
R, P, Y Angles 

V06 N18, FDA! R, P, Y Angles After Maneuver to 
Burn Attitude 

V06 N85, X, Y, Z Body Axes Velocity to be Gained 

V16 N85 (Average G on at TIG-30) Velocity to be 
Gained 

V16 N85 Flashing, Body Axes Residuals (to be 
Nulled) 

II 50-18 I Roll 

, . Pitch (deg) 

I. Yaw 

,. 06-18 I Roll 

,1 Pitch (deg) 

,. Yaw 

1, 06-85 I X 

u y VG(ft/s) 

1 • z 
0 16-85 I X 

u y VG (ft/s) 

u z 
,. 16-85 I X 

y Residuals 
,. (ft/ s) 

' 
z 

0 X 

y Trim 
II (ft/ s) 

1 • z 



EVENT 

AEM 

BT/AV 

8.7/3.3 

AVX 

LB-34 

APOLLO EVASIVE 
(AEM) 

TIG PROPULSION/ 
GUIDANCE 

2:34:00AGE1 RCS/ G&N 
EXT AV (P-41) 

N85 + X X 

AVY RESIDUALS (ft/s) + X X X 

AVz (BODY AXIS) + X 

PRE THRUST 
TARGETING 

P-30 

h 

min 

sec 

----v 
~RIM 

-------v 
YTRIM 

---•-V 
ZTRIM 

TIG: 02:34:00.0 
BT: 8.7 sec 
AV: 3.3fps 
POSIGRADE 
APOGEE: 90.2 nmi 
PERIGEE: 81. 0 nmi 

SUN 

\ 
~ 



V37 Enter, 30 Enter 

P30 - EXTERNAL AV 

ACM 

VOS N33 Flashing, Load Desired GET I 

VOS N81 Flashing, Load Desired AV 

PURPOSE 

+ 0 0 Hours 

+ 0 0 0 Minutes GET I 

+ 0 Seconds 

0 AVX Local Vertical 

0 AVy 
(feet/ second) 

0 AVz 

+ 0 0 Roll 

+ 0 0 Pitch 
IMU Gimbal 

Angles (degrees) 
+ 0 0 Yaw 

X X AV c (feet/second) 

X X BT (min:sec) 

+ X X X 
' 

AV C at Ignition 

- X X AVCTAILOFF 

' + Weight (lbs) 

0 0 PTRIM 
0 0 YTRIM 

X X X X SXT Star 

+ 0 Shaft Angle 

+ 0 0 Trunnion Angle 

NOTES: 

I N33 + 0 0 

+ 0 0 0 

+ 0 

I N81 0 
' 0 

0 I 

I N22 + 0 0 

+ 0 0 

+ 0 0 

X X 

X X 

+ X X X 

- X X 

I N47 + 

I N48 0 0 

0 0 

X . X X X 

+ 0 

+ 0 0 



LB-36 

P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt: 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal, 
3- REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 

+ 0 0 
Hours } 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 Celestial 
Body Code 1 

X 0 0 0 Celestial 
Bodv Code 2 
Star Angle 
Difference (degrees) 
Star Angle 

' Measured (degrees) 

:1 Gyro 
Torquing 
Angles 

z) 
(degrees) 

:} 
Calculated 
Gyro 
Drift 
(meru) 

NOTES: 

N71 

N71 

NOS 

N93 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 



LB-37 

(CIRCULARIZATION) 

P40 - SPS THRUSTING (CSM) 

V37 Enter, 40 Enter 
V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles 
V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude 
V50 N25 Flashing, Rl = 00204, Gimbal Actuator Test Option 
V06 N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity 
V99 N40 Flashing, Engine On Enable Request 
V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity 
V16 N40 Flashing, Final Values at Engine Cutoff 
V16 N85 Flashing, Body Axes Residuals (to be Nulled) 
V37 Flashing, V82 Enter 
V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit 

50-18 I Roll 

Pitch (deg) 

' 
Yaw 

06-18 I Roll 

Pitch (deg) I 
Yaw 

IX 06-40 I TFI (min:s) rx 
VG (ft/s) 

t.VM (ft/ s) 
' X 06-40 I TFC (min:s) ex: 

VG (ft/s) 
' t.VM (ft/ s) 

X 16-40 I TFC (min:s) IX 
VG (ft/ s) 

t.VM (ft/ s) 
' 85 I X 

y Residuals 
(ft/ s) 

z 
85 I X 

y TRIM 
(ft/s) 

z I 

' 
44 I HA (nm!) I 

' 
HP (nm!) I 

I)< TFF (min:s) )< 



EVENT 

ACM 

LB-38 

APOLLO CIRCULARIZATION 
(ACM) 

BT/,:W TIG PROPULSION/ 
GUIDANCE 

0.9/20. 5 3:45:00 AGE1 
SPS/G&N 

EXT t:,. V (P-40) 

t:,.VX N85 + X X 

t:,.Vy RESIDUALS (ft/s) + X X X 

t:,.Vz (BODY AXIS) + X 

PRETHRUST 
TARGETING 

P-30 

h 

min 

sec 

----v 
~RIM 

-------v 
YTRIM 

---•-V 
ZTRIM 

TIG: 03:45:00. 0 
BT: 0.9 sec 
t:,.V: 20.5 fps 
POSIGRADE 
SPS 
APOGEE: 91. 5 nml 
PERIGEE: 89.5 nmi 

SUN 



V37 Enter, 30 Enter 

LB-39 

P30 - EXTERNAL t:..V 

NCl 

V06 N33 Flashing, Load Desired GET I 

V06 N81 Flashing, Load Desired t:..V 

PURPOSE 

+ 0 0 Hours 

+ 0 0 0 Minutes GET I 

+ 0 Seconds 

0 I t:..VX Local Vertical 

0 t:..Vy 
(feet/ second) 

t 

0 t:..Vz I 

+ I 0 0 Roll 

+ 0 0 Pitch 
IMU Glmbal 

Angles (degrees) 
+ 0 0 Yaw 

X X t:,. V C (feet/second) 

X X BT (min:sec) 

+ X X X t:,. V C at Ignition 

- X X t:..VC TAILOFF 

+ Weight (lbs) 

0 0 PTRIM 
0 0 YTRIM 

X X X X SXT Star 

+ 0 Shaft Angle 

+ 0 0 Trunnion Angle 
I 

NOTES: 

I N33 + 0 0 
' 

+ 0 0 0 

+ 0 

I N81 0 I 

0 
' 

0 

I N22 + 0 0 

+ I 0 0 

+ I 0 0 

X X 

X X 
I 

+ X X X 

- X X 

I N47 + I 

I N48 0 0 

0 0 

X X X X 

+ 0 

+ 0 0 
' 



P40 - SPS THRUSTING (CSM) 

V37 Enter, 40 Enter 

LB-40 

(NC 1) 

V50 Nl8 Flashing, Request Maneuver to FDAI R, P, Y Angles 
V06 Nl8, FDAI R, P, Y Angles After Maneuver to Burn Attitude 
V50 N25 Flashing, Rl = 00204, Glmbal Actuator Test Option 
V06 N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity 
V99 N40 Flashing, Engine On Enable Request 
V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity 
Vl6 N40 Flashing, Final Values at Engine Cutoff 
Vl6 N85 Flashing, Body Axes Residuals (to be Nulled) 
V37 Flashing, V82 Enter 
Vl6 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit 

50-18 I Roll 

Pitch (deg) 

I Yaw 

06-18 I Roll 0 

Pitch (deg) 0 

• Yaw 

~ 06-40 I TFI (min:s) ~ 
0 VG (ft/ s) 

0 6VM (ft/ s) 

X 06-40 I TFC (min:s) X 
0 VG (ft/ s) I 

,. 6VM (ft/ s) 

X 16-4-0 I TFC (min:s) X 
' VG (ft/s) 

0 6VM (ft/ s) 
' 

' 
85 I X 

y Residuals ,. (ft/ s) I 

,. z 

• 85 I X 

y TRIM ,. 
(ft/ s) 

'' z 
0 44 I HA (nmi) 

" 
HP (nmi) 

X TFF (min:s) X 



EVENT 

NCl 

BT/t:.V 

3.1 /66 . 3 

t:.VX 

LB-41 

PHASING 
NCl 

TIG 

5:41:28. 1 
AGET 

N85 

t:.Vy RESIDUALS (ft/s) 

t:.Vz (BODY AXIS) 

PROPULSION/ PRE THRUST 
GUIDANCE TARGETING · 

SPS/G&N P-30 
EXT t;. V (P-40) 

+ X X h 

+ X X X min 

+ X sec 

--~v 
~RIM 

----v 
YTRIM 

----V 
ZTRIM 

TIG: 05:41:28.1 
BT: 3.1 sec 
t:.V 66.3fps 
POSIGRADE 
SPS 
APOGEE: 125.8 nmi 
PERIGEE: 91.0 nmi 

SUN 



LB-42 

P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal, 
3 - REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 

+ 0 0 
Hours } 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 Celestial 
Body Code 1 

X 0 0 0 Celestial 
Ro~ .. Code 2 
Star Angle 
Difference (degrees) 
Star Angle 
Measured (degrees) 

:1 Gyro 

I Torquing 
Angles 

z) 
(degrees) 

:} 
Calculated 
Gyro 
Drift 
(meru) 

NOTES: 

N71 

N71 

N05 

N93 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 



LB-43 

Normal Plane Change Targeting (NPC) 

The plane change NPC targeting program computes the plane-change (PC) maneuver. The inputs 

are the state vectors of the CSM and Other Vehicle at the time of the last maneuver. This last 

maneuver, made by the CSM, is assumed to result in a nodal point after a 90-degree traverse 

from the maneuver position. 

The targeting sequence: 

1. The CSM state vector !c• Ye• is precision integrated to the time of the last maneuver. 

2 . The time of the nodal crossing is then computed by using the time-theta routine 

to update the CSM state vector the rough 90 degrees. 

3. The CSM and Other Vehicle state vectors are updated to the time of plane change, tpc, 

4. Compute the plane change parameters. 

Normal Plane Change Targeting 

Unit~ X !c) 

V -c 

r -c 

Unit <Yw X _!W) 

V -w 

r -w 

r £2 -c 

V £2 -c 

V £1 -w 

yw 
Normal Plane Change Targeting 

t:,.Y.__LV (0, - y c' 0) 

velocity vector CSM at t 
pc 

position vector CSM at t 
pc 

velocity vector Other Vehicle at t 
pc 

position vector Other Vehicle at t 
pc 

out-of-plane position 

CSM out-of-plane velocity 

Other Vehicle out-of-plane velocity 

Define local vertical coordinate system axes in reference coordinates. 

z -Unit r -c 

y Unit~ x !cl 

X .!_ x Z 

Compute t:,.V the CSM out-of-plane velocity vector in reference coordinates 



LB-44 

NPC ONBOARD TARGETING 

Verb 37, Enter, 38 Enter 

V50 N25 Flashing 

Rl: 00017 MINKEY Option 

PRO Accept MINKEY Option 

V50Nl8 Flashing Request Maneuver to Roll, 

Pitch, and Yaw Angles 

PRO 

+ 0 0 
Hours! 

+ 0 0 0 Min TIO of 

+ 0 Sec Last Maneuver .~ 
+ 0 0 Hours I 
+ 0 0 0 Min TIO of 

+ 0 .. Sec Plane Change 

b Marks 

b Time From Ignition (min:sec) 

- 0 0 0 0 1 MGA 

.~ 
AVx I Local 

... AVy Vertical (PC) 

... AVz ft/s 

b Marks 

b Time From Ignition (min:sec) 

... MGA 

P52 

.. 
OGA I New 

, .. IGA ICDU 

,i. MGA ANGLES 
MINKEY Pulse 
Toroue 

, .. OGA I ICDU 

' 
IGA ANGLES 

, .. MGA 

1 N39 

j N33 

l N45 

I N81 

I N45 

l N22 

N25 
I N20 

If AV < 10 FPS Automatic to P41 

If AV 2: 10 FPS Automatic to P40 

NOTES: 

+ 0 0 

+ 0 0 0 

+ 0 I 

+ 0 0 

+ 0 0 0 

+ 0 

b 

b 

- 0 0 0 0 1 .~ 
... 
... 

b 

b 

' 



LB-45 

P30 - EXTERNAL 6V 

NPC 

V37 Enter, 30 Enter 

V06 N33 Flashing, Load Desired GET I 

V06 N81 Flashing, Load Desired 6V 

PURPOSE 

+ 0 0 Hours 

+ 0 0 0 Minutes GET I 

+ 0 Seconds 

0 6VX Local Vertical 

0 6Vy 
(feet/ second) 

0 6Vz 

+ 0 0 Roll 

+ 0 0 Pitch 
IMU G!mbal 

Angles (degrees) 
+ 0 0 Yaw 

X X 6 V c (feet/second) 

X X BT (min:sec) 

+ X X X 6 V C at Ignition 

- X X AVC TAILOFF 

+ Weight (lbs) 

0 0 PTRIM 
0 0 YTRIM 

X X X X SXT star 

+ 0 Shaft Angle 

+ 0 0 Trunnion Angle 

NOTES: 

I N33 + 0 0 

+ 0 0 0 

+ 0 

j N81 0 

0 

0 

I N22 + 0 0 

+ 0 0 

+ • 0 0 

X X 

X X 

+ X X X 

- X X 

I N47 + 

I N48 0 0 

0 0 

X X X X 

+ 0 

+ 0 0 



LB-46 

NORMAL PLANE CHANGE NPC 

P40 - SPS Thrusting 
Automatic MINKEY Entry 

V50 Nl8 Flashing, Request Maneuver 
to FDA! R, P, Y Angles 

V06 Nl8, FDA! R, P, Y Angles After 
Maneuver to Burn Attitude 

V50 N25 Flashing, Rl = 00204, Gimbal 
Actuator Test Option 

V06 N40, Time from Ignition, Velocity 
to be Gained, Measured Change in 
Velocity 

V99 N40 Flashing, Engine on Enable 
Request 

V06 N40, Time from Cutoff, Velocity 
to be Gained, Measured Change in 
Velocity • 

Vl6 N40 Flashing, Final Values at 
Engine Cutoff 

V16 N85 Flashing, Body Axes Residuals 
(to be Nulled) 

V37 Flashing, V82 Enter 

Vl6 N44 Flashing, Apogee Altitude, 
Perigee Altitude, Time to Freefall 
300 K ft Earth Orbit 

Av· :, 10 FPS 

50-18 I Roll 

Pitch (deg) 

Yaw 

06-18 l Roll 

Pitch (deg) 

Yaw 

l'5< 05-40 l TFI (min:s) 

VG (ft/ s) 

AVM (ft/ s) 

IX 05-40 I TFC (min:s) 

VG (ft/ s) 

AVM (ft/s) 

l'5< 16-40 I TFC (min:s) 

VG (ft/ s) 

AVM (ft/s) 

85 Ix 
y Residuals 

z (ft/s) 

85 Ix 
y TRIM 

z (ft/ s) 

44 1 HA (nmi) 

HP (nmi) 

rx TFF (min:s) 

P41 - RCS Thrusting 
Automatic MINKEY Entry 

V50 Nl8 Flashing, Request Maneuver to FDA! 
R, P, Y; Angles 

V06 N18, FDA! R, P, Y, Angles After Maneuver 
to Burn Attitude 

V06 N85, X, Y, Z Bo:ly Axes Velocity to be 
Gained 

V16 N85 (Average G on at TIG -30) Velocity to 
be Gained 

Vl6 N85 Flashing Body Axes Residuals (to be 
Nulled 

' 

AV <10 FPS 

50-181 Roll 

Pitch 

Yaw 

06-181 Roll 

Pitch 

Yaw 

06-85 j X 

(deg) 

(deg) 

y VG(ft/ s) 

z 
16-85 j X 

y VG(ft/ s) 

z 
16-85 j X 

y Residuals 

z (ft/ s) 

X 

y Trim 

z (ft/ s) 



LB-47 

P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal, 
3 - REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 

+ 0 0 Hours } 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 
Celestial 
Body Code 1 

X 0 0 0 
Celestial 
Bodv rnda 2 
Star Angle 
Difference (degrees) 

Star Angle 
Measured (degrees) 

:1 Gyro 

i Torquing 
Angles 

z ) 
(degrees) 

:} 
Calculated 
Gyro 
Drift 
(meru) 

NOTES: 

N71 

N71 

NOS 

N93 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 



110· 

10· 

150"W 120"W ao·w ao·w 120·[ 150"E 180" 

ao· 

3o• f--:::¥--""4'<:4'l--,i".--'1.-,=l--"~¥..f~n'll---------l½.,_rt4t- h4-~~=2:k<"¥"'t"l"'fiifl'l I-+-~+->-": 30• 

20· 20· 

"f-~ r:::'l--t-"'./--HCl!'l1--1 10° 

o· 
V--tt~~rl-V---+lr=t~f'Tiat'f,eff~~t--+--+-->..:---r-+-".f'li!"-t;:::-'~"t-':'~·v-1~ 10· 

3o•i,,.,--H\---tlflllJ- A1-Jo,.!r+ *A-..:M4--lf--..,jol~L.._¥-+ -! 

40•1---;~,.1-+~ '--l~k"-+-'---'e>c~ .Y~½F.,-..,,~--t--:¥'-t---,P h-;t---,,.4-'-+--+--+-----,f--t-'t--t--+--t-----,..:,.~t ~-R!,;.l: 

---- US tracking o• elevation angle) 
70°f---+---+-+--+--+-+--+--+-+--+~~ll--'-+---lr--+--+-hr.cb-..-,.=-l=>--+'-"--f-t--+- - - - - USSR tracki ng o• elevation angle) 10• 

USSR tracking a• elevation angle) 

120 n. ml. orbital altitude - ao· 
110· 12o·w ,o·w o• 30"E &O"E 90"E 120"E 150"E 

Longitude, deg 

Apollo Groundtracks Revolutions 8 through 15 



LB-49 

P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rl : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nom'inal, 
3 - REFSMMAT 

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 

X 0 0 0 
Celestial 
Bodv Coda 2 

I Star Angle 
Difference (degrees) 

Star Angle 
Measured (degrees) 

:1 Gyro 

i Torquing 
Angles 

) 
(degrees) 

z 

:} 
Calculated 
Gyro 
Drift 
(meru) 

NOTES: 

