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SATELLITE ORBIT (SL-1) 

SATELLITE ORBIT DURATION 

SATELLITE ORBIT RATE 

234 x 234 nmi 

1 h 33 min 12 s 

3.86 deg/min 
~---------------------------------

V C (SURFACE) 

I.E. (ii"" 
vc •YR 

ESCAPE VELOCITY 
(SURFACE) 

ONE DEGREE ON SURFACE 

p. 

RADIUS 

MASS 

SURFACE GRAVITY 

7, 905.4 mis 

25, 936. 0 ft/s 

15,356.7 nmi/h 

11,027 mis 

36, 178 ft/s 

21,421 nmi/h 

60 nmi 

0. 3986032 x 1015 m3 /s 2 

6,378,165 m 
20, 925, 738 ft 

3, 444 nmi 
24 5. 975 x 10 kg 

32.14 ft/s 2 

~------------------------ - - --------
ORB IT CHARACTERISTICS 

SEMI MAJOR AXIS 

ECCENTRICITY 

MEAN VELOCITY 

PERIOD 

INCLINATION 

EARTH ABOUT SUN 

1.496 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 
----------------------- -----------

p. SUN 
1 METER 

1 ARC-SEC 

0. 132715445 x 10
21 m3is 2 

3, 2808 ft 
-4 

5.3961 x 10 nmi 
-4 

= 6. 2137 X 10 m 
-6 4. 8481 x 10 rad 
-4 

2. 7778 x 10 deg 

1 meru 

1 cm/sec2 

7. 292115 x 1f8 rad/s 

4.178 x 1f6 deg/s 

2. 507 x 1f4 arc-minis 

• 0. 01504 arc-sec/s 

3. 281 X 10-2 ft/s 2 

-3 
1.0197 X 10 g 



GUIDANCE AND 
NAVIGATION SUMMARY 

CM SOFTWARE 

ASPO 45 CRT DISPLAYS 

LAUNCH AND BURN SCHEDULES 

BURN PERTURBATIONS 

DIGITAL AUTOPILOT 

SCIENCE 

INTERFACES 

HARDWARE 
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CM/SM CONFIGURATION 

Command Module 

RCS Engines 

Docking Ring 

Probe Assembly 

:'] 
o [o ] tch o 

-----&=lX AO 

Yaw 

z UM] 

ECS Radiator 
CM to SM Umbilical 

VHF Scimitar Antenna 

High Gain Antenna 



ORBITAL ASSEMBLY CONFIGURATION 

+X 

COMMAND 
SERVICE MODULE 
CCSMl 

MULTIPLE DOCKING ADAPTER 
(MDAl 

AIRLOCK MODULE 
CAM) 

FIXED AIRLOCK SHROUD 
(FAS) 

SWSCSATURN WORKSHO l = CM'S/AM/MOA/ATM 
OACORBITAL ASSEMBLY!= CSM SWS 

APOLLO TELESCOPE MOUNT 
<ATM) 

INSTRUMENT 
UNIT (IU) 

OA LENGTH 
OWS SAS WING SPAN 
ATM SAS WING SPAN 

116.2 FT 
93 FT 
98 FT 



CSM-Y CSM ~ 

A~XIS -ZAXI\LL 

CSM 
-X AXIS TCH 

+Y 

CSM CSM 
-z AXIS +Y AXIS 

CSM/SWS DOCK ING ALIGNMENT 

CllWMDI Of'TICAL 
.MIGNMOff SIGHT 

ows 
+Z AXIS 

CSM CSM 
-Y 

ows 
+Y AXIS 

+ 
OWS +Y AXIS 

-z AXIS 
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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 
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CM DSKY 

,UPLINK ACTY Light 

1. Is energized by the first character of a digital UPLINK message received by the AGC. If 
the light Is not extinguished by the UPLINK transmission it should be extinguished by the 
crew use of RSET or KEY REL buttons when the UPLINK transmission Is complete. 

2. Is energized during the Rendezvous Navigation program (P20) when the Tracking Attitude 
routine (R61) detects that a gimbal angle or pointing angle change of greater than 10 de
grees is required to align the CSM to the desired attitude and that the V50 Nl8 flag is 
not set. 

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

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

KEY REL Light 

1. Energized when: 

a. An internal display comes up while astronaut has the DSKY. 

b. An astronaut keystroke Is made when an internal flashing display is currently on 
the DSKY. (Note four exceptions: PRO (Proceed), RSET (reset), ENTR (enter), 
and if ENTR is pushed as a single button response to a flashing display. ) 

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

2. Deenergized when: 

a . Astronaut relinquishes DSKY by hitting KEY REL button. 

b. Astronaut terminates his current sequence normally, for example, 

(1) With final ENTR of a load sequence. 

(2) The ENTR of a response to a flashing display. 

(3) The ENTR of an extended verb request. 

3. Some special DSKY cases that may not be universally appreciated are: 

a. The astronaut may select a non-Monitor Verb display on top of his own previously 
selected Monitor Verb. This will cause KEY REL light to flash (See 1 (c) above). 
Hitting the KEY REL button will bring back (unsuspend) the monitor and extinguish 
the light. However, if these sequences are selected on top of an internal display, 
the KEY REL light will not go out as the monitor is unsuspended. It requires one 
more KEY REL button operation to extinguish the light and bring back the internal 
display. 

b. Suppose the astronaut selects another verb-noun combination (e.g. a Vl6 monitor) 
on top of an internal flashing display. That internal display can still be answered 
with a PRO or VERB 34 ENTR (terminate), which wjpes everything from the DSKY 
till the next internal display. Therefore, an astronaut selected monitor should, as a 
rule, never be terminated with VERB 34 ENTR, because that may not be the de
sired response to the flashing display. The KEY REL button should be used instead. 

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

TEMP Light - The AGC receives a signal from the IMU when the stable member temperature is 
in the range 126. 3° F to 134. 3° F. In the absence of this signal, the TEMP light on the DSKY is 
actuated. 

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

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

RESTART Light - In the event of a REST ART during operation of a program, a latch is set in the 
AGC which maintains the RESTART light on the DSKY until the latch is manually reset by press
ing RSET. 
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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 ls missing. 

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

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

COMP ACTY Light - is energized when the AGC ls 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 tlD 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 CPR ERR light ls energized. 

7. ENTR - ls 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. 

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



PHASE 

Pre-
launch 
and 
Service 

Boost 

Coast 

Pre
thrusting 

Thrusting 

Alignment 

Entry 

Post
thrusting 
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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 

ATM Orientation Determination 
IMU Orientation Determination 
IMU Realign 
Backup IMU Orientation Determination 
Backup IMU Realign 
ATM Star Tracker Gimbal Angle 

Entry - Preparation 
Entry - CM/SM Separation and Preentry Maneuver 
Entry - Initialization 
Entry- Posto. 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 
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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. 1 
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 



CM-6 

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 WAITLlST 
32 Recycle program 
33 Proceed without DSKY Inputs 
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 (RU4) 
45 activate Docked OAP 
46 Activate CSM DAP 
47 Move OWS state vector into CM state vector 
48 Request DAP Data Load routine (R03) 
49 Request crew defined maneuver Routine (R62) 
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LIST OF VERBS USED IN PROGRAM SKYLARK 

50 Please perform 
51 Please mark 
52 $pare 
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 DAP Data Load routine 
60 Set astronaut total attitude (Nl 7) to present attitude 
61 Display DAP following attitude errors (Mode l) 
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 lnitlallze erasable dump via DOWNLINK 
7 5 Backup l!ftoff 
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 OWS state vector update 
81 Enable CSM state vector update 
82 Request Orbit Parameter display (R30) 
83 Request Rendezvous Parameter display No. l (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 $pare 
95 Spare 
96 Terminate integration and go to P00 
97 Please perform engine-fail (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) 

Speclr.f 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 

14 

15 

16 

17 

First 
Second 
Last 

Channel to be specified 

TIG of NCC 

Optien code (extended verbs only) 

TIG of NSR 

Star Tracker Azimuth 
Elevation 

Increment address 

Time of event (used by extended verbs on!Y) 

Astronaut total attitude R 
p 
y 

• XXXXX fractional 
• XXXXX fractional 
• XXXXX fractional 

XXXXX. integer 
XXXXX. integer 
XXXXX. integer 

XXX,XX deg 
XXX,XXdeg 
XXX.XX deg 

XXX.XX deg 
XXX,XXdeg 
XXX.XXdeg 

XXX.XX deg 
XXX.XX deg 

Octal 
Octal 

Octal 
Octal 
Octal 

Octal 
Octal 
Octal 

Octal 
Octal 
Octal 

Octal 

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

Octal 
Octal 

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

XXXXX. arc-min 
XXXXX, arc-min 

Octal 

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

XXX,XX deg 
XXX.XX deg 
XXX.XXdeg 



CM-9 

LIST OF NOUNS USED IN PROGRAM SKYLARK 

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

19 Star Tracker Azimuth XXXXX Octal 
(use verb 04 to display) XXXXX Octal 

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

23 Nav Base to ATM Euler angles XXX.XX deg 
XXX.XX deg 
XXX.X:Xdeg 

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

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

Octal 
Octal 

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

000XX. min 
oxx.xx S 

29 XSM launch azimuth XXX.XX deg 
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 (GETI) 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 Time of ignition (TPI) 

38 Time of state being integrated 

39 TIG of Last Maneuver 

40 * Time from ignition/ cutoff (TFI/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 burn 
Middle gimbal angle 

46 DAP configuration 

47 CSM weight 
Other vehicle weight 

48 Gimbal pitch trim 
Gimbal 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 8 

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

XXX.XXdeg 
XX.XXXdeg 

XXXX.Xnmi 
XXXX.Xnmi 
XXXX.Xft/ s 

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

XXXX.Xnmi 
XXXX.Xnmi 
XXbXXmin/ s 

XXbXXmarks 
XXbXXmln/s 
XXX.XX deg 

Octal 
Octal 

XXXXX. lbs 
XXXXX. lbs 

XXX.XX deg 
XXX.XX deg 

XXX.XX nmi 
XXXX.X ft/ s 
oooox. 
XXXX.Xnmi 
XXXX.Xnmi 
XXbXXmln/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 
Range rate XXXX.X ft/s 
Theta XXX.XXdeg 

55 Perigee code oooox. 
Elevation angle XXX.XX deg 

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.x nm! 
Delta alt NSR XXXX.Xnmi 

58 Delta V ('!'PI) XXXX.X ft/s 
Delta V ('!'PF) XXXX.Xft/s 
Delta time ('!'PI - NOMTPI) XXbXX min/s 

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

60 GMAX xxx.xx g 
VPRED XXXXX. ft/s 
GAMMA 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 XXbXX min/s 

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

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

0XX.XX s 

66 Commanded bank angle XXX.XX deg 
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.XX deg 
Inertial velocity XXXXX. ft/s 
Altitude rate XXXXX. ft/s 

69 Commanded bank angle XXX,XX deg 
Drag level XXX.XXg 
Exit velocity XXXXX. ft/s 

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



70 

71 

72 

73 

74 

75* 

76 

77 

78 

79 

80* 

81 

82 

83 

84 

85 

86 

87 

88 

CM-12 

LIST OF NOUNS USED IN PROGRAM SKYLARK 

Sighting Source/Celestial Body Code /Before mark) 

Sighting Source/ Celestial Body Code (After mark) 

Time of R27-VHR Range 
Rate mark processing optimization 

Altitude 
Velocity 
Flight path angle 

Commanded bank angle 
Inertial velocity 
Drag acceleration 

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

Current R2 7 range 
Current R27 range rate 
Time from R27 optimization 

R27 Range 
R2 7 Range rate 
R27 Theta/ Phi/ Code 

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

P20 rotation rate 
P20 deadband 

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

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

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

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

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

VGX (body 
VGY (body) 
VGZ (body) 

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

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

Celestial body unit vector 

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

Octal 

Octal 

00XXX h 
00XX. min 
oxx.xx s 

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

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

xxxx.x nmi 
XXbXX min 1s 
XXbXX min1s 

XXX.XX nmi 
XXXX. X ft/ s 
XXbXX min i s 

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

XXX.XX deg 
XXX.XXdeg 
XXX.XX deg 

X. XXXX deg/ s 
XXX.XXdeg 

XXbXX mini s 
XXXXX. ft / s 
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 / a 
xxxx.x ft/ a 
XXXX.X ft/ a 

XXXXX. ft l s 
XXXXX. ft/ s xxxxx. ft / S 

Octal 
Octal 
Octal 

x.xxxxx 
Y.XXXXX 
z.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 (OWS) XXXX.X ft/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.XXXdeg 
z XX.XXXdeg 

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

95 TIG of NCl 00XXX h 
000XX. m 
0XX.XX s 

96 Y (CSM) XXX.XXnmi 
YDOT (CSM) XXXX.X ft/s 
YDOT (OWS) XXXX.X ft/ s 

97 System test inputs XXJOCK. 
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 PROORAM 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 ZERO ED 
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 gimbal 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 self-test error 
Downlink too fast 
Uplink too fast 
Phase table failure; assume erasable memory 
is destroyed 
ARCSIN-ARCCOS argument too large 
VG increasing 

**IMU unsatisfactory 
**IMU reversed 

V37 request not permitted at this time 
Overflow in Drift 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, T4RUPT 
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 Preal!gnment 
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, PIP A 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 
31202 Executive overflow - no core sets available 
31203 WAITLIST overflow - too many tasks 
31211 Illegal Interrupt of Extended Verb 
32000 Jask Interrupting the preceding Jask 
2XXXX Indicates a go-to-routine 00 type abort. 
3XXXX - Indicates a bailout type abort. 

Note: For V05 N09 Displays: 
Rl - XXXXX (first alarm to occur after last reset). 
R2 - XXXXX (second alarm to occur after last reset) 
R3 - XXXXX (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 
EXECUTIVE 
EXECUTIVE 
EXECUTIVE 
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/ N12 
FOR PROGRAM SKYLARK 

(The specified option codes will be displayed In Rl in conjunction with Flashing 
V04 N06/ N12 to request the astronaut to load into R2 the option he desired.) 

CODE PURPOSE 

0001 Specify IMU orientation 

0002 Specify vehicle 

0004 Specify FULTKFLG 
setting 

00012 Specify P50 option 

00013 Specify P55 option 

00024 Specify P20 mode 

INPUT FOR R2 

1 = preferred, 2 = nominal 
3 =REFSMMAT 
1 = this vehicle 
2 = other vehicle 
0 = Full, VHF and optics 
1 = Partial, VHF or optics 
1 = ATM sun sensor 
2 = ATM sun sensor and 

star tracker 
3 = ATM angles from 

separate source 
1 = Celestial body and IMU 

orientation 
2 = Celestial body, optics mark 

and solar Inertial 
O = Rendezvous, (Vecpoint) 
1 = Celestial body, (Vecpoint) 
2 = Rotate 
4 = Rendezvous, (3-axis) 
5 = Celestial body, (3-axis) 

PROGRAMS 

P52, P54 

P21, R30, P29 

P20 

P50 

P55 

P20 

LIST OF CHECKLIST REFERENCE CODES USED WITH V50N25 
FOR PROGRAM SKYLARK 

CODE 

00013 
00014 
00015 

00016 

00017 

00020 

00041 

00062 
00204 

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 
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FLAGWORD BIT ASSIGNMENTS (ALPHABETICAL) 
FOR SKYLARK 

APSESW FWB B5 NCINTFLG FW0 B2 
ASTNFLAG FW7 B12 NCLPFLG FWl B9 
ATMFLAG FW0 Bll NC12FLG FW0 B5 
ATTCHFLG FW7 B2 NEEDLFLG FW0 B9 
AUTOSEQ FWl0 B7 NEWIFLG FWB B13 
AVEGFLAG FWl Bl NEWTFLAG FW5 Bl0 
AVEMIDSW FW9 Bl NJETSFLG FWl B15 
AZIMFLAG FWll BB NODOFLAG FW2 Bl 
CALCMAN2 FW2 B2 NODOP0l FWl B12 
CMDAPARM FW6 B12 NORMSW FW7 Bl0 
CM/ DSTBY FW6 B2 NOSWITCH FW6 B7 
COGAFLAG FWB B4 NOUNFLG FWll Bl0 
CULTFLAG FW3 B7 NRMIDFLG FW4 B13 
CYCLFLAG FWll Bll NRMNVFLG FW4 BB 
CYC61FLG FW0 B4 NRUPTFLG FW4 B4 
DAPB!Tl FW6 B15 NWAITFLG FW4 Bl0 
DAPBIT2 FW6 B14 N22ORN17 FW9 B6 
DIM0FLAG FW3 Bl N77FLAG FWll B9 
DRIFTFLG FW2 Bl5 ORDERSW FWB B6 
DSKYFLAG FW5 B15 PCFLAG FWl0 Bl 
EGSW FW6 BB PCMANFLG FWl0 Bl5 
ENG2FLAG FWl Bll PDSPFLAG FW4 B12 
ENGONFLG FW5 B7 PFRATFLG FW2 B4 
ENTRYDSP FW6 B13 PINBRFLG FW4 B6 
ERADFLAG FWl B13 POOFLAG FW3 B9 
ETPIFLAG FW2 B7 PRECIFLG FW3 BB 
EXTRANGE FWl0 B9 PRIODFLG FW4 B14 
FINALFLG FW2 B6 PRONVFLG FW4 B7 
FIRSTFLG FW2 B7 PTV93FLG FWl0 B4 
FlXFLAG FWll B7 P21FLAG FW2 B12 
FREEFLAG FW0 B3 P25FLAG FWll B4 
FULTKFLG FWl0 B2 P29FLAG FW0 Bl 
GAMDIFSW FW6 Bll P35FLAG FWl0 BB 
GLOKFAIL FW3 B14 P4BFLAG FWll B5 
GONEBY FW7 BB P50FLAG FW0 Bl0 
GONEPAST FW6 Bl0 P50.1FLG FW0 B12 
GRRBKFLG FW5 B5 P55.1FLG FW0 B13 
GUESSW FWl B2 QUITFLAG FW9 B5 
GYMDIFSW FW6 Bl REFSMFLG FW3 B13 
HDSUPFLG FWl0 Bll REINTFLG FWl0 B13 
HIND FW6 B6 REJCTFLG FWl0 B12 
IDLEFAIL FWl B6 RELVELSW FW6 B9 
IGNFLAG FW7 B13 RENDWFLG FW5 Bl 
IMPULSW FW2 B9 REVFLAG FW2 B5 
!MUSE FW0 BB RNDVZFLG FW0 B7 
INCORFLG FW5 Bll RVSW FW7 B9 
INFINFLG FWB B7 R21MARK FW2 Bl4 
INRLSW FW6 B5 R22CAFLU FW9 B7 
INTFLAG FWl0 Bl4 R27FLAG FWll B12 
INTYPFLG FW3 B4 R27UP1 FWll Bl 
ITERFLG FW2 B13 R27UP2 FWll B2 
ITSWICH FW7 B14 R31FLAG FW9 B4 
JSWITCH FW0 B14 R53FLAG FW0 B6 
LATSW FW6 B4 R67FLAG FWB B2 
MANEUFLG FWl0 B5 SBFLAG FW2 B3 
MARKFLG FWl B4 SKIPVHF FW2 Bl0 
MAXDBFLG FW9 B12 SLOPESW FWl B3 
MIDlFLAG FW9 B3 SNAPFLAG FWll B6 
MIDAVFLG FW9 B2 SOLNSW FW5 B3 
MKOVFLAG FW4 B3 SOURCFLG FW9 BB 
MRKIDFLG FW4 B15 STATEFLG FW3 B5 
MRKNVFLG FW4 B9 STEERSW FW2 Bll 
MRUPTFLG FW4 B5 STIKFLAG FWl B14 
MWAITFLG FW4 Bll 



STRULLSW 
SWTOVER 
TARGlFLG 
TCOMPFLG 
TDFLAG 
TERMIFLG 
TFFSW 
TIMRFLAG 
TPIMNFLG 
TRACKFLG 
UPDATFLG 
UPLOCKFL 
UTFLAG 
VEHUPFLG 
VERIFLAG 
VFLAG 

CM-lB 

FLAGWORD BIT ASSIGNMENTS(ALPHABETICAL) 
FOR SKYLARK 

FW6 
FW9 
FWl 
FWl0 
FWll 
FW7 
FW7 
FW7 
FWl0 
FWl 
FWl 
FW7 
FWB 
FWl 
FW7 
FW3 

B13 
B15 
Bl0 
B6 
B3 
B15 
Bl 
Bll 
B3 
B5 
B7 
B4 
B9 
BB 
B3 
Bl0 

VHFRFLAG 
VINTFLAG 
VNFLAG 
V37FLAG 
V50NlBFL 
V96ONFLG 
XDELVFLG 
XDSPFLAG 
.05GSW 
360SW 
3AXISFLG 
45/ 46FLG 
500**FLG 
501**FLG 

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

B9 
B3 
B2 
B6 
Bl5 
B3 
BB 
Bl 
B3 
Bl 
B6 
B6 
Bl2 
Bll 
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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 V51 Initiated V51 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 ATMFLAG ATM mark sighting enabled. ATM mark sighting not enabled. 

12 P50.1FLG Option = 1 in P50. Option not = 1 in P50 

13 P55.1FLG Option = 1 in P 55. Option not = 1 In P55. 

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

15 Not used. 

(FLAGWORD 1) E Address 75 

Bit Name 1 0 

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 Falsl 
method in Iterator. 

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

5 TRACKFLG Tracking allowed. Tracking not allowed. 

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

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

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

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

10 TARGlFLG Sighting OWS Not sighting OWS 

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 Tw0- jet RCS burn. Four-jet RCS burn. 
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FLAGWORD BIT ASSIGNMENTS FOR SKYLARK 

(FLAGWORD 2) E Address 76 

Bit Name 1 0 
1 NODOFLAG V37 not permitted. V37 permitted. 
2 CALCMAN2 Perform maneuver starting procedure. Bypass starting procedure. 
3 SBFLAG Perform complex short burn logic. Perform simple short burn 

logic if burn <1 sec. 
4 PFRATFLG Preferred attitude computed. Preferred attitude not 

computed. 
5 REVFLAG Compute matrix in GET. LVC. Compute matrix and vector 

in GET.LVC. 
6 FINALFLG Last pass through rendezvous program Interim pass through 

computations. rendezvous program 
computations. 

7 FIRSTFLG First pass through S40. 9 Succeeding pass through S40. 
ETPIFLAG Elevation angle supplied for P35. TPI time supplied for P35. 

8 XDELVFLG External Delta V VG computation. Lambert AIMPOINT VG 
computation. 

9 IMPULSW Minimum impulse burn (cutoff time Steering burn ( no cutoff 
specified). time yet available). 

10 SKIPVHF Disregard radar read because of software Radar read to proceed 
or hardware RESTART. normally. 

11 STEERSW Steering to be done (P40). Steering omitted (P40) . 
12 P21FLAG Succeeding pass through P21, use base First pass through P21, 

vector for calculation. calculate base vector. 
13 ITERFLG 15 iterations have occurred in ITER. 15 iterations have not occur-

ed in ITER. 
14 R21MARK Rendezvous optics marking enabled. Rendezvous optics marking 

disabled. 
15 DRIFTFLG T3RUPT calls gyro compensation. T3RUPT does no gyro 

compensation. 
(FLAGWORD 3) E Address 77 

Bit Name 1 0 
1 DIMOFLAG W matrix is to be used. W matrix is not to be used. 
2 Not used 

3 VINTFLAG CSM state vector being integrated. OWS state vector being 
integrated. 

4 INTYPFLG Conic integration. Encke integration. 
5 STATEFLG Permanent state vector being updated. Permanent state vector not 

being updated. 
6 45/ 46FLG V 45 was last DAP turn on extended verb. V46 was last DAP turn on 

extended verb. 
7 CULTFLAG Star occulted. Star not 9cculted. 
8 PRECIFLG Precision Integration being done. Periodic integration enabled. 
9 POOFLAG Periodic Integration is being done. Periodic integration is not 

being done. 
10 VFLAG Less than two stars in the field of view. Two stars in the field of view. 
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FLAGWORD BIT ASSIGNMENTS FOR SKYLARK 

(FLAGWORD 3) (Continued) 

Bit Name 1 

11 501 **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 V50N18FL 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 Astronaut 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 

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 ls reset 
in R04. 

REFSMMAT no good. 

Desired middle gimbal angle 
ls 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. 

Astronaut has not interfered 
with existing display. 

Astronaut not using keyboard 
when priority display initiated. 

Astronaut not using keyboard 
when normal display initiated. 

Astronaut not using keyboard 
when mark display initiated. 

No higher priority display 
operating when normal 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 

1 

Maneuver specified by three axes. 

Engine turn 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. 

GONEPAST 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 (VEC POINT). 

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 V960NFLG 

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. 

P0O 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. 

Compute final state vector In 
time-theta. 

Lambert computes its own 
unit normal. 

CLOKTASK inoperative. 

Astronaut has not OKed 
ignition. 

TIG has not arrived. 

Test Lambert answer 
against limits. 

Do not terminate R52. 

0 

Transfer angle not near 360 
degrees. 

R67 rotation inactive. 

P0O 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 O 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 

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

Integration entered from one of MIDTOAV 
portals. 

Integrate to TDEC. 

R31 selected (V83). 

Terminate and exit from integration. 

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

R22 is processing an optics mark. 

Source of jnput 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 l 

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 jnput 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 

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 AZIMFLAG 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 P4 8 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 

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

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 ISS has been turned on or commanded to be 
turned on) 

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

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

11 Last sampled value of Channel 30 Bit 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 !:as been lJroduced) 
having the same value as Bit 13 of IMODES33. 

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

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

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 015208 is generated. 

5 Bit is set to 1 to inhibit the generation of program alarm 02128 if a PIPA fail signal (Bit 13 
of Channel 33) is produced. 

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

3 Bit is set to 1 to inhibit generation of an ISS 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 IMU turn-on (alarm 
02078 is also generated). 

1 Bit is set to 1 to inhibit generation of an ISS warning based on receipt of a PIPA fail signal 
(Bit 13 of Channel 33). 
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FLAGWORD BIT ASSIGNMENTS FOlt 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 ls 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'1 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 01205 ls generated (but computation proceeds). 

9 Not assigned. 

8 Not assigned. 

7 Last sampled value of Channel 30, Bit 7 (0 If an optics CDU fall 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 Ls 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, Blt 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 ls 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 ls 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 and 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 0 
if the rate damping on the roll axis has been completed. 

12 Bit is set to 1 if the rate damping has not bee completed on the pitch axis. Bit ls reset to O 
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 auto
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 
auto- 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 auto
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. 

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 

O or 4 
1 
2 
3 
5 
6 
7 

D VALUE 

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 orerride 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 15-13 12-10 9-7 6-4 3-1 
~ONFIG~ ~-X~T-A~C~~-XT~B-D-~D-B-~-R~A~T-E~ 

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 

0 No BD 
1 Use BD 

6-4 DB: Deadband 

0 ± O. 5 degree 
1 ± 5. O degrees 

3-1 RATE: Response to RHC, automatic maneuvers 

0 0.05 d,.gree/second 
1 O. 2 degree/ second 
2 O. 5 degree/ second 
3 2 . 0 degreP~/second 

• Not to be used for Skylark 

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

R2 of Noun 46. 

Bits 15-13 
I AC-Roll 

12-10 9-7 6-4 3- 1 
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 , o Quad Failed 
3-l 1 Quad OK 
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FLAGWORD BIT ASSIGNMENTS FOR SKYLARK 

DAPDATR3, a Oagword for Docked DAP interfaces. E Address 03070. 
Rl of Noun 87 

Bits 15-13 
I 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 1:\\0 quads for roll 

0 BD preferred 
1 AC preferred 

X Translation usln~ Quads AC 

0 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 

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

CH5FAIL. a flag specifying channel 5 Jets to be inhibited. E Address 3071 
R2 of Noun 87 

Bits 8 7 6 5 4 3 2 
octal I B-4 I :e::a 12:::1 D-3 A-4 A-3 I C-4 C-3 I 
value 00200 00100 00040 00020 00010 00004 00002 00001 

0 = use specified Jet 
1 = Inhibit specified jet 

CH6FAIL, a flag specifying channel 6 jets to be inhibited. E Address 30 72 

R3 of Noun 87 

Bits 8 7 6 5 4 3 2 1 
octal 
value 

! C-2 ! C-1 ! A-2 ! A-1 ! D-2 ! D-1 ! B-2 ! B-1 
00200 00100 00040 00020 00010 00004 00002 00001 

O a use specified jet 
1 "' inhibit specified jet. 
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CHANNEL BIT ASSIGNMENTS 

INPUT CHANNEL 3 

Bits 1-14 Contalns the HIGH ORDER SCALER: 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. 

BIT 

1 

JET DESIGNATION 
SM QUAD NO. / CM RING NO. 

OUTPUT CHANNEL 5 

SM COMMAND 
TRANS/ ROT DOCKED DAP 

(Torque Couples Only) {RCS DAP) 

2 
3 
4 
5 
6 
7 
8 

BIT 

1 
2 
3 
4 
5 
6 
7 
8 

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 

JET DESIGNATION 
SM QUAD NO./CMRING NO. 

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

+x/+P 
-x/~P 
-x/+P 
+x/-P 
+x/+Yw 
-x/-Yw 
-x/+Yw 
+x/-Yw 

OUTPUT CHANNEL 6 

SM COMMAND 
TRANS/ ROT 

{RCS DAP) 

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

+x/+P 
-x/-P 
-x/+P 
+x/-P 
+x/+YW 
-x/-Yw 
-x/+Yw 
+x/-Yw 

DOCKED DAP 
Force Control 

+P/ +R 
-P/ -R 
-P/ +R 
+P I -R 
-Yw/ +R 
+Yw/ -R 
+Yw/ +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 Lamp 
8 Spare 
9 Test Connector Outbit 

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

CM COMMAND 

+P 
-P 
+P 
-P 
+Yw 
-Yw 
+Yw 
-Yw 

CM COMMAND 

+R 
-R 
+R 
-R 



CM-31 

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 Zero 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 Inllnk 
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 

DSKYKEY 

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 lmpulse 
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 $pare 
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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P0O-CMC IDLING PROGRAM 

Purpose: 

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

2. To update the CSM and OWS 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 member orientation for Gyrocompassing (P0Z). 

Assttmptions: 

1. Erasable locations have been properly initialized. (Azimuth, +1; Latitude, +1; 
LAUNCHAZ, +1; 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. V75 will be keyed in and displayed during this program to permit crew backup of 
the liftoff discrete. 

3. The program is automatically selected by the Initialization program (P0l). 

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

Sequence of Events: 

P02 entered automatically from POL 

Vertical erect for 640 seconds, then gyrocompass. 

V78E Optional entry if launch azimuth change is desired. 

Flashing XSM Launch Azimuth 
V06N29 

XXX.XXdeg 
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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 Checklist Code 
V50N25 

Request terminate Mark sequence. 

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

PRO (If mark was satisfactory), and continue . 

CMC drives optics LOS to Target 2. 

Flashing 
V51 

XXX.XX deg 
XX.XXX deg 
00001 

XXX. XX deg 
XX. XX:Xdeg 
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. XXX deg 
Y XX.XXX deg 
Z XX.XXX deg 

1. To transfer the CMC from tte 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 pitchover/rollout the attitude error is 
equal to the difference between the current vehicle attitude and the attitude stored 
at liftoff. During pitchover/rollout the attitude error is equal to the difference 
between the current vehicle attitude and the AGC nominal computation of vehicle 
attitude based on the stored polynomials in pitch and roll. 

3. To display AGC computed trajectory parameters. 

4. AGC takeover of Saturn during Boost 

a. Automatic Control-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 (TIJ) for steering. 

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

Assumptions: 

1. The program is normally automatically selected by the Gyrocompassing 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 by 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 p,,lynomial start at liftoff+ 10. 60 seconds. 

Terminate polynomial at liftoff + 156. 60 seconds. 

V82E Orbital parameter display. 

PRO 

V37E00E 

Flashing Apogee Altitude 
Vl6N44 Perigee Altitude 

TFF 

Average G off. P00 is selected. 

XXXXX. ft/s 
XXXXX. ft/s 
XXXX.Xnmi 

XXXX.Xnml 
XXXX.Xnmi 
XXbXX min/s 

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 O - Point a specified S/ C vector along the LOS to the OWS without 
constraining rotation about the vector (VECPOINT). This option is 
used to acquire the OWS in the SXT field of view. 

Option 1 - Point a specified S/ C vector at a specified 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 specified 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 OWS while 
constraining rotation about the vector (three-axis). This option is 
used to acquire the OWS In the SXT field of view and is automatically 
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 OWS or CSM State vector on the basis of optical tracking data and/ or 
VHF range data (Options O and 4 only). Update the CSM and OWS 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 CMS will calculate the desired 
tracking attitude. 

2. The OWS optical beacon is visible to the CSM. (Opti,,ns O or 4). 

3. During rendezvous, W- matrix initialization 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 O 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 
V04N06 

Option ID Code 
Tracking Option Code 

V22E to Load desired option: O = Rendezvous (VECPOINT) 
1 = Celestial body (VECPOINT) 
2 = Rotation (PTC/ ORB rate) 
4 = Rendezvous (Three-axis) 
5 = Celestial body (Three- axis) 

00024 
oooox 

(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.XXdeg 
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 oo 'oo ! Option 0, 4 
Optics pointing oo -35° 

' 
Hds dn L. V. oo' 9o

0 I Option 1, 5 
Hds up L. V oo, 210° I 

(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 
V06N79 

Desired Rate (Option 2 only) 
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 
V06N88 

Unit position vector 
of desired planet 

V25E to load position vecbr. 

PRO to MANEUVER 

ROTATION (Option 2) 

Flashing GET at which rotation 
V06N34 maneuver is to start 

o0 = Apex forward/ heads up L. V 
1800 = Apex forward/ heads down L. V 
180° = OA Z L. V. 
180° + '1z = Solar Inertial 

'1z is the OA X axis out-of-plane angle 

X. KXXX deg/s 
XXX.XXcleg 

oooxx 

X . XXXXX 
y .xxxxx 
z .xxxxx 

00XXX h 
0OOXX min 
oxx.xx s 

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 O 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: 

P20 Option 0 & 1 - Angular error between the vehicle pointing axis and 
the LOS to the target with no ;U1gular 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 FDAJ angles for 
V50Nl8 auto maneuver 

PRO 

V06Nl8 Maneuver in progress 
Flashing 
V50Nl8 Maneuver Complete 

OG(R) 
JG (P) 
MG (Y) 

XXX.XX deg 
XXX. XX deg 
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 0 or 4) 

V54E Calls the backup sighting mark routine. 

Flashing Optics angle coordinates 
V06N94 for alternate LOS (COAS) 

V24E to load coordinates. 

Shaft 
Trunnion 

XXX. XX deg 
XX. XXX 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. 

PRO 

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

MGA at TIG 

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

XXbXX 
XXbXX m!n/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 0 or 4) 

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

Flashing Delta R XXX. XX nrni 
V06N49 Delta V XXXX. X ft/ s 

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

PRO Uses 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 
OWS 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-OWS) 

CSM is assumed; if OWS 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.X nm! 

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 nm! 
x:xxx:x. 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 select 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 
000XX min 
oxx.xx s 

V25E to load desired GET (all o•s specify no optimization desired) 

if o•s entered go to Vl6N77 display. 

Flashing VHF Range 
Vl6N76 Range Rate 

Flashing 
Vl6N77 

Time to optimization 

VHF Range 
Range Rate 
Theta/ PHI/Code 

V32E Recycle to N72 display 

Flashing Select new program 
V37 

xxx.xx nmi 
XXX:X. X ft/ s 
XXbXX min/s 

xxx.xx runi 
XXXX.X ft/ s 
-00001 
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P27-AGC UPDATE PROGRAM 

Purpose: 

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

Assumptions: 

1. AGC updates are of four categories: 

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

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

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

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

2. Update is allowed In the CSM when the AGC is in FOO, 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 FOO if FOO, P02, P20 (Options 1, 2, or 5) not selected. 

Up Telemetry switch - Accept 

Uplink Acty light - ON 

Enable Uplink. 

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: 

1. To provide the astronaut with an estimated 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 longitnde of either the CSM or the OWS. 

2. This program assumes the vehicle whose ground track parameters are 
calculated remains in freefall from the selected start time until the -time 
of longi1nde crossing. 

Sequence of Events: 

V37E29E 

PRO 

PRO 

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

V22E to load desired vehicle code. 

Flashing GET at which CMC 
V06N34 begins search (all 0' s 

for present time) 

V25E to load desired time. 

Flashing Desired Longitude (R2) 
V06N4:l 

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 Lati1nde at Longitude Crossing 
V06N43 Longi1nde 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.XXdeg 

00XXX h 
oooxx min 
oxx.xx s 

XXX.XXdeg 
XXX.XXdeg 
XXXX.Xnmi 
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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 fl V along CSM local 
vertical axes at TIG. 

Assumptions: 

1. Target parameters (TlG and fl 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 

Flashing Impulsive Delta V at TIG 
V06N81 In Local Vertical Coordinates 

V25E to load desired Delta V. 

PRO 

PRO 

Flashing Apogee Altitude 
V06N42 Perigee Altitude 

Magnitude of Delta V at TIG 

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

Middle Glmbal Angie at TIG with 
Vehicle +X Axis In Direction of Thrust 

00XXX. h 
oooxx. min 
0XX,XX S 

X XXXX. X ft/ a 
Y XXXX. X ft/ a 
Z XXXX. X ft/ a 

XXXX.Xnml 
XXXX.Xnml 
XXXX.Xft/s 

XXbXX marks 
XXbXX min/a 
XXX.XX deg 

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

PRO 

Flashing Select New Program 
V37 
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P31-NC1 TARGETING 

Purpose: 

l. 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: 

l. At a selected TPI time the line of sight between the CSM and the OWS 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 OWS orbit and the CSM at both NCC and NSR 
time are specified. 

6. If P20 ls 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 ls 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 
V50Nl8 

Desired FDAI angles for 
auto maneuver 

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

XXX.XX deg 
XXX.XX deg 
XXX,XX deg 
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P31 (contiillled) 

PRO 

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 

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 t:;. Altitude (NCC) 

t:;,. Altitude (NSR) 

Flashing GET of TPI Ignition TIG (TPI) 
V06N37 

V25E to modify TIG. 

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

MGA 

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

00XXX h 
oooxx min 
oxx.xx s 

oooox 
XXXX.Xnmi 
XXXX.Xnmi 

00XXX h 
000XX min 
oxx.xx s 

XXbXX 
XXbXXmin/s 

-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 recvcles 
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 nmi 

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 V16N45 

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

PRO 

V16N45 TFI (NCI) 
MGA 

MGA will be the MGA at TIG (NCl). If the IMU is not aligned, MGA 
wlll 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 2: 10 ft/ s, P40 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 the OWS 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 alti1nde between the OWS 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 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 & 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 . 

Request automaneuver execution. 

Flashing 
V50Nl8 

Desired FDAI angles for 
auto maneuver 

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

XXX.XX deg 
XXX.XX deg 
XXX.XX deg 
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P32 (continued) 

PRO 

V06Nl8 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 GET of NC2 Ignition TIG (NC2) 
V06N28 

V25E to load desired TIG. 

PRO 

PRO 

PRO 

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) 
V16N45 Time fromignition TFI /NC2) 

MGA 

Mark Counter 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. 

00XXX h 
oooxx min 
oxx.xx s 

XXXX.Xruni 
XXXX.Xruni 

00XXX h 
000XX min 
oxx.xx s 

XXbXX 
XXbXXmin/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 

V25E to modify Delta V 

PRO 

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

Flashing Mark Counter (VHF - Optics) 
V16N45 TFI {NC2) 

MGA 

X 
y 
z 

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

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

XXbXX 
XXbXXmin/s 
XXX.XXdeg 

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

PRO 

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) 
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P33 - NCC TARGETING 

Purpose: 

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

2. 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 
OWS 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 paralled to the plane 
of the OWS orbit. However, the N81 display is modified to establish an 
antinode at NSR. 

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. 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: 

If entered automatically by MINKEY controller, go to MANEUVER. 

V37E33E 

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

Flashing 
V50N25 

MINKEY Rendezvous Option 
Checklist Code 

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

00017 

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: 

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 
V50Nl8 

Desired FDA! angles for 
automaneuver 

V06N18 Maneuver in progress 

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

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

ENTER 

Flashing Maneuver Complete (manual sequence) 
V50N18 

Terminate automaneuver routine, go to TARGETING 

XXX.XX deg 
XXX.XX deg 
XXX.XX deg 
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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 TIG (NSR) 
V06Nl3 

V25E to correct desired TIG. 

Flashing GET of TPI Ignition TIG (TPI) 
V06N37 

V25E to correct desired <rIG. 

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

MGA 

00XXX h 
oooxx min 
oxx.xx s 

00XXX h 
oooxx min 
oxx.xx s 

00XXX h 
oooxx min 
oxx.xx s 

XXbXX 
XX b XX mm/ s 
-00001 

Mark counter ls updated by P20 which may be running In the background. 
MGA is 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 ls desired. If an Alarm occurs, a V32E may be used to recycle to V06Nll and readjust TIG. 
PRO 

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

PRO 

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

PRO If Final flag ls reset go to previous Flashing V16N45, 
Flashing Mark Counter (VHF - Optics) 
Vl6N45 TFI (NCC) 

MGA (NCC) 

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 

XXbXX 
XX b XX mm/ s 
XXX,XXdeg 

MGA will be the MGA at TIG (NCC), If the IMU ls not aligned, MGA will be -00002, 
PRO 

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

If Delta V solution < 10 ft/ s, P41 is initiated 
If Delta V solution 2:.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 the NSR target parameters for use by the desired thrust program. 
Assumptions: 

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

Therefore: 

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

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

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. 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 

PRO 

ENTER 

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

Flashing MINKEY Rendezvous Qption 
V50N25 Checklist Code 00017 

Elects MINKEY automatic rendezvous sequencing. 

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: 

P20 Qptions O & 1 - Angular error between the vehicle pointing axis and the 
LOS to the target with no angular constraint about tbe 
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 
V50Nl8 

V06N18 

Desired FDA! angles for 
auto maneuver 

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 Maneuver Complete (manual sequence) 
V50Nl8 

ENTER Terminate automaneuver routine, go to TARGETING 

TARGETING 

Flashing GET of NSR Ignition TIG (NSR) 
V06Nl3 

V25E to correct desired TIG. 

PRO 
Flashing Mark Counter (VHF - Optics) 
Vl6N45 TFI (NSR) 

MGA at TIG (NSR) 

00XXX h 
oooxx min 
0XX:, XX: S 

XX:bXX 
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 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 V06Nl3 and readjust TIG. 

Flashing Delta altitude (NSR) 
V06N75 Delta Time (TPI-NSR) 

Delta Time (TPI-NOMTPI) 

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

XXXX.Xnmi 
XX:bXX min/s 
XX:bXX min/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 Vl6N45, 

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

PRO 

Vl6N45 TFI (TPI) 
MGA 

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

If MINKEY controller is actice, 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/ OWS LOS at TIG (TPI). 

b. Central angle of transfer (CENT ANG) 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 integation is 10 times faster than precision integration). 

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

6. The external Delta V flag is reset cjuring 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. 

PRO 

Flashing 
V50N18 

Desired FDAI angles for 
auto maneuver 

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 ls completed. 

ENTER 

Flashing Maneuver Complete (manual sequence) 
V50Nl8 

Terminate automaneuver routine, go to TARGETING. 

TARGETING 

Flashing GET of TPI Ignition TIG (TPI) 
V06N37 

V25E to correct desired TIG. 

PRO 

Flashing 
V06N55 

Number of Precision OffsP.ts 
Elevation Angle 

V24E to load desired data. 

00XXX h 
oooxx min 
0XX. XX s 

oooox 
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 c/ 0 specifies precision integration to 
generate the target vector. 

Elevation angle is the angle between the CSM/ OWS LOS and the CSM local horizontal 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 mln/ 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 = 0. 

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 FINAL 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 mln/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.XXdeg 

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, 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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P36-CSM TRANSFER PHASE MIDCOURSE (TPM) 
TARGETING PROGRAM 

1. To calculate the .-equired Delta V and other initial conditions required by the AGC 
fot 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 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 zene, the 
astronaut should reassess the input targeting parameters based upon Delta V and the 
expected maneuver time. 

3. The time of intercept (T (INT) was defined by previous completion of the Transfer 
Phase Initiation (TPI) 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 N81. 

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 & 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. 

Request automaneuver execution. 

Flashing 
V50Nl8 

Desired FDAI angles for 
auto maneuver 

OG(R) XXX. XX deg 
IG(P) XXX. XX deg 
MG(Y) XXX.XX deg 
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P36 (continued) 

PRO 

V06N18 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 

Flashing 
V16N45 

Mark Counters (VHF-Optics) 
TFI (TPM) 

XXbXX 
XXbXX min/ s 
-00001 MGA 

Mark counter is updated by P20, which may be 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 

Flashing Delta V at TIG (TPM) ,X XXXX. X ft / s 
V06N59 in LOS Coordinates Y XXXX. X ft / s 

V25E to modify Delta V 

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

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

MGA 

Z 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. 

PRO 

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) 
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P37- RENDEZVOUS FINAL PHASE PROGRAM 

Purpose: 

1. To establish X-axis tracking (PZ0, with UT:PIT and UTYAW = 0 qeg. ) 

2. To select R31 internally 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, PZ0 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: PZ0 (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 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. 

V58E 

PRO 

Request automaneuver execution. 

Flashing 
V50Nl8 

Desired FDAI angles for 
auto maneuver 

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. 

Flashing Maneuver Complete (manual sequence) 
V50N18 

ENTER Terminates automaneuver routine, go to TARGETING. 

TARGETING 

Flashing 
V16N54 

Range 
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 is in operation, the astronaut may hold at 
any flashing display and take optics marks, and/or he may allow VHF ranging marks 
to accumulate. 

3. The ISS need not be on to complete this 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 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 

PRO 

Request automaneuver execution. 

Flashing 
V50N18 

Desired FDA! angles for 
auto maneuver 

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 routine, 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) 
Vl6N45 Time from Ignition TFI (PC) 

MGA 

00XXX. h 
oooxx. min 
0XX.XX S 

00XXX h 
oooxx min 
0XX.XX S 

XXbXX 
XXbXX min/s 
-00001 

Mark Counter Is updated by P20 which may be running In the background. 
MGA is -1 until th" 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 Vl6N45. 

Flashing Mark Counter (VHF-Optics) 
Vl6N45 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 
XXbXXmin/s 
XXX.XX deg 

MGA will be -00002. 

If MINKEY controller Is active, W-matrlx 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 Is small, to bypass 
realigning the IMU. This option is available In P 52 (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 is thereby given an opportunity to perform the 
maneuver with: 

a. The present IMU orientation (not recommended If middle gimbal angle is 
greater than 45 degrees). If the IMU has not been aligned within the last 
3 hours, realignment ls 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 pre thrust program, 
which either set or reset the external Delta V steering flag. For external Delta V 
steering, VG ls calculated once for the specified tlme 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 ls calculated and updated similarly; however, it ls also 
updated periodically by Lambert solutions to correct for changes in the CSM state 
vector. 

3. The TTE clock ls 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, md FDAl 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 ls not written 
to take into account the situation where control may be taken away from the GNCS 
and then given back, and It ls not recommended. In event control is taken away 
from the GNCS, the AGC will only be responsible for computation of position and 
velocity. 

6. The value of Delta V required will be stored in the local vertical coordinate system 
and is available during this program until average g turn- on by keying in V06N81E. 

7. The Orbit Parameter Display routine (R30) may be called during this program by 
keying in V 82E. 

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 boreslght stars using optics angles on pad. 

V37E40E 

Flashing 
V50Nl8 

Desired FDAl Angles for 
Auto maneuver 

Request maneuver to computed burn attitude. 

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

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

PRO 

V06N18 Same as N18 above. 

