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APOLLO/SKYLAB MANNED-FLIGHT SUMMARY

MISSION CDR CMP/SPT LMP/PLT | LAUNCH DATE MISSION
Apollo 7 |Schirra Eisele Cunningham*| 11 Oct 1968 First Manned Apollo Flight - 163 Earth Orbits
Apollo # Borman Lovell Anders* 21 Dec 1968 First Manned Flight Around the Moon -
10 Lunar Orbits
Apollo 9 McDivitt Scott Schweikart 3 Mar 1969 First Manned Test of Lunar Module - 151 Earth
Orbits
Apollo 10 Stafford Young Cernan 18 May 1969 First Test of Lunar Module in Lunar Orbit -
31 Lunar Orbits
Apollo 11 Armstrong Collins Aldrin 16 July 1969 Flrss Moon Landing - Trunuﬂlty. 0.64° North,
East - 31 Lunar Orbi
Apollo 12 Conrad Gordon Bean 14 Nov 1969 Second Moon Landing - Ocean of Storms,
3.04° South, 23.4° West - 45 Lunar Orbits
Apollo 13 Lovell Swigert Haise 11 April 1970 Lunar Landing Aborted
Apollo 14 Shepard Roosa Mitchell 31 Jan 1971 Third Moon Landing - Fra Mauro, 3. 66° South,
17.48° West - 34 Lunar Orbits
Apollo 15 Scott Worden Irwin 26 July 1971 Fourth Moon Landing - Hadley, 26. [ad North,
3.65° East - 74 Lunar Orbits
Apollo 16 Young Mattingly | Duke 16 April 1972 Fifth Moon Landing - Descartes
9.00° South, 15.52° East - 64 Lunar Orbits
Apollo 17 Cernan Evans Schmitt 6 Dec 1972 Sixth Moon Landing - Taurus-Littrow 30. ° North,
20.2° East - 75 Lumar Orbits
Skylab 2 Conrad Kerwin Weitz 25 May 1973 First Earth Resources/Solar Observatory
561 Workshop Revs - 405 CM Revs-
29-day Mission
Skylab 3 Bean Garriott | Lousma 28 July 1973 Second Earth Resources/Solar Observatory
1939 Workshop Revs - 859 CM Revs-
59-day Mission
Skylab 4 Carr Gibson Pogue 10 Nov 1973 Third Earth Resources/Solar Observatory

3828 Workshop Revs - 1214
CM Revs - 84 day Mission

ASTP** Stafford Brand Slayton 15 July 1975 First Joint Space Flight
138 Apollo Revs - 91 Soyuz Revs
30 Docked Revs

*Occupied CSM Right Seat
**31st United States Manned Space Flight
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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
DAPDATR1 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 N18 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. )

(% 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 V16 monitor)
on top of an internal flashing display. That internal display can still be answered
with a PRO or VERB 34 ENTR (terminate), which wipes 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 RESTART during operation of a program, a latch is set in the
AGC which maintains the RESTART light on the DSKY until the latch is manually reset by 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 is missing.

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

4, It is deenergized when the conditions of 1 above no longer exist.
COMP ACTY Light — is energized when the AGC is occupied with an internal sequence.

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

Keyboard — contains the following buttons:

1. VERB - pushing this button indicates that the next two numerical characters keyed in
are to be interpreted as the 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, 0 - 9 - are numerical keys.

5. CLR - Used during a data loading sequence to clear or blank the data display register
(R1, R2, R3) being used. It allows the operator to reload the data word.

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 OPR ERR light is energized.

7. ENTR - is used in three ways:

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

b. To direct the AGC to accept a data word just loaded.
5 In response to a "please perform'" request.

8. RSET — turns off alarm conditions on the DSKY providing the alarm condition has been
corrected.
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LIST OF PROGRAMS FOR PROGRAM SKYLARK

PHASE PROGRAM PROGRAM TITLE
Pre- 00 AGC Idling
launch 01 Prelaunch or Service-Initialization
and 02 Prelaunch or Service-Gyrocompassing
Service 03 Prelaunch or Service-Optical Verification of Gyrocompassing
06 AGC Power Down
07 System Test
Boost 11 Earth Orbit Insertion Monitor (EOI)
Coast 20 Universal Tracking
21 Ground Track Determination
25 Contingency Range Rate
27 AGC Update
29 Time-of-Longitude
Pre- 30 External Delta V
thrusting 31 NC1 Targeting
32 NC2 Targeting
33 NCC Targeting
34 NSR Targeting
35 Transfer Phase Initiation (TPI) Targeting
36 Transfer Phase Midcourse Correction (TPM) Targeting
37 Rendezvous Final Phase
38 Plane Change
Thrusting 40 SPS
41 RCS
47 Thrust Monitor
48 Rendezvous Thrust Monitor
Alignment 50 Not Used
51 IMU Orientation Determination
52 IMU Realign
53 Backup IMU Orientation Determination
54 Backup IMU Realign
55 Not Used
Entry 61 Entry — Preparation
62 Entry — CM/SM Separation and Preentry Maneuver
63 Entry — Initialization
64 Entry — Post 0.05G
65 Entry — Upcontrol
66 Entry — Ballistic
67 Entry — Final Phase
Post-—— Kid CSM Velocity Vector Update

thrusting
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LIST OF ROUTINES FOR PROGRAM SKYLARK

ROUTINE , ROUTINE TITLE
00 Final Automatic Request Terminate
01 Erasable and Channel Modification Routine
02 IMU Status Check
03 Digital Autopilot Data Load
04 Docked DAP Data Load
07 MINKEY Controller
21 Rendezvous Tracking Sighting Mark
22 Rendezvous Tracking Data Processing
23 Backup Rendezvous Tracking Sighting Mark
27 VHF Range Rate Mark Processing
30 Orbit Parameter Display
31 Rendezvous Parameter Display Routine No. 1
34 Rendezvous Parameter Display Routine No. 2
36 Rendezvous Out-of-Plane Display Routine
40 SPS Thrust Fail
41 State Vector Integration (MID to AVE)
50 Coarse Align
52 Automatic Optics Positioning
53 Sighting Mark
54 Sighting Mark Display
55 Gyro Torquing
56 Alternate LOS Sighting Mark
60 Attitude Maneuver
61 Tracking Attitude
62 Crew-Defined Maneuver
63 Rendezvous Final Attitude
64 Optics Angle Transformation

67 Universal Tracking Rotation
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LIST OF VERBS USED IN PROGRAM SKYLARK

REGULAR VERBS
Not in use
Display Octal Component 1 in R1
Display Octal Component 2 in R1
Display Octal Component 3 in R1
Display Octal Components 1, 2 in R1, R2
Display Octal Comp ts 1, 2, 3 in R1, R2, R3
Display decimal in R1 or R1, R2 or R1, R2, R3
Display DP decimal in R1, R2 (test only)
Spare
Spare
Spare
Monitor Octal Component 1 in R1
Monitor Octal Component 2 in R1
Monitor Octal Component 3 in R1
Monitor Octal Components 1, 2 in R1, R2
Monitor Octal Components 1, 2, 3 in Ri, R2, R3
Monitor decimal in R1 or R1, R2 or R1, R2, R3
Monitor DP decimal in R1, R2 (test only)
Spare
Spare
Spare
Load Component 1 into R1
Load Component 2 into R2
Load Component 3 into R3
Load Components 1, 2 into R1, R2
Load Components 1, 2, 3 into R1, R2, R3
Spare
Display Fixed Memory
Spare
Spare
Request EXECUTIVE
Request WAITLIST
Recycle program
Proceed without DSKY inputs
Terminate function
Test
Request FRESH START
Change program (major mode)
Spare
Spare
EXTENDED VERBS
Zero ICDU
Coarse align CDU's (specify N20 or N91)
Pulse torque gyros
Load IMU attitude error needles (test only)
Request Docked DAP Data Load Routine (R04)
Activate Docked DAP
Activate CSM DAP
Move Other Vehicle state vector into CM state vector
Request DAP Data Load routine (R03)
Request crew defined maneuver Routine (R62)
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LIST OF VERBS USED IN PROGRAM SKYLARK

Please perform

Please mark

Spare

Please perform alternate LOS mark

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

Terminate tracking (P20)

Request display of full track flag (FULTKFLG)

Enable auto maneuver in P20

Enable jets disabled in R04 Docked DAP Data Load routine
Set astronaut total attitude (N17) to present attitude
Display DAP following attitude errors (Mode 1)

Display total attitude errors with respect to Noun 22 (Mode 2)
Display total astronaut attitude error with respect to Noun 17 (Mode 3)
Transform optics angles to tracking angles (R64)
Optical verification of prelaunch alignment

Vehicles are attached. Move this vehicle state vector to other vehicle
Start W-matrix RSS error display

Spare

Cause RESTART

Update liftoff time (P27)

Start AGC update; block address (P27)

Start AGC update; single address (P27)

Start AGC update; AGC time (P27) (Octal)

Initialize erasable dump via DOWNLINK

Backup liftoff

Start R27 VHF range rate mark processing in P20

Stop R27 VHF range rate mark processing in P20
Update prelaunch azimuth

Spare

Enable Other Vehicle state vector update

Enable CSM state vector update

Request Orbit Parameter display (R30) -

Request Rendezvous Parameter display No. 1 (R31)
Spare

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

Set VHF Range flag

Reset VHF Range flag

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

Display BANKSUM

Spare

Enable W-matrix initialization

Spare

Spare

Terminate integration and go to P00

Please perform engine-fail (R40)

Spare

Please Enable Engine Ignition.
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LIST OF NOUNS USED IN PROGRAM SKYLARK

Not in use
Specify address (fractional)

Spécify 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

Alarm data

ADRES
BBANK
ERCOUNT

Alarm codes

First
Second
Last

Channel to be specified
TIG of NCC

Optien code (extended verbs only)

TIG of NSR

Not Used

Increment address
Time of event (used by extended verbs only)

Astronaut total attitude

-

XXXXX fractional
. XXXXX fractional
. XXXXX fractional

XXXXX. integer
XXXXX, integer
XXXXX, integer

XXX, XX deg
XXX, XX deg
XXX, XX deg

XXX, XX deg
XXX, XX deg
XXX, XX deg

XXX, XX deg
XXX, XX deg

Octal
Octal

Octal
Octal
Octal

Octal
Octal
Octal

Octal
Octal
Octal

Octal

00XXX.h
000XX. min
0XX, XX 8

Octal
Octal

00XXX. h
000XX, min
0XX,XX 8

Octal

00XXX. h
000XX, min
0XX.XX 8

XXX, XX deg
XXX, XX deg
XXX. XX deg
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LIST OF NOUNS USED IN PROGRAM SKYLARK

Desired automaneuver FDAI ball angles R
P
X
Not Used
Present ICDU angles R (0G)
P (IG)
Y (MG)
PIPA's X
X
Z
Desired ICDU angles R (0G)
P (IG)
Y (MG)

Not Used

Delta time for AGC clock

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

Self-test on/off switch
TIG of NC2

XSM launch azimuth
Target codes

Time of rendezvous W matrix initialization

Time from perigee

Time of ignition (GETI)

Time of event

Time from event

Time of AGC clock

XXX, XX deg
XXX, XX deg
XXX, XX deg

XXX, XX deg
XXX, XX deg
XXX, XX deg

XXXXX. pulses
XXXXX, pulses
XXXXX, pulses

XXX, XX deg
XXX, XX deg
XXX, XX deg

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

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

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

00XXX. h
000XX. min
0XX.XX 8

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

00XXX. h
000XX. min
0XX.XX s
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LIST OF NOUNS USED IN PROGRAM SKYLARK

37 Time of ignition (TPI) 00XXX. h
000XX, min
0XX.XX 8
38 Time of state being integrated 00XXX. h
000XX. min
0XX.XX 8
39 TIG of Last Maneuver 00XXX, h
000XX. min
0XX.XX s
40 * Time from ignition/cutoff (TFI/TFC) XXbXX min/s
VG XXXX. X ft/s
Delta V (accumulated) XXXX.X ft/s
41 Target
Azimuth XXX, XX deg
Elevation XX, XXX deg
42 Apocenter altitude XXXX.X nmi
Pericenter altitude XXXX. X nmi
Delta V (required) XXXX.X ft/s
43 Latitude XXX, XX deg (+ north)
Longitude XXX, XX deg (+east)
Altitude XXXX X nmi
44 *  Apocenter altitude XXXX, X nmi
Pericenter altitude XXXX, X nmi
TFF XXbXX min/s
45 *  Marks (VHF/optics) XX bXX marks
Time from ignition of next burn XXbXX min/s
Middle gimbal angle XXX, XX deg
46 DAP configuration Octal
Octal
47 CSM weight XXXXX, lbs
Other vehicle weight XXXXX, 1bs
48 Gimbal pitch trim XXX, XX deg
Gimbal yaw trim XXX, XX deg
49 Delta R XXX. XX nmi
Delta V XXXX.X ft/s
VHF or optics code 0000X.
50 * Splash error XXXX, X nmi
Perigee XXXX, X nmi
TFF XXbXX min/s
51 Spare
52 Central angle of active vehicle XXX, XX deg
53 Range XXX, XX nmi
Range rate XXXX. X ft/s
Phi XXX, XX deg

* Display cannot be changed via data load (that is, V25 NXXE, and so forth)
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LIST OF NOUNS USED IN PROGRAM SKYLARK

Range
Range rate
Theta

Perigee code
Elevation angle

Vehicle Rate

No. of half revs,
Delta alt NCC
Delta alt NSR

Delta V (TPI)
Delta V (TPF)
Delta time (TPI - NOMTPI)

Delta V LOS 1
Delta V LOS 2
Delta V LOS 3

GMAX
VPRED
GAMMA EI

Splash Target
Latitude
Longitude
Heads up/down

Inertial velocity magnitude
Altitude rate
Altitude above pad radius

Range from EI altitude to splash
Predicted inertial velocity
Time from EI altitude

Drag acceleration
Inertial velocity
Range to splash

Sampled AGC time
(fetched in interrupt)

Commanded bank angle
Crossrange error
Downrange error

Range to target
Present latitude
Present longitude

Commanded bank angle
Inertial velocity
Altitude rate

Commanded bank angle
Drag level
Exit velocity

=

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

0000X.
XXX, XX deg

X, XXXX deg/s
X.XXXX deg/s
X.XXXX deg/s

XXXXX,
XXXX, X nmi
XXXX, X nmi
XXXX, X ft/s
XXXX. X ft/s
XX bXX min/s

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

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

XXX.XX deg (+north)
XXX.XX deg (+east)
+/-00001

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

XXXX, X nmi
XXXXX. ft/s
XXbXX min/s

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

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

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

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

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

XXX.XX deg
XXX XX g
XXXXX, ft/s
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LIST OF NOUNS USED IN PROGRAM SKYLARK

70 Celestial Body Code (Before mark) Octal
71 Celestial Body Code (After mark) Octal
72 Time of R27-VHF Range 00XXX h
Rate mark processing optimization 00XX. min
0XX.XX s
73 Altitude XXXXXb. nmi
Velocity XXXXX. ft/s
Flight path angle XXX, XX deg
74 Commanded bank angle XXX. XX deg
Inertial velocity XXXXX. ft/s
Drag acceleration XXX XX g
75% Delta altitude (NSR) XXXX. X nmi
Delta time (TPI-NSR) XXbXX min’s
Delta time (TPI-NOMTPI) XXbXX min’s
76 Current R27 range XXX, XX nmi
Current R27 range rate XXXX. X ft/s
Time from R27 optimization XXbXX min/s
77 R27 Range XXX, XX nmi
R27 Range rate XXXX.X ft/s
R27 Theta/Phi/Code XXX. XX deg
78 P20 Yaw Angle (UTYAW) XXX, XX deg
P20 Pitch Angle (UTPIT) XXX. XX deg
OMICRON XXX, XX deg
79 P20 rotation rate X. XXXX deg/s
P20 deadband XXX, XX deg
80* Time from ignition/cutoff XXbXX min’/s
Velocity to be gained XXXXX, ft/s
Delta V (accumulated) XXXXX. ft/s
81 Delta VX (LV) XXXX. X ft/s
Delta VY (LV) XXXX X ft/s
Delta VZ (LV) XXXX.X ft/s
82 NSR Delta VX (LV) XXXX. X ft’s
NSR Delta VY (LV) XXXX.X ft/s
NSR Delta VZ (LV) XXXX. X ft/s
83 Delta VX (body) XXXX. X ft/s
Delta VY (body) XXXX. X ft/s
Delta VZ (body) XXXX. X ft/s
84 Delta V next maneuver XXXX. X ft/s
Delta H next maneuver XXXX. X nmi
Delta V 3rd manuever XXXX.X ft/s
85 VGX (body XXXX. X ft/s
VGY (body) XXXX. X ft/s
VGZ (body) XXXX. X ft/s
86 Delta VX (LV) XXXXX. ft/s
Delta VY (LV) XXXXX. ft/s
Delta VZ (LV) XXXXX. ft/s
87 Docked DAP Flag Specification Octal
Channel 5 jets inhibited by Docked DAP Octal
Channel 6 jets inhibited by Docked DAP Octal
88 Celestial body unit vector X XXX
Y XXXXX
Z L, XXXXX

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



89

90

91

92

93

94

95

96

97

98

99

LIST OF NOUNS USED IN PROGRAM SKYLARK

Docked DAP Maneuver rate
Docked DAP Deadband

Rendezvous out of plane parameters

Y (CSM)
YDOT (CSM)
YDOT (Other Vehicle)

Present optics angles
Shaft
Trunnion

New optics angles
Shaft
Trunnion

Delta gyro angles

Alternate LOS
Shaft angle
Trunnion angle

TIG of NC1

Y (CSM)
YDOT (CSM)
YDOT (Other Vehicle)

System test inputs
System test results and input

RSS of position error
RSS of velocity error
RSS option code

CM-13

N M



CODE

00107
00110
00113
00114
00115
00116

00117
00120
00121
00205
00206

00207
00210

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

01301
01407
01426
01427
01520
01600

01601

01703

CM-14

LIST OF ALARM CODES USED WITH V05 N09

FOR PROGRAM SKYLARK

PURPOSE

Star tracker angles out of limits

No mark since last mark reject

No inbits (Channel 16)

Mark made but not desired

Optics torque request with switch not at CMC

Optics switch altered before 15-second ZERO
time elapsed

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

Bad PIPA reading

Zero encode not allowed with coarse align

+ gimbal lock

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

Coarse align error-drive> 2 degrees
PIPA fail but PIPA is not being used
IMU not operating with turn-on request
Program using IMU when turned off
Bad return from Stall routines
IMU not aligned (No REFSMMAT)
Desired 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 Test

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, TARUPT
T4RUPT

T4RUPT

P51, P53

RO2

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

540. 8

P61, P62

P61, P62

V37

Optical Prealignment
Calibration

Optical Prealignment
Calibration

R41



CODE

03777
04777
07777
10777
13777
14777
20430

20607
21204
21206

21210
21302
21501

21502
21521
31104
31201
21202
31203
31211
32000

CM-15

LIST OF ALARM CODES USED WITH V05 N09

FOR PROGRAM SKYLARK

PURPOSE

ICDU fail caused the ISS warning

ICDU, PIPA fails caused the ISS warning
IMU fail caused the ISS warning

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

state vector

No solution from Time-Theta or Time-Radius
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)

Tllegal flashing display

P01 illegally selected

Delay routine busy

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

Illegal interrupt of Extended Verb

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:

R1 — 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
POl
EXECUTIVE
EXECUTIVE
EXECUTIVE
WAITLIST
SXTMARK,
DKJSLECT

Depressing the RSET key on the DSKY will set R1 and R2

to zero, but not affect R3.

* This alarm is displayed without the astronaut having to key in V05 NO9E. An astronaut
DSKY response is required by this alarm.

** This alarm is displayed without the astronaut having to key in V05 NO9E. 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 R1 in conjunction with Flashing
V04 N06/N12 to request the astronaut to load into R2 the option he desired. )

CODE
0001
0002

0004

00024

CODE
00013
00014
00015
00016
00017
00020
00041

00062
00204

NOTES:

PURPOSE
Specify IMU orientation
Specify vehicle

Specify FULTKFLG
setting

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

0 = Rendezvous, (Vecpoint)

1 = Celestial body, (Vecpoint)
2 = Rotate

4 = Rendezvous, (3-axis)

5 = Celestial body, (3-axis)

PROGRAMS
P52, P54
P21, R30, P29

P20

P20

LIST OF CHECKLIST REFERENCE CODES USED WITH V50N25
FOR PROGRAM SKYLARK

ACTION TO BE EFFECTED

Key in coarse align option
Key in fine alignment option
Perform celestial body
acquisition

Key in Terminate Mark
sequence

Perform MINKEY rendezvous
sequence

Perform MINKEY PC

pulse torquing

Switch CM/SM separation
to UP

Key in AGC power down
Key in SPS gimbal trim
test option

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 FW8 B5 NCINTFLG FWo B2
ASTNFLAG FW7 B12 NCLPFLG FW1 B9
ATTCHFLG FW7 B2 NC12FLG FWo B5
AUTOSEQ FW10 B7 NEEDLFLG FWo B9
AVEGFLAG FW1 B1 NEWIFLG FwW8 B13
AVEMIDSW FW9 Bl NEWTFLAG FW5 B10
AZIMFLAG FWwWi1 B8 NJETSFLG FwW1 B15
CALCMAN2 Fw2 B2 NODOFLAG FwW2 B1
CMDAPARM FWeé B12 NODOPO1 FW1 B12
CM/DSTBY FWé B2 NORMSW FW7 B10
COGAFLAG FW8 B4 NOSWITCH FWé B7
CULTFLAG FW3 B7 NOUNFLG FW11 B10
CYCLFLAG FWi11 Bl11 NRMIDFLG Fw4 B13
CYC61FLG FWo B4 NRMNVFLG Fw4 B8
DAPBIT1 FWé B15 NRUPTFLG FwW4 B4
DAPBIT2 FW6 Bl14 NWAITFLG FwW4 B10
DIMOFLAG FW3 Bl N220RN17 FW9 B6
DRIFTFLG FW2 B15 N77FLAG FW11 B9
DSKYFLAG FW5 B15 ORDERSW FW8 B6
EGSW FWé B8 PCFLAG FW10 B1
ENG2FLAG FwWi1 Bl11 PCMANFLG FW10 B15
ENGONFLG FW5 B7 PDSPFLAG FW4 B12
ENTRYDSP FwWé B13 PFRATFLG FwW2 B4
ERADFLAG FwW1 B13 PINBRFLG FW4 B6
ETPIFLAG FW2 B7 POOFLAG FW3 B9
EXTRANGE FW10 B9 PRECIFLG FW3 B8
FINALFLG FW2 B6 PRIODFLG FwW4 Bl4
FIRSTFLG Fw2 B7 PRONVFLG FW4 B7
FIXFLAG FW11 B7 PTVI3FLG FW10 B4
FREEFLAG FWo B3 P21FLAG FwW2 B12
FULTKFLG FW10 B2 P25FLAG FW11 B4
GAMDIFSW FWeé B1l1 P29FLAG FWo B1
GLOKFAIL FW3 B14 P35FLAG FW10 B8
GONEBY FW17 B8 P48FLAG FW11 B5
GONEPAST FWé6 B10 P50FLAG FWo B10
GRRBKFLG FW5 B5 QUITFLAG FW9 B5
GUESSW FW1 B2 REFSMFLG FwW3 B13
GYMDIFSW FWeé Bl REINTFLG FwW10 B13
HDSUPFLG FW10 Bl1 REJCTFLG FW10 B12
HIND FWé6 B6 RELVELSW FWe6 B9
IDLEFAIL FW1 B6 RENDWFLG FW5 B1
IGNFLAG FW7 B13 REVFLAG FW2 B5
IMPULSW Fw2 B9 RNDVZFLG FWO0 B7
IMUSE FWo B8 RVSW FW7 B9
INCORFLG FW5 Bl1 R21MARK FW2 Bl4
INFINFLG FWs8 B7 R22CAFLG FW9 B7
INRLSW FWé B5 R27FLAG FW11 B12
INTFLAG FW10 Bl4 R27UP1 Fwil B1
INTYPFLG FW3 B4 R27UP2 FWi11 B2
ITERFLG FwW2 B13 R31FLAG FwW9 B4
ITSWICH FW7 Bl4 R53FLAG FWo B6
JSWITCH FWO0 B14 R67TFLAG FW8 B2
LATSW FW6 B4 SBFLAG Fw2 B3
MANEUFLG FW10 B5 SKIPVHF FwW2 B10
MARKFLG FW1 B4 SLOPESW FW1 B3
MAXDBFLG FW9 B12 SNAPFLAG FwWi11 B6
MID1FLAG FW9 B3 SOLNSW FW5 B3
MIDAVFLG FW9 B2 SOURCFLG FW9 B8
MKOVFLAG FwW4 B3 STATEFLG FW3 B5
MRKIDFLG FwW4 B15 STEERSW Fw2 Bl1
MRKNVFLG FwW4 B9 STIKFLAG FwWi1 B14
MRUPTFLG FW4 B5

MWAITFLG FWwW4 Bl1



STRULLSW
SWTOVER
TARG1FLG
TCOMPFLG
TDFLAG
TERMIFLG
TFFSW
TIMRFLAG
TPIMNFLG
TRACKFLG
UPDATFLG
UPLOCKFL
UTFLAG
VEHUPFLG
VERIFLAG
VFLAG

FLAGWORD BIT ASSIGNMENTS(ALPHABETICAL)

FWeé
FW9
FwW1
FW10
FW11
FW17
FW7
FW7
FW10
FW1
FW1
FW7
Fws
FW1
FW17
FW3

B13
B15
B10
B6
B3
B15

Bl11
B3
B5
B7
B4
B9
B8
B3
B10

CM-18

FOR SKYLARK

VHFRFLAG
VINTFLAG
VNFLAG
V3TFLAG
V50N18FL
V960ONFLG
XDELVFLG
XDSPFLAG
. 05GSW
360SW
3AXISFLG
45/46FLG
500%*FLG
501**FLG

FW9
FwW3
Fw4
FW7
FW3
FW8
Fw2
Fwa
FWé
Fws
FW5
Fw3
FW3
FwW3

B9

B2
B6
B15
B3
B8
Bl
B3
Bl
B6

B12
B11
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FLAGWORD BIT ASSIGNMENTS FOR SKYLARK

(FLAGWORD 0) E Address 74

1
First pass through P29,
Conic integration.
(Temporary flag used in many routines. )
KALCMANU computes maneuver time.
P32 (NC2) active.
V51 initiated
P20 rendezvous option running.

IMU in use.
Total attitude error displayed.
Bypass 401 alarm check in CALCGA

Integration of W matrix.

(FLAGWORD 1) E Address 75

Bit Name

1 P29FLAG

2 NCINTFLG
3 FREEFLAG
4 CYC61FLG

5 NC12FLG

6 R53FLAG

7 RNDVZFLG

IMUSE

9 NEEDLFLG
10 P50FLAG
11 Not Used
12 Not Used
13 Not Used
14 JSWITCH
15 Not used.
Bit Name

1 AVEGFLAG

2 GUESSW

3 SLOPESW

4 MARKFLG

5 TRACKFLG

6 IDLEFAIL

7 UPDATFLG

VEHUPFLG

9 NCLPFLG
10 TARG1FLG
11 ENG2FLAG
12 NODOPO1
13 ERADFLAG
14 STIKFLAG
15 NJETSFLG

1
AVERAGEG (SERVICER) to continue.

No starting value for iteration exists.
Iterate with bias method in iterator.

Mark accepted. Mark rejected is allowed.
Tracking allowed.

Inhibit R40.

Updating by marks allowed.

CSM state vector being updated.

Computing NSR altitude difference in P31/
P32.

Sighting Other Vehicle
RCS burn.
P01 not allowed.

EARTH-compute Fischer ellipsoid radius.

RHC control or MGA >75° and P20
track inhibited.

Two-jet RCS burn.

0
Subsequent pass through P29.
Precision integration.

KALCMANU executes maneuver.
P31 (NC1) active.
V51 not initiated.

P20 rendezvous option not
running.

IMU not in use.
A/P following error displayed.
Perform 401 alarm check

Integration of state vector.

0

AVERAGEG (SERVICER)
to cease.

Starting value for iteration
exists.

Iterate with Regula Falsi
method in iterator.

No mark reject allowed.
Tracking not allowed.
Enable R40 (engine fail).

Updating by marks not
allowed.

Other Vehicle state vector being updated.

Computing NCC altitude differ-
ence in P31.