N71 

N71 

N05 

N93 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 



1eo· 150-W 120-W o· 30°£ 

ao· 

f 

120•£ 150°£ 1eo· 

ao· 

50• 

40• 

\ o· 
1,-. ..,,D-ii~'.iiril':r'f",,.-, 20• 

10· 

ti o· o· 
.a 
~ 1o·~~t~i;z::i~~~;:=±:=±=1=~t,;;i«:J:---.+.-~:4H~rtt---\W.:1¥b;rr,~"\t-J!''ci~ !f"::t----17'~'i-:TM.°4:"f:.1~~10· 

~~~+~~~~~ ~~~~~~ 4~.7J'.:'._J--,,h..JL.~-=t---~~rlA· 20· 

30• 

---- us tracJdng o• elevation angle) 
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P30 - EXTERNAL t:..V 

PCM 

V37 Enter, 30 Enter 

V06 N33 Flashing, Load Desired GET I 

V06 N81 Flashing, Load Desired t:..V 

PURPOSE 

+ 0 0 Hours 

+ 0 0 0 Minutes GET I 

+ 0 Seconds 

0 t:..VX Local Vertical 

0 t:..Vy 
(feet/ second) 

0 t:..Vz 

+ 0 0 Roll 

+ 0 0 Pitch 
IMU Gimbal 

Angles (degrees) 
+ 0 0 Yaw 

X X t:.. V c (feet/second) 

X X BT (min:sec) 

+ X X X t:,. V C at Ignition 

- X X t:..VC TAILOFF 

+ Weight (lbs) 

0 0 PTRIM 
0 0 YTRIM . 

X X X X SXT star 

+ 0 Shaft Angle 

+ 0 0 Trunnion Angle 

NOTES: 

I N33 + 0 0 

+ 0 0 0 

+ 0 

I N81 0 

0 

0 

I N22 + 0 0 

+ 0 0 

+ 
' 

0 0 

X X 

X X 

+ X X X 

- X X 

I N47 + 

I N48 0 0 

-0 0 

-X X X X 

+ 0 

+ 0 0 
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P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal , 
3 - REFSMMAT 

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 

X 0 0 0 Celestial 
Bodv /"nnA 2 
Star Angle 
Difference (degrees) 
Star Angle 
Measured (degrees) 

:1 Gyro 
Torquing 
Angles 

z) 
(degrees) 

:} 
Calculated 
Gyro 
Drift 
(meru) 

NOTES: 

N71 

N71 

NOS 

N93 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 
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PCM 

P41 - RCS THRUSTING 

V50 N18 Flashing, Request M_aneuver to FDA! 
R, P, Y Angles 

V06 N18, FDA! R, P, Y Angles After Maneuver to 
Burn Attitude 

V06 N85, X, Y, Z Body Axes Velocity to be Gained 

V16 N85 (Average G on at TIG-30) Velocity to be 
Gained 

V16 N85 Flashing, Body Axes Residuals (to be 
Nulled) 

II 50-18 I Roll 

u Pitch (deg) 

II Yaw 

u 06-18 I Roll 

I. Pitch (deg) 

I. Yaw 

II 06-85 I X . y VG(ft/s) It 

,. z 
It 16-85 I X 

It 
y VG (ft/s) 

It z 

• 16-85 I X 
y Residuals 

ll (ft/s) 
ll z 

ill X 
y Trim 

I (ft/ s) 

•• z 



1ao· 
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40• 

30• 
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so· 
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30• 

20· 

10· 

o· 
tt-+....i..ttr--t+~.tfl'T;a<!f", fP'<.t-l---+-+\ ---t-.c:p'iF,~.:::-'11f"'"+-0'~r=t---::-'li 10· 

120 n. ml. orbital attitude 

110· 3o•w o· 3o•E &O"E 90"E 120·[ 1so·E 1ao· 
Longitude, deg 

Apollo Groundtracks Revolutions 23 through 30 
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P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nom·inal, 

3 - REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 

+ 0 0 Hours } 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 
Celestial 
Body Code 1 

X 0 0 0 
Celestial 
Bodv Code 2 

I Star Angle 
Difference (degrees) 

Star Angle 
Measured (degrees) 

:1 Gyro 

i Torquing 
Angles 

z) 
(degrees) 

:} 
Calculated 
Gyro 
Drift 
(meru) 

NOTES: 

N71 

N71 

NOS 

N93 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 
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P30 - EXTERNAL AV 

NC2 PREL 

V37 Enter, 30 Enter 

V06 N33 Flashing, Load Desired GET I 

V06 N81 Flashing, Load Desired AV 

PURPOSE 

+ 0 0 Hours 

+ 0 0 0 Minutes GET I 

+ 0 Seconds 

0 AVX Local Vertical 

0 AVy 
(feet/ second) 

0 
j AVz 

+ 0 0 Roll 

+ 0 0 Pitch 
IMU Glmbal 

Angles (degrees) 
+ 0 0 Yaw 

X X AV c (feet/ second) 

X X BT (mln:sec) 

+ X X X AV C at Ignition 

- X X AVCTAILOFF 

+ Weight (lbs) 

0 0 PTRIM 
0 0 YTRIM 

X X X X SXT Star 

+ 0 Shaft Angle 

+ 0 0 Trunnion Angle 

NOTES: 

I N33 + 0 0 

+ 0 0 0 

+ 0 

I N81 0 

0 
' 

0 

' I N22 + 0 0 

+ 0 0 

+ 0 0 

X X 

X X 

+ X X lt 

- lt X 

I N47 + 

I N48 0 0 

0 0 

X X X X 

+ 0 

+ 0 0 
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P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal, 
3 - REFSMMAT 

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 

X 0 0 0 
Celestial 
Borlu Code 2 
Star Angle 
Difference (degrees) 

Star Angle 
Measured (degrees) 

:1 Gyro 
Torquing 
Angles 

z) 
(degrees) 

:} 
Calculated 
Gyro 
Drift 
(meru) 

NOTES: 

N71 

N71 

NOS 

N93 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 
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P52- COAS LOS DETERMINATION 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rl: 00001 

R2: 00003 IMU Align Option 

PRO 

1 - Preferred, 2 - Nominal 

3-REFSMMAT 

V50 N25 Flashing 

Rl 00015 Please Perform Star Acquisition 
Enter 

V0l N70 Flashing 

Rl 000:XX Celestial Body Code 

V21E Load Celestial Body Code 

PRO 

Mark on Celestial Body with VERB key 

X 0 0 0 0 3 P52 Option 

0 0 0 
Celestial 

X Body Code 

Shaft 

► 
Trunnion 

Nominal: (+000. 00) Shaft 

(+57. 470) Trunnion 

X 0 

~ X 0 

-UffiL 

0 0 0 3 

0 0 

' 
' 
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RENDEZVOUS NAVIGATION PROGRAM 
(P20) 

The Rendezvous Navigation Program, P20, is used during the Rendezvous phase of flight. 

The navigation is performed using tracking of the Other Vehicle by optical tracking 
with the SXT or COAS or the VHF ranging link. 

The two processes are illustrated below. 

RENDEZVOUS NAVIGATION VHF RANGING 

The deviation state vectors for rendezvous navigation are 

where 

X -c 

X -w 

.Q..!_ 

X -w 

deviation state of the CSM 

deviation state of the Other Vehicle 

deviation from conic position 

deviation from the conic velocity 

The Measurement Incorporation Routine is used to incorporate the rendezvous measurements. 

The geometry vector~ is derived from the following figure. 

r 
0 

II 
r m 

r -cw 

r -w 

r - r conic 
-c 

VHF Ranging 
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RENDEZVOUS NAVIGATION PROGRAM 
(P20) 

U . r 
--CW -CW Estimated Range Measurement 

l:T or --cw ---c 

-U or --cw ---c 

" r m 

Where: 

r 
0 

or m 

Component of range due 
to position vectors known 
with zero uncertainty 

Kalman filter measure­
ment variable where 11 11 

is used for CSM state 
vector being updated and T 
11+11 for Other Vehicle = £ 

After comJ!!.lting the geometry vector E• the measured deviation, o Q, and the measurement error 
variance a' are computed and used by the measurement incorporation routine to compute the 
changes in deviation state vector. The computations are: 

-2 
a (

• 2{. VarRmin})2 
maximum value of l.!cwl \.VarR' /.!cJ 2 

The values for VarR andVa7lmin are stored in erasable memory and are shown in the Science 
Section. 
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RENDEZVOUS NAVIGATION PROGRAM 
(P20) 

RENDEZVOUS NAVIGATION OPTICS TRACKING 

During rendezvous navigation, the inertial line of sight from the CSM to the Other Vehicle 
is measured by recording optics shaft and trunnion a~les, the IMU gimbal angles, and the 
time of the mark. 

The optics angles are used to form a unit vector in Navigation Base coordinates. 

[SB NB) 

~

Sin TA cos SA] 
Sin TA sin SA 

Cos TA 

Where TA 
SA 

trunnion angle 
shaft angle 

[SB NB) = sextant base to Nav base transfor­
mation 

= [co; et 
0 
1 

sin et 0 

- Bi~°'] 

COB Ct 

Ct -32" 311 23. 19" 

The navigation base unit vector is then transformed through stable member space to Basic Ref­
erence coordinates. 

u 
n 

[REFSMMAT) T [NBSM) .!!_NB 

[REFSMMAT? 

[NBSM) 

stable member 
to reference trans­
formation 

Navigation base to 
stable member 
transformation 
using gimbal 
angles. 

This navigation measurements of the line-of-sight vector is eQuivalent to the simultaneous 
measurement of the angles between lines of sight to the Other Vehicle and two stars, The com!XJ.ter 
uses two fictitions star directions to determine a geometry vector and the amount of the cor-
rection to the state vector. Depending on the particular state vector to be updated, a sign change 
on the b vector is required. 

The dimension of the state vector is 6. 

.!!.. 
= [::] 

where X 

Or 

Ov 

orbital navigation deviation state vector 

deviation of spacecraft/ Other Vehicle position from the reference 
conic position. 

deviation of spacecraft/ other Vehicle yelocity from the reference 
conic velocity 
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RENDEZVOUS NAVIGATION PROGRAM 
(P20) 

The geometry vector ~ is then computed from the following procedure. 

The fictitious star LOS•s are chosen 

r -w 

r = 
-c conic 

r 
-cw 
r 
-m 
r 
-c 

Position 

where 

6Q 

6Q 

r - r -w -c 

Unit <£,,w x Q_m) 

Unit (!!_8 l x .!Lew> 

Ir /<Cos- 1 1us • U ) -cw =2 -m 

I
r I (Cos- 1 (!!_s • u \ -cw 2 -n! 

Therefore the~ vector is_:: Q_ s 2 

- Cos - 1 (!!_ s 2 • .!!cw> 
-n/2) 

expected conic POBition 
of Other Vehicle 

expected conic position 
of CSM 

expected LOS 

measured LOS 

CSM state vector new. 

Nominal Other Vehicle 
Position 

where "+" is used for updating CSM state vector and "-" 
ls used for updating the Other Vehicle state vector. 

After computing the geometry vector h, and the measured deviation, 6Q, the measured error variance 
a2 is computed and used by the measurement incorporation routine to compute the changes in devia­
tion state vector. The com!lltation ls: 

-2 
a 

The values for Var SXT' Var IMU' and Var INT are stored in erasable memory and are shown in the 
Science Section. 
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TARGETING CONSTRAINTS 

The nature of the Rendezvous is dictated by constraints on the maneuvers, the maneuver 
times and the trajectory. NCl and NC2 are constrained to be horizontal maneuvers and while targeting 
NCl and NC2 the NCC maneuver is also constrained to be a horizontal maneuver. During the NCC 
program the NCC maneuver is limited by a fixed timed traverse between the two position vectors 
,at NCC and NSR. The TPI maneuver is similarly limited. 

The NSR maneuver is constrained to result in coelliptlc orbits after the maneuver. Coelliptlc 
orbits have an approximately constant radial distance between orbits. 

Four of the maneuvers have time constraints. The TPI time and the time between NCC and NSR 
are specified. The times between NCl and NC2 and between NC2 and NCC maneuvers are indir­
ectly specified by specifying the number of revolutions ~ay be given by a fraction) Involved In 
the transfers between the maneuvers. The time between the TPI and TPF maneuvers Is also 
Indirectly specified by specifying the central angle the Other Vehicle tr~verses between the TPI and 
TPF times. 

The rendezvous also has three trajectory constraints: two altitude and an elevation angle con­
straint. 

The altitude differences between the Other Vehicle orbit and the CSM are specified for the NCC and TPI times. 
Because the NCC altitude Is specified only during the NCl program, this constraint is not satisfied 
in the final trajectory if a navigation update occurs between NCl and NC2. 

The elevation angle specified Is that angle (E) measured between the CSM Local horizontal plane 

and the CSM axis line of sight to the Other Vehicle at TPI time. 

In addition to the three trajectory constraints, rendezvous also requires specification of the Other Vehicle 
central angle between TPI and TPF. 
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RENDEZVOUS ORB ITAL GEOMETRY 

"~h= 18.5 km 

8 

\ 
\ 

I 
/ 

--- ~'''"' 

' I 

circular orbit 
225 km 

1 Insertion - 150 by 16 7 km 
2 Clrcularlzatlon 
3 Phasing 1 (NCI) 
4 Phasing 2 CNC2) 
5 Corrective combination <NCC) 
6 Coelllptlc (N SR) 
7 TPI 
8 Braking (TPF) 



P30 - EXTERNAL ti.V 

NC2 FINAL 

V37 Enter, 30 Enter 

V06 N33 Flashing, Load Desired GET I 

V06 N81 Flashing, Load Desired ti.V 

PURPOSE 

+ 0 0 Hours 

+ 0 0 0 Minutes GET I 

+ 0 Seconds 

0 ti.VX Local Vertical 

0 ti.Vy 
(feet/ second) 

0 ti.Vz 

+ 0 0 Roll 

+ 0 0 Pitch 
IMU Gimbal 

Angles (degrees) 
+ 0 0 Yaw 

X X ti.V c ·<feet/second) 

X X BT (m.in:sec) 

+ X X X ti. V C at Ignition 

- X X ti.Ve TAILOFF 

+ Weight (lbs) 

0 0 PTRIM 
0 0 YTRIM 

X X X X SXT Star 

+ 0 Shaft Angle 

+ 0 0 Trunnion Angle 

NOTES: 

j N33 + 0 0 

+ 0 0 0 

+ 0 

j N81 0 

0 
' 

0 . 
I N22 + 0 0 

+ 0 0 

+ 0 0 

X X 

X X 

+ X X X 

- X X 

I N47 + 

.1 N48 0 0 

0 0 

X X X X 

+ 0 

+ 0 0 
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P30 - EXTERNAL t:..V 

NCC & NSR PREL 

V37 Enter, 30 Enter 

V06 N33 Flashing, Load Desired GET I 

V06 N81 Flashing, Load Desired t:..V 

PURPOSE 

+ 0 0 Hours 

+ 0 0 0 Minutes GET I 

+ 0 
' 

Seconds 

0 
' t:..VX Local Vertical 

0 t:..Vy 
(feet/ second) 

' 0 
' 

t:..Vz 

+ I 0 0 Roll 

+ 0 0 Pitch 
IMU Gimbal 

Angles (degrees) 
+ '0 0 Yaw 

X X t:.. V C (feet/second) 

X X BT (min:sec) 

+ X X X t,. V C at Ignition 

- X X t:..VC TAILOFF 

+ Weight (lbs) 

0 0 PTRIM 
0 0 YTRIM 

X X X X SXT Star 

+ 0 Shaft Angle 

+ 0 0 Trunnion Angle 

NOTES: 

I N33 + 0 0 

+ 0 0 0 

+ 0 

I N81 0 

0 

0 
I 

I N22 + 0 0 

+ 0 0 

+ 0 0 

X X 

X X 

+ X X X 

- X X 

I N47 + 

I N48 0 0 

0 0 

' X X X X 

+ 0 

+ 0 0 
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NC2 Targeting 

The NC2 targeting (P32) in addition to computing the second phasing maneuver '.(NC2) also computes 
and displays the NCC and NSR maneuver magnitudes. The NC2 targeting utilizes the same tech­
nique as the NCl targeting except that the NCl calculations are not made. 

NC2 begins by phase matching the CSM and Other Vehicle state vectors as in the NCl program. 
After rotating the CSM state vector in the plane of the Other Vehicle orbit, the initial estimate 

of the NC2 maneuver is added to the CSM velocity vector. The CSM state vector is then rotated 

the number of revolutions between NC2 and NCC to obtain the state at NCC. The NCC maneuver 
is next calculated with the same algorithm used in the NCl program for the NCC maneuver. 

Finally, the NC2 maneuver calculation is iterated to obtain the desired phasing at TPI (analogous 
to iterating NCl maneuver in the NCl targeting program). 
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NC2 ONBOARD DATA 

Verb 37 Enter, 32 Enter 

V50 N25 Flashing 

Rl: 00017 MINKEY Option 

Enter Bypass MINKEY Option 

V50 N18 Flashing Request Maneuver to Roll, 
Pitch, Yaw Angles 

Enter Reject Automatic Maneuver 

+ 

+ 

+ 

+ 

+ 

+ 

-

0 0 
Hours I 

0 0 0 Min TIG of 
NC2 

0 
I. Sec 

Blank 

'. t::,. Altitude (NCC) nmi 

'. t::,. Altitude (NSR) nmi 

0 0 Hours I 
0 0 0 Min TIG of 

0 Sec TPI 
II 

b Marks 

b Time From Ignition (min:sec) 

0 0 0 0 1 MGA 

II t::,. V (NCC) ft/ s 

II t::,. Altitude (NCC) nmi 

,II t::..V (NSR) ft/ s 

• t::..V 

~I 
Local 

II t::..V Vertical (NC2) 

II t::..V ft/ s 

b Marks 

b Time From Ignition (min:sec) 

' MGA 

xxxxxxxxxxxxxxxxxxxxxxxxxxx 
X N81 COMP LIMITS NA X 
X 
X STDN SOLN PRIME 
X IF STDN SOLN NOT AVAILABLE 
X 00 NOT BURN NC2 

X 
X 
X 
X 

xxxxxxxxxxxxxxxxxxxxxxxxxxx 

1 N28 

f N57 

I N37 

l N45 

I N84 

l N81 

l N45 

+ 0 0 

+ 0 0 0 

+ 0 It 

' 
I 

+ 0 0 

+ 0 0 0 

+ 0 •t 

b 

b 

- 0 0 0 0 1 

I 

' . 

'I 

l 

'. 

b 

b 

,. 



P40 - SPS THRUSTING (CSM) 

V37 Enter, 40 Enter 

LB-69 

(NC 2) 

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles 
V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude 
V50 N25 Flashing, Rl ; 00204, Gimbal Actuator Test Option 
V06 N40, Time from Ignition, Velocity to be Gained, Measured Change In Velocity 
V99 N40 Flashing, Engine On Enable Request 
V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity 
V16 N40 Flashing, Final Values at Engine Cutoff 
V16 N85 Flashing, Body Axes Residuals (to be Nulled) 
V37 Flashing, V82 Enter 
V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit 

50-18 I Roll ,. 
Pitch (deg) 

' 
Yaw ' 

' 
06-18 I Roll 

Pitch (deg) 

' 
Yaw 

' rx 06-40 I TFI (min:s) X 
' 

VG (ft/ s) • 
LWM (ft/s) 0 

lX 06-40 I TFC (mln:s) X 
' 

VG (ft/s) 0 

0 t>VM (ft/s) ,. 
X 16-40 I TFC (min:s) X 

0 VG (ft/ s) 0 

• AVM (ft/ s) 0 

0 85 I X •• 
y Residuals 

0 (ft/ s) ,. 
0 z ,. 
0 85 I X 

" y TRIM 
0 (ft/ s) •► 

,. z •► 

0 44 I HA (nmi) 
' 

•► HP (nml) ' 
)< TFF (mln:s) [X 



EVENT 

NC2 

BT/.a.V 

LB-70 

PHASING 2 
NC2 

TIG 

48:34:04.1 

PROPULSION/ 
GUIDANCE 

SPS/G&N 1.6/36.4 
GET EXT .a. V (P-40) 

.a.vx N85 + X X 

.a.Vy RESIDUALS (ft/s) + X X X 

.a.vz (BODY AXIS) + X 

PRE THRUST 
TARGETING 

P-32 

h 

min 

sec 

----V 
~RIM 

----v 
YTRIM 

---e-V 
ZTRIM 

TIG: 48:34:04.1 
BT: 1.6 sec 
.a.V: 36.4 fps 
RETROGRADE 
SPS 
APOGEE: 100.6 nmi 
PERIGEE: 89. 3 nmi 

SUNSET 

SUN 
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NCC Targeting 

The NCC targeting requires the CSM and other Vehicle state vectors, time of the NCC maneuver, 
time between NCC and NSR maneuver, time of the TPI maneuver, altitude between the Other 
Vehicle orbit and the CSM at the TPI time, and elevation angle. 

The other Vehicle state vector is updated to TPI time and the CSM state vector is updated to NCC 
time. Next the iterative scheme is used to find the Other Vehicle state vector radially above the 
desired CSM position vector at TPI. Using the other Vehicle state vector and the altitude difference 
the coelliptic calculations are used to obtain the CSM state vector prior to the TPI maneuver. · This 
state vector is precision integrated backwards to NSR to find the target vector of the NCC maneuver. 

Next the final velocity at NCC and NSR is calculated iteratively using the initial state vector, target 
state vector, time of transfer from initial position to target position. Then the velocities-to-be 
gained are calculated using the initial and final velocities at NCC and NSR. 
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NCC ONBOARD TARGETING 

Verb 37 Enter, 33 Enter 

V50 N25 Flashing 

Rl: 00017 MINKEY Option 

Enter Bypass MINKEY Option 

V50 N18 Flashing Request Maneuver to Roll, 
Pitch, Yaw Angles 

Enter Reject Automatic Maneuver 

+ 0 0 
Hours I I .Nll 

+ 0 0 0 Min TIG of 

+ 0 Sec NCC 
' 

+ 0 0 Hours I 
0 0 0 Min· TIG of 

+ 

+ 0 Sec NSR 

+ 0 0 Hours I 
+ 0 0 0 Min TIG of 

+ 0 Sec TPI 

b Marks 

b Time From Ignition (min:sec) 

- 0 0 0 0 1 MGA 

,~ AV ;1 Local 

AV Vertical (NSR) 

-~ AV ft/s 

AV 

!I 
Local 

,~ AV Vertical (NCC) 

AV ft/s 

b Marks 

b Time From Ignition (min:sec) 

MGA 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
XN81 COMPLIMITS+l.5,+7.0,+10.0FPS X 
X - - - X 

X CMC/STDN WITHIN LIMITS GO CMG X 
X NO AGREEMENT-NORMALLY GO STDN X 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

I N13 

I N37 

I N45 

I N82 

I N81 

I N45 

+ 0 0 

+ 0 0 0 

+ 0 

+ 0 0 

+ 0 0 0 

+ 

+ 0 0 

+ 0 0 0 

+ 0 • 
b 

b 

- 0 0 0 0 1 

b 

b 

~ 



V37 Enter, 30 Enter 
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P30 - EXTERNAL t:.V 

NCC & NSR FINAL 

V06 N33 Flashing, Load Desired GET I 

V06 N81 Flashing, Load Desired t:.V 

PURPOSE 

+ 0 0 Hours 

+ 0 0 0 Minutes GET I 

+ 0 Seconds 

0 t:.VX Local Vertical 

0 t:.Vy 
(feet/ second) 

I 

0 t:.Vz I 

+ '0 0 Roll 

+ 0 0 Pitch 
IMU Gimbal 

Angles (degrees) 
+ I 0 0 Yaw 

X X 

' 
t:,. V C (feet/ second) 

X X BT (min:sec) 

+ X X X t:,. V C at Ignition 

- X X t:.VCTAILOFF 

+ Weight (lbs) 

0 0 PTRIM 
0 0 YTRIM 

X X X X SXT star 

+ 0 Shaft Angle 

+ 0 0 Trunnion Angle 

NOTES: 

I N33 + 0 0 

+ 0 0 0 
' + 0 

I 

I N81 0 

0 

0 
' I N22 + I 0 0 

+ 0 0 

+ 0 0 

X X 
I 

X X 
I 

+ X X X 

- X X 
I 

I N47 + 

I N48 0 0 

0 0 

X X X X 

+ 0 

+ 0 0 



P40 - SPS THRUSTING (CSM) 

V37 Enter, 40 Enter 

LB-74 

(NCC) 

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles 
V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude 
V50 N25 Flashing, Rl = 00204, Gimbal Actuator Test Option 
V06 N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity 
V99 N40 Flashing, Engine On Enable Request 
V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change In Velocity 
V16 N40 Flashing, Final Values at Engine Cutoff 
V16 N85 Flashing, Body Axes Residuals (to be Nulled) 
V37 Flashing, V82 Enter 
V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit 

50-18 I Roll 

' Pitch (deg) 

Yaw 

06-18 I Roll It 

Pitch (deg) It 

t Yaw t rx 06-40 l TFI (mln:s) [X 
VG (ft/ s) t 

AVM (ft/s) 
' rx 06-40 l TFC (mln:s) IX 

VG (ft/s) 
' 

t AVM (ft/s) 

rx 16-40 I TFC (min:s) IX 
VG (ft/ s) 

' 

AVM (ft/ s) 

85 I X 
' 

y Residuals 
t 

(ft/s) 
t z 

85 I X 

y TRIM 
(ft/s) 

t z 
44 I HA (nmi) 

t HP (nmi) 

[)< TFF (min:s) ~ 



EVENT 

NCC 

LB-75 

CORRECTION COMBINATION 
(NCC) 

BT/av TIG PROPULSION/ 
GUIDANCE 

1.8/40.1 
49:18:03.4 SPS/G&N 

GET LAMBERT (P-40) 

avx N85 + X X 

avy RESIDUALS (ft/s) + X X X 

avz (BODY AXIS) + X 

PRE THRUST 
TARGETING 

P-33 

h 

min 

sec 

----v 
~RIM 

----v 
YTRIM 

---o-V 
• ZTRIM 

TIG: 49:18:03.4 
BT: 1. 8 sec 
av: 40.1 fps 
POSIGRADE 
SPS 
APOGEE: 111 nmi 
PERIGEE: 100. 5 nmi 

SUN 
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NSR Targeting 

The NSR targeting program (P34) is the computation of the coelliptic maneuver. 

The program inputs are: 

1. CSM and Other Vehicle state vectors 

2. Elevation angle 

3. Time of NSR Maneuver 

4. Time of TPI Maneuver 

After precision updating of the CSM and Other Vehicle state vectors to the NSR maneuver time, the 
CSM state vector is rotated into the Other Vehicle orbit plane , and the Other Vehicle state vector is 
updated to be collnear with the CSM position vector using the time - theta routine. 

The coelllptic maneuver constraint determines the semimajor axis and vertical velocity following the 
maneuver. After calculating the CSM post-NSR velocity vector, both the CSM and Other Vehicle state 
vectors are conically updated to the time of the TPI maneuver. The TPI program is then used to 
calculate the time at which the specified elevation angle is attained. 
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NSR ONBOARD TARGETING 

Verb 37 Enter, 34 Enter 

V50 N25 Flashing 

Rl: 00017 MINKEY Option 

Enter Reject MINKEY Option 

Request Maneuver to Roll, Pitch, 
Yaw Angles 

Enter Reject Automatic Maneuver 

+ 0 0 
Hours} 

+ 0 0 0 Min TIG of 

+ 0 Sec NSR 
, 1 

b Marks 

.b Time From Ignition (min:sec) 

- 0 0 0 0 1 MGA 

' 
A Altitude (NSR) nmi 

b A Time (TPI-NSR) (min:sec) 

IN13 

I N45 

I N75 

b A Time (TPI-NOMTPI) (min:sec) 

AV X }Local I N81 

AV Y .Vertical NSR 

I 
AV Z ft/sec 

b Marks I N45 

b Time From Ignition (min:sec) ·~ MGA 

+ 0 

+ 0 

+ 0 

- 0 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
X N81 COMP LIMITS NA X 
X X 
X BURN MATCHED PAIR SOLN(P34 RECYCLE X 
X OR STDN FINAL SOLN, IF NCC WAS X 
X BURNED CMC OR STDN, RESPECTIVELY)X 
X IF NCC EXECUTION IS QUESTIONABLE-THE ORDER X 
X OF PRIORITIES ARE: X 
X HP-65 X 
X 
X 

CMC UNMATCHED 
STDN UNMATCHED 

X 
X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

0 

0 0 

' b 

b 

0 0 0 1 

b 

b 

I 

I 

b 

b 

-~ 



P40 - SPS THRUSTING (CSM) 

V37 Enter, 40 Enter 

LB-78 

(NSR) 

V50 Nl8 Flashing, Request Maneuver to FDAI R, P, Y Angles 
V06 Nl8, FDAI R, P, Y Angles After Maneuver to Burn Attitude 
V50 N25 Flashing, Rl = 00204, Gimbal Actuator Test Option 
V06 N40, Time from Ignition, Velocity to be Gained, Measured Change In Velocity 
V99 N40 Flashing, Engine On Enable Request 
V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change In Velocity 
Vl6 N40 Flashing, Final Values at Engine Cutoff 
Vl6 N85 Flashing, Body Axes Residuals (to be Nulled) 
V37 Flashing, V82 Enter 
Vl6 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit 

~ 50-18 l Roll 

.~ Pitch (deg) 

~ Yaw 

• 06-18 I Roll 

,I, Pitch (deg) I 

• Yaw 

rx 06-40 I TFI (mln:s) f>< 
VG (ft/s) ,. 
AVM (ft/ s) ,i rx 06-40 I TFC (mln:s) rx 
VG (ft/ s) ,. 
AVM (ft/s) ,i 

rx 16-40 l TFC (mln:s) rx 
VG (ft/ s) ,. 

AVM (ft/ s) ,I 

85 I X ,i 
y Residuals 

(ft/ s) ' 

z 
85 l X 

' 

y TRIM 
(ft/ s) 

z 
44 I HA (nmi) 

• HP (nm!) 

Ix TFF (mln:s) ~ 



EVENT 

NSR 

T 
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CO ELLIPTIC 
(NSR) 

BT/~V TIG PROPULSION/ 
GUIDANCE 

1.2/ 27.2 
49:55:03. 7 SPS/ G&N 

GET !LAMBERT (P-40) 

~VX N85 + X X 

~Vy RESIDUALS (ft/s) + X X X 

~Vz (BODY AXIS) + X 

PRE THRUST 
TARGETING 

P-34 

h 

min 

sec 

----v 
~RIM 

----v 
YTRIM 

----V 
ZTRIM 

TIG: 49:55:03. 7 
BT: 1.2 sec 
~V: 27.2 fps 
POSIGRADE 
SPS SUN 
APOGEE: 110.7 nmi 
PERIGEE: 110.4 nmi 
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TPI TARGETING 

The TPI targeting for this mission is accomplished using the equations and techniques 
stated below utilizing the following lni:>rmatlon: 

YcMF 

T1 - time at which the TPI maneuver Is to be performed 

Rws- Other Vehicle position vector at T 
1 

Yws- Other Vehicle velocity vector at T 
1 

!!t::M- CSM position vector at T1 

YcM- CSM velocity vector at T1 

"ws - Central angle CSM will traverse between TPI and 
rendezvous (130° nominally) 

Targeting Procedure: 

1. Compute the elevation angle of the CSM-Other Vehicle LOS above the CSM horizontal plane at the specif!e 

time of TPI. Yws 

where 

unit I ¾s - ~CM l 

unit [ !!cM x y CM] 

[
_!LL _ (!!_L. !!cM) !!cM ] 

1.!!cMI 
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2, Compute the time (t21 ) required for the Other Vehicle to travel through the central angle 1/Jws 
using the Time-Theta method described on page SC-15, 

3. Update the state vector of the Other Vehicle to the time of rendezvous (L>.T = t21 ) using Kepler's 

method as described on page SC-15 obtaining @wsF' - YwsF). 

4. Compute the central angle ~rM) through which the CSM must traverse between its position 
at TPI and the Other Vehicle s position at rendezvous. 

-1 
1/JcM = SGN @cM X ¾sF • !!) cos @cM. ¾sF> 

if 1/JcM < 0° define 1/JcM = 1/JcM + 2,. 

5. Usingthe Time-Thetamethod, determine the flight path angle y re(l!llred of the CSM at the 
end of the TPI burn such that the time required by the CSM to traverse the central angle of 
¢CM ls the same as ½i. 

6. Calculate the velocity to be gained. 

Where: 

= w ( cot y • unit ~CM + _!!N x unit ~CM) -J"'¾M 
semilatus rectum of the TPI orbit 

The velocity to be gained is burned out using the SPS and Lambert Almpolnt Guidance. 
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TPI ONBOARD TARGETING 

Verb 37, Enter, 35 Enter 
V50 N25 Flashing 

Rl: 00017 MINKEY option 

PRO Accept MINKEY Option 

V50 Nl8 Flashing Request Maneuver to Roll, Pitch, Yaw Angles 

PRO Accept Automatic maneuver to Roll, Pitch, Yaw Angles 

+ 0 0 Hours } 
+ 0 0 0 Min TIG of 

TPI 
+ 0 Sec 

0 0 0 0 Precision Offsets 

Elevation Angle 

b Marks 

b Time from Ignition (mln:sec) 

- 0 0 0 0 1 MGA 

+ 0 0 Hours } TIG of 
+ 0 0 0 Min TPI 

+ 0 ' Sec 

0 0 0 0 Precision Offsets 

,~ Elevation Angle 

•• AV (TPI) 

AV (TPF:) 

b A Time (TPI - NOMTPI) 

• AVX} 
Local 

' AVY Vertical TPI 

' AVZ ft/sec 

b Marks 

b Time from Ignition (min: sec) 

• MGA 

NOTES AV< 10 fps Automatic to P41 
AV :. 10 fps Automatic to P40 

j N37 

j N55 

j N45 

I N37 

I N55 

I N58 

I N81 

I N45 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
X NS! COMP LIMITS ~I. 5, ~3- 0, :_3 . 0 FPS X 
X X 
X CMC/HP - 65 WITHIN LIMITS GO CMG X 
X IF NOT CMC/STDN WITHIN LIMITS GO CMG X 
X IF NOT HP-65/STDN WITHIN LIMITS GO HP-65 X 
X NO AGREEMENT GO STDN X 
X X 
X FOR HP-65/STDN-USE CMG TIG OPTION: X 
X RECALL P 35 , PRO TO N37, LOAD HP-65/STDN TIG; X 
X PRO TO N55, SPECIFY TIG OPTION (V22E,+E). X 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

+ 0 0 

+ 0 0 0 

+ 0 

0 0 0 0 

b 

b 

- 0 0 0 0 1 

+ 0 0 

+ 0 0 0 

+ 0 

0 0 0 0 

' 

b 

,. 

b 

b 
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TPI PAD 

PURPOSE 

+ 0 0 Hours I N37 + 0 0 

+ 0 0 0 Minutes GET I + 0 0 

+ 0 Seconds + 0 

0 AVX I N81 0 
Local Vertical 

0 AVy (feet/ second) 0 

0 AVz 0 

AVF/BT 
AVLOS (ft/ sec) / 

I N59 / 

/ AVR/BT / 
BT (sec) RCS , 

/ AVD/BT / , 
X X AVC (feet/sec X X 

X X BT (min:sec) X X 

+ 0 0 Roll I N22 + 0 0 

+ 0 0 Pitch !MU Glmbal 
Angles (degrees) + 0 0 

+ 0 0 Yaw + 0 0 

+ X X X AVC at Ignition + X X X 

- X X AVC TAILOFF - X X 

+ Weight (lbs) I N47 + 

0 0 PTRIM j N48 0 0 

0 0 YTRIM 0 0 

X X X X SXT Star X X X X 

+ 0 Shaft Angle + 0 

+ 0 0 Trunnion Angle + 0 0 

NOTES: 



P40 - SPS THRUSTING (CSM) 

V37 Enter, 40 Enter 

LB-84 

(TPI) 

V50 Nl8 Flashing, Request Maneuver to FDA! R, P, Y Angles 
V06 Nl8, FDA! R, P, Y Angles After Maneuver to Burn Attitude 
V50 N25 Flashing, Rl ; 00204, Gimbal Actuator Test Option 
V06 N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity 
V99 N40 Flashing, Engine On Enable Request 
V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity 
Vl6 N40 Flashing, Final Values at Engine Cutoff 
Vl6 N85 Flashing, Body Axes Residuals (to be Nulled) 
V37 Flashing, V82 Enter 
Vl6 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit 

•• 
50-18 l Roll II 

,. Pitch (deg) ,. 
•• Yaw ,I 

• 06-18 I Roll ,I 

,I Pitch (deg) 
' .. Yaw 

rx 06-40 I TFI (min:s) lX 
, .. VG (ft/s) 

,i AVM (ft/s) 

rx 06-40 I TFC (min:s) rx 
, .. VG (ft/s) 

,i AVM (ft/s) I rx 16-40 l TFC (min:s) rx .. VG (ft/ s) 
' 

, .. AVM (ft/s) 

, .. 85 I X 

,i y Residuals 
(ft/s) I 

i z 
.. 85 I X 

y TRIM .. (ft/s) I 

, .. z I 

,i 44 l HA (nmi) 11 

, .. HP (nmi) 

Ix TFF (min:s) rx 



EVENT 