Maneuver is in process; final FDA! 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 

ENTER 

Flashing 
V50Nl8 

Flashing 
V50N25 

Same as N18 above. 
Vehicle is trimmed to burn attitude. 

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 (TFI) 
Velocity to be Gained (V g) 
Accumulated Velocity (AV) 

XXbXX min/ s 
XXXX.Xft/ 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) Coordinatas 

TRIM Vg residuals with THC if required. 

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

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

Flashing Apocenter Altitude, Ha XXXX. X nmi 
V16N44 Pericenter Altitude, Hp XXXX.X nmi 

PRO 
Flashing 
V37 

Average G off. 

TFF XXbXX min/ a 

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

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

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

crew or if integration cannot be completed on time. 
5. The value of Delta V required will be stored in the local vertical coordinate 

system and Is available during this pro gram 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 MINKE Y controller . 
Sequence of Events: 

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

V37E41E 
Flashing 
V50N18 

Desired FDA! Angles 

Request maneuver to computed burn attitude , 

PRO 

V06N18 Same as N18 above, 

Automaneuver in process; final FDA! angles displayed. 

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

Flashing Same as N18 above. Maneuver is complete. 
V50N18 

ENTER 
V16N85 Velocity to be Gained in Control 

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

XXX.XX deg 
X:XX. XX deg 
X:XX,XXdeg 

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

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

Flashing Flash signlfies TIG has arrived. 
V16N85 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 Perlcenter Altitude 

TFF 

Flashing 
V37 

Average G off. 

Select New Program. 

P47-THRUST MONITOR PROGRAM 

XXXX.X ft/s 
XXXX.X ft/s 
XXbXX rnln/s 

Purpose: 

1. 

2. 

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

To display tbe Delta V applied to the vehicle by tbis tbrusting maneuver. 

Assumptions: 

1. This program can be used during rendezvous final phase. If the crew desires to 
do any final phase tbrusting 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 tbis program by calling the 
Rendezvous Parameter Display routine No. 1 (R31) with V83E. 

3. Range, Range Rate and PID may be displayed during this program bv calling the 
Rendezvous Parameter Display routine No. 2 _(R~) with V85E. 

4. VI, H-DOT and H may be called by keying In V16N62E. 

5. The Orbit Parameter Display routine may be called during this program by keying 
fu 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 Gata minimum. 

Sequence of Events: 

V37E47E 

Average G On 

Flashing 
V16N83 

Delta V Accumulated in Control 
Coordinate System 

Display of integrated acceleration during tbrusting. 

OPTIONAL DISPLAYS 

V16N62E 
V16N62 Magnitude of Inertial Velocity (VI) 

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

X 
y 
z 

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

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

KEY REL 

Flashing 
Vl6N83 

Same as N83 above . 

V83E Rendezvous parameter display at crew option, 

PRO 

Flashing Range of CSM to OWS 
Vl6N54 Range Rate 

Angle Between CSM +X Axis and 
Local Horizontal (Theta) 

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

V85E Rendezvous parameter display at crew option. 

PRO 

Flashing Range of CSM to OWS 
Vl6N53 Range Rate 

Angle Between Optics SLOS and the 
Local Horizontal (PHI) 

X:XX.XXnmi 
XXXX.X ft/ s 
XXX. XXdeg 

V 82E Orbital parameter display. 

PRO 

PRO 

Flashing Apocenter Altitude 
Vl6N44 Pericenter Altitude 

TFF 

Flashing 
Vl6N83 

Flashing 
V37. 

Same as N83 above, 

Select New Program. 

xxxx.x nrni 
XXXX.Xnrni 
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 CMC 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 PHI (computed from state vectors) may be displayed by 

keying In V82E 

5. This program is 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 average 
G computation errors at a minimum. 
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P48 (continued) 

Sequence of Events: 

V37E48E 

V32E 

PRO 

Average G on. 

Flashing 
Vl6N77 

Current R27 Range 
Current R27 Range Rate 
R27 Theta 

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

V25N72E Load desired optimization time for R27. 

Flashing 
Vl6N76 

Flashing 
Vl6N83 

Optimized Range 
Optimized Range Rate 
Time to Qptlmlzation (TFO) 

De lta Vx (body) 
Delta Vy (body) 
Delta Vz (body) 

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

XXX.XXnml 
XXXX.X ft/s 
XXbXX mln/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 
Vl6N70 otherwise the recycle ls to the flashing Vl6N77 display. 

PRO To terminate 

Purpose: 

Flashing 
V37 Select new program. 

P50 -ATM ORIENTATION DETERMINATION PROGRAM 

1. To compute and store the orientation of the Apollo Telescope Mount (ATM) 
sensor coordinate system with respect to the Navigation Base coordinate system. 

2. To compute and display the docking angles corresponding to this orientation. 

Assumptions: 

1. The CSM must be docked to the orbital assembly. 

2 . The +Z axis of the A TM sensor system points in the same direction as the 
sun sensor. The - Y axis of the ATM sensor coordinate system points in 
the same direction as the star tracker when star tracker glmbal angles 
are zero. 

3. Three options are available 

a. Option 1 - ATM sun sensor and IMU orientation are used to 
determine ATM sensor orientation. 

b. Option 2 - ATM sun sensor, ATM star tracker, and IMU orientation 
are used to determine ATM sensor orientation. 

c . Option 3 - Independent source ls used to determine ATM orientation. 

4. ATM must oo in solar inertial attitude for Options 1 and 2. 

5. Astronaut must record star tracker glmbal angles at time of mark in 
Option 2. These are used as input (Nl4) later in the program. 

6. The IMU must be aligned for Options 1 and 2. 
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P50 (continued) 

7. Star tracker must be locked on to celestial body for Option 2. 

8. The astronaut identifies the celestial body acquired by the star tracker. 
Sun and earth are not valid celestial bodies for the star tracker . 

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

10 . The astronaut bas the option to update or not update the currently 
stored ATM sensor orientation. Option 3 may be used to display current 
ATM sensor orientation. 

Sequence of Events· 

V37E50E 

Flashing 
V04N06 

Option ID code 
Marking option 

X=l, ATM sun sensor 
2, ATM sun sensor and star Tracker 
3, Docking angles from independent source 

00012 
oooox 

PRO Option 3 Go to Flashing V06N23 display 

Flashing Request mark 
V51 

Verify OA in solar inertial attitude and if option 2, verify 
star acquisition by star tracker . 

MARK If option 2 record star tracker gimbal angles at time of mark 

Flashing Checklist code 00016 
V50N25 

PRO Option 1 Go to Flashing V06N23 display. 

PRO 

PRO 

PRO 

Flashing 
V01N71 

Sensor/ celestial body code 

C=O, optics sighting 
1, ATM sun sensor sighting 
2, ATM star tracker sighting 

00CDE 

DE=Celestial body code. 04, 14, or 25 are expected for 
star tracker sightings. 

Flashing Star tracker azimuth (outer gimbal) 
V06Nl4 Star tracker elevation (inner gimbal) 

V24E Load S. T. gimbal angles recorded at mark. 

Flashing 
V06N23 

Docking angles 
(Euler angles of ATM system 
with respect to NB) 

V25E Load docking angles if Option 3. 

Flashing 
V37 Select new program. 

Ct 

/l 
y 

0XXXX arc min 
0XXXX arc min 

XXX.XX deg 
XXX.XX deg 
XXX.XX deg 
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Purpose: 

1. 

P51- IMU ORIENTATION DETERMINATION PROGRAM 

To determine the Inertial orientation of the IMU using sightlJ}gs on two celestial 
bodies using the scanning telescope or the sextant, the ATM sun sensor, or the 
ATM star tracker. 

Assumptions: 

1. 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. 

2. There are no restraints on the CSM attitude control mode in this program. 
3. If the ATM sun sensor is used as a source of sighting data, CSM must be 

docked to orbital assembly, ATM must be in solar inertial attitude, and 
ATM orientation with respect to nav base must be known. 

4. Any proportional set of components may be loaded Into N88. However, 
unit vectors are reco=ended, 

Sequence of Events: 

V37E51E 
Flashing Checklist Code 
V50N25 Perform Celestial Body Acquisition 

ENTER To Bypass Coarse Align PRO t9 Flashing V51 

V 41N22 Desired Gimbal Angles to 
Coarse Align to 

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

Flashing 
V51 Request mark. 

00015 

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

Orbital assembly In solar attitude. Star tracker and sun sensor locked on 

ZERO OPTICS for 15 seconds, 

OPTICS Mode - Manual 

MARK If Star Tracker, Record star tracker gimbal angles 
Flashing Checklist Code 
V50N25 Request terminate mark sequence. 

MARK REJECT and recycle to Flashing V51 if not satisfactory. 

PRO 

Flashing 
V01N71 

Sensor / Celestial body code 

C=0, Optics sighting 
1, ATM Sun Sensor sighting 
2, ATM Star Tracker sighting 

DE=Celestial body code. 04, 14 or 25 
are expected for Star Tracker sighting. 

PRO If C /c 2 and DE =O, go to Flashing V06N88 
If C /c 2 and first mark, recycle to Flashing V51 
If C fc 2 and second mark, go to Flashing V06N05 

Flashing 
V06N14 

Star Tracker Azimuth {outer gimbal) 
Star Tracker Elevation (Inner gimbal) 

PRO If DE fc 0 and first mark, recycle to Flashing V 51 
If DE fc 0 and second mark, go to Flashing V06N05 

PRO 

Flashing 
V06N88 

Unit Vector Specifies Planet 
Position 

V25E to Load Planet vector. 

If first mark, recycle to Flashing V 51 

Flashing Star Angle difference* 
V06N05 Star Angle {Measured) 

X 
y 
z 

00016 

00CDE 

0XXXX arc-min. 
0XXXX arc-min 

.xxxxx 

.xxxxx 

.xxxxx 

XXX.XX deg 
XXX.XXdeg 
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PRO V32E to recycle to start of program. 

REFSMMAT flag set. 

Flashing 
V37 

Select New Program. 

* Acceptable N05 Limits 

STAR/ STAR SXT 
SCT 
SXT 
SCT 

0.03° 
0.11° 
0.18° 
0.21° 

STAR/ PLANET CSM IMU alignment only. 

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, 
the sextant, the A TM sun sensor, or the ATM star tracker. 

a. Preferred Orientation (00001) 

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

b. Nominal Orientation (00002) 

XgM ; Unit (YSM x ZSM) 

YSM ; Unit r, x R) 

where 

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 !MU to its previous alignment 
orientation (REFSMMAT). 

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

XgM ; Unit <Xg MO cos 45° + YSMO sin 45°) for first maneuver 

XgM ; Unit <XsMo cos 45° - YSMO cos 45°) for second maneuver 

YSM ; Unit (ZSM x XgM) 

ZSM; ZSMO 

where subscript 10 1 refers to the orientation existing before the alignment. 
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P52 (continued) 

Assumptions: 

1. The configuration may be SIVB/ CSM, SKYLAB/ CSM, or CSM. The present 
configuration should have been into the CMC 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 will maneuver the vehicle to follow the platform. 

3. An option is provlcfecfto point the sextant LOS at astronaut selected or AGC se
lected starts 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 tbe 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 

Glmbal angles which will 
result from pulse torque to 
PC orientation 

00001 
oooox 

OG XXX. XX deg 
1G 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 Checklist Code 00020 

ENTER If this Is first i,eorlentatlon 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 Co=ence with pulse torquing. 

Vl6N20 Present ICDU Angles OG 
IG 
MG 

XXX.XXdeg 
XXX.XXdeg 
XXX. XXdeg 

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 ~ 10 ft/ s 
3. P33 If plane-change maneuver completed (second pulse torque) 

NOMINAL OPTION (00002) 

Flashing 
V06N34 

GET of Position and Velocity 
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 Glmbal Angles for New 
Orientation at Present Vehicle 
Attitude 

OG 
IG 
MG 

00XXX h 
000XX min 
oxx.xx s 

XXX.XX deg 
XXX.XXdeg 
XXX.XXdeg 

If the new orientation yialds glmbal lock, maneuver vehicle and V32E to recompute 
(N22) desired glmbal angles. 
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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 torQU!ng ls complete. 

Coarse Align Only 

PRO Coarse aligns 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 
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 

Sensor/ Celestial body 

C=O, Optics sighting 
1, ATM Sun Sensor sighting 
2, ATM Star Tracker sighting 

DE=Celestlal body code. 04, 14 or 25 
expected for star Tracker sighting 

V21E to Load Sensor and star code. 

ZERO OPTICS for 15 seconds 

OPTICS Mode - CMC 

PRO If C = 0 and DE ic 0, go to V06N92 display. 

PRO 

If C cl 0 and DE cl 0, go to Flashing V51. 

Flashing 
V06N88 

Unit vector specifies 
Planet Position 

V25E to specify desired planet vector. 

lf C cl 0, go to Flashing V 51 

V06N92 Desired Optics Angles 

CMC drives optics LOS to target. 

OPTICS Mode - Manaul 

Flashing 
V51 

Request MARK 

Shaft 
Trunnion 

00CDE 

X .XXXXX 
y .xxxxx 
z .xxxxx 

XXX.XX deg 
XXX.XX deg 



CM-74 

P52 (continued) 

Verify OA in Solar-Inertial attitude and/or Star Tracker star is acquired if ATM marking. 

MARK If Star Tracker sighting record Star Tracker g!mbal angles. 

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 sensor/celestial body code incorrect. 

PRO If C -/ 2 and DE = 0, go to Flashing V06N88 
If C -/ 2 and first mark, recycle to MARK SEQUENCE 
If C-/ 2 and second mark, go to Flashing V06N05 

Flashing 
V06Nl4 

Star Tracker Azimuth (Outer gimbal) 
Star Tracker Elevation (Inner g!mbal) 

V24E to Load recorded gimbal angles 

PRO If DE -/ 0 and first mark, recycle to MARK SEQUENCE 
If DE '1' 0 and second mark, 11:0 to Flashing V06N05 

Flashing Same as NBS above. 
V06N88 

V25E to correct planet vector. 

PRO If first MARK recycle to MARK SEQUENCE. 

PRO 

Flashing Star Angle Difference• 
V06N05 Star Angle (Measured) 

If N05 not satisfactory, V32E, and gn 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 
V50N25 

Checklist Code 
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 o.os0 

SCT 0.11° 
SXT o.1s0 

SCT 0.21° 

CSM OPTICS Only. 

00016 

00CDE 

0XXXX arc min 
0XXXX arc min 

XXX.XXdeg 
XXX.XXdeg 

XX.XXXdeg 
XX.lCXX 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, 
the ATM sun sensor, or the ATM Star Tracker. 

Assumptions: 

1. This program Is Identical to P51 except that R56 Is called In place of R53. 
2. Ti.me 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. 

00015 

ENTER To bypass coarse align, PRO to Flashing V06N94. 

PRO 

V41N22 Desired Gimbal Angles 
to Coarse Align to 

No Att light on 
No Att light off whe:n coarse align complete. 

Flashing 
V06N94 

Optics Angle Coordinates 
for Alternate LOS 

OG XXX.XX 
IG XXX.XX 
MG XXX.XX 

Shaft 
Trunnion 

XXX.XX deg 
XX.XXX deg 

V24E to load LOS coordinates. COAS Nominal Shaft +ooooo 

Flashing 
V53 

Request MARK 

Trunnion ~57470 

Orbital Assembly in solar attitude and Star Tracker locked on if ATM sighting. 
ENTER Does alternate LOS mark. U star Tracker Sighting, record Gimbal Angles 

PRO 

Flashing Checklist Code 
V50N25 Terminate Mark Sequence 

Key ENTER to reject mark and recycle to Flashing V53. 

Flashing 
V01N71 

Sensor/ Celestial body code 

C=O, COAS sighting 
1, ATM Sun Sensor sighting 
2, ATM Star Tracker sighting 

DE=Celestial body code. 04, 14 or 25 
expected for Star Tracker sighting. 

PRO U C fc 2 and DE ~ 0, go to Flashing V06N88 

PRO 

U C fc 2 and first mark, recycle to Flashing V06N94 
U C fc 2 and second mark, go to Flashing V06N05 

Flashing Star Tracker Azimuth (Outer gimbal) 
V06N14 star Tracker Elevation (Inner gimbal) 

V25E to Load recorded gimbal angles 

If DE fc 0 and first mark, recycle to Flashing V06N94 
U DE 7' 0 and second mark, go to Flashing V06N05 

Flashing Unit Vector Specifies 
V06N88 Planet Position 

X 
y 
z 

00016 

00CDE 

0XXXX arc min 
0XXXX arc min 

.xxxxx 

.xxxxx 

.xxxxx 
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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 NOS Limits 

Select New Program. 

STAR/STAR COAS 0. 70° 
STAR/PLANET COAS 0_72• CSM Optics Only. 

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

Purpose: 

1. To align the ' IMU from a "lmown" orientat!Jn to one of three orientations selected 

by the astronaut using sightings on two celestial bodies with a backup optical 

device; the ATM sun sensor, or the ATM star tracker. 

a. Preferred Orientatim (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) 

¾M = Unit (YSM X zsM> 

YSM = Unit (V x R) 

ZSM = Unit (-R) 

where 

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

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). 

Assumptions: 

1. The docked configuration may be SIVB/OSM, SKYLAB/ CSM, or CSM. The present 

configuration should have been entered Into the CMC by completion of either 

routine R03 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. 

3. If the ATM sun sensor is used as a source of sighting data, CSM must be docked 

to orbital assembly, ATM must be solar inertial attitude, and ATM orientation 

with respect to the Nav Base must be Jmown. 

4. If ATM star tracker is used as source of sighting data, CSM must be docked to 

orbital assembly, and ATM orientation with respect to the Nav Base must be lmown. 

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 
V06N34 

GET of position and velocity 
vectors defining nominal 
coordinate system. T(Allgn) 

V25E to Load T(Allgn). 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 

00001 
oooox 

00XXX h 
000XX min 
oxx.xx s 

XXX.XX deg 
XXX.XX deg 
XXX.XXdeg 

If the new orientation yields gimbal lock, maneuver vehicle and V32E to recompute 

(N22) desired gimbal angles. 



PRO 

Flashing 
V50N25 

CM-78 

P54 (continued) 

Checklist Code 
Coarse Align Option 

00013 

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

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

Vl6N20 Monitor Glmbal Angles OG XXX.XX deg 
JG XXX. XX deg 
MG XXX. XX deg 

Go to RECHECK when torquing Is complete. 

PRO Coarse aligns glmbal to achieve new orientation (loses attitude reference). 
No Att light - on. 
No Att light - off when coarse align Is complete, go to REFSMMAT option. 

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 

Sensor/Celestial body code 

C=O, COAS sighting 
1, ATM Sun Sensor sighting 
2, ATM star Tracker sighting 

DE=Celestlal body code. 04, 14 or 25 
expected for star Tracker sighting. 

V21E to Load Sensor and star code 

PRO lf DE ,/ 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 
Trunnion 

V24E to Load LOS coordinates. 

PRO 

Flashing 
V53 Request Mark 

Shaft 
Trunnion 
-+-00000 
+57470 

00CDE 

X .XXXXX 
y .xxxxx 
z .xxxxx 

XXX.XX deg 
XX.XXX deg 

Verify QA In Solar-Inertial attitude and/ or star Tracker star Is acquired for ATM 
marking. 

ENTER Does alternate LOS mark 
lf star Tracker Sighting record star Tracker gimbal angles. 

Flashing Checklist Code 00016 
V50N25 Terminate Mark Sequence 

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

Flashing Same as N70 above 00CDE 
V01N71 

V21E to correct Sensor/ Celestial body code. 
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P54 (continued) 

PRO If C # 2 and DE=O, go to Flashing V06N88 
If C # 2 and first mark, recycle to MARK SEQUENCE 
If C # 2 and second mark, go to Flashing V06N05 

Flashing Star Tracker Azimuth (Outer glmbal) 
V06Nl4 Star Tracker Elevation (Inner gimbal) 

V24E to Load recorded glmbal angles 

PRO If DE # 0 and first mark. recycle to MARK SEQUENCE 
If DE # 0 and second mark, go to Flashing V06N05 

Flashing Same as N88 above 
V06N88 

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 
V50N25 

Checklist Code 
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 COAS O. 70° 
STAR/ PLANET COAS 0 . 72° 

OXXXX arc min 
OXXXX arc min 

XX:X.XX deg 
XXX.XX deg 

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

00014 
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P55-ATM STAR TRACKER GIMBAL ANGLE PROGRAM 

Purpose: 

1. To compute and display the gimbal angles required by the ATM Star Tracker in order 
to point at a desired celestial body. 

Assumptions: 

1. The ATM orientation determination program (P50) has been done prior to the selection 
of this program to determine the ATM sensor attitude (Y ATM and Z ATM) 

2. Two options are available 

a. Option 1 - Use IMU orientation to determine ATM Star Tracker gimbal angles. 

b. Option 2 - Uses CSM optics mark and LOS to Sun to determine ATM Star 
Tracker gimbal angles. 

3. The astronaut identifies the celestial body to be acquired by the star tracker. 
Sun or earth are not to be selected as celestial bodies for the star tracker. 

4. ATM must be in solar inertial attitude in order to use Option 2. 

5. The CSM must be docked to the orbital assembly. 

6. The format of N19 (OCT AL Azimuth Angles) is suitable for loading directly in 
to the ATM computer. 

7. Any proportional set of components may be loaded into Noun 88. However, unit 
vectors are reco=ended. 

Sequence of Events: 

V37E55E 

Flashing 
V04N06 

Specify P55 Option 
Option Code 

1 - Celestial Body and IMU orientation 

00013 
oooox 

2 - Celestial Body, Optics Mark, and ATM Solar
Inertial attitude 

PRO To appropriate Option. 

OPTION 2 Celestial Body, optics mark, and ATM Solar-inertial attitude 

Flashing 
V51 Please Mark 

OPTICS Zero - to OFF 

MARK 

PRO 

Flashing 
V50N25 

Flashing 
V01N71 

Checklist Code 
Terminate Marking 

Sensor/ Celestial body code 

C=0, Optics used for sighting 
DE=Celestial body code 

V21E to Load Sensor/ Celestial body code marked on 

PRO If DE ,/ 0, go to Flashing V01N70 

Flashing Unit Vector speclfies 
V06N88 Planet position 

00016 

00CDE 

X .XXXXX 
y .xxxxx 
z .xxxxx 



OPTION 1 

Flashing 
V01N70 

CM-81 

P55 (continued) 

Sensor/ Celestial body code 

Ci: ~t~~:~g:!~~~r sighting } ~need ~t d 

2, ATM Star Tracker sighting spec e 

DE=Celestlal body code for which 
Star Tracker angles are desired. 

V21 E to Load desired celestial body code 

PRO If DE # 0, go to Flashing V06Nl4 

Flashing Unit Vector specifies 
V06N88 Planet position (Star Tracker target) 

PRO 

Flashing Star Tracker Azimuth (Outer gimbal) 

V06N14 Star Tracker Elevation (Inner glmbal) 

For alternate star recycle V32E to OPTION 1 

PRO For outer gimbal angle in octal 

Flashing Star Tracker Azimuth (octal) 

V04N19 

X 
y 
z 

ABCDE = Absolute value of Azimuth (octal) 

S = Sign bit, 0 = "+" 
1 = "-" 

PRO V32E to recycle to OPTION 1 

Flashing 
V37 

Select new Program 

00CDE 

.xxxxx 

.xxxxx 

.xxxxx 

0XXXX arc min 
0XXXX arc min 

0SABC 
00DE0 
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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 

lmpact Latitude 
lmpact Longitude 
Roll Attitude Code 

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

V25E to load entry data. 

PRO 
Flashing 
V06N60 

G Max 
VPRED 
GAMMA EI 

XXX.XXdeg 
XXX.XXdeg 
:i:0000X 

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

GM.AX 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 400 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 
V16N63 

RTOGO 
VIO 
TFE 

XXXX.Xnmi 
XXXXX. ft/s 
XXbXX minis 

R TOGO 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 Impact Latitude 
V06N61 Impact Longitude 

Roll Attitude 
X = +l - 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.XX deg 
±0000X 

XXX.XXdeg 
XXX.XXdeg 
XXX.XXdeg 

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 0. 05 g and display this event to the crew by selecting the Entry-Post 
0.05 g program (P64). 

Assumptions: 

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

Sequence of Events: 

P63 entered automatically from P62. 

V06N64 Drag Acceleration XXX.XXg 
Inertial Velocity XXXXX. ft/ s 
Range to Splash XXXX.Xnmi 

(+ is overshoot) 

OPTIONAL DISPLAYS 

V16N68E 

V16N68 Co=anded Bank Angle (Beta) XXX. XXdeg 
Inertial Velocity (VI) XXXXX. ft/s 
Altitude Rate of Change (HDOT) XXXXX. ft/ s 

V16N63E 

V16N63 Range from EMS Altitude (RTOGO) XXXX.Xnmi 
Inertial Velocity at EMS Altitude XXXXX. ft/s 
Time to go Until EMS Altitude XXbXX min/s 

V16N74E 

V16N74 Co=anded Bank Angie (Beta) XXX.XX deg 
Inertial Velocity (VI) XXXXX. ft/s 
Drag Acceleration (G) xxx.xx g 

Manual track of horizon reduces pitch error needle as pitch attitude approaches the desired 
angle of attack. 

SC Control Switch - CMC/ Auto. 
Entry DAP now controlling vehicle attitude . 

G&N System senses O. 05g drag acceleration. 

AGC advanced to P64. 
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P64 - ENTRY- POST O. 05 G PROGRAM 

Purpose: 

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

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

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

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

5. To continue entry DSKY displays. 

Assumptions: 

1. The program is automatically selected hy 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 

V16N64E 

V16N64 

V16N68E 

V16N68 

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

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

AGC advances to P65 or P67. 

If VI< 27 k ft/ sat 0.05g, go to P67 when 0.2 g drag ls 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 If a controlled skip (P65) phase should he entered. 
The entry ls targeted nominally for a RTOGO at EI which will 
be too small to satisfy P65 requirements and P67 is entered at 
this point. 

XXX.X:Xdeg 
XXXXX. ft/s 
XXX.X:Xg 

XXX.X:Xg 
XXXXX. ft/ s 
XXXX.Xnml 

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



Purpose: 

1. 

2. 

s. 

4. 
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P65-ENTRY-UPCONTROL PROGRAM 

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

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. 

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

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

Assumptions: 

1. This program is automatically selected by tbe Entry-Post 0. 05 g program (P64) 
when constant drag control has brought range prediction to within 25 run! of the 
desired range. It is skipped In earth orbit missions. 

Sequence of Events: 

P65 entered automatically from P64. 

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

Skipout Velocity (VL) 

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

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

V06N74 Commanded Bank Angle (Beta) 
Inertial Velocity (VI) 

OPTIONAL DISPLAYS 

V16N64E 

V16N64 

V16N68E 

V16N68 

Drag Acceleration (G) 

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

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

AGC advanced to P66 or P67. 

XXX.XXdeg 
XXXXX. ft/ s 
XXX.XXg 

xxx.xxg 
XXXXX. ft/ s 
xxxx.x run! 

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

P67 will be entered whm HDOT ls negative and the velocity Is sufficiently low. 
P66 will be entered wben exit is sensed. 
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P66-ENTRY - BALLISTIC PROGRAM 

Purpose: 

1. To maintain CM attitude during ballistic (skip out) phase for atmospheric reentry. 
2. To sense reentry (drag acceleration builds up to Q7 + 0 . 5 ft/ s2 or approximately 

0. 2 g) and thereupon to select the Entry-Final Phase program (P67). 

Assumptions: 

1. This program is automatically selected by the Entry-Upcontrol program (P65) 
when drag acceleration becomes less than Q7 ft/ s2. 

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 ls regained when acceleration falls below 0. 05 g and is 
relinquished when the drag Increases above this value . 

OPTIONAL DISPLAYS 

Vl6N64E 

Vl6N64 

Vl6N68E 

Vl6N68 

Vl6N74E 

Vl6N74 

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 is sensed. 

xxx.xx g 
XXXXX. ft/a 
xxxx.x run! 

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

XXX. XX deg 
XXXXX. ft/ a 
xxx.xx g 
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P67 - ENTRY - FINAL PHASE PROGRAM 

Purpose: 

1. To continue entry guidance after Q7F + 0. 5 ft/ a2 (or approximately O. 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 ls automatically selected by: 

a. P65 when lIDOT Is negative and the Vis sufficiently low (V-VL-Cl8 neg). 

b. P66 when drag acceleration builds up to Q7F + O. 5 ft/ a2(or approximately 
0.2 g). 

c . P64 if no upcontrol solution exists with VL > 18,000 ft/ s. 

Sequence of Events: 

P67 Is entered automatically from P64, P65, or P66. 

V06N66 Co=anded Bank Angle (Beta) 
Crossrange Error 
Downrange Error 

OPTIONAL DISPLAYS 

Vl6N64E 

Vl6N64 

Vl6N68E 

Vl6N68 

Vl6N74E 

Vl6N74 

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

Co=anded Bank Angle (Beta) 
Inertial Velocity (VI) 
Altitude Rate (HDO'I) 

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

Relative velocity reaches 1,000 ft/ s 

Flashing Range-to-Splash (RTOTARG) 
Vl6N67 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 nmi (+ overshoot) 

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

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

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

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 CMC 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 CMC the Delta V applied to the CSM to enable an updating of the 
CSM state vector. 

Assumptions: 

1. The crew has the Delta V applied to the CSM in local vertical coordinates at a 
specified TIG. 

2. R03 should be performed after P77 to update CSM mass. 

3. The contents of 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 

V25E 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 

OOXXX h 
OOOXX min 
oxx.xx s 

X XXXX.X ft/ s 
Y XXXX.X ft/ s 
Z XXXX.X ft/ s 
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R07 - MJNKEY 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 (TPI 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) 

P 36 (TPM Targeting) 

1. Start Rendezvous Navigation Tracking (P20), maneuver to tracking attitude and enable 
VHF tracking 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 tracking 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 . If PC Delta V = O, go to exit program. 

b. If PC Delta V ;io, select IMU Realignment (P52) program. 

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

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

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

6. Reorient IMU to original orientation prior to PC realign and maneuver 
to OWS tracking attitude (only if IMU 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. If 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: 
1. 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 occuring 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 optimiza
tion 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 waitlist 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 computaiion of GDC REFSMMAT for GDC orientation. Refer to CSM G&C check
list G3-20 . 

SL-4 BACKUP OPTICS VARIANCE. 

Assumptions/ limitations 
1. 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 
(AL'I'VAR) rather than the SXT variance (SXTVAR). 

SL-5 MARK TAKING WITH MARK BUTTON FAILURE. 

Assumption/limitations 
1. A MARK switch short precludes use of the NAV 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 actlviated by a waitlist call to routine MARKDIF 
in the event of an open MARK switch failure. A shorted MARK switch failure merely re
quires depression of a NAV DSKY key which is interpreted as a MARK. Refer to CSM 
G&C checklist G4-15. 
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CMC ERASABLE MEMORY PROGRAMS (con't) 

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) is running, and VHF ranging is enabled, 
3. state vector updates are enabled, but N49 display is blocked, 

DESCRIPTION: In the event that the EMS range counter should fail during rendezvous 
final phase, a means is available for backup range display on the DSKY. By enabling 
state vector updates during P37 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 is responded to. 

SL-9 INHIBIT GIMBAL LOCK MONITOR 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 gimbal 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 moding 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 activiated while a MARK is being processed, 
3, This program is overwritten in P27/40/41/52/54, 

DESCRIPTION: Should the automatic VHF range marking become disabled, a method is 
available for manually inserting range marks, The range mark address is loaded with 
a future value of range, When the loaded value of range is encountered, as determined 
from the EMS range counter, the erasable program is activated and the range mark is 
processed, 

SL-21 ENTER P51/P53 WITH IMU OPERATE BIT FAILED OFF. 

Assumptions/limitations 
1. IMU is operating and inertial, 

DESCRIPTION: In tbe event that the IMU-operate input discrete should fail 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 be performed while in P40. 

DESCRIPTION: In order to avoid executing P30/P40 to perform an SPS gimbal drive 
test, this procedure performs a waitlist call to that portion of P40 (840. 6) which executes 
the gimbal drive test, 

Refer to CSM G&C Checklist - G2-10 
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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. 

DESCRITPION: DAP attitude errors are sampled once per second to determine if the 
DAP deadband has been execeeded by an amount specified in tbe erasable program. If 
that amount is exceeded, presumably 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 undesirable effects of CDU transients, particu
larly ZCDU transients which result in apparent gimbal lock, a once per 0.1 second CDU 
monitor is performed to detect unreasonable 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) OPR 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/limitatings 
1. Pre-TPI rendezvous targeting programs and self-check are not operating. 
2. Effective CDU rate detection limit is 16.8° / second during high bit rate and 

20° / 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 

: ::ar::~:~:0 ~~!es~~~: ~e~t:~c~:;;S Ow:t~~.d =~l;;~~~JD~J~~rs 
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. 
3. Same as for SL-26 
4. SL-26 must be uplinked. 

DESCRIPTION: This EMP provides tbe 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 OPR 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. IMU 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 re align the GDC to the present GDC REFSMMA T. 
Since such torquing of the GDC is impossible, this procedure uses the N93 angles to com
pute a final set of N20 Euler angles which would result from gyro torquing of the IMU 
stable member . The GDC can then be aligned to the resulting N20 angles thus accom
plishing a GDC REFSMMAT REALIGN. 

SL-51 COMBINED RATE PROGRAM FOR ORBITAL ASSEMBLY MANEUVER. 

Assumptions/ limitations 
1. IMU is powered down. 
2. OA attitude controlled by Control Moment Gyros 

DESCRIPTION: This program is designed to provide vehicle torques according to ex
ternal commanded rate inputs using the SM RCS Jets. The purpose of executing such 
torquing commands is twofold . 

1. Due to the offset C. G. of the OA, performing X translation maneuvers to trim 
the vehicle orbit p'roduces a rotational torque on the vehicle. This torquing has an 
adverse effect on the total momentum vector of the control moment gyros (CMG) which 
are controlling vehicle attitude. To counteract the undesired torque, this program pro
duces Jet firings according to precomputed rate commands which have been loaded . 

2. Ground computed rate commands can be executed to produce torques about all 
three vehicle axes using the SM RCS. The purpose of applying these torques is for man
agement of the CMG momentum vector in either a momentum dump or momentum de
saturation maneuver . This capability provides a backup to the thruster attitude control 
system (I'ACS) of the OWS. 

This program will he loaded prior to power down to standby to make it readily available 
for use. 

SL-52 CHECKSUM ON VAC AREA STORAGE 

Assumptions/limitations: None 

DESCRIPTION: This program does an erasable sum check on the VAC AREA storage 
cells. It is designed to be used with SL-51 which uses VAC AREA storage for the pro
gram. Since SL-51 is loaded prior to power down its integrity can be checked after 
power up using this program. 
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\'!I.F 

•:,ARN 

WC'IIDAP 

Staw1 Regiater for Control of RC~ 
Docked OAP Functions, RCS Flags 

Counter Indlcatlng Number of Hardwan• 
Re11tart11 since La!!t Fresh Start (V:lb1 

Value of BBANK tnd l~ Rri;tlstpra 
at the Point o{ Restart 

STON Remott• Site From ,. hkh Data Is 
being Rf'<'elved 

Speclflt"e tlw- Slope of the Phaat• 
Plane Boundaries. 

Octal Equlvalt'nt of the f"lrst and 
Second CMC ST AR 1. O. Number 

Time Tag >f CSM State \"ector 

C MC Timt· of Last Event; SPS 
lR:llltlon, Cutoff or Liftoff 

C\1C Tlmc of Ignition or Time of 
Cutoff After Jsp1ltlon Occurs 

Time 1.0 SPS Cutoff 

Tlmr Tai( of Orbital Workshop 
State \'ector 

Block Inllnk Discrete Status 

Uplink Acc,:,µt 'Block Switch Stutu~ 

P20 Pitch Coordinate Oeflnlng S C Polntlng 
\'ector (SCAXn,). (New X Rotation About 
Rotated S C Y a.xis, Rotation Ordered 
Yaw, Plt<-N, 

P20 Yaw Coordinate Deflnlng S <..: Pointing 
Vector (SCAXIS) . (X Rotation about S,'C' Z 
Axi!I, Rotation Ordered Yaw, Pitch) , 

\" erb Ol<1played on OSKY 

X, Y, Z Velocity to hP Gained In s,t 
Coordinates 

Numlx>r of VHF Range !\1:trk!I lnc-orporated 
in State Vrctor (P20), 

C !\fC Warning Lamp Status 

OAP !\hdt' lo lap; . l sign.Hi~ Uockt:d 
OAP Is \cth·1•. 0 Signlfle l'nd!>eked 
RCS DAI' i!I Ac-tlvr. 

x...x:xxx 
x.~xxx! 

H :\1 
X..."(X: X..\:: X...\: XX 

H :\1 s 
X..XX: XX: X.X, "(X 

H M s 
X..X.'C: XX: XX. XX 

ll :\1 
X.."(.\:: XX: X\.. X\. 

H M s 
;(XX: XX: XX XX 

X.X 

x..xxx.x ft jll(' 

X.X 
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LAUNCH & BURN SCHEDULE 

GYROCOMPASSING & LAUNCH 
BOOST & EARTH ORBIT INSERTION 

RENDEZVOUS 
DEORBIT & ENTRY 



POSITION 

X 

y 

z 

POSITION 

X 

y 

z 

X 

y 

z 

X 

y 

z 

LB-2 

PRELAUNCH IMU COMPENSATION 

NBD 
(meru) 

GYRO DRIFTS 

ADIA 
(meru/g) 

ADSRA 

(meru/g) 

IMU COMPENSATION UPDATES 

BIA~ 
(ft/ s ) 

PIPA 
SCALE 

FACTOR 
(ppm) 

GYRO PIPA
2 

TIME OF UPDATE 
GET 

NBD (meru) BIAS (ft/s ) 
h min s 



SKYLAB 2 POWERED MANEINER SUMMARY 

Time or burn initiation 
Calendar G. m.t.. CSM g. e.t., sws g. e . t., sws t:.V. Burn 

Altitude Geocentric Longitude, Resultant Event Date 
duration Lighting latitude, perigee I apogeeb, 

day" hr:min:sec d:hr:min:sec d:hr:min:sec rev fps 
sec n. ml.b 

dee: deg 
n. ml. 

Sl-1 lift-off May 14 134 17:30:00. 0 -00:23 :29:36. 0 00:00:00:00. 0 -- -- -- Day -- 28. 45 - 80. 60 --Insertion May 14 135 17:39:47, 8 -00:23: 19:48. 2 00:00:09:47. 8 l -- -- Day 233. 9 39. 47 - 66. 18 232. O/ 234. 8 SL 2 lift-off May 15 135 16:59:36. 0 00:00:00:00. 0 00:23:29:36. 0 15 -- -- Day - - 28. 47 - 80. 62 --Insertion May 15 135 17:09:25. 8 00:00:09:49. 8 00:23:39:25. 8 15 -- -- Day 81. 0 39. 01 - 65. 32 Bl. O/ 120. l CSM/ S-IVB separ ation C May 15 135 17:15:36. 0 00:00 :16:00. 0 00: 23:45:36. 0 15 3. 0 7.4 Day 83. 0 49. 10 - 33. 98 Bl. 0/ 121. 6 Phasing 1 (NCI) May 15 135 19:19:47.9 00:02:20:ll. 9 01:01:49:47. 9 16 218. 9 9. 6 Night 121. 4 - 34. 37 73. 68 121. 4 / 204. 7 Phasing 2 (NC2) May 15 135 21:35:39. 3 00:04:36:03. 3 01:04 :05:39, 3 17 160. 6 6. 9 Day 204. 6 34. 36 -140. 61 203. 8/213. 5 Corrective combination May 15 135 22 :21:48. 5 00:05:22:12. 5 01:04: 51:48. 5 18 (NCC) 30, 5 l. 2 Night 213. 3 -34. 73 27. 92 213. 2/ 223. l 
Coelllpttc (NSR) May 15 135 22:58 :48. 5 00 :05:59:12. 5 01 :05:28:48. 5 18 19.1 0. 7 Day 223. 4 9. 09 170. 64 222. 3/ 223. 6 Terminal phase ini- May 15 135 23:49:14. 7 00:06:49:38. 7 01 :06:19:14. 7 19 20. 6 o. 7 Night 224. 2 -18. 98 - 12. 97 224. 1/234. 2 tial!zation (TPI) 

Terminal phase final- May 16 136 00:22:52. 1 00:07:23:16.1 01:06:52:52. 1 19 ization (TPF)c d27, 9 65,4 Day 232. 8 -18. 59 125. 31 232. 0/ 235. 2 
Docking May 16 136 00:39:36. 0 00:07:40:00. 0 01:07:09:36. 0 19 -- -- Day 233. 6 31. 16 167. 80 232. 0/ 235. 2 Orbit trim 1-PMc May 16 136 15:22:59. 7 00:22:23:23 . 7 01:21:52:59. 7 28 0 0 Night 234.1 -26. 70 117. 69 232. 0 / 235. 2 Orbit trim 1-RN° May 16 136 16:09:35. 7 00:23:09:59. 7 01:22:39:35. 7 29 0 0 Day 233.4 26. 80 - 74. 03 232. 0/ 235. 2 Orbit trim 2- PMc May 23 143 12:08:42. 4 07:19:09:06. 4 08:lij:38:42. 4 127 o. 4 6.4 Night 233. 8 -47.92 167. 94 231. 2/ 237. 0 Orbit trim 2-RNc May 23 143 12:55:20. 2 07:19:55:44. 2 08:19:25:20. 2 128 0 0 Day 232. 4 48. 01 - 23. 41 231. 2/ 237. 0 Orbit trim 3-PMc June 8 159 12:02:00. 6 23:19:02:24. 6 24 :18: 82:00 .6 358 3. 1 49. 8 Night 231. 5 -14. 95 171. 08 227. 81240. 6 Undocking June 12 164 12:46:55. 0 27:19:47:19. 0 28:19:16:55. 0 416 -- -- Dawn 227. 0 42. 30 -160. 35 227. 0/ 241. 1 

Separation June 12 164 13:33:37. 0 27:20:34:0l. 0 28:20:03:37. 0 417 5. 0 11. 5 Dusk 237. 6 -4 6. 06 74. 19 224. 5/ 240. 4 Shaping (SPS-1) June 12 164 14:01:22. 4 27:21:01:46. 4 28:20:31:22. 4 417 264. l 11,0 Night 227. 9 9. 02 137. 05 90. 4/ 229. 6 Deorbit (SPS-2) June 12 164 17:03:01. 0 28:00 :03:25. 0 28:23:33:0l. 0 419 193. 8 7. 8 Night 226. 8 11. 71 93. 19 -12. 7/ 229 . 6 Landing June 12 164 17:44:07. 0 28:00 :44 :31. 0 29 :00 :14 :07 . 0 419 -- -- Day -- 26. 78 -130. 09 --
PM • Posigrade Maneuver at Orbital Midnight "Time base convention - G. m. t. with days beginning oho mos January l (day 120 Is April 30) RN = Retrograde Maneuver at Orbital Noon b Above a spherical earth of radius 3443. 93-n. mi. radius. 

cRCS. 

dTheorettcal cost, actual cost for line-of-sight control, stationkeeping, flyaround. and docking is an additional 26 fps. 
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SKYLAB 1-1 I 

SL - t un er• 
SL•l INSERT!"'' 

LIFTOFF 0 PC2 •s Pl! 
E"ABLE T• WER rLlAQ1 NCF YA ~ ~AN[UVER 
JNJTIATE PJTC~ A'~ R~L L PROGR,t' 
MAX!MUt' OVNA~IC PP•SS 1~E 
I JTIATE ATTITUUE ARRFST 

"' " 14, 1973 
MAY 14, 1973 

DAY ACTIVITIES 

MAY 15 , 1973 
MAY 15 , 1973 
MA Y 15 , 1973 
MAY 15 , 1973 
MAY 15, 1973 

INITIATE r e2 MAY 15, 1973 
15, 1973 
15 , 1973 
15 , 1973 
15 , 1973 

S• JB I NB PAQD ENGl~E CUT9 FF MAY 
s - 1B euT•~•R ~ E~~, ,E CU J OFFll NJTl•TE T86 MAY 
PHYSICAL s - ,~,s - 1v~ SEP AQARTi e, MAY 
S• JVB JG JTI~" SJG, •AL MA Y 

S• J VB 90 ~ T'l"'UST 
ULL•GE Rr( KfT CASf • JF TTJ S6~ 
LAUl<CH EOCAP• SY& T[M J FTTJ S~~ 
STeP •TTTT UD' AR~E5Tll JT !ATE GU I DANC E 
MIXTURE PAT!" SH l•T SIGNAL 

s - 1v9 GUJOANCE C T•FF OJ G~AL 
JNJTIATE T84 
eqBIT•L I SEP • 1e, <L E> •t6) 

<L 8 °t 6 > CSt' s - ,v~ SEPAPAR ,e ~ 
P52 ! MU REALlr, N (~PT 3: LAU CM REFSMMAT) 

P52 l~u P[ALl r-~ (eor 2: RENDE Z, OR IE T ) 
ce,s LOS CALIPRATl• N (S TAR 45 , F, t' ALHA UT) 
P3t NCt TARGFT! NG ce~PL ETF 
P2Q OPT!• N ~ (TRAC~ EAQTHl 
NC! PR~Ll~J NARY PA ~ (L S - 43) 

STAR •cau tS!TJ B~ P,c 
GYRe Te RguE •~GL ES R[P•RT 
t<Ct FI NAL PA D 
E~T ER P4 0 ° SPS THRUS T 
NC! euPN !GNITJB ~ 

MAY 15 , 1973 
t'AY 15 , 1973 
MAY 15 • 1973 
MAY 15 , 1973 
MAY 15 , 1973 

MAY 15 , 1971 
MAY 15 , 1973 
MAY 15, 1973 
MAY 15 , 1973 
MAY 15, 1973 

t'AY 151 1973 
MAY 15 , 197 3 
MAY 15 , 1973 
~AY 15, 1973 
MAY 15, 1973 

MA Y 
MAY 
MA Y 
MAY 
MAY 

15, 
15 , 
15, 
15 , 
15 , 

1973 
1973 
1973 
1973 
1973 

MAY 15, 1973 

TIME 
H:M!N:S I 

c. o. r. 