Not sighting Other Vehicle
SPS burn.
P01 allowed.

EARTH—use Launch site
radius

AGC control or MGA <75°.

Four-jet RCS burn.
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FLAGWORD BIT ASSIGNMENTS FOR SKYLARK

(FLAGWORD 2) E Address 76

Bit

1
2
3

10

11
12

13

14

15

Name
NODOFLAG
CALCMAN2
SBFLAG

PFRATFLG

REVFLAG

FINALFLG

FIRSTFLG

ETPIFLAG
XDELVFLG

IMPULSW

SKIPVHF

STEERSW
P21FLAG

ITERFLG

R21MARK

DRIFTFLG

; :
V37 not permitted.
Perform maneuver starting procedure.
Perform complex short burn logic.

Preferred attitude computed.
Compute matrix in GET. LVC.

Last pass through rendezvous program
computations.

First pass through S40.9
Elevation angle supplied for P35.
External Delta V VG computation.

Minimum impulse burn (cutoff time
specified).

Disregard radar read because of software
or hardware RESTART.

Steering to be done (P40).

Succeeding pass through P21, use base
vector for calculation.

15 iterations have occurred in ITER.

Rendezvous optics marking enabled.

T3RUPT calls gyro compensation.

(FLAGWORD 3) E Address 77

Bit

1

10

Name
DIMOFLAG
Not used
VINTFLAG

INTYPFLG
STATEFLG

45/46FLG

CULTFLAG
PRECIFLG
POOFLAG

VFLAG

1
W matrix is to be used.

CSM state vector being integrated.

Conic integration.

Permanent state vector being updated.
V45 was last DAP turn on extended verb.

Star occulted.
Precision Integration being done.
Periodic Integration is being done.

Less than two stars in the field of view.

0
V37 permitted.
Bypass starting procedure.

Perform simple short burn
logic if burn <1 sec.

Preferred attitude not
computed.

Compute matrix and vector
in GET. LVC.

Interim pass through
rendezvous program
computations.

Succeeding pass through S40. 9
TPI time supplied for P35.

Lambert AIMPOINT VG
computation.

Steering burn (no cutoff
time yet available).

Radar read to proceed
normally.

Steering omitted (P40).

First pass through P21,
calculate base vector.

15 iterations have not occur-
ed in ITER.

Rendezvous optics marking
disabled.

T3RUPT does no gyro
compensation.

0
W matrix is not to be used.

Other Vehicle state vector bein
integrated.

Encke integration.

Permanent state vector not
being updated.

V46 was last DAP turn on
extended verb.

Star not occulted.
Periodic integration enabled.

Periodic integration is not
being done.

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

(FLAGWORD 3) (Continued)

Bit

11

12

13
14

15

Name
501**FLG

500**FLG

REFSMFLG
GLOKFAIL

V50N18FL

: s

The 501 alarm has been set to indicate not

enough jets uninhibited for some roll ro-
tation wanted by the DAP.

The 500 alarm has been set to indicate not

enough jets uninhibited for some pitch or
yaw rotation wanted by the DAP.

REFSMMAT good.

Desired middle gimbal angle exceeds 60°.

Enable R60 attitude maneuver,

(FLAGWORD 4) E Address 100

Bit

1
2
3

10

11

12

13
14
15

Name
XDSPFLAG
VNFLAG
MKOVFLAG

NRUPTFLG

MRUPTFLG

PINBRFLG

PRONVFLG

NRMNVFLG

MRKNVFLG

NWAITFLG

MWAITFLG

PDSPFLAG

NRMIDFLG
PRIODFLG
MRKIDFLG

1
Mark display not t> be interrupted.
VNFLASH display.
Mark display over normal display.

Normal display interrupted by priority
or mark display.

Mark display interrupted by priority
display.

Astronaut has interferred with
existing display.

Astronaut using keyboard when priority
display initiated.

Astronaut using keyboard when normal
display initiated.

Astronaut using keyboard when mark
display initiated.

Higher priority display operating when
normal display initiated.

Higher priority display operating when
mark display initiated.

Priority display status exists

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

(FLAGWORD 5) E address 101

Bit
1

Name
RENDWFLG

Not used
SOLNSW

Not used
GRRBKFLG

1

W matrix valid for rendezvous navigation.

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

Backup liftoff received.

0

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

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

REFSMMAT no good.

Desired middle gimbal angle
is less than 60°.

Inhibit R60 attitude maneuver,

0
No special mark information.
GOFLASH display.

No mark display over normal
display.

Normal display not interrupted
by priority or mark display.

Mark display not interrupted
by priority display.

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 in ENDIDLE.
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

10
11
12
13
14
15

Name
3AXISFLG

ENGONFLG
Not used
Not used

NEWTFLAG
INCORFLG
Not used
Not used
Not used
DSKYFLAG

Maneuver specified by three axes.

Engine turn on,

New longitude iteration. Skip display.
First incorporation.

Displays sent to DSKY.

(FLAGWORD 6) E Address 102

Bit
1

A G W N

10

1
12

13

14
15

Name
GYMDIFSW

CM/DSTBY
.05GSW
LATSW
INRLSW
HIND

NOSWITCH

EGSW
RELVELSW

GONEPAST

GAMDIFSW
CMDAPARM

ENTRYDSP
STRULLSW

DAPBIT2
DAPBIT1

1
CDU differences and body rates computed.

ENTRY DAP activated.

Drag over 0. 05 g.

Downlift not inhibited.

Initial roll V(LV) attitude not held.
Iterating of HUNTEST calculation to be

done after range prediction,
Lateral roll maneuver inhibited in ENTRY.

In final entry phase.
Targeting uses earth-relative velocity.

Lateral control calculations to be omitted.

Calculate GAMDOT.
Allow ENTRY firings and calculations.

Do ENTRY display via ENTRYVN.
Do Steering burn.
Bl4| 0 1

B15] 0

0
0 1
A/P|Nond RCS|TVC [Saturn

0

Maneuver specified by one
axis (VECPOINT).

Engine turned off.

Display normal.
Second incorporation.

No displays to DSKY.

0

CDU differences and body
rates not computed.

ENTRY DAP not activated.
Drag less than 0.05 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

© 00 =\ O G W

10

11
12

13
14

15

Name
TFFSW
ATTCHFLG

VERIFLAG
UPLOCKFL
Not Assigned
V37FLAG
Not Assigned
GONEBY
RVSW

NORMSW

TIMRFLAG
ASTNFLAG

IGNFLAG
ITSWICH

TERMIFLG

1
Calculate TPERIGEE.

Two vehicles attached. Bit
not tested by program

Changed when V33E occurs at end of P27.
K-K-K fail.

AVERAGEG (SERVICER) running,

Passed target,

Do not compute final state vector in
time-theta.

Unit normal input to Lambert.

CLOKTASK operating.
Astronaut has OKed ignition.

TIG has arrived.
Accept next Lambert TPI search solution.

Terminate R52,

(FLAGWORD 8) E Address 104

Bit

1

10
11
12
13

14
15

Name
360SW

R67FLAG
V960ONFLG

COGAFLAG

APSESW

ORDERSW

INFINFLG

Not used
UTFLAG
Not used
Not used
Not used
NEWIFLG

‘Not used
Not used

 {
Transfer angle near 360 degrees.

R67 rotation active.

P00 integration has been inhibited by V96.
No conic solution, too close to recti-
linear (COGA overflows).

RDESIRED outside of PERICENTER-
APOCENTER range in time-radius.
iterator uses second order minimum mode.
(Never set to 1)

No conic solution (closure through
infinity required).

P20 option 1, 2, or 5 selected.

First pass through integration.

0
Calculate TFF.

Two vehicles not
attached.

No K-K-K fail.

AVERAGEG (SERVICER) off,

Approaching target.

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,

P00 integration is proceeding
regularly.

Conic solution exists, (COGA
does not overflow.

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

Iterator uses first order
standard mode.

Conic solution exists.

P20 option 0 or 4 selected.

Succeeding iteration of
integration.
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FLAGWORD BIT ASSIGNMENTS FOF SKYLARK

(FLAGWORD 9) E Address 105

Bit

1

10
11
12

13
14
15

Name

AVEMIDSW

MIDAVFLG

MID1FLAG

R31FLAG
QUITFLAG
N220RN17

R22CAFLG

SOURCFLG

VHFRFLAG

Not used
Not used
MAXDBFLG

Not used
Not used
SWTOVER

1

AVETOMID calling for W matrix integration.

Do not overwrite RN, VN, PIPTIME,

Integration entered from one of MIDTOAV
portals,

Integrate to TDEC.

R31 selected (V83).

Termimte and exit from integration.
Compute total attitude errors with
respect to N22 (V62).

R22 is processing an optics mark.
Source of input data is from VHF radar.

Allow R22 to accept range data, (V87)

Maximum A/P deadband selected.

Switchover to Low bandwidth filter
has occurred.

(FLAGWORD 10) E Address 106

Bit
1
2

© o = o

10
11
12
13

14
15

Name
PCFLAG
FULTKFLG

TPIMNFLG
PTVI3FLG
MANEUFLG

TCOMPFLG
AUTOSEQ
P35FLAG
EXTRANGE
Not used
HDSUPFLG
REJCTFLG
REINTFLG

INTFLAG
PCMANFLG

1
Plane change maneuver being targeted.
Optics or VHF marks being taken.

TPI targeting complete.
W matrix to be initialized after maneuver.

No mark incorporation since targeting
completed.

- Then + torque.
MINKEY auto-rendezvous.
MCC targeting completed.
R63 range valid

Heads-up tracking attitude.
Reject mark data being processed by R22.
Restartable integration in process,

Integration in process.

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 N17 (V63).

R22 is not processing an
optics mark.

Source of input data is from
optics mark,

Stop acceptance of range
data. (V88)

Minimum A/P deadband
selected.

No switchover has occurred

0
Not plane change targeting.

Optics and VHF marks
being taken,

TPI targeting not complete.
W matrix initialized.
Mark incorporated.

+ then - torque.

Manual rendezvous.

MCC targeting not completed.
R63 range meaningless

Heads-down tracking attitude.
No mark rejected.

No restartable integration
in process.

Integration not in process.
P20 operates normally.
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(FLAGWORD 11) E address 107

Bit
1
2

w

© 00 a9 0 0 A

10
3t
12
13
14
15

Name
R27UP1
R27UP2
TDFLAG

P25FLAG
P48FLAG
SNAPFLAG
FIXFLAG
AZIMFLAG
N77FLAG

NOUNFLG
CYCLFLAG
R27FLAG
Not used
Not used
Not used

: &
1st pass in R27 complete.
2nd pass in R27 complete.

TD angle in R27 has been computed.

Program is P25

Program is P48

Inhibit R22 mark processing.
R27 in optimizing mode.
Three-axis tracking maneuver
Noun 77 update inhibited

Display Noun 77 in P25 and P48
R27 is still processing mark.
Allow R27 call from P20 (V76)

0
1st pass in R27 not complete.
2nd pass in R27 not complete.

TD angle in R27 has not been
computed

Program is not P25.

Program is not P48.

Allow R22 mark processing
R27 not in optimizing mode.
VECPOINT tracking maneuver

Allow current state to be
stored in N77.

Display N76 in P25 and P48
R27 ready for a new mark.
Inhibit R27 in P20 (V77)

IMODESS30, 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
15
14

13
12
11

10

Meaning

Last sampled value of Channel 30 Bit 15 (0 if IMU temperature within limits).
Last sampled value of Channel 30 Bit 14 (0 if ISS has been turned on or commanded to be

turned on)

Last sampled value of Channel 30, Bit 13 (@ if an IMU fail indication has been produced)
Last sampled value of Channel 30 Bit 12 (0 if an IMU CDU fail indication has been produced).
Last sampled value of Channel 30 Bit 11 (0 if an IMU cage command has been produced

by crew).

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

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

Bit used to control the IMU turn-on sequencing.

Bit used to control the IMU turn-on sequencing.

Bit is set to 1 to indicate that IMU initialization is being carried out. No Verb 37 inputs will
be processed while bit is equal to 1 and alarm 015204 is generated.

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

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

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

fail signal.

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

Bit is set to 1 to inhibit generation of an ISS warning based on receipt of a PIPA fail signal
(Bit 13 of Channel 33).
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IMODES33, a flag whose individual bits are used to control the monitoring of functions associated
with Channel 33 (and other items).

E Address 1324
Bit Meaning

15 Not assigned.

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

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

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

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

10-7 Not assigned.
6  Bit is set to 1 to indicate that IMU use for vehicle attitude information should not be attemptad.,

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.
Bit is set to 1 when a Verb 35 ("lamp test") is received, and reset to 0 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 0120g is generated (but computation proceeds).

Not assigned.
Not assigned.

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

6  Not assigned.

5  Last sampled value of Channel 33, Bit 5 (0 if Optics Mode switch is set to CMC). Also may
be value of C31FLWRD, Bit 5 if backup indicator is used,

4  Last sampled value of Channel 33, Bit 4 (0 if Optics Zero switch set to Zero), If Bits 5-4
=11,, the Optics Mode switch has been set to Manual. Also may be value of C31FLWRD,
Bit 4 if backup indicator is used.

3 Bit is set to 1 when the Optics Zero switch is changed to Zero to indicate that zeroing of
the optics is in progress.
If bit is 1, then a switch out of Zero Optics mode will cause alarm 0116g to be generated
(if switched to Manual, a "grace period" of about 5.3 seconds is provided before the optics-
zeroing time counter is reset, during which time a switchback to optics zeroing can be
made). Bit remains 1 for about 16.2 seconds, and is then reset to 0 (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 0. Bit is set and reset at the same time as Bit 3,

1  Not assigned.
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RCSFLAGS, a flag whose individual bits are used in monitoring the RCS/Docked DAP.
E Address 3130.

Bit

Meaning

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

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

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

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

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

If either or both bits have been set to 1, there has been a change in the RHC roll command
since the last DAP cycle. Bit 9 set to 1 to indicate beginning and end of docked DAP auto-
maneuver.

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.

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.

Bit is set to 1 to indicate that the AK values should be updated. Bit is reset to 0 to indicate
that the Needle Drive routine should be processed with the AK values which have been
previously acquired.

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

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

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

Bit is set to 1 to indicate that the initial pass path in the T6 program should not be followed.
Bit is reset to 0 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
0or4 Bits 13, 14, 15 of Channel 31 are valid
1 CMC Control FREE
2 CMC Control HOLD
3 CMC Control AUTO
5 SCS Control FREE
6 SCS Control HOLD
7 SCS Control AUTO
D VALUE
Oor4 Bits 4, 5 of Channel 33 are valid
lor5 Optics Mode CMC
2or6 Optics Mode ZERO
3or7 Optics Mode Manual

C31FLWRD Switch override can be activated by:

V21NO1E
373E
AXXDXE
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DAPDATRI1, a flagword for RCS-CSM DAP interface, E Address 03114

R1 of Noun 46.

Bits 15-13 12-10 9-7 6-4 3-1
[CONFIG | XTAC | XTBD | DB | RATE |
15-13 CONFIG: Configuration
0 No DAP or ENTRY DAP
1 CSM
2 CSM/LM*
3 CSM/SIVB
6 CSM/LM Ascent Stage Only*
12-10 XTAC: X-translation using Quads AC
) No AC
1 Use AC
9-7 XTBD: X-translation using Quads BD
G No BD
1 Use BD
6-4 DB: Deadband

0 + 0.5 degree
1 + 5.0 degrees
3-1 RATE: Response to RHC, automatic maneuvers

0 0.05 degree/second
1 0.2 degree/second
2 0.5 degree/second
3 2.0 degrees/second
* Reference remains in Software Coding. Only CSM/LM Ascent stage
is used for CSM/DM Vehicle configuration.

DAPDATR2, a flagword for RCS-CSM DAP interface. E Address 03115.
R2 of Noun 46.

Bits 15-13 12-10 9-7 6-4 3-1
[AC-Roll | Quad A | QuadB | QuadC| 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

Ty 0  Quad Failed
1 Quad OK
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DAPDATRS3, a flagword for Docked DAP interfaces. E Address 03070.
R1 of Noun 87

Bits 15-13 12-10 9-7 6-4 3-1
[ AC-Roll | XTAC | XIBD | PCTRL [ YCTRL]
AC - Roll 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 two quads for roll

0 BD preferred
1 AC preferred

XTAC X Translation using Quads AC
0 Do not use AC
1 Use AC

XTBD X translation using Quads BD
0 Do not use BD
1 Use BD

PCTRL Pitch Control

Preferred use of pitch torque couple or Z translation force jets

for pitch control.

0 Use torque couple control for pitch
1 Use Z force control for pitch
YCTRL Yaw Control

- Preferred use of yaw torque couple or Y translation force jets

for yaw control

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

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

Bits

8 7 6 5 4 3 2 1
(B4 B3] Da] D3 TA4] A8 ] C4a] C3 |
00200 00100 00040 00020 00010 00004 00002 00001

octal
value
use specified jet

0
1 inhibit specified jet

CH6FAIL, a flag specifying channel 6 jets to be inhibited. E Address 3072
R3 of Noun 87

Bits 8 7 6 5 4 3 2 1
e o A=At s [cDt- 1 B2 1 Bt .
00200 00100 00040 00020 00010 00004 00002 00001

« octal
value

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

INPUT CHANNEL 3

Contains the HIGH ORDER SCALER: 23,3 hours = maximum capacity in increments

of 5,12 seconds.

INPUT CHANNEL 4

Contains the LOW ORDER SCALER: 5.12 seconds = maximum capacity in increments

of 1/3,200 second.

OUTPUT CHANNEL 5

SM COMMAND
JET DESIGNATION TRANS/ROT
M QUAD NO. /CM RING NO. (RCS DAP)
C-3/1-3 +X/+P
C-4/2-4 -X/~P
A-3/2-3 -X/+P
A-4/1-4 +X/-P
D-3/2-5 +X/+Yw
D-4/1-6 -X/-Yw
B-3/1-5 -X/+Yw
B-4/2-6 +X/- Yy

DOCKED DAP

(Torque Couples Only)

+X/+P
-X/-P
-X/+P
+X/-P
+X/+YW
-X/-Yy
-X/+Yw
+X/-Yw

OUTPUT CHANNEL 6

JET DESIGNATION
SM QUAD NO./CM RING NO.

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

SM COMMAND
TRANS/ROT
(RCS DAP)

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

DOCKED DAP
Force Control

+P/+R
-P/-R
-P/+R
+P/-R

L =Yy/+R
+Yg/ -R
+Yy/+R
—Yw/ -R

OUTPUT CHANNEL 11

ISS Warning

Light Computer Activity Lamp
Light Uplink Activity Lamp
Light Temp Caution Lamp
Light Keyboard Release Lamp
Flash Verb and Noun Lamps
Light Operator Error Lamp
Spare

Test Connector Outbit

Caution Reset

Spare

Spare

Engine On/Off (1 - On, 0 - Off)
Spare

Spare

CM COMMAND

+P
-P
+P
-P
Yy
~Yy
+Y;
_YW
w

CM COMMAND

+R

+R
-R

-a

b
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CHANNEL BIT ASSIGNMENTS

OUTPUT CHANNEL 12

BIT g
: 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
¥ Spare
8 TVC Enable
9 Enable SIVB Takeover
10 Zero Optics
431 Disengage Optics DAC
12 Spare
13 Not Used
14 SIVB Cutoff
15 ISS Turn-on Delay Complete
OUTPUT CHANNEL 13
1 Range Unit Select ¢
2 Range Unit Select b
3 Range Unit Select a
4 Range Unit Activity
5 Not Used
6 Block Inlink
7 Downlink Word Order Code Bit
8 Not Used
9 Spare
10 Test Alarms
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.

OUTPUT CHANNEL 14

=
=]

Not Used
Spare

Spare

Spare

Not Used
Gyro Enable
Gyro Select b
Gyro Select a
Gyro Sign (1 = minus)
10 Gyro Activity
15 Drive CDU S
12 Drive CDU T
13 Drive CDU Z
14 Drive CDU Y
15 Drive CDU X

Channel 14 - Gyro Selection
Gyro

Lok WD

HHOO
oMo T
N X!




CM-32

CHANNEL BIT ASSIGNMENTS
INPUT CHANNEL 15

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

6-15 Spares
INPUT CHANNEL 16
BIT
1 Key codes from Navigation DSKY
2 Key codes from Navigation DSKY
3 Key codes from Navigation DSKY
4 Key codes from Navigation DSKY
5 Key codes from Navigation DSKY
6 Mark button
7 Mark Reject button
8-15 Spares
DSKY KEY INPUT KEYCODE
0 10000
5 00001
2 00010
3 00011
4 00100
5 00101
6 00110
y 00111
8 01000
9 01001
VERB 10001
NOUN 11111
ENTER 11100
ERROR RESET 10010
CLEAR 11110
KEY RELEASE 11001
+ 11010
- 11011
INPUT CHANNEL 30
BIT
1 Not Used
2 Not Used
3 Not Used
4 Not Used
5 Liftoff £
6 Guidance Reference Release
7 Optics CDU Fail
8 Spare
9 IMU Operate
10 S/C Control of Saturn
11 IMU Cage
12 IMU CDU Fail
13 IMU Fail
14 ISS Turn-On Request
15 Temperature in Limits
NOTE:

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



CM-33

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
8 + Y Translation
10 - Y Translation
45 4 + Z Translation
12 - Z Translation
‘ 13 Hold Function
14 Free Function
r 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

3 BIT
: 1 + Pitch Minimum Impulse
3 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
3T 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
I Spare
2 Range Unit Data Good
3 Spare
4 Zero Optics
5 CMC Control
6 Not Used
7 Not Used
8 Spare %
9 Spare
10 Block Uplink Input*
11 Uplink Too Fast
12 Downlink Too Fast
13 PIPA Fail
14 AGC Warning
15 AGC Oscillator Alarm
* This bit reads ONE when accept uplink signal is present at interface.
NOTE:

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

INPUT CHANNEL 77 — (RESTART MONITOR)

Parity Fail (E or F)

Parity Fail (E memory)

TC Trap

RUPT Lock

Nightwatchman

Voltage Fail

Counter Fail

Scalar Fail

Scalar Double Frequency Alarm

gedl e abatine g iy Al

. o lald s

i
3
3
:
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P00—-CMC IDLING PROGRAM

Purpose:
1 To maintain the AGC in a condition of readiness for entry into other programs.
2, To update the CSM and Other Vehicle state vectors every four time steps.
Assumptions:
1, This program is automatically selected by V96E, which may be done during any

program, State vector integration is permanently inhibited following V96E. Normal
integration functions will resume after selection of any program or extended verb.
P00 integration will resume when P00 is reselected. Usage of V96 can cause in-
correct W-matrix and state vector synchronization.

2, Program changes are inhibited during integration periods and program alarm 15201_3
will occur if a change is attempted when inhibited.

Sequence of Events:

V37EQ0E
VO06N38E
Optional Display
VO6N38 Time of State Vector Being Integrated 00XXX h
000XX min
0XX.XX s
P01-PRELAUNCH OR SERVICE—INITIALIZATION PROGRAM
Purpose:
1, To initialize the platform for the prelaunch programs.
2, To provide an initial stable member orientation for Gyrocompassing (P02).
Assumptions:
§ 5 Erasable locations have been properly initialized. (Azimuth, +1; Latitude, +1;

LAUNCHAZ, +1; IMU compensation parameters).
Sequence of Events:
V3TEO1E

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 (P01).

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 P01,

Vertical erect for 640 seconds, then gyrocompass,
VT78E Optional entry if launch azimuth change is desired.

Flashing XSM Launch Azimuth XXX, XX deg
VO6N29
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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 P11 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:
3 The astronaut has zeroed the optics just prior to program (P03) selection.
23 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
P03 displayed.
Flashing Target Azimuth XXX, XX deg
VO06N41 Target Elevation ° XX, XXX deg
Target ID 00001

Target 1 coordinates.
V24E. Change azimuth and elevation if desired.

PRO
Flashing Target Azimuth XXX, XX deg
VO06N41 Target Elevation XX, XXX deg
Target ID 00002

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 00016
V50N25

Request terminate Mark sequence,

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

PRO (If mark was satisfactory), and continue.
Optics Mode = CMC
CMC drives optics LOS to Target 2.

Flashing
V51
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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 X XX.XXX deg
VO06N93 In Delta Gyro Angles Y XX.XXX deg
Z XX.XXX deg

Displays Yg)y and Xgypp leveling error and Xgy azimuth error.
V24E to zero Y and X leveling errors.

PRO Torques Z gyro to eliminate azimuth error.
V34E Terminates optical verification and returns to P02.

P06—CMC POWER DOWN PROGRAM

Purpose:
1 To transfer the CMC from the operate to the standby condition.
Assumptions:

1s 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 Checklist Code 00062
V50N25

Power down AGC.

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.
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P11—-EARTH ORBIT INSERTION MONITOR PROGRAM

Purpose:
i = 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 (IU) for steering.

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

Assumptions:

I, 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 P11 does not start

automatically.
P11 displayed — Average G on,
VO6N62 Inertial Velocity Magnitude XXXXX, ft/s
Altitude Rate XXXXX, ft/s
Altitude XXXX. X nmi

Pitch/roll polynomial start at liftoff + 10.30 seconds.
Terminate polynomial at liftoff + 129,55 seconds.
V82E Orbital parameter display.

Flashing Apogee Altitude XXXX, X nmi
V16N44 Perigee Altitude XXXX, X nmi
TFF XXbXX min/s
PRO
V3TEOOE

Average G off. P00 is selected.

V46E While in P11 will terminate polynomial computations and enable the RHC to steer the
Saturn vehicle through the AGC interface.
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P20 — UNIVERSAL TRACKING

Purpose:

1, Control CSM attitude/optics or attitude rates depending on which of the following
five options is selected.

Option 0 — Point a specified S/C vector along the LOS to the Other Vehicle without
constraining rotation about the vector (VECPOINT). This option is
used to acquire the Other Vehicle 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 Other Vehicle while
constraining rotation about the vector (three-axis). This option is
used to acquire the Other Vehicle 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 Other Vehicle or CSM State vector on the basis of optical tracking data
and/or VHF range data (Options 0 and 4 only). Update the CSM and Other
Vehicle State Vectors every four time steps (Options 1, 2, and 5 only).

Assumptions:

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

2. The Other Vehicle optical beacon is visible to the CSM. (Options.0 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, which are used to update either state vector. The counters
are zeroed by W-matrix initialization and by a fresh start.

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

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

Sequence of Events:

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

V37TE20E
Flashing Option ID Code 00024
V04N06  Tracking Option Code 0000X
V22E to Load desired option: 0 = Rendezvous (VECPOINT)
1 = Celestial body (VECPOINT)
2 = Rotation (PTC/ORB rate)
4 = Rendezvous (Three-axis)
5 = Celestial body (Three-axis)
(Option 4 assumed for MINKEY rendezvous)
PRO
Flashing Yaw Angle (y) XXX, XX deg
VO6N78 Pitch Angle (o) XXX, XX deg
Azimuth Constraint (OMICRON) XXX, XX deg

V25E to Load the desired coordinates.
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P20 (continued)

v, 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 thenew +Y axis.

— 0 o
COAS pointing = 0°,0 ‘ optin 0,4 B
Optics pointing = 0°, -35° ' 4
Hds dn L.V, = 0°, 9¢° { option 1,5
Hds up L.V = 0°, 270°
OA Z.L,V. = 90°, 305°
OA SI = 90°, 125°

(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.

0° = Apex forward/heads up L.V
180° = Apex forward/heads down L.V

180° = OAZ L.V.
180° + e = Solar Inertial

Ny, is the OA X axis out-of-plane angle
PRO

Flashing Desired Rate (Option 2 only) X, XXXX deg/s
VO06N79  Desired Deadband XXX, XX deg

V24E to Load desired rate and deadband.
PRO to appropriate option

CELESTIAL BODY TRACK (Option 1 or 5)

Flashing
VO1N70 Star ID Code 000XX

V21E to load desired Star Code.
PRO If Star Code # 00, Go to MANEUVER

Flashing Unit position vector X XXX
VO6N88 of desired planet Y JXXXXX
«» XXXXX
V25E to load position vector,
PRO to MANEUVER
ROTATION (Option 2)
Flashing GET at which rotation 00XXX h
VO6N34 maneuver is to start 000XX min
0XX.XX 8

V25E to load desired GET (all 0's specify present time)
PRO to TERMINATE (rotation will commence at specified GET). Selection of P21, P27, P29,
P30, P52, or P54 will not stop rotation.
RENDEZVOUS (Option 0:or 4)
MANEUVER
Note: P20 (R61) will maintain tracking attitude computations, If the attitude error
becomes greater than 10 degrees, the astronaut will be alerted by:
UPLINK ACTY light on,

If the tracking attitude error is less than 10 degress, proceed to the appropriate
marking sequence.
The attitude error is defined as:

P20 Option 0 & 1~ Angular error between the vehicle pointing axis and

the LOS to the target with no angular constraint about
the pointing vector.
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P20 (continued)

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

V58E
Request automaneuver execution.
Flashing Desired FDAI angles for OG(R) XXX, XX deg
V50N18 automaneuver IG (P) XXX. XX deg
MG (Y) XXX, XX deg
PRO

VO6N18 Maneuver in progress
Flashing
V50N18 Maneuver Complete

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 0 or 4)

If MINKEY controller active, VHF marking is initiated automatically when the range
is within 327.67 nmi.