TPI 

' 
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TRANSFER PHASE INITIATION 
(TPI) 

BT/AV TIG PROPULSION/ 
GUIDANCE 

o. 8/21. 9 
50:54:25.1 SPS/G &N 

GET LAMBERT (P-40) 

AVX N85 + X X 

AVY RESIDUALS (ft/s) + X X X 

AVZ (BODY AXIS) + X 

PRE THRUST 
TARGETING 

P-35 

h 

min 

sec 

__ __._v 
~RIM 

----v 
YTRIM 

----V 
ZTRIM 

SUN 

TIG: 50:54:25.1 
BT: 0. 8 sec 
AV: 21.9 fps 
POSIGRADE 
SPS 
APOGEE: 121.4 nmi 
PERIGEE: 110.6 nmi 
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TPM TARGETING 

The Terminal Phase Mldcourse ('l'PM) Targeting Program (P36) computes the terminal phases mid­

course correction maneuver. This maneuver en911res c SM-Other Vehicle rendezvous at the time 

established by the TPI program. 

The Inputs used are: 

1. CSM and other Vehicle state vectors .Ee• !c• !w• Y.,, 

2. Intercept time, ~PF 

3. Number of precision offsets, N1 
4. Time delay, lit (time required to prepare for the maneuver). 

The targeting sequence Is: 

Transfer 
Time 

Other Vehicle 
TPI 

CSM 

1. Update the CSM and Other Vehicle positions and velocities to present time plus lit using 
coasting integration scheme. (Kepler update if rectification occurs) 

2. Update other Vehicle !w• Y.,,• to time of TPF (tTPF) obtain !wT 

3. Compute · Unit normal to CSM plane and central angle (IP) between TPM and TPF 

~ unit (!:'c X '!.J 

cp W + cos-
11;: !wT )-") SIGN [<!:~ X!wT) • ~] 

\' c wT 

4. 

5. 

Solve for the Initial velocity V' given r wT' r' , transfer time (~PF - (tpresent + 0 t) ) 
using Initial velocity technique~ - -c 

Solve for velocity to be gained for TPM. 

L>..YTPM =Y'c-Yc 

directions for L>. y TPM 

Y= !l,d x yc) 

~ = unit ( - !'cl 
~ = _rx~ 

6, Local vertical directions for t>.yTPM 

L>.Y.TPM(LV) = [I] L>.YTPM 

7. LOS computations of L>. yTPM 

UNIT <!:w-~l 
UNIT ( ~ x YJ X ,!_l.1) X ! 
_!l.1 X _!!2 

The procedure is repeated twice for the number of midcourse rurns required. 
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P36 TPMl TARGETING 

Verb 37, Enter, 36 Enter 

V50 N25 Flashing 

Rl: 00017 

Reject 

MINKEY Option 

MINKEY Option Enter 

V50 N18 

Enter 

Flashing Request Maneuver to Roll, Pitch, Yaw Angles 
Reject Automatic Maneuver 

b MARKS I N45 
b Time from Ignition (min:sec) 

- 0 0 0 0 1 MGA 

AVX} 
LOS I N59 

AVY TPM ft/ sec 

AVZ 

b MARKS I N45 

b Time from Ignition (min: sec) 

MGA 

NOTES: 

b 

b 

- 0 0 0 0 1 

b 

b 
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TPM-1 
P41 - RCS THRUSTING 

Automatic MINKE Y Entry 

V50 Nl8 Flashing, Request Maneuver to FDAI 
R, P, Y Angles 

V06 N18, FDAI R, P, Y Angles After Maneuver to 
Burn Attitude 

V06 N85, X, Y, Z Body Axes Velocity to be Gained 

V16 N85 (Average G on at TIG-30) Velocity to be 
Gained 

V16 N85 Flashing, Body Axes Residuals (to be 
Nulled) 

t:,,.V <10fps 

, 1 50-18 I Roll 

,. Pitch (dero 

,. Yaw 

.~ 06-18 I Roll 

I Pitch (dero 

'. Yaw 

n 06-85 I X 

I. 
y VG(ft/s) 

I. z 

'. 16-85 I X 

I I 
y VG (ft/s) 

I I z 

• 16-85 I X 
y Residuals 

~ (ft/s) 

• z 
X 
y Trim 

I. (ft/ s) 

• z 



LB-89 

P36 - TPM2 TARGETING 

Verb 37, Enter, 36 Enter 

V50 N25 

Rl: 

Enter 

V50 N18 

Enter 

- 0 

NOTES: 

0 

Flashing 

00017 MINKEY Option 

Reject MINKEY Option 

Flashing Request Maneuver to Roll, Pitch, Yaw Angles 

Reject Automatic Maneuver 

b MARKS J N45 

b Time from Ignition (mln:sec) 

0 0 1 MGA 

,wx ! LOS I N59 

AVY TPM (ft/sec) 

• AVZ 

b MARKS I N45 

b Time from Ignition (min:sec) 

MGA 

b 

b 

- 0 0 0 0 1 

b 

b 
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TPM-2 
P41 - RCS THRUSTING 

Automatic MINKEY Entry 

V50 N18 Flashing, Request Maneuver to FDA! 
R, P, Y Angles 

V06 N18, FDA! R, P ~ Y Angles After Maneuver 
to Burn Attitude 

V06 N85, X, Y, Z Body Axes Velocity to 
be Gained 

V16 N85 (Average G on at TIG-30) Velocity to 
be Gained 

V16 N85 Flashing, Body Axes Residuals (to 
be nulled) 

~v < 10 fps 

.. 50-18 I Roll 

u Pitch (deg) 

I. Yaw 

• 06-18 I Roll 

u Pitch (deg) 

, . Yaw 

◄ 06-85 I X 

0 y VG (ft/s) 

0 z 

u 16-85 I X 

◄ 
y VG (ft/s) 

0 z 
u 16-85 I X 

y Residuals 
4. (ft/ s) 
4. z 
, . X 

I. 
y Trim 

z (ft/ s) 
4. 
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CSM RENDEZVOUS FINAL PHASE 

CSM and Soyuz 
on Same Radial 

~ 
Maneuver Braking 'f '-._ ~ 

3 Maneuver / '- / ~ Braking Maneuver 

~ and Docking 
5 

BRAKING MANEUVER DESCRlPTIONS 

1. At R = 6, 000 Feet. Maneuver Reduces Range 
Rate from 45 to 30 ft/s. 

2. At R = 3,000 Feet. Maneuver Reduces Range 
Rate from 30 to 20 ft/s. 

3. At R = 1,500 Feet. Maneuver Reduces Range 
Rate from 20 to 10 ft/ s. 

4. At R = 500 Feet. Maneuver Reduces Range 
Rate from 10 to 5 ft/ s. 

5. At R = 130 Feet. Maneuver Reduces Range 
Rate from 5 to 0 ft/ s . 

BRAKING GATES RETICLE ANGLE 8 (DEG) 

SOLAR 

R(NM) R(FPS) R(FT) PANEL BODY 

1 . 00 30 6000 
• 50 20 3000 o. 5 
. 25 10 1500 1.0 
• 08 5 500 3.1 1.0 
. 05 300 5. 2 1.7 
. 03 200 7. 9 2.6 
.02 130 3. 9 
.01 60 8.4 

Braking ~ 
Maneuver /~ 

I ~ 1/ 



Verb 37, Enter, 37 Enter 

V50 N25 Flashing 

Rl: 00017 MINKEY Option 

Reject MINKEY Option 
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P37 - RENDEZVOUS 
FINAL PROGRAM 

Enter 

V50 Nl8 Request Maneuver to Roll, Pitch, Yaw angles 

Range nml I N54 

Range Rate (ft/s) 

Theta 

Range IN54 

Range Rate 

Theta 

Range I N54 

Range Rate 

Theta 

Range IN54 

Range Rate 

' 
Theta 

Range IN54 

Range Rate 

Theta 

NOTES: 

• 



Ver b 37, Enter, 48, Enter 

+ 0 0 

+ 0 0 0 

+ 0 

b 

+ 0 0 

+ 0 0 0 

+ 0 

b 

' 
' 

' 

' 

NOTES: 
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P 48 - RENDEZVOUS 
THRUST MONITOR PROGRAM 

Range I N77 

Range Rate 

Theta 

Hours I N72 

Min Time of 
Optimization 

Sec 

Range I N76 

Range Rate 

Time from Optimization 

Range I N77 

Range Rate 

Theta 

t:.VX} 
I N83 

t:.VY Body 
Axis ft/sec 

t:.VZ 

Range I N77 

Range Rate 

Theta 

Hours Time of I N72 

Min Optimization 

Sec 

Range I N76 

Range Rate 

Time from Optimization 

Range I N77 

Range Rate 

Theta 

t:.VX} Body I N83 

t:.VY Axis (ft/ sec) 

t:.VZ 

+ 0 0 

+ 0 0 0 

+ 0 I 

I 

b 

+ 0 0 

+ 0 0 0 

+ 0 

b 

' 
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P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal, 
3 - REFSMMAT 

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 

X 0 0 0 Celestial 
Rn.iv l"nde 2 
Star Angle 
Difference (degrees) 
Star Angle 
Measured (degrees) 

:1 Gyro 
Torquing 
Angles 

) 
(degrees) 

z 

:} 
Calculated 
Gyro 
Drift 
(meru) 

NOTES: 

N71 

N71 

NOS 

N93 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 



110· 150-W 12o·w 30"[ 120"[ 150°[ 110· 

ao· - ao· 

10· Apollo rev count 10· 

ao· 60" 

50° 50° 

40° 40° 

30° • 30" 

20· 20· 

f 10· 10· 
.g· o· ;a 
~ 10· 

o· t-< 
b:! 

10· I co 
en 20· •• • 20· 

30" 

40° 40" 

50" 50" 

..,. 
60" 

10· t-+-"-+-t--t----+-+---+---+-+--t--&f!Hlt--+--'---l~+--'""+-----,hr.+,,-..-+<=--F'--t-'-~-t--+- - - - - USSR trading o• elevation angle) 10· 

---- USSR trading a• elevation angle) 

10· 120 n. mi. orbital altitude ao· 
110· 120-W IO"W 3o•w o· 30"E 80"[ 90"[ 120°[ 150"[ 110· 

Longitude, deg 

Apollo Groundtracks Revolutions 31 through 38 
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P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Fl•hing 

Rt : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal, 
3 - REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 

+ 0 0 
Hours } 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 Celestial 
Body Code 1 

X 0 0 0 
Celestial 
Rnrlu rnrl .. 2 
Star Angle 
Difference (degrees) 
Star Angle 
Measured (deg,_) 

:} 
Gyro 
Torquing 
Angles 
(degrees) 

:} 
Calculated 
Gyro 
Drift 
(merul 

NOTES: 

N71 

N71 

N05 

N93 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 



1ao· 150"W 12o·w eo·w so·w 30"W o· 30"E 80"E 90"E 120"E 150"E 180" 

. so· 

so· 

so· ,···· 

40• 

20· 

f 
~ .a 
!; 

30• 

40• 

50• 

10· 

70" l--+--+.......,Hl-~'-"f--l---+-"--+-+--+.c-.-+_..-1=>....,,-+.Q...-F---+---l~ - - - - USSR tracking o• elevation anglel 70" 

---- USSR tracking o• elevation anglel 

ao· 
120 n. ml. orbltal attitude ao· 

1ao· to"W o• 30"E 80"E 90"E 120"E 150"E 180" 
Longitude, deg 

Apollo Groundtracks Revolutions 38 through 45 
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P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 FIMhing 

Rt : 0 0 0 0 1 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal, 
3 - REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 

+ 0 0 
Hours } 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 
Celestial 
Body Code 1 

X 0 0 0 
Celestial 
Dn~u t"n~a 2 

Star Angle 
Difference (degr-) 

Star Angle 
Measured (degreN) 

:} 
Gyro 
Torquing 
Angles 
(degrees) 

:} 
Calculated 
Gyro 
Drift 
(meru) 

NOTES: 

N71 

N71 

N05 

N93 

X 0 0 0 0 

+ 0 0 
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LB-100 

P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 00 00 1 

R2 : 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal, 
3 - REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P52Option 

+ 0 0 
Hours } 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 Celestial 
Body Code 1 

X 0 0 0 
Celestial 
Roriu l"nri,. 2 
Star Angle 
Difference (degrees) 
Star Angle 
Measured (degrees) 

:} 
Gyro 
Torquing 
Angles 
(degrees) 

:} 
Calculated 
Gyro 
Drift 
(meru) 

NOTES: 

N71 
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N05 
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X 0 0 0 0 

+ 0 0 
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X 0 0 0 

X 0 0 0 
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P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt: 00001 

R2: oooox IMU Align Option 

1 - Preferred, 2 - Nominal, 
3- REFSMMAT 

V51 Flashing - Please Merk 

X 0 0 0 0 P62 Option X 0 0 0 0 

+ 0 0 
Hours } 

+ 0 0 

+ 0 0 0 Minutes GET + 0 0 0 

+ 0 Seconds + 0 

X 0 0 0 Celestial N71 X 0 0 0 
Body Code 1 

X 0 0 0 
Celestial N71 X 0 0 0 
Bodv "-"di 2 
Star Angle N06 Difference (degrees) 

Star Angle 
Measured (degr-) 

:} 
•,' 

N93 ' 
Gyro 
Torquing • Angles 
(degrees) 

:} Calculated I 

Gyro 
Drift 
(merul 

i 

NOTES: 



GET 
hr:mln:sec 

95:40:50 

95:42:05 

95:42:20 

95:42:23 

95:42:35 

95:42:39 

95:46:05 

95:46:21 

95:49:43 

96:08:00 

96:17 :00 to 
96:26:00 

96:32:44 

LB-103 

SEQUENCE OF EVENTS FROM FIRST UNDOCKING TO SECOND DOCKING 

Event description 

Orbit sunrise 

AV = O. 33 feet/ sec along -X axis of Soyuz } due to spring 
AV= 0.16 feet/ sec along -X axis of Apollo release mechanism 
First Apollo 4-Jet -X 1.25 feet/ sec separation maneuver along line of 
sight to Sim direction and maintains inertial attitude hold (local horizontal 
angles, P = 170. 84°, Y = 4. 09°, R = 181.6°). This maneuver initiated 
after a 15-second coast period. 

RCS engines cut off. 

Second Apollo 4-jet -X 1.64 feet/ second maneuver after a 12-second 
coast period. Range = 31. 5 feet. 

RCS engines cut off. Range = 42 feet; range rate = 3. 3 feet/ sec. 
Apollo achieves 722 feet separation distance from Soyuz and performs 
a 6.6 feet/sec, 4-jet, +X RCS maneuver to null the separation rate 
and return the Apollo vehicle to the redocklng posltlon. 
RCS engines cut off. 

Apollo achieves a relative range of less than 56 feet; 3. 3 feet/sec, 
4-jet, -X RCS maneuver ls performed to null out the closing range 
rate component. 

Capture. 

Hard docking during this period. 

Orbit sunset. 



LB-104 

P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal, 
3 - REFSMMAT 

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 

X 0 0 0 
Celestial 
Ro.-lu ,-.,..,..,. 2 

Star Angle 
Difference (degrees) 

Star Angle 
Measured (degrees) 

:} Gyro 
Torquing 
Angles 
(degrees) 

:} 
Calculated 
Gyro 
Drift 
(meru) 

NOTES: 

N71 

N71 

N05 

N93 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 



GET 
hr:min 

99:06 
to 

99:08 

99:07 

99:21 

99:39 

99:49 

100:11 

100:50 

101:08 

101:18 

101:40 

102:08 

102:16 

102:40 

102:41 

102:43 

102:46 

LB-105 

SEQUENCE OF EVENTS FROM FINAL UNDOCKING 
THROUGH THE 3281 FEET DATA TAKE (UVA EXPERIMENT) 

Second undocking. The horizontal attitude is pitch= 180°, yaw= o0
, and 

roll= 180° (heads up) at time 99:06. After 5 minutes the Apollo rolls 180° 
(heads down). The vehicles separate at 1.6 feet/sec. 

Drift to 59 feet ahead of the Soyuz. Maintain stationkeeping at local 
horizontal attitude. 

Apollo performs out-of-plane maneuver to attain 492 feet displacement. 

Apollo maneuvers to establish sweep rate for 492 foot data take. 

Apollo nulls sweep rates; Soyuz begins yaw to track Apollo. 

Apollo nulls out-of-plane velocity and resumes stationkeeping behind the 
Soyuz at a range of 164 feet. 

Apollo performs out-of-plane maneuver to attain a 1640 feet displacement. 

Apollo maneuvers to establish sweep rate for 1640 foot data take. 

Apollo nulls sweep rate; Soyuz begins yaw to track Apollo. 

Apollo nulls out-of-plane velocity and resumes stationkeeping ahead of 
the Soyuz at a range of 164 feet. 

Apollo performs a small lnplane maneuver. Apollo then pitches 360° for 
Soyuz photography. 

Apollo performs inplane separation maneuver. 

Begin 3281 foot data take. 

Both vehicles cross equator. 

Apollo passes above Soyuz at range of 3281 feet. 

End 3281 foot data take. Terminates joint experiment period. 
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P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal, 
3 - REFSMMAT 

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 

X 0 0 0 
Celestial 
Bodv l"'nda 2 
Star Angle 
Difference (degrees) 
Star Angle 
Measured (degrees) 

:} 
Gyro 
Torquing 
Angles 
(degrees) 

:} 
Calculated 
Gyro 
Drift 
(maru) 

NOTES: 
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N05 
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X 0 0 0 0 

+ 0 0 
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X 0 0 0 

X 0 0 0 
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P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal, 
3 - REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 

+ 0 0 
Hours } 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 Celestial 
Body Code 1 

X 0 0 0 Celestial 
Ro"" ,...~,.h 2 
Star Angle 
Difference (degrees) 

Star Angle 
Measured (degrees) 

:1 Gyro 
Torquing 
Angles 

z ) 
(degrees) 

:} 
Calculated 
Gyro 
Drift 
(meru) 

NOTES: 
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N93 
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X 0 0 0 

X 0 0 0 
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P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal, 
3- REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 

+ 0 0 
Hours } 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 
Celestial 
Body Code 1 

X 0 0 0 
Celestial 
Ro"• t"n,1,. 2 
Star Angle 
Difference (degrees) 
Star Angle 
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Angles 
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Gyro 
Drift 
(meru) 

NOTES: 
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+ 0 

X 0 0 0 
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P52-IMU REALIGN 

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 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 

+ 0 0 
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Body Code 1 
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:} 
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:} 
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P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 0 0 0 0 1 

R2 : 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nom·inal, 
3 - REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 
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:} Calculated 
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P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 ·- Preferred, 2 - Nominal. 
3 - REFSMMAT 

V51 Flashing - Please Mark 
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P52-IMU REALIGN 
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Rt : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal, 
3 - REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 
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+ 0 Seconds 
-
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LB-122 

P30 - EXTERNAL AV 

DMl 

V06 N33 Flashing, Load Desired GET I 

V06 N81 Flashing, Load Desired AV 

PURPOSE 

+ 0 0 Hours 

+ 0 0 0 Minutes GET I 

+ 0 Seconds 

0 AVX Local Vertical 

0 AVy 
(feet/ second) 

0 AVz 

+ I 0 0 Roll 

+ 0 0 Pitch 
IMU Gimbal 

Angles (degrees) 
+ 0 0 Yaw 

X X AV c (feet/second) 

X X BT (min:sec) 

+ X X X AV C at Ignition 

- X X AVC TAILOFF 

+ Weight (lbs) 

0 0 PTRIM 
0 0 YTRIM 

X X X X SXT Star 

+ 0 Shaft Angle 

+ 0 0 Trunnion Angle 
' 

NOTES: 

I N33 + 0 0 

+ 0 0 0 

+ 0 

I N81 0 

0 

0 

I N22 + 0 0 

+ 0 0 

+ 0 0 

X X 

X X 

+ X X X 

- X X 

I N47 + 

I N48 0 0 

0 0 

X X X X 

+ 0 

+ 0 0 



P40 - SPS THRUSTING (CSM) 

V37 Enter, 40 Enter 

LB-123 

(DMl) 

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles 
V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude 
V50 N25 Flashing, Rl = 00204, Gimbal Actuator Test Option 
V06 N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity 
V99 N40 Flashing, Engine On Enable Request 
V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity 
V16 N40 Flashing, Final Values at Engine Cutoff 
V16 N85 Flashing, Body Axes Residuals (to be Nulled) 
V37 Flashing, V82 Enter 
V16 N44 Flashing, Apoge·e Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit 

I 50-18 I Roll ,1 

' 
Pitch (dero ' 

0 Yaw ' 
0 06-18 I Roll I 

' 
Pitch (dero 

I Yaw 

~ 06-40 1 TFI (min:s) X 
,1 VG (ft/ s) 0 

I AVM (ft/ s) ,1 

X 06-40 1 TFC (min:s) X 
,1 VG (ft/s) ,1 

•► 
AVM (ft/s) 

•► 

X 16-40 I TFC (min:s) ~ 

•► VG (ft/s) • 
,. AVM (ft/s) 

' 
0 85 I X 

y Residuals 

' (ft/ s) I 

I z 
85 I X 

y TRIM 
(ft/s) I 

z 
44 I HA (nmi) 

HP (nmi) 

I>< TFF (min:s) X 



EVENT 

DMl 

BT/~V 

LB-124 

SHAPING 1 
(DMl) 

TIG 

li.99:56:00 

PROPULSION/ 
GUIDANCE 

SPS/ G&N 0.7/20.7 
GET EXT ~ V (P-40) 

~VX N85 + X X 

~Vy RESIDUALS (ft/s) + X X X 

~Vz (BODY AXIS) + X 

PRE THRUST 
TARGETING 

P-30 

h 

min 

sec 

----v 
~RIM 

------v 
YTRIM 

----V 
ZTRIM 

TIG: 119:56:00. 0 
BT: o. 7 sec 
~V: 20.7fps 
POSIGRADE 
SPS 
APOGEE: 126.2 nmi 
PERIGEE: 114 nmi 

DM 



LB-125 

P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal, 
3 - REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 

+ 0 0 
Hours } 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 Celestial 
Body Code 1 

X 0 0 0 Celestial 
Rodv l"nrlA 2 
Star Angle 
Difference (degrees) 

Star Angle 
Measured (degrees) 

:} 
Gyro 
Torquing 
Angles 
(degrees) 

:} Calculated 
Gyro 
Drift 
(meru) 

NOTES: 

N71 

N71 

N05 

N93 

X 0 0 0 0 

+ b 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 



V37 Enter, 30 Enter 

LB-126 

P30 - EXTERNAL AV 

DM2 

V06 N33 Flashing, Load Desired GET I 

V06 N81 Flashing, Load Desired AV 

PURPOSE 

+ 0 0 
' 

Hours 

+ 0 0 0 Minutes GET I 

+ 0 Seconds 

0 AVX Local Vertical 

0 AVy 
(feet/ second) 

0 AVz 

+ 0 0 Roll 

+ 0 0 Pitch 
IMU Gimbal 

Angles (degrees) 
+ 0 0 Yaw 

X X AV r, (feet/second) 

X X BT (min:sec) 

+ X X X AV C at Ignition 

- X X AVC TAILOFF 

+ Weight (lbs) 

0 0 PTRIM 
0 0 YTRIM 

X X X X SXT Star 

+ 0 Shaft Angle 

+ 0 0 Trunnion Angle 

NOTES: 

I N33 + 0 0 

+ 0 0 0 

+ 0 

I N81 0 

0 

0 I 

I N22 + 0 0 

+ 0 0 

+ 0 0 

X X 

X X 

+ X X X 

- X X 

I N47 + 

I N48 0 0 

' 0 0 

' X X X X 

+ 
' 

0 

+ 0 0 



P40 - SPS THRUSTING (CSM) 

V37 Enter, 40 Enter 

LB-127 

(DM2) 

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles 
V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude 
V50 N25 Flashing, Rl = 00204, Gimbal Actuator Test Option 
V06 N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity 
V99 N40 Flashing, Engine On Enable Request 
V06 N40, Time from Cutoff, Velocity to be Gained, Me asured Change in Velocity 
V16 N40 Flashing, Final Values at Engine Cutoff 
V16 N85 Flashing, Body Axes Re siduals (to be Nulled) 
V37 Flashing, V82 Enter 
V16 N44 Flashing, Apoge-e Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit 

50-18 I Roll 
' 

Pitch (deg) 

' 
Yaw ' 

' 
06-18 I Roll 0 

Pitch (deg) 
" 

' 
Yaw 

' rx 06-40 1 TFI (min:s) [X 
0 VG (ft/ s) 

•• t.VM (ft/ s) 
' lX 06-40 I TFC (min:s) X 

VG (ft/ s) 

,. t.VM (ft/ s) 0 

X 16-40 I TFC (min:s) X 
•• VG (ft/ s) .. 
,. t.VM, (ft/ s) 0 

•• 85 I X •• 
y Residuals 

•• (ft/ s) •• 
,. z • 
' 

85 I X 

y TRIM 

' (ft/s) ' 
z ' 

' 
44 I HA (nmi) 

' 
HP (nmi) 

r:x TFF (min:s) [X 



EVENT 

DM2 

BT/AV 

LB-128 

SHAPING 2 
(DM2) 

TIG 

204:22:55. 3 

PROPULSION/ 
GUIDANCE 

SPS/G&N 
0.6/ 20.2 GET EXT AV (P-40) 

AVX N85 + X X 

AVY RESIDUALS (ft/s) + X X X 

AVZ (BODY AXIS) + X 

PRE THRUST 
TARGETING 

P-30 

h 

min 

sec 

----v 
~RIM 

------v 
YTRIM 

----e-V 
ZTRIM 

TIG: 204:22:55. 3 
BT: o.6 sec 
AV: 20.2 fps 
RETROGRADE 
SPS 
APOGEE: 114 nmi 
PERIGEE: 114 nmi 

SUN 



LB-129 

P52-IMU REALIGN 

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 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 

+ 0 0 
Hours } 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 Celestial 
Body Code 1 

X 0 0 0 
Celestial 
Rotiv r.ode 2 
Star Angle 
Difference (degrees) 

Star Angle 
Measured (degrees) 

:} Gyro 
Torquing 
Angles 
(degrees) 

:} 
Calculated 
Gyro 
Drift 
(meru) 

NOTES: 

N71 

N71 

N05 

N93 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 
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LB-132 

P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Nominal, 
3 - REFSMMAT 

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 

X 0 0 0 
Celestial 
Bodv Code 2 
Star Angle 
Difference (degrees) 

Star Angle 
Measured (degrees) 

:} Gyro 
Torquing 
Angles 
(degrees) 

:} 
Calculated 
Gyro 
Drift 
(meru) 

NOTES: 

N71 

N71 

NOS 

N93 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 



V37 Enter, 30 Enter 

LB-133 

P30 - EXTERNAL av 

ADM 

V06 N33 Flashing, Load Desired GET I 

V06 N81 Flashing, Load Desired av 

PURPOSE 

+ 0 0 
' 

Hours 

+ 0 0 0 Minutes GET I 

+ 0 Seconds 

0 avx Local Vertical 

0 avy 
(feet/ second) 

0 avz 

+ ' 0 
0 Roll 

+ 0 0 Pitch 
IMU Gimbal 

Angles (degrees) 
+ 0 0 Yaw 

X X a V C (feet/ second) 

X X BT (min:sec) 

+ X X X 6 V C at Ignition 

- X X aVCTAILOFF 

' + Weight (lhs) 

0 0 PTRIM 
0 0 YTRIM 

X X X X SXT Star 

+ 0 Shaft Angle 

+ 
' 

0 0 Trunnion Angle 

NOTES: 

I N33 + 0 0 

+ 0 0 0 

+ 0 

I N81 0 I 

0 

0 

I N22 + 0 0 

+ 0 0 

+ 0 0 

X X 

X X 

+ X X X 

- X X 

I N47 + 

I N48 0 0 

0 0 

X X X X 

+ 0 

+ 0 0 



P61 

V37 Enter, 61 Enter 

V06 N61 Flashing 

LB-134 

ENTRY PAD UPDATE 

V06 N60 Flashing, Record 

V06 N63 Flashing, Used for EMS if no Communication 

P62 

V50 N25 Flashing, Request CM/SM Separation 

V06 N61 Flashing 

V06 N22 Monitor 

P63 

V06 N64 Monitor 

AREA X - '- X 

P .05G + 
' 

0 0 + 

N61 LAT 0 111 

LONG ,II 

RTOGO .05G + ,II + 

VIO .05G + + 

RET. 05G X X X 

RET .2G X X I 
X I 

N66 DRE 

BANK AN R ,Y· R 

RETRB X X X 

RET BBO X X 
I 

X 

RET EBO X X X • 
RET DROG X X X 

0 

X 

X 

X 

X 

X 

X 

-~ 
_o 0 

ii 

II 

,II 

11 
,1 

,. 
ii 

II 
I/ 

/ 
I 

n 
0 
n 
,. 
I 

I 

I 



LB-135 

P52-IMU REALIGN 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rt : 00001 

R2: 0 0 0 0 X IMU Align Option 

1 - Preferred, 2 - Norninal, 
3 - REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P62 Option 

+ 0 0 
Hours } 

+ 0 0 0 Minutes GET 

+ 0 Seconds 

X 0 0 0 Celestial 
Body Code 1 

X 0 0 0 Celestial 
Rorf, Code 2 
Star Angle 
Difference (degrees) 
Star Angle 
Measured (degrees) 

:} Gyro 
Torquing 
Angles 
(degrees) 

:} 
Calculated 
Gyro 
Drift 
(meru) 

NOTES: 

N71 

N71 

N05 

N93 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

X 0 0 0 

X 0 0 0 



V37 Enter, 30 Enter 

LB-136 

P30 - EXTERNAL AV 

ADM 

V06 N33 Flashing, Load Desired GET I 

V06 N81 Flashing, Load Desired AV 

PURPOSE 

+ 0 0 
' 

Hours 

+ 0 0 0 Minutes GET I 

+ 0 Seconds 

0 AVX Local Vertical 

0 AVy 
(feet/ second) 

0 
' 

AVz 

+ 0 0 Roll 

+ 0 0 Pitch 
IMU Gimbal 

Angles (degrees) 
+ 0 0 Yaw 

X X AVr, (feet/second) 

X X BT (min:sec) 

+ X X X AV C at Ignition 

- X X AVC TAILOFF 

+ Weight (lbs) 

0 0 PTRIM 
0 0 YTRIM 

X X X X SXT Star 

+ 0 Shaft Angle 

+ 0 0 Trunnion Angle 

NOTES: 

I N33 + 0 0 

+ 0 0 0 
' + 0 

I N81 0 

0 

0 

I N22 + 0 0 

+ 0 0 

+ 0 0 

X X 

X X 

+ X X X 

- X X 

I N47 + 

I N48 0 0 

0 0 

X X X X 

+ 
' 

0 

+ 0 0 



P40 - SPS THRUSTING (CSM) 

V37 Enter, 40 Enter 

LB-137 

(DEORBIT) 

V50 Nl8 Flashing, Request Maneuver to FDAI R, P, Y Angles 
V06 Nl8, FDAI R, P, Y Angles After Maneuver to Burn Attitude 
V50 N25 Flashing, Rl : 00204, Gimbal Actuator Test Option 
V06 N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity 
V99 N40 Flashing, Engine On Enable Request 
V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity 
Vl6 N40 Flashing, Final Value s at Engine Cutoff 
Vl6 N85 Flashing, Body Axes Residuals (to be Nulled) 
V37 Flashing, V82 Enter 
Vl6 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit 

,. 50-18 I Roll 

,. Pitch (dero 

Yaw 

06-18 I Roll 
' 

' 
Pitch (dero 0 

Yaw 
' X 06-40 1 TFI (min:s) X 

\ VG (ft/ s) 
' 

Ll.VM (ft/ s) 

X 06-40 I TFC (mln:s) ex 
VG (ft/ s) 

Ll.VM (ft/ s) 

IX 16-40 I TFC (mln:s) IX 
VG (ft/ s) 

Ll.VM (ft/ s) I 

85 I X 

y Residuals 

' (ft/ s) ' z 
' 85 I X ' y TRIM 

(ft/ s) •• 
z 0 

' 
44 I HA (nmi) 0 

• HP (nmi) 0 

IX TFF (mln:s) X 



EVENT 

ADM 

BT/t:..V 

6. 7 /191. 7 

t:..VX 

LB-138 

APOLLO DEORBIT 
(ADM) 

TIG PROPULSION/ 
GUIDANCE 

100:00:00 SPS/G&N 
PET EXT t:..V (P-40) 

N85 + X X 

t:..Vy RESIDUALS (ft/s) + X X X 

t:..Vz (BODY AXIS) + X 

PRE THRUST 
TARGETING 

P-30 

h 

min 

sec 

--------v 
~RIM 

----v 
YTRIM 

----o-V 
ZTRIM 

TIG: 100:00:00 
BT: 6.7 sec 
t:..V: 191. 7fps 
RETROGRADE 
SPS 

SUN 



LB-139 

ENTRY PAD UPDATE 

P61 Enter 

V37 Enter, 61 Enter 

V06 N61, Flashing 

V06 N60 Flashing, Record 

V06 N63 Flashing, Used for EMS if no Communication 

P62 

P63 

V50 N25 Flashing, Request CM/SM Separation 

V06 N61 Flashing 

V06 N22 Monitor 

V06 N64 Monitor 

AREA X . X 

P .05G + ,110 0 + 

N61 LAT 0 ,II 

LONG ,. 
RTOGO .05G + ,II + 

VIO. 5G + + 

DET. 05G X X 
,. 

X ,. 

RET. 2G X X 
,1 

X I 

N66 DRE 

BAND AN R .. Y R 

RETRB X X 
ii 

11 X 

RET BBO X X 1t 
II X 

RET EBO X X II X I 

RET DROG X X 
ii X 11 

0 

X 

X 

X 

X 

X 

X 

. ._ 

0 0 

,II 

I • 

,. 

,. 
II 
,t 

I 

, . 
),/ 
0 
0 

• • ,. 
• ,. ,. 



Aerodvnamic 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 : 

- ~ 2- 2 D = ½ M pv 1o(ft/s ) 

Lift is a force perpendicu· 
lar to the relative velocity 
vector and equal to; 

scL -
L = ½M pv2 1L(ft/s2

) 

where, 

LB-140 

EARTH ENTRY 

Relative 
Velocity 
Vector 

p = Atmospheric density (slugs/ ft 3 )( 1) 

v = Relat ive veloci ty magnitude (ft /s) 

c0 = Coefficient of drag (unitless) 

CL= Coefficient of lift (unitless) 

M = Mass of spacecraft (slugs) 

S = Surface area presented to atmospheric flow ( ft2 ) 

Aerodynamic lift (or CL) 
is a consequence of the 
vehicle center-of -mass 
(CM)l2) being offset from 
its axis of symmetry. With 
the relative velocity vector 
along the ax is of sym­
metry, the resulting 
symmetrical pressure dis­
tribution produces a re­
sultant force (F) through 
the center -of -pressure 
(CP)(3) . The component 
of th is force (fi ) perpen· 
dicular to the line joining 
the CP and CM causes a 
torque about the CM . The 
spacecraft w i 11 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: 

1. A slug is a constant, relating units in the equation 
F(pound-force) = M(slugs) x a(ft/ s2 ) 

Q: • Angle of Attack 

Relative 
Wind 

Pressure 
Distribution 

2. Center-of-mass: The point where the mass of a body may be regarded as being concentrated, insofar 
as motion of translation is concerned. 

3. Center-of-pressure: The point where the resultant of all aerodynamic forces apparently operates. 



In this stable attitude, the 
component of F perpen­
d icu I ar to the relative 
velocity ,vector produces 
lift. Because of the 
spherical shape of the heat 
shield, the stable attitude 
remains relatively 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 Ro II Stab ii ity 
Ax is according to roll 
commands issued by the 
AGC. 

A ro II angle (9) of 0 
degrees causes the lift 
vector to be up along the 
vertical and produces 
maximum downrange 
flight . A roll angle of ±90 
degrees puts the I ift vector 
in the local horizontal 
plane, producing maxi­
mum crossrange (or 
lateral) flight. 

ic 

LB-141 

Roll Stability 
Axis 

I" 

Pressure 
Distribution 

Pointed End 
Forward 

Relatrve 
Wind 

Relative 
Wind 
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ENTRY GROUND TRACE FOR AN SPS DEORBIT MANEUVER 
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The entry control programs are designed to calculate the roll angle (8) which wlll produce the vertical component of 
lift necessary to satisfy a guidance objective (constant drag flight, downrange target acquisition, and so forth) . Cross­