12:30 : O• 
12:39 : 47•8 

11:59 : 36• 
11 : 59:37 , 
11:59 : 46 • 
12: o :5o • 
12: 1:46 • 

12 : 1 :51 , 
12 : 1:54 • 
12: 1 :57, 
12: t:58 • 
12 : 1:59 • 

12 : 2: 3 • 
12: 2: 10 • 
12: 2 : 22 , 
12: 2:21 , 
12 : 7 : 23 , 

12: 9:16 • 
12: 9 : 16 • 
12 : 9 : 26 • 
12:15:36• 
12:29:36 • 

12:39 : 36• 
12:54:36• 
13: 3:36• 
131 7:36 • 
13:31 : 36 • 

13:31:37 , 
13:31:38 • 
13:49 : 36 , 
14:15:36 • 
14 : 19:08 • 

Tl"IE 
~:MrN:s 
G, E,T, 

- 23:29:36• 
-23:19 : 48 , 

o: O: O, 
QI O; ! , 
o: o: 10 , 
o: 1: 14 , 
QI 2111 , 

QI 2: 15 , 
QI 2; 18 , 
QI 2:21, 
o: 2 : 22 , 
OI 2:23 , 

o: 2:27 , 
o: 2 : 34 , 
a: 2: 46 , 
a: 2:51 , 
QI 7: •7, 

QI 9:40 , 
01 9:40, 
o : 9:50 , 
QI 16: O, 
o:3o: o , 

QI •O: O, 
o:55: o , 
1 : 4 • o, 
tl 8: o, 
t:32 : O, 

1:321 1 , 
tl32: 2, 
t=5o: o , 
2: 161 0, 
2:20:12 . 
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SKYLAB I- II 

DA TE 

DAY 1 ACTlvITIE5 

NPC PA ~ ( IF Pr o •DI CL B-48) "1AY 15, 1973 
~ci BURN SH T' IS Rf P6RT CL9-•S > 
NC2 PRELJ "I I NA0Y P• ~ CLB - 531 
GYR6 T~R~ IJE H 'GLES REP,RT <LB.•6> 
ENTER P•C 6R P41 (L8 •4 9) MAY 15, 1973 

PC euR~ !GNl "IeN ~AY 15, 1973 
PC BURN 5TATUS REPBRT CL B-50 1 MAY 15, 1973 

P52 l "1U 0[AL! G~ f~PT 3: REND • REFS MM AT) MAY 15, 1973 
P32 NC2 TARGETJ r..C, CL B-53) MAY 15, 1973 
NC2 FI NAL PA <L B-53) MAY 15, 1973 
NCC PRELI~ I " A oy PA ~ (LB-57> 
NSR PRELl~I NARy PA ~ CLB-61) 
GYRO TOR~ UE A"GLES REPRRT <LB.51) 

P32 NC2 TARGE TI NG CBMPLETE CLB -53 ) MAY 15 , 1973 
ENTER P4" SPS THRUS T <LB-54> MAY 15, 1973 
NC2 BURN t GNI TJ8 N MAY 15, 1973 
NC2 BURN STAT IJ S REPON T <LB-55> MAY 15, 1973 
P33 NCC TARGE TI NG CLB-571 MAY 15, 1973 

NCC F"I NAL PA D (LB -57 ) HAY 15, 1973 
NSR F"I NAL PA O CLB-61) HAY 15, 1973 
P33 NCC TARGETI NG C6MPLETE HAY 15, 1973 
ENTER P40 SPS THRUST HAY 15, 1973 
NCC IGNITJ~ N MAY 15, 1973 

P34 NSR TARGET I NG CLB 0 61l MAY 15, 1973 
NCC BURN STAT US REPORT <LB 0 59l MAY 15, 1973 
NSR TARGETI NG COMPLETE MAY 15, 1973 
ENTER P40 SPS THR US T HAY 15, 1973 
NSR BURN IGNIT!8 ~ MAY 15, 1973 

NSR BURN STAT US REPORT CLB.63) MAY 15, 1973 
MANEUVER TO ACQUIRE s~s HAY 15, 1973 
TPJ PRELIMI NARY PA D <LB.66) 
DOCKI NG ATTIT UDE PAD MAY 15, 1973 

C• ~TD 

TIME 
H!MIN:S I 
C, D,T, 

14!59!36• 

1s: 3: 5• 

15! s: 5 • 
15! 7!36• 
15!34!36• 
15!44!36•. 
16! 9!36• 

16:21!36• 
16!29!36• 
16:35!39• 
16!37136• 
16!41!36• 

17: 7!36• 
17: 7:36• 
17! 9:36• 
17!13!36• 
17!21:48• 

17: 27: 36, 
17:41:36• 
17:47:36• 
11:53:36• 
17!58148• 

18: 2:36• 
18: 5:36• 

18: 9!36• 

TIME 
( H!MJ N!S 

G,E.T, 

3! o: O, 

3: 3:29, 

3: 5:29, 
3: 8: o, 
3!35: O, 
3!45: o, 
4:10: O, 

4:22: o, 
4:30: O, 
.. :36: 3, 
4!38; O, 
4!42: O, 

5: 81 O, 
5: 8: O, 
5!!0: O, 
5:14: O, 
5:22:12, 

51281 O, 
5142: o, 
5148; O, 
51541 O, 
5159:12, 

6! 3: o, 
61 6: o, 

6110: O, 
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SKYLAB 1-11 

r' V£" f T r,A TE TIME TI ME 
H: M! N: S , H:M1',/:5 
c. o. r . G. E. T, 

I 

DAY I AC TI VIT IES Cf' 'TD 

F'! NAL TP! PA"'! <L 0 , 66l MAY 15 , 197 3 18: 2•: 36 • 6:25: 0 , 
P35 TPt TARGF'T J t, G c~ 11 °LET~ VAY 15 , 1973 18:36:36 • 6:37: 0 , 
f',/ TER P1< n S PS THPUCT MAY 1, , 1973 18 : ... : 36 • 6:'<5: 0 , 
TP! 9UP'J ! G~ t• lb ~ ,,AY 15, 1973 18:49 : 15 • 6:'<9:39 , 
0 36 TP"l T.H~ '3 r1 JI\. G (L 9 , 70 l "AY 15 , 1973 18:51:36 , 6 : 52 : 0 , 

ENT(R P'<l RCS T;-, RlJS T "AY 15 , 1973 19: o : 36 • 7: 1: 0 , 
T0 ~1 !$NIT l e' ' v ;,y 15 , 1973 19 : 2 : 36 • ,: 3: 0 , 
P36 T0 1"2 T J.Q GE"T l '-G (L ~• 72l VAY 15 , 1973 19 : 5 :36 • 7: 6: 0 , 
E',/ TER P'+! PCC TH RUS T MAY 15 , 1973 1q : 9 :36• 7: 10 : o , 
TP'1?. Jr, ~ J"'IO '1AY 15 , 1973 19: 11: 36• 7 : 12: 0 , 

P37 QE ~D► zv, 11 c: Fl"•L PHAt:;( (L e , 7~l "" 1, , 1973 19:!3:36 • 7: 1•: 0 , 
P'<8 B0 AKJ,;G <L ? - 71,l MAY 15 , 1973 19:22! 52 • J:23 : 16 , 
sr~ rrq , 1<~rr1•.r: ., FL"'LQ ~• 1~ ') "AY I ~, 1973 19 :28 :36 • 7:29: O, 
l)l<S PI CT •JR,5 ~ T> 
D~CK! "G "AY 15 , 19 73 19:39:36 • 7: 1<0: o, 

RfCfR ~ P<J STA PT T!~( MAY 15 , 1q73 19:52:36 • 7: 53 : O• 
P52 l"U PC- i.L l 'i~ < o t' l 1 : STA RS 25 ACR u X, ,,AV 1, , 1973 20 : 7 : 36 , a: 8 : 0 , 

33 A"J TA Rfc: , QfVO, Qrr ~~""".\ T l <~" -771 
PSO AT ,, QOJJ::' TATJQ \. ';f"TE 0 fVP,.!AT JO~~ ,,.y 1, , 19 7 3 20 :, 3 : 36 , 8 : •<+: 0 , 

<" PTt 0 11 <L9 , 78l 

o ,cKED ALI G rsc: 'T c. p :1/c- A'JGLES 'lEPePT , "AV 15 , 197 3 20:5 2 :36• 8:53: O, 

P50 ~ou ~3 r.q:· p(J P "' (L 0 . 78l 
CRr•e ~ H" LI P ~Lf cJ ' :::,r. :.,y r.. o VAY I ~ • 197 3 21:59 :36 • 10 : o: 0 , 
PCG ! N ! VT T• v lJLT • o•, r\(1 ·- ~ A~ ~P T[R l'AY 16 • 197] 1:29 : 36 • 19:30: o, 
TRI" BUR" J PA ~ ,, . y I &• 19 73 8 :•2:36 • 20:43: 0 , 

PS? !'11J Q r- ALT r, ~,. ( 0 PT , : RE D• QEF'S~"• Tl VA~ 16, ) ~73 10 : 7 : 36 • n : 8 : O• 
IL ~• 79l 

qq F. 1 T TRJI"' r;~ Qf . tors, "'A ,, .,; ~L) ~~v \6, 1973 1c :22 : 60 • 2?!23;2 4 , 
PBS J GP A Cr "' I"' " JUYT 
P5Q AT » oe.:71[ '.Ttlt"' ·~ ··:- T':° ~ '"' l ~~A 1~, VAV 16 , I 973 I : 41: 36 • 22 :• 2 : C, 

(f.tPT ?l e • P\ 5 r "s t·P ; :~ TA~ TRAC~ [q ~AR<S 
(L~ - RCl 



SKYLAB 1-1 I 

Tll'E 
H: MIN:S l 
c.o . r. 

!);y 1 ACTIVITIES CR~ •D 
P52 l"' U OC",t,L ff'I\ "~T 1: ~~ o, l>E,SMMAT) l'AY 16, 1971 10:53:36 • SUN S[ NSAQJSTAP TQ•C Kr<> ~ARKS CL B• Bl> PSo NeuN ?3 QCPijPT CL B• 80l "'AY 16 , 1973 11: 3:36• GYRfl T,;R~' IE A''GLE S RSP"RT CLB • 81> l'AY 16 , 1973 11: 3:36 • ORE\IT TR!~ BUQ" (Q CS ~~'IUALl MAY 16, 1973 11: 9 : 35 , RET<,6GRA 1'c AA~ 

P,wER DO•''I c~• G& VAY 16, 1973 11 : 13:36 , 

DAY 2 ACTIVITIES 
SP[Cl~fN v;ss ~lA~ UREVF~T EXPERIM[,IT CAL l'AY 1~ . 1973 16:36:36 , 

DAY 3 ACTIVITIES 
s ,DY MAS~ ~E• 0 uREVENT fXP[R! rt, T CAL l'AY 17, 1973 13:30:36 , 

DAY • ACTIVITIES 
Z• LV ATTT TUDF H VQ,EREP 0 .aSS • 1 REV SR MAY 18 , 1973 12:so:36 • 

DAY 5 ACTIVITIES 
Z• LV •nnuD r "' VQ, [RfP PASS • 2 REV 72 MAY 19 , 1973 12 : 4t : 36 , 

DAY ~ ACTIVITIES 
Z• LV ATTITUDE • NV R,ERCP PASS • 3 REV 87 MAY 20 , 1973 12 : s•:36 • 

DAY 7 ACTIVITIES 
Z• LV ATTTT UDF M VR,ER[P PASS # .. REV 11• 'IAY 22, 1973 9:36:36 • 

DAY 9 ACTIVITIES 
Z• LV •TT!T UDF /'~VR , EREP PASS # 5 REV 132 "AY 23, 1973 1s:37 : 36• TV T6UQ AF ei,p IT AL weRKSH~P CONE H6URl MAY 2'+, 1973 9 : 15:36 • 

TIME 
H:Mr..,:s 
G, E, T, 

22:s,: O, 

23: • : O, 
23: •: O, 
23: 9 : 59 , 

23 =! •: O, 

28:31: 0 , 

,9:31: 0, 

12:s1: 0 , 

96 : 5: 0 , 

120 : s5 : O, 

165:37: O, 

195:3a: o, 
213116 : O, 
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EVENT 0ATE 

DAY 10 ACTIVITIES 

Z•LV ATTIT UDE MNV R,EREP PASS# 6 REV 157 MA Y 25 , 1973 

DAY 11 ACTIVITIES 

Z• LV ATTITUDE MNVR,EREP PASS# 7 REV 171 MAY 26 , 1973 
Z•LV ATTIT UD E MNVR ,EREP P>SS # 8 REV 172 MAY 26, 1973 

DA Y 1• ACTIVITIES 

Z•LV ATTITUDE MNV R,EREP PASS• 9 REV 205 MAY 28, 1973 
ASTR6 NAUT MANEU VERI NG UNIT TEST RUN MAY 29, 1973 

DA Y 17 ACTIVITIES 

Z• LV ATTIT UDE MNV R,E RE P PASS *10 REV 247 MAY 311 1973 

DAY 18 ACTIVITIES 

Z• LV ATTIT UDE MNVR ,E RE P PASS #11 REV 261 J UNE l • 1973 

DAY 19 ACT IVITIES 

Z• LV ATTIT UDE MNVR,EREP PASS #12 REV 275 JU NE 2, 1973 

DAY 20 ACTIVITIES 

Z• LV ATTIT UDE M~V R,EREP PASS #13 REV 303 JUNE 'I , 1973 

DA Y 21 ACTIVITIES 

CSM G&N PB WER UP 
E MEM6RY DUMP 
P51 !MU BRIENTATl6 DtTERMI NAT!B N 

<I.B 0 82 l 
P52 !MU REALIGN (~PT 1: ENTRY REFSMMATl 

!L B.83> 

J UNE 
JU NE" 
JU NE 

5, 1973 
5, 1973 
s , 1973 

5, 1973 

TIME 
H: MINlS 
c .o, r. 

8 : .. o:36• 
10: !3:36• 

16:35:36 • 
8: o:36 • 

11:53:36 • 

7 :59l36 • 
8:1'1:36 • 
a:39 : 36 • 

8151:36 • 

TIME 
H: l'qN:s 
G, E,T, 

237: 25: 0 , 

260:'lt: 0, 
262:H: O, 

316:36: O, 
332 : 1: 0 , 

'1331 8: o, 

5001 01 O, 
500=15: o. 
5001'10: O, 

500152: O, 

I 
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," VE' T ~ATE 

DAY 21 ACTIVITIES Ce TD 

P50 ATM •R1• ~TATl •N " FT ER Ml ~AT!6'J 
c,PT 2:) PEC•L • •• •T~ re ~B TRA SFBRM 

CL B-841 
P30 EXT , , ELTA V , Sl ~~LATED PHASI NG 
P4 0 SPS TµR UST, S !'11JLAT~!l PHI S l 1'0 

P52 l~U OfALTr- N (q PT ~ : E~TRY REFSMMAT) 
CLB-851 

JU -.:E 5 , 1973 

J U'J f 5 , I 973 
Ju r.r 5 , 1973 

JU r,,. E 5, 1973 

JU~'f 5, ! 973 

DAY 22 ACTIVITIES 

Ju r-.: F: 6 , 1973 

DAY 23 ACTIVITIES 

DAY 25 ACTIVITIES 

Z• LV ATTTT UDF: M~V R,ERfP PASS #14 REV 361 JU 'JE 8 , 1973 

DAY 26 ACTIVITIES 

EXTRAVEH!CULAO ACTJ VITY IC DR & SPT) 

CSM G& P• ~EO UP 
f M[M,R Y l)U M0 

TRANSFER Pewro FR~M s ~s T~ DESCE NT 
BATTER !ES 
P51 !MU ~RIE 'TAT!" " DFTERV! "l ATJ9 r,,. 
SUN SENSBO ; STAR TRA(~EP MARKS 

CLB-86) 

P52 ! MU R~AL!G r,,. (BPT 1: ENTRY REFSMMAT) 

JU •J E 9, 1973 

DAY 28 ACTI VITIES 

JU'<E 12, 1973 
J Ur,E 12, 1973 
JUr,,.E 12, 1973 

J U, E 12, I 973 

Jur, E 12, 1973 

TIME 
H:M I N:S 
C,D,T, 

9:31:36• 

9:,43:36• 
9:47:36, 

0:59:36• 
1:19:36• 
1 :4'+:36• 

2:2\:36• 

2:39:36, 

Tl'1E 
"4:M1 N:s 
G.E,T, 

501132: 0, 

501:H1 o, 
so1:4a, o, 

5021501 O, 

503: o: 0, 

55P25: 0 , 

576:11: o, 

600: O: O, 

6611 0: 0 , 
66\l20: o, 
6611'151 O, 

662122: O, 
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SKYLAB 1-11 

EVE', T ~A TE 

DAY 2 8 ACTIVITIES Ce"I TD 

CSM • SWS ~EPAPA Ti e~ PA~ 
SPS1 SMAP!~G P1 D 
SPS? 0f 8 PPf T PAD 
ENTRY PA ~ 

ILB - 921 
IL B- 951 
IL B- 100 1 
1Le • 901 

P52 r ~u Pf ALl GN l" PT 1: E~iRY REFSMMAT) 
<L B-89 1 

cs~ - 5 ws u •,nec< r G 
FLYAR ~uN, s ws : PHeT• • ~ ~ TV 
E~TfR P4! RC~ ThR U~T 
CSM - SWS SEPAQIJ J8~ 
E TER P4 1 ~PS ThRUST 

I LB - 91 I 

CL B- 931 
CLB . 9•1 
IL B- 961 

SPS! SMAPf NG PuR~ !G 
P52 r~ u PEALIGN c••r 

IT! bN CL9 - 971 
1 : [ v TRY REFS MMA T) 

<L? - 981 
IL B- 981 
CL B. t GO I 

GYR8 T~R~u r -~GLfS R[ P•QT 
sPs2 PAO IJ PDHE 
ENTRY PA~ UP~•TE IL8 . q91 

CL9 - t 0 1l 

SPS2 DE8RA! T PUR' !G,tTl ~~ CLR 0 102l 
P62 ENTRY - CM/5M SEP ARATf9~ ~ PQ[ • ENTRY 
MAN(UVf R 
CM - SM SEPARATl6N 
EN TRY ! NT,:RFACE 

JU~E 12 , 1973 

J U~f 12 , 1973 
JU ~E 12, 1973 

Ju , E 12, 
J UNE 12, 
Ju,r 12, 
JU ~E 12 , 
JUNE 12 , 

1973 
1973 
1973 
1973 
1973 

JU,E 12, 1973 
J U"F 12 , 19 73 

Ju,r 12 , 1973 
J USiE 12 , 1973 

J UN[ 12 , 1973 

DAY 29 ACTIVITIE S 

JU~E 12 , 1973 
JU ~E 12 • 1973 

J U•Jf 12 , 1973 
JU ~f 12 , 1973 

JUNE 12 , 1973 

TI ME 
H: MJN: S 
C, D,T , 

5:59!36 • 
7: • : 36 • 

7 : ,6:55 , 
7:,6 : 56 , 
8 : 25 : 36 • 
8 : 33:38 • 
8 : ,5 : 36 , 

9: 1 : 22 • 
10 : 10 :36 • 

10 : 59 ! 36 • 
11 : 0 : 36 • 

12: 3: 1 • 
12 : 7! 36 • 

12 : 12 : 36 , 
12 : 28 !1 6 • 

Tl~E 
H!MI "l : 5 
G, E, T, 

666 : O: O, 

6661 O: O, 
667 : s: o , 

667147 : 19 , 
667!"7:20 , 
668!26: o, 
668 ! 34: 2 , 
668!•6: O, 

669: 1 :•6 , 
670 :11: O, 

67 1 : o: o, 
671: 1: 0 , 

671 :s3: O, 

67Z: 3: 25 , 
672: 8 : o , 

672 11 3: o , 
672 :2a : ,o , 

672 : H : 31 , 

I 
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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 alignment orientation Is a local vertical alignment pointing along a launch azimuth. For Skylab missions, this corresponds to approximately 45° east of north for the 50" Inclined orbit of the Skylab workshop (SWS). 

In vector notation 

uzsm 
![xsm 

unit(-!) 
unit~ 

.!!_zsmX.!!._xsm 

.!!..xsm • Stable x axis 

.!!_ zem 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 320 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 IMU 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 lnterial platform. 

Proportional control is then applied for the theoretical east and vertical gyros. The thecretical 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 h:tegral 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. 



I 

~I Ax I 

IMU 

COM PEN-

Ay~ 
SATION 

p p PROGRAM 

Az-fili}--
SAMPLE & ZERO 

EVERY .5 SEC 

[xs~ 
MATRIX 

"EAST" PIP+ 

~sMJ 
PLATFORM ERROR 
ANGLE TORQUE 

VECTOR 

MATRIX 

E 9 S I 
SAMPLE & ZERO 

EARTH RATE 
COMPEN
SATION 

(EVERY 5 SEC) 

GYRO COMPENSATION (0.5 SECOND LOOP) 
9E, 9S, 9 V EVERY 5 SEC 

FIGURE A VERTICAL ERECTION LOOP FOR PRE-LAUNCH ALIGNMENT 



I 

~I Ax I 

IMU 

COM PEN-

Ay~ 
SATION 

p p PROGRAM 

AZ~ 

SAMPLE & ZERO 
EVERY .5 SEC 

[xsMJ 

MATRIX 

"EAST" Pl P + 

PLE ERO 

EARTH RATE 
COMPEN
SATION 

(EVERY 5 SEC) 

GYRO COMPENSATION (0.5 SECOND LOOP) BE, 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. 

PRO 

Flashing 
V06N29 

V21E 

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 I I I I I deg 

______ .hr 
______ .min 
_____ __:.sec 

date ------

XXX. XX deg. 

I I I I I I deg 

______ .hr 
______ .min 
_____ __;.sec 
______ date 

East Launch Azimuth "" 45° 
for Skylab 



Liftoff GMT 
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BOOST MONITOR 

____ _ ,.hrs 
_____ .min 

--- --··~~~te) 

SATURN BOOST 
TYPICAL TRAJ SKYLAB 

DET e- VI H 
0+30 83 1420 370 
l+-00 67 1927 966 
1 +30 48 3095 1700 
2+-00 32 5288 2549 
2+30 26 7454 2899 
3+00 33 785 1 2382 
3+30 31 8349 1983 
4+00 29 894 7 1610 
4+30 26 9641 1265 
5+00 24 104 32 950 
5+30 21 11323 664 
6+00 18 12324 411 
6+30 14 13449 194 

I 1+-00 11 14710 19 

7+30 7 16133 - 109 
8+-00 3 17669 - 200 
8+30 0 19236 - 277 
9+-00 356 21028 - 28 3 
9+30 352 23101 -204 

10+-00 349 25553 -20 
10+01 349 25682 -4 

H 
0.8 
4 .0 

10. 5 
21.0 
35. 3 
48.3 
59 . 1 
67 .9 
75 .0 
80.5 
84 .4 
87 . 1 
88 . 6 

89 . l I 
88 . 8 
88. l 
86 . 9 
85.5 
84.2 

83.6 
83.6 

BOOST POLYNOMlALS (154.6 sec) 

t; Pitch Angle (S/ C) = -.14318735 - . 441615526 - • 007494170162 + . 00022391274t3 

- . 000002176667864 + 7. 5715679 X 10-9t 5 - 5. 9732834 X 10-l2 t6 

Where t t, time from deduced time of l iftoff when the roll and pitch computed attitude er rors 
should start. (Nominally 10.6 sec after liftoff) . The stop time Is nominally 184.6 
sec after llftcff. The attitude er~ors are biased by the actual vehicle angle If Saturn 
takeover is accomplished. 

RA = Roll angle = Saturn Roll Rate't - 180° + Launch Azimuth -(-90°•) 

*Loaded In Prelauncb Erasable as SATRLRT (1°/sec) and AZIMUTH (-90°) 
PA = Pitch Angle 

[ 

sin PA 

-sin RA cos PA 

-cos RA cos PA 

- Cos RA 

- sin RA 

-cos PA l 
-Sin RA sin PA 

- cos RA sin PA 

desired X S/C vector 

desired Y S/ C ,vector 

desired Z S/C vector 
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INSERTION MONITOR 

GET . hrs 
.min 
. sec 

N62 
VI Inertial Velocity 
H Attitude rate 
H Altitude 

N44 
ha Altitude of Apogee 
hp Altitude of Perigee 
TFF Time from 

Free Fall 
(300, 000 ft) 

CSM/ LV SEPARATION 

V37 Enter, 4 7 Enter 

V16 N83 Flashing, t.V XYZ Body Axes 

N62 Enter 

V16 N62 Flashing, Inertial Velocity, Altitude Rate, Altitude 

X X X R X 

X X X p IMU Gimbal Angles X 

X X X y X 

X X X BT (min/ s) X 

VI (ft/ s) 

X I N83 

y t.V ft / s 

z 

V ft/ s I N62 

HDOT ft/ s 

H nmi 

NOTES: 

. ft/ s 

. ft/ s 
nmi 

nmi 
nmi 

min-sec 

X X 

X X 

X X 

X X 
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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 oftiie 
ascending node. The Z axis ~1) 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. 

Three REFSMMAT's or IMU alignments are utilized during this mission. Each 
is a unique matrix which locates a stable member axis ~XSM, E; YSM• or E; 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) 
or star/ solar tracking. 

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 ehen 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 . 

Ecliptic 

!!xi = Mean Equinox of Date* 

Figure 1. Basic Reference Coordinate System 
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I LAUNCH PAD REFSMMAT I 
1. Launch 

2. Insertion 

3. Separation 

m~~·••rl• [; XIY ~z] [ ~].c, YIY YIZ 

ZIY ZIZ 
Platform 
Stable 
Members 

XIX -0. 76035378 XIY o. 25293247 XIZ 0.59823679 

YIX -0.26629318 YIY o. 71869139 YIZ -0. 64231659 

ZIX -0.59241037 ZIY -0. 64769424 ZIZ -0. 47910554 

IRENDEzvousl 

1. NCl 

2. NC2 

3. NPC 

4. NCC 

5. NSR 

6. TPI 

7. TPM 

8. TPF 

XIX 0.63632872 XIY -0.36665178 XIZ -0. 67871364 

YIX. -0. 27147419 YIY o. 71711006 YIZ -0. 64191505 

ZIX o. 72207168 ZIY 0.59272221 ZIZ 0.35678123 

I DEORBIT REFSMMAT I 
1. Shaping 

2. Deorbit 

3. Entry 

XIX 0.54516294 XIY -0.34309210 XIZ = o. 76490859 

YIX 0.65889438 YIY -0.38877073 YIZ = -0. 64398409 

ZIX 0.51831993 ZIY 0.85507024 ZIZ = o. 014118064 

Figure 2. Mission REFSMMAT•S 
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j OPTION: 00001 (PREFERRED) l 
DESCRIPTION: Preferred Thrusting Illustrated 

YSM = (XSM) X (rTIG> 

ZSM = (XSM) x (YSM) 

( ZSM 

The PREFERRED option refers to one of two possibilities: 

a. The PREFERRED thrusting orientation which ts calculated and stored by P40 and 
P41. 

b. Any orientation uplinked by MSFN via P27. 

The CMC Is unable to distinguish between a and b. Whenever a PREFERRED orienta
tion has been computed by P40 or P41 and stored, or uplinked by MSFN via P27, the 
PREFERRED ATTITUDE flag is set. This flag Indicates to the CMC that a usable 
platform orientation has been stored in the locations allotted to PREFERRED ATTI
TUDE. The PREFERRED ATTITUDE flag being reset indicates the information in 
the PREFERRED ATTITUDE locations is unusable. The PREFERRED ATTITUDE 
flag ts reset by P40 and P41 at TIG - 30 seconds. 

CALCULATION OF ORIENTATION: 

[

PREFERREJ [XSMJ [UTD l REFSMMAT = YsM = Unit (UTD x 'T1a> 

(Thrusting) ZsM Unit (UTD x (UTD x (rT!G)) 

where 

UTD ts a unit vector in the desired thrust direction expressed in the basJc 
reference system. 

rTIG Is the position vector of the vehicle at ignition expressed in the basic 
reference system. 

Figure 3. (Sheet 1 of 2) 



! OPTION: 00002 (NOMINAL)! 

DESCRIPTION: LOCAL VERTICAL 
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-XSM • ( YSM) )( czs'M1 
YSM • ( V) )( (f' ) 

ZSM - -r 

XSM 

The CMC requests the g. e. t. for which the vehicle rand V are to be selected to define 
the NOMINAL orientation. 

CALCULATION OF ORIENTATION: 

CSM 

[ ] 
[

XSM] [ISM x ~SM] Nominal 
REFSMMA T = y SM = Unit (v x r) 

ZsM Unit (-r) 

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. 

[
XSM] 

[ REFSMMAT] = YsM = 

ZsM 
[

Currently maintained] 

CMC platform 

Orientation 

Figure 3. (Sheet 2 of 2) 
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P50 ATM ORIENTATION DETERMINATION 

Option 1 - ATM Vector Determination using ATM Sun Sensor 
Assuming solar inertial mode (ZATM axis is pointing at the sun) the !mown sun vector 
in NB space is: 

T T T 
~Sl = ~ATM = [AO] [AM] [AI] [REFSMMAT] ~ES 

AO, AM, AI are outer, middle, inner gimbal angles at mark time. ~ES is sun unit 
vector in EC! space accessed from CMC star table. 

The second !mown vector is the previously stored Y ATM axis in NB space. 

~S2 = _yATM 

Measured vectors %iM and %zM are the Z ATM and Y ATM axis vectors in ATM space. 

AXISGEN computations, below, generate a set of vectors describing ATM coordinate system axes in 
NB space using the !mown and measured celestial body vectors. Option 1 merely corrects the 
stored YATM vector, in the Y, Z plane, to be perpendicular to the ZATM vector. 

Option 2 - ATM Vector Determination Using ATM Sun Sensor and Star Tracker 

Assuming solar inertial mode the !mown sun vector in NB space is: 

T T T ~Sl = ~ATM = [AO] [AM] [AI] [REFSMMAT] ~ES 

The second sighting is provided by the star tracker whose outer (1/J 3) and inner (1/J 1) gimbal 
angles (at mark time) and acquired star code are entered into the CMC. 

~S2 = [Ao? (AM? [Ar? [REFSMMAT] ~CB 

~B is !mown celestial body unit vector in ECI space. 

Measured vectors ~lM and ~ZM are the ZATM axis and star tracker LOS in ATM co
ordinates, where the star tracker LOS is defined along the -YATM axis with zero outer and 
inner star tracker gimbal angles. 

AXISGEN computations below generate a set of vectors describing ATM coordinate system 
axes in NB space using the known and measured celestial body vectors. 

AXISGEN - A celestial body coordinate system with coordinate axes in NB space and A TM space 
is generated. The celestial body space axis vectors comprise the transformation matrices 
from NB and ATM space to celestial body space. 



[AJ NB 

~ 

[AJ NB = [BJ ATM 

ATM [BJ -l [AJ NB 

[NBATMJ [Bi-1 [AJ 

[NBATMJ 
~

1
CB' Y'cB' ~

1
CB J 
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~B = [BJ ATM 

NB and ATM are the same vector expressed 
in NB space and A TM space and the celestial body 
coordinate system are identical since they are 
comprised of the same celestial body vectors 

XATM' ~TM and ~ATM are the ATM coordinate system axes in NB space. 



z 

X 
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P51/ P52 IMU ALIGNMENT 

z 

X 

y 

~Sl and ~S2 are known unit vectors in ECI space of the stars and are stored ln the CMC. 

Optics Sighting Option 

AI, AM, AO are inner, middle, and outer gimbal angles at ith mark time. AS and At are SXT 
LOS shaft and trunnion angles at 1th mark time. 

~lM and ~ 2M are the measured unit vectors (optics mark) in stable member (SM) space 
of the stars. 

ATM Sun Sensor and Star Tracker Sighting Option 

Assuming solar inertial mode with the Z A TM axis pointing at the sun and the star tracker 
LOS pointing at a specified star the measured celestial body vectors in SM space are: 

[AI] [AM] [AO] ~ATM 

[

cos I/ii sin 1/J:i ~ 
[AI] [AM] [AO] [ATMNB] -cos I/ii cos ,J, 3 

-sin iJii 

[ATMNB] = [NBATM? = ATM to NB coordinate transformation matrix computed in P50. 

The ,J,
1

, ,J,
3 

vector ls the star tracker LOS to target star vector in ATM coordinates, 
where ,JJi and ,Jig are track~r inner and outer gimbal angles at mark time. Known 
vectors ~l and ~ 2 are the sun and star tracker target star unit vectors in reference 
system coordinates as stored in the CMC. 

~SlM and ~2M are the measured unit vectors (sun sensor and star tracker mark) in 
stable member (SM) space of the sun and star, 
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AXISGEN - A celestial body coordinate system with coordinate axes in ECI space and SM space is 
generated. The celestial body space axis vectors comprise the transformation matrices 
from ECI and SM space to celestial body space. 

[

~Sl J [~SlM = ~l x ~ SZ ECI , SB = ~lM x 

~Sl X (!!gl X ~2) ~SlM X 

[AJ ECI = [BJ SM 

SM = [Bf1 [AJ ECI 

[REFSMMATJ = [Bf
1 

[AJ 

SB = [BJ SM 

[~] = YSM 

~SM ECI 

SM 

~SM ISM and ~SM are the present stable member axes in reference coordinates. 

z 

X 

Star Angle Difference 

Star Angle = fl 

a - a 

z 

y 

X 

Figure 5. REFSMMAT Computations 

y 
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DETERMINATION OF GYRO TORQUING 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 AEFSMMAT presently stored in the computer. 

Since the gyros in the IMU 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: 

lXSM] [ cos<>, cos¢y sin¢, 
Y SM "' (sil'lQx si™Py - cos¢x sin¢2 oos<t'yl coS¢1x cos¢2 

ZsM (sirwf>x sinl/,2 cos¢y + cos¢x sin¢yl -sin¢x cosqJ2 

Desired 

[

XSM] 
YSM 

2SM 
Present 

A transformation equivalent to the above transformation is obtainable from the star sighting data of the P52 program. 

['•~] ['~1 ['••] ["'" C(l,2) '""] ~··] YsM . 1Ar' [Bl YSM = [Cl YsM • C(2,11 C(2,21 C(2,31 YSM 

2SM 2SM ZSM C(J,1) C(J,21 C(J,3) 2 sM 
Desired Present Present Present 

For P52 

2A • [Al~ 2B [Bl~ 
Desired Present 

[Al~ [Bl~ 
Desired Present 

SM [Af
1 

JBJ§!,l 
Desired Present 

The gyro torquing angles can be computed from any convenient element for element assignment between the matrices [C) and l<l,xl 
[4,

2
] l,t,yl Gyro torquing angles are computed using the relationship: 

¢y • tan-• ( ·g/ i}/ ) 
¢ • z 

-I 
tan 

- I 
tan 

f.C(l ,2) oof!Py) 
\ C(l ,11 

(·g1rn ) 



APPLICABLE REFSMMAT 
MANEUVER 

Launch, Insertion, Launch Pad 
Separation 

NCl TPI Rendezvous 
NC2 TPM (Nominal) 
NPC TPF 
NCC 
NSR 

Deorbit Deorblt 
Entry (preferred) 
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SKYLAB SC-2 MISSION 
REFSMMAT SUMMARY 

ALIGNMENT 
CRITERIA (!MU AXIS) 

X-axis along flight azimuth at Launch 
Z-axis along negative radius vector 
Y- axis completes tlJe right-hand triad 

Z-axis is aligned along the negative 
position vector defined at TPI igni-
tion time. 

Y-axis is aligned along the negative 
momentum vector of the vehicle de-
fined at TPI ignition time. 

X-axis completes the orthogonal sys-
tern. 

X-axis aligned with the spacecraft 
X-body axis at the vehicle attitude 
for Ignition with the thrust directed 
through the center of gravity. 

Z-axis in the plane formed by the 
X-axis and the position vector. 
Positive direction away from earth 
is a heads-down attitude. Positive 
direction towards earth for a heads-
up attitude 

Y-axis completes the system. 

REMARKS 

At earth-launch the 
FDA! will display: 
Roll 2 90° + flight 
azimuth 
Pitch • 90, Yaw = 0 

At TIG of TPI the FDA! 
will display Roll = o0 

Pitch = E = elevation 
angle at TPI 
Yaw= o0 

During the two deorblt 
burns the FDA! will dis-

~l:?; = 00 
Pitch~ 180° 
Yaw• 0° 
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DETERMINATION OF SIC ROLL AX IS WITH 
RESPECT TO A LOCAL HORIZONTAL COORDINATE SYSTEM 

The procedure outlined below provides a method for determining the direction cosines of the CSM roll axis with respect to the local 
horizontal coordinate system. This procedure requires knowing the IMU gimbal angles, the REF SMMAT to which the stabte member 1s 
aligned, and the state vector (expressed in reference coordinates) of the CSM corresponding to the time of the g1mbal angles. 

•u•''u,UIDIO- ■Y _ ........... , 

The procedure is broken into two parts : the first defines the SIC axis with respect to the basic reference coordinate system; the second 
defines the SIC axis with respect to the local horizontal coordinate system. 

The following transformations are used in the development of the procedure and are defined here for completeneu. 

(SMNB( 

(SMSC ( 

· the transformatk>n from the stabl e member to the nav.;ation base of the G&N system. Since the navigation base axes are 
ootinear with SIC axes for the CSM, this transformation also defines the transformation from the stable member to the SIC 
l(SMSC(I. 

(A0 r1 (Am r ' (A;r' VSM • (SMNB) VSM • (SMSC) VSM 

[ 
x

5

M l lxsM l [XsM l 
[

cosAi cosAm 
• (sinAi sinAo-cosAi sinAm cosAo) 

(cosAi sinAm si nAo+sinAi cosAo) 

2sM 2SM 2SM 

sinAm 
cosAm cosAo 
-cosAm sinAo 

•sinAi cosAm J 
(sinAi sinAm cosAo+cosAi sinAo) 
(cosAi cosAo-sinAi sinAm sinAo) 

where Ao. Ai, and Am are the outer, inner, and middle gimbal angles as d isplayed on the DSKY. 

(REFSMMAT} - the transformation from the basic reference coordinate system to the stable member. There are several different types of 
REFSMMAT and they are defined elsewhere in this section. 

Ll
XIX 

(REFSMMAT( • VIX 
ZIX 

XIV 
VIV 
ZIV 

XI~ VIZ 
212 

(REFSC( . the transformation from the basic reference coordina te system to the SIC axes. 

Li
XSC/REF] ~REFSCl1 . 11 

(REFSC) • (SMSC( (REFSMMAT( • ~SC/REF • REFSCl2, 11 
~SC/ REF REFSC 13, 1 I 

REFSC 11. 21 
REFSC 12, 21 
REFSC 13, 21 

REFSC 11, 3~ 
REFSC 12. 31 
REF SC 13, 31 

where ~SC/REF, ,!'.SC/REF , and lSC/REF define the X. Y, and Z axes of the CSM with respect to the basic reference ooordinate 
system. 

(LHREF} • the transformation from the local horizontal coordinate system to the basic reference coordinate system . 

where .B_ and Y, are the state vector of the CSM at the time of the gimbal angles. 

(LHSC( . the transformation from the local horizontal coordinate system to the CSM axes. 

(LHSC) • {REFSC( (LHREF( • r1~~~1 
Lisc/LHJ 

where XsctLH, YsclLH, and ZSCILH define the X, Y. and Z axes of the CSM with respect to the local horizontal coordinate 
$V'stem. - -
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STEP 1. S/C AXES WAT BASIC REFERENCE COORDINATES 

[REFSC ) • [SMSC) [REFSMMAT) 

1:1., 

AEFSC (1, 1) "' cosAi cosAm XIX+ sinAm VIX - sinAi cosAm ZIX 

AEF SC (1, 2) "' cosAi oosAm XIV+ sinAm YIY - sinAi cosAm Z IY 

REFSC (1. 3) "' oosAi cosAm X IZ + sinAm VIZ - sinAi cosAm ZIZ 

'k 

} 

•k J" _ 

!!¥, 

~SC/REF 

REFSC (2, 11 .. (sinAi sinAo • cosAi sinAm oosAo) X IX+ cosAm cosAo VIX+ (sinAi sinAm cosAo + cosAi sinAo) ZIX } 

REF SC (2, 21 "" (sinAi sinAo - cosAi sinAm oosAo) X IV+ cosAm cosAo VIV+ (sinAi sinAm cosAo + cosAi sinAo) ZIV 

REFSC (2, 3) ., (sinAi sinAo - cosAi sinAm cosAo) XIZ + cosAm cosAo VIZ+ (sinAi sinAm cosAo + cosAi sinAo) Z IZ 

REFSC (3, 1) "' (cosAi sinAm sinAo + sinAi cosAo) XIX• cosAm sinAo YlX + (cosAi cosAo - sinAi sinAm sinAo) Z IX 

REFSC (3, 2) "" (oosAi sinAm sinAo + sinAi cosAo) XlY - cosAm sinAo YIY + (cosAi cosAo - sinAi sinAm sinAo) ZIV 

REFSC (3, 3) = (cosAi sinAm sinAo + sinAi cosAo) X IZ - cosAm sinAo VIZ+ (cosAi cosAo sinAi sinAm sinAo) Z IZ 

LHSC 11, 11 . 
LHSC 11, 21 

LHSC 11, 31 . 
LHSC (2, 11 

LHSC 12, 21 
LHSC 12, 31 

LHSC (3, 11 

LHSC (3, 21 

LHSC (3, 31 

STEP 2. SIC AXES WAT LOCA L HORIZONTAL COORDINATES 

[LHSC) • [REFSC) [LHREF) 

{ REFSC (1, 11. REFSC 11, 21, REFSC 11. 31} 0 { un;t [I~ X !!I X 1-~JJ} } {RE FSC (1, 11. REFSC 11. 21. REFSC 11, 3) ) o {un;1 I'.!! X!'! I} 

{ REFSC (1. 11. REFSC 11, 21. AEFSC (1, 31} 0 { un;t l·!'!I} 

{REFSC 12, 11, REFSC 12. 21. REFSC 12. 3)) 0 (un;t [I~ X !'!I X l·!'!I)} } { AEFSC 12. 11. REFSC 12, 21, REFSC 12. 31} o { un;t I'.!! X !'!_I} 

{ REFSC (2.11, REFSC (2, 2). REFSC 12. 31} 0 { un;t (-!'!I } 

{ REFSC 13, 11, REFSC 13, 21. REFSC 13, 31) o { un;t [I~ X !'! IX 1-!'!ll} 

} ( REFSC 13, 11, AEFSC 13. 21. REFSC 13, 31} o { unit (y_ X ~) } 

( REFSC 13, 11, REFSC 13. 21. REFSC 13, 31} o {unit( -~) } 

"' ~SCI LH 

• XSC/ LH 

• 3:SC/ LH 

} 
• ~SC/ REF 

• ~SC/REF 

The 2$SC axis is the same as the roll axis and therefore the components of the roll axis of the SIC with respect to the local horizontal 

coordinate system are : 

LHSC (1, 3) - component of Xsc along -ft 

LHSC 11. 2) - component of Xsc normal to orbita l plane 

LHSC (1, 1) - component of Xsc normal to -!!and in plane. 



Data and Calculation Summary Sheet 

Ao (X/Roll) Ai ,Y /Pitch) 
TIME 

Am (Z/Yaw) ___ • __ --- -- --

R* v• 
ISMSC I [REFSMMAT I 

rx Vx 

[ ----·---- ·---J [·----·----·----J ----·----·---- . ·----·---- · ----
----·----·---- ·----·----·----

ry Vy 
rz Vz 
*The units of R and V are not important since they are 
used in uniti;;d form. 

[LHSCI 

[ . . J ---- ----
····· .. .. . ... . . 
.. ..... .. . .. . 

Roll= tan- ! (-LHSC (3, 2)} 
LHSC (2, 2) 

Yaw = tan - 1 ( LHSC (11 2) • cos Roll) 
LHSC (2, 2) 

• _ _ 1 (-LHSC (11 3)) 
Pitch - tan LHSC (l, l) 

LHSC (1, 1) = • ____ component of Xsc normal to -,!! and in plane 

LHSC (1, 2) = • ____ component of Xsc normal to orbital plane 

LHSC (1, 3) = • __ _ _ component of Xsc along - ,!! 

~ 
I 

"' <.O 
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P52 - IMU REALlGN 

(Post-Insertion REFSMMAT 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 o· 0 0 0 P52 Option 

+ 0 0 Hours 
GET of Gyro 

+ 0 0 0 Minutes 
Torquing 

+ 0 Seconds 

X 0 0 Sensor/Celestial Body Code 1 N71 

X 0 0 Sensor/Celestial Body Code 2 N71 

Outer \ Star Tracker Gimbal Nl4 

Inner Angles (arc-min) 

Star Angle Difference N05 

Star Angle Measured 

X 

l 
Gyro N93 

y Torquing 

z Angles (Degrees) 

X 

l 
Calculated 

y Gyro • 
z Drift (meru) 

NOTES: Sensor/Celestial Body Code 00CDE 

C 
C 
C 

0, CSM Optics 
1, Sun Sensor 
2, Star Tracker 

DE 
DE 
DE 
DE 

46, Sun 
04, Achernar 
14, Canopus 
25, Acrux 

X 

+ 

+ 

X 

X 

Nl4 is applicable for Star Tracker (C = 2) sighting only 

0 

0 

0 

0 

0 

0 0 0 

0 

0 0 

0 

0 

I 

I 

I 

Expected Codes for 
ATM Sensor Sightings 



V37 Enter, 52 Enter 

V04 N06 Flashing 

Rl: 00001 
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P52-IMU REALIGN 
(Nominal) 

R2: 0000X IMU Align Option 

1-Preferred, 2 - Nominal, 

3-REFSMMAT 

V06N34 Flashing 

V25E Load T(Align) 

Rl: oo. ____ Hours 

R2 : ooo ___ minutes 

R3: o ____ seconds 

V51 Flashing- Please Mark 

X 0 0 0 0 P52 Option 

+ 0 0 _,, l 
GET of Gyro 

+ 0 0 0 Minutes 
Torquing 

+ 0 Seconds 

X 0 0 Sensor/ Celestial Body Code 1 

X 0 0 Sensor/Celestial Body Code 2 

Outer I Star Tracker Gimbal 

Inner Angles (arc-min) 

' 
Star Angle Difference 

Star Angle Measured 

X 

l 
Gyro 

y Torquing 

z Angles (Degrees) 

X 

I 
Calculated 

y Gyro 

' 
z Drift (meru) 

NOTES: Sensor/ Celestial Body Code 0OCDE 

46, Sun 

N71 

N71 

N14 

N05 

N93 

C 
C 
C 

0, CSM Optics 
1, Sun Sensor 
2, Star Tracker 

DE 
DE 
DE 
DE 

04, Achernar 
14, Canopus 
25, Acrux 

X 

+ 

+ 

X 

X 

Nl4 is applicable for Star Tracker (C = 2) sighting only 

0 

0 

0 

0 

0 

0 0 0 

0 

0 0 

0 

0 

' 

' 

' 

' 

' 

I 

Expected Codes for 
ATM Sensor Sightings 
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P52- COAS LCS DETERMINATION 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rl: 00001 

R2: 0000X IMU Align Option 

V22E 

PRO 

1-Preferred, 2- Nominal 

3-REFSMMAT 

Load Option 3 

V50 N25 Flashing 

Rl 00015 Please Perform Star Acquisition 

Enter 

X 0 0 0 0 3 P52 Option 

PRO 
V50N25 Flashing 

Enter 

0 0 0 
Celestial ~ X Body Code 

(45 - Fomalhaut) 

Mark with Verb Key 

I Shaft 

► 
Trunnion 

Nominal: (+000. 00) Shaft 

(+57. 470) Trunnion 

-l..filL 

X 

X 

0 0 0 0 3 

0 0 0 

I 



LB-33 

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 orbital workshop by optical LOS of 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 

deviation state of the CSM 

X -w deviation state of the Skylab workshop 

deviation from conic position 

deviation from the conic velocity 

The Measurement Incorporation Routine is used to incorporate the r endezvous measurements. 

The geometry vector~ Is derived from the following figure . 

r 
0 

" r 
m 

r 
-CW 

VHF Ranging 



/\ 
r 

m 

/\ 
r 

m 

r m 

/\ 
r -r 

m o 

or m 
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RENDEZVOUS NAVIGATION PROGRAM 
(P20) 

U • r 
--CW -CW 

lJ or 
-<>W -C 

-U • or 
-<>W -C 

Estimated Range Measurement 

/\ 
r 

m 

Where: 

r 
0 

Component of range due 
to position vectors known 
with zero uncertainty 

Kalman filter measure
ment variable where " 11 

is used for CSM state -
vector being updated and 
11+11 for workshop = E_T!: 

After com.£!,lt!ng the geometry vector _£, the measured deviation, o Q, and the measurement error 
variance IX' are computed and used by the measurement incorporation routine to compute the 
changes in deviation state vector. The computations are: 

oQ 

~ maximum value of ( (varR, V~J2}) 
2 

The values for Var R and Var min 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 orbital workshop Is measured by recording optics shaft and trunnion angles, the IMU glmbal angles, and the time of the mark. 

The optics angles are used to form a unit vector in Navigation Base coordinates. 