V8TE 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 V8T7E to reenable.

BACKUP COAS MARKING (Option 0 or 4)
V54E Calls the backup sighting mark routine,

Flashing Optics angle coordinates Shaft XXX, XX deg
VO06N94 for alternate LOS (COAS) Trunnion XX. XXX deg

V24E to load coordinates.

COAS LOS coordinates can be determined by sighting on a boresight star and using
P52 to compute the desired optics angles to acquire the star in the SXT field.

PRO

Flashing MARK Counter (VHF - Optics) XXbXX
V53N45 TFI of Next Burn XXbXX min/s
MGA at TIG XXX, XX deg

TFI and MGA are computed by
targeting program, if running.
ENTER Used for marking with COAS, VB86E 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 astronaut receives a display of the data for approval/disapproval.

Flashing Delta R XXX, XX nmi
VO6N49  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



CM-42

P21-GROUND TRACK DETERMINATION PROGRAM

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

Assumptions:

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

2. Vehicle whose ground track parameters are calculated to remain in freefall from the

present time until T Lat Long.

Sequence of Events:

V37E21E
Flashing Option Code (specify vehicle) 00002
V04NO06
Vehicle Code (1—CSM, 2-— Other Vehicle) 00001
CSM is assumed; if Other Vehicle is desired, V22E2E
PRO
Flashing Time Lat/Long 00XXX. h
VO6N34 000XX. min
0XX.XX s
V25E. Key in time at which vehicle position is desired.
Time = 0 specifies present time.
PRO
Flashing Latitude of Vehicle XXX.XX deg (+ north)
VO06N43 Longitude of Vehicle XXX, XX deg (+ east)
Altitude Above Launch Pad XXXX.X nmi
V32E recycles to Flashing VO6N34 for new display.
VO6NT3E Optional Display
Flashing Altitude XXXXXb nmi
VO6N73 Velocity XXXXX. ft/s
Flight Path Angle XXX. XX deg
KEY REL
Flashing Same as N43 above
VO6N43
PRO
Flashing Select New Program.

V317
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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:

V3TE25E
Flashing Time at which range 00XXX h
VO6NT72 Rate will be optimized 000XX min
0XX.XX s
V25E to load desired GET (all 0's specify no optimization desired)
PRO if 0's entered go to V16N77 display.
Flashing VHF Range XXX. XX nmi
V16N76 Range Rate XXXX. X ft/s
Time to optimization XXbXX min/s
PRO
Flashing VHF Range XXX. XX nmi
V16N77 Range Rate XXXX. X ft/s
Theta/PHI/Code -00001
PRO V32E Recycle to N72 display
Flashing Select new program

V37
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P27—AGC UPDATE PROGRAM

Purpose:

) 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:
15 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).

Ce 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).

24 Update is allowed in the CSM when the AGC is in P00, P02 or P20 (Options 1,
2 or 5), and if the DSKY is available,

s. The UPTEL Accept/Block switch must be in Accept for telemetry update.

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

Sequence of Events:
Select P00 if P00, P02, P20 (Options 1, 2, or 5) not selected.
Up Telemetry switch— Accept Enable Uplink.

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

Returns to program selected prior to P27 update
Up Telemetry switch— Block  Disable uplink,
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P29-TIME OF LONGITUDE

Purpose:
1. To provide the astronaut with an estimated time of passage over a selected
longitude.
Assumptions:
p % This program may be selected while the CSM is in earth orbit to
find the time of longitude of either the CSM or the Other Vehicle.
2, This program assumes the vehicle whose ground track parameters are

calculated remains in freefall from the selected start time until the time
of longitude crossing.

Sequence of Events:

V3TE29E
Flashing Option ID Code 00002
V04N06 Vehicle Option (1—CSM, 2— Other Vehicle) 0000X
V22E to load desired vehicle code.
PRO
Flashing GET at which AGC 00XXX h
V06N34 begins search (all 0's 000XX min
for present time) 0XX.XX s
V25E to load desired time,
PRO
Flashing Desired Longitude (R2) XXX, XX deg
VO6N43
V22E to load desired longitude.
PRO
Flashing Time of longitude crossing 00XXX h
VO6N34 by specified vehicle 000XX min
0XX.XX s
PRO
V32E to previous flashing V06N43 to change longitude,
Flashing Latitude at Longitude Crossing XXX, XX deg
V06N43 Longitude Specified XXX.XX deg
Altitude of Vehicle at Longitude Crossing XXXX. X nmi
PRO V32E to Flashing V04N06 to recycle.
Flashing

V37 Select New Program
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P30—EXTERNAL DELTA V PROGRAM

Purpose:
i 5, 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 AV along CSM local
vertical axes at TIG.
Assumptions:
1. Target parameters (TIG and AV (LV) ) may have been loaded from the ground

during a prior execution of P27,

24 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:

V3TE30E
Flashing Ground Elapsed Time of Ignition (TIG) 00XXX. h
VO06N33 000XX. min
0XX.XX 8
V25E to load desired TIG.
PRO
Flashing Impulsive Delta V at TIG X XXXX.X ft/s
VO06N81 in Local Vertical Coordinates Y XXXX.X ft/s
Z XXXX.X ft/s
V25E to load desired Delta V,
PRO
Flashing Apogee Altitude XXXX.X nmi
VO06N42 Perigee Altitude XXXX, X nmi
Magnitude of Delta V at TIG XXXX, X ft/s
PRO
Flashing Mark Counter (VHF — Optics) XX bXX marks
V16N45 Time from Ignition (TFI) XXbXX min/s
Middle Gimbal Angle at TIG with XXX, XX deg

Vehicle +X Axis in Direction of Thrust

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

PRO

Flashing Select New Program
V37
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P31—-NC1 TARGETING

Purpose:

1y To calculate the parameters associated with the NC1 for Delta V burns.

2, To store the NC1 target parameters for use by the desired thrusting program.
Assumptions:

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

2% The NC1, 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 NC1 and NC2 maneuvers and the NC2 and NCC
maneuvers are indirectly specified byspecifying the number of
1/2 revolutions involved in the transfers between the maneuvers.

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

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

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

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

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

Sequence of Events:
If entered automatically by MINKEY controller, go to MANEUVER.
V37E31E
Note: If P20 rendezvous option is not running, P20 Option 4 is activated now.

Flashing MINKEY Rendezvous Option
V50N25 Checklist Code 00017

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

MANEUVER

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

UPLINK ACTY light on
If the tracking attitude error is less than 10 degrees, proceed to TARGETING.
The attitude error is defined as:

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
Request automaneuver execution.
Flashing Desired FDAI angles for OG(R) XXX.XX deg
V50N18 automaneuver IG (P) XXX, XX deg

MG (¥) XXX.XX deg
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P31 (continued)

PRO
VO06N18 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 NC1 Ignition TIG (NC1) 00XXX h
VO6N95 000XX min
0XX.XX s
V25E to load desired TIG.
PRO
Flashing No. of 1/2 Revs (NC1/NC2) 0000X
VO6N57 A Altitude (NCC) XXXX., X nmi
A Altitude (NSR) XXXX, X nmi
PRO
Flashing GET of TPI Ignition TIG (TP]) 00XXX h
VO6N37 000XX min
0XX.XX s
V25E to modify TIG.
PRO
Flashing Mark Counter (VHF-Optics) XXbXX
V16N45  Time from Ignition TFI (NC1) XX bXX min/s
MGA -00001

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

PRO Sets Final flag to execute final pass through program

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

Alarm Codes 00600 through 00603 may occur. If an alarm occurs, V32E recycles
to VO6N95 where the input parameters may be adjusted for a new solution.

Flashing Delta V (NC2) XXXX. X ft/s
VO6N84 Delta altitude (NC2) XXXX. X nmi
Delta V (NCC) XXXX.X ft/s
PRO
Flashing Delta V at TIG (NC1) X XXXX.X ft/s
VO06NS81 In Local Vertical Coordinates 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
V16N45 TFI (NC1) XXbXX min/s
MGA XXX, XX deg

MGA will be the MGA at TIG (NC1). 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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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 Other Vehicle is selected
to be a prescribed angle (E) from the horizontal plane defined at the active position.

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

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

4, The following time constraints apply:

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

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

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

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

8. The external Delta V flag is set during this programto 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.

V3TE32E

Note: If P20 rendezvous op'tion is not running, P20 Option 4 is activated now.

PRO

Flashing MINKEY Rendezvous Option
V50N25 Checklist Code 00017

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

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

Request automaneuver execution,

Flashing Desired FDAI angles for OG(R) XXX.XX deg
V50N18 automaneuver 1IG (P) XXX.XX deg
MG(Y) XXX.XX deg
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P32 (continued)

PRO
VO6N18 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) 00XXX h
VO06N28 000XX min
0XX.XX s
V25E to load desired TIG.
PRO
Flashing Blank
VO06N57 Delta altitude (NCC) XXXX,.X nmi
Delta altitude (NSR) XXXX, X nmi
V25E to load desired data,
PRO
Flashing GET of TPI Ignition TIG (TPI) 00XXX h
VO06N37 000XX min
0XX.XX s
V25E to load desired TIG.
PRO
Flashing Mark Counter (VHF — Optics) XXbXX
V16N45 Time from Ignition TFI (NC2) XXbXX min/s
MGA -00001

Mark Countzr 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.
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
VO06N28 where the input parameters may be adjusted for a new solution.

Flashing Delta velocity (NCC) XXXX.X ft/s
VO06N84  Delta altitude (NCC) XXXX.X nmi
Delta velocity (NSR) XXXX. X ft/s
PRO
Flashing Delta V at TIG (NC2) X XXXX.X ft/s
VO06N81 In Local Vertical Coordinates b4 XXXX.X ft/s
A XXXX.X ft/s
V25E to modify Delta V
PRO )
If Final flag is reset, go to previous Flashing V16N45,
Flashing Mark Counter (VHF — Optics) XX bXX
V16N45 TFI (NC2) XXbXX min/s
MGA XXX, XX deg

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:

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

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

b. The NCC and NSR maneuvers were assumed to be parallel to the plane
of the Other Vehicle orbit. However, the 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,
V3TE33E

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:

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
Request automaneuver execution,
Flashing Desired FDAI angles for OGR) XXX.XX deg
V50N18 automaneuver IG P) XXX.XX deg
MG (Y) XXX.XX deg
PRO

VO6N18 Maneuver in progress
If MINKEY sequence, go to TARGETING when maneuver is completed.

Flashing Maneuver Complete (manual sequence)
V50N18

ENTER Terminate automaneuver routine, go to TARGETING
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P33 (continued)

TARGETING
Flashing GET of NCC Ignition TIG (NCC) 00XXX h
VO6N11 000XX min
0XX.XX s
V25E to correct desired TIG.
PRO
Flashing GET of NSR Ignition TIG (NSR) 00XXX h
VO6N13 000XX min
0XX.XX s
V25E to correct desired TIG.
PRO
Flashing GET of TPI Ignition TIG (TPI) 00XXX h
VO6N37 000XX min
0XX.XX s
V25E to correct desired TIG.
PRO
Flashing Mark Counter (VHF — Optics) XX bXX
V16N45 Time from Ignition TFI (NCC) XX bXX min/s
MGA -00001

Mark counter is 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 is desired.
If an Alarm occurs, a V32E may be used to recycle to VO6N11 and readjust TIG.

PRO

Flashing Delta V at TIG (NSR) X  XXXX.X ft/s
VO06N82 In Local Vertical Coordinates Y XXX, X #t/s
Z XXXX.X ft/s
PRO
Flashing Delta V at TIG (NCC) X XXX Xft/s
VO6N81 in Local Vertical Coordinates 3 XXXX. X ft/s
z XXXX.X ft/s
PRO If Final flag is reset go to previous Flashing V16N45,
Flashing Mark Counter (VHF — Optics) XX bXX
V16N45 TFI (NCC) XX b XX min/s
MGA (NCC) XXX, XX deg

MGA will be the MGA at TIG (NCC). 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 210 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 NC1 (P31), NC2 (P32),
and NCC (P33) targeting programs.
Therefore:

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

b. The NSR maneuver is assumed to be parallel to the plane of
the Other Vehicle orbit. However out-of-plane parameters are
computed for TIG (NSR) and are available by keying VO6N9OE
at flashing V16N45 after a computation cycle. In addition 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 automatically by the MINKEY
controller.

Sequence of Events:

If entered automatically by MINKEY controller, go to MANEUVER.

V3TE34E
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:
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
Request autc ver tion
Flashing Desired FDAI angles for OGR) XXX.XX deg
V50N18 automaneuver IG P) XXX.XX deg
MG (Y) XXX.XX deg
PRO

VO6N18 Maneuver in progress
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P34 (continued)

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

Flashing Maneuver Complete (manual sequence)
V50N18

ENTER Terminate automaneuver routine, go to TARGETING

TARGETING
Flashing GET of NSR Ignition TIG (NSR) 00XXX h
VO6N13 000XX min
0XX.XX s
V25E to correct desired TIG.
PRO
Flashing Mark Counter (VHF - Optics) XXbXX
V16N45 TFI (NSR) XXbXX min/s
MGA at TIG (NSR) -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.

If an alarm 611 occurs, a V32E may be used to recycle to VO6N13 and
readjust TIG.

Flashing Delta altitude (NSR) XXXX. X nmi
VO6NT75 Delta Time (TPI-NSR) XXbXX min/s
Delta Time (TPI-NOMTPI) XXbXX min/s

PRO
Flashing Delta V at TIG (NSR) in X XXXX.X ft/s
VO6NS81 Local Vertical Coordinates Y XOX.Xt/s
Z XXXX.X ft/s

V25E to modify Delta V.

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

Flashing Mark Counter (VHF - Optics) XXbXX
V16N45 TFI (NSR) XXbXX min/s
MGA XXX, XX deg

MGA will be the expected MGA at TIG (NSR). 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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P35—~CSM TRANSFER PHASE INITIATION (TPI)
TARGETING PROGRAM

Purpose:

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

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

b. Central angle of transfer (CENTANG) from TIG (TPI) to intercept time
(TIG(TPF) ).
2, To calculate TIG (TPI) given E or E given TIG (TPI).
3. To store the TPI target parameters for use by the desired thrusting program.

Assumptions:

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

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

3. Once the parameters required for computation of the maneuver have been completely

specified, the value of the active vehicle central angle of transfer is computed and
stored. This number will be available for display to the astronaut through the use of
V06 N52.

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

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

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

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

7. The Delta V in LOS coordinates is available in N59,
8. This program may be selected manually or internally by the MINKEY controller.
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P35 (continued)

Sequence of Events:

If entered automatically by MINKEY controller, go to MANEUVER,
V3TE35E

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:

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
Request automaneuver execution.
Flashing Desired FDAI angles for OGR) XXX.XX deg
V50N18 automaneuver IG (P) XXX,XX deg
MG (Y) XXX, XX deg
PRO

VO06N18 Maneuver in progress
If MINKEY sequence, go to TARGETING when maneuver is completed,

Flashing Maneuver Complete (manual sequence)
V50N18

ENTER Terminate automaneuver routine, go to TARGETING.

TARGETING
Flashing GET of TPI Ignition TIG (TPI) 00XXX h
VO6N37 000XX min

0XX.XX s
V25E to correct desired TIG.

PRO
Flashing Number of Precision Offsets 0000X
VO06N55 Elevation Angle XXX, XX deg

V24E to load desired data.

Number of precision offsets is an integration code where X = 0 specifies integration of a
conic trajectory to generate the target vector and X # 0 specifies precision integration to
generate the target vector.

Elevation angle is the angle between the CSM/Other Vehicle LOS and the CSM local horiz-
ontal at TIG (TPI). E should = +00000 if E is to be computed at TIG specified.

4.
1
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P35 (continued)

PRO
Flashing Mark Counter (VHF — Optics) XXbXX
V16N45 TFI (TPI) XXbXX min/s
MGA at TIG (TPI) -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
VO06N55 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 #0.

Flashing Time of Ignition for Specified 00XXX h
VO6N37 Elevation Angle TIG (TPI) 000XX min
0XX.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

Flashing Delta V Required for TPI XXXX. X ft/s
VO6N58 Delta V Required for TPF XXXX. X ft/s
Delta time (TPI-NOMTPI) XXbXX min/s
PRO
Flashing Delta V at TIG (TPI) in X XXXX.X ft/s
VO06N81 Local Vertical Coordinates Y XXXX.Xft/s
Z XXXX.Xft/s
Optional Display N59E
V16N59 Delta Velocity X (LOS) XXXX. X ft/s
Delta Velocity Y (LOS) XXXX. X ft/s
Delta Velocity Z (LOS) XXXX. X ft/s
KEY REL to Flashing VO6N81
PRO If Final flag is reset, go to previous Flashing V16N45.
Flashing Mark Counter (VHF — Optics) XXbXX
V16N45  TFI (TPI) XXbXX min/s
MGA XXX.XX deg

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

PRO

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

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

Flashing
V37 Select New Program (manual sequence)
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P36—CSM TRANSFER PHASE MIDCOURSE (TPM)
TARGETING PROGRAM

Purpose:

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

Assumptions:

X5 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,

24 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.

S, 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.
V3TE36E
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 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
Request automaneuver execution.
Flashing Desired FDAI angles for OGR) XXX, XX deg
V50N18 automaneuver IGP) XXX, XX deg

MG (Y) XXX, XX deg
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P36 (continued)

PRO
VO06N18 Maneuver in progress
If MINKEY sequence, go to TARGETING when maneuver is completed.

Flashing Maneuver Complete (manual sequence)
V50N18

ENTER Terminates automaneuver routine, go to TARGETING.

TARGETING
Flashing Mark Counters (VHF—Optics) XX bXX
V16N45  TFI (TPM) XXbXX min/s

MGA -00001

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.

Flashing  Delta V at TIG (TPM) X XXXX.X ft/s
VO06N59 in LOS Coordinates ¥y XXXX.Xi/s
VA XXXX.X ft/s

V25E to modify Delta V
PRO If Final flag is reset, go to previous Flashing V16N45.

Flashing Mark Counter (VHF — Optics) XXbXX
V16N45 TFI (TPM) XXbXX min/s
MGA 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:
b i To establish X-axis tracking (P20, with UTPIT and UTYAW = 0 deg.)
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.
V3TE3TE
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 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
Request automaneuver execution.
Flashing Desired FDAI angles for OGR) XXX.XX deg
V50N18 automaneuver IGP) XXX.XX deg
MG (Y) XXX.XX deg
PRO

VO6N18 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 Range XXX, XX nmi
V16N54 Range Rate XXXX. X ft/s

Theta XXX, XX deg
PRO If manual sequence, go to Flashing V37,
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 programis 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., This 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 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
Request automaneuver execution,
Flashing Desired FDAI angles for OG[R) XXX.XX deg
V50N18 automaneuver IGP) XXX.XX deg
MG (Y) XXX.XX deg
PRO

VO06N18 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.



CM-62

P38 (continued)

TARGETING
Flashing Time of Ignition (last maneuver) 00XXX, h
VO6N39 000XX, min
0XX.XX s
V25E to modify TIG.
PRO
Flashing GET of PC Ignition TIG (PC) 00XXX h
VO6N33 000XX min
0XX.XX s
V25E to modify TIG.
PRO
Flashing Mark Counter (VHF—Optics) XX bXX
V16N45 Time from Ignition TFI (PC) XX bXX min/s
MGA -00001

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

Flashing Delta V at TIG (PC) X XXXX, X ft/s
VO6N81 In Local Vertical Coordinates Y XXXX.X ft/s
Z XXXX. X ft/s
V25E to modify Delta V.
PRO If Final flag is reset, go to previous Flashing V16N45,
Flashing Mark Counter (VHF-Optics) XXbXX
V16N45 TFI (PC) XXbXX min/s
MGA XXX, XX deg

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

PRO If Manual Sequence, go to Flashing V37,
If MINKEY controller is active, W-matrix reinitialization is performed and Delta V
(N81) magnitude is tested:

If DV magnitude = 0, MINKEY initiates Flashing V37.

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

Note: Crew may elect to perform a Y-axis RCS burn, if the Delta V is small, to bypass
realigning the IMU. This option is available in P52 (PC Realign), If the IMU is
reoriented for a PC maneuver, it is returned to its original orientation by P52
as controlled by the MINKEY sequencer,

Flashing
V37 Select New Program (manual sequence).

:
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Purpose:
1,

2.

3.
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P40-SPS PROGRAM

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.

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

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

b. A new orientation achieved by selection of P52,

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

Assumptions:

1.

2.

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

The required steering equations are identified by the prior prethrust program,

which either set or reset the external Delta V steering flag. For external Delta V
steering, VG is calculated once for the specified time of ignition. Thereafter,

both during thrusting and until the crew notifies the AGC trim thrusting has been
completed, the AGC updates VG only as a result of compensated accelerometer inputs.

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

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

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

The SPS thrusting program doe s 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, aad FDAI attitude error needle
commands until the AGC solution indicates Engine Off at which time these commands
and the Engine On discrete are terminated. However, this program is not written

to take into account the situation where control may be taken away from the GNCS
and then given back, and it is not recommended. In event control is taken away
from the GNCS, the AGC will only be responsible for computation of position and
velocity.

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 VO6NS1E.

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

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

V3T7E40E

Flashing Desired FDAI Angles for OG(R) XXX, XX deg
V50N18 Automaneuver IG(P) XXX, XX deg

Request maneuver to computed burn attitude.



PRO
VO06N18

CM-64

P40 (continued)

Same as N18 above,

Maneuver is in process; final FDAI angles displayed.

Flashing
V50N18

Same as N18 above,
Automaneuver is completed.

SCS-GDC aligned to IMU for backup attitude reference.
SPS gimbal drive motors energized.

S/C Control to SCS; SPS servo check and manual drive check performed.

S/C Control to CMC.

PRO
Flashing Same as N18 above,
V50N18 Vehicle is trimmed to burn attitude.
ENTER
Flashing Gimbal Slew Test Option
V50N25 Checklist Code 00204
PRO SlewsSPS gimbal + 2 degre=s; ENTER — Bypasses gimbal slew test.
SPS gimbals commanded to trim angles (P, Y)
V06N40 Time from Ignition/Cutoff (TFI) XXbXX min/s
Velocity to be Gained (Vg) XXXX. X ft/s
Accumulated Velocity (AV) XXXX. X ft/s

DSKY blanks at TIG -35 seconds, and VO6N40 resumes at TIG -30 seconds.

Average G on,
Ullage initiated with THC if required.

Flashing
V99N40

PRO Ignition approved.

V06N40
Ignition at TIG,

TVC DAP activated.

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

Same as N40 above.

SPS engine cutoff; burn complete.

TVC DAP off,
Flashing Same as N40 above.
V16N40
PRO
Flashing Vg Residuals in Control X XXXX.X ft/s
V16N85 System (body) Coordinatzs Y XXXX.Xft/s
Z XXXX.X ft/s

TRIM Vg residuals with THC if required.

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

Flashing Apocenter Altitude, Ha
V16N44 Pericenter Altitude, Hp
TFF
PRO
Flashing Select New Program
V37
Average G off.

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

4 e ad o i i



CM-65

P41—-RCS PROGRAM

Purpose:

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

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

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

b. A new orientation achieved by selection of P52,
3. Provide suitable displays for manual execution of the thrusting maneuver.
Assumptions:

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

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

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

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

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

5. The value of Delta V required will be stored in the local vertical coordinate
system and is available during this program until Average G turn-on by keying in
VO6NS1E,

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

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

V3TE41E
Flashing Desired FDAI Angles OG(R) XXX.XX deg
V50N18 IG(P) XXX.XX deg
MG(Y) XXX.XX deg

Request maneuver to computed burn attitude.
PRO
VO6N18 Same as N18 above.
Automaneuver in process; final FDAI angles displayed.
Flashing Same as N18 above. Maneuver is complete,

V50N18
ENTER
V16N85 Velocity to be Gained in Control X XXXX. X ft/s
System (body) Coordinates (Vg) b4 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 signifies 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
V3T (Manual Sequence)y
V82E Request Orbital Parameter display.
Flashing Apocenter Altitude XXXX. X ft/s
V16N44 Pericenter Altitude XXXX. X ft/s

TFF XXbXX min/s

PRO
Flashing Select New Program.
V37

Average G off,

P47—THRUST MONITOR PROGRAM

Purpose:
6 £ To monitor vehicle acceleration during a non-GNCS-controlled thrusting maneuver.
2, To display the Delta V applied to the vehicle by this thrusting maneuver.
Assumptions:

1, This program can be used during rendezvous final phase. If the crew desires to
do any final phase thrusting maneuvers automatically under GNCS control, they must
be accomplished via selection of the Transfer Phase Initiation (TPI) program (P35)
and then the SPS Thrusting program (P40) or the RCS Thrusting program (P41).

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

3. Range, Range Rate and PHI may be displayed during this program bv calling the

Rendezvous Parameter Display routine No. 2 (R34) 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
in V82E.
6. This program should be turned on just prior to the planned thrusting maneuver and

terminated as soon as possible following the maneuver in order to keep errors of bias
and AVERAGE G at a minimum,

Sequence of Events:

V3TE47E
Average G On
Flashing Delta V Accumulated in Control X XXXX, X ft/s
V16N83 Coordinate System Y XXXX, X ft/s
Z XXXX. X ft/s
Display of integrated acceleration during thrusting.
OPTIONAL DISPLAYS
V16N62E
V16N62 Magnitude of Inertial Velocity (VI) XXXXX. ft/s
Rate of Change of Altitude (HDOT) XXXXX. ft/s

Altitude Above Pad Radius (H) XXXX, X nmi

et o o
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P47 (continued)

KEY REL
Flashing Same as N83 above,
V16N83
V83E Rendezvous parameter display at crew option,
Flashing Range of CSM fo Other Vehicle XXX, XX nmi
V16N54 Range Rate XXXX.X ft/s
Angle Between CSM +X Axis and XXX, XX deg
Local Horizontal (Theta)
PRO
V85E  Rendezvous parameter display at crew option,
Flashing Range of CSM to Other Vehicle XXX. XX nmi
V16N53 Range Rate XXXX.X ft/s
Angle Between Optics SLOS and the XXX, XX deg
Local Horizontal (PHI)
PRO
V82E  Orbital parameter display.
Flashing Apocenter Altitude XXXX. X nmi
V16N44 Pericenter Altitude XXXX. X nmi
TFF XXbXX min/s
PRO

Flashing Same as N83 above,
V16N83

PRO

Flashing Select New Program.
V31,

Average G off,

P48 RENDEZVOUS THRUST MONITOR PROGRAM

Purpose:

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

2, To display AGC calculated values of theta.

3. To allow the astronaut to select a time at which the rendezvous range rate will be
optimized. Optimization is then repeated at four minute intervals.
4. To monitor vehicle acceleration during a non-GNCS controlled thrusting maneuver.
Assumptions:

1z VHF is operating.
2. The responsibility of avoiding gimbal lock is on the astronaut.

3. Range, range rate and PHI (computed from state vectors) may be displayed by
keying in V85E,

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.



Sequence of Events:

V3TE48E
Average G on.
Flashing
V16NT77
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P48 (continued)

Current R27 Range
Current R27 Range Rate
R27 Theta

Theta - Angle between CSM +X axis and the local horizontal plane.
V25N72E  Load desired optimization time for R27.

V32E
Flashing
V16N76
PRO
Flashing
V16N83

Optimized Range
Optimized Range Rate
Time to Optimization (TFO)

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

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

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

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

V32E. To reinitialize: If the optimization time is loaded to non-zero recycle to flashing

V16N76 otherwise the recycle is to the flashing V16N77 display.