range control ls maintained by choosing the proper sign of roll angle in order to reduce lateral errors. 

The maneuver footprint for a GNCS-controlled entry for earth orbits uses mainly a ballistic entry and a modified roll 
angle lift controlled profile. A typical entry footprint Is shown below. The constant drag and lift modulated flight ls 
still available in the software coding but is not used. 
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Entry Control Equations 

The entry guidance equations are solved every 2 seconds in the AGC. Navigation and autopilot 
functions are also performed during this computation cycle, 

The guidance equations below are used during the entry phases associated with a nominal earth 
orbit entry, Equation 1 (targeting) ls executed every pass through the computation loop, Equations 
ill, and IV are executed during their particular entry phases for downrange steering. Lateral 
steering is done by Equation VI dependent upon certain logic constraints in the AGC. The roll 
angle needed to meet the above equations ls calculated using Equation VII. 

Initialization 

,--
1 

I 

I 

I 

I 
I 
I 
I 
I 

I 
I 
I 

I 
I 

I 

I 

I 
I 

I 

I 

Initial Roll 

(Equation II) 

Ballistic 
Phase 

(Equation III) 

L ______ _ 

Navigation 

Targeting 
(Equation I) 

Mode Selector 

Final Phase 

(Equation V) 

G Limiter 

Lateral Logic 
Control 

(Equation VI) 

Roll Command 
(Equation VII) 

Autopilot 

Check for 
Start of 

UP Control 

Constant 
Drag 

Equation 
(E quatlon IV) 

UP Control 

Guidance 

* Up control and constant drag are not used for earth orbit re-ENTRY but are 
characteristic of high velocity lunar return re-entry. 

Equation I: Landing. Point Targeting Equations 

I 

I 

_J 

During the early entry phases, a unit vector is calculated which points from the earth's center to an 
estimated splash point. '.!his initial target vector (l RTol, ~gether with unit vectors in the equatorial 
plane directed easterly (lRTE) and in the target meridian <1RTN), is used as a reference from which 
a new target vector <lRTl ls calculated based on an updated estimate of time-to-splash. 
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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 RT), the downrange angle from the spacecraft to the splash point is 
computed using: 

8H = arc cos{l RT · Unit R}<radians) 

The crossrange error from the present flight plane is calculated as follows: 

LATANG = lRT • Unit (V XR) (radians) 
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Equation II: Initial Roll Angle 

The Initialization supplies the initial roll angle to the initial roll angle routine. 

eroll = arc cos ( ¾tT • UNIT R) radians 

This is proportional to the updated 'remaining down range to go. 

The remainder of the routine checks that the drag lift ratio and velocity are in the range of earth 
orbit re-entry and picks the desired lift/drag ratio sign. In addition, the drag to lift ratio is 
limited such that drag acceleration does not exceed 1. 5 g•s. After the initial pass, the selector 
is set to pass through tbe ballistic equations. 

Equation ill: Ballistic Equation 

During the ballistic mode, the attitude control is maintained for zero side slip, trim angle of 
attack. The roll control will be a constant roll angle that will include a cross range correction. 

The routine also checks the total acceleration against a reference drag acceleration to decide when 
to use the final phase equations. 

Equation IV: Constant-Drag Flight Bquation 

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-drag trajectory. 

Constant-drag guidance is achieved using an on-board computed reference trajectory and constant 
guidance factors for compensation of off-nominal conditions. The control reference parameters 
are computed using the following constant drag relationships. 

• (L/ D)Ref 
1 

g) Do (unitless) 

DRef 

where 

V 

R 

g 

DO 

f1 

(ft/s) 

velocity (ft/ s) 

radial distance (ft) 

gravity (ft/ s 2) 

desired drag level (ft/s2) 

constant associated with atmosphere (ft) 

Gain factors were chosen which relate perturbations in drag and altitude rate to the reference L/ D. 

The constant drag is included for reference and is not used in earth orbital entry. 
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Equation V: 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 v:ariable, the various quantities in storage are chosen which are 
used in the basic control equation: 

where 

(L/ D) control = (L/ D)Ref + Kl { (R - ~ef) + K2 (D - DRef) + K3 (R - ¾ef)} 

(L/ D)Ref 

RRef 

DRef 

RRef 

Kl 

K2 

K3 

constant value ( .,,o. 27) 

reference range-t~go (radians) 

reference drag (ft/ s 2) 

reference altitude rate (ft/ s) 

sensitivity of L/ D to deviations in range (unitless) 

sensitivity of range to deviations in drag level (radians/ ft/ s2) 

sensitivity of range to deviations in altitude rate (radians/ ft/ s) 

Equation VI: Crossrange (or Lateral) Control 

Crossrange control is maintained only when thl lateral error (LAT ANG) is in excess of computed 
deadband limit. This limit (somewhat less than the crossrange capability of the spacecraft) is 
computed every 2 seconds as a function of spacecraft velocity. 

When this limit is exceeded the sign of the commanded roll angle (K2ROLL) is changed so that the 
horizontal components of lift causes the spacecraft to steer laterally toward the target. 

Equation VII: Commanded Roll Angle Equation 

Usiig previously determined quantities (K2ROLL and L/ D t 
1
) the commanded roll angle is 

calculated by con ro 

ROLLC = (K2ROLL) arc-cos [~;~control] (degrees) 
Ref 



LB-148 

Entry Control Programs 

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 in 
case of communications failures. 

b. Initiation: Astronaut keys DSKY- V37E 61E 

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 
Rl - Impact latitude 
R2 - Impact longitude 
R3 - Heads up/ down 

V06N60 
Rl - G max 
R2 - V predicted 
R3 - i'EI 

V06N63 
Rl - RTOGO 
R2 -VIO 
R3 - TFE 

Latitude of splash point 
Longitude of splash point 
:I: 1 

Maximum predicted g-load 
Predicted velocity at EI (400 K ft) 
Predicted entry angle at EI 

Range-to-go from 290,000-foot altitude 
Predicted velocity at 290, 000-foot altitude 
Time to 290, 000-foot altitude 

P62 - CM/ SM Separation and Preentry Maneuver Program 

XXX.XX deg 
XXX.XX deg 

xxx.xx g 
XXXlCX ft/ s 
XXX.X:Xdeg 

XXXX.Xnmi 
XXXlCX ft/ s 
X:XbXX min/s 

a. Purpose: Notifies crew 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 or V37E62E. 

c. Steering: None, lift vector orientation maintained. 

d. DSKY Displays: 

V50N25 
Rl - 00041 
R2 
R3 

V06N61 

Request to separate CM/ SM 
Blank 
Blank 

Rl - Impact latitude 
R2 - Impact longitude 
R3 - Heads up/ down 

V06N22 

R2 _ AIG Desired final gimbal Rl - AOG} • 

R3 _ AMG angles at EI 

XXX.X:Xdeg 
XXX.X:Xdeg 
:1:00001 
+Up 
-Down 

XXX.X:Xdeg 
XXX.X:Xdeg 
XXX.XX deg 
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P63 - Entry Control Initialization Program 

a. Purpose: Initializes the entry targeting and guidance equations. 

b. Initiation: . P63 entered automatically when P62 achieves the entry attitude. 

c. 

d. 

steering: None, Lift vector orientation maintained. 

DSKY Displays: 

V06N64 
Rl - G 
R2 - VI 
R3 - RTOGO 

Present g-load 
Present velocity 
Range to the target 

x:xx.xx g 
XXXXX. ft/ s 
XXXX.Xnmi 

P64 - Post O. 05 g Program 

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 O. 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 is flown ( ..,4 g) until the altitude rate becomes greater (more 
positive) than -700 ft/ s. 

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 EI is 1. 175 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 the exit is made to the final phase. 

d. DSKY Displays 

V06N74 
Rl - BETA 
R2 -VI 
R3 - G 

P67 - Final Phase Program 

Commanded roll angle (bank angle) 
Inertial velocity 
Present g-load (drag acceleration) 

XXX.XX deg 
XXX:XX ft/ s 
XXX.XX g's 

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 earth deorbit 

c. Steering: steering is done using a terminal type controller based on a prestored 
nominal trajectory. 

d. 

Guidance is terminated when velocity drops below 1,000 ft/ s. 

DSKY Displays: 

V06N66 
Rl - BETA 
R2 - XRNGERR 
R3- DWNRGER 

V16N67 
Rl - RTOGO 
R2 - LAT 
R3 - LONG 

Commanded roll angle (bank angle) 
Crossrange error* 
Downrange error ** 

Range to target 
Present latitude 
Present longitude 

* Cross range error - Positive if target south of trajectory plane 
** Down range error - Positive for overshoot. 

XXX.XXdeg 
XXXX.Xnmi 
XXXX.Xnmi 

XXXX.X nmi 
XXX.XXdeg 
XXX.XXdeg 
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TYPICAL CM/SM SEPARATION ATTITUDE 

Local ~rizon~ 

19d~r~ --
--- \ /~ Inertial 

31. 7 degrees/~ Velocity 
.. , §' Vector 
"V•~ 

1::#' 

P61 
Assume 

Separation 
Attitude 

P62 
Separation, 

Assume Entry 
Attitude 

P63 

TYPICAL ATTITUDE AT ALTITUDE OF 400,000 FEET 

+zsc 

+Xsc~ 
20 degrees _ _.,~-'--+XsM y= 0.85 degree 

f~H 
• 1+::::=~=!... 

Lift Vector 
Up, Await P64 

0.05 g Constant 
Drag Flight 

P67 -9-9-f?, 
I I / -...'¼ '"v. 

/ Final Phase 
-/-_ Steering 

o~- - ~ ~ 
v~26 ooo ft/s ~ Terminate Guidance 

' V = 1, 000 ft/s 

TYPICAL ENTRY PROGRAM SEQUENCE OF EVENTS 

t"' 

! 
CJl ,_. 



APOLLO MISSION SPLASH POINT SUMMARY 

Planned Final DSKY Ship Splash Total 
Target Reading Report Recovery 

Total Ship 
DSKY Reported 

North West North West Error North West Error 
Mission Lat Long Lat Long Nmlti. Lat Long Nm! 

Apollo 7 27. 61 64. 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 1, 2 -15. 03 164. 65 2. 7 

Apollo 11 -1 3. 25 169. 15 -13. 30 169.15 1. 2 -13. 25 169.15 4. 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. 64 165. 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 

Apollo 15 - 26 . 13 158.13 -26.13 158. 13 0 -26 . 125 158. 15 1. 5 .. 

Apollo 16 -00. 71 156.18 -00. 72 156. 21 1. 9 -00.74 156. 243 4.00 .. 

Apollo 17 17. 88° 166 . 13 17. 88 166.11 1. 2 Not Available 
I 

Skylab 2 27. 77 127. 07 27. 78 127. 06 0. 8 Not A vallable 

Skylab 3 30.83 120. 50 -30. 80 120. 53 2.55 30. 79 120.49 I 2.28 

Skylab 4 31. 32 119. 75 31 . 31 119.77 Not Available 

Mean Error 1. 37 3.14 

STD Deviation ±0, 95 "'1. 84 

• Onboard data lost during entry - miss distance is best estimate 
•• Ship Report based on Nav Satellite Fix 

Best-Estimate 
Trajectory 

(BET) Report Total 
(official) 

North West Error 
Lat Long Nm! Remarks 

27. 64 64.15 2. 1 Earth Orbital 

8. 1 165. 01 2. 3 Lunar Return 

23.22 67. 98 2.1 Earth Orbital 

-15. 06 164. 65 1. 3 Lunar Return 

• . 1.0• Lunar Return 

-15 . 83 165. 17 1.1 Lunar Return 

- 21. 64 165. 36 1.0 Lunar Return 

-27.01 172.65 . 62 Lunar Return 

-26. 13 158 .14 . 63 Lunar Return 

Not A vallable Lunar Return 
I 

Not Available Lunar Return 
I 

Not Available Earth Orbit 
I Earth Orbit Not Available 

Not Available Earth Orbit 

1. 35 

..0. 61 
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PERTURBATIONS 

GYROCOMPASS 

BOOST MONITOR 

RENDEZVOUS 

DEORBIT 

ENTRY 
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GYRO COMPASSING PERTURBATION ANALYSIS 

The perturbing of the gyro compassing loop results in two distinct type of errors. 

They are: 

a. A temporary transient in gimbal angles that settles out in a length of time. 

b. Steady state changes in gimbal angles that reflect as misalignments for boost, 
and accelerometer and gyro errors during the boost phase. 

The changes in steady state gimbal angles for changes in gyro drifts and accelerometers biases are 
shown in Table A. The results were obtained from a computer simulation run. 

The standoffs in gimbal angles for gyro drifts can be approximated by 

L:. AI 0 

Li.AM '"~ 3600 
0 

-cos'lt 
Li.AO 

COSA 

where 

Li.Al, Li.AM, Li.AO 

NBDx, NBDy, NBDz 

ADIAx, ADIAy, ADIAz 

0 -Cos i' NBDy + ADSRAy 
68.8 CFK 

0 -Sin i< NBDx 
68.8CFK 

- sin'lt -c 
___L +NBDz + ADIAz 

COSA cos A 

the steady state gimbal angles standoff in degrees. 

the changes in normal bias drift in meru that are not compensated 
for in the IMU compensation routine 

Gyro compass azimuth (east of north) 

Latitude of Local launch 

Proportional gain (. 062) 

Filter gain (0. 1) 

Computer scaling (128) 

The change in acceleration sensitive drift not compensated in the 
IMU compensation routine. 

68.8 __JL_ ~ 
TCpipa K meru 

g local gravity 

After the gimbal angles have settled out, a change in launch azimuth may be required because of the 
time of launch changing. This is accomplished by computer entries of 

V78E 

Flashing 
V06N29 Xsm Launch Azimuth 

V21E Load New Launch Azimuth 

XXX.XXdeg 

XXX,XXdeg 
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GYRO COMPASSING PERTURBATION ANALYSIS (cont) 

PRO 

The computer comIX1tes the changes required in gyro torquing, torques the gyros, enters a 
period of vertical erect for 320 seconds and then returns to gyro compassing. 

INERTIAL 
INSTRUMENT 

ERROR 

+X Gyro 
Drift 
10 meru 

+Y Gyro 
Drift 
10 meru 

+Z Gyro 
Drift 
10 meru 

-X Gyro 
Drift 
10 meru 

-Y Gyro 
Drift 
10 meru 

-z Gyro 
Drift 
10 meru 

X Plpa 
Blas 
+. 032808 

ft/s2 

Y Plpa 
Blas 
+.032808 

ft/s2 

XPIPA 
Blas 
-.032808 

ft/s2 

Y PIPA 
Blas 
-. 032808 

ft/s2 

TABLE A 

STEADY STATE GIMBAL ANGLE ERRORS 
FOR INERTIAL INSTRUMENT ERRORS 

INNER GIMBAL MIDDLE GIMBAL 
ANGLE ERROR ANGLE ERROR 

(DEGREES) (DEGREES) 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

+.058 0 

0 -.058 

-.058 0 

0 +.058 

OUTER GIMBAL 
ANGLE ERROR 

(DE GRESS) 

-.463 

-.460 

-.041 

+.463 

+.460 

+.041 

-.019 

-.026 

+.019 

+. 026 



Uncompensated 

X-PIPA Bias 50 

40 

-~ 30 

20 

-5 

-20 

-30 

-40 

-50 

Uncompensated 12 
Y-GYRO Drift 

10 

·~ 

-12 
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BOOST MONITOR ERRORS 
(SIGNIFICANT IMU ERRORS ONLY) 

Uncompensated 
Z-PIPA Bias 

Perigee Error 

cm/s2 

Initial INNER GIMBAL 
Angle Misalignment 

Apogee Error 

10 

-6 
Perigee Error 

-8 

-10 

-40 

-50 

-60 

-70 
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EFFECT OF INSTRUMENT ERRORS ON THRUST GUIDANCE 

The thrust guidance used on ASTP in simplified form, is as follows: 

Thrust 
----+ 

A 

yro Drlft 

~ 

+ 

+ 

AB 
(PIPA Blas) 

Thrust Positioning 
and Thrust Cutoff 

Cross Product 
Steer ing 

b.V Desired 

+ 

The above steering loop attempts to drive V (velocity to be gained) to zero. The inability 
of the steering loop to drive V g to zero will ~sult in velocity residuals at the end of the bum 
as displayed in P-40. 

Since the thrust guidance loop performs its calculations on the difference between t. V meas­
ured and t. V desired, the velocity residuals displayed by P-40 at the end of each bum are not 
caused by instrument errors but by the 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. AssumiQg perfect cross product steering 
(Vg Residuals = 0 in P-40) the resultant orbit will differ from the planned orbit. A measure 
of the difference between the actual and planned orbits is the error between actual and planned 
apogee and perigee. 

The following tables relate incremental spacecraft velocity errors, during maneuvers, to 
errors in apogee and perigee. Knowing apogee and perigee errors, the table is used to obtain 
the required error in velocity, expressed in body axes coordinates. This velocity error is 
then converted to possible instrument errors by using the table relating PIPA bias and gyro 
drift to spacecraft velocity. 

For Example: Assume a apogee error of +5. 0 nmi and zero spacecraft residuals, 
as shown in P-40, after the NCl maneuver. 

1. From the'!ASTP Maneuver Perturbation"table , the most sensitive spacecraft 
velocity error is t. V x• 

2. The required velocity error is 

Av = ~nmi 8 93 ft/ 
'-" x o. 56 nmi/ft/sec = • sec 

3. The weighting factors relating instrument errors to velocity errors yield 

-16.7 X 10-3 ABX 30.5 + 28.2 X 10-S ABZ 30.5 = 8.93 

-16. 7 ABX+ 28. 2 ABz = 292. 8 

Therefore: 

Uncompensated ABX -17. 53 cm/sec2 

or 

Uncompensated ABz = 10. 38 cm/sec2 
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EFFECT OF INSTRUMENT ERRORS ON THRUST GUIDANCE (CONTINUED) 

The "ASTP Maneuver Perturbation" table also gives the transformation from stable mem­
ber spacecraft body control axes space as follows: 

EL 
Transformation from stable member to the nav base using 
gimbal angles 

Rotation matrix about XNB of -7. 25 degrees to transform from 
nav base space to spacecraft control axes space for the CSM 

The purpose of this transformation is to indicate the location of the stable member with 
respect to thrust. The assumed gimbal angles are as follows: 

AEM 

ACM 

NCl 

NC2 

NCC 

NSR 

TPI 

DMl 

DM2 

ADM 

OUTER GIMBAL 
(Degrees) 

359.3 

179.0 

180.1 

359.6 

179.6 

176.4 

359,0 

180.0 

0.3 

o.o 

INNER GIMBAL 
(Degrees) 

290.1 

212.9 

59.3 

33.6 

21.3 

188.4 

28.8 

310.3 

133.1 

180.0 

For all maneuvers thrust is assumed along +X / axis 
S C 

MIDDLE GIMBAL 
(Degrees) 

359.0 

0.7 

0.1 

359.7 

359.3 

357.4 

1.6 

4.2 

355.0 

359.4 



ASTP MANEUVER PERTURBATIONS 

BODY AXIS ERROR IN ERROR IN STABLE MEMBER TO SPACECRAFT REFSMMAT 
MANEUVER VELOCITY PERIGEE APOGEE CONTROL AXIS TRANSFORMATION [s"!] = [REFSMMAT] [BRS] 

ERRORS (nmi/ft/ s) (nml/ ft/ s) [sq = LM] [sl>il BRS = BASIC RE FERENCE SYSTEM 

ti.Vx -0.45 -0.10 

[ 

0.344 -0. 017 0.939 ] [

-0. 063 -0. 783 
0.619] [ ] AEM ti.Vy - - 0.136 0.990 -0.031 -0.647 -0.440 -0.622 = LAUNCH 

ti.V 0.10 -0.11 -0. 929 0.138 0.343 o. 760 -0.440 -0.479 z 

ti.Vx - 0.46 

[

-0. 840 o. 012 0.543 ] ACM ti.Vy - - -0. 088 -0. 990 -0.114 SAME AS AEM 
ti.V - -0.30 0.536 -0.143 o. 832 z 

ti.Vx - 0.56 

[ 

o. 511 0.002 -a. 860 ] NCI ti.Vy - - o. 099 -0. 993 0.057 SAME AS AEM 

ti.Vz - - 0.854 -0.114 -o. 507 

ti.Vx - -0.55' 

[ 

o. 833 -0.005 -o. 553 ] [ 

0.422 0.492 
-0.762] [ ] NC2 ti.Vy - - -0.069 0.991 -0.114 -o. 706 -0.349 -0. 617 = RENDEZVOUS 

ti.Vz - - 0.549 0.133 o. 825 -o. 569 o. 798 0.200 

ti.Vx - 0.55 

[ 

o. 932 -0.012 -0.363 ] NCC ti.Vy - - o. 037 -0. 991 0.128 SAME AS NC2 

ti.Vz - 0.11 -o. 362 -0.133 -0.923 

ti.Vx Graph A Graph B 

[

-0. 988 -o. 045 0.146 ] NSR ti.Vy - -o. 08 o. 017 -0. 981 -0.193 SAME AS NC2 

ti.Vz Graph C 0.39 0.152 -0.188 o. 970 

ti.Vx - o. 50 

[ 

o. 876 o. 028 -0.482 ] TPI ti.Vy - - -0.093 o. 989 -0.112 SAME AS NC2 

ti.Vz - 0.26 0.473 0.143 o. 869 

ti.Vx - 0.55 

[ 

0.645 o. 073 o. 761 ] [

-0. 520 -o. 586 
0.621] [ ] DMl ti.V - - -0. 049 -o. 989 0.137 -o. 786 0.044 -0.617 = ORBITAL y 

ti.V z - - o. 763 -0.126 -0.635 0.334 -0.809 -0.484 

ti.V -0.53 -
[

-0.681 -0.087 -o. 727 l X 
DM2 ti.V - - -0.147 o. 989 0.020 SAME ASDMl y 

ti.V -0.08 0.07 0.718 0.121 -o. 686 z 
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GYRO DRIFTS 

PIPABIASES 
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AVSC ERRORS CAUSED BY GYRO DRIFTS [J XA] AND PIPA BIASES 

MERU 

CM/SEC2 

FT/SEC 

SEC (LENGTH OF BURN + 30 SECONDS FOR STARTUP OF AVERAGEG ROUTINE) 

SEC (TIME FROM LAST ALIGNMENT TO BURN) 

WEIGHT FACTORS RELATE PIPA BIAS AND GYRO DRIFTS TO VELOCITY ERROR. 

AEM 

AV"sc 

AV 
Ysc 

AV 
"sc 

AV 
"sc 

AV 
"sc 

3 ~ ~ 
11.3 XlO- ABX ATP+ 0.57 X 10 ABY ATP - 30.8 X 10 ABz ATP 

-0. 020 X 15-5 NBDX AT + 0. 003 x 10-5 NBDY AT - 0. 008 X 10-5 NBDZ AT 
-3 g 3 g -3 g 

-4.46 X 10 ABX ATP -32.5 x10- ABY ATP+ 1. 03 Xl0 ABz ATP 

0. 003 x 10-5 NBDX AT - o. 022 x 10-5 NBDY AT 
-3 • g -3 g -3 

+30.5Xl0 ABxATP-4,54Xl0 ABYATP-ll.2xl0 ABzATP 

27 .5 xl0-3 ABX ATP• 0.40 x 10-3 ABY ATP - 17, 8 X 10-3 ABz ATP 

0. 080 x 10-5 NBDX AT - 0. 021 X 10-5 NBDY AT - 0.125 X 10-5 NBDZ AT 
-3 g -3 g -3 g 

•2. 89 X 10 ABX ATP+ 32. 5 X 10 ABY ATP+ 3. 74 X 10 ABz ATP 

0. 013 X 10=
5 

NBDX ATg + 0.148 X _10-5 NBDY ATg - 0. 01: X 10-5 NBDZ ATg 

-17.6 Xl0 
3 

ABX ATP +4.71 Xl0 3 ABYATP-27.3xl0 
3 

ABzATP 

-16. 7 x 10-3 AB AT + 28.2 X 10-3 AB AT 
X p Z p 

-0.413 X 10-5 NBDXAT - 0.055 Xl0-5 NBDY AT + 0.245 x 10-5 NBDZ AT 

-3.25 x 10-3 ABX ATP /32.6 X 10-3 ABY ATP - l.~6 X 10-3 ABz ATP g 

-0.048 X 10-5 NBDX AT + 0.480 X 10-5 NBDY AT + 0. 027 X 10-S NBDZ AT 

+28.0 X 10-3 AB AT ! 3.74 X 10-3 AB AT + 1f.6 x 10-3 AB AT g 
X p y p Z p 

-27.3Xl0-3 ABX ATP+ 0.172 x 10-3 ABY ATP+ 18.2 x 10-3 ABz ATP 

0.146 X 10-
5 

NBDX AT + 0. 035 X 10-5 NBDY AT - 0. 219 x 10-5 NBDZ AT 

+2.28 X 10-3 ABX ATP! 32. 5 X 10-3 ABY ATP+ 3.g73 X 10-3 ABz ATP g 

0. 018 X 10-S NBDX AT - 0.263 X 10-S NBDY AT c 0.030 X 10-S NBDZ ATg 
-3 g -3 g -3 

-18.0 X 10 · ABX ATP -4.37 X 10 ABY A'J.'p - 27.1 X 10 ABz ATP 
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AV 
Ysc 

AV 
Ysc 

DMl 

AV 
"sc 

AV 
Ysc 

AV 
Ysc 
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-30.6 X 10"3 AB AT + 0.40 X 10-3 AB AT + 11. 9 x 10-3 AB AT 
X p y p Z p 

-0.106 X 10-
5 

NBDX AT - O. 039 X 10-
5 

NBDY AT + 0.270 X 10-5 NBDZ AT 
-3 g 3 g 3 g 

-1.22 x 10 ABX ATP+ 32. 5, X 10- ABY ATP -4.21 X 10- ABz ATP 

-0.011 X 10-5 NBDXAT + 0.290 X 10-5 NBDY AT + 0.038 X 10-5 NBDZ AT 
g g g 

+11. 9 x 10-3 ABX ATP + 4. 37 X 10-
3 

ABY ATP+ 30. 3 X 10-3 ABZ ATP 

32,4 X 10-3 AB AT + 1.49 xl0-3 AB AT - 4. 79 x 10-3 AB AT 
X p y p Z p 

O. 030 X 10-5 NBDX AT - O. 037 X 10-5 NBDY AT - 0.193 X 10-5 NBDZ AT 
-3 g -3 g -3 g 

-0.54 X 10 ABX ATP+ 32.2 X 10 ABY ATP+ 6.32 X 10 ABzATP 

-0. 003 X 10-5 NBDX AT + 0.195 X 10-5 NBDY AT - O. 038 X 10-5 NBDZ AT 

-4,98 X 10-3 ABxATP /6.17 X 10-3 ABY ATP - 31~8 X 10-S ABz ATP g 

-28.7 x 10-3 AB AT - 0.92 x10-3AB AT + 15,8 x 10-3 ABZ ATP 
X p y p 

0.076 X 10-5 NBDXAT +0.023 X 10-5 NBDY AT - 0,139 xl0-5 NBDZ AT 
g g - g 

+3.06 x 10-3 AB AT - 32.5 X 10-3 AB AT + 3.69 X 10 3 AB AT 
X p y p Z p 

0.015 x 10-5 NBDXAT -0.158 xl0-5 NBDY AT - 0.018 xlo-5 NBDZ AT 
-3 g -3 g -3 g 

-15. 5 X 10 ABX ATP -4. 71 X 10 ABY ATP -28. 5 X 10 ABz ATP 

-21,2 X 10-
3 

ABxATP -2.40 Xl0-
3 

ABY ATP - 25.0 xl0-
3 

ABz ATP 

O, 115 X 10-5 NBDX AT - O. 019 x 10-5 NBDY AT + O. 096 X 10-5 NBDZ AT 
-3 g -3 g 3 g 

+l.62xl0 ABXATP+32.5xlO ABYATP-4.50xl0- ABZATP 

O. 007 X 10-5 NBDX AT +0.149 X 10-5 NBDY AT + O. 021 X 10-5 NBDZ AT 
-3 g -3 g -3 g 

-25. 0 X 10 ABX ATP +4.13 X 10 ABY ATP +20. 8 X 10 ABz ATP 

22. 3 x 10-
3 

ABX ATP +2. 86 X 10-
3 

ABY ATP+ 23. 9 X 10-
3 

AB zATP 

0.106 X 10-5 NBDX AT +O. 018 X 10-5 NBDY AT +0.101 X 10-5 NBDZ At 
-3 g -3 g -II g 

+4. 84 X 10 ABX ATP -32.4 X 10 ABY ATP -0, 64 X 10 ABz ATP 

O. 022 x 10-
5 

NBDX ATg -0.146 x 10-5 NBDY AT +O. 003 X 10-5 NBDZ AT 
-3 -3 g g 

-23, 5 X 10 ABX ATP -3. 95 XlO ABY ATP+ 22. 5 X 10-3 ABz ATP 
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TYPICAL EARTH ORBIT ENTRY POSITION ERROR SENSITIVITIES 
AT GUIDANCE TERMINATION 

EARTH ORBIT ENTRY 

ERROR SOURCE Downrange Crossrange 

(E) Error Error 
(nmi/E) (nmi/E) 

GYRO BIAS NBDX 0.01 -0.04 

DRIFT NBDY o.oo 
(meru) -0.01 

NBDZ -0.01 +0.05 

ACCELEROMETER ACBX 7.53 0.63 

BIAS 
ACBY -0.90 5,60 

(cm/sec2 ) 

ACBZ -4.44 -0. 31 

NOTES: 1. Assumed accelerometer operation 15 minutes prior to EI (altitude of 

400, 000 feet). 

2. Assumed IMU drift from 2.25 hours prior to EI. 

3. Assumed IMU orientation is described by deorbit refsmmat such that at ADM 

4. 

zsM unit <i'f> 

YsM Unit (R x v > 

XsM YsM x ZsM 

Crossrange-downrange definition: 

North 
c<' 

/4,,",:~ 
/0 

~0 /~._,<:i 
~~ (>~ 

~<> 
~ 

Nominal Earth Orbit Entry 
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DIGITAL 

AUTOPILOT 

CSM-RCS DAP 

TVC DAP 

SATURN DAP . 

ENTRY DAP 

DOCKED DAP 

ATTITUDE ERROR DISPLAY 

RATE FILTER 
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CSM DIGITAL AUTOPILOT 

The CSM digital autopilot (DAP) provides a primary stabilization and control function and attitude 
error display for CSM coasting flight, CSM powered flight and CM entry, as well as a backup 
SATURN takeover function. The LM portions of the DAP remain in the software but only the CSM/ 
LM ascent stage DAP ls used for the CSM/DM vehicle configuration. 

COASTING FLIGHT 

The CSM coasting flight autopilot or reaction control system autopilot (RCS DAP) provides attitude 
and translation control In three CSM axes during nonthrustlng phases of flight. The RCS DAP has 
three major modes of operation, Auto, Hold and Free, as commanded by the S/C CONTROL switch. 

The Hold mode maintains or holds the spacecraft (S/C) at a desired attitude within the limits of an 
attitude deadband specified by the crew. Rotational hand controller (RHC) commands will be proc­
essed as the discrete commanded rate specified In the DAP variable load; a new desired attitude 
will be established and maintained upon release of the RHC. 

The Auto mode enables rate and attitude commands from the steering routines to be processed by 
the DAP for maneuvering the S/C to a desired attitude at a specified rate. With the absence of 
maneuver commands, the Auto mode functions as an attitude hold mode, RHC commands are 
processed in the Auto mode as a discrete commanded rate and automatic maneuvering Is termin­
ated until resumed by crew action via the DSKY. 

The Free mode of operation releases the S/C from all maneuvers and attitude hold commands, 
other than minimum impulse commands, and allows the S/C to drift freely. Minimum impulse 
commands are single 14-millisecond control Jet firings which are commanded by the RHC or, if 
there are no RHC commands, by the minimum-impulse controller (MIC). 

Translation hand controller (THC) commands are processed in any mode and are combined with 
rotation commands for the desired maneuver. When a combination rotation and translation is not 
possible, due to a quad failure, the rotation command has priority, 

ERROR DISPLAY 

The DAP also provides attitude error displays to the crew via the FDAI attitude error meters. 
There are three types of attitude error displays available. Each type of error display differences 
a set of reference angles with the present gimbal angles as read In N20, and transforms the dif­
ferences to vehicle control axes. N20 Is a set of CMC erasable counters which sum the incre­
mental gimbal angle outputs of the CDU A/D converters. N20 cells are synched to the CDU read 
counters, and hence the gimbal resolvers, by means of a V 40E which insures the cells and read 
counters are identically zero at that point In time. As the read counters are allowed to repeat the 
gimbal resolvers 1n the A/D Loops, the angle Increments are summed in the erasable cells, thus 
repeating the gimbal resolvers. Care must be exercised to avoid overwritlng the N20 cells, or 
ACDU's, slnce the CMC's lmowledge of present glmbal angles will be destroyed, 

• To provide a monitor of autopilot performance, the autopilot followlng 
errors or phase plane errors in control axis coordinates can be displayed 
by keying a V61E. The reference angles are !mown as desired CDU angles 
(DCDU) which describe the attitude at which the phase plane control law is 
exercised. This reference attitude is established by the DAP. 

• To aid the crew in executing a manual maneuver, or for monitoring an 
automaneuver, the total attitude error with respect to the reference 
flnal desired maneuver angles in N22 can be displayed by Keying V62E. 
Final desired CDU angles (N22) are computed by the maneuver routlnes 
(R61, R63) for rendezvous polntlng attitude and universal pointing atti­
tude; P40, 41 for burn attitude and P52 and V41 for coarse align IMU. 
They are also manually loaded In the crew initiated maneuver 0149E) 
and are also !mown as FCDU angles. These are the "maneuver to" 
gimbal angles, provided a maneuver is 1n process and the maneuver 
routine is communicating maneuver commands to the DAP. The N22 
angles may reflect the desired attitude of a completed maneuver and 
no longer Influence operation of the DAP. 

Total astronaut attitude error with respect to reference Nl 7 angles 
can be displayed by Keying V63E thus providing another manual man­
euver aid, Nl 7 can be loaded with a snapshot of the present CDU 
angles by Keying V60E. Astronaut total attitude (Nl 7) cells are not 
loaded internally by the CMC. They are a set of cells for use by, and 
loaded by the crew, possibly as an aid to manually maneuvering the 
vehicle to a crew specified attitude. The snapshot capability of V60E 
enables the crew to maneuver, and still maintain a set of reference 
angles for error display in returning to the original attitude. 
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POWERED FLIGHT 

The powered flight autopilot stabilizes and controls the attitude of the spacecraft and maintains 
thrust vector control (TVC) during service propulsion system (SPS) thrusting. Pitch and Yaw axis 
control is achieved by TVC DAP generated commands to the SPS engine gimbal servos to maintain 
the thrust vector through the 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 desired thrust 
direction. 

Roll axis attitude and rate control during powered flight is accomplished by the TVC Roll DAP. 
Its function is strictly to provide attitude hold about the roll axis 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 the drogue chutes. The DAP has an extra-atmospheric 
phase and an atmospheric phase. The extra-atmospheric phase provides three-axis spacecraft 