.2,NB [SB NB] 

~

Sin TA sin SA] 
Sin TA sin SA 

Cos TA 

[SB NB] 

Where TA 
SA 

trunnion angle 
shaft angle 

sextant base to Nav base transfor
mation 

[

co; a 

sin a 

0 

0 

- si~ c,1 
cos ex 

a -32" 31' 23 . 19" 

The navigation base unit vector is then transformed through stable member space to Basic Reference coodinates . 

u 
_.!!. 

[REFSMMAT? [NBSM] .2,NB 

[REFSMMAT]T 

[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 Jines of sight to the workshop and two stars. The computer uses two fictitions star directions to determine a geometry vector and the amount of the correction 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 

Or 

orbital navigation deviation state vector 
deviation of spacecraft/ workshop position from the reference 
conic position. 

deviation of spacecraft/ workshop velocity from the reference 
conic velocity 



LB-36 

RENDEZVOUS NAVIGATION PROGRAM 
(P20) 

The geometry vector E: is then computed from the following procedure. 

The fictitious star WS1s are chosen 

r -w 

r = 
-cconic 

r 
-CW 

r -m 
r 
---<: 

Position 

where 

6Q 

6Q 

r - r 
--w -c 

Unit <!!.cw + .Q_m) 

Unit (!!.sl + ~,J 

Ir I {Cos- 1 1u s • u ) 
-CW \.:::... 2 -rn 

/-';cw/ {Cos-1 (!!_s2. QJ 

Therefore the~ vector is~ ..!:!. s 2 

- Cos -1 (!!. 52 · .!!,,,J 

- n / 2) 

expected conic position 
of workshop 

expected conic position 
of CSM 

expected LOS 

measured LOS 

CSM state vector new. 

Nominal Workshop 

Position 

where 11+11 is used for updating CSM state vector and "-" 
is used for updating orbital workshop state vector. 

After computing the geometry vector _2, and the measured deviation, bQ, the measured error variance 
a2 is computed and used by the measurement incorporation routine to compute the changes in devia
tion state vector. The comp.1tation is: 

-2 
C< l.!cwl 2 [varSXT + Var !Mu] + Var INT 

~i:::~u;:c:~in~ar SXT' Var IMU' and Var INT are stored in erasable memory and are shown in the 
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TARGETING CONSTRAINTS 

The nature of the Skylab Rendezvous is dictated by constraints on the maneuvers, the maneuver 
times and the. trajectory. NCI and NC2 are constrained to be horizontal maneuvers and while targeting 
NCI 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 coelliptic orbits after the maneuver. Coelliptic 
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 NCI 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 workshop traverses between the TPI and 
TPI times. 

The rendezvous also has three trajectory constraints: two altitude and an elevation angle con
straint. 

The altitude differences between the OWS orbit and the CM are specified for the NCC and TPI times. 
Because the NCC altitude is specified only during the NCI program, this constraint is not satisfied 
in the final trajectory if a navigation update occurs between NCI and NC2. 

The elevation angle specified is that angle (E) measured between the CM Local horizontal plane 
and the CM axis line _of sight to the workshop at TPI time. 

In addition to the three trajectory constraints, rendezvous also requires specification of the work
shop central angle between TPI and TPF. 



= 
= 
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Orbit of WS Vehicle 

Period of post NCl maneuver orbit 

Period of post NC2 maneuver oribt 

Illustration of the Skylark Rendezvous Constraints 
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SL-1/SL-2 Rendezvous Orbital geometry. 

I 

I 
I 

/ 

/ 
_.,/,, 

Sun 

Time, g. e. t. , Resultant Attitude 
t).V, fps Perigee/ apogee, (Roll, Pitch, ) hr:m!n:sec 

n. mi. yaw deg. 

INS Insertion 0:09:50 81/ 120 181 342, -1 
SEP Separation 0:16:00 3. 0 81/ 122 180,317, -1 
NCI Phasing 1 2:20:12 218.9 121/ 205 180,339, 2 
NPC Plane change Plane change, if necessary, occurs at node 

between NCl and NC2. 

NC2 Phasing 2 4:36:03 160.6 204/ 213 180, 159, 1 
NCC Corrective 5:22:12 30.5 213/ 223 180,340, 1 

combination 

NSR Coell!ptic 5:59:12 19.1 222/ 224 180,198, 2 
TPI Terminal phase 6:49:39 20.6 224/ 234 -1, 25, +l 

initiation 

TPF Terminal phase 7:23:16 27.9 223/235 181, 174, 1 
finalization 
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NCl Targeting 

The NCl Program (P31) computes the first phasing maneuver (NCl) parameters and the NC2, 
NCC, and NSR maneuver magnitudes for display. 

The constraints are: 

1. NCl, NC2, and NCC will be horizontal maneuvers. 

2. The NC2 and NCC maneuvers will be considered height maneuvers. 

3. The NCl maneuver will be considered a phase maneuver. 

The targeting starts with having the workshop and CM state vectors "phase matched" for the time of 
the NCl maneuver. This procedure results in the same orbit central angle from NCl to TPI for the 
workshop and the CM. 

When the "phase match" is successfully completed, the CM state vector is rotated into the plane of 
the WS orbit. 

r 
-<lC 

r 
-<lC 

!we 

V -we 

IV eel Unit 

1v eel Unit 

[r -(r · Am) Aml ~c -cc -- --

fv -(v • Am\Am L-cc -cc _;/-

CSM position state vector updated 
to NCI time using coasting inte
gration 

CSM velocity state vector updated 
to NCl time using coasting inte
gration. 

Workshop position state vector up
dated to NCl time using Kepler 
subroutine. 

Workshop velocity state vector 
updated to NCl time using Kepler 
subroutine. 
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The WS state vector is updated to the TPI time using Kepler subroutine obtaining ~F' }:_wF" 

The desired CSM position vector .!:CFD at the TP! time is established using an iterative technique 
(QRO TPI routine) to determine the workshop position vector .!:wJ radially above .!:cFD. 

Then 

where 

y_ 

L>h 

.!:J 

.Y.i 

n / 2 - EL - sin-l I (r J - L>h) cos (EL) / r }- cos-l [Unit (1:) • Unit (;y)l Sign 

[( .!:J X _!'.) • (_!'. X ~)] 

Error in final transfer angle. 

Position state vector being updated. 

Velocity state vector being updated. 

Delta altitude at final position 

Elevation at final position 

Final position 

Final velocity 

Magnitude of vector .!J 

When eT ls sufficiently small, the TPI geometry has been solved for the NCl targeting and 
.! and ~are the desired .!wJ and .!.wJ· 

Then 

YccF 

.!:cFD CM final desired position at TPI time 

Workshop position at TPI time radially above CSM 

Delta height between CSM and Workshop at TP! time. (given) 

Yee + dVc Unlt ~ x .!:cc) 

YccF 
V ~c 
dVc 

CSM final desired velocity at TP! time 

CSM velocity at NCl time 

Added delta velocity at NCl (given) 

Using the same iterative technique values of state vector for the NC2 time and fl.V for NC2 are olr. 
tained. A repeat of the procedure yl6lds their command module NCC maneuver which ln turn 
yields the NSR state vector. 

Upon advancing the workshop vector to be radially above the CSM at NSR the coelllptic velocity is 
computed in the following manner 

a 
2 

semi major axis (WS) 

fr! 

a - h semi major axis of CSM 



3/ 2 

V • r(__:)· - - ~ 

.!: - h Unit(!:) 

-v 2 
V 
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where .!'. Workshop position 
vector 

V Workshop velocity 
vector 

h Altitude between CSM 
and workshop. 

µ gravitational constant of earth 

After updating the CSM state vector to the TPI time the altitude and phasing constraints are checked 
for being sufficiently small. If iteration failures occur the first or second height calculations of 
NCl and NC.2 are recomputed and repeated until the TPI geometry is satisfied. 

Thus all the quantities necessary from NCl to TPI have been satisfied by the NCl targeting. 
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NCI TARGETING 

NCI PAD DATA 
NC,MINAL PRELIWINARY F"INAL 

N95 

TIG NCl MIN . Elffi]~ 
NB! 

tt,VNCl 

N22 

NCI 

dVx . 
/Ny • 

dVz . 
~~ 
~~ 

llffl~ 
•.v,cggj~jgl ~ l l 1 ~ I t I 

NCI ONBOARD DATA 

Verb 37 Enter, 31 Enter 

V50N25 Flashing 

Rl: 00017 MINKEY Option 
Enter Bypass MINKEY Option 

V50Nl8 Flashing Request Maneuver to Roll, Pitch, Yaw Angles 
Enter Reje9t Automatic Maneuver 

+ 0 0 
Hours} TIG of 

+ 0 0 0 Min NC-1 
+ 0 Sec 

+ 0 0 0 0 Half Revs (NC1/ NC2) 

A Altitude (NCC) runi 

A Altitude (NSR) nm! 
+ 0 0 

Hours} 
+ 0 0 0 Mi TIG of 

n TPI 
+ 0 Sec 

b Marks 

b Time From lgnition (min:sec) 
- 0 0 0 0 1 MGA 

AV (NC2) ft/ s 

A Altitude (NC2) nm! 

A V (NCC) ft/ s 

AV 
X} Local 

AV Y Vertical 

AV z ft/ s 

b Marks 

b Time From Ignition (min:sec) 

MGA 

NOTES: 
xxxxxxxxxxxxxxx 
X N81 Comp Limits + O. 5 FPS X 
X - X 
X CMC/ MSFN Within Limits Go CMC X 
X No Agreement Go MSFN X 
xxxxxxxxxxxxxxxxxxxxx 

IN95 + 

+ 

+ 

[N57 + 

[N37 + 

+ 

+ 

IN4 5 

-
IN84 

IN81 

IN4 5 

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 
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NCI-PHASING 

P40 - SPS THRUSTING 

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 

Vl6 N85 Flashing, Body Axes Residuals (to be Nulled) 

V37 Fla, hing, V82 Enter 

V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 300 Kft Earth Orbit 

50-18 I Roll 

Pitch (deg) 
• 

' 
Yaw • 

06-18 I Roll • 
Pitch (deg) 

' 
Yaw 

X 06-40 I TFI (min:s) X 
VG (ft/ s) 

~VM (ft/ s) 

IX 06-40 I TFC (min:s) X 
VG (ft/ s) 

' ~VM (ft/ s) 

X 16-40 I TFC (min:s) X 
VG (ft/ s) 

~VM (ft/ s) 

85 I: I Residuals 
(ft/ s) 

85 I: I TRIM 
(ft/ s) 

z 
85 I: I TRIM 

(ft/ s) 

44 I HA (nmi) 

HP (nmi) 

X TFF (min:s) rx 
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NCl PHASING 

EVENT ITT/ 6V G.E.T. 
PROPULSION/ PRETHRUST 
GUIDANCE 

PHASING 1 SPS/ G &N 

N Cl 9. 6/ 218.9 2:20:12 
P40 EXT t,.V 

t:.Vx N85 + X X 

!::,,Vy RESIDUALS (ft/s) + X X X 

l::,,.Vz (BODY AXIS) 

- --•- V ---•- V 
XTRTh'.l 

TIG: 2:20:11.9 
BURN TIME: 9. 6 SEC 
~.V: 218. 9 FPS 
POS I GRADE 
SPS 

;APOGEE: 204. 7 nmi 
PERIGEE: 121.4 nmi 

DIRECTION 
OF MOTION 

+ X 

YTRIM 

SUN 

TARGETING 

P31 

h 

min GET 

s 

-- -•-V (ft / s) 

START 
ORBIT2 

ZTRTh'.l 
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P52-IMU REALIGN 

(Post-NC! REFSMMAT ALIGN) 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rl: 00001 

R2: 0000x IMU Align Option 

1 - Preferred, 2 - Nominal, 

3-REFSMMAT 

V51 Flashing- Please Mark 

X 0 0 0 0 P52 Option 

+ 0 0 
Hoo" ! GET of Gyro 

+ 0 0 0 Minutes 
Torquing 

+ 0 ~ Seconds 

X 0 0 Sensor/ Celestial Body Code 1 N71 

X 0 0 Sensor/ Celestial Body Code 2 N71 

Outer \ Star Tracker Gimbal N14 

Inner Angles (arc-min) 

Star Angle Difference N05 

Star Angle Measured 

~ 
X Gyro N93 

y Torquing 

z Angles (Degrees) 

X 

! 
Calculated 

' 
y Gyro 

' 
z Drift (meru) 

NOTES: Sensor/Celestial Body Code 00CDE 

C 
C 
C 

0, CSM Optics 
1, Sun Sensor 
2, Star Tracker 

DE 
DE 
DE 
DE 

46, Sun 
04, Achernar 
14, Canopus 
25, Acrux 

X 

+ 

+ 

X 

X 

N14 is applicable for Star Tracker (C = 2) sighting only 

0 

0 

0 

0 

0 

0 0 0 

0 

0 0 

' 
0 

0 

,t 

• 
• 

Expected Codes for 
ATM Sensor Sightings 
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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 CM and workshop at the time of the last maneuver. This last maneu
ver, made by the CM, is assumed to result in a nodal point after a 90- degree traverse from the 
maneuver position. 

The targeting sequence: 

1. The CM state vector Ee• 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 CM state vector the rough 90 degrees. 
3. The CM and WS state vectors are updated to the time of plane change, tpc. 
4. Compute the plane change parameters. 

Normal Plane Change Targeting 

Unit~ x Eel 

Ye Ee Q.2 

Ye ~ Q.2 

Yw Yw Q.2 

~ velocity vector CM at tpc 

Ee position vector CM at \c 

V -w 

r -w 

velocity vector WS at \c 

position vector WS at \c 

Y c out-of-plane position 

V c CM out-of-plane velocity 

V w i . e. WS out-of-plane velocity 

Normal Plane Change Targeting 

(o, -Ye, oi 

Define local vertical coordinate system axes in reference coordinates. 

Compute t, V the CM out-of-plane velocity vector in reference coordinates 
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NPC ONBOARD DATA 

NPC PAD DATA 

N:33 

TIG NPC 

HR + 
MIN + 

SEC + 

Verb 37, Enter, 38 Ente r 

V50 N25 Flashing 

N81 

6VNPC 

Rl: 00017 J\llNKEY Option 

PRO Accept J\llNKEY Option 

6Vx 

6Vy 

6Vz 

V50Nl 8 F lashing Request Maneuver to Roll, 

Pitch, and Yaw Angles 

PRO 

+ 0 0 

+ 0 0 0 
TIG of 

+ 

+ 

+ 0 

=Si 
Sec 

Last Maneuver 

+ 0 0 Hours l 
+ 0 0 0 Min TIG of 

+ 0 Sec 
Plane Change 

b Marks 

X 
X 
X 

b Time From Ignition (min: sec) 

- 0 0 0 0 1 MGA 

AVx ! Local 

AVy Vertical (PC) 

AVz ft/ s 

b Marks 

b Time From Ignition (min:sec) 

MGA 

P52 

OGA l New 

!GA JCDU 

MGA ANGLES 
J\llNKEY Pulse 

0 0 

0 0 

I N39 

I N33 

I N45 

I N81 

I N45 

I N22 

Toraue N25 

NOTES: 

OGA l ICDU I N20 

!GA ANGLES 

MGA 

If AV < 10 FPS Automatic to P41 

If AV ~ 10 FPS Automatic to P4 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 
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NORMAL PLANE C HANGE NPC 

P40 - SPS Thrusting 
Automatic MINKEY Entry 

V50 NlS Flashing, Request Maneuver 
to FDA! R, P, Y Angles 

V06 NlB, FDA! R, P, Y Angles After 
Maneuver to Burn Attitude 

VS0 N25 F lashing, 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 

Vl 6 N40 Flashing, Final Values at 
Engine Cutoff 

Vl 6 NBS Flashing, Body Axes Residuals 
(to be Nulled) 

V37 Flashing, V82 Enter 

Vl6 N44 Flashing, Apogee Altitude, 
Perigee Altitude, Time to Freefall 
300 K tt Earth Orbit 

AV ~ 10 FPS 

so-1s I Roll 

Pitch (deg) 

Yaw 

o&-1s I Roll 

Pitch (deg) 

Yaw 

IX 06-40 I TFI (min:s) 

VG (ft/ s) 

AVM (ft/s) 

IX 06-40 I TFC (min:s) 

VG (ft/ s) 

AVM (ft/ s) 

X 16-40 I TFC (min:s) 

VG (ft/ s) 

AVM (ft/s) 

85 I x 
y Residuals 

z (ft/s) 

85 I x 
y TRIM 

z (ft/s) 

44 I HA (nmi) 

HP (nmi) 

X TFF (min: s) 

P41 - RCS Thrusting 
Automatic MINKEY Entry 

V 50 NlB Flashing, Request Maneuver to FDA! 
R, P, Y, Angles 

V06 NIB, FDA! R, P, Y, Angles After Maneuver 
to Burn Attitude 

V06 NBS, X, Y, Z Bo:ly Axes Velocity to be 
Gained 

Vl6 NBS (Average G on at TIG -30) Velocity to 
be Gained 

Vl6 NBS F lashing Body Axes Residuals (to be 
Nulled 

AV <10 FPS 

50-18 1 Roll 

Pitch 

Yaw 

06-18 I Roll 

Pitch 

Yaw 

06-85 IX 

(deg) 

(deg) 

y VG(ft/ s) 

z 
16-85 IX 

y VG(ft/ s) 

z 
16-85 IX 

y Residuals 

z (ft/s) 

X 
y Trim 

z (ft/ s) 
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NPC - PLANE CHANGE 

BT/ t::,.V G . E .T . 
PR OPUL SION/ PRETHRUST EVENT 
GUIDANCE TARGET ING 

PLANE CHANGE o. 0/ 0. 0 03:05:29 SPS/ G&N 
P38 NPC P40 EXT b.V 

l:J.Vx NBS + X X h 

IW y RESIDUALS (ft/s) + X X X min GET 
l::,Vz (BODY AX IS) + X s 

- --•- V ---•- V - - ___ y (ft/s) 
xTRIM 

TIG: 3:05:29 

DIRECTION 
OF MOTION 

BURN TIME: NOM. ZERO 
/::,V: NOM. ZERO 
NOTE: NPC PERFORMED 

IF MGA>6r/J 
AT NCC OR NSR 

SPS OR RCS 
APOGEE: 204. 7 nmi 
PERIGEE: 121.4 nmi 

YTRIM 

SUN 

START 
ORBIT 3 

zTRIM 
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P52- IMU REALIGN 

(Post-NPC REFSMMAT Realign) 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rl: 00001 

R2: 0000X IMU Align Option 

1 - Preferred, 2 - Nominal, 

3-REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P52 Option 

+ 0 0 ·-· l GET of Gyro 
+ 0 0 0 Minutes 

Torquing 
+ 0 Seconds 

' 
X 0 0 Sensor/ Celestial Body Code 1 N71 

X 0 0 Sensor/ Celestial Body Code 2 N71 

Outer \ Star Tracker Gimbal N14 

Inner Angles (arc-min) 

star Angle Difference N05 

star Angle Measured 

X 

l 
Gyro N93 

y Torquing 

z Angles (Degrees) 
, 

X 

l 
Calculated 

y Gyro 

z Drift (meru) 
' 

NOTES: Sensor/Celestial Body Code 00CDE 

C 
C 
C 

0, CSM Optics 
1, Sun Sensor 
2, star Tracker 

DE 
DE 
DE 
DE 

46, Sun 
04, Achernar 
14, Canopus 
25, Acrux 

X 

+ 

+ 

X 

X 

N14 is applicable for Star Tracker (C = 2) sighting only 

0 

0 

0 

0 

0 

0 0 0 

0 

0 0 

0 

0 

,, 

I 

I 

' 

Expected Codes for 
ATM Sensor Sightings 
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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 CM and WS state vectors as in the NCl program. After rotating 
the CM state vector in the plane of the WS orbit, the initial estimate of the NC2 maneuver is added 
to the CM velocity vector. The CM 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 TARGETING 

NC2 PAO DATA 
NOMINAL PRELIMINARV F 1/\,.. .,_ 

N28 

TIGNC2 ~~ 
N81 

hVNC2 

N22 

NC 2 

Verb 37 Enter, 32 Enter 

V50 N25 Flashing 

Rl: 00017 MINKEY Option 

Enter Bypass MINKEY Option 

V50 Nl8 Flashing .Request Maneuver to Roll, 
Pitch, Yaw Angles 

Enter Reject Automatic Maneuver 

+ 

+ 

+ 

+ 

+ 

+ 

-

0 0 
Hours\ 

0 0 0 Min TIG of 

0 Sec NC-2 

Blank 

A Altitude (NCC) runi 

A Altitude (NSC) nmi 

0 0 
Hours! 

0 0 0 Min TIG of 

0 Sec TPI 

b Marks 

b Time From Ignition (min:sec) 

0 0 0 0 1 MGA 

AV (NCC) ft/ s 

A Altitude (NCC) nmi 

AV (NSR) ft/ s 

AV 

:! 

Local 

AV Vertical (NC2) 

AV ft/ s 

b Marks 

b Time From Ignition (min:sec) 

MGA 

X N81 COMP LIMITS + O. 5 FPS X 
X - X 
X CMC/ MFSN WITHIN LIMITS GO CMC X 
X NO AGREEMENT GO MSFN X 

I N28 + 0 0 

+ 0 0 0 

+ 0 

l N57 

l N37 + 0 0 

+ 0 0 0 

+ 0 

I N4 5 b 

b 

- 0 0 0 0 1 

I N84 

I N81 

' 

I N45 b 

b 
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NC2- PHASING 

P40 - SPS THRUSTING 

Automatic MINKEY Entry 

V50 N18 F lashing, Request Maneuver to FDAI 
R, P, Y Angles 

VQ6 N18 FDAI R, P , Y Angles After Maneuver 
to Burn Attitude 

V50 N25 F lashing Rl = 00204, Gimbal Act uator 
Test Option 

V06 N40, Time from Ignit ion, Velocity to be 
Gained, Measured Change in Velocity 

V99 N4 0 F lashing, Engine On Enable Request 

V06 N40, Time from Cutoff, Velocity to be 
Gained, Measured Change in Velocity 

V16 N40 F lashing, Final Values at Engine 
Cutoff 

Vl 6 N85 F lashing, Body Axes Residuals (to 
be Nulled) 

V37 Flashing, V82 Enter 

V16 N44 Flashing, Apogee Altitude, Perigee 
Alt itude, Time to Free fall to 300 k ft Earth 
Orbit 

tW ;, 10 FPS 

50-18 I Roll 

P itch (deg) 

Yaw 

06- 18 I Roll 

Pitch (deg) 

Yaw 

~ 06-40 I TFI (min: s) 

VG (ft/ s ) 

ll.VM (ft/ s) 

IX 06-40 I T FC (min:s) 

VG (ft/ s) 

ll.VM (ft/ s ) 

[X 16-40 I TFC (min:s) 

VG (ft/ s ) 

ll.VM (ft/ s) 

85 I x 
y Residual s 

z (ft/ s) 

85 I x 
y TRIM 

z (ft/ s) 

44 I HA (nmi) 

HP (nmi) 

~ TFF (min: s) 

P41- RCS THRUSTING 

Automatic MINKEY Entry 

V 50 N18 F lashing, Request Maneuver to 
FDAI R, P Y Angles 

V06 N18, FDAI R, P . Y Angles After 
Maneuver to Burn Attit ude 

V06 N85, X, Y, Z Body Axes Velocity to 
be Gained 

V16 N85 (Average G on at TIG- 30) Veloc
ity to be Gained 

V16 N85 F lashing, Body Axes Residuals 
(to be Nulled) 

ll.V < 10 FPS 
50-18 I Roll 

Pitch (deg) 

Yaw 

06- 18 I Roll 

Pitch (deg) 

Yaw 

06-85 I X 

y VG (ft/ s) 

z 
16-85 j X 

y VG (ft/ s) 

z 
16-85 I X 

y Residuals 

z (ft/ s) 

X 

y Trim 

z (ft/ s) 
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NC2 - PHASING 

PROPUL SION/ PRETHRUST EVENT ITT/ t:,.V G . E . T . 
GUIDANCE T ARGETING 

PHASING 2 6. 9/160. 6 04:36 :03 SPS/ G&N P- 32 NC2 

t:i.Vx N85 + X X h 

t:Ny RESIDUALS (ft/s) + X X X min GET 
t:.Vz (BODY AXIS) + X s 

- --•- V ---•-V - - -•-V 
xTRIM YTRIM 

(ft/s) 
zTRIM 

TIG: 04:36:03.1 
BURN Tl ME: 6. 9 SEC 
~V: 160. 6 FPS 
POSIGRADE 
SPS 
APOGEE: 223.1 nmi 
PERIGEE: 213.2nmi 

DIRECTION 
OF MOTION 

SUN 

START 
ORBIT 3 
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NCC Targeting 

The NCC targeting requires the CM and WS state vectors, time of the NCC maneuver, time between 
NCC and NSR maneuver, time of the TPI maneuver altitude between the WS orbit and the CM at 
the TPI time, and elevation angle. 

The workshop state vector is updated to TPI time and the CM state vector is updated to NCC time. 
Next the iterative scheme is used to find the workshop state vector radially above the desired CM 
position vector at TPI. Using the WS state vector and the altitude difference the coelliptic calcu
lations are used to obtain the CM 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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NOMINAL 

NCC TARGETING 

NCC PAD DATA 
PR ELIMI NAR Y 

NCC ONBOARD DAT A 

Verb 37 Enter, 33 Enter 

V50 N25 Flashing 

Rl : 00017 MINKEY Option 

Enter Bypass MINKEY Option 

V 50 Nl8 Flashing Request Maneuver to Roll, 
Pitch, Yaw Angles 

Enter Reject Automatic Maneuver 

+ 0 0 
Hours I 

+ 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 :I 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 

INll 

j Nl3 

I N37 

I N45 

j N82 

j N81 

I N45 

·- ·--- xxxxxxxxxxxxxxx 
X 
X 
X 
X IF NOT 
X IF NOT 
X 

N81 COMP LIMITS 2_ l. 5, 2. 5. 0, 2_15. 0 FPS 

CMG/ CHART WITHIN LIMITS GO CMC 
CMC/ MSFN WITHIN LlMITS GO CMC 
CHART/ MSFN WITHIN LIMITS GO CHART 
NO AGREEMENT GO MSFN 

X 
X 
X 
X 
X 
X 

FINAL 

+ 0 0 

+ 0 0 0 

+ 0 

+ 0 0 

+ 0 0 0 

+ I 

+ 0 0 

+ 0 0 0 

+ 0 

b 

b 

- 0 0 0 0 1 

' 

b 

b 
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NCC CORRECTIVE COMBINATION 

P40-SPS Thrusting 

Automatic MINKEY Entry 

V50 N 18 F lashing, Request Maneuver to FDA! 
R, P, Y Angles 

V06 N18, FDA! R, P, Y Angles After Maneuver 
to Burn Attitude 

V50 N25 F lashing, Rl = 00204, Gimbal Actuator 
Test Option 

V06 N40, Time from Ignition, Velocity to be 
Gained, Measured Change in Velocity 

V99 N40 F lashing, Engine on Enable Request 

V06 N40, Time from Cutoff, Velocity to be 
Gained, Measured Change in Velocity 

Vl 6 N4 0 F lashing, Final Values at Engine 
Cutoff 

Vl6 N85 Flashing, Body Axes Residual s (to be 
Nulled) 

V37 Flashing, V82 Enter 

Vl 6 N44 Flashing, Apogee Altitude, Perigee Alti
tude, Time to F r eefall to 300 K ft Earth 
orbit 

t,.V ;a, l0FPS 

50- 18 1 Roll 

Pitch (deg) 

Yaw 

06- 18 I Roll 

Pitch (deg) 

Yaw 

X 06-40 I TFI (min:s) 

VG (ft/ s) 

t,.VM (ft/ s) 

X 06-40 I TFC (min:s) 

VG (ft/ s) 

t,.VM (ft/ s) 

IX 16-40 I TFC (min:s) 

VG (ft/ s) 

t,.VM (ft/ s) 

85 Ix 
y Residuals 

z (ft/ s) 

85 Ix 
y TRIM 

z (ft/ s) 

44 !HA (nmi) 

HP (nmi) 

X TFF (min:s) 

P41-RCS Thrusting 

Automatic MINKEY Entry 

V50 Nl8 Flashing, Request Maneuver to 
F DA! R, P, Y, Angles 

V06 Nl 8, FDA! R, P , Y Angles After 
Maneuver to Burn Attitude 

V06 N85, X, Y, Z body Axes Velocity to 
be Gained 

Vl 6 N85 (Average G on at TIG-30) Velocity 
to be Gained 

Vl 6 N85 F lashing, Body Axes Residuals 
(to be Nulled) 

t,.V < 10 FPS 

50- 18 I Roll 

I P itch (deg) 

Yaw 

06-18 I Roll 

I P itch (deg) 

I Yaw 

06- 85 IX 
y (VG (ft/ s) 

z 
16-85 IX 

y VG (ft/ s) 

z 
16- 85 IX 

y Residual s 

z (ft/ s) 

X 
y Trim 

z (ft/ s) 
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NCC - CORRECTIVE COMBINATION 

EVENT BT/ f:::.V G.E.T. 
PROPULSION/ PRETHRUST 
GUIDANCE TARGETING 

CORRECTIVE 
COMBINATION 1.2/ 30.5 05:22:12 SPS/G&N P33 ,..,,-,,-, 

AVx 

f::,,Vy 
f::,,Vz 

- --•- V 
xTRIM 

DIRECTION OF 
MOTION 

Tl G: 5: 22: 12. 3 
BURN Tl ME: 1. 2 SEC 
AV: 30.5 FPS 
SPS 
POSIGRADE 
APOGEE: 223.1 nmi 
PERIGEE: 213.2 nmi 

N85 + X 

RESIDUALS (ft/s) + X 

(BODY AXIS) + X 

---•-V 
YTRIM 

SUN 

X 

X X 

h 

min GET 

s 

- - ___ y 
(ft/s) 

START 
ORBIT 4 

zTRIM 
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NSR Targeting 

The NSR targeting program (P34) is the computation of the coelliptic maneuver. 

The program inputs are: 

1. CM and WS state vectors 

2. Elevation angle 

3. Time of NSR Maneuver 

4. Time of TPI Maneuver 

After precision updating of the CM and WS state vectors to the NSR maneuver time, the CM state 
vector is rotated into the WS orbit plane, and the WS state vector is updated to be colinear with the CM 
position vector using the time - theta routine, 

The coelliptic maneuver constraint determines the semimajor axis Ac and vertical velocity. 
V cv tollowing the maneuver. After calculating the CM post-NSR velocity vector V c2• bOlh the 
CM and WS 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 TARGETING 

NSR PAu DATA 
JIG NSR INJ31- JIG NCC<N l l l + 00,37,00 ° ___ : --- --- --

NOM INAL PREL IMINARY F INAL 

NB! 6 V X + x 0 1 92 i - X - - --6 VNSR 6V y + X 00 0 1 )< 1 -
6V z - X O 0 1 8 x., )< I c-----·-~ xo 05 3 X X] 6Vc X X X 

N22 R xx Ix' 1 8 0 ~~ 
I',( ,)< x IX 

NSR p xx X 1 9 8 IX ~ 
,x ~ 

IX 00 2 X C><JX --
'x IY y >< X 

NSRONBOARD DATA 

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} Nl3 + 0 0 

+ 0 0 0 Min TIG of + 0 0 0 
+ 0 Sec NSR + 0 

b Marks N45 b 
b Time From Ignition (min:sec) b 

- 0 0 0 0 1 MGA - 0 0 0 0 1 
A Altitude (NSR) nmi N75 

b A Time (TPI-NSR) (min:sec) b 
b A Time (TPI-NOMTPI) (min:sec) b 

AV X} Local N81 
AV Y Vertical NSR 

' AV Z ft/ sec 

b Marks N45 b 
b Time From Ignition (min:sec) b 

MGA 
+ 

. XXJlJl XX X XX Jl Jl Jl Jl xxxxxxx:x 
X N81 COMP LIMITS NA, NA, NA FPS X 
X X 
X BURN P34 RECYCLE, CHART OR MSFN SOLN X 
X IF NCC WAS BURNED CMC, CHART X 
X OR MSFN, RESPECTIVELY X . X XX Jl Jl X Jl Jl X X X Jl Jl Jl Jl X 

IJ 



LB-62 

NSR - COELL! PTIC 

P40 - SPS THRUSTING CSM 

Automatic MINKEY Entry 

VS0 N18 Flashing, Request Maneuver to FDAI 
R, P, Y Angles 

V06 Nl 8, F DA! R, P , Y Angles After Maneuver 
to Burn Attitude 

V50 N25 F lashing, 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 

Vl6 NBS F lashing, 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 

f:J.V2'.10fps 

50-18 I Roll 

Pitch (deg) 

Yaw 

06-18 I Roll 

Pitch (deg) 

Yaw 

X 06- 40 I TFJ (min:s) 

VG (ft/s) 

t.VM (ft/s) 

06-40 TFC (m!n?s) 

VG (ft/s) 

f:J.VM (ft/ s) 

)< 16-40 I TFC (min:s) 

VG (ft/s) 

t.VM (ft/s) 

85 I X 
y Residuals 

(ft/s) 
z 

85 I x 
y TRIM 

(ft/s) 
z 

44 I HA (nmi) 

HP (nm!) 

TFF (min:s) 

P41-RCS THRUSTING 

Automatic MINKEY Entry 

VS0 N18 Flashing, Request Maneuver to FDAI 
R, P, Y Angles 

V06 Nl 8, FDAI R, P, Y Angles After Maneuver 
to Burn Attitude 

V06 NBS , X, Y, Z Body Axes Velocity to be 
Gained 

V16 NBS (Average G on at TIG-30) Velocity to 
be Gained 

V16 NBS F lashing, Body Axes Residuals 
(to be Nulled) 

f:J.V < 10 f;,s 

50-18 I Roll 

Pitch (deg) 

Yaw 

06-18 I Roll 

Pitch (deg) 

Yaw 

06-85 I X 
y VG ( ft/s) 

z 
16-85 I x 

y VG (ft/s) 

z 
16-85 I x 

y Residuals 

z (ft/ s) 

X 
y Tr im 

z (ft/ s) 
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NSR - COELIJPTIC 

EVENT ITT/ t:,.V G.E.T. 
PROPULSION/ PRETHRUST 
GUIDANCE TARGETING 

COELLIPTIC 
NSR o. 7/ 19.1 05:59:12 SPS/ G&N P-34 

I I I I l t:.Vx NBS + I X I X I I I h 

I I I I I /:;Vy RESIDUALS (ft/s) + Ix Ix Ix I I min GET 

I I I I I /:;Vz (BODY AXlS) + Ix I I I I 8 

- --•- V ---•- V -- - •-V 
xTRIIII YTRIM 

(ft/s) 
ZTRIM 

DIRECTION 
OF 
MOTION 

TIG: 05:59:12.3 
BURN TIME: • 7 SEC 
6.V: 19.1 FPS 
POSIGRADE 
SPS 
APOGEE: 223. 6 n mi 
PERIGEE: 222.3 nmi 

H •10 nmi 
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TPI TARGETING 

The TPI targeting for the Skylab mission is accomplished using the equations and techniques 
stated below utilizing the following information: 

T1 - time at which the TPI maneuver is to be performed 

Rws- Workshop position vector at T 
1 

:!.ws - Workshop velocity vector at T 1 

!lcM- CSM position vector at T1 

.YcM- CSM velocity vector at T 1 

1/>ws- Central angle CSM will traverse between TPI and 
rendezvous (130° nominally) 

Targeting Procedure: 

1. Compute the elevation angle of the CSM-WS LOS above the CSM horizontal plane at the specifi 
time of TPI. u Yws 

where 

!IL 
u 

~CM 

unit [¾s - ~CM l 

unit [~M x :!.cMl 

[
U _ (£L . .!!cM) .!!cM] 
-L i.!!cMi 2 
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2, Compute the time (t21) required for the WS to travel through the central angle ll'WS using the 
Time-Theta method described on page SC-15. 

3. Update the state vector of the WS to the time of rendezvous (~T = t
21

) us ing Kepler's method 
as de scribed on page SC-15 obtaining @wsF, - Y. wsF). 

4. Compute the central angle (1/JcM) through which the CM must traverse between its position 
at TPI and the WS's position at rendezvous. 

-1 
1/.>cM = SGN @cM X B-wsF. !!) cos @cM. B-wsF> 

if 1/.> cM < o• define 1/.>cM = 1/.>cM + 2,r 

5. Usingthe Time-Theta method, determine the flight path angle y required of the CM at the 
end of the TPI burn such that the time required by the CM to traverse the central angle of 
1/.>cM is the same as tz1• 

6. Calculate the velocity to be gained. 

Where: 

= ~ ( cot y · unit ~CM + !!N x unit ~CM) 
\J CM 

semllatus rectum of the TPI orbit 

unit [ unit B-wsF . unit ~CM I 

The velocity to be gained is burned out using the SPS and Lambert Aimpolut Guidance. 



NOMINAL 

N37 

TIC rPI 
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TPI TARGETING 

TPI PAO DATA 
PRELIMINARY 

6 + XX 

+ XX 

+ 

X 

F INAL 

• X ;", X 
+ )< xx 
+ ~ 

~ X NOi 

lr,Vyp1 
~ 

>< :x -~~ X 

• ~ X 
N59 IWF/ 

liV cLos ,AVR / 4 
6Vo/ST + 0 1 1 0 6 

TPI ONBOARD DATA 

Verb 37, Enter, 35 Enter 
V50 N25 Flashing 

Rl: 00017 MINKEY option 

PRO Accept MINKEY Option 

V50 Nl 8 Flashing Request Maneuver to Roll, Pitch, Yaw Angles 

xx 

PRO Accept Automatic maneuver to Roll, Pitch, Yaw Angles 

+ 0 0 Hours } 
+ 0 0 0 M" TIG of 

m TPI 
+ 0 Sec 

0 0 0 0 Precision Offsets 

Elevation Angle 

b Marks 

b Time from Ignition (min: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 

t:.V (TPI) 

t>.V (TPF) 

b t:,. "ti me (TPI - NOMTPI) 

t>.VX} 
Local 

t>.VY Vertical TPI 

t>.VZ ft/ sec 

b Marks 

b Time from Ignition (min:sec) 

MGA 

NOTES t,. V < 10 fps Automatic to P41 
t,. V ~ 10 fps Automatic to P40 

I N37 + 

+ 

+ 

I N55 

J N45 

-
J N37 + 

+ 

+ 

I N55 

I N58 

J N81 

I N45 

I 

0 0 

0 0 

0 

0 0 

0 0 

0 0 

0 0 

0 

0 0 

0 

0 0 

b 

b 

0 0 1 

0 

0 0 

b 

b 

b 

xxxxxxxxxxxxxxxxxxxxxxxxxxx· 
xxxxxxxxxxxxxxxxxxxxxxxxx 
~37 COMP LIMITS ± 10 MIN ~ 

~MC/MSFN WITHIN LIMITS GO ELEV OPTION X 
0 AGREEMENT GO TIME OPTION XJO& 

JC N81 COMP LIMITS±l.0,±3.0,± 3.0 FPS X 

X CMC/ CHART WITHIN LIMITS GO CMC X 
X IF NOT CMC/ MSFN WITHIN LIMITS GO CMC X 
X ******************* ...................................... ******** X 
~ IF NOT N81 COMP LIMITS± 3, 0 FPS ~ 
X CHART/ MSFN WITHIN LIMITS GO CHART X 
X NO AGREEMENT GO MSFN X 
xxxxxxxxxxxxxxxxxxx:xxxxxxx 
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TPI - TRANSFER P HASE INJTIATION 

P40-SPS Thrusting 

Automatic MINKEY Entry 

V50 N 18 Flashing, Request Maneuver to FOAi 
R, P, Y Angles 

V06 NlB, FDA! R, P, Y Angles After Maneuver 
to Burn Attitude 

VS0 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 F lashing, Final Values at Engine 
Cutoff 

Vl6 NBS Flashing, Body Axes Residual s (to be 
Nulled) 

V37 Flashing, V82 Enter 

Vl 6 N44 Flashing, Apogee Altitude, Perl1r1>e Alti
tude, Time to Freefall to 300 K ft Eax:th 
orbit 

t;.V ~ 10 FPS 

s0-1s I Roll 

Pitch (deg) 

Yaw 

06-18 I Roll 

Pitch (deg) 

Yaw 

[)< 06-40 I TFI (min:s) 

VG (ft/ s) 

6VM (ft/ s) 

[)< 06-40 I TFC (mln:s) 

VG (ft/ s ) 

6VM (ft/ s) 

I)< 16-40 I TFC (m!n:s) 

VG (ft/ s) 

t;.VM (ft/ s) 

85 Ix 
y Residuals 

z (ft/ s) 

85 Ix 
y TRIM 

z (ft/ s ) 

44 IHA (nm!) 

HP (nm!) 

'x TFF (mln:s) 

P41-RCS Thrus ting 

Automatic MINKEY Entry 

V50 Nl8 Flashing, Request Maneuver to 
FDA! R, P , Y, Angles 

V06 NlB, FDA! R, P, Y Angles After 
Maneuver to Burn Attitude 

V06 NBS, X, Y, Z body Axes Velocity to 
be Gained 

Vl6 NBS (Average G on at TIG-30) Ve locity 
to be Gained 

Vl6 NBS Flashing, Body Axes Residua ls 
(to be Nulled) 

t;.V < 10 FPS 

50-18 j Roll 

Pitch (deg) 

Yaw 

06- 18 ] Roll 

Pitch (deg) 

Yaw 

06-85 IX 

y (VG (ft/ s) 

z 
16-85 ] X 

y VG (ft/ s) 

z 
1&-ss Ix 

y Residuals 

z (ft/ s) 

X 

y Trim 

z (ft/ s) 
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TPI-TRANSFER PHASE I NITIATION 

EVENT FIT/to.V G.E.T. 
PROPULSION/ PRET HRUST 
GUIDANCE 

TERMINAL 
PHASE INITJAT!O! 0. 7/ 20.6 06:49:39 SPS/ G&N 
- TPI 

I I I I l 6 Vx 

I I I I I 6 Vy 

I I I I I t:,Vz 

- --•- V 

DIRECTION 
OF MOTION 

xTRIM 

N85 + IX IX I I 
RESIDUALS (ft/s) + I x I x I x I 
(BODY AXIS) + I x I I I 
---•- V 

YTRIM 

T ARGETING 

P- 35 

h 

min GET 

8 

-- ___ y (ft/s) 
'TRIM 

10 nmi 

TPI 
Tl G: 6:49:38. 7 
BURN Tl ME : , 7 SEC 
l::N: 20.6 FPS 
POS I GRADE 
SPS 
APOGEE: 234. 2 n mi 
PERIGEE: 224. lnmi 
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TPM TARGETING 

The Terminal Phase Mldcourse (TPM) Targeting Program (P36) computes the terminal pllases mid
course correction maneuver. This maneuver ensures CM-WS rendezvous at the time establlshed 
by In the TPI program. 

The Inputs used are: 

l. 

2. 

CM and Workshop state vectors Ee• ,!
0

, !w• 
Intercept time, 1TPF 

3. Number of precision offsets, N1 

V -w 

4. Time delay, Ot (time required to prepare for the maneuver) . 

CM 

The targeting sequence ls: 

WS TP! •----:---.:.~ 

Transfer 
Time 

l. Update the CM and WS positions and velocities to present time plus O t using coasting 
Integration scheme. (Kepler update If rectlflclatlon occurs) 

2. Update workshop !w• ::!.w• to time of TPF (½,pp) obtain !wT 
3. Compute Unit normal to CM plane and central angle (tp) between TPM and TPF 

.!! unit (!:'c x ::f.c) 

~ W + cos-
1
((~ : !,: )-") SIGN [ <!:~ x !wT) · .!! ] 

4. Solve for the Initial velocity .Y~ given !wT• !'c, transfer time (~PF - (tpresent + Ot)) 
using Initial velocity technique . 

5. Solve for velocity to be gained for TPM. 

ayTPM = .Y'c - Ye 
directions for a V TPM 

_! = C!:c' X .Ye) 

~ = unit ( - !'c,l 
!_ = X• E 

6. Local vertical directions for ll.VTPM 

ll.VTPM(LV) = [!] a_yTPM 

7. LOS computations of a .YTPM 

!\ UNIT <!:w - ~) 
~ 2 UNIT ( ~ x .Ye) x Rl) X R1) 

~3 ~ X R2 

"'••'- -[~l .,,,. 
The procedure Is repeated twice for the number of m!dcourse rurns required. 
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P36 TPMl 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 I N45 

b Time from Ignition (min:sec) 

0 0 1 MGA 

' AVX} 
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 



LB-71 

TPM-1 
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 at TIG-30) Velocity to be 
Gained 

V16 N85 Flashing, Body Axes Residuals (to be 
Nulled) 

b.V < 10 fps 

' 50-18 I Roll 

' Pitch (deg) 

' Yaw 

06-18 I Roll 

,, Pitch (deg) 

' 
Yaw 

06-85 I X 

• y VG(ft/s) 

' z 
,. 16-85 I X 

,. y VG (ft/s) 

,. z 
,► 16-85 I X 

y Residuals 
t ► (ft/s) 
► z 

• X 

y Trim 
' (ft/ s) 

' z 

-
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P36 - TPM2 TARGETING 

Verb 37, Enter, 36 Enter 

V50 N25 Flashing 

Rl : 00017 MINKEY Option 

Enter 

V50 N18 

Enter 

- 0 

NOTES: 

0 

Reject MINKEY Option 

Flashing Request Maneuver to Roll, Pitch, Yaw Angles 

Reject Automatic Maneuver 

b MARKS I N45 
b Time from Ignition (min: sec) 

0 0 1 MGA 

AVX ! 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 FDAI 
R, P, Y Angles 

V06 N18, FDAI R, P, Y Angles After Maneuver 
to Burn Attitude 

V06 ~85, X, Y, Z Body Axes Velocity to 
be Gained 

V16 N85 (Average on at TIG-30) Velocity to 
be Gained 

V16 N85 Flashing, Body Axes Residuals (to 
be nulled) 

llV < 10 fps 

' 
50-18 I Roll 

Pitch 

' 
Yaw 

06-18 I Roll 

Pitch 

Yaw 

• 06-85 I X 

(deg) 

(deg) 

y VG (ft/ s) 

z 
16-85 I X 

y VG (ft/s) 

z 

• 16-85 I X 

y Residuals 
I (ft/ s) 
I z 
t X 

I 
y Trim 

z (ft/ s) 
I 
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CSM RENDEZVOUS FINAL PHASE 

CSM and SWS 
on Same Radial 

BRAKING MANEUVER DESCRIPTIONS 

Maneuver 

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 O ft/s, 

BRAKlNG GATES 

R(NM) i,. (FPS) SWS DIAMETER 
RETICLE ANG (DEG) 

1,00 30 . 2 
.50 20 .4 
. 25 10 .8 
,08 5 2,5 
,05 4 . 2 
.03 6,3 
.02 10,0 

----- ---
7 ~Ing\ . Braking Maneuver 

Braking Maneuver 
Maneuver 3 4 

2 Braking Maneuver 
and Docking 

5 

R (FT) 

6000 
3000 
1500 

500 
300 
200 
130 
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P37 - RENDEZVOUS 
FINAL PROGRAM 

Verb 37, Enter, 37Enter 

V50 N25 

Rl: 

Enter 

V50 N18 

NOTES: 

Flashing 

00017 MINKEY Option 

Re ject MINKEY Option 

Request Maneuver to Roll, Pitch, Yaw angles 

Range nmi 

Range Rate (ft/ s) 

Theta 

Range 

Range Rate 

Theta 

Range 

• Range Rate 

Theta 

Range 

• Range R ate 

' 
Theta 

Ran ge 

Range Rate 

Theta 

I N54 

I N54 

I N54 

l N54 

l N54 

• 



Verb 37, Enter, 48, Enter 

' 
• 

' 

b 

• 
• 

b 

' 

NOTES: 
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P48 - 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 ~vx} I N83 

~VY 
Body 
Axis ft/ sec ~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 

~vx} Body I N83 

~VY Axis (ft/ sec) ~vz 

I 

b 

' 

• 

b 
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P52 - !MU REALIGN 

POST DOCKING 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rl: 00001 

R2: 0000x !MU Align Option 

1 - Preferred, 2 - Normal, 
3 - REFSMMAT. 