PRO To terminate

Flashing
V3T

Select new program.

e i
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P51 — IMU ORIENTATION DETERMINATION PROGRAM

Purpose:

8 5 To determine the inertial orientation of the IMU using sightings on two celestial
bodies using the scanning telescope or the sextant,

Assumptions:

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

2, There are no restraints on the CSM attitude control mode in this program.

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

Sequence of Events:

V37E51E
Flashing Checklist Code 00015
V50N25 Perform Celestial Body Acquisition
ENTER To Bypass Coarse Align PRO to Flashing V51
V41N22 Desired Gimbal Angles to oG 000.00 deg
Coarse Align to IG 000.00 deg

MG  000.00 deg

NO ATT light on.
NO ATT light off when coarse align complete

Flashing
V51 Request mark,

ZERO OPTICS for 15 seconds,
OPTICS Mode — Manual

MARK
Flashing Checklist Code 00016
V50N25 Request terminate mark sequence.
MARK REJECT and recycle to Flashing V51 if not satisfactory.
PRO
Flashing Celestial body code 000DE
VOINT71

PRO If DE = 0, go to Flashing V06N88
If first mark, recycle to Flashing V51
If second mark, go to Flashing VO6N05

Flashing Unit Vector Specifies Planet X  XXXXX
VO6N88 Position Y » XXXXX
Z  XXXXX

V25E to Load Planet vector.

PRO If first mark, recycle to Flashing V51

i XXX, XX deg
Flashing Star Angle difference*
VO6NO05 Star Angle (Measured) XXX. XX deg
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PRO V32E to recycle to start of program.
REFSMMAT flag set.
Flashing Select New Program.

V37
* Acceptable NO5 Limits
STAR/STAR SXT 0.03°
SCT 0.113
STAR/PLANET  SXT 0.18
SCT 0.21°

P52 — IMU REALIGN PROGRAM

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

a. Preferred Orientation (00001)

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

b. Nominal Orientation (00002)

X = Dt (P x T

YSM = Unit (VX R)

= Unit (-R)

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

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

c. REFSMMAT (00003)

The present IMU orientation differs from that to which it was last aligned
due to gyro drift. This option realigns the IMU to its previous alignment
orientation (REFSMMAT).

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

If cos (CDUY) VGYyy, 2 0

L
XSM = Unit (XSMO cos 45° + YSMO sin 450) for first maneuver
XSM = Unit (XSMO cos 45° - YSMO cos 450) for second maneuver
Yy = Unit (Zgy x Xgpr)

Zsm = Zsmo

where subscript 'O' refers to the orientation existing before the alignment.
If cos (CDUY) VGYy ; < 0 the XSM for the first and second maneuver is reversed.
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P52 (continued)

Assumptions:

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

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

3. An optionis providedto point the sextant LOS at astronaut selected or AGC se-
lected stars either manually by crew input or automatically under AGC control.

4, This program may be selected manually or internally by the MINKEY controller
in conjunction with the plane change maneuver.
Sequence of Events:
If entered automatically by MINKEY controller, go to PC REALIGN,

V3TE52E
Flashing Option ID Code 00001
V04N06 Alignment Option 0000X
1 — preferred, 2 — nominal
3 —REFSMMAT.

V22E to key in desired alignment option,
PRO To appropriate option.

PC REALIGN

Flashing Gimbal angles which will OG XXX.XX deg
VO06N22 result from pulse torque to 1G XXX, XX deg
PC orientation 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 reorientation maneuver, the pulse torque to PC orientation is
bypassed and MINKEY enters the RCS Burn program (P41). If this is the
second reorientation maneuver, alarm 00402 is generated. The platform
must be torqued to its original orientation,

PRO Commence with pulse torquing,

V16N20 Present ICDU Angles oG XXX.XX deg
1G XXX, XX deg
MG XXX.XX deg

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

1. P41 if pre-plane change burn and if Delta V < 10 ft/s
2. P40 if pre-plane change burn and if Delta V > 10 ft/s
3. P33 if plane-change maneuver completed (second pulse torque)

NOMINAL OPTION (00002)

Flashing GET of Position and Velocity 00XXX h
VO06N34 Vectors defining nominal coordinate 000XX min
system. T(Align). 0XX.XX s

V25E to Load T(Align). All 0's specify present time.

PRO To Preferred Option,
PREFERRED OPTION (00001)

Flashing Desired Gimbal Angles for New oG XXX, XX deg
VO6N22 Orientation at Present Vehicle IG XXX, XX deg
Attitude MG XXX, XX deg

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

PRO

Flashing Coarse Align Option
V50N25 Checklist Code 00013

CMC Mode Switch — FREE
(Avoids maneuvering vehicle) — Key in ENTER or PRO.

Gyro Torque Only

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

V16N20 Monitor Gimbal Angles oG XXX, XX deg
1G XXX, XX deg
MG  XXX.XX deg

Go to RECHECK when torquing is 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 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 Celestial body 000DE
VOIN70

V21E to load star code.

ZERO OPTICS for 15 seconds
OPTICS Mode - CMC

PRO
If DE # 0, go to VO6N92 display.
Flashing Unit vector specifies DD ©.0.9.0.4
VO6N88 Planet Position Y .XXXXX
z « XXXXX
V25E to specify desired planet vector.
PRO
VO06N92 Desired Optics Angles Shaft XXX. XX deg
Trunnion XX, XXX deg

CMC drives optics LOS to target.
OPTICS Mode - Manaul

Flashing Request MARK
V51
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P52 (continued)

MARK
Flashing Checklist code 00016
V50N25 Request terminate mark sequence
MARK REJECT and recycle to Flashing V51 if not satisfactory
PRO
Flashing Same as N70 above 000DE
VOINT1

V21E if celestial body code incorrect.

PRO If DE = 0, go to Flashing VO6N8S8
If first mark, recycle to MARK SEQUENCE
If second mark, go to Flashing VO6N05

Flashing Same as N88 above.
VO06N88
V25E to correct planet vector.
PRO If first MARK recycle to MARK SEQUENCE,

Flashing Star Angle Difference* XXX, XX deg
VO06NO05 Star Angle (Measured) XXX. XX deg
If NO5 not satisfactory, V32E, and go to RECHECK.
PRO
Flashing Gyro Torque Angles to Fine Align X XX, XXX deg
VO06N93 The stable member X XX. XXX deg
7 XX, XXX deg

CMC Mode Switch — Free (Avoids maneuvering vehicle when torquing gyros).
PRO Torque gyros. V32E to bypass gyro torquing.

RECHECK
Flashing Checklist Code 00014
V50N25 Fine Alignment Option
PRO Recycles to REFSMMAT option for check on alignment.
ENTER
Flashing Select New Program
V37
*Acceptable N05 Limits
STAR/STAR SXT 0.03°
SCT 0.11°

STAR/PLANET SXT 0.18°
SCT 0.21°
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P53 — BACKUP IMU ORIENTATION DETERMINATION PROGRAM

Purpose:

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

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

2, Time and RCS fuel may be saved and subsequent IMU alignment decisions greatly

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

Sequence of Events:

V37ES3E
Flashing Checklist Code 00015
V50N25 Perform Celestial Body Acquisition,
ENTER To bypass coarse align, PRO to Flashing VO6N94,
V41N22 Desired Gimbal Angles 0G XXX.XX
to Coarse Align to IG XXX.XX
NO ATT light on MG XXX,XX
NO ATT light off when coarse align complete.
Flashing Optics Angle Coordinates Shaft XXX, XX deg
VO06N94 for Alternate LOS Trunnion XX, XXX deg
V24E to load LOS coordinates, COAS Nominal Shaft +00000
Trunnion +57470
PRO
Flashing Request MARK
V53
ENTER Does alternate LOS mark.
Flashing Checklist Code 00016
V50N25 Terminate Mark Sequence
PRO Key ENTER to reject mark and recycle to Flashing V53.
Flashing Celestial body code 00 0DE
VOINT71
PRO If DE =0, goto Flashing VO6N88
If first mark, recycle to Flashing VO6N94
If second mark, go to Flashing VO6NO05
PRO If DE # 0 and first mark, recycle to Flashing VO6N94
If DE # 0 and second mark, go to Flashing VO6N05
Flashing Unit Vector Specifies ); . m
Planet Position .
VO6N88 an L :
PRO If first mark, recycle to Flashing VO6N94,
Flashing Star Angle Difference* XXX.XX deg
VO6NO05 Star Angle (measured) XXX. XX deg

PRO V32E to recycle to start of program.
Set REFSMMAT flag.

Flashing Select New Program,
V37

* Acceptable N05 Limits

STAR/STAR COAS 0.70°
STAR/PLANET COAS 0.72°
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P54 — BACKUP 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 a backup optical
device.

a, Preferred Orientatimm (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)
Xem = Unit gy X Zgyp)
Ygp = Unit (V x R)
Zgpy = Unit (-R)
where

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

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

The present IMU orientation differs from that to which it was last aligned due to
gyro drift, This option realigns the IMU to its previous alignment orientation
(REFSMMAT).

Assumptions:

1. The docked configuration may be SIVB/GSM, Other Vehicle/CSM, or CSM, The present
configuration should have been entered into the AGC by complation of either
routine R03 or R04 and either V45 or V46,

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

Sequence of Events:
V3TES54E

Flashing Option ID Code 00001
V04N06 Alignment Option 0000X
1 —preferred, 2 —nominal,
3 — REFSMMAT,

V22E to load desired option
PRO To appropriate option.

NOMINAL OPTION (00002)

Flashing GET of position and velocity 00XXX h
VO6N34 vectors defining nominal 000XX min
coordinate system. T(Align) 0XX.XX s

V25E to Load T(Align). All 0's specify present time
PRO To Preferred Option.
PREFERRED OPTION (00001)

Flashing Desired Gimbal Angles for New 0oG XXX, XX deg
VO6N22 Orientation at Present Vehicle 1G XXX, XX deg
Attitude MG XXX, XX deg

If the new orientation yields gimbal lock, maneuver vehicle and V32E to recompute
(N22) desired gimbal angles.
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P54 (continued)

PRO

Flashing Checklist Code 00013
V50N25 Coarse Align Option

CMC Mode switch — Free (avoids maneuvering vehicle). Key in ENTER or PRO.
ENTER
Torques gyros to achieve new orientation (maintains attitude reference).

V16N20 Monitor Gimbal Angles oG XXX, XX deg
IG XXX.XX deg
MG XXX.XX deg

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

NO ATT light - on,
NO ATT light - off when coarse align is complete, go to 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 Celestial body code 000DE
VO1N70

V21E to Load Star code

PRO If DE # 0, go to Flashing VO6N94

Flashing Unit Vector Specifies X LXXXXX
VO06N88 Planet Position Y XXX
Z XXX
V25E to Load desired planet vector.
PRO
Flashing Optics Angles for Alternate LOS  Shaft XXX. XX deg
VO06N94 Trunnion XX, XXX deg
COAS Nominal: Shaft +00000
Trunnion +57470
V24E to Load LOS coordinates.
PRO
Flashing
V53 Request Mark
ENTER Does alternate LOS mark
Flashing Checklist Code 00016
V50N25 Terminate Mark Sequence
PRO Key ENTER to reject MARK and recycle to Flashing V53.
Flashing Same as N70 above 000DE
VOINT1

V21E to correct Celestial body code.
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P54 (continued)

Flashing Same as N88 above
VO06N88

V25E to correct planet vector
PRO If first mark, recycle to MARK SEQUENCE

Flashing Star Angle Difference*
VO06N05 Star Angle (Measured)

PRO If NO5 unsatisfactory, V32E and go to RECHECK.,
Flashing Gyro Torque Angles to Fine Align
VO6N93 Stable Member

CMC Mode Switch — Free

(Avoids maneuvering vehicle when torquing gyros.)
PRO Torques gyros. (V32E to bypass gyro torquing.)
RECHECK

Flashing Checklist Code
V50N25 Fine Alignment Option

PRO Recycles to REFSMMAT option for check on alignment.

ENTER
Terminate Program

Flashing Select New Program
V37
*Acceptable NO5 Limits

STAR/STAR COAS 0.70°
STAR/PLANET COAS 0.72°

N X

XXX. XX deg
XXX. XX deg

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

00014
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P61 — ENTRY — PREPARATION PROGRAM

Purpose:

15 To start navigation, check IMU alignment, and provide entry monitor system
initialization data,

Assumptions:

174 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:

V3TE61E
Average G On
Flashing Impact Latitude XXX, XX deg
VO6N61 Impact Longitude XXX, XX deg

Roll Attitude Code +0000X
X = +1 — heads up/lift vector down
X = -1 — heads down/lift vector up (normal)

V25E to load entry data,

PRO
Flashing G Max XXX.XX g
VO06N60 VPRED XXXXX, ft/s
GAMMA EI XXX, XX deg

GMAX is the maximum predicted acceleration for ENTRY at nominal bank angle
(L/D ratio = 0.18), VPRED is the predicted inertial velocity at Entry Interface
(EI) 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 RTOGO XXXX, X nmi
V16N63 VIO XXXXX. ft/s
TFE XXbXX min/s

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

RTOGO and VIO may be used for EMS initialization if pad values not available.
PRO
AGC advanced to P62.
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P62 — ENTRY — CM/SM SEPARATION AND PREENTRY MANEUVER PROGRAM

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

Assumptions:

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

2. The IMU is satisfactorily aligned for entry.

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

4.  The astronaut may monitor N63 (RTOGO, VIO, TFE) by keying in V16 N63E.

Sequence of Events:

V37TE62E
If entered manually; normally entered automatically from P61.
Average G on, Normally on from P61.

Flashing Checklist Code 00041
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 XXX, XX deg
VO6N61 Impact Longitude XXX, XX deg
Roll Attitude +0000X

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

V25E to load desired data.
PRO If angle of attack of CM is within 45 degrees of desired, go to P63.

VO06N22 Desired Gimbal Angles 0G(R) XXX, XX deg
1G (P) XXX.XX deg
MG (Y) XXX, XX deg

Roll angle depends on heads up/down option, Pitch depends on the desired
angle of attack into the atmosphere, When CM is within 45 degrees of desired
advance to P63,

AGC Advances to P63.
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P63 — ENTRY — INITIALIZATION PROGRAM

Purpose:
1. To initialize the entry equations.

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

3. To establish entry DSKY displays.
4. To sense 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,

VO06N64 Drag Acceleration XXX.XX g
Inertial Velocity XXXXX, ft/s
Range to Splash XXXX. X nmi

(+ is overshoot)

OPTIONAL DISPLAYS

V16N6SE
V16N68 Commanded Bank Angle (Beta) XXX, XX deg
Inertial Velocity (VI) XXXXX, ft/s
Altitude Rate of Change (HDOT) XXXXX. ft/s
V16N63E
V16N63 Range from EI Altitude (RTOGO) XXXX. X nmi
* Inertial Velocity at EI Altitude XXXXX. ft/s
* Time to go Until EI Altitude XXbXX min/s
V16NT4E
V16NT74 Commanded Bank Angle (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.,

G&N System senses 0.05g drag acceleration,
AGC advanced to P64,

* If the entry sequence is not entered via P61, these displays are not calculated.
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P64 — ENTRY — POST 0.05 G PROGRAM

Purpose:

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

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

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 by the Entry—Initialization program (P63).

Sequence of Events:
P64 entered automatically from P63 at 0.05 g.

VO06N74 Commanded Bank Angle (Beta) XXX, XX deg
Inertial Velocity (VI) XXXXX. ft/s
Drag Acceleration (G) XXX.XX g
OPTIONAL DISPLAYS
V16N64E
V16N64 Drag Acceleration (G) XXX.XX g
Inertial Velocity (VI) XXXXX. ft/s
Range to Splash (RTOTARG) XXXX.X nmi
V16N6SE
V16N68 Commanded Bank Angle (Beta) XXX.XX deg
Inertial Velocity (VI) XXXXX. ft/s
Altitude Rate (HDOT) XXXXX, ft/s

AGC advances to P65 or P67,

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

Purpose:

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

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

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

4. Where HDOT is negative and the V is sufficiently low (V-VL-C18 neg), the program

will exit directly to P67 (Final Phase).
Assumptions:

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

Sequence of Events:
P65 entered automatically from P64,

Flashing Commanded Bank Angle (Beta) XXX, XX deg
V16N69 Drag Level at Skipout (DL) XXX.XX g
Skipout Velocity (VL) 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.

VO06NT74 Commanded Bank Angle (Beta) XXX, XX deg
Inertial Velocity (V) XXXXX. ft/s
Drag Acceleration (G) XXX.XX g
OPTIONAL DISPLAYS
V16N64E
V16N64 Drag Acceleration (G) XXX.XX g
Inertial Velocity (VI) XXXXX. ft/s
Range-to-Splash (RTOTARG) XXXX.X nmi
V16N68E
V16N68 Commanded Bank Angle (Beta) XXX.XX deg
Inertial Velocity (VI) XXXXX, ft/s
Altitude Rate (HDOT) XXXXX. ft/s

AGC advanced to P66 or P67.

P67 will be entered when HDOT is negative and the velocity is sufficiently low.
P66 will be entered when exit is sensed.
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P66—ENTRY — BALLISTIC PROGRAM

Purpose:
1. To 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 becoraes less than Q7 ft/s2.
Sequence of Events:
P66 is entered automatically from P65,

VO06N22 Desired Gimbal Angles 0G XXX.XX deg
to Orient the Vehicle to IG XXX, XX deg
Correct Angle of Attack MG XXX.XX deg

Three-axis control of S/C is regained when acceleration falls below 0.05 g and is
relinquished when the drag increases above this value.

OPTIONAL DISPLAYS

V16N64E
V16N64 Drag Acceleration (G) XXX.XX g
Inertial Velocity (VI) XXXXX. ft/s
Range to Splash (RTOTARG) XXXX,X nmi
V16N6SE
V16N68 Commanded Bank Angle (Beta) XXX.XX deg
Inertial Velocity (V) XXXXX. ft/s
Altitude Rate (HDOT) XXXXX. ft/s
V16NT4E
V16N74 Commanded Bank Angle (Beta) XXX, XX deg
Inertial Velocity (V) XXXXX, ft/s
Drag Acceleration (G) XXX.XX g

AGC advances to P67,
P67 is entered at reentry or when approximately 0.2 g is sensed.
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P67—ENTRY — FINAL PHASE PROGRAM

Purpose:

1 To continue entry guidance after Q7F + 0.5 ft/ 52 (or approximately 0.2 g) until
termination of steering when the CM velocity WRT earth = 1,000 ft/s (altitude
is approximately 65,000 ft).

2, To continue entry DSKY displays.

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

b. P66 when drag acceleration builds up to Q7F + 0.5 ft/ 52 (or approximately
0.29).

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

Sequence of Events:
P67 is entered automatically from P64, P65, or P66,

VO6N66 Commanded Bank Angle (Beta) XXX, XX deg
Crossrange Error XXXX.X nmi (+ south)
Downrange Error XXXX.X nmi (+ overshoot)

OPTIONAL DISPLAYS

V16N64E
V16N64 Drag Acceleration (G) XXX, XX g
Inertial Velocity (VI) XXXXX, ft/s
Range to Splash (RTOTARG) XXXX. X nmi
V16N6SE
V16N68 Commanded Bank Angle (Beta) XXX, XX deg
Inertial Velocity (VI) XXXXX. ft/s
Altitude Rate (HDOT) XXXXX. ft/s
V16N74E
V16N74 Commanded Bank Angle (Beta) XXX, XX deg
Inertial Velocity (VI) XXXXX, ft/s
Drag Acceleration (G) XXX.XX g
Relative velocity reaches 1,000 ft/s
Flashing Range-to-Splash (RTOTARG) XXXX.X nmi (+ overshoot)
V16N67 Present Latitude XXX.XX deg (+ north)
Present Longitude XXX.XX deg (+ east)

SC Control — SCS
Prevent jet firings when Drogue chutes deploy.

PRO

Flashing Select New Program.
V37

Average G off.

Gad o e o
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P77—-CSM VELOCITY VECTOR UPDATE

Purpose:

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

2, To provide to the AGC the Delta V applied to the CSM to enable an updating of the
CSM state vector.

Assumptions:

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

2, RO03 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:

V3TETTE
Flashing TIG at which Delta V 00XXX h
VO06N33 maneuver was executed 000XX min

0XX.XX s
V25E to Load TIG

PRO
Flashing Delta V executed in X XXXX.X ft/s
VO6N81 Local Vertical Coordinates Y XXXX.X ft/s

Z XXXX.X ft/s

V25E to load Delta V
PRO

Flashing
V37 Select New Program



CM-86

R07—MINKEY CONTROLLER ROUTINE

Purpose:

1.

To perform automatic sequencing of rendezvous programs,

P 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 (NC1 Targeting)

1.

Ul:hb’l\’l

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

Perform NC1 targeting computations.
Inhibit rendezvous navigation,

Select a burn program, *

Select NC2 targeting (°32).

P32 (NC2 Targeting)

1.

[ I
.

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

Perform NC2 targeting computations.
Inhibit rendezvous navigation,

Select a burn program*,

Select NCC Targeting P33,

P33 (NCC Targeting)

1.

oW N
.

5.

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

Perform NCC targeting computations.
Inhibit rendezvous navigation.

Select a burn program*,

Select NSR targeting (P34)

P34 (NSR Targeting)

1.

Do W N

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

Perform NSR targeting computations,
Inhibit rendezvous navigation,

Select a burn program*,

Select TPI targeting (P35).

P35 (TPI Targeting)

1.

Ul)h'CJN

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

Perform TPI targeting computations and reinitialize W matrix.
Inhibit rendezvous navigation,

Select a burn program*,

Select TPM Targeting (P36).

s il o
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RO7 (continued)

P36 (TPM Targeting)

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

Perform TPM targeting computations and reinitialize W matrix.

Inhibit rendezvous navigation
o Select a burn program*
. Reinitiate TPM Targeting (P36) or Rendezvous Final Phase (P37).

[ B NECUR )

P37 (Rendezvous Final Phase)

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

2, Activate rendezvous parameters display (R31) of range, range rate, and theta.
3. Exit MINKEY auto sequencing and manually select new program.

P38 (NPC Targeting)

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

2, Perform PC targeting computations.
3. Inhibit rendezvous navigation.
4, Plane change realignment option:
a, If PC DeltaV =0, go to exit program.
b. If PC Delta V #0, select IMU Realignment (P52) program,

(1) If X-axis thrusting desired, realign IMU to PC
orientation to avoid gimbal lock and go to 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 axis RCS used)

6. Reorient IMU to original orientation prior to PC realign and maneuver
to Other Vehicle 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

SL-2

SL-3

SL-4

SL-5

RECOVER ANGLE PHI AT Ty
Assumptions/Limitations:
1. R27 is operating in optimization mode
2, Execution is constrained to occur in the interval T, + 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 Tp. This procedure calls the job which performs the computation of PHI for
the designated optimization time.

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,

GDC REFSMMAT DETERMINATION.

Assumptions/limitations
GDC is inertial,
2, The established inertial reference is valid only for the orientation at which the
star sightings are made,

DESCRIPTION: Loading of N20 with GDC angles and proper initiation of P51 logic enables
onboard computation of GDC REFSMMAT for GDC orientation,

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
(ALTVAR) rather than the SXT variance (SXTVAR),

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 activiated by a waitlist call to routine MARKDIF
in the event of an open MARK switch faijlure. A shorted MARK switch failure merely re-
quires depression of a NAV DSKY key which is interpreted as a MARK,
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SL-6

SL-9

SL-15

SL-21

SL-22

CM-89

CMC ERASABLE MEMORY PROGRAMS (con't)

DSKY DISPLAY OF VHF RANGE DURING P37

Assumptions/limitations
s O This procedure complements SL-3 and 4 for performing rendezvous navigation
with a failed IMU,
2. P20 (Option 0 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.

INHIBIT GIMBAL LOCK MONITOR DOWNMODING,

Assumptions/limitations
1. Any V37 major mode change will disable SL-9,
2. TVC DAP does ndt 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 R1 of N46, This procedure preserves the use of
the IMU as an inertial reference, but precludes use of the TVC digital autopilot.

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,

ENTER P51/P53 WITH IMU OPERATE BIT FAILED OFF,

Assumptions/limitations
1. IMU is operating and inertial,

DESCRIPTION: In the event that the IMU-operate input discrete should fail off, IMU
orientation determination can be performed by bypassing the first portion of the program.

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 (S40.6) which executes
the gimbal drive test.



SL-23

SL-26

SL-27

SL-28

CM-90

CMC ERASABLE MEMORY PROGRAMS (con't)

MONITOR JET-ON FAILURE,

Assumption/limitations
1. RCS DAP is active and Auto or Hold mode is selected.

DESCRIPTION: DAP attitude errors are sampled once per second to determine if the
DAP deadband has been exceeded by an amount specified in the erasable program, If
that amount is exceeded, presumably due to a thruster failed on or off, ISS warning is
energized, which in turn activates the Master Alarm.

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.

MONITOR SINGLE IMU CDU,

Assumptions/ limitations
15 Pre-TPI rendezvous targeting programs agxd self-check are not operating.
2. Efgective 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
in this procedureowhlch samples at a once per 0.24-second sample rate for CDU changes
of greater than 4°. The crew is alerted by ISS WARNING, MASTER ALARM, and OPR
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.

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 the jet on/off monitor as described in SL-23 and

operates SL-26, which must be uplinked in addition to this EMP, Both CDU transients
and jet on/off failures will trigger the ISS WARNING and MASTER ALARM indications

with the 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 realign the GDC to the present GDC
REFSMMAT. Since such torquing of the GDC is impossible, this procedure uses the
N93 angles to compute a final set of N20 Euler angles which would result from gyro
torquing of the IMU stable member. The GDC can then be aligned to the resulting N20
angles thus accomplishing a GDC REFSMMAT REALIGN.

SL-52 CHECKSUM ON VAC AREA STORAGE

Assumptions/limitations:
1. R27, if activated, will destroy the EMP

DESCRIPTION: This program does an erasable sumcheck on the VAC area 4 storage
cells. It is designed to be used with EMP's SL-23 and SL-28 which use this VAC area
for program storage. Alarm Code 01753 is generated if the VAC area 4 EMP is not
intact.

SL-55 IMU SLIP RING PROGRAM

Assumptions/Limitations
1. An IMU slip ring discontinuity has been detected.
2. State Vector Integration is disabled and program is P00.

DESCRIPTION: This program is designed to rotate all three gimbals simultaneously
through 100 revolutions in the positive and negative direction at a 35°/s rate. Any
contamination or corrosion on the slip rings responsible for the discontinuity should

be removed by the wiping action. Self-termination of the program occurs after approxi-
mately 35 minutes of gimbal rotation.

ASTP-75 COMPUTE S-BAND ANTENNA ANGLES

Assumptions/limitations
1. P31 through P36, W matrix integration and navigation mark incorporation
will overwrite the EMP.
2. An improper V32E response to a flashing V16N43 display of rho, gamma angles
will result in a meaningless N44 display. (Key N43E to recover).

DESCRIPTION: Hi gain S-BAND antenna pointing angles (rho, gamma) are computed for
the current LOS between the CSM and other vehicle state vectors. N43 is used to display
the antenna angles in R1, R2 at one second intervals. The EMP is used to compute antenna
angles for acquisition of the ATS-6 satellite.

ASTP-76- TRANSLATIONAL IMPULSE MODE

Assumptions/limitations
1. EMP to be performed only in conjunction with P20.

DESCRIPTION: Minimum impulse translation commands of variable duration can be executed
with the Translational Hand Controller (THC) using this EMP. Impulse duration is selectable
by means of the CMC mode switch, i.e., Auto position enables a 0.5 second impulse, Hold
enables a 0,25 second impulse and Free enables a 0.125 second impulse. All impulses are two
jet translation commands along the axis specified by the THC. Resulting velocity impulses for
an assumed 32000 pound vehicle are 0.1 ft/sec, 0.05 ft/sec or 0,025 ft/sec in Auto, Hold, or
Free mode respectively.

Since this EMP actively interfaces with the CSM digital autopilot, two DAP cycles are bypassed
for each impulse commanded to avoid conflict in jet usage for translation and rotation control.

ASTP-77 MA083 RASTER SCAN

Assumptions/limitations
1, The EMP must be run in P00.
2. The maneuver will be terminated by any RHC commands thus requiring re-
initialization of the starting attitude and the EMP.