control for the trajectory segment prior to O. O 5 g and accepts attitude commands from entry 
guidance to orient the S/C for the onset of 0.05g. The atmospheric phase provides attitude con-. 
trol, after 0,05g about entry roll or about the vector direction of S/ C velocity relative to the air 
mass, to steer the S/C along the entry trajectory. The DAP accepts steering commands from 
the entry guidance programs. 

SATURN TAKEOVER 

In the event of a Saturn instrumentation unit (IU) fail, a capability is provided for the CMC to 
issue angular rate steering commands to the IU autopilot, CMC takeover of Saturn control, which 
is accomplished by means of the LV GUIDANCE switch, may be an automatic or manual steering 
mode. 

The manual or stick mode is available by keying V46E, which terminates computation of auto­
matic mode attitude errors. Discrete rat-a commands, based on erasable parameters, are 
initiated by means of the RHC and transmitted to the IU autopilot. 

DAP DATA 

The DAP registers containing the variable parameters which determine DAP selection and de­
sired DAP performance are accessible by keying V 48E. 
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CSM DAP CONTROL 
V48E 
Flashing V04 N46 

A B C D 

Register 1: I CONFIG I XTAC XTBD I DB 

CONFlG - Vehicle Configuration 

0 z No DAP ls requested 
1-= CSM alone 
2 = CSM and LM* 
3 = SIVB (Saturn DAP) 
6 = CSM and LM*(ascent stage onl.Y) 

XTAC - X-Translationa Using Quads AC 

0 = Do not use AC 
1 = Use AC 

XTBD - X-Translationa Using Quads BD 

0 = Do not use BD 
1 = Use BD 

E 

RATE I 

.ill! - Angular Deadband for Attitude Hold and Automatic Maneuvers 

O = ±0. 5 degree 
1 = :::t: 5. 0 degrees 

M:rE - RotationalRate for RHC in HOLD or AUTO Mode and for Automatic 

Register 2: 

ManeuYers. 

0 = 0.05 deg/s 
1 = 0.2 deg/s 
2 = o. 5 deg/s 
3 = 2. 0 deg/s 

I AC Roll I Quad A Quad B Quad C Quad D I 
AC Roll - Roll-Jet selection 

0 = Use BD roll Quads 
1 = Use AC roll Quads 

A. B. C. D - Quad falls 

0 = Quad bas failed 
1 = Quad operational 

PRO 
Flashing V06 N47 

Register 1: CSM weight in pounds 

Register 2: Other vehicle weight in pounds 
PRO 

1. 

2. 

3. 

4. 

Flashing V06 N48 

Register 1: Pitch-trim gimbal offset, in 1/100 degree 

Register 2: Yaw-trim gimbal offset, in 1/100 degree 

AUTOMATIC MODE ATTITUDE HOLD MODE 

Automatic three-axis rotation. 1. Manual three-axis rotation and trans-

Manual three-axis rotation.and. trans-
lation. 

lation 2. .ijHC produces a rotational rate as 

Attitude hold to program or manual 
specified by N46 while out of detent. 

defined attitude. 3. Attitude bold to attitude selected via 

Automatic rate damping. 
hand controller. 

4. Automatic rate damping. 

* Reference remains in Software Coding. Only CSM/LM Ascent stage 
is used for CSM/DM Vehicle configuration. 
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CSM RCS PHASE-PLANE 

The purpose of the CSM RCS Phase-Plane Logic is to compute and issue commands to the RCS 
thrusters in order to null spacecraft attitude and attitude rate errors. The thruster commands 
are in a form of a signed time, where the sign indicates the sense of rotation (positive or negative) 
and time is the duration of thrusting required to reach the phase-plane switching boundary. In 
order to achieve these ends, the phase plane is divided into decision areas (DA). A phase-plane, 
characteristic of that used for 3-axis control of the CSM, is shown with switching areas defined 
for vehicle states beyond the deadzone boundaries. 

Only the positive rate error half of the phase-plane is implemented since vehicle states in the 
negative half plane can be mirrored in the positive half by inverting the signs of the attitude and 
rate errors. 

It is apparent that large attitude errors are reduced by allowing the vehicle to drift freely at a 
rate error within the deadzone thus optimizing fuel usage. Once attitude errors have been reduced 
to within the deadband and rate errors are within the deadzone a minimum impulse (14 ms jet 
firings) limit cycle is reached. 

SHAOEO AREA 
IS OEADZONE 

8 

Phase-Plane 

Summary of Decision Areas 

Location of State 

In Deadzone 
DAI 
DA2 
DA3 
DA4 
DAS 
DAG 

Response 

None* 
Increase Rate to +WL 
Increase Rate to +HSLOPE 
Decrease Rate to +W L 
Decrease Rate to 0 
Decrease Rate to -HSLOPE 
Decrease Rate to -WL 

Forced-firing exception. 

RATE 
ERROR 

CSM RCS Phase Plane 

I 
I 
I I 
I I 
1G1 
1'C'1 
I I 
I 

8 

ATTITUDE 
ERROR 

SLOPE : -0.6 •JSEC/< ::, 
HSLOl't a -0.S •1SEC/ • . 
WL • 0 .A "/SEC 

·WL 

0 .2 "/SEC 
RATE DEAOBANO 

These values are stored in erasable memory 
and are therefore subject to change. 
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TVC ROLL PHASE-PLANE 

During powered flight pitch and yaw ccntrol of the vehicle is accomplished by gimbaling the SPS 
engine. Roll control is accomplished using RCS thrusters and hence a phase-plane control law is 
implemented in the same fashion as for the coasting flight RCS phase-plane, A sample is shown 
which is characteristic of the implemented Roll phase-plane, The parabolic switching lines differ 
from the associated linear switching lines of the coasting flight phase-plane due to the low roll 
moment-of-inertia and because of the fixed attitude deadband and rate error deadzone boundaries, 
The switch parabola then approximates the actual roll control parabola or constant torque tra­
jectory for 2 Jet roll firings. 

SWITCH PARABOLA 

JET FIIINGS FOi 
POSITIVE TO/tQIJE 

OGARATE 

JET FIIINGS FOi 
NEGATIVE TO«ltJE 

><...OPERATING POINT 

\\~CONTROL PARABOLA 

LIMIT CYCLE \ 
RATE (LCR) \ 

(O.I DEG/SEC) \ NEGATIVE TORQUE 

DEADBAND(DBI\ 
(SDEG) I 

OGAERROR 

Phase - plane Switching Lines for the T VC RO LL DAP 



Rotational 
Hand 

Controller 

I 

I 

I 

j 

V.6 

Automatic Steering Mode 
Pitch ProOle 

I 

I 
I 

I 

Saturn 
Manual 

Command Rate 

1-

I k-- PolY""mW ........j...._ AWtud H Id-----
Steertn& • e o 

I (119.25 1ecoodo) I 163.M oeooodl 
I I Mu 

RP START POLYSTOP 
(10.3 ... , 

CSM DIGITAL AUTOPILOf 
CMC TAKEOVER OF SATURN 

CDU IMU 
Saturn L/V 
Dynamtc1 

Traneform 
to Body Axel 

IU Fall 

~------------..... •~o,Yo-----~ 

LV~~:e--------- -~ 
Switch I CMC 

Saturn 
IU 

SIVB Takeover Enable 
Channel 12B9 

FDA! !MU 
Error Counter Error Met.era 

Blu • Attitude Error Stored At 
,._ ___ Takeover or Reatart Time 



Transform 
Error 

to Control 
Axes 

Error ls zero when 
rate damping or 

Error is 
zero when 
RHC acti­
vated or 
CMC Free 
Mode. 

RHC not actl~ ... va_t_ed.-'---, 

Integrator 

CSM DIGITAL A UTOPIL<Yr 

COASTING FLIGHT 
Dead Zone 

Phase Plane 

Jet On 
Time 

Estimated 
Angular Rate 

Rotational Hand 
Controller Inputs 

N46 specifies manual rate -
Angular Impulse if Free 
Mode from RHC or MIC. 

Automatic Attitude 
Position Control 

N46 specifies auto maneuver 
rate, Hand controller 
terminates maneuver. 

Translation 
Hand Control 
commands 

Jet Select 

Logic 

S/C Control 

scs 

CMC 

Angular Acceleration 

of RCS Jets 

Rate Filter 
Differentiate and 

Transform to 
Control Axes 

Software Switch 
(\'16 N20E) 

CDU 

RCS 

Thrusters 

!MU 

Spacecraft 

Spacecraft 
Rotations 
and 
Translations 

• Commanded ~lar Rate 0. 2 deg/s 

{ 

o. os deg/s 

From Auto Position Control eg/ 
orRHC 0.6d s 

2. 0 deg/s 



Crew Initiated 
Maneuver C{ 49) 

Program 

CMC Initiated Mnvr. 
(P20, P40 etc.) 

DSKY 

Crew Loaded Attitude 

Final Desired 
CDU Angles 

Noun 22 

(FCDU) 

V62 
Total Attitude Error 

Astronaut 

Total Attitude 

Software Switch 
V60 

Snapshot Present 
CDU 1ngles 

Autopilot 
Phase Plane 
Error, eE 

Total Attitude 
Error w/r to 
Astronaut 
Loaded Attitude 
Reference 

!MU 

C CMC Actual 
D CDU Angles 
U N20 (ACDU) 

CSM/DOCKED DIGITAL AUTOPILOT 

Compute Total 
Attitude Error 
and Transform 
to Body Axes 

FDAI 

Display Phase 
Plane Attitude 
Enor 

V61 AK•s 

Software Switch 
V62 or 
V63 

Display Total 
Attitude Error 

Error Display 
Body Coordinates 

Error Meter 14---------------~ 
No. 1 

FDA! Source 

CMC 

GDC O 

AttSet O 

CMC 

IMU Error 
Counter Enable 

1/ 2 

IMU Error 
Counters 

FDA! 
Error Meter 

No. 2 

GDC O 

AttSetO *IMU resolver angle display ts on the 
same FOAi selected for error display. 



Yo 
Velocity .... 
0..... 

c .... , ......... ........ 

Alt!twle 

w -Rat.ea 

lnt.ep-at.e 

Body All:la 
Altl-
1:noro 

TVC OAP 
Flltera 

Differentiate 

CSII DJGrIAL AtrrOPILOT 
POWERED FlJOHT THRUIIT VECTOR CONTROL 

CDU 
A"lloo 

Actuator 

··~ 
~ 

EIIIIM Glmbu 
Trun-

Trim 
Tracker 

Flit.er 

Limit.er 

uru 

01.D'lbal Actuator Comm•• 

8/ C Control THC 
Switch 

CMC 

oac, 

SPB 
Glmbal 

A■Nmbly 

-­RotaUona and 
Tnnal&Uou 

0 
)> 
"'tl 

I ..... 
0 



Dead Zone 

OGA at 
Ignition + OGA Error 

8d BE 

OGA 
OGA 
Rate 

Differentiate 

• OGA 

OGA 

CSM DIGITAL AUTOP ILOT 
POWERED FLIGHT ROLL ATTITUDE CONTROL 

Roll Jet 
Select RoH Jet 

On-Times 
Alternate On-Times RCS 

Roll Rol1 
rhrusters 

Jet Pairs 

Outer 
Gtmbal 

CDU Angle 

Spacecraft 

C, 
)> 
""O 

I ..... ..... 
Spacecraft 
Rotations 

and 
Trans lations 

!MU 



i-- - -
1 
I 
I 
I 
I 
I 

Entry 
Guidance 
Compute 
Desired 
Attitude 

N1nigaUon 
Eatimate or 

Poi. and Velocity 

ii, V 

EsUmate 
Body Attitude 

HalaU,e to 
~ectory 

Coordiaa.te Syacem 

Attitude 
Up:late 

Transform 
to Vehicle 

Rate Relauve 
toTn}ectory. 

R, a, fJ 

p. q , r Tnutorm 
to Body Rate. 

lD 9/C Ccatrol JUH 

C§M DlG[TAL AUTOPILOT = - ---- - - 7 

Entrv Roll 
Autopilot 

Computes roll 

10.05J 

I 

• 
maneuvers about ,_ _ _ _..., I 

tMrelatlve 
velocltyvtttor 

or R nxls. 

Pitch Rate 
Dnmper 

YAw Rate 
Dam~r ~nd Roll 

Maneu,·er 
Coordlm1lion 

Ell:tra-Atmoapher\c 
Autopilot 

~ 

I 

p. q, r 
Jet Command.a 

CMJUla 
Thr,uitar 

S.lecl 

Oiffe?-enllate 

.. 

CM Axia 
Tbruatera 

p, q, r 

.., 

CDU 

PlPA'a 

.. 

Spacecraft 

•'9fCH 
~ IOfAT~ 

-~·· ., 

!MU 

0 
)> 
-,:, 

I ..... 
N 
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DOCKED DIGITAL AUTOPILOT 

Digital autopilot (DAP) implementation for the clocked vehicle is very similar to the CSM RCS DAP. 
Vehicle rate estimation and control is accomplished utilizing most of the RCS DAP software except 
that rate filter gains and phase plane switching logic decision values are different, Jet selection 
differs in that torque couples or Z/Y translation (force control) jets may be used for attitude control, 
since long moment arms from the RCS quads to the vehicle center of gravity result primarily in 
rotational torques for Z/Y translation jet firings. Docked DAP torque to inertia ratios for jet 
firings are not COJllputed as in the RCS DAP but are provided as erasable memory constants as 
well as the effectiveness constants which convert torque couple firing times to force control jet 
firing times. 

Attitude error parameters are computed as in the RCS DAP. 

PITCH/YAW CONTROL 

Docked vehicle attitude control is accomplished using the SM RCS jets, but due to the significant dif­
ferences in center of gravity and control geometry, the torque couple control exercised by the CSM 
results in greatly reduced control authority when docked to the other vehicle. The docked DAP 
logic is designed to use Z and/or Y translation force jets to provide uncoupled rotation torques 
about the c, g, or torque couple jets normally used for CSM attitude control, While providing in­
creased control authority, the force jet control mode also produces unwanted translations, although 
these are small due to the large mass of the docked vehicle. 

ROLL CONTROL 

A significant shift of the c, g. off the longitudinal centerline of the docked vehicle unbalances the 
torque produced by a pair of translation jets when in the force control mode and would produce a 
resultant roll torque along with the desired pitch or yaw torque, The autopilot compensates for this 
torque unbalance by unbalancing the firing times of the translation jets, thus cancelling the un­
desired roll effect, Roll phase plane commands are combined with the unbalanced roll torques to 
compute firing times which produce only desired phase plane torques, 

TRANSLATION CONTROL 

Since Y and Z translation jets result in torques about the docked vehicle c. g, , they are used only for 
yaw and pitch attitude control, Therefore only X translations are practical and can be executed by 
either 2 or 4 jets, Minus X translations would not normally be done because of thruster impinge­
ment on the other vehicle, 

RATE FILTER 

The CSM RCS DAP rate filter is used for vehicle rate estimation in the docked DAP but with dif­
ferent filter gains being used for the steady state docked DAP. 

MODE FUNCTDNS 

Docked DAP Hold and Auto mode functions are the same as in the CSM DAP with the exception 
that only X THC commands will be honored. 

Free mode functions include RHC angular impulse commands, MIC angular impulse commands, 
THC X translation commands and THC Y and Z deflections which result in Yaw and Pitch 
pulsed angular acceleration commands respectively, Effective 200 ms impulse firings are exe­
cuted whether torque couple, force control or single jet force control, Undesired roll torques, 
resulting from single jet force commands are compensated for with the roll couple jets selected 
in DAPDATR3, Effective 50 ms impulse firings are executed for MIC deflections in the same 
manner as the RHC commands, 
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DOCKED DAP CONTROL 

V44E 

Flashing V05 N87 

Register 1: DAPDATR3 

A 

ROLL 
CONTROL 

B 

ACXTRANS 

C 

BDXTRANS 

D 

PITCH 
CONTROL 

E 

YAW 
CONTROL 

Roll Control - quad preference for phase plane roll command. If an inhibited 
Jet is encountered in a preferred quad, automatically uses other 
two quads for roll. 
0 = BD Preference 
1 = AC Preference 

ACXTRANS - X translations using quads AC 
0 = Do not use AC 
1 = Use AC 

BDXTRANS - X translations using quads BD 
0 = Do not use BD 
1 = Use BD 

Pitch Control- Preferred use of pitch torque couple or Z translation force jets 
for pitch control. 
O = Use torque couple for pitch control. 
1 = Use Z force control for pitch 

Yaw Control - Preferred use of Yaw torque couple or Y translation force Jets 
for yaw control. 
0 = Use torque couple for yaw control 
1 = Use Y force control for yaw 

Register 2: CH5FAIL 

Bit 8 

IB--4 

7 

B-3 

6 

D-4 

5 

D-3 

4 

A-4 

3 

A-3 

2 

C-4 

1 

C-3 

Octal value 00200 00100 00040 00020 00010 00004 00002 00001 

Register 3: 

Bit 

I 

CH5F AIL bit positions correspond to Channel 5 output Jet command bits. 
O = Use selected jet 
1 = Do not use selected Jet 

CH6FAIL 

8 7 6 5 4 3 2 1 

C-2 I C-1 I A-2 A-1 D-2 D-1 B-2 I B-1 I 
octal value 00200 00100 00040 00020 00010 00004 00002 00001 

PRO 
Flashing V06 N89 

CH6FAIL bit positions correspond to Channel 6 output Jet command bits. 
O = Use selected Jet 
1 = Do not use selected Jet. 

Register 1: Desired DAP Maneuver Rate 
"Register 2: Desired DAP Angular Deadband 

x.xxxx" I s 
XXX.XX° 

* If the DAP deadband (R2 of N89) is respecified, a V45E must be performed to incorporate 
the new parameter in the docked autopilot logic. 
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DOCKED DAP PHASE-PLANE 

The purpose of the docked DAP phase-plane logic is to compute and issue commands to the 
RCS thrusters in the form of signed time for jet couple firings and Y and Z translation force jet 
firings. The sign indicates the sense of rotation for couples and the direction of force for trans­
lation jet rotational torques, The duration of firings is specified by the time command, which for 
force jet firings is the computed couple time multiplied by an effectiveness constant, Unbalancing 
of the paired force jet times is accomplished by the jet select logic to compensate for undesired 
roll torques. 

The phase-plane shown is similar to the RCS DAP phase-plane but with reduced values for dead­
zone boundaries and switching lines due to the greatly increased moments-of-inertia of the 
orbital assembly. 

DA3 

DAI 

SUMMARY Of DECISION AREAS 

LOCATION OF STATE RESPONSE 

IN DEADZONE 
DAl 
DA2 
DAJ 
OAd 
0A5 
DA6 

NONE• 
INCREASE RATE TO •Wt 
INCREASE RATE TO •HSLc»'E 
DECREASE RAH: TO •Wl 
DECREASE RATE TO 0 
DECREASE RATE TO -HSLOPE 
DECREASE RATE TO -WL 

Forced-firing exception. 

RATE 
ERROR 

DA4 

WL 
SLOPE 
HSLOPE 

r 
I 
I 

= Q 1 °1s 
• -Q 3 o,s,o •• 
• -Q 6 o,s,o •• 

I DA5 
I 
I DA6 
I 

I 

I 

I 
I 

**These values are stored in erasable memory and 
are therefore subject to change. 

Phase Plane for Docked OAP 

ATTITUDE 
E RROR 
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VEHICLE CENTER OF GRAVITY 

SPS END VIEW 

C4 
I 

Cl 

CSM + Yaw(+Z ) 
Control Axis A 

Soyuz C. G. 
0 

-y 
C 

CSM + Pitch (+Y ) 
82 Control Axis A 



Transform 
Error 

to Control 
Axes +B 

Error is 
zero when 
RHC acti­
vated or 
CMC Free 
Mode. 

Error is zero when 
rate damping or 
RHC not activated. 

Integrator 

E 

DOCKED DIGITALAUTOPil..OT 

Dead Zone 

Phase Plane 

Jet On- Times 
Torque Couple ('T 

Estimated 
Angular Rate 

Rotational Hand 
Controller Inputs 

N89 specifies manual rate -
Angular Impulse if Free 
Mode from RHC or MIC. 

Differentiate and 
Transform to 
Control Axes 

AGC Position 
Automatic Attitude 
Position Control 

N89 specifies auto maneuver 
rate. Hand controller 
terminates maneuver. 

CDU 

Software Switch '--~--.J 

(V16 N20E ) 

!MU 

Orbital 
Assembly 

(OA) 

Spacecraft 
Rotations 
and 
Trans lations 

* Commanded Angular Rate 
From Auto Position Control 
or RHC and Attitude Dead.­
band are Specified in Noun 89 
ofR04 (V44) 



A 

D D2 (10) 
~ Dd I 8 I 

D315)~>____ 

D1111) 

CA(A) 
(2(14)~ 

+Y C3 ll) Cl (15) 
AG C 

DOCKED VEHICLE CONFIGURATION 

81(9) 

;A7;9s3 t7J 
BA l6lo:fs 

s21,21 B 

+Yes 
-ZD6 
-VAS 

l 
+ 

-Zcs 
+YD6 
-ZAS 

XAS = APOLLO SC COMPATIBLE DOCKING REFERENCE SYSTEM 
XA6 = APOLLO SC REFERENCE SYSTEM 
XCS = SOYUZ SC COMPATIBLE DOCKING REFERENCE SYSTEM 
XC6 = SOYUZ SC REFERENCE SYSTEM 
XD6 = APOLLO/SOYUZ DOCKED REFERENCE SYSTEM 

~ 
~ 
I 

1-1 
00 
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STATE ESTIMATOR 

The purpose of the state estimator is to compute attitude rate based on the attitude information 
obtained from the CDU. The problem then is to estimate the state vector based on noisy meas­
urements of one element of the state vector. The solution of the problem is patterned after Kalman 
filtering and uses a recursive filter with gains based on engineering considerations rather than 
statistical optimization. 

STATE EQUATION (Continuous System) 

[A(t)] ~ (t) + [B (t) J ~ (t) + !! (t) 

[
~ (t)] 
w(t> 

The process noise vector n(t) is assumed zero 
uj is assumed constant over sample interval 

1 
b(t) ~ 

Tj = jet firing time 

STATE EQUATION (Discrete System) 

~ 
~ (tn) = l0 (tn' tn-1) l ~ (tn-1) + / [0 (tn, T)] [B(-r) l u(-r) d T 

or: tn-1 

STATE TRANSITION MATRIX 

[ 0
1 (tn-ltn-1~ = [ 10 Tl] l0n-1 1 = [0 (tn' tn-1)] = J 

DRIVING MATRIX 

rtn 
[Gn_1l = [0(tn' T)][B(T)] d-r 

J 

MEASUREMENT EQUATION 

~n = e (tn) + nCDU measurement noise, primarily CDU 
quantizing error) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 
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NOMENCLATURE 

.!_ (t) state vector 

!! (t) control or driving vector 

n(t) process noise vector 

fJ (t) spacecraft attitude 

w (t) spacecraft attitude rate 

~ angular acceleration due to RCS jets 

fJ measured spacecraft attitud,s (CDU angles) 

tn, tn-l = time of present and past state vector estimates, respectively 

p (t) measurement residual (difference of measured and predicted attitude) 

T control sample interval (0. 1 sec) 

Tj duration of jet firing 

STATE ESTIMATOR MECHANIZATION 

The state estimator is mechanized as a two part process: state vector extrapolation and state 
vector updating. 

State Vector Extrapolation 

The state vector is extrapolated using equation (3) where the state transition matrix [0 1 J 
is defined in equation (4) and the driving matrix [G J in equation (5). The process n­
noise is assumed to be random with zero mean so l\i:,n the best estimate of its effect on the 
state vector is zero. 

fJ'n = &n-1 + T ~-1 + Tl (T - Tj/ 2) uj 

,\ 
w'n = wn-l + Tj uj 

(/) 

(8) 

In the CSM DAP filter the term T (T-T ; 2) u , due to thruster firing angular acceleration, is 
considered negligible and is neg!Jcted. j j 

State Vector Updating 

The state vector is updated based on the weighting functions and the measurement residual. 

e• + K <Fi - fl' l = R' + K p n fJ n n n Rn (9) 

(10) 

The measurement residual p (t) is the difference between the actual measurement fJn and the 
expected measurement fJ' . The expected measurement is equal to the extrapolated estimate of 
spacecraft attitude, becrul'se the measurement noise, ncnu• is assumed to be random with zero 
mean and the best estimate of its effect on the measurement is therefore zero. 

To obtain the filter equations for p and {;; : 

Combining equations (11) and (I) 

Adding - 0 to equation (9) 
n 

(11) 

(12) 

(13) 
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I\ 
Changing n to n-1 and solving equation (13) for en-l 

I\ 
en-1 = en-1 - Pn-1 (l-Ke) 

Combining equations (12) and (14) 

~ I\ 
Pn = en - en-1 + Pn-1 (1 - KIY - T wn-1 

Combining equations (8) and (10) 

I\ I\ 
wn = w 'n + Kwpn = wn-1 + Kwpn + Tj uj 

Equations (15) and (16) are tbe recursive equations used by the rate filter to estimate vehicle 
attitude rates. 

Weighting Functions 

The weighting functions are variable with time over the first ten OAP cycles after rate filter 
initialization, Thereafter a steady state value is used to weight the measurement residuals, 

Attitude Gain Ke 

1,0 10 

,8 8 

,6 Initialization 6 

.4 4 

.2 2 
Steady State 

.2 .4 .6 ,8 1,0 .2 

t(sec)-

Attitude Rate Gain K w 

.4 ,6 . 8 1,0 

(14) 

(15) 

(16) 

Steady 
State 
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ERASABLE LOADS FOR DOCKED DAP 

QUANTITY DEFINITION 

ECP Ratio of couple jet moment arm to "force" jet moment arm 
for pitch control 

ECYW Same as above except for yaw control 

ALPHAP Effective non-dimensional moment arm for roll disturbance 
during Y-force jet pitch control 

ALPHAYW Same as ALPHAP except for yaw 

KMJDCKD One jet roll acceleration 

KMJlDCKD Single force jet pitch acceleration 

KMJ2DCKD Single force jet yaw acceleration 

J/MDCKD Inverse of KMJDCKD 

J/MlDCKD Inverse of 1/2 acceleration of pitch jet couple 

J/M2DCKD Inverse of 1/2 acceleration of yaw jet couple 
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SCIENCE 

KALMAN FILTERING 
NAVIGATION 

ORBITAL MECHANICS 
ORBITAL DISTURBANCES 
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COAfrl'ING FLIGHT NAVIGATION 

The purpose of Coaattng Fl!g:ht Navigation ls to estimate spacecraft. position and velocity of the 
CSM or other Vehicle. The estimates are computed using orbital mechanics and optics or 
VHF tracking measurementa to improve the accuracy of the 01.'bltal mechanics. The navigation 
sightings are incorporated into the position and velocity estimate& using a modified Kalman 
filter which ts a recursive optimal estimator that ts characterized by the following computation­
al procedure. 

1. Extrapolate the state vector ahead to time t 0 , using the best estimate of the state at time tn-l· 

!,~ ""' [lf,n-11.!n-1 

2. Extrapolate the error covariance matrix In a similar manner. 

[E~]"' (¢, n-11 [En-1I 11Pn-11T + [Un-11 (Un-1 • process noise) 

3, Compute the optimal gain matrix. 

4. Calculate a measurement vector for time t 0 . 

f~ = [H0 J i~ 
5. Update the estimate of t_!te state vector, uslng the extrapolated state i'n, the optimal gain (Kri.J, the extra­

polated measurement .!~, and the actual measurement at time tn, Xn-

!n = !~ + [K:J C!n - i~) 

6, Update the error covariance matrix in a similar manner. 

This procec!ure 18 illustrated by the followlng block diagram . 

.. 
SYfrl'EM 

y' 
--n 

x' 
_ _____ .__-_n---' ['Pn-1] 

Basic Recursive Procedure of Kalman Filtering 
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MODIFICATIONS TO THE BASIC KALMAN FILTER 

The basic Kalman filter outlined on Lhe previous page was modified for use in Coasting Flight Navigation 
in the following aspects. 

1. Instead of extrapolating the error covariance matrix, IE], the squar e root of the erro r covariance 
matrix is extrapolated. This insures that lbe covariance matrix wi ll always be positive sem i­
definite and avoids the usual difficulties that occur when computation techniques yield a negative 
error covariance matrix. The square root of the error covariance matrix is called the error 
transition matrix fWJ. 

2. The state vector and error transition matrix are extrapolated by integrating their r espective 
second order differential equations via the coasting integration routine. This is done in lieu 
of the state transition approach and eliminates the necessity of computing a new time varying 
transition matrix for each measurement interval. 

3. The update of the state vector after each measurement must first be displayed and approved 
by the astrona1Jt before it is incorporated into the state vector. This eliminates the possibility 
of an erroneous update due to an improper mark. 

4. Only one measurement is incorporated at a time. This reduces the dimension of the filter 
equations and changes the matrix inversion in the optimal gain equation to a scalar division. 

STATE VECTOR DEFINITION 

The state vector for coasting flight navigation is defined as the deviation of the spacecraft position and 
velocity from a reference conic. 

State Vector = x( t) =[ g] = - o v 

Deviations from 
conic position 

Deviations from 
conic velocity 

Deviations from the reference conic are assumed to be Gaussian distributed with a known mean and var­
iance. The mean is estimated via the precision integration routines or obtained from SIDN . The var­
iance is given by the error covariance matrix, which is precomputed and entered via erasable data load. 

CORRELATION BETWEEN BASIC KALMAN FILTER TERMINOLOGY AND COASTING FLIGHT 
TERMINOLOGY 

The following table lists the correlation between basic Kalman filter terminology as used on the previous 
page and Coasting Flight Navigation terminol ogy to be used on the following pages. 

CELESTIAL NAVIGATION KALMAN FILTER 
CORRELATION 

TERMINOLOGY TERMINOLOGY 

£ = geometry vector of [HJ = measurement £T=>fH) 
dimension "D" matrix 

!;!_ = we ighting vector of n<"r,J = optimal gain !;!_ :>rK~l 
dimension "D" matrix 

[W) = error transition matrix !El = error covariance !El :>rwwT1 
of dimension 110 x D" matrix 

E = state vector E = state vector E ::>E 

ii' = a priori measurement [Vi = covariance of the a' :>rvr 
error variance ( scalar) measurement noise 

oQ = measurement deviation ~ 

= measurement oQ ~CT~ -I 0 > <I~- In> ( scalar) residual 
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COASTING INTEGRATION ROUTINE 

The Coasting Integration routine is a standarfdized subroutine used to integrate spacecraft state 
vector to specific times, It is used during the P20 - Rendezvous navigation program to extrapo­
late the state vector and error transition matrix ahead to the measurement time by direct numer­
ical integration of their differential equations. 

STATE VECTOR EQUATIONS 

The basic equation describing spacecraft motion Is 

where 

!: = spacecraft position vector 

y = spacecraft velocity vector 

!d = disturbance acceleration vector 

µ = primary planet gravitation constant 

(1) 

When the disturbance, !d• is small, then Encke's method of differential accelerations can be used to solve 
Equation 1, Encke's method divides spacecraft motion Into two parts: (1) conic or osculating orbital mo­
tion wl,jich would result If !d = Q_ and (2) deviation from conic motion as a result of !d f Q_. 

where 

!: = !:conic + 2..! 

Y = Yconlc + ~ 

!:• y = spacecraft position and velocity 

!:conic• Yconlc = conic position and velocity 

or, o v = deviations from conic position and velocity 

(2) 

(3) 

Substitution of Equations 2 and 3 Into the basic equation of motion, Equation 1, yields differential equa­
tions for the conic position and velocity and the deviation from conic position and velocity. 

Conic Motion Equation 

0 

~ 

lrlconic
3 

:1 [:conic] 
1J -conic 

Deviation E tlon 

or]= o 
ov G 

I][~] [ E ] Subject to { or(t0
) = Q.} 

+ Initial conditions 
0 0 6 v !d £.!_(to) = _ 

where 

G = ---1!,_ [3 r •rT -1ri 2 (I]] r5 -conic -conic -"f)Onic 
conic 

(4) 

(5) 

The conic motion equation Is solved explicitly using Kepler• s subroutine. The deviation equation Is solved b; 
by direct numerical Integration and Is called the "state equation"; It can be written In the form 

(6) 
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ERROR TRANSmON MATRIX EQUATIONS 

T he accur acy of the state vector estimation process ls characterized by the error covariance matrix 
which expresses the mean squared error of each state vector e lement in matrix form 

where 

where 

state vector estimation error 

e :: estimation error 

!_ = estimated state vector 

! "' actual state vector 

error covariance matrix 

(E] "" <!!T > 