V51 Flashing - Please Mark 

X 0 0 0 0 P52 Option 

+ 0 0 
H=• l GET of Gyro 

+ 0 0 0 Minutes 
Torquing 

+ 0 Seconds 

X 0 0 Sensor/ Celestial Body Code 1 

X 0 0 Sensor/Celestial Body Code 2 

Outer \ Star Tracker Gimbal 

Inner Angles (arc-min) 

Star Angle Difference 

Star Angle Measured 

X 

l 
Gyro 

y Torquing 

~ 
z Angles (Degrees) 

X 

l 
Calculated 

y Gyro 

z Drift (meru) 

NOTES: Sensor/Celestial Body Code 0OCDE 

46, Sun 

N71 

N71 

N14 

N05 

N93 

C 
C 
C 

0, CSM Optics 
1, Sun Sensor 
2, Star Tracker 

DE 
DE 
DE 
DE 

04, Achernar 
14, Canopus 
25, Acrux 

X 

+ 

+ 

X 

X 

N14 is applicable for Star Tracker (C = 2) sighting only 

0 0 0 0 

0 0 

0 0 0 

~ 

0 0 

0 0 

Expected Codes for 
A TM Sensor Sightings 
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P50 - ATM ORIENTATION DETERMINATION 
(OPTION 1) 

V37 Enter, 50 Enter 

V04 N06 

Rl: 

R2: 

Flashing 

00012 

0000x ATM Sighting Option 

1 Acquisition Sun Sensor Mark 

2 Acquisition Sun Sensor / Star Tracker Mark 

3 Docking Angles 

V 51 Flashing - Please Mark 

X 0 0 0 0 P50-OPTION 

0 Outer ST Gimbal Angle } Mark, Read 
and 

0 Inner ST Gimbal Angle Record 

X 0 0 Sensor/ Star Code* I Nn 

Outer ST Gimbal Angle} I N14 
arc-min 

Inner ST Glmbal Angle 

D~~ ... """' r Nom=145 I N23 

I (Load for (3 Nom=180 
Option 3) 

y Nom=0 

*Expected codes for option 2 

00214 

00225 

00204 

Canopus 

Acrux 

Archernar 

X 0 0 0 0 

0 

0 

X 0 0 
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P52- IMU REALIGN 
(POST DOCKING No. 2) 

V37 Enter, 52 Enter 

V04 N06 

Rl: 

R2: 

Flashing 

00001 

0000x IMU Align Option 

1 - Preferred, 2 - Nominal, 
3 - REFSMMAT. 

V51 Flashing - Please Mark 

X 0 0 0 0 P52 Option 

+ 0 0 
Hoo<0 l GET of Gyro 

+ 0 0 0 Minutes 
Torquing 

+ 0 Seconds 

X 0 0 Sensor/ Celestial Body Code 1 N71 

X 0 0 Sensor/Celestial Body Code 2 N71 

Outer \ Star Tracker Gimbal N14 

Inner Angles (arc-min) 

Star Angle Difference N05 

Star Angle Measured 

X 

l 
Gyro N93 

y Torquing 

z Angles (Degrees) 

X 

l 
Calculated 

y Gyro 

z Drift (meru) 

NOTES: Sensor/Celestial Body Code 00CDE 

C 
C 
C 

0, CSM Optics 
1, Sun Sensor 
2, Star Tracker 

DE 
DE 
DE 
DE 

46, Sun 
04, Achernar 
14, Canopus 
25, Acrux 

X 

+ 

+ 

X 

X 

N14 is applicable for Star Tracker (C = 2) sighting only 

0 

0 

0 

0 

0 

0 0 0 

0 

0 0 

' 
0 

0 

I 

' 
' 

Expected Codes for 
ATM Sensor Sightings 
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P50 - ATM ORIENTATION DET ERMINATION 
(OPTION 2) . 

V3 7 Enter, 50 Enter 

V04 N06 

Rl: 

R2 : 

Flashing 

00012 

oooox ATM Sighting Option 

1 Acquisition Sun Sensor Mark 

2 Acquisition Sun Sensor/ Star Tracker Mark 

3 Docking Angles 

V51 Flashing - Please Mar k 

X 0 0 0 0 P50- OPTION 

0 Outer ST Gimbal Angle } Mar k, Re ad 
and 

0 Inne r ST Gimbal Angle Recor d 

X 0 0 Sensor/ star Code* N71 

Outer ST Gimbal Angle } N14 
arc-min 

Inner ST Glmbal Angle 

Doo""' M~o r Nom = 145 N23 

(Load for f3 Nom=180 
Option 3) 

y Nom = 0 

*Expected codes for option 2 

00214 

00225 

00204 

Canopus 

Acrux 

Archernar 

X 0 0 0 0 

0 

0 

X 0 0 

' 
' 
' 
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P52 - IMU REALIGN 

(Post Docking No. 3) 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rl: 00001 

R2: 0000x IMU Align Option 

1 - Preferred, 2 - Nominal, 

3 - REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P52 Option 

+ 0 0 
Hoo"' I GET of Gyro 

+ 0 0 0 Minutes 
Torquing 

+ 0 Seconds 

X 0 0 Sensor/Celestial Body Code 1 

X 0 0 Sensor/Celestial Body Code 2 

Outer \ Star Tracker Gimbal 

Inner Angles (arc-min) 

Star Angle Difference 

Star Angle Measured 

~ 
X 

I 
Gyro 

y Torquing 

z Angles (Degrees) 

X 

I 
Calculated 

y Gyro 

z Drift (meru) 

NOTES: Sensor/Celestial Body Code 0OCDE 

46, Sun 

N71 

N71 

N14 

N05 

N93 

C 
C 
C 

0, CSM Optics 
1, Sun Sensor 
2, Star Tracker 

DE 
DE 
DE 
DE 

04, Achernar 
14, Canopus 
25, Acrux 

X 

+ 

+ 

X 

X 

N14 is applicable for Star Tracker (C = 2) sighting only 

0 

0 

0 

0 

0 

0 0 0 

0 

0 0 

0 

0 

Expected Codes for 
ATM Sensor Sightings 
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P51 - IMU ORIENTATION 
DETERMINATION 

V37 Enter, 51 Enter 

V50 N25 

Rl 

Enter 

Flashing 

00015 (Maneuver to Acquire Stars) 

IMU Coarse Aligns to 0, 0, 0 

V 41 N20E Enter Desired Gimbal Angles 
No Attitude - light on, then off 

V50 N25 Flashing 

Rl 00015 (Maneuver to Acquire Stars) 

PRO 

V51 Flashing - Please Mark 

Orbital Assembly in Solar Inertial Attitude 

Star Tracker locked on. 

MARK Record Star Tracker Gimbal Angles 

Star Tracker P51 Option 

X 0 0 0 1 5 V50 N25 Flashing 

R I <MU 
p Gimbal (deg) 

y Angles 

0 0 
Sensor/ Celestial 

X Bodv Code 1 

X 0 0 
Sensor/ Celestial 
Bodv Code 2 

0 Outer (arc min) } star Tracker 

0 Inner (arc min) Gimbal angles 

Star Angle 
Difference (degrees) 

Star Angle (Measured) 

NOTES: Sensor/ Celestial Body Code 00 CDE 

C = 0 - CSM Optics 
C = 1 - Sun Sensor 
C = 2 - Star Tracker 

DE = 46 - Sun 
DE = 04 - Achernar 
DE = 14 - Canapus 
DE = 25 - Acrux 

Star Tracker 

X 0 0 0 

N71 'X 0 0 

N71 X 0 0 

Nl4 0 

0 

NOS 

' 

Expected codes for 
ATM Sensor Sightings 

1 5 

' 



V37 Enter, 52 Enter 

V04 N06 Flashing 

Rl: 00001 

R2: 0000x 

LB-83 

P52-IMU REALIGN 
(Entry - 7 Check No. 1) 

1 = Preferred, 2 - Nominal, 

3 =REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P52 Option 

+ 0 0 
Hoors I GET of Gyro 

+ 0 0 0 Minutes 
Torquing 

+ 0 Seconds 

X 0 0 Sensor/Celestial Body Code 1 

X 0 0 Sensor/Celestial Body Code 2 

Outer \ Star Tracker Gimbal 

Inner Angles (arc-min) 

star Angle Difference 

' 
star Angle Measured 

X 

I 
Gyro 

y Torquing 

z Angles (Degrees) 

► 
X 

I 
Calculated 

y Gyro 

z Drift (meru) 

NOTES: Sensor/Celestial Body Code 0OCDE 

46, Sun 

N71 

N71 

N14 

N05 

N93 

C 
C 
C 

O, CSM Optics 
1, Sun Sensor 
2, star Tracker 

DE 
DE 
DE 
DE 

04, Achernar 
14, Canopus 
25, Acrux 

X 

+ 

+ 

X 

X 

N14 is applicable for Star Tracker (C = 2) sighting only 

0 

0 

0 

0 

0 

0 0 0 

0 

0 0 

0 

0 

' 

' 

' 
' 

' 
' 

' 

' 

Expected Codes for 
ATM Sensor Sightings 
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P50-ATM ORIENTATION DETERMINATION 

(Entry - 7 Check Option 2) 

V37 Enter, 50 Enter 

V04 N06 

Rl: 

R2: 

Flashing 

00012 

oooox ATM Sighting Option 

1 Acquisition Sun Sensor Mark 

2 Acquisition Sun Sensor/ Star Tracker Mark 

3 Docking Angles 

V 51 Flashing - Please Mark 

X 0 0 0 0 P50-OPTION 

0 Outer ST Gimbal Angle } Mark, Read 
and 

0 Inner ST Gimbal Angle Record 

X 0 0 Sensor / Star Code* IN71 

Outer ST Gimbal Angle} I Nl4 
arc-min 

Inner ST Gimbal Angle 

Doohl"' M<'•r Nom=145 I N23 

~ (Load for fJ Nom=180 
Option 3) 

y Nom=0 

*Expected codes for option 2 

00214 

00225 

00204 

Canopus 

Acrux 

Archernar 

X 0 0 0 0 

0 

0 

X 0 0 

a 
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P52 - IMU REALIGN 
{ENTRY - 7 Check No. 2) 

V37 Enter, 52 Enter 

V04 N06 

Rl: 

R2: 

Flashing 

00001 

0000x IMU Align Option 

1 - Preferred, 2 - Nominal, 
3 - REFSMMAT. 

V51 Flashing - Please Mark 

X 0 0 0 0 P52 Option 

+ 0 0 

Hoor, ! GET of Gyro 
+ 0 0 0 Minutes 

Torquing 
+ 0 Seconds 

X 0 0 Sensor/Celestial Body Code 1 N71 

X 0 0 Sensor/Celestial Body Code 2 N71 

Outer t Star Tracker Gimbal Nl4 

Inner Angles {arc-min) 

Star Angle Difference N05 

Star Angle Measured 

' 
X 

! 
Gyro N93 

y Torquing 

z Angles (Degrees) 

X 

! 
Calculated 

y Gyro 

z Drift {meru) 

NOTES: Sensor/Celestial Body Code 00CDE 

C 
C 
C 

0, CSM Optics 
1, Sun Sensor 
2, Star Tracker 

DE 
DE 
DE 
DE 

46, Sun 
04, Achernar 
14, Canopus 
25, Acrux 

X 

+ 

+ 

X 

X 

Nl4 is applicable for Star Tracker (C = 2) sighting only 

0 

0 

0 

0 

0 

0 0 0 

0 

0 0 

.. 
0 

0 

I 

,, 
I 

,, 

Expected Codes for 
ATM Sensor Sightings 
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P51 - IMU ORIENT A TION 
DETERMINATION 

V37 Enter, 51 Enter 

V50 N25 

Rl 

Enter 

Flashing 

00015 (Maneuver to Acquire Stars) 

IMU Coarse Aligns to O, 0, 0 

V41 N20E Enter Desired Gimbal Angle s 
No Attitude - light on, then off 

V50 N25 Flashing 

Rl 00015 (Maneuver to Acquire Stars) 

PRO 

V51 Flashing - Please Mark 

Orbital Assembly in Solar Inertial Attitude 

Star Tracker locked on. 

MARK Record Star Tracker Gimbal Angles 

Star Tracker P51 Option 

X 0 0 0 1 5 V50 N25 Flashing 

R IM U 

p Gimbal (deg) 

y Angles 

X 0 0 Sensor/ Celestial 
Bodv Code 1 

X 0 0 Sensor/ Celestial 
Bodv Code 2 

0 Outer (arc min) } Star Tracker 

0 Inner (arc min) Gimbal angles 

Star Angle 
Difference (degrees) 

Star Angle (Measured) 

NOTES: Sensor/ Celestial Body Code 00 CDE 

C = O - CSM Optics 
C = 1 - Sun Sensor 
C = 2 - Star Tracker 

DE = 46 - Sun 
DE = 04 - Achernar 
DE = 14 - Canapus 
DE = 25 - Acrux 

Star Tracke r 

l( 0 0 0 

N71 )( 0 0 

N71 X 0 0 

Nl4 0 

0 

N0 5 

Expected codes for 
ATM Sensor Sightings 

1 5 



LB-87 

P52 - IMU REALIGN (CM) 

(ENTRY Preferred Option) 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rl: 00001 

R2: 0000x IMU Align Option 

1 - Preferred, 2 - Nominal, 
3 - REFSMMAT. 

V51 Flashing - Please Mark 

X 0 0 0 0 P52 Option 

+ 0 0 
H=• I GET of Gyro 

+ 0 0 0 Minutes 
Torquing 

+ 0 Seconds 

X 0 0 Sensor/ Celestial Body Code 1 

X 0 0 Sensor/Celestial Body Code 2 

Outer I Star Tracker Gimbal 

Inner Angles (arc-min) 

' 
Star Angle Difference 

Star Angle Measured 

X 

I 
Gyro 

y Torquing 

z Angles (Degrees) 

X 

I 
Calculated 

y Gyro 

z Drift (meru) 

NOTES: Sensor/Celestial Body Code 00CDE 

46, Sun 

N71 

N71 

N14 

N05 

N93 

C 
C 
C 

0, CSM Optics 
1, Sun Sensor 
2, Star Tracker 

DE 
DE 
DE 
DE 

04, Achernar 
14, Canopus 
25, Acrux 

X 

+ 

+ 

X 

X 

N14 is applicable for Star Tracker (C = 2) sighting only 

0 

0 

0 

0 

0 

0 0 0 

0 

0 0 

,t 

0 

0 

,t 

' 

t 

• 

Expected Codes for 
ATM Sensor Sightings 



LB-88 

P52 - IMU REALIGN 
(ENTRY REFSMMAT ALIGN) 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rl: 00001 

R2: 0000x IMU ALIGN Option 

1 = Preferred, 2 - Nominal, 

3 - REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P52 Option 

+ 0 0 
Hoor, I GET of Gyro 

+ 0 0 0 Minutes 
Torquing 

+ 0 Seconds 
' 

X 0 0 Sensor/ Celestial Body Code 1 N71 

X 0 0 Sensor/Celestial Body Code 2 N71 

Outer \ Star Tracker Gimbal N14 

Inner Angles (arc-min) 

star Angle Difference N05 

Star Angle Measured 

X 

I 
Gyro N93 

y Torquing 

z Angles (Degrees) 

X 

I 
Calculated 

y Gyro 

z Drift (meru) 
1 

NOTES: Sensor/Celestial Body Code 0OCDE 

C 
C 
C 

0, CSM Optics 
1, Sun Sensor 
2, Star Tracker 

DE 
DE 
DE 
DE 

46, Sun 
04, Achernar 
14, Canopus 
25, Acrux 

X 

+ 

+ 

X 

X 

N14 is applicable for star Tracker (C = 2) sighting only 

0 

0 

0 

0 

0 

0 0 0 

0 

0 0 

0 

0 

' 
' 

1 

,, 
1 

1 

' 
0 

Expected Codes for 
ATM Sensor Sightings 



LB-89 

P52 - IMU REALIGN 
(ENTRY REFSMMAT Align) 

V37 Enter, 52 Enter 

V04 N06 Flashing 

Rl: 00001 

R2: 0000x IMU Align Option 

1 = Preferred, 2 - Nominal 

3 = REFSMMAT 

V51 Flashing - Please Mark 

X 0 0 0 0 P52 Option 

+ 0 0 
Hoo,o I GET of Gyro 

+ 0 0 0 Minutes 
Torquing 

+ 0 Seconds 

X 0 0 Sensor/ Celestial Body Code 1 N71 

X 0 0 Sensor/Celestial Body Code 2 N71 

Outer \ Star Tracker Gimbal N14 

Inner Angles (arc-min) 

star Angle Difference N05 

star Angle Measured 

X 

I 
Gyro N93 

' 
y Torquing 

z Angles (Degrees) 
' 

X 

I 
Calculated 

y Gyro 

z Drift (meru) 

NOTES: Sensor/Celestial Body Code OOCDE 

C 
C 
C 

0, CSM Optics 
1, Sun Sensor 
2, star Tracker 

DE 
DE 
DE 
DE 

46, Sun 
04, Achernar 
14, Canopus 
25, Acrux 

X 

+ 

+ 

X 

X 

N14 is applicable for star Tracker (C = 2) sighting only 

0 

0 

0 

0 

0 

0 0 0 

0 

0 0 

,, 
0 

0 

' 

Expected Codes for 
ATM Sensor Sightings 



P61 

V37 Enter, 61 Enter 

V06 N61 Flashing 

V06 N60 Flashing, Record 

LB-90 

ENTRY PAD UPDATE 

V06 N63 Flashing, Used for EMS if no Cummunlcatlon 

P62 

V50 N25 Flashing, Request CM/SM Separation 

V06 N61 Flashing 

V0G N22 Monitor 

P63 

V06 N64 Monitor 

AREA X X 

P. 05G + 0 0 + 

N61 LAT 0 

LONG 

RTOGO . 05G + + 
-

VJO. 05G + + 

RET. 05G X ' X 

RET. 2G ' X X 

N66 DRE 

0 

X 

X 

0 

BANK AN R v R )' 
RET RB X ' 
RET BBO X ' 
RET EBO X X 

RET DROG X X 

ENTRY UPDATE PAD DESCRIPTION 

Revoltuion number and landing area 

Pitch angle at . 05G (P . 05G) 

X X 

X X 

X X 

X X 

Latitude and longitude of splashdown point (LAT, 
LONG), noun 61 display 

EMS initialization value for range-to-go at . 05G 
(RTOGO . 05G) 

EMS initialization value of inertial ve locity at 
05G (VJO . 05G) 

Time to . 05G referenced from retroburn (RET . 05G) 

Time to . 2G referenced from retroburn (RET . 2G) 

Downrange error (DRE), noun 66 display 

Bank angle, roll (R) first in specified direction 

Time to bank angle reversal from retroburn (RET RB) 

Time to S-Band blackout from retroburn (RET BBQ) 

Time to the end of S--Band blackout from retroburn 
(RET EBO) 

Time to drogue Chute deployment from retroburn (RET 
DROG) 

0 



GET: ___ day 

GMT: ___ day 

hr 

hr 

LB-91 

FLY AROUND MANEUVER 

min sec 

min sec 

Station Coverages: Merritt Island Tracking Station, Bermuda Tracking Station 

Undocking Delta Velocity: • 38 to • 51 ft/ s. Taken out by+ X jet Thrust at approximately 
57 ft. Separation (2 min: 25 sec after undockiniP 

Fly Arowid Maneuver: 

THRUST 
DffiECTION 

+X 

+Z 

-Z 

Thrust +X for 2. 5 sec ~ 5 ft/ s) 
Thrust Z for 1. 5 sec 

Direction of 

RADIAL ANGULAR 
CLOSURE RATE RATE 

Increase Increase 

Increase Decrease 

Decrease Increase 

RCS PULSE 
DURATIONS 

O. 5 sec 



LB-92 

P 30- EXTERNAL t>V 

(Separation) 

V37 Enter, 30 Enter 

V06 N33 F lashing, Load Desired GET I 

V06 N81 Flashing, Load Desired t>V 

PURPOSE 

N33 HR 

MIN 

SEC 

N81 LOCAL t>VX 

VERT t>VY 

t>VZ 

N22 R 

p 

y 

t>VC 

BT 

t>V 70 

+ X X 

+ X X X 

+ X 

X 

X 

X 

+ 

+ 

+ 

X X 

X X 

X X 

0 

0 

0 

ULLAGE: ___ SECS ___ QUADS 

+ X X 

+ X X X 

+ X 

X 

X 

y 

0 + 0 0 

0 + 0 0 

0 + 0 0 

X X 

X X 

X X 

N47WT l+I I I I I I STAR I x l x l x l x i I IGDC i{]JJ 

I I: I :1 
SFT I + I I I ~ l o I N48 PT ! I I YT 
TRN l +I I ~ Io 1° I 

MANEUVER UPDATE (P30) PAD DESCRIPTION 

GMT of ignition (GMT!) in noun 33 display 

Change in velocity com]X)nents in noun 81 display 

Ground calculated S/ C burn attitude relative to the 
IMU at GMT! called by V49 N22 

EMS t>V counter load (t>VC) 

Bur n duration (BT) 

Change in velocity necessary to lower perigee be
low 70 run (t> V 

70) 

tnlage 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 

GDC align angles for failed !MU 

F[Il] 

Y[IlJ 



LB-93 

CSM/ OWS SEPARATION 

P41 - RCS THRUSTING 

V37 Enter, 41 Enter 
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) 

50-18 I Roll 

Pitch 

Yaw 

06-18 I Roll 

Pitch 

Yaw 

06-85 I X 
' 

y 
• 

z 

16-85 I X 

' 
y 

. z 

16-85 I X 

y 

z 

X 
' 

y Trim 
' (ft/ s) 

z 

(deg) 

(deg) 

VG (ft/ s) 

VG (ft/ s) 

Residuals 
(ft/ s) 



DIRECTION 
OF MOTION 

EVENT 

SEPARATION 

- --•- V 

LB-94 

CSM/ OWS- SEPARATION 

ID:/ 1>.V 

11. 5/5.0 
4 JET 

xTRIM 

G. E.T . 

DAY 27 
20 :40:24. 0 

---•- V 

SUN 

PROPULSIOR/ 
GUIDANCE 

RCS/G&N 
P41-EXT AV 

PRETHRUST 
TARGETlNG 

P30 

YTRlM 
__ - •-V (ft/e) 

zTRLM 

SEPARATION 

SL-1 ORBIT 
(227 X 241.l nmi) 

SEPARATION 
TIG: 27:20:40:24 
BURN TIME: 23 SEC 
L>.V: 5FPS 
RCS 
APOGEE: 240.4 nmi 
PERIGEE: 224.5 nmi 



LB-95 

P30 - EXTERNAL 6V 

(Shaping) 

V37 Enter, 30 Enter 

V06 N33 Flashing, Load Desired GET I 

V06 N81 Flashing, Load Desired 6V 

PURPOSE 

N33 HR 

MIN 

SEC 

N81 LOCAL t:,.VX 

VERT t:,.VY 

6VZ 

N22 R 

p 

y 

6VC 

BT 

t:,.V70 

+ 

+ 

+ 

+ 

+ 

+ 

X 

X 

X 

ULLAGE: ___ SECS 

X X 

X X X 

X 

X 

X 

X 

0 

0 

0 

X 

X 

X 

QUADS 

+ X X 

+ X X X 

+ X 

X 

X 

X 

0 + 0 0 

0 + 0 0 

0 + 0 0 

X X 

X X 

X X 

N47WT l+I I I I I I STAR I X I X lxl XI I IGDcI{IIJ 

I J: I :1 
SFTl+i I I t lo I N48 PT 

f I I YT 
TRNl+I I ~ 1 o lo I 

MANEUVER UPDATE (P30) PAD DESCRIPTION 

GMT of ignition (GMTI) in noun 33 display 

Change in velocity components in noun 81 display 

Ground calculated S/ C burn attitude relative to the 
IMU at GMT! called by V49 N22 

EMS 6V counter load (t:,.VC) 

Burn duration (BT) 

Change in velocity necessary to lower perigee be
low 70 nm (6V 70) 

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 

GDC align angles for failed IMU 

r[IlJ 

uIJ 



LB-96 

(SHAPING) 

P40 - SPS THRUSTING (CSM) 

V37 Enter, 40 Enter 
V50 N18 Flashing, Request Maneuver to FDA! R, P, Y Angles 
VOS N18, FDA! R, P, Y Angles After Maneuver to Burn Attitude 
V50 N25 Flashing, Rl = 00204, Gimbal Actuator Test Option 
VOS N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity 
V99 N40 Flashing, Engine On Enable Request 
VOS 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 

Pitcb (deg) 

Yaw 

os-18 I Roll 

Pitch (deg) 

Yaw 

X os-40 I TFI (min:s) [X 
VG (ft/ s) 

AVM (ft/s) 

IX os-4o I TFC (min:s) X 
VG (ft/ s) 

AVM (ft/ s) 

X 1s-40 I TFC (min:s) ~ 
VG (ft/ s) 

AVM (ft/ s) 

85 I X 

y Residuals 
(ft/s) 

z 
85 I X 

y TRIM 
(ft/ s) 

z 
44 I HA (nmi) 

HP (nmi) 

I>< TFF (min:s) X 



SHAPING (SPS-1) 

EVENT 

SHAPING 

- --•-V 
XTRIM 

TIG: 27:21 :01:46.4 
BURNTIME: 11.0SEC 
l:,V: 264. 1 FPS 
RETRO GRADE 
SPS 
APOGEE: 229.6 nmi 
PERIGEE: 90.4 nmi 

SHAPING - SPSl 

ITT/ AV G.E.T. 

---•-V 

SHAPING 

SUN 

PROPULSION/ 
GUIDANCE 

SPS/ G&N 
EXT AV 

YTRIM 

PRETHRUST 
TARGETING 

P-30 



V37 Enter, 52 Enter 

V04 N06 Flashing 

Rl: 00001 

R2: 0000x 

LB-98 

P52 - IMU REALIGN (CM) 

(POST SHAPING) 

1 = Preferred, 2 = Nominal 

3 = REFSMMAT 

V51 F lashing 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

+ 0 

P52 Option 

Hours 

Minutes 

Seconds 

GET of Gyro 

Torquing 

X 0 0 0 0 

+ 0 0 

+ 0 0 0 

X O 0 Sensor/ Celestial Body Code 1 N71 x 0 0 

X O 0 Sensor/Celestial Body Code 2 N71 x 0 0 

Outer I Star Tracker Gimbal 

Inner \ Angles (arc-min) 

star Angle Difference 

star Angle Measured 

Gyro 

Torquing 

Angles (Degrees) 

Calculated 

Gyro 

Drift (meru) 

N14 

N05 

N93 

NOTES: Sensor/Celestial Body Code 00CDE 

C 
C 
C 

0, CSM Optics 
1, Sun Sensor 
2, star Tracker 

DE 
DE 
DE 
DE 

46, Sun 
04, Achernar 
14, Canopus 
25, Acrux 

N14 is applicable for Star Tracker (C = 2) sighting only 

' 

' 

' 

' 
' 

' 

Expected Codes for 
ATM Sensor Sightings 
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ENTRY PAD UPDATE 

P61 Enter 

P62 

P63 

V37 Enter, 61 Enter 

V06 N61, Flashing 

V06 NGO Flashing, Record 

V06 N63 F lashing, Used for EMS if no Communication 

V 50 N25 Flashing, Request CM/ SM Separation 

V06 N61 F lashing 

V06 N22 Monitor 

V06 N64 Monitor 

AREA X 

P . 05G + 0 0 

N61 LAT 0 

LONG 

RTOGO .05G + 

VIO. 5G + 

DET .05G X X 

RET . 2G X X 

N66 DRE 

BAND AN R / 
RET RB X X 

RET BBO X X 

RET EBO X X 

RET DROG X X 

ENTRY UPDATE PAD DESCRIPTION 

Revolution number and landing area 

Pitch angle at . 05G (P 05G) 

X 

+ 

+ 

+ 

X 

X 

R 

X 

X 

X 

X 

0 

X 

X 

X 

X 

X 

X 

Latitude and longitude of splashdown point (LAT, 
LONG), noun 61 display 

EMS initialization value for range-to-go at . 05G 
(RTOGO . 05G) 

EMS initialization value of inertial velocity at 
05G (VIO . 05G) 

Time to . 05G referenced from retroburn (RET • 05G) 

Time to . 2G r eferenced from retroburn (RET . 2G) 

Downrange error (DRE), noun 66 display 

Bank angle, roll (R) first in specified direction 

Time to bank angle reversal from retroburn (RET RB) 

Time to S-Band blackout from retroburn (RET BBQ) 

Time to the end of S-Band blackout from retroburn 
(RET EBO) 

Time to drogue chute deployment from retroburn (RET 
DROG) 

0 0 



V37 Enter, 30 Enter 

V06 N33 Flashing, Load Desired GET I 

V06 N81. Flashing, Load Desired t;. V 

PURPOSE 

N33 HR + X 

MIN + X 

SEC + X 

N81 LOCAL t;.VX X 

VERT t;.VY X 

t;.VZ X 

N22 R + 
p + 

y + 

t;.VC X X 

BT X X 

t;.V70 X X 

LB-100 

P30 - EXTERNAL t;. V 

(Deorblt) 

X + 

X X + 

+ 

0 0 + 

0 0 + 

0 0 + 

X 

X 

X 

ULLAGE: SECS ___ QUADS ----

X X 

X X X 

X 

X 

X 

X 

0 0 

0 0 

0 0 

X 

X 

X 

N47WT I+ I I I I I I STAR Ix I x i x I x i I I Gr;cRITIJ 

SFT H I I I I ol 
N48 PT I I: I: I l I I YT 

TRNj+I I I I ol o! 

MANEUVER UPDATE (P30) PAD DESCRIPTION 

GMT of ignition (GMT!) In noun 33 display 

Change In velocity components In noun 81 display 

Ground calculated S/ C burn attitude relative to the 
!MU at GMT! called by V49 N22 

EMS t;.V counter load (t;.VC) 

Burn duration (BT) 

Change in velocity necessary to lower perigee be
low 70 nm (/;. V 

70) 

tnlage duration, and number of quads (2 or 4) used 

Vehicle weight, and pitch and yaw trim engine 
gimbal angles, for OAP data load 

Star number, and optics shaft and trunnion angles 

GOC align angles for failed !MU 

iCTIJ 

tiIJ 



LB-101 

OEORBIT MANEUVER 

P40 - SPS THRUSTING CSM 

V37 Enter, 40 Enter 
V 50 N18 Flashing, Request Maneuver to FDA!, 

R, P, Y Angles 
VOS Nl8, FDA! R, P, Y Angles After Maneuver 

to Burn Attitude 
V50 N25 Flashing, Rl = 00204, Gimbal Actuator 

Test Option 
VOS N40, Time from Ignition, Velocity to be 

Gained, Measured Change in Velocity 
V99 N40 Flashing, Engine on Enable Request 
VOS N40, Time from Cutoff, Velocity to be 

Gained, Measured Change in Velocity 
VlS N40, Flashing Final Values at Engine Cutoff 
VlS N85, Flashing, Body Axes Residuals (to 

be nulled) 
V37 Vlashlng V82 Enter 
VlS N44 Flashing, Apogee Altitude, 

Perigee Altitude, Time to Freefall 
to 300 k ft , Earth Orbit 

50-18 I Roll 

Pitch (deg) 

Yaw 

06-18 l Roll 

Pitch (deg) 

Yaw 

rx 06-40 l TFI (min:s) 

VG (ft/ s) 

AVM (ft/ s) 

I'>< o&-4o I TFC (min:s) 

VG (ft/ s) 

AVM (ft/ s) 

rx 16-40 I TFC (mln:s) 

VG (ft/ s) 

AVM (ft/ s) 

85 I X 

y Residuals 
(ft/ s) 

z 

85 I X 

y TRIM 
(ft/ s) 

z 

44 I HA (nmi) 

HP (runl) 

rx TFF (mln:s) 

NOTES: 

P41 - RCS THRUSTING 

V37 Enter, 41 Enter 
V50 N18 Flashing, Request Maneuver to 

FDA! R, P, Y, Angles 
VOS N18, FDA! R, P, Y Angles After 

M3neuver to Burn Attitude 
VOS N85, X, Y, Z Body Axes Velocity to 

be Gained 
Vl S N85 (Average G on at TIG-30) 

Velocity to be Gained 
VlS N85 Flashing, Body Axes Residuals 

(to be nulled) 

50-18 I Roll 

Pitch 

Yaw 

06-18 j Roll 

Pitch 

Yaw 

o&-85 I X 

y 

z 

16-85 I X 

y 

z 

16-85 I X 

y 

z 

X 

y Trim 
(ft/ s) 

z 

(deg) 

(deg) 

VG (ft/s) 

VG (ft/s) 

Residuals 
(ft/ s) 



EVENT 

DEORBIT 

LB-102 

DEORBIT - SPS2 

Trr/ t:,.V 

7. 8/193. 8 

G.E.T. 

Day 28 
00:03:25. 0 

PROPULSION/ 
GUIDANCE 

SPS/ G&N 

PRETHRUST 
TARGETING 

P-30 

l:>Vx N85 + x x h 
H-+-+-+-t--1 t:,V y RESIDUALS (ft/ s ) t-+-;-x;-x -r-x ,-.-, min GET 

l:>Vz (BODY AXIS) + x 

- --•-V 
XTRIM 

---•-V 
YTRIM 

__ -•-V (ft/s) 
ZTRIM 

DE-ORBIT (SPS-2) 
Tl G: 28:00:3:25. 0 
BURNTIME: 7. 8SEC 
f:::..V: 193.8 FPS 
RETROGRADE 
SPS 
APOGEE: 229. 6 nmi 
PERIGEE: -12.7nmi 



l 

Aerodynamic Forces 

The earth entry trajectory 
is shaped by the forces of 
gravity and atmospheric 
flow over the spacecraft 
surface. The latter force 
has two components, lift 
and drag. 

Drag is a force directed 
opposite to the relative 
velocity vector and equal 
to: 

- ~ 2 -
D = ½ M pv lo(ft/ s2

) 

Lift is a force perpendicu
lar to the relative velocity 
vector and equal to ; 

- SCL -
L = ½M pv2 1L(ft/s2

) 

where, 

LB-103 

APOLLO EARTH ENTRY 

Velocity 
Vector 

p = Atmospheric density (slugs/ ft 3 )( 1) 

v = Relative velocity magnitude (ft/s) 

c0 = Coefficient of drag (unitless) 

CL = Coefficient of lift (unitless) 

M = Mass of spacecraft (slug,} 

S = Surface area presented to atmospheric flow (ft2 ) 

Aerodynamic lift (or CL) 
is a consequence of the 
vehicle center-of -mass 
(CM)( 2) being offset from 
its axis of symmetry. With 
the relative velocity vector 
along the axis of sym
metry , the resulting 
symmetrical pressure dis
tribution produces a re
SU ltant force (F) through 
the center -of -pressure 
(CP)(3) . The component 
of th is force (f1 ) 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 

Relatrve 
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 F 
component of F perpen-
dicular 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
; n g is accomplished by 
orienting the lift vector 
(L) so that the resulting 
specific forces satisfy the 
entry guidance objectives. 
The lift vector is rotated 
about the Roll Stability 
Ax is according to roll 
commands issued by the 
AGC. 

A ro II angle (8) 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 lift vector 
in the local horizontal 
plane , producing maxi
mum crossrange (or 
lateral) flight . 

LB-104 

Ro11 Stability 
Axis 

o" 

I' 

Pressure 
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The entry control programs are designed to calculate the roll angle ( 9) which will produce the vert
ical component of lift necessary to satisfy a guidance objective (constant drag flight. downrange 
target acquisition, and so forth). Crossrange 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 the Skylab earth orbits uses mainly a bal
listic entry and a modified roll angle lift controlled profile. A typical entry footprint is shown be
low. The constant drop and lift modulated flight is sti ll available in the software coding but ts not 
used. 

L __ 0.05g 

Geodetic latitude • 44. 01 •N 

-· 

'·- ·-
✓. -20J . 

longitude • 156. 'l"l'W 
Altitude • 399,681 ft -~ ~-~i:: 

I! ! -----

- ' ~T--

----- - +- Maneuver 
Footprint 

-· .-. 'o 
_ ,, 0,0- - --

N -' 0 

_-·ci. -..., _ 
~ -"~ • ! - ~~- - ~ --;;r=-- -t ! --~----

I j 
I ! -I 

160 155 150 145 140 135 130 115 110 115 

West longitude, deg 
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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 computatio'l cycle. 

The guidance equations below are used during the entry phases associated with a nominal earth 
orbit entry. Equation 1 (targeting) is 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 
L 

Initial Roll 

(Equation II) 

Ballistic 
Phase 

(Equation III) 

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 
(Equation 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 
I 
I 
I 
I 
I 
I 
I 
I 

_J 

During the early entry phases, a unit vector is calculated which points from the earth's center to an 
estimated splash point. '.!his initial target vector (1RTo>, ~gether with unit vectors in the equatorial 
plane directed easterly (lRTE) and in the target meridian (lRTN), is used as a reference from which 
a new target vector (IRT) 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: 

OH = arc cos(1 RT · Unit R}(radians) 

The crossrange error from the present flight plane is calculated as follows : 

LATANG = lRT · Unit (V X R) (radians) 

Ground 
Track 

Target 
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Equation II: Initial Roll Angle 

The Initialization supplies the initial roll angle to the Initial roll angle routine. 

a roll = arc cos ( 1il T • UNIT R ) radians 

This ls 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 r e- entry and picks the desired life/drag ratio sign. In addition, the drag to lift ratio ls 
limited such that drag acceleration does not exceed 1. 5 g•s. After the initial pass, the selector 
ls set to pass through the ballistic equations. 

Equation ill: Ballistic Equation 

During the ballistic mode, the attitude control ls maintained for zero side slip, trim angle of 
attack. The roll control wlll 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 Equation 

Reduction of near-parabolic velocities (associated with the lunar return mission) to a point where 
capture in the earth's atmosphere ls assured, ls accomplished by flying a constant-drag trajectory. 

Constant-drag guidance Is achieved using an on-board computed reference trajectory aoo constant 
guidance factors for compensation of off-nominal conditions. The control reference parameters 
are computed using the following constant drag relationships. 

v2 1 
(8 - g) DO (unltless) 

RRef 

2D
0 (ft/ s) pv 

DRef D
0 (ft/ s 2) 

where 

V velocity (ft/ s) 

R radial distance (ft) 

g gravity (ft/ s 2
) 

DO desired drag level (ft/ s2) 

fJ constant associated with atmosphere q1) 

Gain factors were chosen which relate perturbations in drag and altitude rate to the reference L/D. 

(L/ D) control 

The constant drag ls included for reference and ls not used in earth orbital entry. 



LB-110 

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 variable, the various quantities in storage are chosen which are 
used in the basic control equation: 

where 

(L/ D) control = (L/ D)Ref + Kl { (R - ¾er> + K2 (D - 0 Ref> + K3 (R - ~er>} 

(L/ D)Ref 

RRef 

DRef 

RRef 

Kl 

K2 

K3 

constant value ( .,,o. 27) 

reference range-to-go (radians) 

reference drag (ft/ s2) 

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 tie 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 

U sirg previously determined quantities (K2ROLL and L/ D t 1) the commanded roll angle is calculated by con ro 

ROLLC 
[

L/ D control ] (K2ROLL) arc-cos ~=-==="
L/ DRef 

(degrees) 

where 

L/ DRef ;,, 0. 3 (unitless) 
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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 (o 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 - YEI 

V06N63 
Rl - RTOGO 
R2 - Vio 
R3 - Tfe 

Latitude of splash point 
Longitude of splash point 
± 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.XXg 
XXXXX ft/ s 
XXX.XXdeg 

XXXX.Xnmi 
XXXXX ft/ s 
XXbXX m/ 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 
Re - Heads up/down 

V06N22 

R2 _ AJG • Desired final gimbal Rl - AOG} . 

R3 _ AMG angles at EI 

XXX.XXdeg 
XXX.XXdeg 
±00001 
+ Up 
- Down 

XXX.XX deg 
XXX. XXdeg 
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 -V1 
R3 - RTOGO 

Present g-load 
Present velocity 
Range to the target 

xxx.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 O. 05 g is sensed by the GNCS. 
c . Steering: 

When 0, 05 g is sensed, a calculation is made to determine position of spacecraft in the 
entry corridor, and the lift vector is positioned full-up or full-down accordingly . The 
orientation is maintained until a precomputed drag level is exceeded (somewhat less 
than 1,5 g), 

A constant drag trajectory 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, 250 nmi, 
this requirement is never satisfied and the constant-drag flight is continued. 

A predicted exit velocity for the hypothetical skip maneuver will decrease below 18, 000 
ft/ s and 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 
XXXXX 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 

Vl6N67 
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,Xnmi 
XXX.XXdeg 
XXX.XXdeg 
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TYPICAL CM/SM SEPARATION ATTITUDE 

local ":'d><m~ 
19d€<.¾r~ -. 

---- , / ~ Inertial 
31. 7 degrees /.!::J Velocity 

-.. , &' Vector 
-Y·~ 

1:# 

TYPICAL ATTITUDE AT ALTITUDE OF 400,000 FEET 

+zsc 
+Xsc......,____ I 

20 degrees~ --'<-'¥..J--+XsM 

+ZsM 

TYPICAL ENTRY PROGRAM SEQUENCE OF EVENTS 



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 Nm!t> Lat Long Nmi 

Apollo 7 27.61 64.17 27. 63 64.18 I. 3 27.54 64 . 07 7. 3 

Apollo 8 8. 13 165.03 8. 10 165. 01 2. I 8. 12 165. 02 0. 9 

Apollo 9 23. 25 68 . 00 23. 26 68.01 o. 8 23. 21 67 . 94 4.3 

Apollo 10 -15.07 164. 67 -JS. 07 164. 65 I. 2 -15.03 164. 65 2. 7 

Apollo I I -13. 25 169.15 -13. 30 169.15 I. 2 -13. 25 169. IS 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 I. 3 -21. 64 165, 36 3. 9 

Apollo 14 -27. 02 172.65 -27 . 02 172. 65 0 -27. 00 172. 659 I. 3 

Apollo 15 -26. 13 158 . 13 -26 . 13 I 58. 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.oo•• 

Apollo 17 17. 88° 166. 13 17 . 88 166. 11 I. 2 Not Available 

Mean Error I. 33 3. 23 

STD Deviation . 996 + I. 82 -

• Onboard data lost during entry - miss distance is best estimate 
•• Ship Report based on Nav Satellite Fix 

Best-Estima te 
Trajectory 

(BET) Report Total 
(official) 

North West Error 
Lat Long Nmi Remarks 

27 . 64 64.15 2.1 Earth Orbital 

8.1 165.01 2. 3 Lunar Re turn 

23. 22 67. 98 2.1 Earth Orbital 

-15.06 164. 65 I. 3 Lunar Return . • 1.0• Lunar Re turn 

-15. 83 165 . 17 I.I Lunar Return 

- 21. 64 165. 36 1.0 Lunar Re turn 

-27.01 172. 66 . 62 Lunar Return 

-26 . 13 158.14 .63 Lunar Return 

Not Available Lunar Return 
I 

Not Available Lunar Return 
I 

I. 35 

+O. 61 
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ENTRY PAD UPDATES 

V37 Ente r, 61 Enter 

VOS NSl Flashing 

V06 N60 Flashing, Record 

V0G N63 Flashing, Used if no communication 

vso N25 Flashing Request CM/ SM Separation 

VOS NSl Flashing 

V06 N22 Monitor 

V06 N64 Monitor 

AREA X 

P .05G + 0 

N61 LAT 0 

LONG 

RTOGO .05G + 

VJO .05G + 

RET. 05G X X 

RET. 2G X X 

N6S DRE 

BANK AN R 

RET RB X X 

RET BBO X X 

RET EBO X X 

RET DROG X X 

0 

ENTRY UPDATE PAD DESCRIPTION 

Revolution number and landing a rea 

Pitch angle at . 05G (P • 05G) 

X 

+ 

+ 

+ 

X 

X 

R 

X 

X 

X 

X 

0 

X 

X 

X 

X 

X 

X 

Latitude and longitude of splashdown point (LAT, 
LONG), noun 61 display 

EMS inittaltzatton value for range-to-go at . 050 
(RTOGO • 05G) 

EMS initia lization value of inertial velocity at 
05G (VIO . 05G) 

Time to. 050 referenced from r etroburn (RET , 05G) 

Time to • 2G referenced from retroburn (RET . 20) 

Downrange error (DRE) , noun 66 display 

Bank angle, r oll {R) first in specified direction 

; 

Time to bank angle reversal from retroburn (RET RB) 

Time to $-Band blackout from retroburn (RET BBO) 

Time to the end of $-Band blackout fro m retroburn 
(RET EBO) 

Time to drogue chute deployment from r etroburn (RET 
DROG) 

0 0 
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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 
drawn in Table A. The results were obtained from a computer simulation run. 

The standoffs in gimbal angles for gyro drifts can be approximated by 

r·~ AAM 

AAo 

where 
AA.o 

=~ 
3600 

0 0 

0 0 

coa,lf Bin llf 
coaX cos;\. 

-Cos ,i, -·~-i 68.8 CFK 

-Sin ,lf 
NBDx 68.8CFK 

C 
---1!..... -NBDz - ADIAz cos A 

AAI, AAm, AAo the steady state gimbal angles standoff in degrees. 

NBDx, NBDy, NBDz the changes in normal bias drift in meru that are not compensated 
for in the IMU compensation routine 

,i, Gyro compass azimuth (east of north) 

A Latitude of Local launch 

Cp Proportional gain (. 062) 

CF Filter gain (0.1) 

K Computer scaling (128) 

ADIAx, ADIAy, ADIAz = The change in acceleration sensitive drift not compensated in the 
IMU compensation routine • 

68.8 .....I_ ~ 
Kpipa 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. Thia is accomplished by computer entries of 

V78E 

Flashing 
V06N29 Xam Launch Azimuth 

V21E Load New Launch Azimuth 

XXX.XXdeg 

XXX.XX deg 
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GYRO COMPASSING PERURBATION ANALYSIS (cont) 
PRO 

The computer computes the changes required in gyro torquing, torques the gyros, enters a period 
of vertical erect for 320 seconds and then returns to gyro compassing. 

Typical reponses of the gimbal angles changes are shown for the nominal launch azimuth and the 
responses for launch azimuths at the "early" and "late" launch windows. 

The size of the response is governed by the time earth rate compensation is not used on the gyros. 