DESCRIPTION: A raster scan maneuver is produced with the EMP to calibrate the misalignment
of the extreme Ultraviolet (EUV) telescope while pointing at a known EUV source. raster
scan maneuver consists of 9 maneuver segments; +6° roll, 1° pitch/yaw, -6° roll, 1° pitch/yaw,
a repeat of the previous four segments and a +6° roll.
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TRACKING STATIONS FOR ASTP

y . e Location )
Tracking Station | Abbreviation Cadeaitrie Iatitude,a deg | Longitude, deg Operation Mode
Ascention® ACN 7.95 345.7 S-band
BermudaD BDA 32.2N 295.3 S-band
Goldstone GDS 35.2N 243.1 S-band
Canton CTN 2.85S 188.3 C-band
Guam GCWM 13.2N 144.7 S-band
- | Hawaiib HAW 2.0N 200.3 S-band
= S g
= KwaR’:r"Z'e" Missile|  ymR 9.3N 167.5 C-band
v Orroral Valley ORR 35.4S 149.0 S-band
=| Madrid MAD 40.3N 355.8 S-band
Merritt I1sland® MIL 28.3N 219.3 S-band
Newfoundland NFL 47.7TN 307.3 VHF
Quito Quli 0.6 S 281.4 S-band
Rosman ROS 35.0N 217.1 S-band
Santiago AGO 33.0S 289.3 S-band
Tananarived TAN 18.9S 4.3 S-band
Vanguard (ship) VAN 25.0 S 205.0 Voice
Petropaviovsk- Voice/
Kamchatski ke 3.0N 187 Television
Thilisi TBL 41.6 N 45,2 Voice
Kolpashevo KLP 58.2N 82.9 Voice
ez | Ulan-Ude uLb 5L8N 107.6 Voice
v Ussuryisk USK 39N 131.6 Voice/
- Television
=| Evpatoria EVT 45.2 N 33.4 Voice/
Television
Dzhusaly DJS 457N 63.5 Voice/
Television
Ship Position 1 SP1 M.5N 300.5 Voice
Ship Position 2 SP2 16.4 N 2121 Voice

3.5, 5. R. latitudes are geodetic.
bC—band antennae are within a few miles of these S-band station coordinates
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CSM GNC PRIMARY

0671

DIF CUR

SITE
QUADA QUADD PSM
GMTA
GMTC QUAD PKG T
CTE WPU LBS
CMCB P/T PCT
cMe HE TK P
HE TK T
OPT HE MN P
cMc FU MN P
D FL OX MN P
VERB NOUN PRGM CM RCS  SYS1 FU TK P
HE TK P OX TK P
REG 1 HE TK T SPS
REG 2 HE MN P HE TK P
REG 3 PITCH HE TK T
MAN ATT SW 188 FU TK P
Pl.Y R ACDU FU IN P
DAP ATT | AATT OX TK P
RATE DB FCDU OX IN P
ERR | CMC CHMBR P
ADB l scs N2 A P
DAPDTR1________ RATE | CMC N2 B P
DAPDTR2 I scs
DAPDTRS OPT POS L0
DKRATE GMB CMD FALRG
DKDB 0CDU DC ‘CHNL77
SLOPE SPS GMB DSTB11
WCHDAP AT TVC
CHANS1 MN TVC VEH ACC

g
:




ACDU

AT-TVC
CHAN 31

CHNL 77

cMC
cMC

CTE

DAP

DAPDTR1

DAPDTR2

DAPDTR3

DB

DIFCUR

DKDB

DKRATE

DSTB11

ERR CMC

ERR SCS

FALRG
FCDU

Actual CDU Angles (N 20)
DAP Attitude Deadband Presently in Use
SCS Auto-TVC Servo Loop Commands

Compuiter Input Channel Containing RHC,
THC and Vehicle Control Mode Command
Inputs.

Channel 77 Restart Monitor

CSM Computer Clock
$/C Control and Mode Switch Status
(SCS or CMC Auto, Hold or Free)

CMC Clock Time Minus a AT Specified,
Usually Equal to a AT Clock Update, to
sync CMC and CTE Times.

Central Timing Equipment Clock
Difference of 1x Resolvers and ACDU
angles

Functional DAP Mode status (No DAP,
SAT DAP, RCS DAP, or TVC DAP)

RCS DAP Data Flags Indicating Crew
1 of Vehicle C X

T QUAD
Maneuver Rate, and Attitude Deadband
(N46).
RCS DAP Data Flags Indicating Crew

1 of Roll Quad Pr and
RCS Quad Fail Status (N46).
Docked DAP Data Flags Indicating Crew
Selection of Roll and X Translation Quad
Preference, and Force/Couple Mode for

Pitch and Yaw Control (N87).

RCS DAP Attitude Deadband Selected by
Crew in DAPDATR1 (N46).
SPS Gimbal Motor Differential Clutch
Current (Pitch, Yaw)
Docked DAP Attitude Deadband Selected
by Crew (N89)
Docked DAP Maneuver Rate Selected by
Crew (N89)
Display Table of DSKY Status Lights

RCS/Docked/TVC DAP computed Attitude
Error Needle Commands

Errors Displayed on FDAI Error Needles
(FDAI No. 1 or Selected FDAI)

Most Recent Program Alarm Code
Final Desired CDU Angles (N22)

XXX. deg
X.X deg
X. XX deg

XXXXXg
XXX:XX XX

H M 8
XXX:XX XX

H M S
XXK: XK XK
XXX deg

X.X deg
XXX, MA
X.X deg

X.XX deg/se:

X.XXX deg

X. XXX deg

XXX deg

MSK-671

FL
GMB CMD

GMTA

GMTC

MAN ATT SW

MN TVC
NOUN
0OCDUDC

OPT

RATE CMC

RATE SCS
REG 1, REG 2
REG 3

SITE

SLOPE

SPS GMB
VEH ACC

VERB
WCHDAP

Verb/Noun Flasher Status

TVC DAP Issued SPS Engine Actuator
Commands (Pitch, Yaw)

Greenwich Mean Time at Receipt of S/C
Analog Data

Greenwich Mean Time at Receipt of CMC
Downlist

Identification of CMC Downlist being
Transmitted

Inner, Middle, Outer 1X Resolver Angles

SCS Vehicle Control Mode Switch Status in
P, Y, and R Axes (Rate C
Accel Command or Min Impulse)

SCS Manual TVC Servo Loop Commands
Noun Displayed on DSKY

OCDU DAC Output Scaled to Optics or
TVC Gimbal Commands

Optics Mode Switch Status (Zero, CMC,
or Manual)

Optics CDU Angles (Shaft, Trunn)

. Computer Program Displayed on DSKY

Temperature of RCS

Engine QUAD

Counter Number of dw
Restarts Since Last Fresh Start (V36)

RCS DAP Maneuver Rate Selected
by Crew in DAPDATR1 (N46).

RCS/Docked DAP Computed Control
Axis Rates (ADOT) or TVC DAP
Computed Body Rates (OMEGAB)

SCS Body Rates, P, Y, R, Derived from
BMAG Rate Gyros

Row 1, Row 2 and Row 3 Displayed
on DSKY

STDN Remote Site from which Data
is being Received

Specifies the Slope of the Phase
Plane Boundaries

SPS Gimbal Trim Angles from
Gimbal Position Transducers
Computation of Vehicle Acceleration
During Thrusting from RSS of PIPA
Measurements

Verb Displayed on DSKY

DAP Mode Flag. 1 Signifies Docked
DAP is Active, 0 Signifies Undocked
RCS DAP is Active.

X.XX deg
D H
XXX: XX:

D H
XXX: XX:

B= H=
Ha Ho

XXX deg

X.XX deg

X.XX deg

XXX.XX deg

XxXx°F

X.XX deg/sec

X.XXX deg/sec

X.XXX deg/sec

X.XXXX deg/sec/ deg
X. XX deg

XX. XXX ft/sec/sec

XX.

)DCKXK8



CMC MONITOR I
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D SITE X/ROLL Y/PITCH Z/YAW
FGWD 0 GMTC PIPA
FGWD 1 CTE DELV
FGWD 2 CMCB VGIMU
FGWD 3 cme FCDU
FGWD 4 CMCAT DCDU
FGWD 5 TCMSV ACDU
FGWD 6 TOWSV 188
FGWD 17 TGO ERROR
FGWD 8 TIG AK
FGWD 9 TEVNT ADOT
FGWD 10 OMGAC
FGWD 11 PG___FL___WARN__| ENT
VB__NN___ PRG__|P ERR
CHNL11 KKK |1 BIAS
CHNL12 R1 UPFST_|P  OCTL
CHNL13 R2 UPSW_—|DLTA T
CHNL14 R3 cMD __|ows ACTOFF
CHNLS30 CSM _—____ GMBCMD
CHNLS31 REDO DSTBI1 UTYAW DPDTR1
CHNL32 FALRG CHNL 77 | UTPIT DPDTR2
CHNL33 RSBBQ ADB DOCK DAP
C31FW DPDTR3
IMDE30 INTEG TIME  VHF|C5FAIL
IMDES3 HLDFG  RCSFG —|ceraL
OPTMDE N06 OPT| DKRTE.. . cormrrtei——
WCHDAP STARID1 R1 0GC PR | S
STARID2 R2 1GC —|sLopE
CDU SHFT — MGC
CDU TRUN ____  AVLVX Y zZ

y-0dSsv



ACDU
ACTOFF

BIAS

CSFAIL
C6FAIL

C31FW

CDU SHAFT

CDU TRUNNION
CHNL 11 - CHNL 14

CHNL 30 - CHNL 33
CHNL 77

cMC

CMCB

CMCAT

CMD

CcsM

CTE
DCDU

AVLVX,Y,Z

Actual CDU Angles (N20)

SPS Gimbal Trims in CMC
(PACTOFF, YACTOFF)

DAP Attitude Deadband Presently in Use

RCS/Docked DAP Computed Control
Axis Rates (ADOT) or TVC DAP
Computed Body Rates (OMEGAB).
RCS/Docked/TVC DAP computed
Attitude Error Needle Commands

A Bias C

very 10 sec. over Time Interval in
"DLTAT"

Docked DAP Jet Inhibit Buffers; Bits
are Respectively Dedicated to Output
Channels 5 and 6 Jet Command Bits.

Switch Override Buffer for S/C Control,
CMC Mode and Optics Mode and Zero
Switches.

Optics Shaft CDU Angle (N91)
Optics Trunnion CDU Angle (N91)
Computer Output Channels
Computer Input Channels
Channel 77 Restart Monitor

CSM Computer Clock

CMC Clock Time Minus A

AT Specified, Usually Equal to a
AT Clock Update, to Sync CMCB
and CTE Times,

Difference of GETC and CMC Times
Uplink Too Fast Status
CMC Loaded CSM Mass

Central Timing Equipment Clock

DAP Desired CDU Angles (Phase
Plane Reference)

X, Y and Z Components of Delta V in
Local Vertical Coordinates (N81)

XXX.XX deg
X.XXX deg

X.XX  deg
XX.XX deg/sec

XX.XX deg

X.XXXX ft/sec/sec

XXX
30000Ky
XXX. XX deg
XX. XXX deg
00Ky
000K g
J0OKKK

H M 8§

H M 8§
XXX: XX: XX. XX
H M S

XXXXX Ibs
H M 8
XXX: XX: XX, XX
XXX. XX deg

XXXX.X ft/sec

MSK-672
DELV

DKDB

DKRTE

DLTAT

DPDTR1

DPDTR2

DPDTR3

DSTB11

ERR
ERROR

FALRG

FCDU

FGWDO - FGWD11

FL
GMBCMD

GMTC

Values of X, Y and Z PIPA Counters at
Last Reading, Compensated for Scale
Factor and Bias Errors.

Attitude Deadband Selected for Docked
DAP Control (N89).

Maneuver Rate Selected for Docked DAP
Control (N89).

Elapsed Time Since Last PIPA Bias
Computation was Initialized (AT over
which Bias is Computed)

RCS DAP Data Flags Indicating Crew
of Vehicle Ci X

T Quad Pr 5

Rate, and Attitude Deadband (N46).
RCS DAP Data Flags Indicating Crew
Selection of Roll Quad Preference and
RCS Quad Fail Status (N46).

Docked DAP Data Flags Indicating Crew
Selection of Roll and X Translation Quad
Preference, and Force/Couple Mode for
Pitch and Yaw Control (N87).

Display Table of DSKY Status Lights
X0400g Program Caution

X0200g Tracker Warning

X0020g No Attitude

X0040g Gimbal Lock

Vehicle Rates, p, q, r Relative to the
Entry Coordinate System
Uncompensated PIPA Bias (Measured
Minus Loaded Values)

RCS/Docked DAP Phase Plane
Attitude Errors (R, P, Y)

First, Second and Most Recent Program
Alarm Codes Since Last Error Reset

Final Desired CDU Angles (N22)
Computer Flagwords 0 Through 11
Verb/Noun Flasher Status

TVC DAP Issued SPS Engine Actuator
Commands (Pitch, Yaw)

Greenwich Mean Time at Receipt of
CMC Downlist

XXXX.X ft/sec

X.XX deg

X.XXXX deg/sec

XXXXX hrs

KXXXX g

X.XX deg/sec
X.XXXX ft/sec/sec

XXX. XX deg



HLDFLG

IGC

IMDE 30

IMDE 33

INTEG TIME

OMGAC

OPT

OPTMDE
ows

PG

PIPA

PRG
R1, R2, R3

CMC Flag used to Control Nature of
Attitude Hold Performed by RCS/
Docked DAP,

Identification of Downlist Being Transmitted
During Gyro Torquing, The "Y" Gyro
Torquing Angle, or During P50 the

Inner Gimbal Docking Angle 8.

IMU Status and Input Channel 30
Buffer Register, Imodes 30

IMU Status and Input Channel 33

Buffer Register, Imodes 33

Time to which state vector

is Presently Integrated

Outer, Inner and Middle 1 X Resolver Angles
Uplink Data Status

During Gyro Torquing the "Z" Gyro Torquing
Angle or During P50, The Middle Gimbal
Angle y .

R1, Option Code Specifies Option Category
R2, Option Specifies which Option Elected
Noun Displayed on DSKY

Octal Equivalent of Loaded

PIPA Bias Compensation

During Gyro Torquing the X Gyro Torquing
Angle, or During P50 the Outer Gimbal
Docking Angle & .

RCS/Docked DAP Control Axis Rate Com-
mand (W Body) or TVC DAP Body Rate
Commands (OMEGAC) from Cross
Product Steering.

Number of Optics Marks Incorporated
in State Vector (P20).

Optics Status Register, OPTMODES
Other Vehicle Mass Loaded in CMC
Computer Program Displayed on DSKY
Contents of X, Y and Z PIPA

Counters in AV Counts.

Program Caution Lamp Status

Row 1, Row, 2, and Row 3
Displayed on DSKY.

MSK-672 (Cont'd)

X!DQD{B

X.XXX deg
8

8
XXX: XX: XX, XX

XXX. XX deg

X.XXX deg

X.XXX deg

XX.XX deg/sec

RCSFG

RSBBQ

SITE

SLOPE

STARID1
STARID2

TCMSV

TEVNT

TIG

TGO
TOWSV

UPSW
UTPIT

UTYAW

VB

VGIMU

VHF

WARN
WCHDAP

Status Register for Control of RCS/
Docked DAP Functions, RCS Flags
Counter Number of

Restarts since Last Fresh Start (V36).
Value of BBANK and Q Registers

at the Point of Restart

STDN Remote Site From which Data is
being Received

Specifies the Slope of the Phase

Plane Boundaries.

Octal Equivalent of the First and
Second CMC STAR L D, Number

Time Tag of CSM State Vector

CMC Time of Last Event; SPS
Ignition, Cutoff or Liftoff

CMC Time of Ignition or Time of
Cutoff After Ignition Occurs

Time to SPS Cutoff

Time Tag of Other Vehicle
State Vector

Block Inlink Discrete Status
Uplink Accept/Block Switch Status

on Pitch Coordinate Defining S/C Pointing

(SCAXIS). (New X Rotation About
Rmbd 8/C Y axis, Rotation Ordered
Yaw, Pitch).

P20 Yaw Coordinate Defining S/C Pointing
Vector (SCAXIS). (X Rotation about S/C Z
Axis, Rotation Ordered Yaw, Pitch).

Verb Displayed on DSKY
X, Y, Z Velocity to be Gained in SM
Coordinates

Number of VHF Range Marks Incorporated
in State Vector (P20).

CMC Warning Lamp Status

DAP Mode Flag. 1 signifies Docked

DAP is Active. 0 Signifies Undocked

RCS DAP is Active.

X.XXX deg/sec/deg

H M 8
H M 8
XXX: XX: XX, XX

H M s
XXX: XX: XX, XX
H M s
XXX: XX: XX, XX

H M S
XXX: XX: XX, XX

XXX. XX deg

XXX, XX deg



LB-1

LAUNCH & BURN SCHEDULE

GYROCOMPASSING & LAUNCH
BOOST & EARTH ORBIT INSERTION
RENDEZVOUS
DEORBIT & ENTRY



LB-2
PRELAUNCH IMU COMPENSATION

POSITION

GYRO DRIFTS PIPA

NBD ADIA ADSRA BIA RO LE

(meru) (meru/g) (meru/g) (ft/s") F‘?g:n(g)R

IMU COMPENSATION UPDATES

POSITION

TIME OF UPDATE
GET
h min s

GYRO PIPA
NBD (meru) BIAS (ft/s")




ASTP POWERED MANEUVER SUMMARY

Time of Time of
Greenwich initiation initiation
_— July mean time from Burn Resultant Phase
1975 G.m.t. Apollo launch duration, Total AV, | apogee/perigee?, Altituded, angle,
Date hr:min:sec t sec ft/sec nmi nmi deg
Soyuz lift-off 15 NA NA NA NA NA
Soyuz insertion 15 NA NA 123/101 101 NA
Soyuz first maneuver 15 17:39:00.0 05:19:00.0 0.0 0.0 123/101 123 NA
Apollo Lift-off 15 19:50:00.0 07:30100.0 NA NA NA NA NA
Apollo insertion 15 19:59:52.1 07:39:52.1 NA NA 90/81 81 59.6
Begin transposition, 15 21:04:00.0 08:44:00.0 NA ®) 90/81 86 57.5
docking, and dock-
ing module
extraction
Apollo evasive
‘maneuver from 15 22:24:00.0 10:04:00.0 02:34:00.0 8.7 29.5 90/81 86 52.4
S-IVB
Apolio ol rostastzation 15 23:35:00,0 11:15:00.0 03:45:00,0 0.9 20.7 91/90.6 %0 49.3
‘maneuver
Phasing 1 (NC1) 16 01:31:00.0 13:11:00.0 05:41:00.0 3.1 66.3 126/91 91 44.6
Plane change (NPC)® 16 02:08:00.0 13:48:00.0 06:18:00.0 0.0 0.0 122.5/81 122.5 441
Soyuz circulariza- . . v
sl easiia 16 12:46:20.0 24:26:20.0 16:56:20.0 19.9 40.00 . 121121 121 40.8
Phasing corrgetion 16 20:41:43.0 32:21:43.0 24:51:43.0 0.0 d0.0 123/90 %0 28.9
maneuverd(PCM)
Phasing 2 (NCZ2) 1 12:64:04.1 48:34:04.1 41:04:04.1 1.6 36.4 100/89 89 4.3
C"‘;;%cg"" oombiEetoR 1 13:38:03.4 49:18:03.4 41:48:03.4 1.8 40.0 111/100 100 2.3
Coelliptic (NSR) 17 14:16:08.7 49:55:03.7 42:25:03.7 1.2 27.2 110.6/110 110 13
Terminal phase o e =
entatiia oot 17 15:14:25.1 50:54:25.1 43:24:25.1 0.8 22.0 121/110.6 110.6 0.3
Begin Braking 17 15:42:55.0 51:22:55.0 43:52:55.0 NA ©60.0 121/119 120 0.02
Begin Stationkeeping 1 15:51:55.0 51:31:55.0 44:01:55.0 NA ® 120/119 120 0.0
Docking 17 16:15:00.0 51:65:00.0 44:25:00,0 NA ® 119/119 119 0.0
Apollo first undocking Yo o e
o negtan 19 12:02:06.0 95:42:05.0 88:12:05.0 NA NA 118/118 17 0.0
Apollo final undocking o T ~
Sllo Posl o 19 15:27:00.0 99:07:00,0 91:37:00.0 NA NA 118/118 17 0.0
Apollo separation o i
oo separal 19 102:16:00.0 94:44:00,0 5.8 2.3 118/117 17 0.0
Soyuz deorbit o6 s~y
s deost 21 10:06:00.0 | 141:46:00.0 134:16:00,0 105.6 213.9 118/0 115 2.8
Soyuz landing 21 10:51:00.0 | 142:31:00.0 135:01:00.0 NA NA NA 0 NA
‘module
9:41:00, . 91151100, ) 3
g 23 19:41:00,0 | 199:21:00,0 191:51:00,0 NA 1.0 116/114 114 0.0
CSM separation
‘maneuver from 23 20:16:00,0 | 199:56:00,0 192:26:00,0 0.7 20,7 126/114 114 0.02
DM (DM1)
CSM stable orbit ; - i
e 2 00:42:55.3 | 204:22:55.3 196:52:55.3 0.6 20.3 114/114 114 2.9
CSM deorbit ; '
pnp il P 24 224:20:00.0 216:50:00.0 6.7 191.6 114/8.6 114 A
Entry Interface 24 20:58:23.0 | 224:38:23.0 217:08:23.0 NA NA NA 66 NA
Main parachute " - B NA
by 24 21:14:00.0 | 224:54:00.0 217:24:00.0 NA NA NA 1.6 -
CM landing 24 21:18:31.0 | 224:58:31.0 217:28:31.0 NA NA NA 0

2Approximate predicted value above a spherical earth of 341,72 nmi.
‘Translation away and back during transposition and docking does not effectively change orbit,
°Nominally, NPC is not required. However, it may be used to correct any out-of-plane errors previously incurred.
YNominally, the phasing correction maneuver is not required.
®Theoretical TPF AV is 28.5 ft/sec. Additional costs include midcourse and line-of-sight corrections.




LB-4

ASTP
EVENT DATE TIME TIME
( HIMINIS ) ( HIMINIS )
CeDeTe GeEeToe
DAY 1 ACTIVITIES
SBYUZ LIFT=BFF JULY 15, 1975 7:20% Oe 0: 03 O»
S8YUZ INSERTIBN JULY 15, 1975 7%29: 5. 0! 93 S
S8YUZ FIRST MANEUVER JULY 15, 1975 12139 0O« 51198 0o
APBLLS LIFT=8FF P02 T8 P11 JULY 15, 1975 141503 Oe 7:30% O»
ENABLE TBWER CLEARANCE YAW MANEUVER JULY 15, 1975 143508 1. 7:308 1.
INITIATE PITCH AND RBLL PRBGRAM JULY 15, 1975 143150:10. 7330110
MAXIMUM DYNAMIC PRESSURE JULY 15. 1975 14151132, 78131132,
S«1B INBOARD ENGINE CUTBFF JULY 15, 1975 143521160 731323160
S«1B BUTBBARD ENGINE CUT®FF JULY 15, 1975 14352319, 7332119
S=1B/S=1VB SEPARATIGBN JULY 15, 1975 14152321 7132321
S=IVB IGNITIBN JULY 18, 1975 14352321 7132121
Sw1VB 90% THRUST JULY 15, 1975 143152125 71321260
LAUNCH ESCAPE SYSTEM JETTISGN JULY 15, 1975 14352151, 7832151
GUIDANCE INITIATE JULY 15, 1975 141523155, 7332355 3
S«I1VB CUTBFF JULY 15, 1975 143598420 71391420 }
BRBITAL INSERTIBN JULY 15, 1975 14159152 78139152 |
BPTICS DUST CBVER JETTISON JULY 15, 1975 15:10¢ O» 7:508 Qe
P52 IMU REALIGN (APT 3! LAUNCH REFSMMAT) JULY 15, 1975 15:26% O« 81 61 0o
CSM/Se1vB SEPARATIBN JULY 15, 1975 167 43 Oe 81443 0o
CsM/DM DBCK JULY 15, 1975 168138 0o 81531 0»
S=1VB MANEUVER T8 APBLLO® EVASIVE JULY 15, 1975 17911152 9151152,
MANEUVER ATTITUDE
P30 EXTs DELTA V, EVASIVE MANEUVER JULY 15, 1975 171163 O 9561 0o
(LB=31)

ENTER P41 RCS THRUST PRBGRAM (LBe33) JULY 15, 1975 17:17: O» 9:57% 0.
MANEUVER COBMPLETE JULY 15, 1975 178193 1. 91593 1.
DM EXTRACTIBN = EVASIVE MANEUVER JULY 15, 1975 17:24% 0. 108 4% O
CIRCULARIZATIBN PRELIMINARY PAD (LB+35) JULY 15, 1975 17:50% O« 108308 O
CIRCULARIZATIBN FINAL PAD (LB=35) JULY 15+ 1975 181103 O 10:508 O
P52 IMy REALIGN (8PT 3! | AUNCH REFSMMAT) JULY 15, 1975 189112 O» 103512 O
P30 EXTe DELTA Vv, CIRCULARIZATIBN MNVR JULY 15, 1975 18:1261% O 113 63 O«
ENTER P40 SPS THRUST PROGRAM (LB=37) JULY 15, 1975 18i31% O« 111113 Qe
CIRCULARIZATIBN IGNITION JULY 15, 1975 18:35:% O 111158 0.

CIRCULARIZATIBN BURN STATUS REPBRT JULY 15, 1975 18338: 0« 111188 O



LB-5

ASTP
EVENT DATE TIME TIME
( HIMINIS ) ( MIMINIS )
CeDeTe GeEsTe

DAY 1 ACTIVITIES CBNTD

NC1 PRELMINARY PAD (LBe39) JULY 15, 1975 193141 Oe 111548 O
NCi FINAL PAD (LB=39) JULY 15, 1975 19:34: O 12:14:% Qe
P30 EXTe DELTA V, NC1 JULY 15, 1975 20:20% O 13% 03 O
ENTER P40 SPS THRUST PRBGRAM (LBe40) JULY 155 1975 20:26% O 138 61 O
NC1 IGNITIEBN JULY 15, 1975 20:31: O» 133118 O
NC1 BURN STATUS REPBRT JULY 15, 1975 20%461 Oe 133268 Oe
P52 IMy REALIGN (BPT 3! LAUNCH REFSMMAT) JULY 15, 1975 21! 7% Qe 131473 O
(IF NPC NBT REQUIRED)
NPC IGNITIBN (IF REQUIRED) JULY 15, 1975 21! 8! Oe 131488 0o
P52 IMU REALIGN (8PT 1! RENDEZe BRIENTe)  JULY 15, 1975 213131 Oe 13:53% 0.