(E J = error covariance matrix 

< >• denotes "expected value" 

If the state vector ls described by ECJJ.ation 6, then the error covariance matrix ls described by 

i: = FE + EFT (neglecting process noise) 

and the error transition matrix ts described by 

where 

Equation 10 ls the differential equation describing the error transition matrix and ts solved by direct 
numerical integration. 

SUMMARY 

(8) 

(9) 

(10) 

TIME DOMAIN EQUATIONS STATE TRANSITION NUMERCIAL INTEGRATION 
EXTRAPOLATION EXTRAPOLATION 

!. - F.! + £ !.' - (411!. !'•!(I,,>+ {.tn+l ~ dt 

E - FE+ EFT E' • 4>E4>T 

W • FW W' = W(t) + f.ttn+l FWdt 
n n 
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MEASUREMENT INCORPORATION ROUTINE 

Tbe Measurement Incorporation routine, like the Coutlng Integration routine, la used by navigation 
programs. Ita purpose la to compute a state vector update based on the Lnformatlon obtained from the algb.tl.n.p. The procedure for updating the state vector can be dlvided Lnto three parta, 

1. Compute a geometry vector, ~. based on the atate vector and type of navigation sighting that la being 
made. 

2. Compute a state vector update. 

3. Update the state vector and error transition matrix lf the astronaut approvee of the Incorporation. 

GEOMETRY VECTOR 

,., ,., 
The geometry vector relates the measurement, Y 0, to the state vector, ~n• according to F.quation 11 

y~ • ~T ~ 

where 

Y~ • the expected measurement (a scalar) 

!!, • geometry vector (n x 1 column vector) 

!.; • state vector extrapolated to the measurement time via the Coasting Integration routine. 

(11) 

The state vector for coaating flight navigation la a deviation from a reference ( osculating) orbit and the measurement 
variable can also be thought of as a deviation from a reference or nominal. Thus the measurement vector can be 
determined by t.a.kJng the derivative of the measurement with respect to the state vector. 

The geometry vectora and measurement residuals are given for the optica and VHF range measurements. 

where: 

The CSM to Other Vehicle LOS in referenoe coordinates 

.!Lm • [REFSMMAT? [NBSM] .!!_NB 

.!!.NB • Opt.lea LOS In Nav Base coordinates 

(NBSM] • Glm.bal angle transformation :natrlx from Nav Base to stable member 
coordinate a 

_!!.,., • unll<!'.cw) 

Other Vehicle 

~ 
~ 

r and r are· Other Vehicle and CSM poaltioo vector estimates ....., --<> 

+ (-) If CSM (Other Vehicle) state being updated 

6Q - IE.,.,lr•-l <!!cw X .!!m> • .!!m) -n /21 

·VHF RANGE 

where Rm • measured VHF range 
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COMPUTE THE STATE VECTOR UPDATE 

The computation of the state vect.or update enoompaaees Step& S, 4, and 5 of the basic Kalman filtering procedure. 

1. Compute the optimal gain matrix 

or 1 1n the terminology of coasting flight navigation. 

where 

~ • optimal gain vector 

W' • error transition matrix extrapolated forward by the Coasting Integration routine 

!. • W ,T ~ ( a vector used to simplify computations) 

z2 • !:..T!. - ~_T W'\1/,T~ (analogous to HE' HT) 

(12) 

(13) 

(r 2 • measurement noise covariance ( an erasable data toad or fixed memory constant which depends 
on which navigation program ta ln use) 

( z2 + Q2 ) ls a scalar and eliminates the neceselty of matrix inversion 

2. Compute the expected measurement based on the extrapolated state vector. 

where 

Y~ • expected measurement from current navigation sighting 

~ • geometry vector 

~~ • extrapolated state vector 

3. Compute the state vector update 

~ • ~ c5Q • ~ (Yo - y~) 

where 

~ • state vector update 

~ • optimal weighting vector 

c5 Q • mea1Urement residual 

Y0 • information from current navigation aighting 

Y~ • expected measurement 

UPDATE THE STATE VECTOR AND ERROR TRANSITION MATRIX 

:!"~f~~.:~~Thla-¥.i~·p~== ::=: ;;..to;~~t ~=~t ~ 
the ■tate. When utron.aut approval hu been tsned, the ■tate vector and error tranaltlon matrix 
are updated u follow■: 

UPDATE THE STATE VECTOR 

where 

B.n • beat eatimate of state at time tn 
~ • state vector extrapolated ahead from Ume ln-l to lii 
~ • atate vector update 

UPDATE THE ERROR TRANSITION MATRIX 

(14) 

(15) 

(16) 

The equation governing updating of the error covariance matrix is given ln Step 6 of the basic Kalman filtering procedure. 

(17) 
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This can be rewritten in terms or coasting flight navigation terminology 

F.quation 18 can be separated to obtain an equation for updating only the error transition matrix [W) instead of the 
product [ WW T I . 

(WJ 

where 

[ W J :a updated error transition matrix 

[ W' J extrapolated error transition matrix 

~ =- optimal galn vector 

!. w•T~ 

z2 ,,. !.T!. 

a 2 measurement noise covariance 

SUMMARY 

(18) 

(19) 

The total spacecraft position and veloc ity is kept current through extrapolation, updating, and rcctHication. RectHica­
tion i s a process used to redefine thl' reference trajectory hy adding the deviations, 6 r and 6v , to the osculating 
elements, !. conic and! conic , thereby redeflning the osculating orbit :md rcductnglhe de-;;lion stale vector to zero. 

[

!: conic ] 

! conic [
: conic ] , [~J 
- conic - (20) 

[~] = [:] 
(21) 

This process is used to preserve the cHfc iency of Encke's method and Is illustrated below. 

6r 

Recllflcation Measurement time Measurement time Rectification 
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INITIALIZING THE COASTING FLIGHT NAVIGATION PROGRAMS 

Each of the navigation programs is initialized prior to use by specifying the measurement variance, 
a 2, and the initial error transition matrix, [W]. The measurement variance gives a confidence level 
for the navigation instruments by specifying the variance of all the error sources associated with 
the instrument. The W matrix gives a confidence level for the initial estimate of the state vector 
by specifying the mean squared error to the position and velocity estimates. [W] is initialized as 
a diagonal matrix which says that initially the position and velocity errors are independent. 

MEASUREMENT VARIANCE 

RENDEZVOUS NAVIGATION 
P-20 

OPTICAL TRACKING 

_2 
• rcw2 (VarSXT +VarIMU) +Var*INT a 

2 2 2 
= rcw ((0. 2 mr) + (O. 2 mr) ) + var•INT 

VHF RANGING 

-2 _ { 2 * + • et - max rcw Var R V INT' var•Mrn} 

ALTERNATE LOS 

-2 
= rcw 2 (Var* ALT+ Varmu> + var•INT Ct 

= rcw 2 (Var* ALT+ (0. 2mr)2) + var•INT 

*The variables are stored in erasable memory. 

r cw 
2 

Is the magnitude squared of the estimated 

!cw vector from the CSM to the Other Vehicle 

INITIAL "W" MATRIX 

PROGRAM (CSM) 

=t~:I_ +- -:--1 (W] 

0 I W I 
I rv 

ERASABLE DATA LOAD PARAMETERS 

PARAMETER DATA LOAD 
VALUE PARAMETER DATA LOAD 

/a"2) MNEMONIC [W] MNEMONIC 

VarINT(CSM) INTVAR (60 m)2 
Wrv(CSM) WRENDVEL 

VarR(CSM' RVAR o.o w rr(CSM) WRENDPOS 

VarR min(CSM) RVARMIN (200 ft)
2 

Var ALT(CSM) ALTVAR (3.9 mrad>2 

VALUE 

10 ft/s 

10,000 ft 
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A. ORBITAL RELATIONSHIPS 

Assuming a spherical planet. the equation of motion for a satellite Is given by 

where 

µ "" (M Planet + MSa.tellite) G 

G "" gravitational constant 

The solution of &1uation 1 is: 

where 

1+ecosf 

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 ellipse, the following relationships are obtained: 

Angular Momentum 

Velocity 

Apogee 

Semilatus Rectum 

Sem imajor Axis 

Eccentricity 

Perigee 

True Anomaly 

Ellipse Only 

Period 

Mean Motion 

Mean Anomaly 

Eccentric Anomaly 

Hyperbola Only 

Mean Motion 

Mean Anomaly 

Eccentric Anomaly 

h .. -;. x -; • r 2 f = constant 

v2 • µ (2/r - 1/a) 

r 3 •a(l+e) 

p • h2 /µ 

a a rµ./ (2µ - rv2 ) Negative for hyperbola 

e • (1 - h1/µa) 1;, 

rp • a (1 - e) 

cos r - ..e... - ! . sin r ,. 
re e 

p = 2, ca•/2/µi/•> 
n • µt/t;aJ/2 

M • n (t-T) 

µ re 

T • time of perigee passage 

r · v 

E - e sin E .. M (Kepler's F.quation) 

tan (E/2) = [ (1 - e)/(1 + e)J 1/ 2 tan (£/2) 

T • time of perigee passage 

H - e sinh H = M 

tanh (H/2) • [ (e - 1)/(e + l)J 1/ 2 tan (£/2) 

From these relationships, given an Initial position and velocity vector, the orbit and 
orbit parameters are uniquely determined. 
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B. THE ORBIT IN SPACE 

The orbit in space is defined by an orthogonal set of axes along perigee, the semilatus 
rectum, 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 

x. y 

where 

0 • longitude of ascending node 

I • angle of Incidence 

w • argument of perigee 

Figure 1. The Orbit in Space 

(3) 

The angles 0, 1, and ware generally unknowns; therefore, the elements in [AJ must 
be evaluated by some other means. To this end, F.quation 3 is expressed as follows: 

(4) 

The unit vector along perigee (that is, Px• Py, Pz) can be determined by Equation 
141 , Page 20 of Battin as follows: 

P. +. [ (v1 - f)-;. - {i- • V) -; l 
where 

v • absolute magnitude of velocity 

r • absolute magnitude of the radius vector 

; • Inertial velocity 

-; • radius vector 

(5) 
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This relationship ls obtained as follows: 

Q 

Figure 2 

P • ;;r cos l - ;;. sln l 

v 

(2) r • ~ · cosf• hi r-1 1 
l+ecosf ' µe e 

but • v8r • v cos fJ • 

r • V 

r 

Comblntng 1, 2, and 3 into Equation 6 

sinf = ~ r; 
µe 

p r I h
1 .!.. I - ,l X ~) I h r. V • r --;er:- - h r ""µe -r- I 

By l!JUbstlblting 

h • r v sin fJ, cos fJ • 

and adding the factor 

r • V 

rv 

the above equation reduces to 

P - : e r (v2 - 7 , r - , -; . v, (v cos fJ er + v sin fJ e:, 1 

but 

V • v cos fJ e;_ + v sln ,8 e: 

therefore 

P • µle [ (v2 -f ) "r - {-;. • V) VJ 

(6) 

Since h • .... constant, the unit v~tor along h (that is, Wx, Wy, Wz ) le determined 
given any r and corresponding v in the orbit. That le 

w - i - -;xv 
h rv sin /J (7) 

Having determined P and W, the remaining unit vector, Q, i.e calculated ae follows: 

Q • W X P (8) 

By uetng n:,uatloos 6, 7, and 8 the matrix [ BJ is determined. That le, the orbit is 
defined in inertial space. From Equations 3 and 4, ( A ) • [ BJ. By equating elements 
and by using the constraint o• $ I :S 1so• , the Euler anglea O , 1, and w are determined. 
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C. ORBIT DETERMINATION 

The problem of orbit determination can be stated as follows: Given an initial ; 1 and 
corresponding -;1 vector expressed in ECI coordinates, determine the position and 
velocity in ECI coordinates at some time, ~. 

From what has been presented so far, the approach would be to determine if the conic 
is a hyperbola or an ellipse. Then use the corresponding form of Kepler's equation 
to solve for the true anomaly and through the orbit-in-space-transformation determine 
the position and velocity at tz. 

This method has the undesirable feature of first determining if the conic ls a hyperbola 
or an ellipse and requires two sets of equations. 

A more unified approach as presented by Battin is the universal conic equations which 
are given by 

where 

C(l(1 a,) 
1 ~ + 

(X2 al )2 
21 - 4! 61 

S (l(' a,) - 1 - ~+ (X' a 1 )
2 

3! 5 I 71 

t.t - t, - .. 

- 1 = ..!.. - ..!(_ a, a r, µ 

X - ~E for ellipse 
a, 

X ~ for hyperbola 
t 

The parameter X which is required for Equations 9 and 10 is determined as follows: 
An initial guess for X is given by 

X ""X1 + S [ 1 - F1 S (1 - 2 Fa S) - ~ ( r~ - a 1 ) S2) 

where 

X1 = 0 for the first iteration and X for subsequent iterations 

(11) 

Having an initial guess for X, an improved value is obtained by a Newton-Rapbson 
iteration scheme as follows: 

X X F (l(n) 
n+l.. n - F _ _Q{n) (12) 

where 

F (l(n) • [ ;~ -;, X 0
1 C (X0

2 a,)+ (1 - r 1 a,) x 0 • S (l(0
2 a 1 ) + r 1 x 0] 

- Iµ t.t 
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The iteration schcmt.• or Equation 12 continues unti l Xn+l - xn Is sufficiently small. The good ini ti al guess provided by Equation 11 
limits the iteration to tY.O or three in most cases. The value for Xn+l ts then substituted into F.quatlons 9 and 10, thereby spcclf)1ng 
ry and \'y in ECI space. Following the unl\"ersal conic method just dcscrl red, the position and ve locity vectors referred to ECI 
sp:icc can be dl.'krmincd for any time t during frcefoll. 

The conic section concept utilized for navigation requires the computation of trajectory segmen ts under a wide variety of constraints. 
Ocp<>nding on the constraints Involved, the set of universal equations wlll solve 

1 - Kepler's Problem gh•cn ro, vo, and 8t, sol ve for r 1, v 1. 

2 - Lambert's Pr oblem given r 0 , r 1, and 8t, solve for conic parameters. 

3 - Time - Theta Problem given r 0 , v0 , and 8, sol ve for .6.l. 

-I - Time - Radius Problem given r 0 , v0 , and r 1. sol ve for .6.t. 

where: 

Occup ied 
Focus 

f = tnte anomaly measured from pericenter 

6t = fl ight lime from r 0 to r 1 

p = semllarus rectum 

a= 1/a , a • semi major axis 

y = flight path angle 

9 "" lnte anomaly difference (f 1 - fo) 

The equation set used for solution of the above problem is 

14. cotf-= ro [ l - . ~x2 S(ax?) ] + cot yo 

15. 

16. 

17. 

18. 

\ P x C(ax ) 

l - cos 8 

~ = _o_ - cos d + sin 9 cot Y0 r, 

r 
-v2 =2-ra 
µ 

ra= 2 -1;:-- (1 + cot'y) 

cot y 0+ ~ cot y1 
r, 8 

cot2 • 



19. 

20. 

21. 

22. 
r • V 

coty-=--
1 r xv ·I 

Therefore: 

Kepler's Solution. Compute r
0

CJ. using Equation 16; compute x using Equation 13 and Ip coty0 -~ ; compute 

r 1 and v1 using F.quations 20 and 21. .fji 

Lambert's Solution. Guess a cot y 0 ; compute p/r0 and r 0 ausing Equations 15 and 17 ; compute x using Equation 14 
iteratively; compute At uslng Equation 13. U At disagrees with the desired At, adjust cot y0 and repeaL 

Time - Theta Solution. Compute coty0 , rc,a, and p/r0 using Equations 22, 16, and 17; solve for x using Equation 14 
iteratively; compute 6.t using Equation 13. 

Time - Radius Solution. Compute coty0 , rc,0., p/r0 , and coty1 using Equations 22, 16, 17, and 17 ; compute cotf using 
Equation 18; compute x using Equation 14 iteratively; compute 6.t using Equation 13. 
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D, DISTURBANCE ACCELERATIONS 

So far the planet In question has been assumed to be spherical which Is not the case for 
the earth. Therefore, Equation 1 must be modified as follows: 

where 

r Is the magnitude of r 

ad is the disturbance acceleration due to 

1. oblateness of the earth. 

2. the effects of the sun, 

(23) 

3. the effects of the secondary body on the primary body; that is, effects 
of moon on earth. 

Analytical expressions for a°d are given in R-577 , Section 5. Since a°d is small in 

comparison to ~ , the two-body orbit given by Equation 1 is used as a reference 
or osculating orbit which is perturbed by ¾! . The actual position and velocity vectors 
are, therefore, given by 

(24) 

where 

-; and v are the position and velocity of the two-body conic solutions, and C C _ -+ 

r c and v c are the magnitudes of r c and v c. 

6 and ; are the deviations from the two-body conic solutions of position and 
velocity, respectively. 

Differentiating Equation 24 and substituting Into Equation 23 gives the following expres­
sion for the differential acceleration 

(2f>) 

subject to the initial conditions 

This method (Equation 25) is known as Encke's method of differential accelerations. 

Since the coefficient of; in Equation 25 requires the subtraction of nearly equal 
quantities, prohibitive errors are· introduced by solving Equation 25 in its present 
form. This difficulty can be overcome by making the substitution 

( 1- ~)= -J.-(1+-P-'-) f(i'.c+-;'.) · 6) where p =rc/r r r 1 + p 

Equation 25, therefore, becomes 

(26) 
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Equation 26 can be solved by any number of numerical integration schemes. The 
method used in the Apollo Guidance Computer (AGC) is the Nystrom method. 

In order to maintain the efficiency of Encke' s method of differential accelerations, 6 (t) must remain small. Therefore, a new osculating conic must be defined by the 
total position and velocity vectors; (t) and-; (t) when 6 (t) reaches a predetermined 
limit. The process of selecting a new conic orbit from which to calculate deviations Is 
called rectification. 

To sum up, the position and velocity, during freefall, at time ~, given the position 
and velocity at time ti , are computed as follows: 

1. Position and velocity in the osculating orbit at time ~ are calculated accord­
ing to Equations 9 and 10. 

2. Deviations are then obtained by numerical integration of Equation 26. 

3. A new conic from which to calculate deviations is defined each time the 
deviations (6 (t)) reach a predetermined limit. 

E. DISTURBING FUNCTIONS 

The form of the disturl>ing acceleration !.n in general will be quite complicated. For the 
earth orl>ital mission only the gravitational perturbations for the non-spherical shape of the 
earth are considered. 

The form of this is: 
4 

where 

P 2• (cos 10) 

P3• (cos t,0) 

P4• (cost,0) 

P
5

1 (cos t,0) 

z: 
i=2 

3 cos cp 

1/ 2 (15 cos 10
2 

- 3) 

1/3 (7 coscpP3• - 4P2
1) 

1/ 4 (9 cos10P
4

1 - 5P
3

1) 

are derivatives of Legendre Polynomials 

cos \0 

u --z 

u -r 

u • u -r --z 

unit vector of the earth's true north polar axis expressed in the Basic 
Reference Systems. 

unit vector In the direction of !. 

J
2

E, J
3
E, J4E are the coefficients of the second, third, and fourth harmonics of the earth's 

potential tunctions and RE Is the mean equatorial radius of the earth. 

J 2E .10823 X 10-2 

J 3E -.230 X 10-5 

6,378, 165.0 meters 

• 3986032 x 1015 m 3 / sec2 

These are all fixed memory constants in the AGC. 
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F. DISTURBANCE ACCELERATION/OSCULATING ELEMENTS 
z 

Acceleration Normal Acceleration Along 
To Orbital Plane (N) Radial Line (R) 

J!! de 
0 da 

~ R dt C dt = dt = 

.!!!. r cos !w + f) N ~ V l-e
2 

sin!!) 
dt na2p dt 

C R 
na 

dO • r sin (w + !) N .!!!. dr 
0 dt na2 ./1-e2 sin ( i) dt dt = 

dw -cos(l) dO N dw V l-e2 cos( f) 
dt • --dt dt nse 

R 

a Semimajor Axis (ft) 

y e Eccentricity 

Orbital Inclination 

f Central Angle From Perigee 

r - Position (ft) 

{l Longitude of tbe Ascending Node 

w Argument of Perigee 

n Mean Motion = ~ 
µE - l. 41 X 1017 ft3 / s2 

N,R,T C ft/s
2 

Acee leration Along 
Track (T) 

da 2a ✓ l-e2 
T dt nr 

de ✓1-e 2 [ a2 ~l-e2) -r] T dt na2e 

di dr 
0 

dt dt -

s-1 

dw ✓i-e2 (2+ecos(Q) 
dt = nae 1 + e cos( f) sin( f) T 
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INTERFACES 



IF-2 

POWER AND LIGHTING 

lnt.esral U&htlar • • 
LF.B 

1111-sn,I upu,. 
C DR 

:~ 
1 
---◄CB 371>--------4 

AC I .. 

MNB 

= 

A 8 

EL Dtmmu Control 

U:8 Llpta 
lDtq:ral 
Control 

0-5 Vac ...... 

0- IU V.c, 400 Hz 

0-115 Vae ..... 
0-5 \'111t, 400 tu 

[ L Dimmer Colllrol 

0-1 Vck-

SAV OSKY 
Ret.­

ContlllCU 

HAV D8KY 
EL Powr -NAV 090' 

Cautionmd 
Statu, Llunpa 

NA\' Ol!IKY ..,, ..... 
Lampo 

MAlN 08KY 
K-,,boa.rd 

L•"'P" 

MAIN DSICY 
Caullon amt 
Ital~ LllfflPII 

MAIN O,IIKY 
EL~r ...... 

GNIC ._, 
U1ht1nc 

__,, ... 

(m t-.. ·· 
GNIC Parwl 
ftt1lcl• 

Cb 30 89 
tilff OptutaJ 
CH30 811 
lllff Capl 
Cb JI 815 
((j / N Autopilot Control! 

Ch 12 88 
(TVC Eublel 
CII SO 810 
{8/ C Control 
of Saturn) 

Cb 11 81 
(SIVB Takeo¥er 
Enilble} 



CB 59 

Optics 

CB 63 

IF-3 

POWER AND LIGHTING 

Il\W 
Healers 

3,200 Hz 
&lpply 

SXT, SC'f, and 
LER Eyepiece 

Heaters 

CG 
1331 

Rf",. "® """'""·· G 
CMCMode ~ t ~ 

Aut Hold u, Ch 31 B13 

Free o 

Main Block GNIC Panel 
'----c..---,o----o,----o--==--------1 

Accept 

Optics 28 Vdc Distribution 

CMC INPUT/ OUTPl1T CIRCl'lT Symbols 

(Hold f\mctlon) 
Ch 31 814 
(Free Function) 
Ch 33 BIO 
(Block l'plink) 

--0- -0- -EJ-

fil tEJ N 
Output C lrcul t-C Input Circutt-0 Input Circuil-Y 

Output Circuit-XT 

R 

RELAY DRIVER - R 



Ch!tO llll 
COil! !'ail) 

IIIODUl0 84 
(PUT Fall Inhibit) 

Ch:ll BU 
(PTPA Fail ) 

REOTART -1 Chll 136-
(Ke, Rel l 

Ch II 83 -
(Uplla,ltA,;:1)1 

C h II IJ7 -
f()pt,rErr, ~] Ch 10 84 

(No Att) 

Ch 10 B6 
((; imbal Lock) 

C'hl0811 
CTT.:ker ! 

Ch 10 RI 
(Pra& Alarml 

Ch ll 82 
(Comp Aet:,, 1 

IF-4 

CAUTION, STATUS, AND WARNING (MAIN DSKY) 

r - CAUTIOM/ WARNDIO IUMYSTl:11 - - - -, 

f---+----------' -1 I 

OVdc a..NAVDIJXY 
L.,,+I +----~=~=====--c_w_,_,'_,,:.,"-v., ___ .,_ =~~ :: l 

CAUTION• 
WAJUUMO 

"----'''-'v'""''-- LEB M/ A Uts (Hut pace) 
o v,>, 

'---"='------'41 Proa.LZBK/A 

___ ,....._J ·-

Comp Lo 
Acty 250 V EL 

~-------- HI a.Pb 
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CAUTION, STATUS, AND WARNING (NAV DSKY) 

C' MG 2~ V<i<, 

Ch II IH 

llcalu 

'"' 

Cl\)0 81$ 
(Temp I• Ll mLU) 

Ch II 1M 
(Temp Caution) 

Ch II 82 
IC'<>mp ACl)'I 

~ 
(No Alt) BH• 

"'TAB• " • l 
Ch 10 86 

1
_

11 
C 

1O\mbal Lock) 

Ch 10 811 
(TTICker ) 

Ch 10 et 
{Prog Alarm) 

IS-I 

L...----~--+- l,200 Iii T/M 

L...+--------+--t- PTPS Inhibit 

o °"'-._ lc..wnci.iwAANING SUBSYSTEM l l 
O ~ IEBM/ ATestOVd<- I SH M.AINOtiKY 

I CautlMaNI 

L.WC~~;:::=-..':::jt==:j: ~!: :: ~:: ~ev~oc l {P;~:~~•l 

L...-1--~,c__-....J.---+-- -+ U : R MI A Refft l 
[.. _ - - __ ____ J 

~-rl-----r,;~:::t- ~ 

.,. 
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ATTITUDE/ ERROR DISPLAY INTERFACE 



IF-7 

AUTOPILOT INTERFACES 

•vn...J1onul 

1-----4-1+------~~MM .. 
. 

'-------4-1-------~ ..----• .. 



MNA 

MNB 

Cb 30 B9 
(IMU OPER) 

Ch 30 Bll 
(IMU Cage) 

Ch 12 815 
(ISS Turn-On 

IMU HTR 

De~ Complete) 

Cb 30 814 
(Turn-On 
Delay Request) 

Ch 12 B-4 
(Coarse Align 
Enable) 

Ch 12 B5 
(Zero IMU CDU'1) 

Ch 12 B6 
(Enable IMU 
CDU Error Ctr) 

D 

C 

C 

C 

IF-8 

ISS MOOING 

~U.S,2~ 

~ - ~--:-,-o----
1 

>--.. ' --~--

.,,. 

Cage 
RellJ' 

Cage 
Contro 
Rel-.v 

Turn-Oe 
Control Relay 

Sin lX 

CA 

Main 
"'=»Ing 

Amp 



ISS 28 Vdc 

Ch12 B13 
(SIVB !NJ 
SEQ Start) 

CMC 28 Vdc 

Chl 2 Bl 4 

Ch30 B10 
(S( C Control 
of Saturn) 

Chl2 B9 
(SIVB Take­
over Enable) 

CMC 
Auto or 
Manual 
Saturn 

Steering 

Ch3I B1-6 

Roll DAC 
& Demod 

ICDUX 

Pitch DAC 
& Oemod 

ICDUY 

Yaw DAC 
& Demod 

ICDUZ 

0- 5 Vdc 

0- 5 Vdc 

0- 5 Vdc 

IF-9 

G&N/SIVB 

-= 

c.uio~ 

Guidance 

~ JU ~ 
CMC I 

I 

S/C Control 
of Saturn 

-=-

~ 

-=-

SIVB Engine 
Cutoff 

-= 

-= 

Roll Rate 
_j,...O---<l---------4► Command 

Pitch Rate 
J.-0---------- Command 

Yaw Rate 
_J..0----------4- Command 

----c: 
{ 

Rotation 

--------< ~Hand 
Cont roller 

CMC 28 Vdc ~ 

Ch30 B5 -EJ (Liftoff) 

Liftoff I 
-------------,.,✓~ 
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OPTICS & VHF & BMAG INTERFACE 

Ch lG 87 
Mark ReJeci 
(ICU 

CMC 211 \'de 

Ch 111 lifl 
M11rk (HO 

M:ark6 Mk Rel 
(RHe1) _ ___ _, 

Ch IS 86, 7 

CMC 14 \'ck 

..... ....... ...... , 
C'hU81 
VHF 
(Ranst SelfflJ 

Corarn&Dd ··­...... , 
Cht:I B4 
(RtldarAcU.rlty) 

CMC 21 Vde 

Ch S3 Bf 
(Dia Good) 

Ch UM 

.. ,------10• 

(BM.AO Coud:•r l:ubl•I 

♦ 

C
GatuOut 
Dlsitalllanp 
D,to 



•19VDC 
155 OPERATI 

IGSINIX)~ 
IGCOS lX HI 
MG SIN lX 

MG cos lX lO AMP II 
0G SIN lX 
00 COS lX 

"""" PIPA 

IG, MG, 
• oc 

SERVO 
ERRORS 

•19V. 

'"""' 

CMC 
WARNING 

IF-11 

G&N SIGNAL CONDITIONER INTERFACE 

1----------+----- CG-1))1211/, 3200HZ 

~USED 

PIPA 
TEMP 

SENSORS 
>----------l--------1--~► CG-Z300PIPATEMP 

2W. IXIHZ f"'<"1X™R-}----------4--------+--- TO PCMlO 
OPTICS 

s~n& 
TRUNNION 

OAC'S 

t-----------------------".IV- CG-1110 •2.5VDC TM BIAS 

t--------------------- CG-1201 'l!N, DIHZ, 1'1 IMU 

TO PCM 
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G&N EQUIPMENT POWER LOADS 

PWR BUS 
PWR DISSIP (Watts) CIRCUIT BREAKER 

DESCRIPTION PARTIAL TOTAL NO. NAME I 

IMU Heater MNA & 
} 22. 0 

CB 58 G&N !MU HTR MNA 
MNB CB 59 G&N !MU HTR MNB 

(IMU) 16. 5 
(PSA) 5. 5 

IMU Operate MNA & 
} 183 

CB 56 G&NIMU MNA 
MNB CB 57 G&N !MU MNB 

(IMU) 60.4 
(CDU) 33. 0 
(PSA) 64. 0 

CMC Standby MNA & } 15. 0 
CB 60 G&N Computer MNA 

MNB CB 61 G&N Computer MNB 

CMC Operate MNA & f 70. 0 
CB 60 G&N Computer MNA 

MNB CB 61 G&N Computer MNB 

Optics Operate MNA & 
} 87. 0 

CB 62 G&N Optics MNA 
MNB CB 63 G&N Optics MNB I 

(QUA) 27. 3 
(CDU) 19. 3 
(PSA) 40. 4 

Reticle Dimmer Supply ACl or } 15. 3 
CB 54 G&N Power ACl 

AC2 CB 55 G&N Power AC2 

Dim Control DSKY (MAIN) ACl 1.0 CB 37 Numerics/ Integral LMDC ACl 

Keyboard EL Lamps (NAY) AC2 1.0 CB 33 Numerics/ Integral LEB AC2 

Dim Control DSKY (MAIN) ACl 4. 5 CB 37 Numerics/ Integral LMDC ACl 

Caution Lamps (NAY) AC2 4.5 CB 33 Numerics/ Integral LEB AC2 

Master Alarm Lamp MNA & 
} 3. 5 

CB 52 C/ WMNA 
(LEB), MNB CB 53 C/W MNB 



HW-1 

I 

HARDWARE 
PIPA 

COARSE ALIGN - FINE ALIGN 
I ECDU 

IRIG 
' 

OPTICS 



1/ C 

PIP 

P l'l,nduloelty 
C • Coefficient of Vlacoua Damping 
J Float Inertia 

HW-2 

PIPA LOOP 

Preamp 
AC Dtlf·Amp and 

Interrogate Module 

Binary CUrrent Switch 
DC Dttf·Amp 

Calibration Module 

The PIP Sl~I Generator llucoeyn provide• Information on rocor poelt!on In the form of a 3200 hertz output. 1iie ■table mtt cycle ln rotor poettlon t■ converted to an AC 1uppre11ed carrier modulated atgnal. 

The PIP Preamp amplttle• the SG output (14 V /V gain) and phaoe ohttto the 3200 hertz carrier 415° lag. 

The AC Dttf·Amp and ln~te Module provide• additional amplttlcatlon (3050 V /V), peak dete<:11 float poeltlon, and aeu a fitp- One ■tate of the Olp-flop tndlcate■ fioet poettton on the plu■ ■Ide of null end the other state mean• floet p»ltton on the mtnua ■tde of null. 

The Calllratlon Module lo the paHlve circuit Interface between the BCS and the PIP torquer. The circuitry lntroducee btu ond acale factor adJuat copablllty Into the PIPA loop. 

1be PIP Torque Ducoayn converu current pulae■ from the cattbratton Module ro torque about the PlP OA axla , 

~~l~~~~&:3"'!,=•~le ta the mechantam which regulate• current and hence PI.P torque to 

Each AV COIIUIIUII. Module • 5.1& cm/_ I 



1. 

2. 

3. 

4. 

1. 

2. 

HW-3 

PIPA CHARACTERISTICS 

PARAMETER CM 

1. M3.ximum measurable acceleration 19.1 g's 

2. Scale factor 5.85 cm/sec/pulse 

3. Pendulosity p 0.25 d~e cm 
cm/sec2 

4. Torque to balance T 4680 dyne cm 

5. PIP float inertia J 14.o d~e cm 
rad/sec2 

6. PIP viscous damping C 12xl04 
d~e cm 
rad/sec 

7. PIP break point c/J 8550 rad/sec 

8. PIP time constant J/C .117 ms 

9. Total torque constant .42 dyne cm/ma 

10. Nominal torque current 105 ma 

Radial Force 

Suspension current 

SUSPENSION CHARACTERISTICS 

2.3 grams per .0001" min 

65 ± 6 ma 

2 

Phase angle of current 

Suspension stiffness 

the two ends (SG & TG) matched with 3 ma 

lags 45° ± 2.8° 

30 x 10-3 grams/micro-inch 

TYPICAL TEMPERATURE CHARACTERISTICS 

Scale Factor 150 ppm/°F CM 

Bias 

°F Actual PIPA Temperature 
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PIP A PARAME'.IERS 

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 (~) cm/sec 
2 

0.50 0.70 0.90 

PIPA Scale Factor SF P:1111 400 500 600 

2 PIPA bias in a unity gravity field (¾) must be within 0.30 cm/sec of that evaluated in a zero 
gravity (¾) field at the ISS level of test. 

nie 1118Ximum value of PIPA parameters vhich can be canpensated for by the canputer is as sh""11 in 
'Olble I-2. 

X PIPA Bias 
Y PIPA Bias 
Z PIPA Bias 

PIPA Bias CM 

Coefficient 

¾ 
SF 

Register 
1452 
1454 
1456 

Table I-2 

Units Max Value \CMJ 

cm/sec 
2 ±9.14 

P:1111 ±19()0 

PIPA COMPENSATION 

= (.0005569) (Reg Contents in Decimal) cm/sec2 

nie correction to the PIPA's is 

vhere 
PIPAC 

SFE 

th is the canpensated data for the I PIPA denoted PIPAXC, PIPAYC' PIPAZC 

= SF - SFnan (erasable load) 
SFnan 

SF = Scale-factor CM/Sec 
Pulse 

is the bias for the I th PIPA (an erasable load) 



c /3 indicates assets camnon to all three loops. 

C 

+20 VDC {PTPS) 

- 20 VDC (Pl'PS) 

3 swrrcH PULSE 
(COMPUTER) 

C 3 

IlfIERROGA'.roR 

PEA • BWCK' II 

. PULSE 

'IM SET 

+20 VDC 120 VDC (PrPS) 
(PTPS) 

C 3 C 3 

BINARY 
CURRENT 
S\IIT'l!li 

PEA 

4V IR IG DUCOSY~ 
~---,---;EXC IT. 

. /\ ,.r"°\ /\ 28V 3200 CPS 
(COMPUTER ) 

SG 

2V PIP c /3 X FMR 

SU3PENS I0N 
MODULE 

PIP 

~'--..r~ 

T± 

SLIP RINGS 

PTPS = Pulse Torque Pmter s ,~ppl,)'. For Elxk II PTPS i s in t he PSA 

PEA = PIPA Ele::tr oni:r, Header P.~,e:nbly (CM) 

PIPA LOOP 

CAL 
MJDUIE 

PEA 

DC DIFF 
AMP 

PEA 

i! 
I 

V1 

120 VDC 
(PTPS) 

28 VDC 
(PTPS ) 
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OUTPUT AT G/ S 
TIST ,-0/Hr 

OUTPUT ACROSS 
TP 19 I LO 

OUTPUT ACROSS 
TP rr' L.O 

INT£RROfSATE 
PULSE 

I ~ ~ 

CIJ///t,.6NT 
MONITO,. 
1t~s1•roR 

SCA~I 
,ACTOR 
//llSISTOlf 

R,. 

r --;,. -:_-:_-_ :_-___ J _ ___ ___ -, MOroR CV~RINT 

I I 0C 0 1,l'AMP I 
: : i ~VR 201002. I 

' 
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' I ~ ' I I 
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CU///tR.NT 
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ORI V6 P£/IIO. -

P/PA LOOP TIME LINE FOR A 3 :3 

MOD/N G CYCLE 
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~LJ,--FL~ I •80Vk 

•uov •1»v •-v I ~IC 
I 

l.2 UK 
UIC a.aK I 

♦ IMIVOC' 

: ♦ 
I •a,c 0.0,H "" O.OI H I 

UK J Ill Ill ~ 0.1 . 
,- PULSES 

ISO 
r,. 

SJ K. ,. PUL SES 
I 

20K I 
ZN.!t»O-~ 

-V« ··" SIOK 
I ~lr~N I 

UK IOOIC ~I Ill Ill Ill~ 0./ - 1-+--➔l---{'9 N PLIL SES 