INERTIAL 
INSTRUMENT 

ERROR 

+X Gyro 
Drift 
10 meru 

+YGyro 
Drift 
10 meru 

+Z Gyro 
Drift 
10 meru 

-X Gyro 
Drift 
10 meru 

-Y Gyro 
Drift 
10 meru 

-Z Gyro 
Drift 
10 meru 

X Pipa 
Bias 

+. 032808 
ft/s2 

Y Pipa 
Bias 

-.032808 
ft/s2 

X PIPA 
Blas 

-.032808 
ft/s2 

Y PIPA 
Bias 
-. 0~2808 
ft/s 

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 

-.059 0 

0 +. 059 

+.059 0 

0 -.059 

OUTER GIMBAL 
ANGLE ERROR 

(DEGREES) 

+.476 

+.444 

-.041 

-.476 

-.444 

+.041 

+.020 

+.020 

-.020 

-.020 
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NOMINAL LAUNCH AZIMUTH GIMBAL ANGLE RESPONSES FOR GYRO COMPASSING 

TINE lsecl 10,000 sec 

Nominal Launch Azimuth 47. 035° East of North 

Initial Inner Glmbal Angle 89. 75° 

Initial Middle Gimbal Angle 359. 75° 

Initial Outer gimbal Angle 138. 035° 

Final Inner Gimbai Angle CXJO 

Final Middle Glmbal Angle 00 

Final Outer Gimbal Angle 137. 038° 
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''EARLY" LAUNCH AZIMUTH GIMBAL ANGLE RESPONSES FOR GYRO COMPASSING AFTER VERTICAL ERECT 

''Early" Launch Azimuth 

Initial Inner Gimbal Angle 

Initial Middle Gimbal Angle 

Initial Outer Gimbal Angle 

Final Inner Gi mbal Angle 

Final Middle Gimbal Angle 

Final Outer Gimbal Angle 

51. 101° East of North 

89.9° 

359. 9° 

141.801° 

90.0° 

ff 

141. J(Tj
0 
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'\.ATE" LAUNCH AZIMUTH GIMBAL ANGLE RESPONSES FOR GYRO COMPASSING AITTR VERTICAL ERECT 

"Late" Launch Azimuth 37. 849° East of North 

Initial Inner Gimbal Angle 89. 9° 

Initial Middle Gimbal Angle 359. 9° 

Initial Outer Gimbal Angle 127. 949° 

Final Inner Gimbal Angle 90.0° 

Final Middle Gimbal Angle 00 

Final Outer Gimbal Angle 127.84g0 



Uncompensated 
X-PIPA Bias 50 

40 

e JO 
C 

3) 

-3) 

-30 

-40 

-50 

Uncompensated 
Y-GYRO Drift 

12 

10 

e 
C 

-12 
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BOOST MONITOR ERRORS 
(SIGNIFICANT IMU ERRORS ONLY) 

Uncompensated 
Z-PIPA Bias 

Perigee Error 

4 5 
cm/s2 

Initial INNER GIMBAL 
Angle Misalignment 

10 

-4 

-6 

-8 

-10 

-40 

-50 

-60 

-10 
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EFFECT OF INSTRUMENT ERRORS ON THRUST GUIDANCE 

The thrust guidance used on Skylab, in simplified form, is as follows 

Thrust _.... A 

yroDrift 

; 

d, X A 

+ 
+ 

AB 
(PIPA Bias) 

Thrust Positioning 
and Thrust Cutoff 

Cross Product 
Steering 

lNDeslred 

+ 

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 result\i; velocity residuals at the end of the burn as displayed 
in P-40. 

Since the thrust guidance loop performs its calculations on the difference between AV measured 
and AV desired, the velocity residuals displayed by P-40 at the end of each burn ere 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. Assuming perfect cross product steering CVaesiduals = 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 velo
city. 

For Example: Assume a apogee error of +5. 0 n mi and zero spacecraft residuals, as shown in 
P-40, after the NC2 maneuver. 

1. From the ''Skylab-2 Maneuver Perturbation" table, the most sensitive spacecraft velocity error 
is AVx. 

2. The required velocity error is 

5. 0 n mi 
AVx ~n mi/ft/sec 9. 26 ft/sec 

3. The weighting factors relating instrument errors to velocity errors yield 

-2 -2 -2 3. 06 x 10 ABX x 36. 9 - o. 06 x 10 ABY x 36. 9 + 1.19 x 10 ABz x 36. 9 = 9. 26 ft/ sec 

1.13 ABX -0. 02 ABY + o. 44 ABZ = 9. 26 ft/ sec 

Therefore: 

Uncompensated ABx 8. 2 cm/sec2 

Uncompensated ABz or 21 cm/sec2 

ABY contribution is neglible in comparison to ABX and ABz 
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EFFECT OF INSTRUMENT ERRORS ON THRUST GUIDANCE (CONTINUED) 

The •'Skylab-2 Maneuver Perturbation" table also gives the transformation from stable member 
spacecraft body control axes space as follows: 

where: 

[SM-NB] Transformation from stable member to the nav base using glmbal 
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 le to Indicate the location of the stable member with respect to 
thrust. The assumed glmbal angles are as follows: 

NCl 

NC2 

NCC 

NSR 

TPI 

SHAPING 

DEORBIT 

OUTER GIMBAL 
(degrees) 

180 

180 

180 

180 

359 

0 

0 

INNER GIMBAL 
(degrees) 

339 

159 

340 

198 

25 

183 

180 

For all maneuvers thrust le assumed along +Xg;c axle 

MIDDLE GIMBAL 
(degrees) 

2 

1 

1 

2 

1 

359 

359 



BODY AXES ERROR IN ERROR IN 
MANEUVER VELOCITY PERIGEE APOGEE 

ERRORS (nmi/ft/ s) (nmi/ ft/ s) 

av - 0.58 
X 

NCl av y - -
av - -z 

av 
X 

o. 05 0.54 

NC2 av - -y 
avz o. 08 -0. 07 

avx - o. 58 

NCC av - -y 
avz - -

av 
X - o. 58 

NSR avy - -
avz - -

avx - o. 53 

TPI av - -y 
av z - 0. 26 

avx -0. 54 -
SHAPING avy - -

av z -0.13 -

SKYLAB-2 MANEUVER PERTURBATIONS 

STABLE MEMBER TO SPACECRAFT 
CONTROL AXES TRANSFORMATION 

[SC)= [M) [SM) 

[ '"' 0.033 ' m] -0. 018 -0. 990 0.138 

0. 362 -0.135 -0. 922 

[·'"' 0. 017 _, ,., ] 
o. 028 -0. 992 -0.119 

-0. 361 -0.121 0.925 [ •-~• 0.023 

'·"'] -0. 023 -0. 991 0.130 

o. 337 -0.130 -0. 933 

[''" 0. 028 ''"] -0. 064 -0. 992 -0.109 

0.297 -0.123 0. 947 

['- 0.012 -0.U] 
-0.071 0.990 -0.123 

0.418 0.142 0.897 

r-fi• -0. 019 
O.OM] 

-0. 012 0.991 0.136 

-0. 056 0.135 -0. 989 

REFSMMAT 
[ SM J ~ [ REFSMMAT ] [BRS ] 

BRS = BASIC REFERENCE SYSTEM 

[ •·= -0. 271 

'·"'] -0. 367 0. 717 o. 593 -
- 0. 679 -0. 642 o. 357 

Same as NCl 

Same as NCl 

Same as NCl 

Same as NCl 

[ O.Ma -0.343 . '"] -[ o. 659 -0. 389 -0. 644 

o. 518 0.855 o. 014 

[-,,,=] 

DEORBIT ] 

~ ... 
0 



GYRO DRIFT8 

PIPA BIASES 

Pl>-11 

6V8CERRORS CAU!IEDBYGYRODRI7TS JXA ANDPIPABL\SES 

11.ERU 

CII/SEC2 

FT/ SEC 

SEC (LENGTH OF BURN + 30 SECONDS FOR STARTUP or AVERAGEG ROUTINE) 

SEC (m,n:: FROM LAST AUGNKENT TO BURN) 

WEIGHT FACTORS RELATE PlPA BIAS AND GYRO DRIFTS TO VELOCITY ERROR. 

.!!£:.!. 

AV•sc - s.oe x 10-
2 

ABX lt.Tp - 0.10 X 10-
2 

ABYC,.Tp - 1.11 x 10-
2 

AB& ATP 

AV Jae 0. 58 • 10-5 NBOX AT
1

- 0. 22 x 10-S N'.BOY ATI + 1,47 ,: 10-S NBDZ .O.Ta: 

+ 5.95 ,c 10-4 ABX ATP + J .Bx l0-
2

AB
1

ll.T p-4.ll x 10-
1

AB., 4Tp 

b.V "ac o. OS 11 10-1 NBDX 6 T I ♦ 1. 58 I( 10-1 NBDY .O.T1 + o. U x 10-5 NBDZ ATf 

- 1.11 x 10-Z AB
11 
ATP ♦ 4. ◄2 x 10-S ABJ .O.T p + S, OS x 10-I AB

11 
b.Tp 

6 V 
'sc 

6V 
'sc 

6V 
'sc 

6V 
"Be 

s. oe x 10-
1 

AB.ATP- O.Ol x 10-
2 

AB,.oTP + 1.ll x 10-1 
AB.ATP 

-0 • .U x 10-S NBDX ATI - 0.14 I 10-& NBDY AT
1

- 1, 08 x 10-I NBOZ ATI 

- 0.11 x 10-S ABX ATP ♦ I, H x 10-I ABJ ATP ♦ 0. st X 10- I AB11 OTP 

-0.32 x 10-e NBDX 6T
1 

+ 1.111 x lO-S NBDY 4T
1

- 1,40 ll lO-I NBDZ 6T
1 

+1. 19 Jt l0-:i: AB 6T +s.,1 .. 10-'AB b.T - I .O:S x 10-2 AB b.T 
•P JP sp 

o. 75 x 10-1 NBDX oT, - o. 29 x 10-& NBDY 4TI + I. 08 )( 10-1 NBDZ 4TI 

+ 0. T-4 )( 10-3 ABX 4Tp + 3.25 ,r: 10-2 ABY 4Tp - 0.41 )( 10-I AB& 4Tp 

0. 015 x 10-t NBDX 4T + I. Jl x 10-I NBDY 4T + 0. It • 10-t NBDZ 4T 
I I I 

- 1.11 • 11-1 AB. 4Tp +o.u . 1,-
1 

AB, 4Tp + S.ot x 10-1 
AB. 4Tp 

0.-41 1f 10-• NBDX 4T - 0.17 x lo-• NBDY 4T - 1.SJ • 10-• NBDZ b.T 
I I I 

+ 0.11 x 10-2 ABX 4Tp + S.15 x: l0-2 ABJ 4Tp + 0.H v 10-J AB• 4Tp 

0, Ot • 10-I NBDX 4T
1 

+ 1. SI ,r: 10-I JrfBOY 4T
1 

- 0. 11 x 10-t NBDZ 4TI 

- o.tT 11 10-
1 

AB.4Tp +0. ◄0 x 10-2 
AB74Tp- J.11 1( 10-1 

AB.4Tp 

0. 13 x 10-I NBDX4T
1 

+0. 11 x: 10-I NBDT 4T
1

- l . H v 1o•I NBDZ 4T
1 

+ 0.ts x 10·
1 

AB. 4Tp • s.ta x: 10-2 
AB14Tp + 0.40 >c 10-I AB. 4Tp 

0. U x 10-I NBDX 4T
1

- 1.-411110-I NBDY 4T
1 

- 0.11 11 10-I NBDZ 4T
1 

- LST 11 10-2 ABX 4Tp- 0. ◄T • 10-I AB
7 

4Tp - 1.14 >c lO-I AB• 4Tp 

-1. 08 ,c 10-I NBDX 4TI + I.to x 10-I NBOY LI.Tl+ 1, ,0 ,c 10•$ NBDZ b.TI 

+ 0.0◄ x: 10·2 
AB• 4Tp - S.H 11 10·2 AB

1
4Tp - 0,-45 1f 10-I AB• 4Tp 

0.12 ,c 10·• NBDX4T, - 1.11 ,c lO-s NBDY 4T, +l.lJ x 10·• NBDZ 4TI 

+ 0. ll lf 10-I AB:11:4Tp - 0.4◄ 11 101 AB
7

4Tp +I.IS >c lO-t AB•4Tp 



PB-12 

TYPICAL EARTH ORBIT ENTRY POSITION ERROR SENSITIVITIES 
AT GUIDANCE TERMINATION 

EARTH ORBIT ENTRY 
ERROR SOURCE Downrange Crossrange 

(€ ) Error Error 
(runi/€) (runi/€) 

GYRO BIAS NBDX o. 0 -0.19 
DRIFT 

NBDY (meru) -0.10 o.o 
NBDZ o. 0 0.26 

ACCELEROMETER ACBX 4.52 o. 0 
BIAS 

ACBY o. 0 (cm/sec2 ) 5. 80 

ACBZ -3.66 o. 0 

NOTES: 1. Assumed accelerometer operation 15 minutes prior to EI (altitude of 
400, 000 feet). 

2. Assumed IMU drift from 2.5 hours prior to EI. 

3. Assumed IMU orientation is described by deorbit refsmmat such that at SPS-2 

ZsM - Unit (R) 

YsM -Unit (R x V) 

XsM YsM x ZsM 
4. Crossrange-downrange definition: 

Nominal Earth Orbit Entry 



DAP-1 

DIGITAL 

AUTOPILOT 

CSM-RCS DAP 

TVC DAP 

SATURN DAP 

ENTRY DAP 

DOCKED DAP 

ATTITUDE ERROR DISPLAY 

RATE FILTER 



DAP-2 

CSM DIGITAL AUTOPILOT 

~i!~S:/f,t;1or ~~u:; ~~J:~:=~:r~;: ~::ui:~6~~~~c;:,;r~~~;:i = ~~tude 
entt-y, aa well aa a backup SATURN takeover function. The LM portions of the DAP remain in the software but are not applicable to the Skylab mlasloo.. 
COASTING FLIGHT 

The CSM couting flight autopilot or reactloo. coo.trot aystem autopilot (RCS DAP) provides attitude and tranalatlou control in three CSM axes 4iurlng nonthrustlng phases of flight . The RCS DAP ha.a three major modes of opera~, Auto, Hold and Free, aa commanded by the S/ C CONTROL •witch. 
The Hold mode ma.lntahul or bolds the spacecl'aft (S/ C) at a de1lred attiblde within the limlt• of an attlblde deadband speclfied by the crew. Rotational band controller (RHC) commands will be proce11ed as the discrete commanded rate speclfied in the OAP variable load; a new desired attiblde wlll be established and maintained upon release of the RHC. 
The Auto mode enables rate and attlblde commandl from the steering routines to be proceHed by the DAP for maneuvering the S/ C to • desired attitude at a speclfled rate. With the abl!lence of maneuver commands, the Auto mode functions u an attitude hold mode, RHC command.a are processed ln the Auto mode u a discrete commanded rate and automatic maneuvering la terminated un.Ul resumed by crew actioo via the OSKY. 
The Free mode of operation releuea the S/ C from all maneuvers and attitude hold oommanda, other than minimum impulse comm.ands, and allows the S/ C to drift freely. Minimum hnpulae comm.and.a are al.ngle H-milliaecond control Jet firings which are comm.anded by the RHC or, If there are no RHC commands, by the mlnimum-lmpu11e controller (MIC). 
Translation band controller (THC) commands are proceaaed in any mode and are combined with rotation command.a for the desired maneuver. When a combination rotatioD and translation is not poHible, me to a quad failure, the rot.atlon command has priority, 
ERROR DISPLAY 
Tbe DAP also provtdea attitude error displa19 to the crew vta the FDAI &ttitude error meters. There a.re three types of attitude error display• available, Each type of error display differences a eet of reference angles wlth the preaent gtmbal angle• as read in N2o. and transforms the dlfferencea to vehicle OODtrol axes. N20 I• a aet of CMC eraeable counters which sum the Incremental glmbal angle ou.tputa of the CDU A/D converter•. N20 cells are syncbed to the CDU read counters. and hence the glmbal -resolver•, by mean• of a V40E which insures the cella and nad counter• are ldmtlcally :r.ero at that point In time. Aa the read counters are allowed to repeat the glmbal reaolvere In the A/D Loops, the angle increments are 111mmed in the erasable cells, thus repeating the glmbal resolvers. Care must be e,i:ercl1ed to avoid overwriting the N20 cells, or ACDU's, alnce the CMC'a knowledge of present gimbal angles will be deatroyed. 

To provide a monitor of autopilot performance, the autopilot following 
error• or pbaae plane errors in control axis coordinates can be displayed 
by keying a V61E . The reference anglea are known aa deaired CDU angle• 
(DCDU) which describe the attlblde at which the phase plane control law la 
exerclaed. Thia reference atUtude le eatabliebed by the DAP. 
To aid the crew in e,i:ecutlng a manual maneuver, or for monitoring an 
auto maneuver, th, total attitude error with respect to the reference 
final desired maneuver angles in N22 can be displayed by Keying V62E. 
Final deaired CDU anglea (N22) are computed by the maneuver routines 
(R61, R63) for rendezvous pointing attitude and univeraal polD.tlng atu
tude; P40, 41 for burn attiblde and P52 and Vtl for coarse align IMU. 
They are also manually loaded In the crew initiated maneuver ~ 49E) 
and are al.10 kn.own aa FCDU anglea. Tbeae are the "maneuver to" 
glmbal angles, provided a maneuver 11 in proceaa and the maneuver 
routine la communicating maneuver command.a to the DAP. The N22 
angles may renect the desired attiblde of • completed maneuver and 
no looger influence operation of the DAP. 
Total aatronaut attitude error wtth respect to reference Nl 7 anglea 
can be displayed by Keying V63E thua providing another manual man
euver aid. Nl 7 can be loaded with a anap1hot of the preeent CDU 
angiea by Keying V60E. Astrooaut total attitude (Nl 7) cell• are not 
loaded internally by the CMC. They are a set of cells for use by, and 
loaded by the crew, poaalbly u an aid to manually maneuvering the 
vehicle to a crew specified attltude. Tbe enapehot capability of V60E 
enablea the crew to maneuver, and atlll maiDtaJn a •et of reference 
angles for error dlaplay in returning to the original attitude. 
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POWERED FLIGHT 

The powered flight autopilot stabilizes and cmtrols the attitude of the spacecraft and maintains 
thrust vector control (TVC) during service propulsion system (SPS) thrusting. Pitch and Yaw axis 
control ls achieved by TVC OAP 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 ls 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 0. 05g and accepts attitude commands from entry 
guidap.ce 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 OAP accepts steering commands from 
the entry guidance programs, 

SATURN TAKEOVER 

In the event of a Saturn instrumentation unit ([U) fail, a capability is provided for the CMC to 
issue angular rate steering commands to the IU autopilot. CMC takeover of Saturn control, which 
ls accompllshed by means of the LV GUIDANCE switch, may be an aut.omatic or manual steering 
mode. 

The manual or stick mode is available by keying V46E, which terminates computation of auto
matic mode attitude errors. Discrete rate commands, based on erasable parameters, are 
initiated by means of the RHC and transmitted t.o the IU autopilot, 

DAPDATA 

The DAP registers containing the variable parameters which determine DAP selection and de
sired DAP performance are accessible by keying V48E. 
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V48E 
CSM DAp CONTROL 

Fluhlng V04 N48 

A B C 

Regilller 1: I CONFIO I XTAC I XTBD I 
.QQ!!!]Q - Vehicle ConllguraUon 

0 • No OAP la requelled 
1 • CSM alone 
2 • CSM and LM• 

D E 

DB I RATE I 

3 • SIVB, CSM and LM•(SIVB control) 
8 • CSM Ind LM •( Hceat lltap onlY) 

,KU& - X-Tran.alatiou U1ln1 Qwda AC 

O• Do not uaeAC 
l • Use AC 

1£!!!? - X-Tr~latlona U■ln& Qullda BO 

0 • Do not wte BO 
l • Uae BO 

.Q!! - AO,W.ar Deadba.nd for Attitude Hold and Automatic ManeuYer1 
O • •O. 5 dep-ee 
1 • • 5. 0 dep-eea 

.B6ll - Rotational Rate for RHC lD. HOLD or AUTO Mode and tor Automatic Maoeu.•era. 

0 • O. 05 des/1 
1 • o. 2 des/• 
2 • 0.5 des/• 
3•2.0des/1 

Regloter 2: I AC Roll I Quid A Quid B Quid C Quid D I 
AC Roll - Roll-Jet ■election 

0 • Uae BO roll Quad.a 
l • Uee AC roll Quact. 

~ - Quid folio 

0 • Quid bH ta11ed 
1 • Quad operattoa ■l 

PRO 
Flublnc voe N47 

PRO 

Regloter 1: CSM welsh< "1 pounda 

Rectater 2: Other vehicle weight ln pouoda 

1. 

2. 

3. 

4. 

Fluhln1 voe N48 

RePete.r 1: Pitch-trim pmbal offaet, ln 1/100 decree 
Rep,ter 2: Yaw-trim pm.bat offaet, ln 1/100 dep-N 

AUTOMATIC MODE 

Automatlc three-axil rot■Uon. 

Manual three-ula rotation. ud trao~ 
l■Uon 

Attltllde bold to pro,ram or manual 
delloed attitude. 

Automlllc rote domptnc. 

1. 

2. 

3. 

ATTITUDE HOLD MODE 

Manual thr~llxl• rotation and tn.ne
latlon. 

RHC produce■ a rotational rate H 
apecllled by N4S while out of detent. 

Attitude bold to attitude eeleot:ed TI.a 
band oont.roller. 

4.. Automatlc rate damplns. 

•Reference remaln1 in Software Codln,. Not 
used in Scyl u1c c cmputaUon,. 
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CSM RCS PHASE-PLANE 

The purpoae of the CSM RCS Phase-Plane Logic la to compute and IHue command• to the RCS 
thrullter• Ln order to null apacecraft atub.lde and attib.lde rate errors. The thruster commands 
are Ln a form of a algned time, where the sign lndlca.tes the sense of rotation (positive or neptlve) 
and time ls the duration or thrusting required to reach the pbue-plane switching boundary. In 
order to achieve these ends, the phue plane Is divided into decision areas (DA). A phue-plane, 
characteristic or that used for S-axle control of the CSM, it shown with ewltcblng areu defined 
for vehicle state, beyond the dead.zone boundarlet, 

Only the positive rate error half of the phase-plane ls Implemented tlnce vehicle state• in the 
negaUve half plane can be mirrored lo the positive half by Lnvertlng the elgn.s of the attitude 1nd 
rate error•. 

It le apparent that large atutude el"l'Orl are redlced by allowlq the vehicle to drift freely at a 
rate error within the deadzone thue optimizing fuel usage. Once attitude errors have been reduced 
to within the deadband and rate error• are within the dead.zone a ml.nlmum impulse (14 ma Jet 
flrlnge) limit cycle Is reached. 

JNAD£D ANA 
IS ()iEAIXONl 

8 

PhaH-Plane 

Summary of Decision Area• 

Location of State 

ln Deach.on• 
DAI 
DAI 
OAS 
OA4 
DAO 
DAI 

Ru 
None• 
Increase Rat• to +WL 
IncreaH Rate to •HSLOPE 
DecreaH Rat• to +WL 
0.cNa .. Rat• to O 
DecreaH Rate to -HSLOPE 
Decreu• Rata to -WL 

U.TE 
m01 

I 
I 
I I 
I I ,Q, ,'v, 
I I 
I 

.. 

e 

ArllTUOt .. ,.,. 

Forc~firlng exception. 
TheH values a.re stored in erasable memory 
and ue therefore •ubject to ch&nlJe. 

CSM RCS Pbue Pl1ne 
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TVC ROLL PHASE-PLANE 

Durlng powered QJgbt pitch and yaw cmtrol of the vehicle 11 accompll1bed by gimballn1 the SPS 
engt.ne, Roll ccntrol la accompll1bed ueJ.nc RCS thruater1 and hence a pbue-plane ccm.trol law le 
implemented 1n the aame fubion u for the coutlng nieht RCS pb.ue-plane. A 1ampl1 11 •bown 
which 1• charM:terl.Uc of the implemented Roll phue-plan.e. The parabolic 1wttchln1 llnes differ 
from tbe UIOClated 11.oear nn.tchlng Un.ea of the coutmg Dtabt p~lane due to the low roll 
moment-of-inertia and becauae of the fixed attJtude deadband and rate error deadzooe boundaries. 
Tbe ■witch parabola then approxlm.ates tbe acb.tal roll control parabola or ccm.stant torque tra.
jectory for 2 Jet roll Drlnp, 

JET Fl#INGS FO# 
~SIT/VE TOIOUE 

JET FIIINGS FOi 
NECATIW 10IIOIIE 

~O•HATING P'OfNT 

' , ,/cONTaOl ••a.oov, 
LIMIT CYCLE \ 
W1' llCII \ 

10.1 OfGISKI \ NfGATIVf TOl0Uf 

OEA-NDCD•\ 
150EG) I 

OG4EIIOI 

Phan-plane Switchln& Linu !or- the TVC ROLL OAP 
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Transform 
Error 

to Control 
Axe• 

Error ta 
zero when 
RHC acti
vated or 
CMC Free 
Mode. 

Error 11 uro when 
rate damping or 
RHC not ao11,_va_1o<1_ • ..__

1 

CSM DIGrTAL AUTOPILOT 

COABnNG FLIGHT 
Dead Zone 

Ph&1e Plane 

Jet On 
Time 

Eatlm.ated 
Angular Rate 

Rotational Hand 
Controller lnpu.ta 

N'8 apectfte1 manual rate -
Angular Impulse 11 Free 
Mode from RHC or MIC. 

Automatic Attttu:ie 
Poettion Control 

?Me apectflea auto maneuver 
rat.e. Hand controller 
terminates maneuver. 

Tranalatioo 
Haod Control 
Command• 

Jet Select 

Logic 

S/C Conlrol 

scs 

Angular Aocelentlon 
rl.RCSJeta 

Rate Filter 
Differentiate and 

Tranaform to 
Control Axea 

AGC PoelUon 

Comm~ 

Dl•
plOf 

Software 9wttcb 
(V16 N20E) 

CDU 

RCS 

Thru.artera 
Spacecraft 

Spacecraft 
Rotations 
and 
Tranalat10n1 

{ 

0.05 der/• 
• Commanded Angular Rate 0.2 dee/• From Auto PoalUon Control 

or RHC o. 5 dee/a 

•• 0 der/• 
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CDU Anglel 

Noun 22 

(FCDIJ) 
Program 

CMC ln1Uated Mnn. 
(P20,P40 etc.) ,_ ____ .J 

D6KY 

Crew Loaded Attitude Astrooaut 

Total Attitude 

Software Switch 
V60 

Snapshot Preeent 
CDU 1 ngle1 

!MU 

Autopilot 
Phue Plane 
Error , e E 

Total Attitude 
Error w/ r to 
AatTcnau.t 
Loaded Attitude 
Reference 

C CMC Actual 
D CDU Angies 
U N20 (ACDIJ) 

Display Phue 
Plane Attitude 
Errw 

Compute Total 
AttJtude Error 
and Transform 
to Body Axe• 

FOAi 
Error Met.er 

No, l 

V61 

Software Switch 
V62 or 
V63 

Dlaplay Total 
Attitude Error 

Error Display 
Body Coordlnates 

IMU Error 
Count.er Enable 

[MU Error 
Counters 

~ 
CMC 1/2 

FOAi 
Error Meter 

No. 2 

ooc o 

AttSet O 

CMC 

GDC O 

AttSet O •IMU reaolver • ncle dlaplay la on the 
same FDA] eelected for error display. 
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DOCKED DIGITAL AUTOPILOT 

Digital autopllot (DAP) Lmplementatloo for the docked Orbital Assembly (OA) l1 very •Lmll•r to 
the CSM RCS OAP. Vehicle rate e1Umailou and COC1trol la accompll1bed uWtzing moat of the RCS 
OAP 1oftware except that rate filter pin.I and pbue plane awltcbJ.n.g logic decl1loo value■ are 
different. Jet 1electlon dlfier• in that torque couple■ or Z/ Y tr111.alation (force control) Jeta may 
be u1ed fOt' attitude control, 1lnce 10111 .moment arm, from the RCS quad.a to tbe OA cemer of gravity 
relUlt prlmarlly In rotational torque■ for Z/ Y tranalatlon Jet flrlnga. Docked OAP torque to in
ertia ratloe for Jet firl.nga are oot computed aa in the RCS OAP but are provided u eruable 
memory ccnatanta u well u the effecUveoeH c0118tanta which coovert torque couple flrlllg Um.ea 
to force control Jet firing Umee. 

Attitude erl'Or parameter• are computed u in the RCS OAP. 

PITCH/YAW CONTROL 

OA a.ttltude cootrol t• accompllebed using the SM RCS Jets, Wt due to the 1lgniflcanl difference■ 
in OA center of gravity and control pometry, the torque couple control exerclaed by the CSM 
rel\llt.1 in p-eatly re<ktced colSTOl authority wben docked to the orbital worbhop. The docked 
OAP logic la deelgned to uee Z and/or Y tranalatl:>n force Jeta to provide uncoupled rotation 
torque• about the OA c . g. or torque couple Jet, normally used for CSM attitude ccntrol. While 
provldJng lncreued control authority, t.be force Jet ccntrol mode al10 produces unwanted trana
latlona, altbougb tbeee are ,mall due to the large mua of the OA. 

ROLL CONTROL 

Deployment of the ATM uaembly reau.lt.1 1n a algniflcant ehlft of tbe orbital u1embiy c. g, off the 
loqttudlnal centerline of tbe OA. Thia unbalance1 the torque proclaced by a pair of trlllBlatloo 
Jetl when In the force control mode and would pro<Uce a result.ant roll torque along wlth the de
aired pitch or yaw torque, The autopllot compenaate• for thl• torque unbalance by unhalanctn1 
the firing Um.ea of the tranalatloo Jet.a, thua cancelling the undesired roll effect. 'Roll pbue plane 
commands are combined with the un.balanced roll torques to compute firing times which produce 
only deslrod phase plane torques. 

TRANSLATION CONTROL 

Since Y and Z tranalatlon Jet.I relllllt ln torques about the OA c. g., they are uaed only for yaw and 
pitch attitude control. Therefore only X tranalatlona are practical and can be executed by either 
2 or 4 Jet.a, Mlnua X trantlatl:>na would not normally be done because of thrueter lmplnpmeat. 011 
the ATM aad 1olar array. 

RATE FILTER 

The CSM RCS DAP rate filter It used for vehicle rate estimation. In the docked DAP bu.t with dif
ferent filter pJna betng used for the steady state docked DAP. 

MODE FUNCTIJNS 

Docked DAP Hold and Auto mode funcUona are the ■a.me u In the CSM DAP with the u.ceptlon 
th&t only X THC commmda wlll be honored. 

Free mode function.1 include RHC aoeuJ.ar hnpulse command.I, MIC angular lmpul1e comm.and■, 
THC X tramlatlon com.manda and THC Y and Z deQect1001 which result In Yaw and Pitch 
pul1ed angular acceleration command• respectively. Effective 200 ma Lmpulae flrlnp are exe
cuted whether torque couple, force control or alngle Jet force ccm.tTol, Undeelred roll torque■, 
resulting from 11ngle Jet force command• are compea.1ated for with the roll couple Jell ■elected 
ID DAPDATR3. Effective 50 ma impulse firlDp are executed for MIC de.OecU:xu1 ill the 1ame 
manner u the RHC command•. 
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IX>CKEO OAP CONTROL 

V«E 

FlublDgV0SN87 

Register 1: DAPDATR3 

A 

I ROLL 
_ CONTROL 

B 

ACXTRANll 

C 0 E 

BOXTRANS 
PITCH YAW 
CONTROL CONTROL 

Roll Control - quad preference for pbaae plane roll command. If an Inhibited 
---- Jet l• encou.ntered In a preferred quad, automatically uaea other 

two quads for roll. 
o • BD Preference 
1 • AC Preference 

ACXTRANS - X tran1latiOD1 uaing qua.di AC 
---- O • Do not uae AC 

l • UH AC 

BDXTltANS - X t-rana:lations using quads BD 
---- O • Do not uae BD 

1 • Use BD 

Pitch Control- Preferred uae of pitch torque couple or Z trllllJllat:lon force jets 
for pitch control. 
o • U ae toyque couple for pitch control. 
1 • UH Z force ccntrol for pitch 

Ya.w Control - Preferred uae of Yaw torque couple or Y tranalatlon force Jets 
for yaw control. 
O • Uae torque couple for yaw control 
1 • UH Y force ccntrol for yaw 

Reg:l1ter 2: CH5FAIL 

Bit 8 

I B-• I B-3 

6 5 

I D-• I D-3 A-4 A-3 C-4 

1 

C-3 

Octal value 00200 00100 00040 00020 00010 00004 00002 00001 

CB5FAll.. bit positicm.1 correspond to Channel 5 output Jet command bits. 
O • Use selected Jet 
1 c Do not u,e aelected Jet 

Regllter 3: CH6FAll.. 

Bit 8 7 4 I 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 

CH6FAIL blt poslticns cor-respcnd to Channel 6 output Jet command bits. 
0 • Use selected Jet -
1 • Do not u1e •elected Jet. 

PRO 
FlublDg V06 N89 

Regilter 1: De1lred DAP Maneuver Rate 
'l!egieter 2, Dealred OAP Angular Deadband 

x.XXXX" I • 
XXX.XX" 

• U the OAP deadband (R2 of N89) Is respecified, a V 45E must be performed to incorporate 
the new parameter In the docked autopilot logic. 
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DOCKED OAP PHASE-PLANE 

The purpose of the CSM/ SWS docked phase-plane logic la to compute and luue commands to the 
RCS thrusters in the form of signed tlme for Jet couple firings and Y and Z translaUon force Jet 
firings. The sign indicates the sense of rotation for couples and the dlrectlon of force for trans
lation jet rotational torques, The chlratton of flrlngs Is specllled by the time command, which for 
force jet firings ls the computed couple time multiplied by an effectiveness cmstant, Unbalancl.ng 
of the pa.ired force Jet Umes Ls accompllshed by the jet select logic to compensate for undesired 
roll torque■. 

The phase-plane shown la similar to the RCS OAP phase-plane but with reduced value, for dead
zone boundaries and switching lines due to the greatly Lncreaaed momente-of-inertla of the 
orbital assembl,y. 

D"3 

RATE 
ERROR 

DM 

WL • 0.1 °1s 
SLOPE • -0. 3 °/sl" •• 
HSLOPE • -0. 6 °/sl"" 

r 
I 
I 

I DA5 
I 
I 
I 
I 
I 
I 
I 

DA6 

LCX:AJION Of SlAl[ IESPONSf 

IN 0£AOZONE 

°"' °"' 0,.) 

°"" 0,.5 
OAb 

NONE" 
INCREASE RAJt TO •Wl 
N:llfASE RATE TO • HSl.Cft 
DECREASE ltAlf TO •WI.. 
OEOEASE IW'E TO 0 
OEOtfASE Wf TO -HS.LOPE 
Of.CREASE RAJt TO ·WI. 

Foroed,.,flrlng exception. ••The•e v&luea are sl0Nd in erasable memory and 
are therefore subject to ctJana:e. 

Phase Plane for Docked OAP 

ATTITUDE 
ERROR 
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DOCKED CONFIGURATION (SPS END VIEW) 

ATM +Y Axis 

CSM + Y~ (ZI Control Axis 
I 

! Z !Y~I Control Axis 

CENTER OF GRAVITY OF 0A 



Transform 
Error 

to Control 
Axes 

Error ls uro when 
rate damping or 
RHC not activated. 

.,, 
E 

,--.L...-~ 

Error la 
zero when 
RHC acti
vated or 
CMC Free 
Mode. 

Integrator 

DOCKED DIGITAL AUTOPILOT 

Dead Zone 

Jet On-Times 
Torque Couple (1' 

Force Control 
(1' zy • 1' • ECP) rir,;:::::::::._l__ 

Phase Plane 

Estlmated 
Angular Rate 

RotatJonal Hand 
Controller Inputs 

N89 apecifles manual rate
Angular Impulse lf Free 
Mode from RHC or MIC. 

Automatic Attitude 
PoelU.on Control 

N89 speclfles auto maneuver 
rate. Hand controller 
terminates maneuver. 

sate for 
..,,_ _ ____ ...j Offset e.g. 

Roll 

Rate Filter 

AOC Poslt:lon 

Command~ 

Dis
Play 

Diffenm.Uate and 
Transform to 

Control Axes 

CDU 

Software SWtlcb '--~--.J 
(Vl6 N20E ) 

Orbital 
AHembly 

(OA) 

Spacecraft 
Rotations 
and 
Tranalations 

• Commanded Angular Rate 
From Auto Post tJon Contr,:,l 
or RHC and Attitude Dead .. 
band a.re Speclfied in Noun 89 
of R04 (V44) 
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ORB ITAL ASSEMBLY CONFIGURATION 

ATM- Y AXIS 

ATM +X AXIS 

D 021101 
~04181 

OJl5l~, 

011111 

Al 

A41 

C21141~(414) 

CSM-XAXIS ; ~ 
OA +X AXIS CJIIJ C Clll51 

CSM + Z AX IS 

ATM+ Z AX IS 

CJ/ 3 ±. 81° 

CJ/ 1 + 40° 

DETAIL OF STAR TRACKER ORIENTATION 

t, 
> 
r' ... 
(X) 
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STATE ESTIMATOR 

The purpose of the state e1tlmator la to compute attitude rat.e based on the attitude information 
obtained from the CDU. The problem then ls to eatimate the state vector baaed oo noisy meaa
urementa of one element of the atate vector. The solution of the problem le patterned after Kalman 
fllterlng and uses a recursive filter with galn.s based oo engineerlng conalderatlooe rather than 
etattstlcal opttmlzatlon, 

STATE EQUATION (Continuous Sy1t.em) 

r,j(t)] · [· .1][9(t)]. [• •] [·~·[•] 
l:,;,(q O O w(t) b(~ 0 oj 0 

The proceH noise vector n(t) Is 11sumed zero 
u
1 

Is usumed constant over sample Interval 

STATE EQUATION (Dl•creet System) 

'u 

I 
I 

b(t) -+_1_LC7--~--~----
tn-l t1 t0 t 

T J • Jet flrlng time 

_!!: (\) " (JI (tn• 'n-1> J _!!: (tn-1) +/(JI (tn• T) J [B(T) J U(T) d T 

or, tn-1 

STATE T11ANSITION MATRIX 

Uln-1 l • (JI (In• 'n-1)] • [~ \'n-lj • G ~] 
T • tn-tn-1 

[1 '·-T] [o o]dT 
O 1 b(T) O 

MEASUREMENT EQUATION 

lln - e (\) +nCDU 

(1) 

(2) 

{3) 

(4) 

(5) 

(6) 
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NOMENCLATURE 

~ (t) • state vector 
~ (t) • control or drlvlng vector 
n(t) • proce■s 1101.ae vector 

8 (t) • spacecraft attitude 
w (t) • apacecrafl a.tt1tude rate 
~ • angular accelerat!011 due to RCS Jeta 
8 • measured spacecraft attitude (COO angles) 
~• tn-l • Ume of preHD.t and put state vector eattmatea, · respectively 
p (t) • meuurement residual (d.J.tferm.ce of meuured and predicted attitude) 
T • control sample IDterval (0. l 18C) 

Tl • Wratlon of Jet firing 

STATE ESTIMATOR MECHANIZATION 

The s tate eetlmator la mechanized u a two part prooees,: state vector extrapolation and atate 
vector updating. 

State Vector Extrapolation 

iahede= ~ec=~ ~~~ :rvt:= fb w~:i ~ Y~*;: ;:1:.£'n-11 
noise la usu.med to be random with zero mean so ftidt the beat eatlm.ate of ita effect on the 
state vector ta zero. 

9'n • 3n-l + T ~l + Tl (f - TJ/ 2' ul (7) 

(9) 

~~: !";,:: ,!1; 
1
~1!JJc~':J/2)u1, <me to thruster firing angular acceleration, la 

State Vector Updating 

The state vector la updated bued on the weighting functioo.s and the meuurement real Wal. 
' ~ 9n • 8'n + K8(Rn-8'n) • R'n + K9Pn 

' ~ wn • w'n +Kw (8n-8'n) • w'n • Kwpn 

(9) 

(10) 

Tbe meaauremmt residual p (t) la the difference between the actual meuurement 9n and the 
expected meuurement 8' • The expected meuurement la equal to the extrapolated estimate of 
spacecraft attitude, bee.Le the measurement nolae, Dr.nu• Is assumed to be random with zero mean and the best estimate of ita effect on the meuureaiehl Is therefore zero. 

To obtain the filter equatlona for p and t, : 

Pn • (9n - 9'n) 

Comb111111g -- (11) and (7) 

Pn • 9n - ~n-1 - T t)n-1 

Adding - 9 n to equation (9) 

' ~ ~ 8n - An "' 81n - #\. + K8 Pn • - Pn_ + KA Pn 

(11) 

(12) 

(13) 
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" Changing n to n-1 and solving equation (13) for an-l 

" an-1 = an-1 - Pn-1 (1-Ka) 

Combining equations (12) and (14) 

~ " /Jn = an - an-1 + Pn-1 (1 - Kfl - T wn-1 

Combining equations (8) and (10) 

Equations (15) and (16) are the 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 
lnltlallzatlon. Thereafter a steady state value ls used to weight the measurement residuals. 

Attitude Gain Ka 

1.0 10 

.8 8 

.6 Inltlallzatlon 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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SCIENCE 

KALMAN FILTERING 
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ORBITAL MECHANICS 
ORBITAL DISTURBANCES 
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COASTING FLIGHT NAVIGATION 

The purpose of Coasting Flight Navigation ts to estimate spacecraft position and velocity of the 
CSM or orbital workshop. The estimates are computed using orbital mechanics and optics or VHF tracking measurements to improve the accuracy of the orbital mechanJce. The navigation 
sightings are incorporated into the position and velocity estimates using a modifled Kalman 
filter which is a recursive optimal estimator that ts characterized by the following computation
al procedure. 

1. Extrapolate the state vector ahead to time t0 , using the best estimate of the state at time lo-I· 

2. Extrapolate the error covariance matrix In a similar manner. 

3. Compute the optimal gain matrix. 

4. Calculate a measurement vector for time t0 • 

f~ z (Hnl i~ 
5. Update the estimate of the state vector, using the extrapolated state X 'n, the optimal gaJn [fCriJ, the extra

polated measurement x~. and the actual measurement at time tn, Y~-

6. Update the error covariance matrix l.n a similar manner. 

This procedure is illustrated by the following block diagram. 

SYSTEM 
y 
-n 

ic' 
------<.---n__, [ it>n-1] 

Basic Recursive Procedure of Kalman Filterlng, 
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MODIFICATIONS TO THE BASIC KALMAN FILTER 

The basic Kalman filter outlined on the previous page was modified for use in Coasting Flight Navigation 
In the following aspects. 

1. Instead of extrapolating the error covariance matrix, (EJ, the square root of the error cova riance 
matrix Is extrapolated. Thls insures that Lbe cova.riance matrix will always be positive semi
definite and avoids the usual di((iculties 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 [WJ. 

2. The state vector and error transition matrix are extrapolated by integrating their respective 
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 astronaut before it Is incorporated Into the state vector. This eliminates tbe possibillt.y 
of an erroneous update due to an improper mark. 

4. Only one measurement is Incorporated at a time. This reWces the dimension of the filter 
equallons and changes the matrlJI: inversion In the optimal gain equation to a scalar division. 

STATE VECTOR \)EFINITION 

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] • 
- £..Y 

Deviations from 
conic position 

Deviations from 
conic velocity 

Deviations from the reference conic are asswned to be Gaussian distributed with a known mean and var
iance. The. mean is estimated via the precision Integration routines or obtained from MSFN. The var
lance 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 follawlng table llsts the correlation between basic Kalman filter terminology as used on the previous 
page and Coasting Flight Navigation terminology to be used on the followi~ pages. 

CELESTIAL NAVIGATION KALMAN FILTER CORRELATION 
TERMINOLOGY TERMINOLOGY 

!! - geometry vector of [HJ measurement !!T:>[HJ 
dimension "D" matrix 

et weighting vector of ~) optimal gain et =>~1 
dimension "D" matrix 

[WJ error transition matrix [EJ . error covariance [El =>[WWTJ 
of dimension "D x D" matrix 

~ state vector ~ state vector .! J.! 

a' . a priori measurement [VJ covariance of the a' :>rv1 
error variance ( scalar) measurement noise 

6Q . measurement deviation . 
= measurement 6Q :;>&~ -~.> <!h-.Yo> ( scalar) residual 
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COASTING INTEGRATION ROUTINE 

The Coastl~ [ntegratlon rout.toe te a ataodartdlzed eubrouttne used to integrate apacecn.ft state vector to specific tlmea. It le used during the P20 - Rendezvous navigation program to extrap.r late the state vector and error transition matrix ahead to the meaeuremert: time by direct numerical integration of their differenttal equations. 

STATE VECTOR EQUATIONS 

The buic equation describing spacecraft motion ls 

where 

!. -= spacecraft position vector 

y "" spacecraft velocity vector 

!d • disturbance acceleration vector 

µ = primary planet gravitation constant 

(1) 

When the disturbance, !d• ts small, then Encke's method of dJfferentiaJ acceleration.a can be used to solve Equation 1, Encke's method divides spacecraft motion lnto two part.a: {l) conic or osculating orbHal motion which would reeult If !.d c Q. and (2) deviation from conic motion as a result of !.d -# Q.. 

where 

!. -= !.conic + .!!' 

Y"" YconJc + !! 

!.• y • spacecraft position and velocity 

!.conic• Ycontc • conJc position and velocity 
~. ~ • deviations from conlo position and veloolty 

(2) 

(3) 

Substitution of Equations 2 and 3 Joto the basic equation of motion, Equation 1, yields diffei,entlal equations for the conic position and veloolty and the deviation from oonlc position and velocity. Conlo Motion Equation 

[!contj f O 
V - --1!...._ 
-conic / r~onJc 1 

:] [: conic] 
-conic 

(4) 

Deviation E tlo 1 ][2.E]•[ !! ] SUbject to {~~J m !!.} 
lnltlal coodttlons o ~ !.d h<to> • 2. 

(5) 

where 

G c ~ [3 r rT -r • {I) J r• -oonlo -conJo conic conic 

The conic motion equation Is solved expUoltly using Kepler's aubroutlne. The deviation equation la aolved by by direct numerical lnt.egra.tlon and Ls oalled the "state equation"; It can be written In the form 
!_ • {FJ ~ + f 

(6) 
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ERROR TRANSITION MATRIX EQUATIONS 

The accuracy of the state vector estimation process is characterized by the error covariance matrix 
which expresses the mean squared error of each state vector element in matrix form 

where 

where 

state vector estimation error 

e = estimation error 

B, = estimated state vector 

~ = actual state vector 

error covariance matrix 

[E) = <!!T > 

(EJ "' error covariance matrix 

< > = denotes "expected value" 

If the state vector Is described by Equation 6, then the error covariance matrix is described by 

E = FE + EFT (neglecting process noise) 

and the error transition matrix is described by 

W = FW 

where 

Equation 10 ts the differential equation describing the error transition matrix and Is solved by direct 
numerical integration. 

SUMMARY 

(7) 

(8) 

(9) 

(10) 

T IME DOMAIN EQUATIONS 
STATE TRANSITION NUMERCIAL INTEGRATION 

EXTRAPOLATION EXTRAPOLATION 

~ = F! + Q !'"' 1¢1~ !' = !. (ln) + lln+l ~dt 

t = FE + EFT E'= 4>E4>T 

Y/ = FW W' = W(l ) + f,'-n+ l FW dt 
n n 
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MEASUREMENT INCORPORATION ROUTINE 

The Measurement Incorporation routine, llke the Coaatlng Integration routine, ls used by navigation 
programs. Its purpose ls to compute a state vector update based on the information obtained from 
the sightings. The procedure for updating the state vector can be divided into three parts, 

1, Compute a geometry vector, ~. based on the state vector and type of navigation sighting that ls being 
made, 

2. Compute a state vector update. 

3. Update the state vector and error transition matrix lf the aetronaut approves of the incorporation. 

GEOMETRY VECTOR 

,,., ,., 
The geometry vector relates the measurement, Y 0 , to the state vector, !.n• according to F.quatlon 11 

where 

y, ""bT X' 
n - --fl 

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 coasting flight navigation ls 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 taking the derivative of the measurement with respect to the state vector. 