(DELAY T8 15120 GET IF NPC REGQUIRED)
UPDATE CMC T8 SYNC APBLLSE TB SBYUZ GET JULY 15, 1975 22140% O« 151208 O

DAY 2 ACTIVITIES

SBYUZ CIRCULARIZATIBN MANEUVER JULY 16, 1975 7:46120¢ 241261200
P52 IMU REALIGN (BPT 3! RENDEZe BRIENTe) JULY 16, 1975 8:58% O 251381 O
DP TRANSFER T8 DM = DM ACTIVATIGN JULY 16, 1975 102288 O 27% 83 0.
DP TRANSFER T8 CM JULY 16» 1975 113452 Oo 281258 Oe
P20 UNJVERSAL TRACKING = BPTIBN 5 JULY 16, 1975 13154: O« 30334: 0o
PCM FINAL PAD (LB=51) JULY 16, 1975 143423 Os 313228 Oe
P52 IMU REALIGN (BPT 3! RENDEZe BRIENT) JULY 16, 1975 158 4! O 311442 O
P30 EXTe DELTA V, PCM JULY 16, 1975 15:30¢ O 321103 O
ENTER P41 RCS THRUST PRBGRAM (LB=53) JULY 16, 1975 153135t 0» 321158 O«
PCM IGNITIBN JULY 16, 1975 15841343 32121343,
PCM BURN STATUS REPBRT JULY 16, 1975 16 11 O 321418 O
P20 UNJVERSAL TRACKING = BPTIBN 5 JULY 16» 1975 16:39¢ Oe 33:119% 0.
NC2 PRELIMINARY PAD « TPI TIG (LB=56) JULY 17, 1975 5:150: O 461308 Qo
P52 IMU REALIGN (BPT 3% RENDEZe BRIENTs) JULY 17, 1975 5:56% O¢ 4631361 O
P52 IMy REALIGN (BPT 3! RENDEZe« BRIENT.) JULY 17, 1975 78128 Oe 471523 O

P52 CBAS LB8S DETERMINATIBN (LBe58) JULY 17, 1975 78173 O 4715781 O




ASTP
EVENT DATE TIME TIME
( HIMINIS ) ( HIMINIS )
CeDeTe GeEeTo
DAY 3 ACTIVITIES

NC2 FINAL PAD (LB=65) JULY 17, 1975 73208 Oe 481 01 0o
NCC & NSR PRELIMINARY PADS  (LB=66)
P32 NC2 TARGETING (LB=68) JULY 17, 1975 7337% 0o 483178 Os
P32 NC2 TARGETING CBMPLETE JULY 17, 1975 73421 0e 488223 0o
ENTER P40 SPS THRUST PRBGRAM (LB=69) JULY 17, 1975 7482 Oe 48:28: O
NC2 IGNITI®N JULY 17, 1975 71543 4o 481341 4
NC2 BURN STATUS REPBRT JULY 17, 1975 7i563 0o 483363 0o
P33 NCC TARGETING (LBe72) JULY 17, 1975 7578 0» 481371 0.
NCC AND NSR FINAL PADS (LB=73) JULY 17, 1975 81208 Os 49: 03 O
P33 NCC TARGETING CBMPLETE JULY 17, 1975 8:27% 0. 498 73 0.
ENTER P40 SPS THRUST PROGRAM (LBe74) JULY 17, 1975 8132% O¢ 491123 0»
NCC IGNITI®N JULY 17, 1975 8:38: 3. 491187 3.
NCC BURN STATUS REPBRT JULY 172 1975 83403 0Oe 49120¢ 0o ,,
P3% NSR TARGETING (LBe77) JULY 17, 1975 8:41% Oe 491213 0. ;
P34 NSR TARGETING COMPLETE JULY 17, 1975 9% 4! O 495448 0o '
ENTER P40 SPS THRUST PROGRAM (L.Be78) JULY 17, 1975 91 91 O 493491 Oe
NSR IGNITIGN JULY 17, 1975 9115 4 491551 4o
NSR BURN STATUS REPBRT JULY 17, 1975 91161 O 491561 0o
P35 TP! TARGETING (LB=82) JULY 17, 1975 9:20% O 50: 03 Oe
TP PRELIMINARY PAD (LB=83) JULY 17, 1975 9:37! 0o 508178 Oe
TPI FINAL PAD (LB«83) JULY 17, 1975 9i54: 0Os 50:34¢ Oe
P35 TPI TARGETING COBMPLETE JULY 17, 1975 108 43 O 501441 Oe
ENTER P40 SPS THRUST PRBGRAM (LBe84) JULY 17, 1975 10 83 0. 501481 0o
TPT IGNITIBN JULY 17, 1975 10514125 505541250
P36 TPM TARGETING (LB=87) JULY 17, 1975 10315: Os 50155 Os
ENTER P41 RCS THRUST PROGRAM (| Be88) JULY 17, 1975 103243 Oo 511 41 Oe
TPM1 IGNITIBN JULY 17, 1975 10326¢ O 51: 61 Oe
P36 TPM TARGETING (LBe89) JULY 17, 1975 103273 0o 51! 71 Oe
ENTER P41 RCS THRUST PRBGRAM (|,B90) JULY 17, 1975 10:36¢ O 51116¢ 0o
TPRA2 IGNITIGN JULY 17, 1975 10:38¢ 0o 511182 0.
P37 RENDEZVBUS FINAL PHASE  (LBe92) JULY 17, 1975 103408 Os 513201 O.
P48 BRAKING (LBw93) JULY 17, 1975 103448 O 511241 0o
APBLLB/SBYUZ DBCKING JULY 17, 1975 113158 O» 511551 Oe

OP TRANSFER T8 DM JULY 17, 1975 113288 O 521 83 0.
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ASTP
EVENT DATE TIME TIME
( HIMINIS ) ( HIMINIS )
CeDeTe GeEeTe
DAY 3 ACTIVITIES CBNTD
DP TRANSFER T8 CM JULY 17, 1975 121192 0» 521591 O
P52 IMy REALIGN (BPT 3! RENDEZe BRIENTe)  JULY 17, 1975 121551 Oe 531351 0o
P52 IMU REALIGN (BPT 1! BRBITAL BRIENTe)  JULY 17, 1975 13% 0! 0. 831401 O
AC AND DP TRANSFER T8 DM JULY 17, 1975 13:37% 0. 543178 O
AC TRANSFER TR SBYUZ JULY 17, 1975 142258 Oe 551 St O
DP TRANSFER T8& SaYuz JULY 17, 1975 143308 Oe 553108 Oe
DP TRANSFER T8 DM JULY 17, 1975 141438 O 551231 0
OP TRANSFER T® S8YUZ JULY 17, 1975 15814% Oe 551511 Oe
DP TRANSFER T8 DM JULY 17, 1975 168 23 0e 5631421 O
FE TRANSFER T8® DM JULY 17, 1975 16313% 0. 561531 Oe
FE TRANSFER T® SBYUZ JULY 17, 1975 163178 0e 5631571 O
AC TRANSFER T8 DM JULY 17, 1975 16:30¢ Oe 571108 O
AC TRANSFER T8 CM JULY 17, 1975 173128 Oe 571528 O+
DP TRANSFER T8 CM JULY 17, 1975 17:29: 0o 581 91 Oe
P52 IMy REALIGN (BPT 3: BRBITAL BRIENTe)  JULY 17, 1975 17:36% Oo 583161 O
AC TRANSFER T8 DM JULY 18, 1975 4% 31 Oe 683431 Qo
CP TRANSFER T8 DM JULY 18, 1975 41308 O 691101 Os
CP TRANSFER T8 SBYUZ JULY 18, 1975 43561 Qe 691361 O
SC TRANSFER T8 DM JULY 18, 1975 5! 8: O 693481 O
PS2 IMU REALIGN (BPT 3% BRBITAL BRIENTe)  JULY 18, 1975 51251 Oe 708 S5t O
SC TRANSFER T8 CM JULY 18, 1975 5i55¢ Oe 701358 O
AC TRANSFER T8 CM JULY 18, 1975 6% 7% Oe 708471 Oe
DAY 4 ACTIVITIES

AC TRANSFER T8 DM JULY 18, 1975 10% 0% O 741408 Oe
SC TRANSFER T8 DM JULY 18, 1975 10320t Oe 758 0¢ O
SC TRANSFER T8 SBYUZ JULY 18, 1975 118 71 0. 751471 Oe
CP TRANSFER T8 DM JULY 18, 1975 118 8% 0o 751481 Oe
AC TRANSFER T8 S8YUZ JULY 18, 1975 113 9% 0» 751493 O
FE TRANSFER T8 DM JULY 18, 1975 11323¢ 0O» 76t 31 O
FE TRANSFER TB CM JULY 18, 1975 113591 0. 763391 O.
CP TRANSFER T8 CM JULY 18s 1975 12% 63 Oe 761461 Oe
P20 uwxveasAL TRACKING = BPTIBN 5 JULY 18, 1975 13:21¢ O 783 11 Qe

DP TRANSFER T8 DM JULY 18, 1975 143158 0o 781558 O¢




EVENT

DAY

FE TRANSFER T8 DM
DP TRANSFER T8 SBYUZ
DP TRANSFER T® DM
FE TRANSFER T8 Seyuz
AC TRANSFER T8 DM

P52 IMU REALIGN (BPT 3% BRBITAL BRIENT.)
AC TRANSFER T8 CM

DP TRANSFER T8 CM

P52 IMU REALIGN (BPT 3: BRBITAL BRIENT)
UNDBCK ING (LB»103)

SECOND DBCKING

P52 IMy REALIGN (8PT 3! BRBITAL BRIENTe)
P52 IMU REALIGN (BPT 1! UVA BRIENT.)
SECOND UNDBCKING (LB=105)
APBLLB SEPARATIGN

P20 UNIVERSAL TRACKING = BPTIBN 5

P52 1My REALIGN (BPT 3! UVA BRIENTe)

P52 IMU REALIGN (BPT 1: BRBITAL BRIENTs)
P20 UNIVERSAL TRACKING « BPTiBN 5

PS2 IMy REALIGN (BPT 3! BRBITAL BRIENT.)

SBYUZ DEBRBIT MANEUVER
SBYUZ LANDING

P52 IMU REALIGN (BPT 3! BRBITAL BRIENT.)
P20 UNIVERSAL TRACKING = BPTIBN 1
PS2 IMU REALIGN (APT 3: BRBITAL BRIENTe)

4 ACTIVITIES CBNTD

DAY 5 ACTIVITIES

JULY
JULY
JULY
JULY
JuLy

JuLy
JuLy
JUuLY
JULY
JUuLY

DAY & ACTIVITIES

DATE

18,
18,
18,
18,
18,

182
18,
18,
19,
19,

19,
19,
19,
19,
19,

19,
19
19,
20,
20»

1975
1975
1975
1975
1975

1975
1975
1975
1975
1975

1975
1975
1975
1975
1975

1975
1975
1975
1975
1975

JULY 21, 1975
JULY 21, 1975

DAY 7 ACTIVITIES

JULY 21, 1975

JuLYy

21,

1975

JULY 21, 1975

TIME

( HIMINIS
CeDoTe

143328
143591
158138
158158
155458

151518
163228
163523
61251
7% 2%

7:37¢
7:54%
8: 02
10:27%
13i36:

181313
18136
181413
5: 3
61253

5! 61
5:i51¢

7458
18:27:¢
228 63

Qe
O

Qe
Qe
Oe

TIME
( HIMINIS )
GeEeTe

791128
79:39%
791531
791551
80125%

801311¢
813 21
811321
95: 53
951428

96:17:
96134¢
961401
998 7%
1021168

1073118
1071163
107:21¢
1171433
1193 51

1411468
1421311

1441251
1558 71
1581461

Oe
Qe
Oe

O

Qe
Qe

X}
[+X]

Qe
0

O
00
Qe




G

ASTP
EVENT DATE TIME TIME
( HIMINS ) ( HIMINIS )
CeDoTe GeEeTo
DAY 8 ACTIVITIES
P20 UNIVERSAL TRACKING = BPTIBN 5 JULY 22, 1975 7:32¢ O 1681121 0.
P52 IMU REALIGN (BPT 3i BRBITAL BRIENTe)  JULY 22, 1975 10:22: 0» 1718 23 0
PS2 IMU REALIGN (BPT 3! BRBITAL GRIENTe)  JULY 225 1975 19% 1t 0o 1798418 0.
DAY 9 ACTIVITIES
P52 IMU REALIGN (BPT 3% BRBITAL BRIENTs)  JULY 23, 1975 9153: 0o 1941338 0.
P20 UNIVERSAL TRACKING = BPTIBN 2 JULY 23, 1975 143208 O» 199t 02 0.
DM JETTISBN JULY 23, 1975 143418 O 19931213 0
P30 EXTe DELTA V, DM1 (LB=122) JULY 23, 1975 15¢ 3% Qo 1991431 0.
ENTER P40 SPS THRUST PROGRAM (LB=123) JULY 23, 1975 153103 O. 1991508 0.
DM1 IGNITION JULY 23, 1975 153162 0. 19931568 0.
PM1 BURN STATUS REPBRT JULY 23, 1975 15118% 0o 199158¢ 0.
P52 IMU REALIGN (BPT 3! BRBITAL BRIENTe)  JULY 23, 1975 15:39: 0o 200319¢ 0.
P30 EXTe DELTA V, DM2 (LBe126) JULY 23, 1975 19:27: 0. 2048 73 Oe
ENTER P40 SPS THRUST PRBGRAM (LB=127) JULY 23, 1975 191321 0» 2043121 0.
DM2 IGNITIBN JULY 23, 1975 19242155, 204322155,
DM2 BURN STATUS REPBRT JULY 23, 1975 19:54% 0» 2043348 0.
P52 IMU REALIGN (8PT 3: BRBITAL BRIENTe)  JULY 23s 1975 21127t O 206: 7% Oe
DAY 10 ACTIVITIES
UPDATE CMC FBR PET JULY 24, 1975 71275 0o 2168 73 0o
P20 UNIVERSAL TRACKING = 8PTI8BN 5 JULY 24, 1975 7830: 0. 2163108 Oe
P52 IMU REALIGN (BPT 3! BRBITAL BRIENTs)  JULY 24, 1975 12:20% O» 2213 0% Oe
P52 IMU REALIGN (BPT 1% ENTRY BRIENT.) JULY 24, 1975 12:39: 0Os 2211191 0.
P52 IMyU REALIGN (BPT 3! ENTRY BRIENT.) JULY 24, 1975 133421 0. 2221221 0
P30 ExTe DELTA V, DEBRBIT (LB=136) JULY 24» 1975 158118 0o 2231511 0.
ENTER P40 SPS THRUST PRBGRAM (LB=137) JULY 24, 1975 158335 0. 2241131 Oe
DEBRBIT IGNITIBN JULY 24, 1975 158401 Oe 22431208 0.
CM/SM SEPARATIBN JULY 24, 1975 153458 0. 2241258 Qs
ENTRY INTERFACE JULY 24, 1975 15:58:23. 224138123,
P67 ENTRYwFINAL PHASE JULY 24, 1975 168 4133, 224144133,
DRBGUE CHUTE DEPLBY JULY 24, 1975 163138 3. 2241531 3.
MAIN CHUTE DEPLBY JULY 24, 1975 163141 0o 2241541 0o

SPLASHDBWN PACIFIC BCEAN JULY 24, 1975 16318131, 224158131,
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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 opointing along a launch
azimuth, For the ASTP mission, this corresponds to approximately 45 east of north for
the 51, 8 inclined orbit of the Soyuz.

In vector notation

Uzsm = unit (-r)

Uxsm = unit (A)

Uysm = Uzsm X Uxsm
Ussm = Stable member x axis
Uzsm = Stable member z axis

A is a horizontal vector at the desired launch azimuth angle.

Uysm completes the set.

The alignment by the computer is a two step process. The first step is to level the platform for a
specific time of 640 seconds after a coarse aligning to the initial computed alignment direction.

After the leveling and a settling period is accomplished, the computer automatically switches to
the gyro compassing mode where gyro's are torqued both for level and azimuth.

The basic loop diagram's for vertical erection and azimuth alignment are shown in Figures A & B.

Both loops are similar. During the vertical erection period, no attempt to align the platform in a
specific azimuth is made.

The three acceleometer outputs are processed by the 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
inertial platform.

Proportional control is then applied for the theoretical east and vertical gyros. The theoretical
south gyro uses proportional plus integral control.

After rotation by the xsm matrix again, the outputs are ready to be applied to the actual gyros.
Earth rate compensation for 5 seconds at the local latitude is added and the actual gyros torqued at
the end of the 5 second cycle.

The gyro compensation routine inserts a ""dead zone' of two to three gyro pulses before torquing
the gyros.

In the process of torquing the gyros, the routine rounds off to the nearest integral pulse and saves
the fractional remainder for the next sampling time.

In addition, to maintain the same magnetic condition of the gyros, an additional two pulses positive
and two pulses negative are performed after every command.
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LAUNCH AZIMUTH CHANGE

VT78E Optional entry if Launch azimuth
change is desired.

Flashing xsm Launch Azimuth XXX. XX deg.
VO06N29

V21E Load new Launch Azimuth u.... deg

PRO

Copy GMT of Launch Azimuth
entry .hr
. min

- _.sec
date

Wait 320 seconds for vertical erect,
then gyrocompass.

V78E  Optional entry if Launch azimuth
change is desired.

Flashing xsm Launch Azimuth XXX. XX deg.
VO06N29
V21E Load new Launch Azimuth ﬂl..l deg
PRO
Copy GMT of Launch Azimuth
entry .hr
. min
. sec
date

Wait 320 seconds for vertical erect,
then gyrocompass.

Vertical

Launch Azimuth ~ 45°
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BOOST MONITOR

LIFTOFFGMT __________ hours
minutes
seconds
Date

SATURN BOOST

DET|©]| VI | H

X

0+00 90| 1 340 0

0+30 8411 423 | 395

1+00 6611 973 [1013] 4.
1+30 46 ] 3 254 11739 10.
2+00 3115 5752592 21.
2+30 26| 7 5832825 36.
3+00 291 8 023 | 2311 48.
3+30 32| 8 55711941} 59
4+00 28| 9 190 | 1592 67.
4+30 2519 925 1261 74.

5+00 21110 768 | 950| 80.
5+30 1811 721 | 662] 84.
6+00 15112 795 | 402] 86.
6+30 11114 005| 176] 88

[7+00 [ 815 374 -9f es.

7+30 4116 928 -141] 88
8+00 1|18 586 | -230| 87.
8+30 | 35720 297 | -286] 86.
9+00 | 35422 266 | -257| 84.
9+30 | 35024 576 -117] 83.
9+42 | 35025 629 -4] 83.

o= Blw |N] wblw wlm o= oo Nv wle o

BOOST POLYNOMIALS (129. 55 sec)

Pitch Angle (S/C) = 3.4105492 -.6459651t + . 0397588t -, 00068310359 t°

+7.2429454 x 1070 t% -4, 3654159 x 10”8 % + 1. 09095 x1071%8

Where t = A time from deduced time of liftoff when the roll and pitch computed attitude errors
should start., (Nominally 10. 3 sec after liftoff). The stop time is nominally 130. 3 sec
after liftoff. The attitude errors are biased by the actual vehicle angle if Saturn
takeover is accomplished.

RA = Roll angle = Saturn Roll Rate*t - 180° + Launch Azimuth - (-900*)

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

X i -
Zhe sin PA 0 cos PA
XDC = | -sin RA cos PA -cos RA -sin RA sin PA
Zpe -cos RA cos PA -sin RA -cos RA sin PA
Xpe = desired X S/C vector
Yoo = desired Y S/C vector
p A = desired Z S/C vector

=DC
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INSERTION MONITOR

GET .hrs
. min
. sec

N62
VI Inertial Velocity L ft/s
HDOT Altitude rate . ft/s
H Altitude 5 nmi
N44
ha Altitude of Apogee nmi
hp Altitude of Perigee nmi
TFF Time from
Free Fall
(300, 000 ft) min-sec
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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 )
is defined by the intersection of the earth's equatorial plane and the ecliptic in the direction of the
ascending node. The Z axis (uzp) is along the mean earth north pole, and Y axis (uyy) completes
the right-handed triad.

REFSMMAT, The matrix used to transform the elements of a vector given in
BRC space to IMU space is known as REFSMMAT.

Five REFSMMAT's or IMU alignments are utilized during this mission, Each
is a unique matrix which locates a stable member axis @xsmM, Uysy, OF Uzgy)
in BRC space (Figure 2).

IMU REALIGNMENT, Any desired IMU orientation with respect to the BRC system
and its associated REFSMMAT can be obtained from star sightings (Program P52),

The procedure generally used to change the alignment of the IMU from one of the
three primary attitudes to another is as follows:

e The astronaut executes Program P52, Option 3. This realigns the
IMU to the present inertial attitude thereby eliminating the effects
of gyro drift,

e The astronaut executes Program P52, Option 1, The REFSMMAT
for Option 1 is generally uplinked prior to entering P52, When
executed, the program computes and displays the IMU gimbal angles
for the desired IMU attitude using the present vehicle attitude,

A total of three options are available to the crew when executing P52 (Figure 3)., The basic dif-
ference between options is the manner in which REFSMMAT is obtained. The basic orthogonaliza-
tion procedure used to compute REFSMMAT is shown in Figure 4, Navigation stars, the solar
ephemeris and the vehicle state vectors are referenced to this system.

L1

Ecliptic

Uy = Mean Equinox of Date

Figure 1. Basic Reference Coordinate System

* E, T, = Ephemeris Time
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[ LAUNCH PAD REFSMMAT |

1. Launch
2. Separation (AEM)
3. Circularization (ACM)

4. NC1
X XIX X1Y XI1Z X
T = I YIX YIY YIZ Y
Z | Spacecraft ZIX ZIY Z1Z Z |ECI
Platform
Stable
Members
XX = =-.06310192 XIYy = -.78289669 X1Z = ,61894336
YIX = -,64741865 YIY = -.43986600 YIZ = =-,62238812
ZIX = .75951776 ZIY = -.43998938 Z1Z = =-.47910554
RENDEZVOUS
1. NC2
2. NCC
3. NSR
4. TPI
XIX = .42218671 XIY = .49164148 X1Z = -,76160818
YIX = =-,70565224 YIY = -,34915579 YIZ = =-,61655912
ZIX = -.56904594 ZIY = .79773358 Z1Z = ,19951897
UVA
1. Separation
XX = =-,26508801 XIY = ,96422422 X1Z = ,00000000
YIX = .11660937 YIY = .03205867 YIZ = .99266031
Z1IX = . 95714711 ZIY = .26314235 Z1Z = =,12093595
ORBITAL
1. DM1
2, DM2.
XIX = =.51994343 XIY = =-.58638351 X1Z = .62113864
YIX = =-,78608606 YIY = .04392069 YIZ = -.61655466
ZIX = . 33425665 ZI1Y = -.80884198 Z1Z = =-,48378419
DEORBIT
1. Deorbit
2, Entry
XX = .40941366 XIY = ,.87663779 X1z = -,25275 807
YIX = -,76617207 YIY = .17994650 YIZ = =-,61692755
ZIX = =-.,49533907 ZIY = .44623474 Z1Z = .74532796

Figure 2. Mission REFSMMAT'S
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|oPTION: 00001 (PREFERRED)|
DESCRIPTION: Preferred Thrusting Illustrated

XSM = Upp
YSM = (XSM) x (Tpyg)
ZSM = (XSM) x (YSM)

X3n

The PREFERRED option refers to one of two possibilities:

a, The PREFERRED thrusting orientation which is calculated and stored by P40 and
P41,

b. Any orientation uplinked by STDN 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 STDN via P27, the
PREFERRED ATTITUDE flag is set. This flag indicates to the CMC that a usable
platform orientation has been stored in the locations allotted to PREFERRED ATTI-
TUDE. The PREFERRED ATTITUDE flag being reset indicates the information in
the PREFERRED ATTITUDE locations is unusable. The PREFERRED ATTITUDE
flag is reset by P40 and P41 at TIG - 30 seconds.

CALCULATION OF ORIENTATION:

PREFERRED Xsm Urp

REFSMMAT | = |Ygy |=|Unit @pp X Tpq)

(Thrusting) Zsm Unit @ X Opp X Fryg))
where

Urp is a unit vector in the desired thrust direction expressed in the basic
reference system,

?TIG is the position vector of the vehicle at ignition expressed in the basic
reference system,

Figure 3. (Sheet 1 of 2)
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JOPTION: 00002 (NOMINAL)I

DESCRIPTION: LOCAL VERTICAL

X8M = (Y8M) x (Z8M)
84 = (V) % (T)
780 = =

The CMC requests the g. e, t. for which the vehicle T and ¥ are to be selected to define
the NOMINAL orientation,

CALCULATION OF ORIENTATION:

CSM
Xsm X% Zaw
Nominal =y ¥
REFSMMAT | sM| = |Unit ¥ X T)
Zsm Unit (-T)
where
. are position and velocity vectors of vehicle at the time
¥ specified,

lopTION: 00003 REFSMMAT) |
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 Currently maintained
[REFSMMAT] =| YsMm |= | CMC platform

Zgm Orientation

Figure 3. (Sheet 2 of 2)
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P51/P52 IMU ALIGNMENT

z
zZ
-J€ STAR 2
FETARI
7Y e o) 4
X X
Fxl X
L U = | Y
L% ] Ecr Zy JEar

gy andgsz are known unit vectors in ECI space of the stars and are stored in the CMC,

XM Xom
YoM = | Yim Ysom = | Yom
L%1m_fsm Zom | sm
r-XiM cos AS sin A‘
Ugm = | Yim = [AI] [AM] [AO] [32°] sin AS sin A
ZiM Ji=10r2 cos Ay

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

u, and ESZM are the measured unit vectors (optics mark) in stable member (SM) space
Eﬂ% stars,

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.

Ugy Ssim

Sp | Umxlg ECLoys SB =| ugmX Ssom e
Ug X (g X Ugp) Ugim X Ugm X Yson)

S, = [AlECT §B= [B1SM

S5, = 5

[A] ECI = [B] SM

sM = B} (A1ECL

-1 _ M
[REFSMMAT] = [B] ~ [A] = XSM
Zsm | ECI
l(SM XSM and ZSM are the present stable member axes in reference coordinates.
Z Z

— Y - Y
X
X
@ = cos™t (Ugy " Ugo) 8 = cos”! Usim’ Ysan

Star Angle Difference = a - B
Star Angle =8

Figure 5. REFSMMAT Computations
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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 REFSMMAT presently stored in the computer.

Since the gyros in the IMU arejalways 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:

Xsm Xsm
Ysm| = [oxllozlley] Ysm
| Zsm Zsm
Desired Present
[ X cos, cosd, sing, 09, sing, Xsm
Ysm [ = (sing, sin¢v - cosd, sing, eowy) cosg, cosp, (cosp, sing, sin¢y +sing, cos¢y) Ysm
_ZSM (sing,, sing, c¢>s¢y + cosp, sin¢v) -sing, cosd, (cowx eos¢y - sing, sing, siwv) Zsm
Desired Present

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

Xsm Xsm Xsm C(1,1) c(1,2) c(1,3) Xsm
Ysm| = A1 [B] | Yoy | = [C]1| Ygu| =|c@n ce2a cea| |Ygu
Zsm Zsm Zgy C(3,1) C(32) cC(33) Zgm
Desired Present Present Present
For P52
Sp = [Alsm Sg = [B]sm
Desired Present
[Alsm = [B]sMm
Desired Present
sv = [AT' [B]sM
Desired Present

The gyro torquing angles can be computed from any convenient element for element assignment between the matrices [C] and [¢X]
lbz] By} Gyro torquing angles are using the relationship:

-1 (-c(1.3)
¢zy = tan (C(l.‘l) )

o (cn,z) eog},)
z

c(1,1)

& & Rt (-c«a,z) )



ASTP MISSION
REFSMMAT SUMMARY

£2-4d'1

APPLICABLE ALIGNMENT
MANEUVER REFSMMAT CRITERIA (IMU AXIS) REMARKS
Launch, Launch X-axis along flight azimuth at Launch At launch the FDAI will display:
Separation Z-axis along negative radius vector Roll = 90° + flight azimuth,
NC1 Y-axis completes the right-hand triad Pitch = 90°, Yaw = 0°,
NC2 Rendezvous Z-axis along negative position vector At TIG of TPI the FDAI will
NCC defined at TPI ignition time. display Roll = 0°,
gil; Y-axis along negative momentum Ptlt;l;; %: eiezgtion angle

vector of the vehicle defined at TPI 5 TR :

ignition time.

X-axis completes the right-hand triad.
Separation UVA A REFSMMAT obtained by the follow

rotations from a local vertical (see LB-

20) REFSMMAT at the ascending r(x)ode

of Rev 59: Yaw = 45°, Pitch=90",

Roll = 180°.
DM1 Orbital Z-axis along negative position vector At orbital noon on Rev 110 the
DM2 defined at orbital noon of Rev 110 FDAI wil!I) read: Roll = 0°,

i & = 00

Y-axis along negative momentum Pitch'= 0%, Yaw = 0%

vector of the vehicle defined at orbital

noon of Rev 110

X-axis completes the right-hand triad.
ADM Deorbit X-axis aligned with the Spacecraft At deorbit the FDAI will read: o
Entry X-axis at the vehicle attitude for de- Roll = 0°, Pitch = 180°%, Yaw=0".

orbit ignition with the thrust directed
through the center of gravity

Z-axis in the plane formed by the
X-axis and the radius vector,
Positive direction away from earth
for heads down attitude.

Y-axis completes the right-hand triad,
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DETERMINATION OF S/C ROLL AXIS WITH
RESPECT TO A LOCAL HORIZONTAL COORDINATE SYSTEM

Thn. procedure o'utlin-d below provides a method for determining the direction cosines of the CSM roll axis with respect to the local
h@znmal coordinate system. This procedure requires knowing the IMU gimbal angles, the REFSMMAT to which the stable member is
aligned, and the state vector in referen i of the CSM cor ing to the time of the gimbal angles.

o axs LocAL womzoNTAL

v

XL/Z,y ANE DEFINED BY
ORBITAL PLANE

The procedure is broken into two parts: the first defines the S/C axis with respect to the basic reference coordinate system; the second
defines the S/C 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 completeness.