SJI( r,. 
2.♦ /C IUIC 

N PULS£$ 
:ZN:Zot/lJ-3 

lOIC 

+IZOV 

TORQUE CUR•W>--- --1------t 
a 1NARY CURRENT 

$WITCH 
~ENT CONTROL 
F~OM DC 
DIFF. AMP. AND GATE 

UTR S:Z 

SP9001 :h D D. L....--f'.>--- - ---'------- -------tJJ· TORQUE OUT 

:lo D r::'• '-------------Dt---- --..... ,-- ----- - - - ---~e•TORQUE OUT --------- --- --------------- --- -------- ~ BINARY 
SWITCH 

CURRENT 
2QIOOl7 

i 
do 



H'f 2411 2411 -,./MJVIIC 

WK cw UK 
17SI( SOK l1'SK 

J.K JIK /SK 
Q)V 

SI .OU H'f 

.,.v 
H'f 

HV 
.,.'I IOOV l00V 'II# 24V 

HV 
t:JOK IOOK IOOIC 

re, «s - TD4II 
CUR/PINT Ca,.,TA'Qt 

} 
~VIP 

/SOK T6ST "10/Nr 

! HV 

6.1211 ZN20tiD ZN/IOMJ 
Z20 

Jt<-.SK .4IC-l.ZIC - -CUli'li'ENr 2NZ060 •2tJVDC 
F'EU>IJN:IC ,-,, 

7':611 FROM CAL . $0 so 
'-2V 1/ V 

l«JO. ,,c 

HV 

ZNY.20 - A 
l.4V ,..,. 

DC DIFFERENT/AL AMPLIFIER 
AND P.~R. 2010029 



CALIBRATION MODULE 
CM-20I0016 

+TORQUE FROM iJ..----.,.---------,------1 1--------------rv-, -----i 
♦ TORQ.U6 

acs 

- TORQUE FROM 

/!JCS 

" 
c. j 

t.;z~z~T~U~R~N.~'$:..__ __ +--------------,-------~--- --i OIJCOSYN /JIAS ADJUST 
~ 

TORQUE 

c, 

R, 

j 
-< 

J 
I 1-------+------+-i""'~• ____ , 

-TORQUE 

R,. R,, 

Ra , 

SCALE 
FACTOR ADJ. 

CURRENT FEEDIJA.CK 
TO OC DIFF. AMP. 

HI 

CURRENT SAMPLE 

LO 



Stator ( Signal 
Generator) 

Jlotor (Signal 
Generator) 

PiYot-Jewl 
Bearing 
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APOLLO PIP 

(Torque Generator) 

Tapered Magnetic 
Buapena ion Rotor 
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PIPA lllADmlll 

D1cital 1nterros,at1oa ot PIPA tloat poeitioa vitll sero acceleratioa appl1114 vill -ra~ )'ield 3 cloclr. pulHa ror each bal1' c:,cle or tloat poeitioa. '1!11• 1• calle4 3:3 -,diq. 
~iq initial lNild•up, torq,_ \lllbalaDce 1• a1Diaiaed b7 artitic~ inducing 2:2 or lo : lo -,diq and adJwlting tbe .. ro I Dull to coiDciolence vith tbe 3:3 _,..._ .. ro I ll\lll. 'Die Dull coiDciclence be- a atable 2:2 - a atable 3:3 Dull -t be lee• than 20 arc aecoada 1n lna114-up (npr. 1). 

PIPA - ll\lll operatioa at PIPA leffl teatiq. 

I.Ddicatad 
Accaleratioa 

Solid 3:3 aoding PIPA 

Illldicated 
Accalarat1oa 

Input 
Acceleratioa llall Oo1nciclence 

npr. l 

~3:3 Dull 

8oll4 2:2 -ing nPA 
(2:2 - artitic~ achieftd) 

At h1pr J.nela or teat, ■lllltle cb&Dpa 1D c0111'1curat1oa .,_ to 1ntacrat1oa or tbe nPA loop into tbe OU 9Jataa can c-. tb■ PIPA to d-.1 -• i.e. tbe ■tabla 3:3 - aq be raplace4 b)' a bistable 2 :2 allld 3:3 -·· Bistable aodiq ca .... no n■t olelta v output allld 1a -■111fHt u a ,lead.._ to D■V Dull iaputa. 'ftlia- olead,.._ 1a cbeclr.■d at tilt ISS leftl ot tut to uaUN tllat it 1a leH tllaD 50 arc HOoada (0.0075 rt/eec2 or 0.23 ca/aecZ). , 

ror an illpllt accelaratioa ot ~
3 

(npr. 2) , a d-.1 aodiq nPA vill iaa,. uro 6 V'• and 
- 3, 3. 

3 : 3 
ll\lll 

Ai 

2 :2 
ll\lll 

~ IJlpllt Accaleratioa 

for an 1.Dput 11eceleration ot ~• a dual -,ding PIPA vill alao iHIM .. ro ~ Y! ■ - - 2:2. 
Par an input accelarat1oa b■- tb■ A33 allld ~ lillita, tile nPA v1ll iaa\M uro AV'• allld 
dual - 1'rca 2:2 to 3: 3 at a rate ot 5 or 6 tian per aecCIDd. 'l'be ..,..,t ot ti-■ apeDt 1n 2:2 or 3:3 aoding 1a <lepellldat oa tM input accelaratioa Ai• 
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Hlfn'ORY OF IN-FUGHT PIPA PERFORMANCE 

AVG IN-FIJGHT CHANGE FR~ WNAR ORBrI'AL OEVIATJ~S 
ERROR• (PREFLIGHT) CC>IP .,.u,.,..u.. MAXIMUM 

Apollo 8 
X 
y 

CM X 

-0.01 
♦0.03 

♦0.00 

-H>. 02 
Apollo 9 Y -0.04 

LM X 
y 

-0.08 

♦0.01 

-0.15 
♦0.01 

CM X 0. 0 
Apollo 10 Y 0. 0 

z o. o 

+J.17 ..... 

-0.27 

No Lunar Orbital 
Varlatlorui Avallabl.e 

••• -0. 39 
-0.32 
-H>, 32 

0. 0 
0.0 
o.o 

-0.68 
-0.(2 ..... 

-0.36 
-0. 29 
♦0 . 03 

!------+-------+-----+------4 LM X -0.06 
y -o. u 

CM X 
Apollo U Y 

LM X 
y 

z 
CM X 

Apollo 12 Y 

LM X 

y 

CM X 
Apollo 1S Y 

• 
LM X 

y 
z 

CM X 
Apollo 14 Y 

Ul X 
y 
z 

CM X 
Apollo 15 Y 

z 

LM X 

0.03 

-0.02 
-H>.03 

-0.01 
♦0 . 02 

-0. 03 

♦0 . 09 

-0.05 
o.o 

-0.05 
o.o 
o.o 
o.o 
o.o 
o.o 

-0.204 
-0.195 
♦O , 008 

+1. 50 
-1.35 
-1 52 

-0.02 
-0. 02 
-0.02 

o., 
-0.35 
-0.14 

0,03 
-0 . 04 
-0 . 05 

-0.11 
.0.11 

..... ..... 
-0. 05 Pre-DOI 
-0.15 Poat-A90llnt 

0.0 Pre-001 
-0.18 Potit-A.oent 

-0. 08 Pre-001 
+0. 29 Poat-A•cent 

-1.63 

-0.10 
+0.08 
♦(J.14 

o.o Pre-DHCtUD. 0.20-Pre-A.,cent 
-0,02 Po1t.-A11<:ent 0.36 Polt-AIICeot 

y -0,02 P.re-De11<:ent 0. 34 Pre-A11eeot 

CMX 
y 

Apollo 18 

LMX 
y 

Cl< X 
y 

Apollo 17 

LMX 
y 

"'11ab 2 X 
y 
z 

"'11ab3 X 
y 
z 

St,llb t 
X 
y 

0.01 Po1t-Ascent - Poat-A■ceot 

0, 03 Pre-Descent - Pre-Aacent. 
-0,01 Polt-Aacent -0. 18 Po1t-Aaceot 

..... 
-0.2 

Zblu Ran.pd from 0, 22 to 0.53 Du.rlnc 
Cout Pbuea, and Bfferal Update1 
were Nece11acy . 

-0.01 ..... 
+0. 01 

-0. 01 
-t(l.07 ..... 
..... 
-0.05 
-0.02 

+ .16 
- .05 
+ .18 

.oo 
- .21 
- .02 

•.06 
+.10 -... 

+O.0t 

'+-0.22 
+0.07 ..... 

+ .37 
♦ .03 
+ .26 

-.10 
-.62 
♦ .:so 

' ·" 

-0.07 
-o. 25 
-0.01 

o.o 
-0.08 
-0.04 

_, _,. 

-0 . 18 
-0 . 195 

0.04 
-0.09 
-0.18 

0.0 .... 
+o.(12 

+0.08 
-0.10 ..... 

NOT APPIJCABLE 
(Earth Orbit) 

NOT APPU:CABLE 
(EarthOt"blt) 

NOT APPLICABLE 
(Earth Orbit) 

-0. 31 ..... 
♦0.11 

+o.27 
-0.20 
-0.25 

-0,55 
0.12 

-0.45 

0.13 
0.16 

-0 . 34 

o.o .. ... 
♦0 . 15 

'+-0. 43 
'+-0.01 
+O. 74 

•=::~T oompens1Uon update■ when made, or from prefllgbt loada wbea no update wu made. 

•"Thi• IMU wu turned off for - 27 boun on the lunar aurfaoe.. 

""Earth orbit devtatlone. 

NOTE: Vartatlona o( Cll blu in lunar orbit caused bJ 'Rrlltlonll 1D coolant temperature. 
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JXI COMm: ALIGII LOOP 

1be coe.ree align loop dr1Tel the DIJ g1.mba..i. to tbe angle• caaanded by the caaputer vi th an accuracy ot ± 1.5 • . 'Jhe coarse align ao4e al.ao a.eta u • cagin&: aode vben • g1abal lock cco:11ticm. ta approached . 
i!le three buic el.wnta o! tbe coarse al1gn loop are the D1J! t.al c:rter which 1Hue■ angle ccmande (LIQC) and moding di■crete■, the D«I, and the ECOO vbich enc • gilll pooition and provide• position and rate teed.back tor proper loop operation. 

JXI FlllB ALIGII I.OOP 

- tine align loop drift■ tha D«I g1Jlbala to the caaputer camanded angu• % Bo" by pulae torquing the gyroa. Pul.■ e torquing ia a ccaputer controlled ■vitchiag ot a conatant current ■ource to a gyro t.orquer viodin&:, 'D:le current produce■ gyro torque, a corre■poodins preces1ion rate, and hence, g1.ab&l. pooition. 

llCU DIERTIAL NOIE 

'lbe e:umenta ot the 1.nertial Jl04e are tbe gyro, ■t.ab1l1zat1on am:plitier, and g1.mb&l torque motor . ~ gyro ■enae■ inertial rotation about ita input axil am!. ■upplie■ torquing to the gillbal Tia tbe 1tab1U zat1on ampl.11'ter to compensate tor the aotion. 

APOLLO IIIERTIAL Il1Sn1114!31TATIOII/STIJIII! MEN1!ER CIUEll'l'ATIOII DIAlalAM 

Q)To drift 1• poeitint vben the SM drift rate is about the po■ itive gyro input (IA) axi•. 

U'll"'- Hate \OTO .ur ·"" coefficient About SM Axe■ •= =•• ~ 

IIJCSN +IIBDX +ADI.AX C-xsMJ -AmRAX C-mil 
~ +llllllf +ADIAY ("l5M) -AIJlRAI C-mMJ 
IIU!M -IIBIE +ADIAZ ("mM) +AISRAZ Cay511l 

-XSM' °YSM' "mM ia pooitift along pooi the a table member axes. 

iffii IA SRA 

X QA 
0 

SRA 

SRA 

·- .I.A ~RA UA 

X +Eli -ffll +wi 
y +!'!IR -ml +l1!!11 
z -1.Sii -isii +iciiii 

Input axe• ot tbl X, T, Z accelercaatan 11• rupectinly &long positiw XSM, l'SM., ZSN axe1. 
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DlU COARSE ALEN LOOP 

The 1ervomechanllm uaed to achieve COUN aUp. d the Block D DIU la •bawn below-. 

Er ror Counter Enable 

~ Coaree Allin Enable 1 
I r ~ ~ 2Puloea , I 

.fl____JL_ 
Dlsltal 

Computer 1---,- ,.-.c----~ 

lMU CouM Al.Jen Loop 

Computer Operation 

Stab Ampl 
Torque lxand 16>< 

Motor and Reeoh•er1 
Glmbal 

The !ollowln1 eequence d eventa la performed by the computer each tlme the Coane Align program is entered. 

1. 1-Mle CoarH Allp Enable, Tho computer •et• Bit 4 ol Chlumel 12 which luues the Coarse All&n Enable dllcrete to the 
ECOU, 

2. llaue Error Counter Enable, The computer Ht.I Bit 6 ol Channel 12 which la1uea the Error Counter Enable dlacrete lo 
all three IMU axe■ ol the ECDU, 

3. Determine Command Ancle, The cmtent1 d the computer glmbal angle count.era are read and differenced with the deaired 
a:lmbal ancle to determlfte the command angle . 

4, I.Hue Command Angle. Clmbal angle command.I are laaued in bunt• oC 192 pulaea (8.4 degree■) at a rate or 3,200 pulHa/ 
1econd, Each bunt requiree 60 mllllaecondl. The delav between buret8 la 5-40 mllliaeconde. If the comm&nd le not an 
integral multiple ol. 192 pulaee, the remainder I• I.Hued o.a thti la.at command. Gimbal commanda are 1ated out of the 
computer by Httln& Bit.a 13, H, and 15 ol. Channel H, All three bita are 1et aimultaneoualy, thereby allowing all three 
11mbat. lo be alewed almultaneou.aly, 

5, Determine lf Command Arcle Ia Achieved. After glmbal commlll\de have been l11ued, the computer readl gimbal poet~ 
tton and comi:-rea the poaltlon achieved with the dealred angle. If the difference 1s greater than 2. 0 dep-eea, an alarm la 
leaued. 

Stepa 1 through 5 conetltute a computer control proceH which poaltlona glmbala 1n an open loop eenae, The computer doea not check 
flnal glmbal ~ltlon auch that corrective commanda can be INued lf the dealred poeltion has not been reached. The check on final 
gimbal poaltion le l&ffd lo determine lf u alarm condition exi.ta. 

ECDU Reaponae to Co&ne Allp EnabJa 

When addresaed by the COIJ'H Allp ED&ble dlecrete from the computer, the ECDU: 

1. Provide• a p-ound to the PSA coarae alJ&'n input relaya, thereby awltchina: the atabillntlon amplifier lnputa from IRJ3 
outputa to the ECDU DAC output, 

2. 8lppliea a p-ound for the PSA atahUlzatl011 amplifler demOG.l.lalor relay, thereby changing the reference excitation of the 
atabllization ampUfler rlng demOG.1.latora from 3, aoo Hz to 800 Hz, 

3, Provide• 1r0!.Ulda for the couae al.lp relay In each of the atablllntton ampllflera, thereby chan&:ln1 atabill:tatlon 
amplifier aervo compenaaUon, 

4, Generate• an lnlernal modine algnal which en&blee 1tmb&l feedback pulaea (422) to Increment the error counter, Thia 
ai&n,al alao chancu the read counter hl&:h apeed pulae rate (P1 pulaea) from 12, 8 kppa to 6. 4 kppa, 

ECDU Reaponae to Error Qouter EnabJe 

When addr ... ed by the Error Counter Enable dlecrete from the com.p.,.ter • the ECDU: 

1. GeneratN an internal modJn&' •Icnal which allow• error counter pulaea (PE• 421 or 68c) to lncrement the error counter. 
AbeeDCe ol thia diacrete uroa the error oounter and bolda it there, 

2. The Error Counter Enable command (E) la comblDed with tbe Coarse A1iCn d1-crete (CA) &Del the CDU Zero command 
(CDUZ) to mode the read COWlter ln accordance with the followin& l01lc equ.atlon. 

Y• E, CA+ CDUZ 

where 

a, The preaence of Y lnhlbtte P1 pulaea from lacremenUnc the read counter 

b. £ • Error Counter Enable ''not" 

c. CA • Coa.r11e Alip Enable 

d , CDUZ • CDU Zero D .. crete 

e, E • CA la an "and" operatlcn 

l, • la an ''or '' operation 

Inhibiting thP read COWller Ul tbla !uhlcn wlll pr,ev.t &lmbal drift due to reakklal voltqea wltb1n the loop, The line 
error will accumulate to a nlue aYCh that the .aect of realdual volta,ea la cancelled, 
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JCDYllmGw:Jl 

....___ IMURI Lot U. __,_ ,-iu., .. .__..IIJ ... ...,.._ .. ~.,, - .... ,_,•,_•-•Ulilf//ldllo -,..-_...., t.OAC, __ __, ___ __,ur._, ,,,.._rtl~ ........... ..u.laipe, "9NM .....-, Mll &M-.WU&• · ·--
TMwrw ...... __... ~..._ .. ....,_...,.I __. ... ,--.i ,...u.-. lljlllll ,..._ .. U. •rw ~ = ==::=::::; .::r.=--=~= =-~J:~:U.'":~ ":..-:-.:-............ ....., . ............... ~ n.-..-r ...... _...... ...... (Pz),.s... ....... , .... .,.._ ........... ..,."l." n.-»••U..-.fll&M--.111. 11. N• • 1.1•• •11, tTI' . 'l'IIIIMilll l hlllat.,_..aMr.....,, ....... --.... . 

•• • . .. , ,.. • itr ,w ..... ,,_,_. (W. ,..., 
.1 ......... '--... .,.. , ........ fllat 

MG CPIIWM 6elp epptpt 

1""DAC_..,.._,....,. ........... _,, ... .._....._, ,....., .... r--.. ...._....,_., aa,,-.i .. ..,W'-r, .,,....._., ... OAC .. .. ........... , .... , ..... .., ..... ....,.._1 .. ........ e-..tltaWTOl'_._, DAC _....., • ...,. • •. • y,...,,..,__ 

9w:e 6Me .... ,_, .. 

n.-ai_,----,Mlllr.-, .. t.__....._. ..... MC ........ t. .... ~tl• • 1 • ta-tlU.t• ----- o..c...,.. .. .. __________ ............... ............... . 

,.,,__ 
,,. ............................. .-.t., ................. , ...... ..,,un.n. ----~ .............. . .................... , • •• , . ···-· · -····· ........,. . ... ~--•.--i...- ,,, .. ~-•~.....,_.._.. • • ,.. ......... (IJ-,....-.•-..-.1 .... .. ....,. ....... _._, 

--•••Ya'Pmwae 
.............. 1-............... __ ,_. _____ ., .. __ _._,_.._ ....... ............... .,.._. ...... ~....,_ ......... , n.~ ............... ~&li..._W ....,.. ettlll .... ~ .. .................................. ......-.... ............... lltp ,,...le ...... .... (l. , ............... wt . ...... ~ .. ---.....-,.- ... : ••--••a.. --- • Mpfl, 1-·lr--........... ... ..... ....... n-. •---.-i--•rm......,.w ............. 111,11u ..,1pNc110l'lb .. atlillp ....-.n.~.,....._.".,..._ ........................... . 

--
bNlbcanwt 

-'=-+t,1---- .... C.....l~ P1) 

._. .... .. , .... ,.. . ......... 
•l/) , ........ , __,, 
i- .. a. . ... ,.. _ 

~'---~-"'---' 11 1/1,IOO•~; '::}-__,. 

n.--,,anfll ... _t.lip__.,,__ __ ._. o1. u.....u..u. .... un., ........... ......... n.-.u .. _., • ...._.,, • ._....,____..Ylu _..,... i,.,.,.. 



Error Counter 

IMU COARSE ALIGN BLOCK DIAGRAM 

DAC 

Error 
Ampl ifier 

CDU Test Point 

Coarse 
Align 
Mixing 

Amplifier 

Buffer 
mplifier 

Fine 
Error 

CDU Test Point 

Stabilization ~M Torque 
Amplifier Motor 

Fine 

Main 
System 

sin (0->./J) Switch 
Summing Selection 
Ampl ifier : Logic 

Fine 
Fl Rate 

Schmitt Select pl 

And Read C ounter 
Hi-Speed Up/Down 
Schmitt Lo ic 

A2 2 

0 
:I: 
i!: 
:; 



IMU COARSE AUGN FUNCTIONAL BLOCK DIAGRAM 

± ll.Bc 
3', 200 pps 

16011/Pulse 
141 • /sec 

Er ror Counter 

1 Hi Rate = 800 pulses/sec x 16011/pulse x 
3 600 

• /11 = 35° /sec 
I '1 

LoRate = 100 pulses/sec x 16011/pulse x 
3 600 

° /11 = 4.375° /sec 
' 

Sample 
And Hold 

.,- = 1.25 ms 

Error 
Amplifier 

Rate Select and Up/Down Logic 

6,400 pps 

VCA 

::J 
V Buffer 

.356v Amplifier 

Fine 1.15 
Error 

Stabilization Loop 

K ( _s +1X-s +1) 
1 .925 24.3 es 

e l ( _s_ +1X - s- +1) 
0 .125 217 

K = 5. 76 X 104 degrees 
Vrms 

8 - + 8 

"' 

6,400 pps Hi Rate = 6, 400 pulses/sec x 2011/pulse x 3, !oo • 111 I = 35° /sec 

Lo Rate = 800 pulses/sec x 20 11/pulse x 3 !oo • / 11 

'------- --------------------' = 4.375°/sec 

J ;; 



ECDU COARSE ALIGN NETWORK 

,. ' 

i -A----A ivv 
i..I1......TT:. 
: 9CW11'TT TRIC.C.D l OUTPU'T 

- - ---'-

' Ml· 'ItnltO L _____ _;:A:;rr~ _ _j 

..,_,...,..._ 
UYCL 

,. .. -.100¥ • 
._ • ._o - l.'7 'l • 

•1111.AlolM' AT -·­.... 

:c 

I 
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oru nu:RTlAL MODE 

n.. olrCW.ll'J employtd by tbe Block n •t.abUluUon • mpllfier opente• on lRIO error elp1,■ I• ln the followtna aequence: 
1. ln,pltnetwol'k 

•· Full ••N ,-a. NnalUwi rtac denwduJ ■tor 

b. AC ripple flit.er 

2. Hip pill 1mpllf'Mr Hd lorqA• motor cw-Nnt driver 

3. Feedback netwarlr. 

• · Armature cw-rent ■ampler 

b. R-C •no oompen.ut~n netwar lr. 

~ 

n. UIM'l p1a dllnc&erl.Uc of CM atablllution ampURe r o r ist,uiee fro m U.. circuit 1hown below. 

:JI 

~ 
vrm•• 

l , SS V/V 

• ~ UI U.. d,c oompoant of tae Fourier eerlH of I full wne recUfted ■lpal. 
Tile lotal I.QpUt pla nlaU., IRIO error alp.ala (3 , IOO ff&) to de volta ■t the HlpOela Ampllf\er lApu.t la 

When SJ IG /141 IQ UI the effeoUYO "dl'ltde clon." l'Nlltaoe. of U.. Ull'ut Mtwork. 

n. ~ 1a1A chartcarS.UC of tbe lltabllb.■Uoo an1rpllfter ortplace■ from arauture current feedback of the SSmbel drive moto r■ . A 1--ollm rael■IOr UI laMrW La. NrtM wUb tbe armature wtndln1 of Neb motor to detect armature current. The epproprt■i. feedback plD imqu,e lo NCll pb&l loop la obulDed wttb tM dl'f1de..dow• networU ebowla • ..,,, 

~ 110 

Anaat\lr9 
c ...... , ........ 

tn IUl 

"" 

.. .., 
Wh1n Ztn ⇒ o. oon~r 
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where 

•lb (laaer loop) • (I.,~ (~:;) • * !TM 

Frequency eluiptna of torque motor current ie 1cbleved wltb the pHelve "T' network ebown 1bove. The frequency reeponae character­
latte of th~ feedback oompeuatton network le: 

~ . o. 020 (drs ~ 1) ("cloo + 
1
) 

efb (4.
1
1Z • 1)(10~.s • 1) 

wltb tbe feedback diode■ not oonducttq. 

volta/ volt 

AHumlng an ideal 81gb. Galn Ampll.fler, the Lnput and feedback network■ c■n be combined as lf each were worklng Into an operational 
amplifier thU11: 

l.rv M • lppat Network 
Feedback Network 

rm■ (IRIO) 

~ 
• 0.020 

iTz +l 'IT'i +l 

....L..+1 -·- +1 
(

31 31 31) .30 or 15 or 10 

V IRIG ( Vrm■ ac) 

coarse AJtgn 

15 4~12+1 

-·- + 1 
0.125 

0.125 2,000 

10:.5 + l . A/V (laaer ulo) 
2,000+1 

When uaed for co1r1e •Ucn, tbe lltablllsatloA amplifler 11 reconfigured u follows: 

1. The lllput ud reference ■lpala are switched from 3,200 Hz to 800 Hz. 

2. The feedback oompen11atton le changed by connecting a 4. 1 p.F capacitor 1n parallel with the 0. 5 p.F capaclt.or uaed for the 
lnertt.11 mode. 

3. The ooaree aU.p oompeneattoa. le: 

!TM (Ade) 

VDAC (Vrm■ ao) 

15 (rlis + 1 )(~ + 1) 

(a +1) (-m. 1 ) 

laaer loop 



IMU STABILIZATION AMPLIFIER 

"'" 
EQQOQ MO._, ITOO 

;.o-• ___ ___ 1:1i:;t19P, --------r ··FJl-1,R ____ -------- - ---·7 
; ------:;.... l ...,.,_, .. 

' 

' L_ - - - - - - - --- --- - - l _. - - -- - - - ----------- - -- l 
OUtOD 

U»-----~ 

.. ff., 
i+ 
I 

j .01'.il. 
I j I 

~------- - -- -- - -- ----j- -------- - --- --- -- -- --- - --- J 

! - ------.---9- -------- : 
,...FEE.OSJ.C.X - 1 1. lt'A 

L 
: COMPE't.JS-.IIO~i 

; ,.. "t•• I 111 "'- IO 

• f lT" .. \:i.""' SA i 
I 

i 
.w ''4 : CURl1£>l"T 

' ' ' ' 1n ; 

' 

t , ••·f•-•\-•- ~n 

I I I F[E.otlA(..~ 

;__ --------- -i- - ---- -- -- L- - - - --- - - ---- -----

C0,.1.£ • 
..... , t,i.:i 

C.H»••l'l lll\>O 

,us ' 
C.0,1,,1:~~ ,t, U<; rJ 
,u,.v 

.,. .. ~ t'IO'TO• 
VOl..'TACll" P10W ITO• 

"TORQUI. ,.,,,,. 
..... '°A ... 

i i 
f f ! 



,-------, 
1 __ I 
I Y IRIG I 

1,200 V/rad 

(!'reampllfle~ _ _J 

r-
1 

,-----~ I 

I ----. l1,200V/rad 

X !RIG ' 

1-- I 
L~~mplifler _ _J 

r-- --- 7 
I z IRIG ! 
I --- 11,200 V/rad 
L...£.r~pllf~ _J I 

!GA 

IMU "INERTIAL MODE" BLOCK DIAGRAM 

Demod Filter 

I ~- ~~ mp 

l Inner Glmba~ablllz~mpllfl:J 

To !MU Fall Module 
JG Servo Error 

r Gain: 44, 4 A/V l 

De mod Filter 

ddle Glmbal Stablllzatlo _ 1erj 

To !MU Fail Module 

--- -----
aln: 66. 6 A/V 

Demod Filter 

I 

I Outer Glmbal Stabilization Amplifier I 
L---------~ 

To IMU Fail Module 
OG Servo Error 

1. 12 ft ~lb/ A 

I 

J 

1. 12 ft-lb/ A 

O. 906 ft-lb/ A 

Inner: 50 rad/s2 /ft-lb 
Middle: 25 rad/s2/ft-lb 
Outer: 12, 5 rad/s 2 /ft-lb 



Torque Motor 

KT = 1. 52 X 10T 
dyn - cm 

A 

1.52 X 10T dyn - cm 
A 

1.23 X 10T dyn - cm 
A 

IMU "INERTIAL MODE" FUNCTIONAL BLOCK DIAGRAM 

• I 

. M 

,0 

Gimbal Inertia 

1 

J s 2 

Stabilization Amplifier 

K= 
A 1---

V rms • I 

2-A-
V rrns . M 

3_A_ 
V rms 

0 

-8 1 
J 3. 78 X 10 , I 

-8 1. 85 X 10 , M 
0.935 X 10-8

, 0 

rad/sec2 

dyn - cm 

Preamplifier & 
Signal Generator 

Vrms 
1,310-ra-d-,----ii4--t 

H = 0. 434 X 108 

C = o. 475 x 106 

367 gm - cm2 

H/C O. 915 

C/I = 1,290 rad/sec 

dyn - cm 
rad/sec 

dyn - cm 
rad/sec 

Gyro 

H 
c 

8 Gimbal 
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IMU INERTIAL MODE 
GIMBAUGYROITORQUE MOTOR 

FREQUENCY RESPONSE 

I M - 5dB 
M 215 . JdB 
0 20 . 4 dB 

10 Frequency (Hi. l 
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GYRO PULft TORQUING 
Gyro.,,.._ , .. oo~I• ,-1- rma, ud ..._ p.ti.1 poalUoa an OOCroli.d b1 nplaUq ti. pu1" wldlil d 17"' to .... r m.,..._ In lb. Fl• A.lip .llllode, CM a.-,tti of dil9 torquer ournat plllN II p19111aaly ooatrou.d by the OllfflpUIU' to acbi1H adHINd stabal po,etUOCI. 

Toto,... a ,..Uo..taroro, tM followtlll' "'(11- ol-..S. 19 t.alMI ti,, tM oo_,..tor. 
l . 0, .. To...- s-1>1-

1. O.,..:t .. &Nt 

J. O.,rolet{u.O,to•..---,a...._,at..Ut1-w...,o,,tva.tl1aq 
9no To,,.. g..w. COlalU,llid 

'Ra 0,ro T~ 11:Ulb .. _... 19 ll ■wd bJ U. oo.Dlpller throlllll at I of CU..I 11. 11l■ Bit Ip .. I IOI:. 4 db pll1- tl"Lla out ol U.. -pulel' lo a nlay drt .. r la Urie O,ro CaUbratioa MOllak. WINo11 IIC-..a.d, 18 VdD I■ -.,plied to the Prec:11100 Vottap .,_ __ (PVJt).....,. ud llO Vdl: '- -,,l'ed to U.. Bl•.,- Cum• lwlMIII .... DC t>m.Nati.l AmplUler. The Gyro Torq,_ ••--• -...ed ...u• N M■IM :aio .UU..Coadl prior to U.. Qyl'O S.leot Co--.1 kl._.,. ampla u- for relay c i....._ 
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L------------~-
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.l!l..! Jill BI.! 
0 l I 
0 l 
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+Y 
-Y .. 
-• +Z 

- · TIM_. liocSo ~ tll»ft ..... a 1oz. 4 kHa pulN tnMI out of tM -,.iler to - al ,i.. t,-"1or awltct.. hl 11141 Oyl'O Callbra• U• lfodllll . Tlah puN tral• w1ll ea- tM tnulator .. tao, tlrllftlby _..,..,.., torq•rwnwt •Nil U. O,,ro lat oom.mand la la--. If-"._ - C,IO la to bl, io,..-, tu older ot •leoUon ll Y, Z, ud X wlltl eae- pro bal111 oompletely toiqllN btlondll.,.t;-IIIMIN&ed. 

OyplltC-....1 

TM O,IO &It oommud ii OOlb'DUl,d by Ille ...... , ltl?.,..tll 8ft 10 d. C'---114. nl9 bit Nt1 a ru~ wldo- piel a 3. 2 kffK ..... tnta Nt of.._ -pater to ta. lllMl7 C11rr•t ltw-~ rla .. 0yro Calibniloll llodu ... Wban actuated In lb.II manner, l)'IO to .... Ollr~ lll -lloMd fro. 11141 UO--olun di&mmy load to .. S>rqt,11 wlldllll( •leoted by tba eo~ter. Wban lbe Ml Ired number ot. ..t ,...._ ~• bee• 1-.ied, .. ru~no, ta ruM c-tar ounut to bl t-1ernd from U.. torq111r wladh11 to tba dwnmy loM. 
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••ato-)'IICV.,... 

To...-r .._,.._la,......,. Nl ud ~ by tbl PVJI Md tltot itell .. bctor N1lltot 111 ._ Oyro Callbntlon Modw1. 
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GYRO PULSE TORQUING LOOP 

Sliprlngs 

28 Vdc (PSA) To PIPA Preampllfiers-

,-------IIOolT !RIG 

2 V PIP 

Error signal goes to resolver for middle 
and outer gimbal , then to stab amplifier. 

3, 200 Hz 

Gyro Torque Enable, 102. 4 kHz (ls sued by computer 20 ms prior to gyro select). 

Gyro Se lect Command, 102. 4 kHz (issue by computer to one of six switches in calibration 
module, to allow torque current to flow to the proper gyro torquer). 

Gyro Set, 3. 2 kHz occurs 2 ms after gyro select; switches binary current switch to 
allow torque current . 

.,....__._._...__G_y_ro_ R .. eset, 3. 2 kHz (occurs at a II times that gyro set does not occur; causes torque 
current to be applied to a dummy load). 

Calibration Module 
PSA 

TM Reset 

TM Set 

28/ 120 Vdo---_.,. 
No. 2010020 

Torque Current 

PTPS 

Current Feedback $ 28/120 Vdc 

DC Dlfferentlal 
Ampllfler 
PSA 

No. 2010029 

Binary 
Current Sw ltch 

PSA 

No. 2010017 

PTPS = Pulse Torque Power Supply 

PEA = PIPA Electronics Assembly 
(CM) 

Torque Current Control 
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IMU FINE ALlGN FUNCTIONAL BLOCK DIAGRAM 

r 
Gyro I 

Torquer 1 
c 

H = 0. 434 X 106 

C = 0. 475 X 106 

I = 367 gm - cm 2 

Gyro Torque = KT I2 o. 6(85) 2 

--7 
Stabilization Amplifier 

P reamplifier and 
Si al Generator 

15 K ( 4-Ti- +1 )( ~ +1) 

(o. ~25 + 1 ) C. ;oo + 1) 

Gimbal 
Torquer 

dyn - cm 
rad/sec 

dyn - cm 
rad/sec 

_J 

4, 335 dyn - cm 

K = 1 

K•2 

K..,3 

A 
V rms 

,M 

,0 

• I KT= 1. 52 x 10T, 

= 1. 52 X 101 , M 

= 1. 23 X 101, 0 
dyn - cm 

A 

Gimbal 

0 

1 -6 J = 3. 78 X 10 , I 
- 6 

1. 85 X 10 , M 

0. 935 X 10-6 ,0 

rad/sec2 
dyn - cm 
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i lf8RA I Float - Wheel J 

Suspension 
Capacitor 

Module 
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AroLLO 25 !RIG 

Moments of Inertia: 

about OA: 
about IA: 
about SRA: 

367. 3 gram -cm2 

650. 8 gram -cm2 
724. 9 gram -cm 2 

Damping Coefficients: 

about OA: 4. 75 x 105 dyne-cm/ rad/ sec 
about IA: 1. 5 x 109 dyne-cm/ rad/ sec 
about SRA: 1. 5 x 109 dyne-cm/ rad/ sec 

Wheel Excitation: 28 volts, 800 cps, 4. 5 watts at synchronism 

Wheel Speed: 24,000 rpm 

Angular Momentum at 24,000 rpm: 434 x 103 gram-cm2 sec 

Signal Generator: 

Input: 4 volts, 3200 cps 
Sensitivity: 10 mv / mrad 

Torque Generator Sensitivity: 0. 6 dyne-cm/ ma2 

Pulse Torque Scale Factor: ,r ; 220 rad/ pulse at 3200 pps 

Magnetic Suspension: 

Input: 
Stiffness: 

4 volts, 3200 cps 
6 gm/ 0. 0001 inches Radial 
0. 8 gm/ 0. 0001 inches Axial 

Typical Temperature Sensitivity 

Scale Factor: 
Drift: 

400 ppm/ ° F 
O. 2 meru/ ° F 

Actual IRIG temperature 
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Priaar,r ,arc ---- ... ADIA, AIIIIIA, IIBD ud ecale 1'actcr , ud B/e -Ung ..,. u oh""11 111 illl>le II-1. 
8pecit1cat1cm. 'ftl•• acroa■ ms, GM', 

illl>le II-1 
u.-ru ~ :~c-..-1 lT. a-_.1....L ,V ~.1..~i...11 

C m Ill IR 

AcceleNti<m DrU't alcag tho IA 
(ADU) 

_,.,,/, 17 33 Ito 100 

Accelerat1011 Dritt alone tho 811A 
(AIIIIIA) 

•rv./1 1i. 21 25 Ito 

---l.eraticm BlM DrU't _,.,, 6 9 11 15 (DD) 

q,ro ecale t'actcr 11a1ta ON * 1750 ppa. 

1'l>e az1aa ftlm o1' ,aro por1'.,._ panawra vllich can be c-••- 1'or lo- tho CCIIINWr 1o ohan ill ial>le II-2. 

ial>le II-2 
•-~cient ~ta 11oz ••,. ex 

ADU •rv./s 862 

.AIIIIIA -.rv./c 862 

DD •rv. 126.7 

:na, orao ~TJ:oa 

1'l>e c-- PIPA a.ta 1o - to c~ tho mm ~ _...,. to -1 tho DD, ADIA ud AIIIIIA ,aro cootticinrta. !la c_.u._ ..,.. 

yhar,t 

XlJllll 

YJlllll 

ZlRlll 

-ADDX PIPAJ:e + AIIIIWt PIP.Ve • 11111:1: 6 t 

-ADI.Ar PIP.Ve + AiflRAJ' PIP~ • 1111111' 6 t 

-ADIAII PIPAZe • AIIIIIAZ PIPAYe + JIIIZ 6 t 

XJRIO, YIRill, ZIRill .... ,aro 4rifi c--u..-

11111:1:, IIBDJ, JIIII& ... ,arc bf.aa clr11'ta (an ..-...l>la loa4) 

AIIIIWt, JJ:BU:r, ADBIIAZ ... ,aro clr11'ta - to -l.eraticm ill opiD ra- ax1o (an-le loa4) 

ADDX, AJIIAY, ADIAZ ..,. ,aro 4rUta dm to ocoel.eraticm 1D tho 1-' U:1o (an......i.Jaloa4) 

- tho -1- 01' aiv- mm c_,. _ wo pulHa, tho c-■ ... Nat to tho ,aroo. 
DlriDg 1'rN-1'all ClllT tho 111!111, 1111111', lllllE ..,.. tho .. ~ cootticiento ud tho rooatl.De 1o oo -that ClllT - - ..,. calcula- 1'or tho ,aro -tlcm. 
!la c._.ter 11D reli,otero ... llo6o, li.61, ud li.62 1'or tho X, Y, Ulll Z ,aroo rupoctlw]T. 

orao lllil"l' DD (.007835) (Boe 0cateato 1n n.c1aa1) 1m111 



HISTORY OF IN-FLIGHT GYRO DRIFT ERRORS 

3.0 

'---._....-,'-v---' 
CM 

•After in-flight compensation 
,ha.,.. 

LM 

•• ln111.1fflclent number of data polnta 

CM CM 
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CM 

~x 

filllllll y 

~z 

~ 

3.0 

2.0 

1.0 

-1 . 0 

CM LM CM LM CM LM CM LM 
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ELECTRONICS COUPLING DATA UNIT (ECDU) 

The ECDU encodes and scales the IMU glmbal angles and transfers the angles to 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 glmbal resolver (the coarse system). 

The ECDU digital servo Is analogous to a resolver synchro Illustrated by the follow­Ing diagram. 

Resolver Synchro 

Digital switch selection logic implements 
sin ( 8 - 1/) ) or 8 - I/) as does resolver 
pair. 

O. 067 V rms 800 Hz 

degree 

Error Signal ( e) 

Servo Error Signal 

V 1n/Posltlon ( out) 

Volts 

Feedback 
Servo Amplifier 

12. 8 kpps 

..... -----.. 12.8 kppsl --;:; 7 

Pulse rate selection logic 
generates 12. 8 kpps or 0 
based on servo error. 

I 
__ _J 

Read counter accumu-
1 !ates pulse train. 



--~S~IN::,._8=---icoARSE SYS,EM 
COA.RSE 

C.O'i, 8 

SWl"TCH 
SELEC.1ION 

LO~IC. 

1--------+l SC.\.\Ml"TT 1------------, 
TRl<;~E.R 

COARSE SYSTEM 
,O EC.OU F'°'I'- A.E,._O COU!ll1ER 
P£1£:C.1 CIRCUIT ----- UP LOC,IC 

FINE SYSTEM 

~ATE $ELEC"T 
~ 

UP/DOWI',) 
LOC.IC. 

c1 

_,-S_l_ll,l_llo-"--ll---<~ FL l\l E SY~TE M FINE 

ERROR 1-E_R_R_o_R _ ___,,. 

CO& llo9 

S.Wl"TCI-I 
~ELECTION 

LO~\C 
A.MP 

ECOU 
REAO COUNTER LOOP 

BLOCK DIA~RAM 

\tlC.\-1 ':.PEED 
'3C.I-IMITT 
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ELECTRONI C COUPLI NG DA TA UNIT (ECDU) (CONTINUED) 

Thal:CDD litu&IIUaS'io-dfpa.l__....,•bklb uttl-.. two -odinl b)519-.d- r1Nd-lm' to whicti U. c~tar _., IIOO.M . 
O... lo,;,p .,....,._, Ula ''UM.,..._ .. la ued to_. l b : pmb&1 rNOl.,.r ....... n. oUotr, • "OOUN , yatem," encode• b 
11mbal,-ohowaq:IN. 

W.... U.. Mn-.,.._• 11mbal ,..o,,,.. ~- Uld CM SCDU r•d cout.. ....._ • .• mer-. I lle "oou .. ay■tem" hu 
•CW.1" oc:atrol al. U. read OClldlliu. P« 11nor1 ,..,.u., U.. ••• clap'-., U. ' 'f.lM IJ■tem ' ' • e.c...., tv• c<.lm:l'ol of u., read 

na - .,.._, lltil1a., .,.._ o( .. lk!ll .. i.euc- klpc, -111111ns rwi.ton, Uld ~ ampllfMln to ,-n.te • tr Jcono­
__.k:.......,. o( &M ,_, 

.,.la { f - •)• • 1lafc09f+ c09f ■la; 

• • ta.rtmb&.1-.• 
..... ,.... ......... 

nla trll--..trie......,. i. ...au u MTW 11pal to *MU. NM --.r .W. f 1M .._ S.OlMN to - ol. "' lebl 46__,_ 
- · 

- 11- 6• - a, 1 •111 ~-.. ~~ ....... . ... ........ 
,1au. 1· 

l>r "--'-"r ea.._ R11, 

Wao:IJac ,.i.u. s· 

.._. I· .• "·'· 