The geometry vectors and measurement residuals are given for tbe optics and VHF range measurements. 

where: 

The CSM to WS LOS in reference mordinates 

.!!.m • (REFSMMAT? (NBSM] .!!_NB 

_!Ll'JB • Optics LOS In Nav Base coordinates 

(NBSM} • Glmba.l angle transformation matrix from Nav Base to stable member 
coordinates 

r • r - r 
-CW --W -C 

!w and !c are WS and CSM position vector esthnates 

+ (-) If CSM (WS) state being updated 

·VHF RANGE 

6Q 2 R - r m CW 

where Rm = measured VHF range 
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COMPUTE THE STATE VECTOR UPDATE 

The computation of the state vector update encompasses Steps 3, 4, and S of the basic Kalman Uttering procedure. 

1. Compute the optimal gain matrix 

or, 1n the terminology of coasting fllgbt navigation, 

W'z ------

where 

~ • optimal gain vector 

W' • error transition matrix extrapolated (orward by the Coasting Integration routine 

!. • w'T!?. (a vector used to simplify computations) 

z2 • !T!. ,..,!!.T W"W'T!!. (analogous to HE' HT) 

(12) 

(13) 

0'1 • measurement noise covariance (an erasable data load or fixed memory constant which depends 

on which navigation program ls In use) 

(z2 +0'2 ) Is a scalar and eliminates the necessity of matrix inversion 

2, Compute the expected measurement based on the extrapolated state vector. 

where 

Y~ • expected measurement Crom current navigation sighting 

!?_ • geometry vector 

!~ • extrapolated state vector 

3. Compute the state vector update 

~ • ~6Q = ~(Y0 -Y'~) 
where 

Q.! • state vector update 

~ • optimal weighting vector 

15 Q ~ measurement residual 

Y n a lnformation from current navigation sighting 

Y ~ a expected measurement 

UPDATE THE STATE VECTOR AND ERROR TRANSITION MATRIX 

Before the state vector update , 1!z. ls incorporated into the state vector, lt ls displayed to the 
astronaut for hls approval . This ls to prevent erroneous tracking data from being used to update 
the state. When astronaut approval bas been lssued, the state vector and error transition matrix 
are updated aa follows: 

UPDATE THE STATE VECTOR 

where 

!n • best estimate of state at time tn 

~ • state vector extrapolated ahead from time ln-t to 1n 
~ • state 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 of coasting rtlght navigation terminology 

( 18) 

:i::c~n[ 1!,;~n
1
: separated to obtain an equation for updating only the error transition matrix fW I instead of the 

[W[ 

( 19) 

where 

f W J updated error transition matrix 

f W' J extrapolated error transition matrix 

~ optimal gain vector 

!. w 'T_!! 

z2 !.T!. 

a 2 measurement noise covariance 

SUMMARY 

The total spacecraft position and velocity Is kept current through extrapolation, updating, and rccliCication. Rectification Is a process used to redefine the reference trajectory by adding the devlnllons, 6 r and 6 v , to the osculating 
elements, !. conic and _y_ conic , thereby redefining the osculating orbit and reductnKthe de~lion state vector to zero. 

[
: conic ] • [~] 
- conic - (20) 

[~] = [:] 
(21) 

This process Is used to preserve the efCfclency of Encke's method and is illustrated below. 

6t 

Rectification Measurement lime Measurement time Recli(ication 
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INITIALIZING TKE COASTING FLIG IIT NAVIGATION PROGRAMS 

,~ha~~ t::e ni~~r:t:;r~~~~:~1~1~: 1:::!~!:er~:iotT~~ ~=a~~:::.:1!r~r~!:c:::~~e;::!r;::~:c1:vel 
for the navigation instruments by speclfying the variance of all the error sources associated with 
the instrument. The W matrix gives a confidence level for the inJtial estimate of the state vector 
by specifying the mean squared error to the position and velocity estimates. [Wl is initta1ized as 
a diagonal mltrlx which says that initially the position and velocity errors are Independent. 

MEASUREMENT VARIANCE INITIAL ''W" MATRIX 

RENDEZVOUS NAVIGATION PROGRAM(CSM) 
P-20 

OPTICAL TRACKING 

-2 Var•INT 
a = VarSXT+ Var[MU + _r_2_ 

[W\ ' c [ :~+---~---] CW 

2 2 Var• £NT 
= (0.2 mr) + (0.2 mr) + ~ 

r 
CW O ! w•rvl 

VHF RANGING 

0 2 = Max l Var'nu 
V: •Mr ( Var*R + -r--2- ' 

CW CW 

ALTERNATE LOS 

02 = Var•ALT + VarlMU + 
Var • 

INT 
~ r cw 

= Var•ALT + (0.2 mr,2 + 
var•INT 
--2-

•cw 

•The variables are stored in e rasable memory. 

ERASABLE DATA LOAD PARAMETERS 

PARAMETER DATA LOAD 
VALUE PARAMETER DATA LOAD 

VALUE (ci 2> MNEMONIC [WJ MNEMONIC 

Var1NT(CSM) INTVAR (60 m/ Wr(CSM) WRENDVEL 10 lt/s 

VarR (CSM) RVAR o. 0 w rr(CSM) WRENDPOS 10. 000 It 

VarR mln(CSM) RVARMIN (20011>2 

Var ALT (CSM) ALTVAR (3.9 mrad/ 
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A. ORBITA i RELATIONSHIPS 

Assuming a spherical planet. the equation of motion for a satelll lc is given by 

where 

£i_ .. - L r 

d t2 r' 

P. "' (M Planet+ MSatellite) G 

G = grav it.alional co nstant 

The solution of E~unlion I is: 

where 

h = angu lar momentum of the sa tell ite 

e "' eccentricity of the orbit 

f = true anomaly 

(l) 

(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 onlv 
the hyperbola and ellipse, the fo ll owing relationships are obtained: 

Angular Momentum 

Velocity 

Apogee 

Semilatus Rectum 

Semimajor Axis 

Eccentricity 

Perigee 

True Anomaly 

Ellipse Only 

Period 

Mean Motion 

Mean Anomaly 

Eccentric Anomaly 

Hvperbola Only 

Mean Motion 

Mean Anomaly 

Eccentric Anomaly 

v' • µ (2/r - 1/a ) 

r 3 =a(t+e) 

p • h' /µ 

a "" rµ/ (2µ - rv2 ) Negative for hyperbola 

e = ( l - ht/µ a) 1/z 

rp = a ( I - e) 

cosr:L- 1 
re e 

sin r "' 

P"' 21r (a J/z/µ1/t) 

n ""µ1/2/ 8 ,/2 

M = n (l -T) 

µ re 

T "' time of perigee passage 

E - e sin E = M (Kepler's F.quation) 

tan (E/2) • I (I - e)/(1 + e) I t/l tan (1/2) 

y 2 = µ/a, 

M = y (t- T) 

T = tim e o f perigee passage 

H - e sinh H = M 

tanh (11/2) • I (e - 1) /(e + I) J t/l tan (l/2) 

From these re lationships, given an initial position and velocity vector, the orbit and 
orbil parameters arc uniquely determined. 
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B. THE ORBIT IN SPACE 

The orbit l.n space 11 defined by an orthogonal set of axee along perigee, the semUa.b.11 
rectum, and the angular momentum vector. The ordered set of right band rotations 
(Euler angles) to achieve this orientation from the eartb-centered-lnertla.1 (ECI) 
frame are illustrated in Figure 1 a.nd given by the expre111lon 

w 

X, y 

where 

n • longitude of aacendlng node 

I • angle of Incidence 

w • argument of per igee 

z 

f Orbital Plane 

Figure l. The Orbit In Space 

(3) 

y 

The angles 0, I, and ware gener&lly unknowns; therefore, the element. in [A) mu.at 
be evaluated by some other mean■. To this end, F.quation 3 is expre■■ed aa followa: 

(4) 

The unit vector along perigee ~t 11, PX, Py, Pz) can be determined by F.quation 
141, Pap 20 of Battin u followa: 

P - +. r cv> - fii - ii- . •> -; 1 
where 

v • absolute magnitude of velocity 

r • absolute magnitude of the rad.lu.a vector 

; • lnerUal velocity 

r - rad.iue vector 

(5) 
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This relationship le obtained as follows: 

Q 

h. w 
Figure 2 

(2) cos f = :: r -t ! ; sln f • µhe 'C ; 

but -f = Ver • V COS /J "" 

r • V 

r 

r•v 
r 

Combining 1, 2, and 3 into F,quation 6 

By subetiblting 

h = r v sin fJ, cos fJ • 

and adding the factor 

r • V 

rv 

the above equation reduces to 

r · V 

r 

p - :e r {v2 - 7) r - (;. V) (v cos fJ er+ V sin fJ e~) I 

but 

V ,.. v cos fJ e~ + v sin fJ e: 

therefore 

P = µle ! (v2 - ~ ) l' - (-; • V ) V l 

(6) 

Since h = _constant, the unit v~tor along h (that is, Wx, Wy, Wz ) ls determined 
given any r and corresponding v in the orbit. That is 

w ,. ~ - ;xv 
h rv sin /J (7) 

Having determined P and W, the remaining unit vector, Q, is calculated as follows: 

Q 2 W X P (8) 

By using Equations 6, 7, and 8 the matrix ( BJ is determined. That is, the orbit le 
defined in inertial space. From Equations 3 and 4, ( A J • f BJ . By equating elements 
and by using the constraint o• ~ i ~ 180• , the Euler angles 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, t.z. 

From what has been presented so far, the approach would be to determine tr 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 ti. 

Thia method has the undesirable feature of Urst determining if the conic is 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 
a.re given by 

where 

C (X' a, ) 1 xz a, + ~ 31 2! - 4! 61 

t.t t, - " 
1 =...!.. - ~ a, • r, µ 

X ·-?. for ellipse a, 
X -~ for hyperbola a, 

The parameter X which Is required for Equations 9 and 10 ts determined as follows: 
An initial guess for X ts given by 

X • X 1 + S [ 1 - F 3 S (1 - 2 F 1 S) -

where 

X1 ""' 0 for the first it.eration and X for subsequent Jt.erations 

Having an initial guess for X, an Improved value is obtained by a Newton-Raphson 
Iteration scheme as follows: 

X X F (Xn) 
n+l = n - F-F(Xn) (12) 

where 

F (X0 ) •[ r;ij;- v, X 0
2 C (X0

2 a 1 ) + (1 - r1 a1 ) x0 • s (X0
2 a1 ) + r1 x0] 

- .fji t.t 

cri) X0
2 C(X0

2 a 1 ) 

+ ~.] 



SC-14 

Th<.· it<.'r<Hion schcm<.' of Equation 12 continues until XnH - xn is suCfici<.'nt l.v small. The i,tood milial guess provided by t:quation 11 
limils thl' iteration lO t\\O or three in mos t cases. The ,•alue for Xn+I ls then substitu ted into Equations 9 and 10, thereby specifying 
r1 and \y in F,CI spact•. Following tht.• uni\'ersal conic method just described, the 1>0sition and vc\ocily vectors rcft'rred to EC! 
spnc<.' can be determin('(I for an_\' time t during fn•cfa\1. 

Tht.• c.-onic section concept utilized for na\'igation rt.'<1uires the compuuttion of trajectory segments under a wide \'3ricty of constraints . 
lk-p<.•nd ing on the constraints in\'olved, the set of uni\'ersal equations will soh-c 

I - Kepler's Problem gin·n ro, 'o• and ~t. sol\'e for r 1 , v 1• 

2: - Lambert's Problem given r0 , r 1 , and .6.t, solve for conic parameters . 

3 - Time - Theta Probk•m given r0 , "o • and 8, so lve for .6.i. 

-I - Time - Radius Problem given r0 , v0 , ~ind r 1 • solve for .6.t. 

Occupied 
Focus 

r = true anomaly measure.'<! from pcriccntcr 

.6.t = night ti me from r0 to r1 

p"' scrnl latus rectum 

a= 1/a . a= semi major ruds 

y = flight path angle 

9 "" true anomaly difference ( r 1 - fo) 

The 1XJU3.tlon set used for solution of the above problem Is 

14. cotf= l"o L I - ox2 S(o:x2) j + cot yo 

15. 

, p x C(o:x ) 

1 - cos 8 

_o_ - cos d .., sin 9 cot Y0 r, 
16. r 

- v2 = 2 - ro: 
µ 

17. ro:::2-7(l +cot2y) 

18. a 
cot2= 

cot Y 0.r, ~ cot y1 r, 



19. 

20. 

21. 

22. 
T • V cotyz --
1 rxv·I 
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Therefore: 

Kepler's Solution. Compute r 0ausing Equation 16; oompute x using Equation 13 and Ip coty0 "" ro · Vo ; compute 

r 1 and v1 using F.quattons 20 and 21. .fji 

Lambert's Solution. Guess a cot Y0 ; compute p/r0 and r 0 a using Equations 15 and 17; compute x using: Equation 14 
iteratively; compute 6t using Equation 13 . If 6t disagrees with the desired 6t, 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 6t using Equation 13. 

Time - Radius Solution. Compute coty0, rc11, p/r0 , and coty1 using Equations 22, 16, 17 , and 17; compute cotf using 
F,quation 18; compute x using Equation 14 iteratively; compute 6t using Equation 13. 
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D. DISTURBANCE ACCELERATIONS 

So rar the planet In question has been assumed to be spherical which ts not the case for 
the earth. Therefore, Equation 1 must be modified as follows : 

(23) 

where 

ad Is the dlsb.lrbance acce ler ation due to 

1. oblateneaa or the earth or the nonaphertcal shape of the moon depending 
on which reference body ls used , 

2. the effects of the sun, 

3. the effects of the secondary body on the primary body; that Is, effects 
of moon on earth If earth ts prlmary body and vice versa. 

AnalyUcal expressions for ¾f are given in R-577 , Section 5. Since lld is small in 

comparison to ~ . the two-body orbit given by Equation l Is used as a reference 
or osculating or~it which ts pe r turbed by ¾I. The actual position and velocity vectors 
are , therefore, given by 

(24) 

where 

-;.c and -;care the position and velocity of the two-body conic solutions, 

6 and -; are the deviations from the two-body conic soluUona of position and 
velocity. respectively. 

Differentiating F.quation 24 and substibJting Into Equation 23 gives lhe following expres
sion for the differential acceleration 

(25) 

subject to the lnJUat conditions 

This method ( F.quatlon 25) ls known as Encke' s method o! differential accelerations. 

Sioce the coefficient o(; in F.quaUon 25 requires the subtraction o( nearly equal 
quantities, pr ohibitive errors are introduced by solving Equation 25 in Ila present 
form . Tbls dif!iculty can be overcome by makJng lhe substitution 

( 1- ~ )• + (1 + l p+
2

p ) [ (7-c +-;.) · 61 where p • rc/r 

F.quation 25. therefore, becomes 
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Equation 2G 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 met.hex! of differential accelerations, 
6 (t) must remain small. Therefore, a new osculating conic must be defined by the 
total position and ve locily vectors; (t) and-; (t) when 6 (t) reaches a predetermined 
limit. The process of selecting a new conlc orbit from which to calculute deviations is 
called rectification. 

To sum up, the position and velocity, during freefall, at time '1, given the position 
and velocity at time ti , are computed as follows: 

L Position and velocity in the osculating orbit at time ½ are calculated accord
ing to Equations 9 and IO. 

2. Deviations are then obtained by numerical integration of E.quation 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 this is: 
4 

.!!o • .!!oE • ~ L JiE (R; ) i [P'i+1 (cos <Pl !!r - p,i (cos c.o) !!z] 
1=2 

where 

P
2

1 (cos CD) 

P
3

1 (cos ti,) 

P4• (cos ti,) 

P
5

1 (cost,p) 

3 cos r.p 

1/ 2 (15 cos..,2- 3) 

1/3 (7 COS c&JP
3

1 - 4P
2

1) 

1/ 4 (9 cos ti,P
4

1 - 5P
3

1) 

are derivatives of Legendre Polynomials 

cos t,p 

unit vector of the earth's true north polar axis expressed in the Basic 
Reference Systems. 

J2, J3, J4 are the coefficients of the second, third, and fourth harmonics of the earth's 
potential functions and RE Is the mean equatorial radius of the earth. 

J
2

E .10827 x 10- 2 

-. 256 X 10- 5 

-. 158 X 10- 5 

6, 378, 160. 0 meters 

.2986012 x 10- 5 m3/sec2 

These are all fixed memory constants in the AGC. 
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F. DISTURBANCE ACCELERATION/ OSCULATING ELEMENTS 
z 

Acceleration Normal 
To Orbital Plane ( N) 

dl r cos (w + f) 
dt • na2p 

N 

~. r sln (w + 9 N 

dt na2 P sln (l) 

Acceleration Along 
R adlal Line ( R) 

~""~R 
dt n'\/1---e~ 

£!!l = 0stn(Q 8 dt na 

~ ""-~ cos(Q R 
dt nae 

y 

SemJmajor Axis (ft) 

Eccentrlclty 

Orbital lncllnatlon 

Central Angle From Perigee 

Position (ft) 

0 - Longitlde of the Asceodlng Node 

Argument of Perigee 

• Mean Motton-~ s-1 

µ.E • 1. ◄ l >< 1017 tt3/a2 

N .R. T • ft/s
2 

Accelerallon Along 
Track (T) 

Q!! 2aP T 
dt nr 

de Q [ •2 11-•2) -r] T dt • na2e r 

~ - ~ - 0 dt dt 

dw Q (2+ecos(Q) 
dt • nae 1 + e cos( I) 

sln(ij T 
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INTERFACES 

CSM 



AC I 
oA 

AC I .. 

MNO 

A 8 

l"~nl Uat,11,.: .,, 
LrB 

11111:eanl upu,. 

co• 

IF - 2 

POW ER AND L IGHTING 

t L Dimmer ContTOI 

0-5 Vt1e 400 Ha 

rL Dlll'\mer Control 

= 

()..II Vdr 

NAV DaCY 
EL Po-r .. ...., 
NAV OBICY 
Caunon Md 

Statue 1-p11 

NA\ 08KY 
K.,.boU'd 

Lampo 

MAIN Da(Y 
K.,.board 

L, .... 

MA.rN 08KY 
Caullon Uld 

a11u1 L IUl'IJN 

MAIN oac;.y 
CL Power ,.,..., 

GSK' ._, 
L1Iht1nc 

--·--· 
(ID t--... 
G~JC Parwl 
Rf'tlcl~ 

Cb 30 89 
(IMl Oper1te1 
C H 30 BIi 
lllll l ' C''Cc-1 

Cll31 815 
fG N Autopilot Control , 

Ch If 88 
(TVC Eubl9J 
CII ,o 810 
(I.IC Coatrol 
of 9-unJ 



A B 

[Ml' HTR 

Output Clrcult-C 

IF-3 

POWER AND LIGHTING 

CG 
151:l 

!Ml' 
Heaters 

3,200 Hz 
9.>pply 

SXT, SCT, and 
LER Eyepiece 

Heaters 

CG 
1331 

Optics 28 Vdc Dis tribution 

CMC INPUT/ OUTPUT cmcuJT Symbols 

Input Clrcult-D Input Ctrcuit-Y 

R 

RELAY DRIVER - R 

Ch 31 B13 
(Hold Function) 
Ch 31 814 
(Free F\J.nction) 
Cb 33 BIO 
(Block Uplink) 

Output Clrcuit-XT 



IMODr.11)0 1M 
1111tr111IJlll!.lbm 

... m>T-] Chll IW'>-
(J(qR•ll 

C• ,I 8:1 -
I\JpUIIIIA<"CJ) 

Ch II B1 

-•rn 

~TAO• no l ~ 
!Ho Am 

ClolOIII 

ICimb•ll....,t1 

C'hJOIU! 

rTP.,.kirrJ 

Cb 10 N 
!P ..... Ala.,.) 

IF-4 

CAUTIOl'I. ffATUa. AM'D WAIUfDIG (llADI D8JCY) 

i--CA~W~~-;;-~. - ---, 

°'.',-<">--~+1;-...,:-•~---I------''--"•""----;~ :~:~ :: 1 
I 0Vdc ~~~~ 
I WAlUl'DfG 

Lnlll/ A LIie (MUI~•) .... 
I 

>-----..--', L='-------_-_j.!],_ ,.~~B MIA 



Cblll:M 
(l'•mpCMllloaJ 

~ l CIIIOM 

,woAtt) HU• 

~1.:!.':'u.c10 I IL C 

C1rl lct 1111 
(l'r-,,Urf 

Ct, 10 9f 

!P"'l'Al..,....1 II-I 

IF-5 
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ATTITUDE/ ERROR DISPLAY INTERFACE 



AUTOPILOT INTERFACES 

A ~--~++---------- ·.--""-' 
"" 

. ~--~--+---------- .---• 

Clr,UBII .~,_.., 

0111111 
ITVCt.NlliaJ 



MSA 

MNB 
CB 57 

!MU HTR 

Ch 30 89 
tOff OPER) 

Ch 30 Bll 
{lMl' Ce.gel 

Ch 12 B15 
(ISS Turn-tm 
Delay Completel 

Ch 3() 814 
1Turn-On 
De lay Requeflt) 

C'h 12 B4 
(Coarse Align 
En:i.ble1 

Ch 12 AS 

CB 59 

(Zero lMl' C'Dl"'sl 

C'h 12 136 
p-:nn& le IMI' 
rm Error Ctr\ 

D 

D 

C 

C 

C 

IF-8 

lSS MOOING 

Cage 
Relay 

Turn-On 
Control Relay 

Sin lX 

CA 

PTPS Inhibit 

Main 
Summing 

Amp 



ii 
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G&N/SIVB 

Guidance 

r-:--9--IU-<;~ 
CMC I 

I 

JSS 28 Vdc --------,...-------- ----- -t----t-----_. 

Chl2 Bl3 
(SIVB INJ 
SEQ Start) 

CMC 28 Vdc --------r--,,---, 

Chl2 Bl4 

(SIVB Cutolf) 

Ch30 BIO 
(S/C Control 
of Saturn) 

Chl2 B9 
(SIVB Take
over Enable) 

CMC 
Auto or 
Manual 
Saturn 

Steering 

Roll DAC 0- 5 Vdc 
& Demod 

ICDUX 

Pitch DAC 0 - 5 Vdc 
&Democl 

ICDUY 

Yaw DAC 
0- 5 Vdc 

&1 
S/C Control 
of Saturn 

SIVB Engine 
Cutoff 

Roll Rate 
Command 

Pitch Rate 
Command 

&Democl 
ICDUZ 

Yaw Rate 
J.-(>--------- Command 

------r= -::- { Rotation 
-------, ~ Hand 

~ 
CMC 28 Vdc --"N. 

Ch30 BS 
(Liftoff) J-- -----------------0,Llt=J 
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OPTICS & VHF & BMAG INTERFACE 

Ch 16 BT 

, ... , ~ Retect 

Ch 11 Bf! 

M11rit (•et1 ·•-----..... Gf-----------' 
Photom. Ml. 

M.irl. 6 ;I.II< Rel 
(11:Uet ) 

Chll8ti,7 

C'MC' 14 V6C' 

..... ...... ....,, 
ChUBl 
YH, 
CRanp S.1ect) 

Conamud ....... ....,, 
Cb U 84 
cR.dar Acth1ty) 

• [ 
,,. 

Radar -Lop, •.. 
CNC n v• 

Ch UBI 
(0.U Good) . 
CIIUM 
(JUIAO eo...ter luble) 

♦ 

(Not UHdl 

C
GatuOul 
Dtattal ...... 
0, .. 

@] BNAO'• 



•21VOC 
ISSOPERATE 

IGSINIX}~ IGCOS IX Ht 
MG SINIX 

MG cos IX lO AMP II 
OGSINIX 
OGCOSlX 

•120YOC 
P1PA 

m,IOOHZ 

'"" 

IG, MG, 
&OC 

SERVO 
EIIROIS 

.,.,, 
''""" 

CMC 
WARNING 

•21VOC 
IMUSTANDIY 

•21VOC 
CMCOPCRATt 

PIPA 
TEMP 

SENSORS 

"'·"'"' 

51¥.Fl& 
TRUNNION 

DAC'S 

'l#V.ICOlZ 

IF-11 

G&N SIGNAL CONDITIONER INTERFACE 

f----------+---- CG-1331 'a-/, 3200HZ 
TO PCM 

CG-5040 CMC WARNING 

CG-ISi) •211/0C IMUSTANOBY 

CG·BD +21VDC CMC OPCRATI 

CG-ZlOOPIPATtMP 

TO PCM LO 

CG-15J)OPTICS OP£RATE 

CG-)m St-MFTCDOOAC 
CG-3722TIHMHIOHCDIJD,\C 

CG-IIIO•Z.SVDCTMIIAS 

CG-131121\1, SXIHZ, l'IIMU 
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G&N EQUIPMENT POWER LOADS 

PWR BUS 
PWR DJSSJP watts CffiCUJT BREAKER 

DESCRIPTION PARTIAL TOTAL NO. NAME 

IMU Heater MNA & 
} 22. 0 

CB 58 G&N !MU HTR MNA 
MNR CB 59 G&'N !Mll HTR MNB 

(!MU) 16. 5 
(PSA) 5. 5 

!M U Operate MNA & }183 CB 54 G&N !Mt: MNA 
MNB CB 55 G&N !MU MNB 

(l~n' ) 60. 4 
(CDU) 33. 0 
(PSA) f,4 . 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 

(OUA) 27. 3 
(CDU) 19. 3 
(PSA) 40. 4 

Retic le 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 lntegral LMDC ACl 

Keyboard EL Lamps (NAV) AC2 LO CB 33 Numerics/ Integral LEB AC2 

Dim Control DSKY (MAIN) AC! 4. 5 CB 37 Numerics/Integral LMDC ACl 

Caution Lamps (NAV) AC2 4. 5 CB 33 Numerics/ Integral LEB AC2 

Master Alarm Lamp MNA & 

1 a. 5 
CB 52 C/ W MNA 

(LEB) MNB CB 53 C/ W MNB 

I, 

I 

Ii 
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HARDWARE 
PIPA 

COARSE ALIGN - FINE ALIGN 
ECDU 
IRIG 

OPTICS 
OUA 



1/ C 

PIP 

P l'endulOI lty 
C • Coefflclen1 of Vlocoua Dllmpln& 
J Pl<>&t Inertia 

HW-2 

PIPA LOOP 

-m-
Preamp 

AC Dllf·Amp and 
lncerrop1e Module 

Binary Current Swlrch 
DC Dlff-Amp 

Calibration Module 

The PIP Sl~I Generaror Ducoeyn lll"OYldee Information on rocor poaltlon In the form of a 3200 hertz ou1pu1. The ■ta9e ffltt cycle tn rotor poelUon la converted ID an AC auweeaed carrier modulated algnal . 

The PIP Preamp ampllfte1 1he SG output (14 V fV pin) and phue ohl!ta the 3200 hertz curler 45° lag. 

The AC Dllf·Amp and lnt~te Module provide■ addl!lonal amplification (3050 V /V), peak detect• Ooot poaltlon, and aeto I filp-One 1t11e of the flip-flop lndlco1e1 00&1 poal1lon on the pluo •Ide of null and the other auite mean■ float poeltton on the mtnua ■lde of null. 

The B!7Z Curren, Swlrch irovlclea dlocre1e current pulae outputa of appropriate phue u determined by the orate nip-flop In the AC Dlff· Amp Module. 

The Colllrotlon Module lo 1he pautve clrcut1 Interface between the BCS and the PIP rorquer. The circuitry lnttoducee btao and ocale factor adju11 capablltry Ina> the PIPA loop. 

The PIP Torque Ducooyn conve,u current pulaea from the Collbr11ton Module a, rorque obout the PIP OA ula. 

The DC Dlff· Am~ and PVR Module lo the mechantom which rqulateo current and hence PIP tmque a, prectaely cootro 1od value■ • 

PJPA BlH 

ElloliiAVCom.mudModme • &.Hom/a 

I 
;I • .. .. 

Velootty -

,. 
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PIPA CHARACTERISTICS 

PARAMETER CM 

1. Maximum 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 l2x104 
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 

1. Radial Force 

2. Suspension current 

SUSPENSION CHARACTERISTICS 

2.3 grams per .0001" min 

65 ± 6 ma 

2 

3. Phase angle of current 

the two ends (SG & TG) matched with 3 ma 

lags 45° ± 2.8° 

4. suspension stiffness 30 x 10-3 grams/micro-inch 

TYPICAL TEMPERATURE CHARACTERISTICS 

1. Scale Factor 150 ppm/°F CM 

2. Bias 

°F Actual PIPA Temperature 
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PIPA PARAMETERS 

Primary PIPA parameters are scale factor and bias. Specification values across ISS, G&fi, and s/c 
testing are as shown 1n '!able I-1. 

Table I-1 

PIPA Coefficient Stability Criteria 
Coefficient Units Dl D2 D, 

PIPA Bias (~) cm/sec 
2 

0.50 0.70 0.90 

PIPA Scale Factor SF ppm 400 500 600 

2 PIPA bias in a unity gravity field (¾) must be within 0.30 =/sec of that evaluated in a zero 
gravity(¾) field at the ISS level of test. 

~ maximum value of PIPA parameters which can be compensated far by the computer is as shown in '!able I-2. 

X PIPA Bias 
Y PIPA Bias 
Z PIPA Bias 

PIPA Bias CM 

Coefficient 

¾ 
SF 

Register 
1452 
1454 
1456 

'!able I-2 

Units Max Value \CMJ 

cm/sec 
2 ±9.14 

ppm ±19()0 

PIPA COMPENSATION 

a (.0005569) (Reg Contents in Decimal) r:m/sec2 

1lie correction to the PIPA's is 

vhere 
PIPAC 

SFE 

is the compensated data for the I
th 

PIPA denoted PIPAXC, PIPAYC, PIPAZC 

= SF - SFnom (erasable load) 
SFnom 

SF = Scale-factor CM/Sec 
Pulse 

is the bias for the I th PIPA (an erasable load) 



c/3 indicates assets c amnon t o al.l three loops. 
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+20 VDC (PTPS ) 

- 20 VDC (PTPS ) 

3 SWITCH PUISE 
(COMPUTER ) 

C 3 

IN'IERROGA'roR 

PEA - BLOCK II 

. PUI.SE 

m SET 

+20 VllC 120 VDC (PTPS) 
(PTPS ) 

C 3 C 3 

BINARY 
CURRENT 
SWII'Uh 

PEA 

4V lR1G DUCOOYN ._ ___ EJCCIT . . f\ /\ /°\ 28V 3200 CPS 

SG 

2V Pll' c/3 X FMR 

SWPENSION 
M'.)D\JIE 

Pll' 

:C-lli 

TG 

+---'\_f~ 

T± 

SLll' RINGS 

Pl'PS ~ Ptll.se Torque Power s,~ppzy . For El~ck II PTPS is in the PSA 

PEA 2 Pll'A Ele;:tr oni::c Heade r A3snbly ( CM) 

PIPA LOOP 

CAL 
M'.JDUIE 

PEA 

OC DIFF 
AMP 

PEA 

i! 
I 

V1 

120 VllC 
(PTPS) 

28 VDC 
PTPS ) 
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cu~~ENr 
FEEDaAt::K 

FROM CAL. 

1'100. 

H'lf 

UK 

HV :HV .,aov« 
Cfll UK 

17SK SOK ITSIC :HK DK /SK 

lllOV 
SI .ON HV 

UV 
H'lf . ., 

IOOV C>O'I "1lf 2-4-V 
HV 

IOOK - l10IC 

-ro acs FOR TOAa 
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T6ST /f//lOINr 
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so so UV II~ 

CK 

/H'I 
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AND P.V.R. 2010029 



+TORQUE FROM 
15CS 

- TORQUE FROM 

/!!JCS 

CALIBRATION MODULE 
CM-20I0016 

R• iR. 
~ + +c. 

22 TURNS I R, 
/JIAS Al>JUST I 

c.f + c. 

R1 i R• 

f?EF.~S . VALUE 
CM 

I ~2 
'2 -~~ ., 12 
♦ I ·~ • ;JC, - /71( 
6 .SK-117K .,. 
·-.. " 10 ~ 
II ,. -;,~.00 
12 91(- ..0 
l!1 - .0 
14 1.9 -.o 

Ra 

R,. 

..... ' 

R,a 

R , 

R,a R ,, 

T 

R• 

R• 
> SCALE 

♦ TORQUE 
,r-

I 

TORQUE 
OUCOSYH 

♦► -- - - ~ 

y~ 

i.._o 

-TORQUE 

CURRENT FEEDISACK 
TO CC OIFF. AMP. 

HI 

CURRENT SAMPLE 

LO 

C FACTOR Al>./. 



stator (Signal 
Generator) 

Rotor ( Signal 
Generator) 

Pi'oot-Jwel 
Bearing 
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APOLLO PIP 

(Torque Generator) 

Tapere4 Mlpetic 
Suapemion Rotor 
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PIPAmAmlll 

Di&ital interracati011 of PIPA float podt1011 vith uro accelnatiCII applied vill ..,..ra~ 7ield 
3 clock pul.- for nch balf cyela of n .. t pmit1011. '1!11• 1e called 3: 3 -1.ac· 
Durills initial bulld-llP, torq• 1mbal.aDce 1• 111.Dilliud b)' artif1cl.all¥ i.D41'1:ills 2:2 or lo:lo 
_,.,,. and 114Juetills tbe .. ro I null to coi.Dcidence vlth tbe 3:3 _,.,,. .. ro I mll.l. Die null 
coi.Dciclence 'be-n a etabla 2:2 Ul4 a etabla 3:3 null -t 'be laa• tllaD 20 arc .. cODde in 
build-llP (ptpre l). 

PIPA DAU' Dull operati011 at PIPA lawl te•ti.Da. 

llldicated 
Accelarati011 

Solid 3:3 -1.ac PIPA 

Input 
Accalarati011 

/ 

Indicated 
Accelarat1011 

lll>ll Col.Dciclence 

~3:3 Dull 

Solid 2:2 -1.ac nPA 
(2:2 -. artif1ciall¥ achined) 

P1pre l 

At hiper lawla of teat, eliltla cbup• in c011fiprat1011 d• to intep-atioe of tlM nPA loop 
into tbe OU S,.tea can - tbe PIPA to dual-., i.e. tbe etabla 3:3 -- -, 'be replaced 
b)' a bietabla 2:2 and 3:3 -•• lliatable _,.,,. ca-• 110 net delta V output and le anifeet 
u a dead...,_ to near null 1.Dputa . Dile- dead...,. le cbecked at tilt ISS laftl of teat to aaellN 
tbat it le leu tbaD 50 arc --. (0. 0075 n/ .. a2 or 0.23 ca/eec2). 

ror an 1,...t accelarat1011 of ~
3 

(ptpre 2), a dual_,.,,. nPA vill le•• _.., 4 V'• and 
-- 3:3. 

3:3 
Dull 

Ai 

n....,. 2 

2 : 2 
Dull 

IDpat Accelerati011 

Por an 1.Dput acceleration of ~ • a dual -ills PIPA vill al.eo ie•• .. ro 6 "r.■ Ul4 -. 2:2. 
11r an 1npit acceleration --D ti. A33 and~ lillita, the nPA v1ll le•• aero ., •• U14 
dual - trca 2:2 to 3:3 at a rate of 5 or 6 tiaee per .. cClld . 'l'be ao1mt of ti.a epent 1D 
2 :2 or 3 : 3 _,.,,. le dependent on the 1Dput accelarat1011 Ai• 
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lffSTORY or IN-FUOBT PJPA PERFORMANCE 

AYO IN-FUGtrr CHANGE F'Rml UJNA.R ORBrrAL DEVIATJQfS 
ERROR• (PREFLIGHT) Ca.IP "'"""'"" ~=uM 

X -0.01 
Apollo a y +0.03 

No Lunar Orbital 

+0. 00 
Varlatloo.e AvaUable 

CM X +o.02 +1.17 .... -0 •• -o. M 
Apollo t y -0. 04 +o.28 -0.32 -0.42 

z -o. 08 +o.32 +o.42 

LM X +o.01 
y -0.15 

+0.01 

CM X 0.0 -0,27 0.0 -0.38 
Apollo 10 y 0.0 o. o -0. 2t 

z o.o 0.0 +o.03 

LN X -0.06 
y -0.12 

0.03 

CN X -0.07 -0. 11 
Apollo 11 y -0.02 +0.21 -0. .. +o ... 

+o.03 -0.12 -0.01 +o. u 

LM X -0.01 
y +o. 02 --0 ... 
z - 0.03 --0.17 

CM X +o.ot o.o +o.n 
Apollo 12 y -0.05 -0. 08 -0.IO 

0.0 -0.CM, -0.15 

LM X -0.05 -0. 05 Pre-DOI 
o.o -0.15 Poet-Atoe.Ill 

y 0.0 o. o Pre-DOI 
0.0 -0.18 Poet-Aaoent 

z 0.0 -0. 06 Pre- DOI 
o. o +o, 21 Poet- Atoelll 

CM X --0.204 
Apollo U y ~.lJS 

z ...... -1.13 

LN X ~1. 50 
y -L.35 
z -1 52 

CN X -0.02 --0.10 --0 ... --0.H 
Apollo 14 y --0.02 +0,08 --0.18 0.ll 

z -0,02 i-L-1'·, •• --0, 195 -0.41 

LN X o., 
y -0.35 
z -0.14 

CM X 0 . 03 0,0-t 0.13 

!Apollo Ui y -0.0-t -0 . 09 0.18 

z -0.05 -0 . 18 -0.34 

LM X o.o Pre-.Deacent o . 20.Pre-A.acent 
-0.02 Poat-Ateent 0.31 Poat--Aac«1t 

y -0. 02 Pre-Deeceot o.u Pre-Aacent 
O. 01 Poat-Aacmt - Pollt~ac• 

z 0.03~eot - Pr ........ ot 
-0. 01 Poat-Aacent -0. 18 Poat-.Ucecl 

CMX ..... o.o o.o 
y -0 . 2 .... ...UI 
z Zbtaa R-.pd trom O. H to 0 . 53 DllrlQa .0.02 +o.15 

lAPouo 11 Cout P .... , and S....wal Updatea 
"1!NNKUMrJ. 

LNX -0,01 

y ..... 
-t0 . 01 +0.09 

CM X -0.01 +o.22 ~ . 08 ~.o 
y +o.07 +0.07 - 0.10 -+0.01 ..... ..... ..... -+0.74 

Apollo 11 

LM X ..... 
y -0.05 
z -0.02 

• 0evt.at1ona from com.penaatioo u.pdat,ea wbeo madll, or fTom prefll&bt load.a wbu no u. pdlUI wae made. 

All u.nJta cm/11 

••Tbl.a IMU ••• iuroed off for ~27 boun oa tbe tu.oar lllrlace. 

••• Ea.rth orbit de't'iatl«ma. 

NafE: Varl&tiot111 o(CM blae lD lu..aar orbll cu.e.S llJ .. riatiODI in coolant tempen.lD.N. 
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D11 COARSE ALillll LOOP 

Tbe coarse al.ign loop drift■ tbe DIJ g1abal.a to tbe angle■ ccau.nded by the caaputer vi th an accuracy 
ot :I: 1 . 5• . 'Die coarse al1p. .ode alao acta u a caging aode vben a giab&l lock ccmditic:c 18 approached.. 

Tbe three bdic eJ.wnta ot the COU"N al1gn loop are the D1J!t&l ~~!': which 1nue■ angle ccwnd• 
(~cl and mod1ng diocreteo, - l!!!• and tbo !!:!!!! vhich enc • gia~ition and p,'orldea pooition 
and rate feedback. tor proper loop operation.. 

D11 FlllE ALillll IDOP 

1!>o tine align loop clrino tbo DII giM&a to the cc-puter c--,,ded angle• ± 80" by pul.oe torquing 
the gyroe. Pl.ll.ae torQ.u.ins: ta a CCJIPUter coa.trolled. evitching ot a coutant current aource to & gyro 
torquer viodiag. 'lbe current produce■ gyro torque, a correaponding precesaion rate, &Dd bence, g1abal. 
poeitton. 

lMU IJIERTIAL IIOIE 

'!be el.eaenta of the inertial_. are tbe gyro, at&b111zat1on a11pl1tier, and g1ab&l. tcrque IIOtar . 
'lbe gyro aenae■ 1.nertial rotation about ita input axia and aupplie■ torquing to the glllbal Tia tbe 
atab ilizatioo amplifier to cc:mpensate tar tbe motion. 

APOLLO IJIERTIAL Illl-.U-Itll/STABLI: ll!ICBER CIIIEll'?ATIOII DIAQWI 

Qyro clritt 11 poeiti'n, vben tbo SN clritt rote ii about - po■ itin B)"l'O input (IA) u:11. 

......... - 0 Irirt. c ent 
About SM Axel ~ -~ ~ 

IIX1311 - +ADIAX (°xsM) -ADIJWC ( "xsM) 

~ - +ADIM (°nlM) -AISRAY ("'7mil 

111.1111 -nm +ADIAZ ("1.SN) +AIJ3JUZ ("n!M) 

°xslt' °xsM' "1.SN 11 po■ itin along po■itive stable •-r axes. 

i!lii 

~BRAOA 
QA 

OA VBRAm 

~~ IA Z GrRO 

"' QA 

X +!!Ill .ffll <mi 
y +!!!R -!!!II +!!Ill 

z .ffiij .y§ji +icmi 

ID.put axe■ ot the X, Y, Z accel.e~tera lie re■pectinly along poaitin XSM, YSM, ZSN axe■• 
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DrlU COARIE ALIJN LOOP 

The Hrvomechl.niam uaed to achieve COU'N allp d. the Block II DlU .la abown below. 

Error Couna.r Enable 

r Coarp Alisa Enable 1 

I r------------, I 
I I ~ ~•P•INB I 

Dl,rttal 
Compul.er 

.fL_1l__ 
£COO 

Stab Ampl 
Torque b : ud l&x 

Motor and Reeolven 
Gimbel 

''" Oc· co• 9G' aln 1ti OG, 008 16 8 

1M U CouN Allp. Loop 

Computer Operatlm 

The followlna: aequnce d. eventa i. performed by the computer each time the Coarae Align program la entered. 

1. 1-aue CoarN Allp Eaable. Tbe comput9r &eta Blt 4 cl Channel 12 whJch lHuH the CoarM AIJcn Enable dlacrete to the 
ECDU, 

2. IHue Error Counter Enable. The computer •eta Bit a o( Channel 11 which laauea the Error Counter Enable diacrete to 
all three IMU axea cl the ECDU, 

3. Determlne Command Ansle, n.e con\entl cl. the computer glmbal angle co.tntera are re&d and differenced with the de■ lred 
clmbal ucle to determine the command qle. 

4, Jaaue Command Ancle, Glmbal qle commanda are laaued ln bunt• or 192 P'&lse• (8.4 degrees) at a rat.ti of 3,JOO J'IU,laea/ 
a.c<nd. Each burst requlrea 60 milU.tecondl. The delav between bu.rat.a la 540 mllllaeconda. l( the command la not u 
lntep'al multiple ol.. 192 pi.laea, the rem&Jnder I.a iaaued u UM.t lut command. Glmbal comm:lJ\da are gated out of U. 
compu.t.er by Nttlns: BJta IS, 14, and 16 ot. Channel 14, All three bit.a are set almultaneoualy , thereby aUowln& all thrN 
11mb&UI to be elewed eimultaneouly. 

5. Determine U Command Ancle la Achieved. After 1lmDIII commanda have been luued, the computer reads glmbl.1 poel
tlon and comparee the poeUlon achieved with the deelred •ncle. If the difference is 1reater than 2,0 degree,, an alarm la 
t,eued . 

Stepe 1 throucb 5 coutltute a computer control proceu whk:b poeltlone glmba.la ln an open loop aenae. The computer doe■ not check 
final 1lmbl.l poaltlon ■uch that corrective commands can be leeuied if the dealred poa:ltlon hu not been reached. The check on final 
ghnbal poaltion ia uaed to determlM If an ala.rm condition exiau. 

ECDU ReaponN to Coar■e Allp Enable 

When addreued by tbe COUM AUp Enable diKrete from the compu.ter, the ECDU: 

1. Provide• a IP'ound to the PM COUN aUp lapat relaya, thereby ewitchla, the ■tabUJ.a.atlon amplifier input.a from IRE 
outputa to the ECDU DAC output. 

2. &,,ppllee a CJ'OWld for tbe PSA etabill&&Uon amplifier demOGllator relay, thereby chaftllnc the reference excitation of the 
etabillzation ampllller rin& demOGllator■ from 3,aoo H& to 800 Ha. 

3, ProvidH rrOl.lDde fo.r the cou•• allp relay in each of the ■tabllintlon a.mpliflere, thereby chaftltnc: atabillzatlon 
amplifier Hno compeuatlon, 

4, Generate. an bd.erna1 modtDc alpal wbich enable■ 1tmbill feecb.ck pulaH (AZ') to increment the error c<:amter . Thia 
elpal alao cbup■ t.M rNd counter hll:h •peed pulH rate (P1 puUIOII) from 12, 8 kppe to e . 4 ltppe. 

ECDU Reeponae to Eqcr Copter Epable 

When add:rueed by the Error Co.mt. Zuble dlacnte frca U. com.pu.t.er, tbe ECDU: 

1. O.ner&tM an Internal modJns • Ip&). wbich allow• •rror counter pu.i.ee (PE • d er A I c> to lDcremenl the error cowu.r . 
Abeence of th1a dYcrMti uro■ the error oountar and bolde it tbere . 

2. The Error Counter Enable commaad (E) 111 comblDed wltb t• CovN AUp dlllcrete (CA) and the CDU Zero command 
(CDUZ) to mode the read counter tn aocordanc• wttb the followtna: Ioele equation, 

Y• £.CA+ CDUZ 

where 

a. The PNffDC9 of Y tnblblu P 1 pu.1-H from iDcremen.Unc the rNd counter 

b. i • Error Count.er Enabl• ' 'not" 

c. CA • Co&rN AUp Enablli 

d. CDUZ • CDU Zero DWCNW 

• • E • CA la an "and" op9ratlon 

t . • 111 an "or'' operaUoa 

Inhlbltin1 thr read counter 1n th111 fuh1on will prevat &lmbal drift dwt to ree141al voltqee within the loop. The fine 
error will accumulaul to II vaMe ewch Ullll the .Sect ol realdilal voltap• 111 canc•lled. 
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Error Counter 

IMU COARSE ALlGN BLOCK DIAGRAM 

DAC 

CDU Test Point 

Coarse 
Align 
Mixing 

Amplifier 

Buffer 
mplifier 

Stabilization LrM 
Amplifier 

Fine 
Error Error Main sin ( Ii- 1/i) 

Amplifier ..,. _ _,.~~.;;_-I Su=lng ..,.1------"'""'1 
Amplifier 

CDU Test Point 

Fine Fl Rate 

Schmitt Select PI 

Hi-Speed 
And 

Up/Down 
Schmitt Lo ic 

Torque 
Motor 

Fine 
System 
Switch 

Selection 
Logic 

Read C ounter 

Ii 



lMU COARSE AUGN FUNCTIONAL BLOCK DIAGRAM 

Error Counter Coarse All n Mix! Am llfler 
100 k Stabilization Loop 

± l>Bc 
a, 200 pps 

160"/Pulse --+-- - - ------___, 
141 • /sec 

1 Hi Rate = 800 pulses/sec x 160"/pulse x 
3 600 

• / ., = 35• /sec 
I ' 1 

LoRate= 100 pulses/sec x 160"/pulse x 
3 600 

• /,. = 4.375• /sec 
' 

Sample 
And Hold 

-r = l.25ms 

Error 
Amplifier 

Rate Select and Up/Down Logic 

6 ,400 PPS 

pps 

6,400 pps 

V Buffer 
·
356 V Amplifier 

Fine 
Error 

s
2 

( 0 TI5+ 1X ih- +1) 
K = 5. 76 x 10• degrees 

Vrms 

Read 

6 

Hi Rate = 6,400 pulses/sec x 20"/pulse x 3 !oo • /,. I ' = 35: /sec 

Lo Rate = 800 pulses/sec x 20"/pulse x 3, !oo • /,. ...._ ________ _______________ _, = 4 _375• /sec 



ECDU COARSE ALIGN NETWORK 

;-----------------------------, 

• it•a.oc 
I ,\MfJ L_ ____________ _ 

.. : 

i-A--A 
l7TV 
i...rLTT:. 
: 9'141rTT Tiltc.c.aa i OJTPUT 

J_l 

K_,..,._ ....... 
F"Ut -. lOO Y. • 
•..-0 -1.Tv • .......... ,.,. -·-.... 
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IMU INERTIAL MOOE 

'n,e olradt.ry •lllflo)"ld by dte Block D etabUlUtktft ampW\ar opar•• °"' lRIO error •lpela la ta. followlq Nque11,ce: 
1, laput .. tworll 

•· hll ••" phaN Nulttve rLac dl>moduJUor 

b. AC rlpplie ftlter 

I , Hlp p:ta amplillff •.S lorq.ae motior O\ll'Hlllt drlHr 

J . FNdbaek Ntworlt 

1. Arm1t11r1 CIW'NDt Hmpler 

b. R-C Nr'flO oompeu1Uon network 

The laput pln char■c&ertetlc of U.. et1bUl&1Uon 1mplifter o rl,ta1i.1 from U.. circuit 1ho'#n bek>w. 