[smngB] -the transformation from the stable member to the navigation base of the G&N system. Since the navigation base axes are
c[olinear]wim S/C axes for the CSM, this transformation also defines the transformation from the stable member to the S/C
([smsc]).
Xsc Xsm Xsm Xsm
Ysc | = [AJ'[AGIT AT | Yoy | = [SMNB]  [Ygy |= [sMSC] | Ygy
Zsc Zsm Zsm Zsm

cosAi cosAm sinAm -sinAi cosAm
[smsc] = | (sinAi sinAo-cosAi sinAm cosAo) cosAm cosAo  (sinAi sinAm cosAo+cosAi sinAo)
(cosAi sinAm sinAo+sinAi cosAo) -cosAm sinAo  (cosAi cosAo-sinAi sinAm sinAo)

where Ao, Ai, and Am are the outer, inner, and middle gimbal angles as displayed 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.

XIX  XIY  XIZ
[REFSMMAT]=| YIX  YIY  YIZ
ZX 2y 21z

[REFsC] - the transformation from the basic reference coordinate system to the S/C axes.
XSC/REF REFSC(1, 1) REFSC (1,2) REFSC (1, 3)
[REFSC] = [sMSC] [REFSMMAT] = Ysc/ReF | = | REFSC(2, 1) REFSC (2, 2) REFSC (2, 3)
ZSC/REF REFSC (3, 1) REFSC (3, 2) REFSC (3, 3)
where XSC/REF. YSC/REF. and ZSC/REF define the X, Y, and Z axes of the CSM with respect to the basic reference coordinate
system.
[LHREF] ~the transformation from the local horizontal coordinate system to the basic reference coordinate system.

[LHREF] = -[unit{(V X R) X (-R )}, unit (V X R), unit (-R) ]

where Rand V 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.
XSC/LH

[LHsC] = [REFSC] [LHREF] = |¥sc/LH
ZSC/LH

where XSC/LH. YSC/LH. and ZsC/LH define the X, Y, and Z axes of the CSM with respect to the local horizontal coordinate
system.
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STEP 1. S/C AXES WRT BASIC REFERENCE COORDINATES

[REFSC] = [sMSC] [REFSMMAT]

/ \,’C
/ "

/

w

REFSC (1,1) = cosAi cosAm XIX +sinAm YIX - sinAi cosAm ZIX
REFSC (1, 2) = cosAi cosAm XY +sinAm YI1Y - sinAi cosAm ZIY = XSC/REF
REFSC (1, 3) = cosAi cosAm XIZ + sinAm YIZ - sinAi cosAm ZIZ

REFSC (2, 1) = (sinAi sinAo - cosAi sinAm cosAo) XIX + cosAm cosAo YIX + (sinAi sinAm cosAo + cosAi sinAo) ZIX
REFSC (2, 2) = (sinAi sinAo - cosAi sinAm cosAo) XY + cosAm cosAo Y1Y + (sinAi sinAm cosAo + cosAi sinAo) ZIY = YSC/REF
REFSC (2, 3) = (sinAi sinAo - cosAi sinAm cosAo) XIZ + cosAm cosAo YIZ + (sinAi sinAm cosAo + cosAi sinAo) ZIZ

REFSC (3,1) = (cosAi sinAm sinAo + sinAi cosAo) XIX - cosAm sinAo YIX + (cosAi cosAo - sinAi sinAm sinAo) ZIX
REFSC (3,2) = (cosAi sinAm sinAo + sinAi cosAo) XIY - cosAm sinAo Y1Y + (cosAi cosAo - sinAi sinAm sinAo) ZIY = ZSC/REF
REFSC (3,3) = (cosAi sinAm sinAo + sinAi cosAo) XIZ - cosAm sinAo YIZ + (cosAi cosAo - sinAi sinAm sinAo) ZIZ

STEP 2. S/C AXES WRT LOCAL HORIZONTAL COORDINATES

[LHSC] = [REFSC] [LHREF]

LHSC (1,1) = {REFSC (1, 1), REFSC (1,2), REFSC (1,3)} o { unit [(V X R) X (R)]}

LHSC(1,2) = {REFSC(1,1), REFSC (1,2), REFSC (1,3)} © {unit (¥ XR)} = XSC/LH
LHSC (1,3) = {REFSC(1,1), REFSC (1,2), REFSC (1,3)} © {unit (R)}

LHSC (2,1) = {REFSC (2, 1), REFSC (2,2), REFSC (2,3)} © {unit [(V XR) X (RI]}

LHSC(2,2) = ({REFSC (2, 1), REFSC (2, 2), REFSC (2,3)} © {unit (Y XR)} = YsC/LH

LHSC (2,3) = {REFSC (2, 1), REFSC (2, 2), REFSC (2, 3)} © {unit (-R)}

LHSC (3,1) = ({REFSC (3, 1), REFSC (3, 2), REFSC (3,3)) © {unit [(V X R) X (R)]}
‘ LHSC (3,2) = ({REFSC (3, 1), REFSC (3,2), REFSC (3,3)} © {unit (V. XR)}
LHSC (3,3) = {REFSC (3, 1), REFSC (3, 2), REFSC (3,3)} © {unit (-R) }

ZsC/LH

The XsC axis is the same as the roll axis and therefore the components of the roll axis of the S/C with respect to the local horizontal
coordinate system are:

LHSC (1, 3) — component of Xg along -B
LHSC (1, 2) — component of Xgg normal to orbital plane

LHSC (1, 1) — component of Xgg normal to -Rand in plane. _




LB-26

P52—IMU REALIGN

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT

V51 Flashing — Please Mark

Y

X101 0:]01 0 P52 Option

+ 10 0 Hours

+ |-0 0|0 Minutes GET

+ |0 Seconds

Celestial
3 Bl Bl s Body Code 1 N71

Celestial
X0 Bis Body Code 2 N71

Star Angle

y Difference (degrees) -

Star Angle
Measured (degrees)

X N93

Gyro
Y Torquing
Angles
(degrees)
z)

X Calculated
Gyro

Y Drift

i (meru)

NOTES:



LB-27

P52—IMU REALIGN

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT

V51 Flashing — Please Mark

X|{oj 0|0} O P52 Option

+'10 0 Hours

+|10)| 010 Minutes GET

+ | 0 Seconds

Celestial
X100 p oo Body Code 1 N71

Calestial
J LK LR Body Code 2 i

Star Angle

Difference (degrees) NOG

Star Angle
Measured (degrees)

X ) N93
Gyro

Angles

Y } Torquing
» J (degrees)
\

X Calculated
Gyro

{ Drift

| (meru)

NOTES:



LB-28

P52—IMU REALIGN

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT

V51 Flashing — Please Mark

s

X119 1010110 P52 Option

+ |0 0 Hours

+ 0 [0 10 Minutes GET

+ 30 Seconds

Celestial
X|0 ofo Body Code 1 N71

Celestial
X401 0|0 Body Code 2 N71

Star Angle

Difference (degrees) oS

Star Angle
Measured (degrees)

X N93
Gyro

Y Torquing
Angles
z )

(degrees)
X Calculated
Gyro
v Drift
! (meru)

NOTES:



LB-29

P52—IMU REALIGN

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT

V51 Flashing — Please Mark

. 7

X|0jO0|O0O] O P52 Option

+ |0 0 Hours

+ (0| 0]0 Minutes GET

+ |0 Seconds

Celestial
Xipg 90 Body Code 1 N71

Celestial
x|o 0]0 Body Code 2 N71

Star Angle

Difference (degrees) NOS

Star Angle
Measured (degrees)

X N93
Gyro

Y Torquing
Angles
(degrees)

z

X Calculated
Gyro
Drift
(meru)

—

NOTES:



V37 Enter, 52 Enter
V04 NO6 Flashing

R1:
R2:

00001

LB-30

P52—IMU REALIGN

0000 X IMU Align Option
1 — Preferred, 2 — Nominal,

3 — REFSMMAT

V51 Flashing — Please Mark

o|jojo P52 Option

Hours
0|0 Minutes GET

Seconds

Celestial
219 Body Code 1

N71

Celestial
ot i Body Code 2

N71

Star Angle
Difference (degrees)

Star Angle
Measured (degrees)

NO5

X

Y

z)

Gyro

N93

Torquing
Angles
(degrees)

X

Calculated
Gyro
Drift
(meru)

NOTES:



V37 Enter, 30 Enter

LB-31

P30 - EXTERNAL AV
AEM

V06 N33 Flashing, Load Desired GET I
V06 N81 Flashing, Load Desired AV

PURPOSE
+10 Hours I N33 0
0 4 Minutes GET I 0
+10 Seconds 0
0 AVy Local Vertical ~ [N81 0
0 avy (feet/second) 0
0 AVZ 0
, 0 Roll [N22 | + 0
n PR, Aiflgsttzz:lees) i !
Yaw a3 ) 0
AV, (feet/second) x
b BT (min:sec) X ‘4
+ | x AV C at Ignition + | x
- | x AV, TAILOFF -] x
+ Weight (lbs) N47 | +
s PrriM = *
3 YTRIM L]
X SXT Star x| x
Shaft Angle .
0 Trunnion Angle 0

NOTES:




LB-32

MANEUVER UPDATE (P30) PAD DESCRIPTION

GET of ignition (GETI) in noun 33 display

Change in velocity components in noun 81 display

Ground calculated S/C burn attitude relative to the IMU at GETI called by V49 N22
EMS AV counter load (AV
Burn duration (BT)

EMS AV counter cue (AVC Ignition) for manual SPS ignition in short burn SCS control
EMS AV counter reading (AVC tailoff) to trim to for short burn SCS control

Ullage duration, and number of quads (2 or 4) used

Vehicle weight, and pitch and yaw trim engine gimbal angles, for DAP data load

Star number, and optics shaft and trunnion angles.

o



LB-33

EVASIVE MANEUVER
P41 - RCS THRUSTING

V50 N18 Flashing, Request Maneuver to FDAI
R, P, Y Angles

V06 N18, FDAI R, P, Y Angles After Maneuver to
Burn Attitude

V06 N85, X, Y, Z Body Axes Velocity to be Gained

V16 N85 (Average G on at TIG-30) Velocity to be
Gained

V16 N85 Flashing, Body Axes Residuals (to be
Nulled)

50-18 | Roll
Pitch (deg)
Yaw
06-18 | Roll
Pitch (deg)
Yaw
06-85 | X
i Y VG(ft/s)
° Z
6 |16-85 | x
Y VG (ft/s)
jf z
16-85 | X
v Residuals
(ft/s)
Z
o o
i_ Y /s
7




LB-34

APOLLO EVASIVE

(AEM)
PROPULSION/ PRETHRUST
oy i . GUIDANCE TARGETING
RCS/G&N
AEM 8.7/3.3 2:34:00AGET pyr'ay (p-g1) P-30
AVy N85 +|x|x h
AVy RESIDUALS (ft/s) |+ |x|x|x min
AV,  (BODY AXIS) +|x sec
—_—— a1V ———o-—VY ———n-—VZ
XrRIM TRIM TRIM
SUN

TIG: 02:34:00.0

BT: 8.7 sec
AV: 3.3 fps
POSIGRADE

APOGEE: 90.2 nmi
PERIGEE: 81.0 nmi



LB-35

P30 - EXTERNAL AV

ACM
V37 Enter, 30 Enter
V06 N33 Flashing, Load Desired GET I
V06 N81 Flashing, Load Desired AV
PURPOSE
0 Hours I N33 0
0 Minutes GETI 0
+ 10 Seconds 0
0 AvVy Local Vertical ~ [N81 0
0 Avy (feet/second) 0
0 AVZ 0
+ , 0 Roll [N22 | +
IMU Gimbal
ha b Pitch Angles (degrees) 2
+ Yaw +
x AV, (feet/second) x
X BT (min:sec) X)X
o AV fo at Ignition T
- | x AVC TAILOFF - | x
* Weight (lbs) N47 | +
0 ) T N48
. YrRIM
x SXT Star e <
Shaft Angle
0 Trunnion Angle *

NOTES:




LB-36

P52—IMU REALIGN

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 - REFSMMAT

V51 Flashing — Please Mark

X 1040101 0 P52 Option

-0 0 Hours

*= 10 0|0 Minutes GET

+10 Seconds

Celestial
X|0 o Body Code 1 N71

Celestial
X|o0 el B Body Code 2 N71

Star Angle

Difference (degrees) oS

Star Angle
Measured (degrees)

X N93
Gyro

Y Torquing
Angles
- (degrees)
z)

X Calculated
Gyro
Drift

¥ (meru)

NOTES:




LB-37

(CIRCULARIZATION)

P40 - SPS THRUSTING (CSM)

V37 Enter, 40 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles

V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude

V50 N25 Flashing, R1 = 00204, Gimbal Actuator Test Option

V06 N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity
V99 N40 Flashing, Engine On Enable Request

V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity
V16 N40 Flashing, Final Values at Engine Cutoff

V16 N85 Flashing, Body Axes Residuals (to be Nulled)

V37 Flashing, V82 Enter

V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit

50-18 ] Roll
e Pitch (deg)
b Yaw
06-18 | Roll )
. Pitch (deg) .
Yaw r
06-40 ] TFI (min:s)
VG (ft/s)
AVM  (ft/s)
06-40 | TFC (min:s) ‘
VG (ft/s)
s AVM  (ft/s) b
16-40 | TFC (min:s)
VG (ft/s)
AVM  (ft/s)
85 % .
I v Residuals
. (&t/s) |
[ Z 3
85 | x
y TRIM
(ft/s) L
Z ®
e |44 | HA (ami) S
4 HP (nmi) b
TFF (min:s)




LB-38
APOLLO CIRCULARIZATION
(ACM)
EVENT B PROPULSION/ PRETHRUST
i Lo GUIDANCE TARGETING
SPS/G&N
ACM 0.9/20.5 145:00 AGET) oy Ay (P-40) P-30
AVy N85 +|x|x h
AVy RESIDUALS (ft/s) |+ |x [x|x min
AV,  (BODY AXIS) +|x sec
i il Y. ————-o——VY —-——o—Vz
XTRIM TRIM TRIM

TIG: 03:45:00.0
BT: 0.9 sec
AV: 20.5 fps
POSIGRADE
SPS
APOGEE: 91.5 nmi
PERIGEE: 89.5 nmi

SUN



V37 Enter, 30 Enter

LB-39

P30 - EXTERNAL AV
NC1

V06 N33 Flashing, Load Desired GET I
V06 N81 Flashing, Load Desired AV

PURPOSE
+10 Hours LN33 0
0 Minutes GET1I 0
0 1 Seconds 0
° B SR 1 DA
0 AVy 0
0 AVZ 0
+ ) 0 Roll [N22 | +
+ 0 10 [Piteh 4oy (Gegroes) :
+ Yaw 4
x | x AV, (feet/second) x| x
X BT (min:sec) X
+ | x AVC at Ignition + | x
= | % AVC TAILOFF - X
# Weight (Ibs) N47 | +
b PTRIM N48 0
b YrRIM
b SXT Star X
Shaft Angle +
0 Trunnion Angle +

NOTES:




LB-40

(NC1)

P40 - SPS THRUSTING (CSM)

V37 Enter, 40 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles

V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude

V50 N25 Flashing, R1 = 00204, Gimbal Actuator Test Option

V06 N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity
V99 N40 Flashing, Engine On Enable Request

V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity
V16 N40 Flashing, Final Values at Engine Cutoff

V16 N85 Flashing, Body Axes Residuals (to be Nulled)

V37 Flashing, V82 Enter

V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit

50-18 ] Roll
[ Pitch (deg)
Yaw )
06-18 | Roll ®
. Pitch (deg) L
® Yaw
06-40 | TFI (min:s)
b VG (ft/s)
AVM  (ft/s) <
06-40 [ TFC (min:s)
¢ VG (ft/s) °
b AVM  (ft/s) ®
16-40 | TFC (min:s)
VG (ft/s)
AVM  (ft/s) , I
85 [ x
v Residuals
L (ft/s) L
® Z
85 | x |
y TRIM
(ﬁ/s) [ ]
Z ®
e |4 | HA (ami) .
® HP {(nmi) @
TFF (min:s)




LB-41

PHASING 1
NC1
EVENT PROPULSION/ PRETHRUST
Br/AY b GUIDANCE TARGETING *
NC1 3.1/66.3 |5:41:28.1 SPS/G&N P-30
AGET | EXT AV (P-40)
AVy N85 +|x|x h
AVy RESIDUALS (ft/s) |+ |x|[x|x min
AV,  (BODY AXIS) + | x sec
B ¥/ ———O—V,Y ———G—VZ
XTRIM TRIM TRIM
SUN

TIG: 05:41:28.1
BT: 3.1 sec
AV 66,3 fps
POSIGRADE
SPS

APOGEE: 125.8 nmi
PERIGEE: 91.0 nmi



V37 Enter, 52 Enter
V04 NO6 Flashing

R1:
R2:

00001

LB-42

P52—IMU REALIGN

0000 X IMU Align Option

1 — Preferred, 2 — Nominal,

3 - REFSMMAT

V51 Flashing — Please Mark

P52 Option

Hours

Minutes GET

Seconds

Celestial
Body Code 1

N71

x|o
+10
+1]0
+ 10
x|o
x|o

Celestial
Body Code 2

N71

Star Angle
Difference (degrees)
Star Angle
Measured (degrees)

NO5

X
Gyro
Y Torquing
[ Angles
z)

N93

(degrees)
X Calculated
Gyro
Drift
Y [ (meru)

NOTES:




LB-43

Normal Plane Change Targeting (NPC)

The plane change NPC targeting program computes the plane-change (PC) maneuver. The inputs
are the state vectors of the CSM and Other Vehicle at the time of the last maneuver. This last
maneuver, made by the CSM, is assumed to result in a nodal point after a 90-degree traverse

from the maneuver position.

The targeting sequence:

1.
2.

3.
4.

The CSM state vector Iy y_c, is precision integrated to the time of the last maneuver.

The time of the nodal crossing is then computed by using the time-theta routine
to update the CSM state vector the rough 90 degrees.

The CSM and Other Vehicle state vectors are updated to the time of plane change, tpc’
Compute the plane change parameters.

Normal Plane Change Targeting

]
(<]

< e
(e}

= Unit (yc X zc )
Xc =  velocity vector CSM at tpc
r, = position vector CSM at tpc
= Unit (V. xr.)
Xw = velocity vector Other Vehicle at tpc
r, = positionvector Other Vehicle at to
e
= ¥, * By
*. Ny Eg
yc =  out-of-plane position
i’c = CSM out-of-plane velocity
}.,w = Other Vehicle out-of-plane velocity

Normal Plane Change Targeting

av

LV

= (0; b i’c, 0)

Define local vertical coordinate system axes in reference coordinates.

I< N

| >

= ~-Unitr = Unit (—gc )
Hl = Unit (Xc X Ec)
= ¥x2z

Compute AV the CSM out-of-plane velocity vector in reference coordinates

AVge = [XXz] vy



LB-44

NPC ONBOARD TARGETING

Verb 37, Enter, 38 Enter

V50 N25 Flashing
R1: 00017

PRO Accept

V50N18 Flashing

MINKEY Option

MINKEY Option
Request Maneuver to Roll,
Pitch, and Yaw Angles

PRO
+.10 Hours |N39 + |0
+ |o 0 Min TRt +] 0
+ |o . S8o Last Maneuver +| o )
+ 50 Hours LN33 +10
+ o 0 o | ThGof +o
%10 Sao Plane Change +1 o0 s
b Marks @5
b Time From Ignition (min:sec)
=0 10 FQ {0 MGA -10
e | AVx, Local [ N81
y AVy | Vertical (PC)
AVz ft/s
b Marks [ nas5
b Time From Ignition (min:sec)
MGA 4
P52
b OGA | New [ N22 ®
IGA ICDU
MGA ' ANGLES
MINKEY Pulse
Torque N25
OGA |, ICDU IN20 'Y
IGA ANGLES ®
MGA §

NOTES:

If AV < 10 FPS Automatic to P41
If AV 2 10 FPS Automatic to P40



LB-45

P30 - EXTERNAL AV

NPC
V37 Enter, 30 Enter
V06 N33 Flashing, Load Desired GET I
V06 N81 Flashing, Load Desired AV
PURPOSE
+(01]0 Hours I N33 | +|0
+|1010]O0 Minutes GET I 0
+10 Seconds 0
0 y | AVy Local Vertical ~ |N8L 0
p 1 vy (feet/second) 0
0 p AVZ 0
+ L0 | 0 [Roll [N22 | +
IMU Gimbal
+
e Pitch Angles (degrees)
* ¢0 | 0 | Yaw *
x AV, (feet/second) x
X BT (min:sec) X
+ x| x| x ) AV, at Ignition * Lz
= lx 1z ) AVC TAILOFF -
+ Weight (Ibs) N47 | +
0 PTRIM N48
¢ 4 YrRrIM
xixlx SXT Star X
0 | Shaft Angle
0 | 0 | Trunnion Angle +

NOTES:




LB-46

NORMAL PLANE CHANGE NPC

P40 - SPS Thrusting
Automatic MINKEY Entry

V50 N18 Flashing, Request Maneuver
to FDAIR, P, Y Angles

V06 N18, FDAI R, P, Y Angles After
Maneuver to Burn Attitude

V50 N25 Flashing, R1 = 00204, Gimbal
Actuator Test Option

V06 N40, Time from Ignition, Velocity
to be Gained, Measured Change in
Velocity

V99 N40 Flashing, Engine on Enable
Request

V06 N40, Time from Cutoff, Velocity
to be Gained, Measured Change in
Velocity -

V16 N40 Flashing, Final Values at
Engine Cutoff

V16 N85 Flashing, Body Axes Residual:
(to be Nulled)

V37 Flashing, V82 Enter

V16 N44 Flashing, Apogee Altitude,
Perigee Altitude, Time to Freefall
300 K ft Earth Orbit

s

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 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

AV' 2 10 FPS AV <10 FPS
50-18 | Roll 50-18 | Roll
Pitch (deg) Pitch (deg)
Yaw Yaw
06-18 | Roll os-1s]Rou
Pitch (deg) Pitch (deg)
Yaw £ Yaw
06-40 | TFI (min:s) 06-85[X
VG (ft/s) Y VG(ft/s)
AVM (ft/s) zZ
06-40 | TFC (min:s) 16-85 [ X
VG (ft/s) Y VG(ft/s)
AVM (ft/s) /A
16-40 | TFC (min:s) 16-85 [ X
VG (ft/s) Y Residuals
AVM (ft/s) z (&/9)
85 .| x X o
< X Residuals b Trim
z ({t/s) 7 (ft/s)
85 | x
Y TRIM
{ft/s)
44 | HA @mi)
HP (nmi)
TFF (min:s)

R TG TR T SRR ——————



LB-47

P52—IMU REALIGN

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 - REFSMMAT

V51 Flashing — Please Mark

X0 0]0 0 P52 Option

+ |0 0 Hours

+ |0 0|0 Minutes GET

+ 10 Seconds

Celestial
X0 ofo Body Code 1 N71

Celestial
X|o 0|0 Body Code 2 N71

Star Angle

4 Difference (degrees) e

Star Angle
Measured (degrees)

X N93
Gyro

.Y Torquing
Angles
z)

(degrees)
X Calculated
Gyro
Y Drift
(meru)

NOTES:



180° 150°W 120°W 80°W 80°W 30°W 0 30°E 60°E 90°E 120°€ 150°E 180°
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. s s >,
fressssesme] * Darkness (earth terminator) ¢ 3 : B N 7 7= A
. F T peofe | Wake Apollo crew Pl PPTE TR Ll et
0 (™ allorev court k = ( PR e 470
= P F1-Af N
aag? b || AT LS e AN N Ll
PR AR IS PR Apollo at time of Soyuz T (R ufion dr sodin spoya fFr i s L7l o
B circularization maneuver S <\ Ll Ji .- AN f 37y
S u Y L B . 3 e L et iy o
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B
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A
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50° it
80° =t i
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70° 5 — — — — USSR tracking (3° elevation angle) — 70
B2)) VEW
}_,.w——ﬁsw‘“-»jg— Né f} //) weseseenneneeeee JSSR tracking (7° elevation angle) |
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Apollo Groundtracks Revolutions 8 through 15

8v-d'1



V37 Enter, 52 Enter
V04 NO6 Flashing

R1:
R2:

00001

LB-49

P52—IMU REALIGN

0000 X IMU Align Option

1 — Preferred, 2 — Nominal,

3 - REFSMMAT

V51 Flashing — Please Mark

P52 Option

Hours

0|0 Minutes GET

Seconds

Celestial
0o Body Code 1

N71

Celestial
il Body Code 2

N71

Star Angle

4 Difference (degrees)
Star Angle
Measured (degrees)

NO5

X

Y

2 )

Gyro
Torquing
Angles
(degrees)

N93

X

Calculated
Gyro

Drift
(meru)

NOTES:



Latitude, deg

180° 150°W 120°W 90°W 80°W 30°W o 120°€ 150°€ 180°
BURE AR RS & [ = 7
80° - Daylight (earth terminator) 3 i (40 Bl D o
. f=——— Darkness (earth terminator) 3f dpeenfanef Gerertions = .
70°F @ Apollo rev count [ S P i
Brioinrio g E N N B = ¥
; oy 8t A d
wiel 4 | =t 4T b L a5
PN S Saniau
a0 v A18 S 2 = oS Al 40°
/ = 19 J B S {22947
30°}= : aTRES = S % 300
2 A . --: ALt = - i}él NG T 20°
- 53 /mr Fik \\' L e VA N 2 i »
N 4 - Q 21 b= i £
B )17 N ‘/cz'm Uz | N T ORe : VS 7; X
7 TN T Begin Apotlo crew b, |— : s.é 1) W A
20 (/ LY R restperiod Y ia S 1% / = 20
»ie AN NCT o ' ‘,(/ d = y (18)] 3
O phast comcuo\ S e SO0
) hasing nl)S - § I y > E 1
50.% maneuver *%.._‘E "/‘ ., ’< . -.-..-m -.:::‘:ﬁ,;j,,; -/ g 10)50°
i
80° _ -
[ Begin Apolio revolution count L US tracking B* elevation angle)
70° - iR S =t — — — — USSR tracking B* elevation angle) — 70°
,ﬁ_—i-‘ew—»vz"’"“\*é - wensnnneeeseeneeens USSR tracking (7° elevation angle)
/
| B L
- = 120 n. mi. orbital altitude —80°
-~ IEEE e e
180° 150°W 120°W 90°W 80°W 30°W [ 30°E 80°E 90°E 120°€ 150°€ 180°
Longitude, deg mas-nc

Apollo Groundtracks Revolutions 16 through 23

0s-491



V37 Enter, 30 Enter

LB-51

P30 - EXTERNAL AV

PCM

V06 N33 Flashing, Load Desired GET I
V06 N81 Flashing, Load Desired AV

PURPOSE
+10 Hours I N33 0
0 ¢ Minutes GET I 0
+ |0 Seconds 0
0 AVy Local Vertical ~ [N81 0
o Avy (feet/second) 0
0 AVZ 0
+ ) 0 Roll [N22 | + 0
o Piich AfxlglgsG(lx:lees) i3 2
+ 0 Yaw + p 0
X AVQ (feet/second) X
X BT (min:sec) Xz s
+ | x AVC at Ignition + | x
- |x AV, TAILOFF il
+ Weight (Ibs) N47 | +
0 ! Prrmm e *
4 YrRIM )
X | x SXT Star X
Shaft Angle p
0 Trunnion Angle + 0

NOTES:




V37 Enter, 52 Enter
V04 NO6 Flashing

R1:
R2:

00001

LB-52

P52—IMU REALIGN

0000 X IMU Align Option
1 — Preferred, 2 — Nominal,

3 - REFSMMAT

V51 Flashing — Please Mark

P52 Option

Hours

0|0 Minutes GET

Seconds

: Celestial
010 Body Code 1

Celestial
0-1 0 Body Code 2

Star Angle

N71

N71

Difference (degrees)

Star Angle
Measured (degrees)

NO5

X
Gyro
Y Torquing
‘ Angles
&)

N93

(degrees)
X Calculated
Gyro
Drift
¥ (meru)

NOTES:
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PCM

P41 - RCS THRUSTING

V50 N18 Flashing, Request Maneuver to FDAI
R, P, Y Angles

V06 N18, FDAI R, P, Y Angles After Maneuver to
Burn Attitude

V06 N85, X, Y, Z Body Axes Velocity to be Gained

V16 N85 (Average G on at TIG-30) Velocity to be
Gained

V16 N85 Flashing, Body Axes Residuals (to be
Nulled)