a.1&ci.....,,k-
..... l,tat.d. 
llMdC.....,(f).-U 
NOH:&.Ui.M""'"'9d. 

... .. .. .. 

A...,.._...,__..,....._Mll.u-.i ■l!IMl~drl.-taNMOO.-.•Ul ♦ ----'-rtMriao.._.to_ol.lt, .................. 

==-]~_ ~-. ...... ...... 
9lrlte ... Ht•lll 
1!10G Ill au ll la aclllnwd 

n.--.u-J.~o(U. el&INI- .,. .... wr• dlllctJas klpa Ill u 1.,.._IIIIIDw. 

o otT Vnu ...... (800 Ha ac) 

~u._,.._._..., tlill_._.___u.1x ~i..,o.a•----dlilttal..._dU.nad~ia ecm.....--d to u. 
••-10f•lp,al. 'nYS._.......,.t.dr;.aGatUpialdrM ■lpal-U.Nadom!arbyU.~ldllllitt trlcPr Uld rate 
Maatim. Iopa." T1t,e -• lcbailt trlsPr tm-Nliold la eel at O. M Vnu {l . 4 ~u..r.ti,,-~ tM COU'N read 
--r lo(,p ..... tM ~ .,..,_ l x ,._.._.. PNUka Md U. read c,--.r a. ... IMD. 8. 4 dl,(reN. T t. pul,H train OUtpld. ~ 
1M llolaaat trltPr ia .111.liwropW b)' a 1, to0 ,S,-~ train , .... U. _,.N 8ca.m W dee.oc.ed llJcll, th9 read OQUl!.t.er la lll­
-....S llt a nae~ 11.t llps-1U... ~.Ille H bU. lMo tM r-.d oOIUJtlH bl t/900 ti.• NO<IDd. Tt. fllnctm:lal equtvai.nt ol tbia 
llpill i:---- W alloWt, be1-. 

o. ~Vrm1 ac 

11,.lkppl 

COUH 8clun.ltt Trlper &lld Ral41 S.lectioa Lac~ 
(T .. CM optlt:• CDU' • do !lot COll ta.111 aeouH •yatam . ) 

RIIIII To Read COllllter 

l6bl~ .. chl , 26m• 
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ELECTRONIC COUPLING DATA UNIT ECDU (CONTINUED) 
Fine SV9tem 

The flne ■y■tem utillsee a ay■tem of ewltch Hlectlon Ioa:lc, wel&hllnc rMlaton, &nd eu.mmlnl ampllfien to 1enerate the tri&OIIIO­metrlc identity, 

-•ln (I-•)• aln f cm• + coa f aln • 
Thll Identity 1a ded u u err« aipa.l to drift the read OOWlLer Wlt.ll • 1a laolated to one of 2M, O. 088-degrM •ecmenta . Mecb­anlutloa ol t.hia identity la atmilar to tbal of the COUN ayatem uoept for the tollowln& aipUtcant di!ferencea. 

1. The fine ayMm pmentea an lmenaal Nfennoe ooa (I - ,, to excite l&dd4tr awltcbu. 
2. The 18 ,c reeolver aacle la dlvlded into lfl aesmnta d 12.$ de(reM rNolver electr1ca.1. 
3 . The ladder dJvldea each 2:2.5--oecr .. •ecm•t lnto 251 aecmen.i. ol 0.088 deCree reaolver elactrlcaJ. The 1)( mecbanic&J equ ivalent W 0.088 decree/HI or 0. 0056 decree (20 seconds of arc). 
4, A quadrature re)ect network la employed to achieve a tnle loop null. 

The functlona.l equivalent of the flne ayatem error detectloa Ioele la abown below. 

lh I 
Reaolver Electrical Ancle 

•t 
Read Count.er St.ate 

8. 63 Vrma 
degree 

Error Vol e 
(800 Kr. ac) 

Fine ayetema attar aipala are ccmverted back into dl&ltal read counter drtv. aipala by a flM Schmitt trJa:er 1Y9tem and a hlgh a peed Schmlu tr1&1er ayatem operaUna 1n tudlm. Each ia aterrosa.ted by the •am• 1, IOO PPI lmpu.lae: tr&ln. When the hlch 1peed Schmitt trlger i1 detected tuc:h. Ole rNd COWlter La lncnmented at • r&s. d U., 800 ~. When lbe fine Schmitt trigger la ctet.ct.ed lll&h, the read cowiter la lncr•ment.d at a rate ol 800 ppa, 1"lMt thrHbold 1ml d the flnl 1yai.m Schmitt trlc:Pn La Ht 1ucb U.t the rate Hlectlon loslo 1hl:::,wn below ia acbleved, 

Fl.M Errcr 
800 H.r. !'ml 

Schmitt Trlger ThrNbold 

1, J Vrml x !.S:V~ • Z,ldecr'Na, ltx 

0 , 07 Vrm■ x :.:w. • O,lSldep-N, 11)1 

0 

0 

Pl 
Hieb Rate • 12. 8 kppa x 20"/pul.■e 

• 10• / aecond 
Law Rate • 800 ppa x 20"/puLae 

• 4_45• / second 

The rate Hlect and u,p/dc)iln locic ~-- U. -.mplad output d lhl 8ohm.1tt trlgen to determine at which rate the read counter La lncremented. Jf the b!&b a peed Schmitt ia ''oo," Ole lnorement rate UI 11, 800 ppe or 11 btta 1n me aamplie Ume. If' the fine Schmitt la "on," the Increment rate la 900 ppe or l bJt In one aample tlm1 . 
Read Counter 

The read cou.nter ia a 18◄tap dtcltal counter with an l}{U anglie p-u.ularlty d 30 NC<mdlt/blt, lnputa to the read co.anter are con­troUed by rate aelect and up/down l0&lc. The output la ua.c:I by the fine 1y1tem switch aelectlon lcctc to prod1iH:e the fine error alpal, AcceN to the cmtente d the read oounter by both the computer and the error counter La aerial only. Acceaa by the com­puter la to tt. first order bit '62'). AcceH by the arror counter la to the third order bit (M'). Becauae ol the above, the count rate to the computer La fou:r tlmea fut.er than to the .rror cowder, Computer btta, bow"er, m..,e ooe•fourtb the weight factor ot those trauferred to the error counter. 

Functionally, the read cOWlter La repruented u an Lntesrator wlth a ccu.nt rate LD. dep-1N/1&cond and an outpul in dep-eea . 
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IMU/CDU/ AOC INTERFACE DIAGRAM 

CDU Read Counter 

180' 90• 45' '22. 5' 1.2s- 5.6' 2. 8' 1.4' 0. 1· b.35' b . 11· b .088'io.o«·o.022 · 40" 20" i..~+-4--

z' 

AGC Location 003n* (C D1.J}I.'} 

180' 90' 45' 22.5' 1. 25' 5.6' 2.8' 1.4' 0.1· b.35' o.11· b.088'0.o«· b .022• 40" ~ 

•LOC 

0032 
0033 
0034 

~ 
CDUlC 
CDUY 
CDUZ 

GIMBAL 

OUTER 
INNER 
MIDDLE 

1277 THETAD OUTER 
1300 THETAD+ 1 INNER 
1301

1 
_TJgT~+.l_ 1,fil;,12!.E_ 

7 

COU Error Counter 

o. 1· o. 35• o. 11• b .088'b.044• 14--

z' 

I (THETAD - CDUN)/4 ,I ________ ________________ _ 
I I L _ _______ J 192 pulaes/O. 6 second maxlmu.m 



IMU GIMBAL ANGLE AND OPTICS SHAFT SCALING DIAGRAM 

Contents of Respective Location ln AOC 

400005 600005 

-180° -150° -120° -90° -so• 

Actual Optics Shaft Angle or IMU Glmbal Angle 

DSKY Indication and CRT Display on RTCC 

-so• 

+180° +210° +240° +270° +soo• +sso• 

000005 200005 

+so• +60° +90° +120• 

o• +so• +60° +90° +120° 

+150° 

+150° 

NOTE: For Skylark, Vl6 N91 monitors the optics shaft angle in Rl (+XXX. XX); V16 N20 
monitors the IMU gimbal angles as follows: 

RH Outer Glmbal (+XXX. XX) 
R2: Inner Glmbal (+XXX.XX) 
R3: Middle Glmbal (+XXX.XX) 

400005 

+180 ° 



-10° 

617408 

526408 

-10 ° o• 

+s o· 

11111a 

Negative 
Zero 

+10° 

+19 . 773° 

+10° 

Positive 
Zero 

000008 

+19 . 775° 

+20° 

+30° 

+30° 

OPTICS TRUNNION SCALING DIAGRAM 

+40" ~ l.___-1_0-ro_·_ ..... +10. 0° 

_ +_64 _ __ 1_1_3_•_1 I .---+-o•---, 

I 
I 

+40° 

+40° 

37777g 

Positive 
Maximum 

I 

400008 

Negative 
Maximum 

+50° +G0° +70° 

+64. 773° 

+64. 775° 

+50° +G0° +70° 

617408 

+s o• +90° +100° 

+so· +10• 

CRT Display 
on RTCC 

Contents of 
Location 0035 
in AGC (CDU'I) 

LOS Trunnion Angle 

DSKY Indication 
(V1GN91 , 
Skylark 
R2: +XX. XXX) 

NOTE: CDUT (LOC 0035) is loaded with a -19 . 775° bias during ZERO OPTICS. This bias produces positive driving commands for angles up to +64. 775° in the CMC mode. Without the bias, the CMC mode wo uld drive the trunnion to the negative stop for command angles of 45° or greater. 



Degree• 
LOS 

HW-45 

OPTICS TRUNNION/CDU/ AOC INTERFACE DIAGRAM 

Sin 

2 64X 
Flne System 

Reaolver 
Switch Se LecUoo 

1 Logic - Coa 

CDU Read Counter (LOIII 

45• ~2.5" U.25 s. s• 2. 8' 1.4· o. 7• 0.35 ' 0.17' •.088' b.o«' lo.022 4 0 11 2011 10" 5" 

2" 2" 2U 2U 2" 2• z' 2• 2' 2' 2' z' 2' 2' 2' z' 

AOC Location 0035 (CDUT) 

45• 22. 5• 11. 25 5. 6' 2. 8' 1. 4• o. 7• 0. 35' 0. 17 o.oee• b .o44 h.022• 40" 2011 10" 1-4---

2" 2" 2U 2" 2• z' z' 2' 2' 2' 2' 2' 2' 2' z' 

CDU Error Counter 

2. 8' 1 .•• o. 7• lo. 35• 0. 17' b.088' b. o«' lo . 022 40" !4---
z' 2' 2• z' 2' 2• 2' 2' z' 

r----------, 
I (DESOPTT - CDUT) /41 ~ -------------------------' 
I (LOC 1302 - LOC -003111 / 4 I 
L ________ _J 13 J!U)No/0. 14 - mulmum 
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OPTICS 811A7T/CDU/AOC INTERPACE DIAGRAM 
Bin 

LOS IIX Flne lya&em 

Reaol• er 
,,.,, ............ 

Laci• 
Coo 

' 

CDU Read Coanter 

l llO ' IO' ... n.a• 11. 25 a. ,• 2.8 ' 1.•· 0. 1• 0.30' o. 1r ~.088 0.044 0.022' .. .. .... .~ •• •" •" •" •• ... ... •' •' •' .. 2• .. 2• ,,. 

AOC Loc•Uo• 0031 (CDUIII 

180' IO' ... ..... 1.H' •. I' 2.a• 1.4· o. 7• o.a•· o.1r [).088. P.o«' 0.022 40" -•• •" •" •" •• ,,. .. 2• •• ... 2' 2• .. 2• ,,. 

CDU Error Count.er 

~, ... 5.8' 2. s• 1, 4• o. 7• o. 35' 0.11· ~.088' p.o••• I+-

•' 2' .. ... •' 2• 2• 2• ,,. 

r--------, 
I (DD:lPT8 - COOIII / • I 
I (LOC 1903- LOC 0031)/< ,.---,-

3
-pu1--t--o-.1-,-----.. -ul-m_u_m--- ---------~ 

L ________ _J 
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CM OPTICS 

The Optical Subsystem has three major modes of operation (MANUAL, COMPUTER, 
and 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 . 24 seconds. At each . 24 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 0° offset and 25° 
offset. In the 0° offset and 25° offset modes, the SCT trunnion angle is held at 
0° and 25° respectively. 
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PRE-A~P COMPENSATION MOTOR GEARS 

TACH 

IDEAL VERSION 

-I -I 
INPUT -;. 30.8 SEC VOLTS f-+GEARsr---!sxT 

s 

SXT INTEGRATORS 



RESOL ✓ E RS ,.i, N '.) 
TW O SPEED SV✓ ITCH 

~2 
- V HT 1601/R _/ 

PPE-AVP CO"APENSATION M8TOR GEARS 

I 1 ♦.l I 86 2 

} 

e-9• 1so (3
5
5 + ~ ~ -5 ~ f ~ (2. ~(2. ~ - ./ . s(~ - 1) _,_ 11780 >-

# 
5 + I 500+ 1 I. - 14~ - ' R s 

0.135 
I{-- 9.55 X 10

3
5 i-'---

(~ +1)(1~ +1)(1 5~0+ 1) 

FEEDBACK COMPENSATION TACH 

IDEAL VERSION 

➔ 
2708( ~ + 1) 

~ 

52 

TRUNNION ZERO OPTICS SERVO 

e 
.........,SXT 



RESOLVERS ANO 
TWO SPEED SWITCH 

PRE-AMP C0MPENSA Tl ON MOTO R GEARS 

~ V -~ 80~ 

}~

., 1so (3
5
5 +~ ~ -s 

l♦.1 I 86 I 

i---, (2. + ~~2- + ~ _. -is/~ + 1) ,__. 3010 ,_ 

# 5 600 
~ 1'1~ H i.s R 

0.IJS 
~ 9.55XIO

3s --(~ +1)(1~ + ,)f,s~o +i) 
FEEDBACK COMPENSATION TACH 

IDEAL VERSION 

H 
2708(~ + 1) 

~ 

s2 

SHAFT ZERO OPTICS SERVO 

e _sxr 

:I: 
::E 

I 
V, ..... 



·--1-- 0 24-,anct 

OnotCornputt,C~le 

C 

83 pulaee/O. 24 second x 
40" /pulao • 3. 8" / second (LOS) 

TRUNNION COMPUTER OPERATE MODE FUNCTIONAL BLOCK DIAGRAM 

Error Counter 

(PE) HI rate • 1, 600 pps x 20"/p x 
36

~
0 
•/" = 8. 75 •/ sec (moch) 

Lo rate • 100 ppa x 20"/p x ;
00 

•/ " ~ O. 544 •/ sec (mech) 
Rate Select and Up/ Down Lo le 

12,800 PPS ..; 

Sample 
and Hold 

T • l.25msec 

Fine Eno1· 
Tc1t Point 

Sextant 
Trunnion 

0.5)~ 

69 Vrms 
degree 

( 8 -1) 

Fine System 
Switch Selection Logic 

Read 

OT(mech) 
( ") 

0,- (LOS) 

Ht Rate ~ 12 , 800 pps x 2. j"/ p x 1/ 3, 600 •/" 2 8. 75 •/ sec (mech) 
Lo Rate 800 pps "It: 2. 5"/ p " 1/ 3,600 •I'' .,, O. 544 •/sec (mech) 

~ 
VI 
N 



-10· 

61740g 

526-I0g 

o· 

+80° ... 

77777g 

Negath·e 
Zero 

--10· 

HW-53 

OPTICS TRUNNION DRIVING LIMITATIONS 

Poslttve 
Zero 

+19. 775 • 

OPTICS TRUNNION SCALING DIAGRAM 

~ ~I_-_,_,._,_· ~ 

- ... - . 1-1-,.~ 1 I ~-.-,-. -~ 
I 
I 

I 

4 0000g 

- 40° +-60° +70° ... 

+LO. 0° 
CRT Display 
on RTCC 

Contents or 
Location 0035 
m AGC (COU1) 

LOS Trunnion Angle 

DSKY Indication 
(Vl6 N91 , 

Skylark, 
R2: + XX. XXX) 

NOTE : CDUT (LOC 0035) ls loaded with a -19, 775 ° bias during ZERO OPTICS. This bias produces pos ltlve driving com mand■ for ang les 
up to •64 , 775 ° in the C MC mode. Wl thout the bias, th e CMC mode ,..,ould drive the tr unnion to the negative atop for co mmand angles 
of 4 5° o r greate r. 

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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The operational effects of trunnion biased overflow on the CMC Operate Optics mode 
is su=arized below. 

1. OPTICS CMC TRUNNION POSITIONING BETWEEN O AND 64. 773 DEGREES 

Any angle in this range can be commanded from within the O to 64. 7-<iegree range and 
the Computer will drive the trunnion to the correct position. If an angle greater than 
64. 773 degrees is commanded from within the O to 64. 7-degree range, the trunnion will 
be driven into the 0-degree mechanical stop. This is because the Computer thinks a 
negative angle has been commanded. 

2. OPTICS CMC TRUNNION POSITIONING BETWEEN 64. 775 AND 90 DEGREES 

Any angle in this range can be commanded from within this range and the Computer will 
drive the trunnion to the correct position. If an angle less than 64. 775 degrees is com­
manded from within the 64. 775 to 90-degree range, the trunnion will be driven into the 
90-degree mechanical stop. This is because the Computer thinks a positive angle has 
been commanded. 

3. OPTICS LOOP AMBIGUITY AT 64. 775 DEGREES 

The Computer Operate Optics mode is a multiloop position followup servo operated 
under control of the Computer. The Computer supplies a maximum of 83 command 
pulses ( O. 92 degrees) each 240 milliseconds (ms) in the form of a 3,200 pps burst. 
The response of the Optics is then measured by the Computer once each 240 ms and 
appropriate correction commands are issued. This sample data loop has an ambiguity 
at 64. 775 degrees for the following two cases. 

a. Case 1: Initial Trunnion Between O and 64. 773 Degrees and Angle Close to 
64. 773 Degrees is Commanded 

The Optics will begin driving correctly. If a servo overshoot beyond 64. 773 degrees 
occurs, the CDUT will overflow with the result that the trunnion is driven into the 
90-degree mechanical stop. 

b. Case 2: Initial 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 pulaee/o. 24 ■econd x 
160"/pulae • 15.l"/aecond 
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SHAFT COMPUTER OPERATE MODE FUNCTIONAL BLOCK DIAGRAM 

Error Counter 

HI Rate= 1,600 PP• x 160"/p x l/3,600 ·/" ~10 •f•ec 
Lo Rate =100 pps x 160"/p x l/3,600 •/" =4.375•/•ec 
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Fine System 
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+ 

~ (degrees) 

HI Rate = 12,800 pps x 20"/p x l/3, 600 •/" = 70'/aec 
Lo Rate = 800 pps x 20 11/p x 1/ 3,600 •/" = 4. 375•/sec 



RESOLVER PRE-AMP COM PEN SAT I ON MOTOR GEARS 
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OPTICS MOTOR DRIVE AMPLIFIER 
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OPTICS TWO SPEED SWITCH 
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BLCCK II s~vo PARAMETERS 

Ml'l'CR SPEEOO VERSUS LOS RATES 

WO 

'l'RUNNIOlf SHAFJ: SXT SM 
raa,aec rad/sec 

10. 0 deg/H e 9617 1026 4960 519 l. O dea/aec 962 103 496 51.9 0,1 d~HC 96 10. 3 49 .6 5.2 25 ,0 •c/aee 6.8 0 . 71 3.4 0. 36 19,5 deg/aec 9670 1024 9670 1013 2.0 deg/aec 1003 105 992 104 
0.2 des/aec 100 10.5 99 10. 4 

50,0 a8C/aec 1.0 0 . 73 6 . 9 0.72 

SER"«> SEIISITIVITl' 

ION ... , .TI 
SXT TRUKlflOl'f 

Band Cbntroller l05crx~x 2 l.te ael,/aec 
.. . IT;'l!!o mv 

Tachoater 3.4 X l.te 3,(,8 s~ £:ec 

~ 

Band O:mtroller 105mrx~x l 2,1 •~ /sec 
... )l5!l! ,.., 

1'cbcaeter ] , 4 X 2, 1 7. 14 a'ec./aec .. 
MAXIKlM CREEP RATES DUE TO RlSI OOALS 

HAXD«JM =~ THroai,rI CAL 
RESIIXJAL SENSITIVITY' J,I.AXDM( RAT! 

SXT 'l'l!UIIIIIOII 

HaDl!l Controller 3 .. ..,,. l.oB •~ /aec 3 r.c;aec 
PS 2014550 mv 

Tacboaeter 15 av r• 3, 70 a'ec/Hc 55 ,"";'c, /aec 
PS 20l.62o7 .., 

~ 

Hand 0:la.troller 3 ...... 2 ,1 a'2/Hc 6 a':c/eec 
PS 2014550 .. 

Tacboater l5 ...... 7.2 ,'i?/oec loB ~ /see 
PS 2016207 .. 

OPl'ICAL SUBSYSTEM PHASi ll'.l ( ROTATIONS ~NED FACING Sl!AFr ) 

c t W'Vle Raao wd lihde--
nano Oc:mt , mna Oont. llllDCI Coat, naoa Cont, MDA Jokltor -r.ch RHolw:r LOS Inte2rator Poaitioa Poe1t1on Pcait l on Podtion Jnwt Rotation Outnut Rotation ... ,. 

SXT 'l'l!UNlfI Off In/N a : UP .,,. ,, a (, CCII 7r ¢ r:,, Deerea■in« UP 7r IX)/lf a ¢ 7r ,, r:,, a ¢ cr:w Incre■-1ng 

scr 'l'l!tllfflION = 0 : UP ,.. ,, .,,. ,, r:,, a : CCII DecreH1ng (al.en d to UP .,, = a (, a (, CCII 1r r:,, ltlc:N:Hing SXT 1'<lllllION) 

SXT SHAn' Lett a (, Right .,,.. ,, a ¢ CCII .,,. ,, r:,, Decreasing Right .,,. ,, Left a ¢ ,,, ,, r:,, a (, CCII Increaalng 

SCT SBA1T t.ert 0 ¢ Right ... ,, ~- r:,, a ¢ CCII Decreuing (slaved to Right .,, ,, Lett a ,, a (, CCII .,,. ~ r:,, Increuing SXT Shatt) 

• lat qu&drant on.1¥ a <-\ < 90• 
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SHA, T ANGLE 
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VERB LIST 
50 PLEASE PERFORM 
5 I PLEASE MARK 
53 PLEASE MARK ALT LOS 
54 REND COAS MARK 
56 TERMINATE P20 
58 STICKFLAG (R)/V50Nl8FLAG(S) 
64 OPTICS ANGLE TRANSFORM 
76 ENABLE VHF DATA PROC 
77 DISABLE VHF DATA PROC 
85 REND PARAM DISP NO. 2 
86 REJECT REND COAS MARK 
87 ENABLE VHF RANGE MARKS 
88 DISABLE VHF RANGE MARKS 
93 ENABLE W- MATRIX INIT. 
96 TERM SV INTEG (CALL POO) 

NOUN LIST 
04 ATT E.RR 
05 ANG SEPE.RR - ANG S.EP 
06 OPTION CODE 
09 ALARM CODES 
11 TIG NCC 
13 TIG NSR 
14 STAR TRKR OG, IG 
16 T EVENT (EXT VERB) 
18 AUTO MN.VR 
19 STAR TRKR OG 
20 PRES ICDU A.NG 
22 NEW ICDU A.NG 
23 DOCKING ANGL.ES 

25 PLEASE PERFORM 
28 TIG NC2 
33 TIG 
34 T EVENT (PROGRAM) 
37 TIG TPI 
40 TF GETI/TFC - V.G - O.V 
45 MARKS - TF GETI - M.GA 
49 tiP.OS -t:,.VE .L - CODE 
53 RAN .GE - R.R - P.HI 
54 RAN.GE - R.R - THE.TA 
56 VEHICLE .RATE 
58 CiVTP.1 - t:,.VTP.F -t:,.T2 
59 OVLOS.X -tiVLOS.Y -t:,.VLOS.Z 
70 SENSOR/CODE (BEFORE MK) 
71 SENSOR/CODE (AFTER MK) 

72 TIME OF OPT 
75 llHNS.R - t:,.TI - t:,.T2 
76 RAN.GE - R.R - TIME FR OPT 
77 RAN .GE - R.R - THE.TA/P.HI 
76 Y.AW - PIT.CH - OMICR.ON 
81 OV LOCAL VER.T 
82 OVNSR LOCAL VER .T 
84 OVNEX.T - OHNEX.T - tiVTHIR.D 
85 VG CONTROL AXE.S ' 
88 X Y Z P.LANET 
91 PRESENT SHA.FT - T. RUN 
92 COMMAND SHA.FT - T.RUN 
93 TORQUING .ANG 
94 ALT LOS SHA.FT - T.RUN 
95 TIG NCI 



STAH LIST 

00 PLANET 
0 I ALPHEIMTZ 
02 l>IPHl>A 
03 NAVI 
04 ACHEHNAH 
05 POLAHIS 
06 ACAMAH 
07 MENKAI~ 
IO MIHFAK 
I I /\LDEBAIV\N 
12 l~IGEL 
13 CAPELL/\ 
14 CANOPUS 
I 5 Sll~IUS 
16 PHOCYON 
17 HEGOH 
20 DNOCES 
2 I ALPHAl~D 
22 l~EGULUS 
23 DENEBOLA 
24 61ENAH 
25 ACIWX 
2r, s1>1cA 

NOUN CODES 
P5X = N70/71 l~I : SENSOIVSTAH CODE OOCDE C = 0 CSM OPTICS 

27 ALl<A ID 
30 MENl<ENT 
31 AHCTUHUS 
32 ALPHECCA 
33 ANTAl~ES 
34 ATHIA 
35 IMSALHAGUE 
36 VEGA 
37 NUNKI 
40 /\LTAII~ 

41 IMl31H 
42 PE/\COCK 
43 DENEB 
44 ENIF 
45 FOMALHAUT 
46 SUN 
47 EAlnH 

C = I SUN SENSOH (DE = 46) 
C = 2 STAH THl<H (l)E = 04, 14. OH 25) 

N06 OPTIONS : 
P50 

I = AC<i SS 
2 = AC<i SS/ST 
3 = INDEP. SOUHCE 

1>52/4 
I = Pl~EFEl~HED 
2 = NOMINAL 
3 = HEFSMMAT 

P55 
I = IMU /\LI GNED 
2 = IMU NOT ALIGNED 

P20 
0 = HNl>Z (POINT) 
I = CEL 130DY (POINT) 
2 = IWTATE 
4 = l~NDZ (3-AXIS) 
5 = CEL BODY (3-AXIS) 



00107 
00 110 
001 1 3 
00114 
00115 
00116 
001 17 
00 120 
00121 
00205 
00206 
00207 
00210 
0021 1 
00212 
00213 
00214 
00217 
00220 
0040 1 
00402 
00404 * 
00405 
00406 
00421 
00500 

STAR TRACKER OUT OF LIMIT S 
MK REJECT ENTERED & IGNORED 
NO INBITS I CH 16 1 
MORE MKS THAN DESIRED 
V41N91 WITH OPTICS NOT IN CMC 
OPTICS SW MOVED BEFORE 15 SEC 
V41N91 BUT OPTICS NOT READY 
ZERO OPTICS FIRST 
CDUS BAD DURING MK - REPEAT 
PIPA SATURATED 
CANNOT ZERO ICDU - WI TH ALARMS 
NEED 90 SEC FOR ISS TURN ON 
IMU NOT OPERATING 
COARSE ALIGN ERROR > 2 DEG 
PIPA FAIL BUT PIPA NOT IN USE 
IMU NOT ON - TURN ON IMU 
PROGRAM USING IMU 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 MATRfX OVERFLOW 
NOT ENOUGH JETS FOR P / Y (DOCKED} 

0050 1 
00600 
00601 
00602 
00603 
00611 
00777 
0 11 02 
0 1 10 5 
011 06 
01 10 7 
01 301 
0 1407 
0 14 26 
0 14 27 
0 15 20 
01600 
01601 
0170 3 
03777 
0 4777 
0 7777 
10777 
13777 
14 777 
204 30 

ALARM CODES ( V 05N 0 9 ) 

NOT ENOUGH JETS FOR ROLL I DOCKEDI 
FAILURE IN PHASE MATCH ITERATION 
FAILURE IN HEIGHT MANEUVER ITERATION 
FAILURE IN OUTER LOOP ITERATION 
FAILURE IN ORDTPI ITERATION 
NO TIG FOR ELEV ANGLE GIV EN 
I SS WARNING - PIPA FAIL 
CMC SELF TEST ERROR 
DOWNLINK TOO FAS T 
UPLINK TOO FAST 
PHASE TABLE FAIL - ERASABLE BAD 
ARCSIN / ARCCOS INPUT> ONE 
VG INCREASING 
IMU UNSATISFACTORY 
IMU POLARITY REVERSED 
V37 NOT PERMITTED NOW 
OVERFLOW DUR I NG DRIFT TEST 
BAD IMU TORQUE 
INSUF TIME TO INTEG - TIG SLIP 
ISS WARNING - ICDU FAIL 
ISS WARNING - ICDU & PIPA FAIL 
155 WARNING - IMU FAIL 
ISS WARNING - IMU & PIPA FAIL 
ISS WARNING - IMU & ICDU FAI L 
ISS WARNIN G - IMU, ICDU & PIPA FAIL 
ORBITAL INTEGRATION STOPPED 

20607 
21204 
212 06 
21210 
2 1302 
2 1501 
2 1502 
21521 
311 04 
31 20 1 
3120 2 
31 20 3 
31 2 11 
32000 

NOTE : 

NO CON IC SOLUT ION 
NEG OR ZER O WA I TLI ST CALL 
TWO DISPLA YS ATTEMPTED A T ONCE 
TWO PROGRAMS USING AT ONCE 
SORT CALLED WI TH NEG ARGUMENT 
DSKY ALARM DUR I NG I NTERNA L US E 
ILLEGAL FLASHING DISPLAY 
KEYED POI AFTER LIFTOFF 
DELA Y ROUTINE IS BUS Y 
EXEC OVERFLOW - NO VAC AREA S 
EXEC OVERFLOW - NO CORE SET S 
WAITLI ST OVERFLOW - MAN Y TA SK S 
CANNOT INTERRUPT EX TENDED VERB 
DOCKED OAP CYCLES O VERLAP 

00404 * IS A PRIOR ITY A LARM 
2XXXX POODOO - NO RESTART LT - F37 

( AVE G ON OR EXT VERB -
ACTS AS BAILOU T! 

3XXX X BAILOUT - NO RESTART LT -
PROGRAM CONTINUES 



OIJA U N£ OF SIGHT TO !MU STABLE MEMBER TRANSFORMATIONS 

[

X] [co• Al 

: • - • I: AI 
SM 

1ln All [001 AM 
0 t in A M 

COi AI 0 

- 1in A M 

COi AM coa AO 

sin AO 

0 l [co• 32 • 
-1Jn AO 0 

COi AO - ■ in 32• 

1ln 32•] [ cos AS 
0 aln AS 

COi 32• 0 

OUA Boreaighl (Lt.OS) 

zoo 

-sin AS 

COi AS 

• Nominal An1te 32• 31' 23" 

[

xl [co• AI 

: ~ - I i: Al 

sln All [ coo AM -1ln AM 
0 81n AM col AM 

COB Al 0 

where 

coa AO 

ainAO 

0 l l COI 32 • 
-■ in AO 0 

coa AO -aln 32• 

AI, AM 11 nd AO are lhe inner, middle. and outer glmbal :mgles as indicated by the CMC 

AS and AT ar e the SXT LOS 1hart and trunnion angles 

''" 32 •] [ <OS AS sin AT] 
0 s in AS sin AT 

coa 32 • cOs AT 

1lnATJ [ O l 
cosOAT St~ 



SXT FIELD OF VIEW 

DRIVE RATES 

TRUNNION SHAFT 

HI 10.0 DEG/5 19.5 OEG/S -~-
MED 1.0 DEG/S 2.0DEG/S 

I 

LO 0.1 DEGIS 0,2D~G/5 
MIN 25 SEC/S 50 SEC/S 
CMC 3.6 DEG'S 15.I DEG'S 

RETICLE ROTATION WITH ---z_ _____..,..~ ~-­
OPTICS HAND CONTROLLER 
FULL RIGt-<T (MANUAL DIRECT 
MOOE) 

SXT LOS MECHANICAL LIMITS 

--- 1.8 DEG - -----.1 

TRUNNION O(OJ-10) TO 90(10)0) DEG 
SHAFT 270(0, -10) TO -270(-10)0) DEG 
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SXT VACUUM RETICLE 

f 50 SEC 

I 

I<--- SMIN'----11 

,._.._.,.___75SEC 

SCT RETICLE 

... 

f----'-->----'-- : -~ + +. +-,,-,..._._ _ _,__..__~ 

r 6.25 SEC 

E
60MIN 

..._ X>MIN I ~ MIN 

-'­I f
llOSEC 

RETICLE CENTER 

T 
◄ MIN 

IOSEC 

l 
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TYPICAL IMU TEMPERATURE 

PIPA Temperature After Coolant Loss 

CM Typical 

J 
~/ 

/ 
20 40 60 80 100 120 

Time (minutes) 

PIPA Temperature After Power Loss 
Coolant Normal -Typical 

90 O 20 40 60 80 100 120 140 160 180 

• 
• 
• 
• 
• 

Time (minutes) 

NOMINAL PARAMETERS 

PIPA Temperature-130 ± 1. 5°F 

Low Temperature Alarm -126 ± 2. 5°F (PIPA Temperature) 

High Temperature Alarm -135 ± 2. 5°F (PIPA Temperature) 
+5 

Safety Thermostat Opens -140 _
2 

° F (PIPA Temperature) 

Safety Thermostat Hysteresis - 2 - 5 ° F 



HW-72 

TYPICAL HEADER TEMPERATURES AFTER 
COOLANT LOSS 

.,.... 120 
~ 

.,.... 120 
~ 

120 

120 

20 

20 

CM 

40 60 80 100 120 
Time (minutes) 

Time (minutes) 

CDU at 4 Vdc Power Supply 

40 60 80 100 120 

Time (minutes) 

I 
CMC at +14 Vdc Supply 

f l00l-- -+---+---+--+---+--+-­
E 
"' 1-, 

~ 80t--- +-- ----cla,,..-,,:::...+------1c---+---+-­
S 
~ 

20 40 60 80 100 120 

Time (minutes) 
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ISS WARNING LIGHT 

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. 

In 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 IMU CDU Zero is commanded by the astronaut for a period of 
8.22 seconds (CSM) . 

The IMU CDU FAIL is inhibited: 

• During ·the ISS turn-on period . 

• When IMU CDU Zero is commanded by the astronaut for a period of 
8.22 seconds (CSM) . 

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 PIPA 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 

• IG or MG or OG servo error> 3 Vrms (0.166°) for 2 seconds. This is a 3,200 Hz 
signal and is detected at the input to the respective servo amplifiers (see page 
HW-23) . 

• 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 IMU 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-37). 

• IG or MG or OG fine error > 1 Vrms (0 - 1/1 >o.7°). This is an 800 Hz signal and is detected at the output of the main summing amplifier (see page HW-40). 

• IG or MG or OG read counter limit cycle > 160 Hz. This signal is detected from the 
upline output of the read counter up-<:town counter (see page HW-35) . 

• IG or MG or OG cos(0 - 1/1) < 2 Vrms. This is an 800 Hz signal and is detected at 
the output of the ladder amplifier (see page HW-40). 

• +14 Vdc CDU power supply < +8 Vdc. This signal is detected at the output of the 
power supply. 

0 - gimbal resolver angle 
1/1 - CDU read counter angle 
Error code for IMU CDU FAIL 

PIPA FAIL 

• No PIPA pulses for 312 microseconds. 

• "+"and"-" PIPA pulses occurring simultaneously. 

• No "+" and " -" pulses for 1.28 to 3.84 seconds. 

OPTICS CDU FAIL 

Same as IMU CDU FAIL with the exception that there is no coarse error signal. 
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AGC WARNING 

The AGC Warning light will be turned on as a result of the following: 

• Scalar Failure 
• Scalar Double Failure 
• AGC Power Failure 
• AGC Counter Failure 
• AGC V FAIL (STANDBY) 
• AGC Restart (Hardware) 

In addition, the Pulse Torque Power Supply Inhibit is generated every time an AGC Warning Is 
generated. The effect Is to open up the accelerometer loops and prevent any pulse torquing ot gyros. 

Scalar Failure 

Occurs if Stage 17 of the scaler fails to produce pulses. This is the 1. 28 second period scalar 
stage and thus a check of timing for all alarms. This failure causes Immediate turn on of the AGC 
Warning light. 

Scalar Double Failure 

Occurs if the 100 pulse per second stage (. 010 second period) operates at 200 pps. This provides 
a check on the scalar stability. 

AGC Power Failure 

Occurs when the prime +28 VDC power to the computer Is lost. This failure causes an immediate 
turn on of the AGC Warning light. 

Counter Failure 

Occurs if counter Increments happen too frequently or else fail to happen following an increment/de­
crement request. "Too frequently" means continuous counter requests and/or incrementing from 
. 625 to 1. 875 milliseconds. 

Examples of counters are: 

AGC input/output, (Time 1 and Time 2), ±CDU X, Y, Z, PIPA X, Y, Z, 
shaft and trunnion angles. 

AGC Voltage FAIL (STANDBY) 

The occurrence of a Voltage Failure while the computer is in the STANDBY mode will cause the 
AGC Warning light to be turned on. The causes of a Voltage Failure are given below in the RESTART 
section. 

RESTARTS 

A RESTART (hardware) and subsequent AGC Warning is generated for the following alarms: 

• Oscillator Failure 
• Transfer Control (TC) Trap 
• Parity Alarm 
• Nlghtwatchman Fail 
• Interrupt (RUPT) Lock 
• Voltage Fail 

The REST ART Inhibits access to memory temporarily and then transfers control to address 4000. 
This address Is the beginning of the RESTART program and processing continues from this point. 

In general, the programmer has chosen some particular point in a program to resume operation 
after a RESTART and operation continues with only small inconsequential losses of Information. 
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Oscillator Fail 

Occurs if loss of oscillator or 1.024 MHz square wave happens. In addition a logic circuit insures 
a RESTART condition for a 250 millisecond interval upon transferring from STANDBY to OPERATE. 

Transfer Control (TC) Trap 

Occurs if too many or too few TC instructions are requested. The period for "too many" or ''too 
few" is from 5 to 15 milliseconds in duration. 

Parity Alarm 

Occurs if any accessed word in fixed or erasable memory whose address in 108 or greater con­
tains an even number of "ones." All locations of 108 or greater are stored in fixed or erasable 
memory with odd parity. 

Nightwatchman Fail 

Occurs if the computer should fail to access address 67 within a period whose duration varies from 
O. 64 to 1. 92 seconds. 

Nightwatchman assures that the computer is still operating during an extended idle period and is 
not tied up in some interrupt loop. 

Interrupt (RUPT) Lock 

Occurs if an interrupt is either ' 'too long" or ''too infrequent." The time period for "too long" or 
"too infrequent" varies from 140 milliseconds to 320 milliseconds. 

Voltage Fail 

Occurs if the AGC voltages (+28, +14, or +4 VDC) are out of limits for 157 to 470 microseconds. 

These limits are: 

• +28 VDC supply < 20. 0 ± 0. 3 Vdc 

• +16 VDC < +14 VDC supply > +12. 5 VDC 

• +4. 4 VDC < +4 VDC supply > +3. 65 VDC 

When the computer is in the OPERATE mode a RESTART is generated for Voltage Fails. If the 
Computer is in the STANDBY mode, the Voltage Fail is processed through the warning filter to 
turn on the AGC Warning light. 

All of the AGC Warning signals with the exception of Scalar failure or a prime power (+28 VDC) 
failure are processed through a buffer filter that prevents momentary transients from generating 
failures. 

The filter operates such that an output will occur if input pulses occur at a rate of greater than 
O. 9 pps or 6 consecutive stretched (160 milliseconds) pulses occur or a single event longer than 
. 960 seconds, then the AGC Warning lasts for a minimum of 5 seconds. 

V35E - Test Lights 

The computer has a test light routine, called by V35E, that tests all the lights on the DSKY. All 
"B 's" and "+" signs are displayed along with each light turned on for 5 seconds minimum. 

After the 5 seconds are completed, the lights are turned off. Note that this verb also turns off the 
Pulse Torque Power Supply which then causes the PIPA loops to open for approximately 5 seconds. 
This should be avoided if possible. The routine can be called when ISS operate is not on. 
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