JI 

JI 
vrm•• 

l.SS V/V 

• ~ la U.. clc oompoaeat o( die FOlll'ler NrlH of • Ml wewe reetlfled etp.11. 

TIie total .... pla relat&aclRIO error .s..,..i. (J,IOO R.&) lode woU• et._ Hlp01laAD1pW'ler input la 

o V V 
-1. • 1. 315 .A k B.lQ. • 0, 307 .:.!t ClllJ 
•la v,_. 141 llll v,._. 0) 

:zrltrt Nttm:t 

n. fNdbecik pta OMl'llcaruitio of tba _..,.UutiOD ■mpllfter orlstnM• from 11rm1ture CWTMt r...tbeck of the Pmbal drlH motor■• 
A 1-olun r..a...tor Le 111Nr1ad la NriM ,,_ U. lll'IIHblH wtadlnc of Nell motor to detact arm■tuN CIW'HIIIL Tba ll)Cll"Oprllta fffdbeck 
pla a1q11.a to nc~ .--i 1oop la obut..d wttll Ula dlnd,e,,,dow• utworb ebowa beDW 

1D 10 

"" 
-=- .. .., 
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where 

•a, (lwr loop) • (~yl (:::) • * ~ 
•a, (middle loopj • ('na) ~(* • ¥i ITI( 

Frequency •baputc of torque motor current ll acble'Nd wltll U. paulft "T'' network ebown above. The frequency reepoue cb.aract.er
laUc of tile feedbaclt oompaaulloa network la: 

~ • O.OIO (du~~ (-cloo + 
1
) 

• ~---,-~---. •olte/-.olt 

fb (tu +1)(ioh +1) 
with the ,_oclt dlodN DOt ooad_,,._ 

Auumlnc • Ideal J11- Gala AmpWler. tbe Lnput ad feedbeck networU cu be oomblDed a■ lf each were working la.to an. opeuUon1l 
1mpllftertbua: 

~ . 
Vrm• (IRIO) 

!.J2! 
• o. o:ao 

lIH (Ade) _u....,. .. -f-.a.•..a1=-2-•_,1f--F""-"-•-1~ 

VIRIG (Vrm• ac) o.fu + l 
A/V ( lllllor Pie) 

+ l 

CO&rNAltp 

Whee UNd 6:>r co1rN allp. the lltlbUbaUoa ampl.Uler l• reooaApred u follow■: 

1. Tbe bput ad Nfllreaoe etpal• are nrltclted from 3 0 IOO Rs to 800 Ba. 

2. Tbe tNCl:'IMlk oompematlon la cbanp,d by OOIIDeCtUII a 4. 1 JlF capacitor ln parallel wlth tbe 0, 5 µF capacitor uaed for the 

lllerUal-. 

3. Tbe -- ll1lp 00--0ll la: 

'xx (Ade) l5 (-di& + l )(at; + 1) 
VDAC (Vrma aO, • ( ) ( ) T.ffl +l 'ffi" + l 



IMU STABILIZATION AMPUFIER 

Tl:.ftT \ '-)PVT ,.,. 

&QQOQ f"'IOWITOQ 

r---- ····Q.F;t10D. ________ : Fll..TER . . ···· · -··· .... 

1 
' ------,,._ : 

Dt:1'100 

uo}-------

.,,}--------

' 
• SI• asw 

11011. 

----t-i1t.Jt.,..,.,. 

-~ r-r" 
l i+ 

i 

------- ----------- -1- ----- --- -·::~ --- ---- --- ---- ; L 
;rEr.os•cC--{----- ---- · 1 r---------;-- -- ----; 
: COM P(t.JS""T tOt.Jj : : : 

: -Jo• tu ' ::,7 ~
10 : :: \•••;;;•t•~ m lil: ,, ' ,, ' 

:: AL f.. t 

f 
, FHdboc-::') ,, ••• fl~•\,• 

.W wl 0\od.e.'a ii CURtl£.l-ll ... ion 

: I :. FEE.OIAt.~ '-- ----------i- ----- --__ ,._ __ ----- ------ -----

'l~l~~ s 
eOMH"-\)CI 

..... ' 
COitJt'-1: •uc;u 

HL"'Y 



.-------, 

I ---- I I YIRIG I 
1,200 V/rad 

(!'reampllfle.:,_ _ _j 

r-
1 

r-----~ I 
I --- l1,200V/rad 

X JRIG • 

1-- I 
L-2'._reamplWer _ _J 

r-----7 
I z IRIG ! 
l --- 11,200 V/rad 
~~plllier _ _J I 

IGA 

IMU "INERTIAL MODE" BLOCK DIAGRAM 

1. 12 ft-lb / A 

Demod 

I 
IL Inner Glmbal Stablllzation Amplifier ! __________ _J 

Filter 

To IMU Fall Module I 
JG Servo Error ___ J 

I Gain: 44.4 A/V l 
1. 12 ft-lb/ A ,---- I De mod Filter ,_....,_ ____ of 

1 ____ I 

l Mldd~Glmbal Stablllzati~ mpl~~J 

To IMU Fail Module 

--------
aln: 66. 6 A/V 

Demod Filter 

1---- I 
I Outer Glmbal Stablllzatlon Am plifier I L _________ ..J 

To !MU Fail Module 
0G Servo Error 

0. 906 ft- lb/ A 

Inner: 50 rad/s2 /ft-lb 
Middle: 25 rad/s2/ft-lb 
Outer: 12. 5 rad/s2 /ft-lb 



Torque Motor 

KT 

KT = 1.52 X 101 dyn - cm 
A 

1. 52 X 101 dyn - cm 
A 

1. 23 X 10' 
dyn - cm 

A 

IMU " INERTIAL MODE" F UNCTIONAL B LOCK DIAGRAM 

• I 

,M 

,0 

Gimbal Inertia 

1 

J s2 

Stabilization Amplifier 

15K ( 4.~ 5 + 1)(i;O + 1) 

( o. ~25 + l )( 2, ~00 + l ) 

K=l-A-
V rms • I 

2 - A-
V rms 

,M 

3 _ A_ 
Vrms 

,0 

1 

J 

H= 

C = 

I = 

H/C = 

C/I = 

-6 
3. 78 X 10 , I 

-6 
1. 85 X 10 , M 
0. 935 X 10-6

, Q 

rad/sec2 

dyn - cm 

Preamplifier & 
Signal Gener ator Gyro 

H 
Vrms 

1, 310 rad 
c 

cir+ 1 

0. 434 X 106 dyn - cm 
rad/ sec 

dyn - cm 
0. 475 X 106 

rad/sec 

367 gm - cm 2 

0. 915 

1,290 rad/sec 

0 Gimbal 
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[M U lNERT lA L IIODE 
GIMBA LIOYRO'TORQUE II MOR 

FR EQUENCY RESPONSE 

1 )( .1!l'.£... . nd/ .... 

T.J (~ • l) 
KT --:w;-

I :H - idB 
II H . tdB 
0 10 . 4 dB 

IO 

C/1 • 106 Hr. 

!MU INERTIAL MOOE 
OPEN LOOP FRFQUEIICY RESPONSE 

.,.. 

f"req11t-nc:y !Hr. I 

Frequem:y 
(H•) 

. .. .,_ ____________________________ _J 



HW-26 

GYRO PULSE TORQtJJNO 

0,ro to,.._ ltil -rno■pomlh. p_..lon ,._'-, and MMe rt.lDblll pMition an controlled by NtUlatlng the pulH wldtb r,/. pro 
tol'IIUr CIU'Nfll, In tlui F laa Altp mode, U.. lea,pli al. 1M torq1111r ov.rnnt plllH II pff!Cta■ ly oontrolled by the oomp,.a•l' to IICbilH 
lcllil lNdrlmb&lpoetUCHL 

To to...- a parth,11lar uro, tba followt.111 Nq- al. --.ad•'-' la~ by die oo-,u•r. 

I. O,n, .. a.,t 

I . O,ro e.t (tali O,,n, lltlMt ao.a.d la la!MNd at all 11- .... O,to let II offJ 

Ono To .... Slltoble COGUMlld 

n.. CIJ'ro T~ Snlllbi. oo---.1111 la1UN by ti. computer "'-niucti mt t or Chamml U . nr.1 Btt t ptH: a 102. 4 llfl.r. p,,.lae tt'llin 
out ol the OOlll.pader \cl I NL..., drlHr In tlla Gyro Callbratloa Modu ... W.1 91Ctuat.d, 18 Vdc II -,,pll.d to the Prec l ■ IOII Voltap 
... ~ (PVIIJ INIIPl1 MIi 1ao Vdc la applud to t1ui ., • .,. Curnnt l!Jw"ltob aacl DC Dlll■nlltl&l Ampllft■r. Tu Gy ro TO"l!LIII 
1Eaabl9 oommaad mu.It b9 !HUN 20 m.llUMCondl prto r to tht Gyro 9eleot Commud to u.un ample Uma fo r re1-y c loauN. 

,--------------, 
I I : DC ::~:i=~•I I 
I •• v I 
I I 
I I 
I nm ... enuat I 
I ArapUUer and I 
L PVR 2010021 ---- - _____ J 

I • 7/ ~:C Ob- • H . 003 mA 

0r~•1ptc___. 

,--------------, 
I ~r----,.-_·rorque I 
I ,---,__;_::c..:=....r--, I 

I ~=-~ : 

r----
1 
I Pod 

I Gyro 
I Torq111r 
I s.1ee1 
I hl1cb 

I 
I 
I 
I 
I 
I 

I 

C11 r n1nt 
MIHllto r 

I 
I 

Bina ry I 

c:::cn:I 
2010011 1 --- - --' 

I 70_ M80 SCele Facto r 

I R•lator c.i~:::uon 
I M~W L ____________ 2010020 J 

n. Qr!'O....,.. oo___.111 ONlroiW bJ 1lle oompiMr ttr,-- Jllta T, I, and t ol C.._I U . 111• Nleotioa klttc 11 1boWn In ti• 
S.u-t ...... 

J!!.! J!!.1 l!I.! TOJljUD WINDING 
0 1 0 +Y 

- Y .. 
- X .. 
-z 

TM moc» loiSo now11 lboft ..... • 102. , kB& pi.i.• trlln out ol tM OOIIIJU.ter to OM ol au: t-i.ior i,wttdl• In the Gyro Cal lb ra
Uoe llodllll, '1111a pwN train •Ill cloN 1lle lru9Wtor ftltelll. U.niby NUIIU• to,,qiar ca..,._t ,r,baa. Ulli Gyro &at 00.!UllWld UI 
,._..,._ U -n tllu - ID'IO Ill to be torqgal:, tbe ordtr ol •la,tloc.111 Y, 2, and X wltb -.ch IJ'l'O MIii( oonipletely \o rqu«I 
Wore dia .-f: ON &. Nieotal. 

Or,ylHC~ 

TIie 0,1'0 lat oommaal 11 OCNltntUed by U. ooapa•r tll-,11 BU 10 ol. C..,_l 14. Tb11 bit MU a flip-flop wh1ob ,-- a 3. 2 ktb 
,-IN tnie out ot. "- oomputtor to tllo9 BlQl.17 C u.rrmt &wit.ob rla tM Qyro Calibnuoa Module, WMn actuated In lb.la marmer, &Jro 
lo ... oa.-nat la -l&cbld from lbe IJO-olml ckul:ully load to 1- lo,.-. •i.llClf Nleoted by U. oo.m,puter . Wti. 11 the deall"ed number 
ol....tpu.._ ~• b&en 111111.ed, ttr..fllp-ftopta 19Nt c ... ffl&cu.nHltobet-11n-.dfromthe to,,q111rw hadl11fto tbl dllllUJIY load. 

If .. nomblrol Nt.pat.NtoN ta-..d t1 i..1 tbaa Ul, SH, tbey&Nallla1u«l l11 11iqll burlt lta t1'WI ol 3, 200 p . U tbe num
blr 111 s-ter au UI, N4, .. , 1n dtrldad into p-oupl ol I , 10 pullN pip • r1mat11On. Glmbal p:,1Woalllf 11 then aoblev«I by 
Wllllte-..-lH lmnta, ol I , 112 p1.1-, .ah •·ruldby a 30-mlm.--i dalay, plllll th• nmaJnd•.-. 

PalN Ton•8oupPutor 

1"- palN to ... IOU fltltor, In &1'0-eaoold ol. ~ lft'l'II par oo.mprter let pulN, 11 0. 11798hl, 750 ppm 1,t tha O 6 N ln-11 
ol mt. TM torq• prodQOtd by ffdl uro torquer 111: 

T•Kt2 •-t.lS6.-om 

JC ._ ak-,1 -Hlt'lty la dy--..om/amp2 

I .. iaiotMJII, eurne& 

&aolll io.,._.- ll ~ to prot'idn 4.3H d:Jne-cm ol torq.w fo r a curranl cf8S.003 mA. 

To,qar oal'TIIII& la ,.....a,, .- aad NplllNd by tM P VJI: and tt. 10ai. factor rHla\or In ID• Gyro Callbn.Uon Module. 

T1N C,1'0 palN to"l,111 loop Ol"'ra&N to aobi11H pmbal poeltionill( llmlll r oomp.itilr control by oont roWna: thl u ro pl'ION•lon rite 
ud, •-• pOlblll rate. T1N mutm.--. 11- rat. c~ Uty at. thla ll)'lllan 11: 

; • ! ., 9SIS dyne-cm • 10 mnd/• 
H I . 434 ll 101 d:a;~m 

T•lnio-,.torqM 

H • oro UCW&r l'IIODNltum 



28 Vdc (PSA) 

GYRO PULSE TORQUING LOOP 

Sli prlngs 

To P!PA Preampliflers-

r------9-iT !RIG 
Error. signal goes to reso lver for middle 
and outer glmbal, then to stab ampllfler. 

3,200 Hz 

2 V PIP 

Gyro Torque Enable, 102. 4 kHz (issued by computer 20 ms prior to gyro select) . 

Gyro Select Command, 102. 4 kHz (Issue by computer to one of six switches in calibration 
module, to allow torque current to flow to the proper gyro torquer) . 

Gyro Set, 3. 2 kHz occurs 2 ms after gyro se lect; switches binary c urrent switch to 
allow torque current. 

,.....__._.__.__G_y_ro_ R .. eset, 3. 2 kHz (occurs at all times that gyro set does not occur; causes torque 
current to be applied to a dummy load) . 

28/ 120 Vdo--~ 
PTPS 

Calibration Module 
PSA 

No. 2010020 

Current Feedback $ 28/ 120 Vdc 

DC Differential 
Amplifier 
PSA 

No. 2010029 

TM Reset 

TM Set 
Torque Current 

Binary 
Current Sw Itch 

PSA 

No, 2010017 

PTPS = Pu lse Torque Power Supply 

PEA = PIPA E lectronics Assembly 
(CM) 

Torque Current Control 



DC. DIFF AMP AND PVR 
20too2q 

,~N' ~· ,. ~ 
, ,_ - ... 

Y• ' • Y- 7 .. 
1• . • 1 - ,. ,, 

GYRO PULSE TORQUING LOOP 

k._\.l;.FA(:Tt>lt 

~~~TOil 
TO.s•.n. 

, .. , 

~YRO 
CALIBRATION 

2010020 



i 
Gyro I 

Torquer 

dyn - cm 

mA2 

L_ 

IMU FINE ALlGN F UNCTIONAL BLOCK DIAGRAM 

-7 
Stabilization Amplifier 

.--------,Preamplifier and 

15K ( fi-s +1)(iio+1) 

( o. ~ 25 + 1 ) ( 2, ioo + 1) 

Gimba l 
Torquer 1 

c 

H = 0.434 x 106 

C = O. 475 x 106 

I = 367 gm - cm 2 

Si al Generator 

--- --- _J 
K = 1 

dyn - cm K • 2 
rad/sec 

dyn - cm K"' 3 

rad/sec 

A 
KT= 1. 52 X 101 , 

V rms ' I 

,M 
= 1. 52 X 101 , M 

= 1. 23 X 101 , 0 
,0 dyn - cm 

A 

Gyro Torque = KT I2 0. 6 (85) 2 4, 335 dyn - cm 

Gimbal 

0 

1 -6 J = 3. 78 X 1 0 , I 
-6 

1. 85 X 10 , M 

0. 935 X 10 - 6 
, 0 

r ad/ sec2 
dyn - cm 



Bellows 

1oRQLl6 
(iENERATOI/. 

APOttO II /R/(f 
Wheel Bearings 

Suspension 
Capacitor 

Module 

+0,4 
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AroLLO 25 IRIG 

Moments of Inertia: 

about OA: 
about IA: 
about SRA: 

367. 3 gram-cm2 

650. 8 gram -cm2 
724. 9 gram-cm2 

Damping Coefficients: 

about OA: 4. 75 x 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: O. 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 
O. 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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G1'IO PAIWS'mlll 

P.-1-7 c:rrc, ---- ue ADIA, ADIIIIA, DD u4 acala 1'actar. llpecificatiOD ftl,a■ aero■■ JBS, GM, 
11114 B/C te■tuc are u ■- ill 'llol>le II-1. 

AeceleraUOD llr11't &10111 tb■ IA 
(ADI.A) 

aru/1 17 33 loo 100 

AeceleratiOD Dr11't along tb■ IRA •rv./1 1i. 21 25 loo 
(.AIIIRA) 

--AeceleraUOD B1u Dr1fi arll 6 
(DD) 

9 11 15 

~ acala factor 1.ild.ta ue :t 1750 -· 

'!be ax1aa ftlm o1' gro per1',._ ___.r■ vbich caa 'be c-••- 1'or lilf tb■ c...,.._r 1■ ■halnl 
1z1 'llol>le n-2. 

'llol>a n-2 
a.it■ Naz 

ADIA aru/1 862 

AIIIIA Wlrll/1 862 

DD •rv. 121!.7 

DIJ <IDIO ccmalATI<II 

'!be c-- PIPA 4ata 1■ - to c-- tb■ Dm tarq,was -...,- to .,_l tb■ DD, ADI.A 11114 
.AIIIU aro coetticient■• - c_.u.- ue 

XlBlll 

Illlm 

ZlRlD 

-ADW PIP"'<: + AIIIIIAX PIPArc - 111111[ 6 t 

-ADU! PIPArc + AlllRAY PIPAZc - DDr 6 t 

-ADIAZ PIPAZC - AIIIIIAZ PIPAJ'C + IDI& 6 t 

XIRID, Yllllll, znua are c:rro 4rUt -u.-
lllllC, IIIJ!', IIIIIZ ue QrO biU ar1n■ (aa ...-1.e laa4) 

AIIIIIAX, .ADIIIAr, AIBIAZ U'9 c:rrc, ari1't■ - to -leratiOD ill IIPill NI- &Xia 
(aa ..-1.e laa4) 

ADiil, ADIAY, ADDI are c,ro ar11't■ 4,a to acoeleratiOD 1A tb■ ~ az1a 
(aa IIZ'U&bla laa4) 

Vim> tb■ -1tollle o1' - DUG c- ac...i. WO pal.ea, tb■ c-■ .... Mat to tb■ c,roa. 

n.r1z11 tree-1'all OD4 tb■ IIIIIC, DDr, IDIIIII ue tb■ nl.rrut coatticieAta 11114 tb■ r01lt1- 1■ ■o -
tllat OD4 tbaee - are caloula- 1'or tb■ aro c-tlOD, 

- cCllpllter DD regi■ t.re an lli6o, 1"61, 11114 li.62 1'or tb■ X, Y, u4 Zaro■ Nltlpectlft:11' . 

<IDIO 1IUft DD (,001635) (-■10antaat■ 1A Dacial) _, 



HISTORY OF Qi - FLIGHT GYRQ DRIFT ERROR§ 

•- • e 
!. 2. 0 

i 1. 0 

le 
Q 

=--< 
.li - 1.0 

a 
,5 -2. 0 

~ 
CM LM 

• Aft.er ln-fllcht compen .. tloa 
, ..... 

•• InlNHlclent number of data point.I 

CM 
Apollo 10 

CM LM 
AJ)Ollo 11 

CM LM 

~ 

■ x 

Bv , .. 
, .. 
1.0 

- 1.0 

- 2.0 = 
~ 
!: 

-3 .0 

CM CM LM CJ.!. LM CM LM CM LM 

~ Apollo U. Apollo 15 ~ Apollo 17 
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ELECTRONICS COUPLING DISPLAY UNIT (ECDU) 

The ECDU encodes and scales the IMU gimbal angles and transfers the angles to the 
computer in the proper formaL 

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 glmbal 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 follow
Ing diagram. 

Resolver Synchro 

Digital switch selection logic implements 
sin ( 8 - ,p ) or 8 - ,p as does resolver 
pair. 

0. 067 V rms 800 Hz 

degree 

Error Signal (e) 

Servo Error Signal 

Vin/Position (out) 

Volts 

Feedback 
Servo Amplifier 

12. 8 kpps 

,-------, 12. 8 al -- ;:; 7 

Pulse rate selection logic 
generates 12. 8 kpps or o 
based on' servo error. 

I 
__ J 

Read counter accumu-
1 !ates pulse train. 



~~~IN"'--=8 -~COARSE SYSTEM 
CO"-RSE 

c.os 8 

swr-rcH 
SE.LEC."'TI0N 

LO~IC. 

1--------+l SC.\-\t1\TT 1---------- ~ 
TRl<;~ER 

COARSE SYSTEM 
10 EC.OU F"'-IL RE"-0 C.t>Ut,)TER 
PE.,EC."T C.\RCU\T ---- UP LOC,IC. 

REAO COUNTER 

FINE SYSTEM 

RATE $ELEC, 
~ 

UP/OOWt.) 
LOC.IC. 

c1 

_..c,i._l"->_..;,;:llo:...8:..........i Fl~E SVSTEM FINE 
ERROR 

FINE 
SCHMITT SWITCH 

~ELEC.TlON 
LOC:i\C 

ERROR 
AMP 

ECOU 
REAO COUNTER LOOP 

BLOCK D\ACRAM 

\\IC.I-I S.PEEO 
'?IC..I-IMITT 

::c 
:;; 
fi: 
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ELECTRONI C COUPLI NG DA TA UNI T (ECDU) (CONTINUED) 

n.scou .... ....-~___. • ..,..w-..•o_..... ..., ... _,..._..1owlito'U.c~._ ao_ . 
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ELECTRONIC COUPLING DA TA UNIT ECDU (CONTINUED) 

Flne Syatem 

The fine ay■tem utlllaea a ay■tem al ewltch HlectJon Ioele, wel1bUnc realatora, and ■um~ ampllfJer■ to generate the trtaono
metric ldentlty. 

-■ia(f-f)• alnfcoef+ coet ■ lllf 

Tb.le ldeDtlty la uaed u an err« aipal lo drift the r-.d oounter wd.11 f .. laolated to one al 1545, 0.088-de&rff ■eamenta. Mech
anl&alicm ol th1a ident.Uy la ■ lmllar to that al the ooaru ay■t.em uoept for the follawlllc ■ ipiflcant difference■. 

1. The fiDII ■yam peen&a 1.11 la&ern&l Nlennoe ooe (I - fl to acl&e ladder awllcb ... 
s. The Ib: ruolTer .,.i. la dl•idad mto 16 ucmenta al 12. 5 ~ ruolver electrical . 
3 . 'The ladder dlvldea each 11.5'-dilp'M ■ecm,ent blto 151 H1D1•ta al 0, 088 ctecree reaolver electrk:al. The l x mecbanlcaJ 

equlva.lent itl o. 088 de,cree/18 or 0.0056 cSecree (20 HCOD~ al arc). 

◄ • A quadrature n)ect network la emplo,ed to aclue•• a tnte loop null, 

Thill functional equlvaat al thl fl.De ■yatem errcr datectloa lock: Lt abown below. 

Hi x I 
R.eaolver Electrical An&le 

•t 
Read Counhlr St.ate 

8. 63 Vrma 
degree 

Error Vol e 
(800 Hz ac) 

Flne ayMm. ■nor ■lcnala are ccmverted back ldlo dl&U&l rMd counter drive ■ lpala by a flM Schmitt trGer ■yetem and a hleh 
■ peed Schmitt trf&pr 1,-tem OJJ11r&ttnc ill taadu.m. !ach la lnt.er-ropted by the eame 1,800 ppe lmpulN tr&III. When the hich 1peed 
Sch.mitt tri,ger ta detected hl,lh. tba read counter la lncremenwd al a rut d 12, 800 ppe. When the fine Schmitt trtuer la detected 
hich, the read cOUDter la IDcnmeated at a ra&e ol 800 ppe. Tbe threabold level d tba fine ayatem Schmitt trlgera ll •et 1ucb that 
the rate HlecUOD loslc almwll below la achieved. 

FiM Error 
800 H& rma • 

-
11.lkppa 

Schmitt Trtaer Tbr-.bold 

1.2 Vrma x !.':v7- • J . 2 dlrp'e,M, llX 

O. 07 Vrma x :. ~ • 0.131 dep'M, 16X 

0 

0 

0 

0 

Pl 

Hilb Rate • U . 8 kppe x 20"/pulae 
• 10• / 1ecONJ 

Low Rate • 800 ppt x 20"/pulae 
• 4. 45• / aecOOIJ 

The rate aelect &ad up/down~ proceeeee U. M.mPlad ou.tp,at d the Schmitt trlgere to dat.erm.Jal at which rate the reed coun&er 
11 lncremented. lf tbe bJab apeed Schmitt la ''oo," the lnc.Nmeat nle la 11,800 ppe or 11 btta lD me aa.mple time. If the fine Schmitt la "on," tbe increment rate la 900 ppa or 1 bit bl one aa.mple time. 

Read Counter 

The re-,d counter la a 16◄1.ap diclta..l COII.Dter with an DW ancle sra-,lia.rlty d 30 MCODCll/blt. (nputa to the read co.i.Dter a.re con
trolled by rate ■elect and ulWdawn Ioele. The ou.tput le u.Md by the flM ayatam switch nlectloa Ioele to produce tba flne error 
1i.n-1. AcceN to the coatenta ~ the read counter by both the computer and the enor counter la aerial only. Acceaa by the com
puter ta to the flnt order bit (62'}. AcceH by the error COUJ1ter la: to the third order bit(~). BecauN d the above , the count 
r ate to the computer I.I four tiJDel fut.er tbu to I.be erro.- counter . C<Jmputer blUI, hawrt'e.r, hue one-fourth the wel1ht factor d 
those tramferred to the err« counter. 

F\&nc:Uoully, tM, read counter I.I repreee,nuw:I u an lJ:ltesr&tor with a co.&Dt rate in dep-.. /eecond and an output ln de(l"eea. 
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IMU/CDU/ AOC INT ER FAC E DIAGRAM 

Sin 

~ Coarse System 
Swllcb Selection 

Logic 

• 

@: 
---- ---

Floe System 
Switch Selection 

Logic r 

• 

COU Read Counter 

180° 90• 45• 22. 5• l . 25 5. 6° 2. 8" 1 • ... o. 7• p. 35 • P. 17° p.088° p.o«- 0.022• 40" 20" 

2" 2" 2" 2" 2" 2• z' 2' 2' 2' z' 2' 2' 2' 2' z' 

AGC Location 003n• (CDUN) 

180° 90• 45• 22. 5• l. 25° 5. 6° 2. s· 1.4" 0. 7• 0.35° 0. 17° p.088° o.o«• p.022· 40" -
2" 2" 2" 2" 2• z' 2• 2' 2' z' 2' 2' 2' 2' z' 

CDU Error Counter 
*LOC ~ ~ -
0032 CDUlC OUTER ll.25 &. 6" 2. 8" 1.4· o. 7• o. 35• 0.17° 0.088° p.044° -0033 CDUY INNER 
0034 CDUZ MIDDLE 2' 2' 1277 THETAD OUTER 

2• z' 2' 2• 2' 2' 2• 
1300 THETAD + 1 INNER 
1301

1 
_ T.!!Jl.T~ +_L ~Qb.E_ 

7 
I (THETAD - CDUN) / 4 I 
I (LOC usx - 00311)/4 1 

192 pu.laea/ o. 6 ■eoond maximum L ________ J 



IMU GIMBAL ANGLE AND OPTICS SHAFT SCAUNG DIAGRAM 

Content• of Re■pectlve Location in AOC 

400008 soooo8 

-180° -150° -120· -90° -so• 

Actual Optlca Shaft Angle or IMU Glmbal Angle 

DSKY Indication and CRT Dlaplay on RTCC 

-so• 

+180° +210° +240° +270° +soo• +sso• 

000008 200008 

+30° +60° +90° +120· 

+ao• +so• +90° +120• 

+150° 

+150° 

NOTE: For Skylark, V16 N91 monitors the optics shaft angle in Rl (+XXX. XX); V16 N20 
monitors the IMU gimbal angles as follows: 

Rlr Outer Glmbal (+XXX,XX) 
R2: Inner Glmbal (+XXX, XX) 
R3: Middle Glmbal (+XXX,XX) 

400009 

+180° 

+1so· 



-10° 

617408 

526408 

-10° o· 

+so· 

11111a 

Negative 
Zero 

+10° 

+19 . 773° 

+10° 

Positive 
Zero 

000008 

+19. 775° 

+20° 

+30° 

+30° 

OPTICS TRUNNION SCALING DIAGRAM 

+40• ~ 1 .... _ -1_0~ 0_· _ _, +10 0° 

,--+-64-. 1_1_3_• __,j I ,---+-o•--~ 

I 
I 

+40° 

+40° 

377778 

Positive 
Maximum 

I 

400008 

Negative 
Maximum 

+50° +so· +70° 

+64 . 773° 

+64. 775° 

+50° +so· +70° 

617408 

+so· +so · +100° 

+so· +o· +10 ° 

CRT Display 
on RTCC 

Contents of 
Location 0035 
in AGC (CDU1) 

LOS Trunnion Angle 

DSKY Indication 
(Vl6 N91 , 
Skylark 
R2 : +}0{.XXX) 

NOTE: CDUT (LOC 0035) is loaded with a -19. 775° bias during ZERO OPTICS. T his bias produces positive driving commands for a ngles 
up to +64. 775° in the CMC mode. Without the bias, the CMC mode would drive the trunnion to the negative stop for command angles 
of 45° or greater. 
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OPnCalHAFT/CDU/AOC DffDPACB DIMlaAM 
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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 COO 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-AMP COMPENSATION MOTOR GEARS 

1so(3~ + ~ 8-9 · 
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TRUNNION COMPUTER OPERATE MODE FUNCTIONAL BLOCK DIAGRAM 

Error Counter 

-1 t- • .,..__, DAC 
I,.. - 0.24MCOnd 

ONCompu1.,Cvc:1e + ~w.= 
~ 

C 

83 pulaee/0. 24 second x 
40"/pulae • 3. 8' /second (LOS) 

(PE) Hirate :: l,600pps x 20"/p x 
36
!

0
•/" = 8.75•/sec(mech) 

Lo rate= 100 ppa x 20 11/p x ~
00 

•;" "' o. 544 •/eec (mech) 
Rate Select and Up/Down le 

Sample 
and Hold 

T z 1. 25maec 

..; 

Fine En-01" 
Tc1t Point 

Sextant 
Trunnion 

0.51~ 

69 Vrms 
degree 

Fine System 
Switch Selection Logic 

BT (mech) 
( ' ) 

0,- (LOS) 

HiRate .., 12,S00pps x 2. 5"/p~ 1/3,600•/" = 8.75•/aec(mech) 
Lo Rate - 800 pp1 x 2.5"/p " 1/3 ,600 •/" = 0.544 •/aec (mech) 
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OPTICS TRUNNION DRIVING LIMITATIONS 

Positive 
Zero 

OPTICS TRUNNION SCALING OtACRAM 

.... 

-•• 

.... 

~~I_-_,_._._.~ 
- ... - . ,-,,- .~ I ~-.. - . -~ 

-64. 773• 

+-50" 

I 
I 

I 

... 

•to o· CRT Otspla\' 
on RTCC 

Content• or 
Loc•t1on 0035 
in AGC {COL'"I) 

LOS Trwuuon Angle 

DSKY Indication 
( Vl 6 N91, 
Skylark, 
R2: +XX.XXX) 

NOTE: COUT (LOC 0035) la loaded wllh • -19. 775• bias during ZERO OPTICS. Thia bias producea pos1t1,.·e drtv1n1 commanda fo r angll!II 

I.IP to -&4. 775• in lhe CMC mode. Without the bias, the CMC mode ...,ould drive the trunnion to the neptlve atop for oom maod •nclH 

of 45• or 1reater. 

Since optics trunnion scaling Is 9. 88 arc-sec per data bit, the 14-bit CDUT register in 

the Computer will overflow ( 400005) 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 ( 400005) 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 summarized 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-degree range and 
the Computer will drive the trunnion to the correct position. If an angle greater than 
64. 773 degrees is commanded from within the 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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BLOCK II su:ivo PARAMETmS 
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NOUN CODES STAH LIST P5X : N70/71 HI : SENSOIVST/\H CODE OOCDE C = 0 CSM OPTICS 
27 ALl<AID C = I SUN SENSOI~ (DE = &.J6) 

f INCllEASE 

00 PLANET 
C = 2 STAH Tl~l(I~ (DE = 01.J. 11.J. 01~ 25) 0 I ALP HEIM TZ 30 MENl<ENT 02 DIPHl>A 31 /\HCTUIWS N06 OPTIONS : 03 NAVI 32 ALPHECCA P50 01.J /~CHEl~NAI~ 33 ANTAl~ES 

I = AC<J SS 

~ 
05 POLAl~IS 31.J ATl~IA 

2 = AC<J SS/ST 06 ACAMAI~ 35 IMSALHAGUE 
3 = INDEP. SOUHCE 07 MENKAH 36 VEGA IO Mll~FAK 37 NUNKI 1>52/1.J 

t:i:: 
I I ALl>EIMHAN I.JO /~LTAIH I = Pl~EFElmED 

~ 
12 l~IGEL 

2 = NOMIN/\L 
a, 

13 CAPELLA 
3 = HEFSMMAT a, 

I &.J CANOPUS • • I 5 SlltlUS 
P55 I 6 PltOCYON 

I = IMU /\LIGNEI> 17 ltEGcm I.JI DAl31H 2 = IMU NOT ALIGNED 20 DNOCES 42 PEACOCK 21 ALPHABD 43 DENEl3 P20 22 HEGULUS 44 ENIF 0 = HNDZ (POINT) 23 l>ENEl30L/~ 45 FOMALHAUT I = CEL 130l)Y (POINT) 24 GIENAH 46 SUN 2 = HOTATE 25 ACIWX 47 EAlnH 4 = ltNl)Z (3-/~XIS) 26 SPICA 
5 = CEL 130DY (3-AXIS) 



00107 
00110 
00113 
00114 
0011 S 
00116 
00117 
00120 
00121 
0020S 
00206 
00207 
00210 
00211 
00212 
00213 
00214 
00217 
00220 
00401 
00402 
00404 * 
0040S 
00406 
00421 
00S00 

ST AR TRACKER OUT OF LIMITS 
MK REJECT ENTERED & IGNORED 
NO INBITS (CH 16 1 
MORE MKS THAN DESIRED 
V41N91 WITH OPTICS NOT IN CMC 
OPTICS SW MOVED BEFORE IS SEC 
V41N9l BUT OPTICS NOT READY 
ZERO OPTICS FIRST 
CDUS BAD DURING MK-REPEAT 
PIPA SATURATED 
CANNOT ZERO ICDU - WITH ALARMS 
NEED 90 SEC FOR ISS TURN ON 
IMU NOT OPERATING 
COARSE ALIGN ERROR > 2 DEG 
PIPA FAIL BUT Pl PA 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 MATRIX OVERFLOW 
NOT ENOUGH JETS FOR P / Y (DOCKED) 

00S0l 
00600 
00601 
00602 
00603 
00611 
00777 
01102 
01 I0S 
01106 
01107 
01 301 
01407 
01426 
01427 
01S20 
01600 
01601 
01703 
0 3777 
0477 7 
07777 
1077v 
13777 
14777 
204 30 

ALARM CODES ( V0SN09) 

NOT ENOUGH JETS FOR ROLL I DOCKEDl 
FAILURE IN PHASE MATCH ITERATION 
FAILURE IN HEIGHT MANEUVER ITERATION 
FAILURE IN OUTER LOOP ITERATION 
FAILURE IN ORDTPI ITERATION 
NO TIG FOR ELEV ANGLE GIVEN 
ISS WARNING - PIPA FAIL 
CMC SELF TEST ERROR 
DOWNLINK TOO FAST 
UPLINK TOO FAST 
PHASE TABLE FAIL - ERASABLE BAD 
ARCSIN / ARCCOS INPUT> ONE 
VG INCREASING 
IMU UNSATISFACTORY 
IMU POLARITY REVERSED 
V37 NOT PERMITTED NOW 
OVERFLOW DURING DRIFT TEST 
BAD lMU TORQUE 
INSUF TIME TO INTEG - TIG SLIP 
ISS WARNING - ICDU FAIL 
ISS WARNING - ICDU & PIPA FA I L 
ISS WARNING - IMU FAIL 
ISS WARNING - IMU & PIPA FAIL 
ISS WARNING - IMU & ICDU FAIL 
ISS WARNIN G - IMU ICDU & PIPA FAIL 
ORBITAL INTEGRATION STOPPED 

20607 
21204 
21206 
2 1210 
21302 
2 1S01 
2 1S02 
21S21 
31104 
31201 
31202 
31203 
3 12 11 
32000 

NOTE : 

NO CONIC SOLUTION 
NEG OR ZERO WAITLIST CALL 
TWO DISPLAYS ATTEMPTED AT ONCE 
TWO PROGRAMS USING AT ONCE 
SORT CALLED WITH NEG ARGUMENT 
DSKY ALARM DURING INTERNAL USE 
ILLEGAL FLASHING DISPLAY 
KEYED POI AFTER LIFTOFF 
DELAY ROUTINE IS BUSY 
EXEC OVERFLOW - NO VAC AREAS 
EXEC OVERFLOW -NO CORE SETS 
WAITLIST OVERFLOW - MANY TASKS 
CANNOT INTERRUPT EXTENDED VERB 
DOCKED DAP CYCLES OVERLAP 

00404 * IS A PRIORITY ALARM 
2XXXX POODOO - NO RESTART LT - F3 7 

( AVE G ON OR EXT VERB -
ACTS AS BAILOU T) 

3XXXX BAILOUT - NO RESTART LT -
PROGRAM CONTINUES 



OUA LINE OF SIGHT TO IMU STABLE MEMBER TRANSFORMATIONS 

['] [-" "··t·· -sin AM 

~ l [: y = 0 O sin AM cos AM cos AO 

Z -sin AI cos Al 0 sin AO 
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AI, AM and AO are the inner, middle. and outer gimbal angles as indicated by the CMC 

AS and AT are the SXT LOS shaft and trunnion angles 
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SXT FIELD OF VIEW 

DRIVE RATES 

TRUNNION SHAFT 

HI 10.0 DEG/5 19.5DEG/ S -~-
MED 1.0 DEG/S 2.0DEG/5 

I 

LO 0.1 DEGIS 0,2D~G/S 
MIN 25 SEC/S 50 SEC/ S 
CMC 3.~ DEGIS 15.I DEGIS 

RETICLE ROTATION WITH ----z_ __......,..~ ---~ 
OPTICS HAND CONTROLLER 
FULL RIGf-lT (MANUAL DIRECT 
MOOE) 

SXT LOS MECHANICAL LIMITS 

---- 1.8 DEC:i _ __ ...., 

TRUNNION O(OJ-10) TO 90(10,0) DEG 
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X ~X~gLL 
0 Zo 

v 2sc 
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SXT VACUUM RETICLE 

f 50 SEC 

I 

I 
' 

T 
4MIN 

IO SEC 

l 
~ ' 

5 MIN - - - ~HN---...J\,---➔ 

SCT RETICLE 

I---..___,_ _ _,__ '.-+---'--! + +-: +. -~'---'--~--l l E
GOMIN 
30MIN I 4 MIN _ ll +'°"' 

RETICLE CENTER 



130 

~ 
~ 110 
1-1 
CV 
0. 

s 
CV 100 

E-< 

132 

131 

130 

129 
0 

HW- 71 

TYPICAL IMU TE,J\!IPERA TURE 

PIPA Temperature After Coolant Loss 

CM Typical 

J 
~ 
V 

/ 
20 40 60 80 100 120 

TiDV;l (minutes) 

P IP A Temperature After P owe r Loss 
Coolant Normal - Typi cal 

90 "!-0-~2~0--4~0~-6~0~-8~0~-1-'!!0"!!'0--1~2~0--1-.4~0--1"!'6'!!"0--'!!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 
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TYPICAL HEADER TEMPERATURES AFTER 
COOLANT LOSS 
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ISS WARNING LIGHT 

CM - The 1SS 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 - VI> 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 (8 - VI >o.7°) . This is an 800 Hz signal and is 
detected at the output of the main summing amplifier (see page HW-40). 

• I G or MG or OG read counter limit cycle > 160 Hz. This signal is detected from the 
upline output of the read counter up-down counter (see page HW-35). 

• IG or MG or OG cos(8 - V1l < 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. 

8 - gimbal resolver angle 
VI - 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 Warnirg 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 a AGC Warning is 
generated. The effect is to open up the acceleratomer loops and prevent any pulse torquing of 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 follcming 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, Rate Hand Controllers R, P, Q, etc. 

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 
• Nightwatchman Fail 
• Interrupt (RUPT) Lock 
• Voltage Fail 

The RESTART inhibits access to memory temporarily and then transfers control to address 4000. 
This address is the beginning of the REST ART program and processing continues from this point. 

In general, the programmer bas chosen some particular point in a program to resume operation 
after a RESTART and operation continues with only small inconsequential 10sses of information, 
time and/ or thrust. 
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Oscillator Fail 

Occurs if loss of oscillator 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 work 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 
0. 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 300 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>+l2.5 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 
"81s" 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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SKYLAB EXPERIMENTS 

COGNIZANT MISSIONS 
TITLE AOENCY(a) INVESTIGATOR AND AFFILIATION(b) 

1 2 ' 
White-light coronagraph MSFC Or. Gordon Newkirk, High Altitude Obs. X X X 
X-ray spectographic telescope MSFC Dr. M. Zombeck, American Science and X X X 

Engineering 
uv scanning polychromator spectroheliometer MSFC Dr. Edward Reeves, Harvard College Obs. X X X 
Dual X-ray telescope MSFC Mr. James Milligan X X X 
Extreme uv coronal spectroheliograph MSFC Mr. J . 0 . Purcell, Naval Research Lab. X X X 
Extreme uv spectrograph MSFC Mr. J. 0 . Purcell, Naval Research Lab. X X X 
Nuclear emulsion MSFC Dr. M. M. Shapiro, Naval Research Lab. X 
uv stellar astronomy MSC Dr. K. G. Henize and Or. James Wray, X X 

Northwestern Univ. 
X-ray uv solar photography MSC Or. A. Tousey, Naval Research Lab. X 
Potato respiration MSC Dr. B. W. Pince, Space Defense Corp. X 
uv airglow horizon photography MSC Dr. D. Packer, Naval Research Lab. X 
Gegenschein zodiacal light MSFC Or. J. Weinberg, Dudley Obs. X 
Particle co llection MSC Dr. C. L. Hemmenway, Dudley Obs. X X 
Galactic X-ray mapping MSFC Or. W. Kraushaar, Univ. of Wisconsin X 
Muttispectral photographic facili ty MSC Mr. A. L. Grandfield X X X 
Infrared spectrometer MSC Dr. T. Barnett X X X 
10-band mullispectral scanner MSC Or. C. L. Korb X X X 
Microwave scatterometer MSC Mr. 0 . Evans X X X 
Radiation in spacecraft MSC Capt. M. F. Schnelder, USAF X 
Expandable airlock technology MSFC Mr. F. W. Forbes, USAF Wright-Patterson X X 

Air Force Base (AFB) 

Thermal control coatings MSFC Mr. Carl Boebel , USAF Wright-Patterson AFB X X 
Material processing in space MSFC Mr. P. G. Parks X 

Effects of zero-g on human cells MSC Dr. P. 0 . Montgomery, Dallas County Hospital X 

Circadian rhythm, pocket mice ARC Or. C. S. Pittendrigh, Princeton Univ. X 
Circadian rhythm, vineaar gnat ARC Dr. C. S. Pittendrigh, Princeton Univ. X 

Crew vehicle disturbances LaRC Mr. B. A. Conway X 
Precision optical tracking MSFC Mr. John Gould X X X 
Coronagraph contamination measurement MSC Dr. G. P. Bonner X 
Contamination measurement MSFC Or. J. Muscari , Martin Marietta Corp. X 
Zero-g flammability MSFC Mr. Howard Kimzey X 
Gravity substitute workbench MSFC Mr. J. Rendall X 
Extravehicular- and lntravehlcular-actlvity MSC Mr. John Jackson X X 

hardware evaluation 
Astronaut-maneuvering equipment MSC Maj. C. E. Whitsett, USAF X 

Foot-controlled maneuvering unit LaRC Mr. D. E. Hewes X 

Mineral balance MSC Or. G. D. Whedon, National Institute of Health X X X 

Bone densitometry MSC Dr. Pauline Mack, Texas Women's Univ. X X X 
Bioassay of body fluids MSC Dr. C. Leach X X X 

Specimen mass measurement MSC Col. John Ord, USAF, Brooks AFB X X X 
Lower-body negative pressure MSC Col. John Ord, USAF, Brooks AFB X X X 

lnflight lower-body neaalive pressure MSC Dr. A. J. Johnson X X X 

Vectorcardiogram MSC Capt. Newton W. Allebach, USN, X X X 
Bureau of Medicine and Surgery 

Cytogenetic studies of blood MSC Or. M. Shaw, Univ. of Texas Medical Center X X X 

Man's immunity in vitro aspects MSC Or. Stephen Ritzman, Shriners' Burn Institute X X X 

Blood volume and red-cell life span MSC Dr. Phillip Johnson, Baylor Univ. X X X 

Red-blood-cell metabolism MSC Mr. Charles Mengel, Univ. of Missouri X X X 

Human vestibular function MSC Or. Ashton Graybiel, Naval Aviation 
Medical Institute X X 

Time and motion study MSC Dr. J. F. Kubis, Fordham Univ. X X X 

Metabolic activity MSC Mr. Edware Michel X X X 

Body-mass measurement MSC Col. John Ord, USAF, Brooks AFB X X X 

Thermal control coatings MSFC Mr. E. C. McKannon X 
lnflight aerosol analysis MSFC Or. W. Leavitt X X X 

(a) MSFC, Marshall Space Flight Center; MSC, Manned Spacecraft Center ; ARC, Ames Research Center; and LaRC, Langley 
Research Center. 

(b) If different from cognizant agency. NASA-MSC 
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