50-18 | Roll

.
t Pitch (deg)
Yaw
06-18 | Roll
i Pitch (deg)
Yaw
06-85 | X
I f Y VG(t/s)
® zZ
o |16-85 | x
Y VG (ft/s)
t z
16-85 | X
‘ v Residuals
(ft/s)
® Z
. X 5
f_ Y g/
Z




Latitude, deg

180° 150°W 120°W 90°W [ 30°E 60°E 90°E 120°E 150°E 180°
R R O P e | = T_é‘ [ BE
80" Daylight (earth terminator) T ReR= [ 1™ [ 2] <] corrective combination tvce) | (80°
L pweemd  Darkness (earth terminator) . Tl | 22| | Lt ey
' Al ke D g EaN I e
wee (7)) Aolo rev count ; o <f hacky| F R 5
; L PAIS T Ea v SN e
- a‘ I AN \ 6 ‘:.-(e-: ) vhion dr sovier sbc n1's'vr o ;;‘ 7 e LS so-
Wake Apollo Crew | o0 e T O e B e o BRI Sl pd
o | 4‘; S Y S i S | Y Sy A 5] g
S 2 3 S 2 o oy
oo ANl el PP 740'
30° S = ~ -3 30°
] % 26 1
20° T = 20°
\‘“\-'; 30): b
10° W
- £a] _\

0 NT ~ - 0
10°1% D, B A= N\ 10°
20° == it \\ " b / ¢ 3 _.<90°

(\ - fig h/ 1= x. =N
0P . 2N 30.
N3RS K ,
40° \\ = SN = - 40’
= Terminal phase initiation (TP1) £,
4[> < > Q L ph o H & \1
50° T s e 50°
60° [Braking maneuvers ' 4 WGO'
- LCoelh , US tracking B* elevation angle) {
70° Begin first crew transfer SR — — — — USSR tracking B* elevation angle)
A Bl ereeennesenses USSR tracking (7° elevation angle)
{Begin Apollo revolution count |5
80° \;F I I l l l T ﬁc;_, 5 o 120 n, mi. orbital altitude 00‘
B L | | | | | | | |
180° 150°W 120°wW 90°W 90°E 120°E 150°E 130'
Longitude, deg s

Apollo Groundtracks Revolutions 23 through 30

ye-q4'1
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P52—IMU REALIGN

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nomiinal,
3 - REFSMMAT

V51 Flashing — Please Mark

X|0 0|0 0 P52 Option X 1|0 o| O 0

+ |0 0 Hours + 0 0

+ (0| 0]O0 Minutes GET + 0 o o

+ |0 Seconds + 0

Celestial
X|{o| O0}|O Body Code 1 N71|(X | O o 0

Celestial
X |0 0|0 Body Code 2 N71|X | O 0| O

Star Angle
4 Difference (degrees) i

Star Angle
Measured (degrees)

X N93
Gyro
Y Torquing
Angles
' (degrees)
z )
X Calculated
Gyro
Drift
¥ (meru)

NOTES:
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P30 - EXTERNAL AV

NC2 PREL

V37 Enter, 30 Enter
V06 N33 Flashing, Load Desired GET I
V06 N81 Flashing, Load Desired AV

PURPOSE
0|0 ¢ Hours |j33 0o 1
010 O Minutes GET I 0 1"0 |0 ]
0 Seconds 0
0 | Avx Local Vertical ~ [N81 0
0 i avy (feet/second) 0
0 < AVZ 0
+ L 0 | 0 [ Roll IN22 | + 0
2 9 | Flteh Afllglgsc(izbg:lees) g L
+ e 0 | 0 [Yaw - 0]
x AV, (feet/second) X L :
3 BT (min:sec) X [ 4 i
+ x| x| x AV, at Ignition + | xlx|x 4
- x| x | | AV, TAILOFF - x]x ‘ 3
+ Weight (Ibs) N47 | +
pTRIM N48 0] 0 y
3 YTRIM o K [
X I'xix SXT Star x| x| x| x
Shaft Angle «
0 | 0 | Trunnion Angle + ) 0| 0

NOTES:
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P52—IMU REALIGN

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 - REFSMMAT

V51 Flashing — Please Mark

X|0 0|0 0 P52 Option

+ |0 0 Hours

+10| 0]0 Minutes GET

+ |0 _ Seconds

Celestial
x|0 010 Body Code 1 N71

Celestial
0 Body Code 2 N71

Star Angle

Difference (degrees) NS

Star Angle
Measured (degrees)

X N93
Gyro

Torquing
¥ [ Angles
z)

(degrees)
X Calculated
Gyro
Y Drift
(meru)

NOTES:
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P52 — COAS LOS DETERMINATION

V37 Enter, 52 Enter
V04 N06 Flashing
R1: 00001
R2: 00003 IMU Align Option |
1 — Preferred, 2 — Nominal
3 — REFSMMAT “

PRO |
V50 N25 Flashing 1
R1 00015 Please Perform Star Acquisition
Enter
V01 N70 Flashing
R1 000XX Celestial Body Code
V21E Load Celestial Body Code
PRO

Mark on Celestial Body with VERB key

x{o]ofofo]3][ Ps2option x |0 ]ofo]o]s]
Celestial N70
XEE0i]=0: 1=0 Body Code Ix]0[0]oO
® Shaft N92 «
s Trunnion {

Nominal: (+000. 00) Shaft
(+57.470) Trunnion
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RENDEZVOUS NAVIGATION PROGRAM
(P20)

The Rendezvous Navigation Program, P20, is used during the Rendezvous phase of flight.

The navigation is performed using tracking of the Other Vehicle by optical tracking
with the SXT or COAS or the VHF ranging link.

The two processes are illustrated below.

RENDEZVOUS NAVIGATION VHF RANGING

The deviation state vectors for rendezvous navigation are

= |6 _ or
R s -
ov ov

where
X, = deviation state of the CSM
p. <8 = deviation state of the Other Vehicle
O = deviation from conic position
Sv = deviation from the conic velocity

The Measurement Incorporation Routine is used to incorporate the rendezvous measurements.

The geometry vector b is derived from the following figure.

H .
r - Other Vehicle ViBF Ratiglog
T
-w
A 4 »
r —cw
m
b < r -r_ conic
9o =W =c
T Earth
-
r conic
-
.
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RENDEZVOUS NAVIGATION PROGRAM

(P20)
Uow Lew
Ecw.(l;w-r -61')
U+ (B~ 2 = Uy, (820
Eo = o W
gcw.Br
'Ecw or = [b]Tx

Estimated Range Measurement

Grm

T -0r
06m

Component of range due
to position vectors known
with zero uncertainty

Kalman filter measure-
ment variable where " '
is used for CSM state ~
vector being updated and
"+ for Other Vehicle =b"x

After computing the geometry vector b, the measured deviation, §Q, and the measurement error
are computed and used by the measurement incorporation routine to compute the
changes in deviation state vector. The computations are:

variance

6Q

2
o

- r
Tm” | Zew|

maximum value of ( lzcw { arp,

The values for Va:rR and VarRmin are stored in erasable memory and are shown in the Science

Section.

Va.r min

=l
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RENDEZVOUS NAVIGATION PROGRAM
(P20)
RENDEZVOUS NAVIGATION OPTICS TRACKING
During rendezvous navigation, the inertial line of sight from the CSM to the Other Vehicle
is measured by recording optics shaft and trunnion angles, the IMU gimbal angles, and the

time of the mark.

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

Uws = [SB NB] |Sin TAcosSA Where TA = trunnion angle
Sin TA sin SA SA = shaft angle
Cos TA
[SB NB] = sextant base to Nav base transfor-

mation

=|cos a 0 -sina

0 1 0
sin o 0 cos a
a = -32° 31'23.19"

The navigation base unit vector is then transformed through stable member space to Basic Ref-
erence coordinates.

U, = [REFSMMAT]" [NBSM] U

B

[REFSMMAT]T stable member
to reference trans-

formation

[NBSM] Navigation base to
stable member
transformation
using gimbal

angles. -

This navigation measurements of the line-of-sight vector is equivalent to the simultaneous
measurement of the angles between lines of sight to the Other Vehicle and two stars, The computer
uses two fictitions star directions to determine a geometry vector and the amount of the cor-
rection to the state vector. Depending on the particular state vector to be updated, a sign change

on the b vector is required.

The dimension of the state vector is 6.

-

where X = orbital navigation deviation state vector
or = deviation of spacecraft/ Other Vehicle position from the reference
conic position.
ov = deviation of spacecraft/Other Vehicle velocity from the reference

conic velocity
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RENDEZVOUS NAVIGATION PROGRAM
®20)

The geometry vector b is then computed from the following procedure.

s =  expected conic position
of Other Vehicle
] -
& P = expected conic position
5 —c conic of CSM
3 Nominal -
r = expected LOS
5 Other —w s
d‘? Vehicle r =~ = measured LOS
~ Position = CSM state vector new.

Nominal Other Vehicle
Position

The fictitious star LOS's are chosen

Actual CSM
Position

where

Low = Iy %

L Unit (r )

U, - Unit (U x U )

Uy, - Ot (00 B )

= 1 . - .

6Q 'gcw[(Cor (Us, - U, ) —Cos IQSZ )

e o i R PR
Therefore the b vector is + Us,

D) = + Us

= - ="2 where ''+'" is used for updating CSM state vector and '"—"
0 is used for updating the Other Vehicle state vector.

After computing the geometry vector b, and the measured deviation, §Q, the measured error variance
o2 is computed and used by the measurement incorporation routine to compute the changes in devia-
tion state vector. The computation is:

-2
o

1}

2
|Icw| [V“sx:r hpva IMU] +Var ;or

The values for Var s Var and Var are stored in erasable memory and are shown in the
Science Section, X1 LMY LN




LB-63

TARGETING CONSTRAINTS

The nature of the Rendezvous is dictated by constraints on the maneuvers, the maneuver

times and the trajectory. NC1 and NC2 are constrained to be horizontal maneuvers and while targeting
NC1 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 NC1 and NC2 and between NC2 and NCC maneuvers are indir-
ectly specified by specifying the number of revolutions fmay be given by a fraction) involved in

the transfers between the maneuvers. The time between the TPI and TPF maneuvers is also
indirectly specified by specifying the central angle the Other Vehicle traverses between the TPI and
TPF times.

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

The altitude differences between the Other Vehicle orbit and the CSM are specified for the NCC and TPI times.
Because the NCC altitude is specified only during the NC1 program, this constraint is not satisfied
in the final trajectory if a navigation update occurs between NC1 and NC2.

The elevation angle specified is that angle (E) measured between the CSM Local horizontal plane
and the CSM axis line of sight to the Other Vehicle at TPI time.

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



RENDEZVOUS ORBITAL GEOMETRY

Ah =370 km

\Ah= 18,5 km

ONOUVTHWN -

/<\ Soyuz

circular orbit

Ah =18.5 km
8 225 km

Insertion = 150 by 167 km
Circularization

Phasing 1 (NC1)

Phasing 2 (NC2)

Corrective combination (NCC)
Coelliptic (NSR)

TPI

Braking (TPF)

79-41
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P30 - EXTERNAL AV

NC2 FINAL

V37 Enter, 30 Enter
V06 N33 Flashing, Load Desired GET I
V06 N81 Flashing, Load Desired AV

PURPOSE
0|0 Hours I N33 | +| o0
+|01]101]0 Minutes GET 1 0
+ |0 Seconds 0
0 ) | AVy Local Vertical ~ [N81 0
o AV (feet/second) P
4 Y
0 < AVZ 0
+ 3 0 | 0 | Roll [N22 | + 0
IMU Gimbal
as 0 10 |Pitch Angles (degrees) t .
+ 0 |0 |Yaw + L 0
x AV.. (feet/second) x| x
x BT (min:sec) x jhx L4
+ x| x| x ) AV C at Ignition + | x
=l | X AVC TAILOFF = x
+ Weight (Ibs) N47 | +
PTRIM N48
YrRIM }
X |x | X |Xx SXT Star X x
Shaft Angle o
+ 0 | 0 | Trunnion Angle + 0

NOTES:




V37 Enter, 30 Enter
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P30 - EXTERNAL AV
NCC & NSR PREL

V06 N33 Flashing, Load Desired GET I
V06 N81 Flashing, Load Desired AV

PURPOSE
c e ] Hours [N33 +10
0 Minutes GET I 0
0 < Seconds 0
0 AVy Local Vertical | N81 0
0 Avy (feet/second) 0
0 AVZ 0
+ y 0 Roll [N22 | +
as 2 el Afll\gltisG(i:;Zies) .
+ Yaw +
x | x AV, (feet/second) x
x BT (min:sec) X
+l'x AVC at Ignition + X
= alex AVC TAILOFF = X
¥ Weight (Ibs) N47 | +
PrRIM Han
YrRrIM
X | x SXT Star X
Shaft Angle
0 Trunnion Angle +

NOTES:
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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 NC1 targeting except that the NC1 calculations are not made.

NC2 begins by phase matching the CSM and Other Vehicle state vectors as in the NC1 program.
After rotating the CSM state vector in the plane of the Other Vehicle orbit, the initial estimate
of the NC2 maneuver is added to the CSM velocity vector. The CSM state vector is then rotated
the number of revolutions between NC2 and NCC to obtain the state at NCC. The NCC maneuver
is next calculated with the same algorithm used in the NC1 program for the NCC maneuver.

Finally, the NC2 maneuver calculation is iterated to obtain the desired phasing at TPI (analogous
to iterating NC1 maneuver in the NC1 targeting program).
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NC2 ONBOARD DATA

Verb 37 Enter, 32 Enter

V50 N25 Flashing

R1: 00017 MINKEY Option
Enter Bypass MINKEY Option

V50 N18 Flashing Request Maneuver to Roll,
Pitch, Yaw Angles

Enter Reject Automatic Maneuver

10

0 Hours [ N28
3 S TIG of
& NC2
) R )
Blank | n57

A Altitude (NCC) nmi
A Altitude (NSR) nmi

Hours | n37
0 Min TIG of
Sec TPI y
b Marks @5
b Time From Ignition (min:sec)
-10]0|0 |O|1] MGA
e | AV (NCC) ft/s [ N84
¢ | A Altitude (NCC) nmi
e | AV (NSR) ft/s
AV X, Local [ N81
Ij AV Y| Vertical (NC2)
¢ |lAv z ft/s
b Marks [ Na5
b Time From Ignition (min:sec)

¢

MGA

XXXXXXXXX XX XXX XX XX XX XX XXXXX

R R Rl

N81 COMP LIMITS NA

IFF STDN SOLN NOT AVAILABLE

X
X
STDN SOLN PRIME X
X
DO NOT BURN NC2 X

XXX XXXXXXXX XX XX XX XX XX XX XX XX
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(NC 2)

P40 - SPS THRUSTING (CSM)

V37 Enter, 40 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles

V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude

V50 N25 Flashing, R1 = 00204, Gimbal Actuator Test Option

V06 N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity
V99 N40 Flashing, Engine On Enable Request

V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity
V16 N40 Flashing, Final Values at Engine Cutoff

V16 N85 Flashing, Body Axes Residuals (to be Nulled)

V37 Flashing, V82 Enter

V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit

50-18 | Roll
Pitch (deg)
) Yaw @
06-18 | Roll ®
) Pitch (deg) )
® Yaw )
06-40 ] TFI  (min:s)
P VG (ft/s) \
AVM  (ft/s) b
06-40J TFC (min:s)
VG (ft/s)
‘ AVM  (ft/s) ®
16-40 | TFC (min:s)
VG (it/s)
AVM  (ft/s)
T T
< Residuals
] (ft/s) [ ]
® Z 3
85 | x )
y TRIM '
] (ft/s) [
[ ]
e |44 | HA (@mi) o
® HP (nmi) []
TFF (min:s)
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PHASING 2
NC2
PROPULSION/ PRETHRUST
il e i GUIDANCE TARGETING
NC2 ST N o Ex'ipiéc(ﬁm) p-32
AVy N85 +|x|x h
AVy, RESIDUALS (ft/s) |+ |x [x|x min
AV,  (BODY AXIS) +|x sec
XTRIM TRIM TRIM

SUNSET

TIG: 48:34:04.1
BT: 1.6 sec
AV: 36.4 fps o N
RETROGRADE Y
SPS j
APOGEE: 100.6 nmi

PERIGEE: 89.3 nmi SUN
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NCC Targeting

The NCC targeting requires the CSM and Other Vehicle state vectors, time of the NCC maneuver,
time between NCC and NSR maneuver, time of the TPI maneuver, altitude between the Other
Vehicle orbit and the CSM at the TPI time, and elevation angle.

The Other Vehicle state vector is updated to TPI time and the CSM state vector is updated to NCC
time. Next the iterative scheme is used to find the Other Vehicle state vector radially above the
desired CSM position vector at TPI. Using the Other Vehicle state vector and the altitude difference
the coelliptic calculations are used to obtain the CSM state vector prior to the TPI maneuver. This
state vector is precision integrated backwards to NSR to find the target vector of the NCC maneuver.

Next the final velocity at NCC and NSR is calculated iteratively using the initial state vector, target
state vector, time of transfer from initial position to target position. Then the velocities-to-be
gained are calculated using the initial and final velocities at NCC and NSR.
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NCC ONBOARD TARGETING

Verb 37 Enter, 33 Enter
V50 N25 Flashing

R1: 00017 MINKEY Option

Enter Bypass MINKEY Option

V50 N18 Flashing Request Maneuver to Roll,

Pitch, Yaw Angles

Enter Reject Automatic Maneuver

+] o Hours [N11 [+ o
+]o 0 Min ot + o
+ o i Sec BCR +]o0
+] 0 Hours [N13 [+ |0
+] o 0 Min LI of + o
F=0 p Sec NSR +
#1100 Hours [N37 + 10
+] o 0 Min TIG of +
+4:0 . Sec TFE +
b Marks [N45
Time From Ignition (min:sec)
-1o]ofo|o]|1|mMca -1o0
l AV X)) Local | N82
L | AV Y| Vertical (NSR)
¢ AV Z | ft/s
AV X ) Local | Ns1
? AV Y } Vertical (NCC)
4 |av z ) ft/s
Marks [ N45

J MGA

Time From Ignition (min:sec)

XXXX XXX XXX XXX XXX XX XX XX XXX XXX XXX
X N81 COMP LIMITS +1.5,47.0,+10.0 FPS X

X

X

X CMC/STDN WITHIN LIMITS GO CMC X
X NO AGREEMENT-NORMALLY GO STDN X
XXXXXXXX XXX XXX XXX XXX XXX XX XXX XXX
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P30 - EXTERNAL AV
NCC & NSR FINAL

V37 Enter, 30 Enter
V06 N33 Flashing, Load Desired GET I
V06 N81 Flashing, Load Desired AV

PURPOSE
0 ¢ Hours I N33 0
0 Minutes GET I 0 0
+ |0 } Seconds 0 .
0 Avy Loca/.l Vertical ~ |N8l1 0
(feet/second)
0 AVY 0
0 AVZ 0
+ ) 0 Roll [N22 | +
IMU Gimbal
L 0 Pitoh Angles (degrees) hd
+ [ Yaw * b
X AV, (feet/second) x
p < BT (min:sec) X [ 4
+ | x AVC at Ignition ¥ I'x X
- | x AVC TAILOFF - X
+ Weight (Ibs) N47 | +
: PrriM i .
4 YTRIM ’
X SXT Star x| x x
Shaft Angle <
0 Trunnion Angle +

NOTES:
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(NCC)

P40 - SPS THRUSTING (CSM)

V37 Enter, 40 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles

V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude

V50 N25 Flashing, R1 = 00204, Gimbal Actuator Test Option

V06 N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity

V99 N40 Flashing, Engine On Enable Request

V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity

V16 N40 Flashing, Final Values at Engine Cutoff

V16 N85 Flashing, Body Axes Residuals (to be Nulled)

V37 Flashing, V82 Enter

V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit

50-18 ] Roll
[ Pitch (deg)
Yaw I
06-18 | Roll |
e Pitch (deg) °
) Yaw )
06-40 | TFI (min:s)
< VG (ft/s) 'S
AVM  (ft/s) b
06-40 | TFC (min:s)
VG (it/s)
T— AVM  (ft/s) °
16-40 | TFC (min:s)
VG (ft/s)
AVM  (ft/s)
L [ss 1'% 1:
Residuals
® Y (t/s) <
[ Z 4
L B
] (ft/s)
)
o |4 | HA (ami) °
® HP {(nmi) [ ]
TFF (min:s)
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CORRECTION COMBINATION

(NCC)
EVENT BT/A PROPULSION/ PRETHRUST
e L GUIDANCE TARGETING
49:18:03.4 SPS/G&N
NCC 1.8/40.1 GET  |LAMBERT (P-40) P-33
AVy N85 + x| x h
AVy RESIDUALS (ft/s) |+ |x [x|x min
AV,  (BODY AXIS) + | x 80
—_—— YV —————o—-—VY ___._Vz

XTRIM TRIM TRIM

TIG: 49:18:03.4
BT: 1.8 sec
AV: 40,1 fps
POSIGRADE
SPS

APOGEE: 111 nmi SUN
PERIGEE: 100, 5 nmi
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NSR Targeting
The NSR targeting program (P34) is the computation of the coelliptic maneuver.
The program inputs are:

1. CSM and Other Vehicle state vectors
2, Elevation angle

3. Time of NSR Maneuver

4. Time of TPI Maneuver

After precision updating of the CSM and Other Vehicle state vectors to the NSR maneuver time, the
CSM state vector is rotated into the Other Vehicle orbit plane, and the Other Vehicle state vector is
updated to be colinear with the CSM position vector using the time - theta routine.

The coelliptic maneuver constraint determines the semimajor axis and vertical velocity following the
maneuver. After calculating the CSM post-NSR velocity vector, both the CSM and Other Vehicle state
vectors are conically updated to the time of the TPI maneuver. The TPI program is then used to
calculate the time at which the specified elevation angle is attained.



Verb 37 Enter, 34 Enter
V50 N25 Flashing

Enter

LB-77

NSR ONBOARD TARGETING

MINKEY Option
Reject MINKEY Option
Request Maneuver to Roll, Pitch,

Enter Reject Automatic Maneuver

+ Hours I N13
Min TIG of

+ Sec HER
Marks | Na5

Time From Ignition (min:sec)
MGA

A Altitude (NSR) nmi [ N75

A Time (TPI-NSR) (min:sec)
A Time (TPI-NOMTPI) (min:sec)

AV X Y Local [Ns1

AV Y ertical NSR
AV 7 Jft/sec

Marks [ 45

Time From Ignition (min:sec)
MGA

):9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.0.9.9.9.9.9.9.9.9.9.9.99.9.90.0.0.0.9.9.4

PO X XXX K X X

N8l COMP LIMITS NA

X
X

BURN MATCHED PAIR SOLN(P34 RECYCLE X
OR STDN FINAL SOLN, IF NCC WAS
BURNED CMC OR STDN, RESPECTIVELY)X
IF NCC EXECUTION IS QUESTIONABLE-THE ORDER X
OF PRIORITIES ARE:
HP-65
CMC UNMATCHED
STDN UNMATCHED

X

X
X
X
X

) 9.9.9.9.9.9.9.0.0.9.0.0.9.0.0.0.0.0.9.9.9.0.9.90.9.0.9.0.0.0.0.0.0.0.9.90.0.90.0.0.4
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(NSR)

P40 - SPS THRUSTING (CSM)

V37 Enter, 40 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles

V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude

V50 N25 Flashing, R1 = 00204, Gimbal Actuator Test Option

V06 N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity
V99 N40 Flashing, Engine On Enable Request

V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity
V16 N40 Flashing, Final Values at Engine Cutoff

V16 N85 Flashing, Body Axes Residuals (to be Nulled)

V37 Flashing, V82 Enter

V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit

50-18 ] Roll )
Pitch (deg) ®
® Yaw
. 06-18 | Roll )
‘ Pitch (deg) P
4 Yaw
06-40 | TFI  (min:s)
) VG (ft/s) o |
AVM  (ft/s) ®
06-4U TFC (min:s)
® VG (ft/s)
‘ AVM  (ft/s) ®
16-40 | TFC (min:s)
VG (ft/s) ¢
AVM  (ft/s) b
85 | x )
v Residuals
[ ] (ft/S) [
® Z 4
85 X «
e J y TRIM
L (ft/s) L
e |4 | HA (@mi) )
P HP {(nmi) ®
TFF (min:s)
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COELLIPTIC
(NSR)
EVENT BT PROPULSION/ PRETHRUST
e b GUIDANCE TARGETING
49:55:03.7 SPS/G&N
NSR 1.2/27.2 GET LAMBERT (P-40) P-34
AV N85 x|x L h
AVy RESIDUALS (ft/s) |+ |x|x min
AV,  (BODY AXIS) X sec
———— S———— —— Y
XTRIM TRIM TRIM

TIG: 49:55:03.7

BT: 1.2 sec
AV: 27.2 fps
POSIGRADE

SPS

SUN

APOGEE: 110.7 nmi
PERIGEE: 110.4 nmi
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TPI TARGETING

The TPI targeting for this mission is accomplished using the equations and techniques
stated below utilizing the following information:

RENDEZVOUS
TRAJECTORY ~~

T, - time at which the TPI maneuver is to be performed
RWS" Other Vehicle position vector at T,

Vi,o- Other Vehicle velocity vector at Tl

§3M' CSM position vector at T1

V...~ CSM velocity vector at T1

dws™ Central angle CSM will traverse between TPI and
rendezvous (130° nominally)
Targeting Procedure:

1. Compute the elevation angle of the CSM-Other Vehicle LOS above the CSM horizontal plane at the specifie
time of TPI, v
-Ws

= -1 . .
E, = cos [l_JL gp SGN (l_JP U "BCM) ]
where

Up = wit[Ryg-Roy!

= unit [Rop X Yoy

c
]

(U.-R.)R
sy - =L —CcM —CM
2T el
Rem

if EA<0° define I':A=27r-l':lA
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Compute the time (to;) required for the Other Vehicle to travel through the central angle ywg
using the Time-Theta method described on page SC-15.

Update the state vector of the Other Vehicle to the time of rendezvous (AT = tgq) using Kepler's
method as described on page SC-15 obtaining (BWSF' - ‘—IWSF)

Compute the central angle ﬁbpM) through which the CSM must traverse between its position
at TPI and the Other Vehicle's position at rendezvous.

- . -1 .
bom = SCN Boy x Byygp " ) 08~ Bey * Bysp)
if wCM < 0o define wCM = wCM +2m
Usingthe Time-Thetamethod, determine the flight path angle y required of the CSM at the
end of the TPI burn such that the time required by the CSM to traverse the central angle of
Yoy 1s the same as toy.

Calculate the velocity to be gained.

AV
g
Yem
Yem
AV =Viem - Yom
Where:
; = [ - uni
Yom =RE, (coty " unit Roy + Uy x wnit Rey )
CM
= semilatus rectum of the TPI orbit
Uy = unit[unit Ryeo « unit Ryl

The velocity to be gained is burned out using the SPS and Lambert Aimpoint Guidance.



Verb 37, Enter, 35 Enter
V50 N25 Flashing
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TPI ONBOARD TARGETING

R1: 00017 MINKEY option
PRO Accept MINKEY Option
V50 N18 Flashing Request Maneuver to Roll, Pitch, Yaw Angles
PRO Accept Automatic maneuver to Roll, Pitch, Yaw Angles
+ |0 Hours lN37 +10
0 0 Min oot + o
0 [ Sec + 10
0 Precision Offsets | wss 0
4 Elevation Angle
Marks | Nas
b Time from Ignition (min:sec)
-10 MGA - |0
+ 10 Hours TIG of @7 + |0
+ 10 Min TEL + |0
+ 10 Sec + |0
0 Precision Offsets [ nss 0
¢ Elevation Angle
AV (TPI) | Ns8
AV (TPF)
A Time (TPI - NOMTPI)
AVX Y Local [ Ns1
AVY Vertical TPI
AVZ ft/sec
Marks I N45

q

Time from Ignition (min:sec)
MGA

NOTES AV <10 fps Automatic to P41
AV > 10 fps Automatic to P40

KXXXXX XX XXX XXX XXX XXX XXX XXX XXX XXX XXX KX KXXXXX

X
X
X

N81 COMP LIMITS +1.5,+3.0,+3.0 FPS

CMC/HP-65 WITHIN LIMITS GO CMC

X IF NOT CMC/STDN WITHIN LIMITS GO CMC
X IF NOT HP-65/STDN WITHIN LIMITS GO HP-65

X
X

NO AGREEMENT GO STDN

X FOR HP-65/STDN-USE CMC TIG OPTION:

X
X

RECALL P35, PRO TO N37, LOAD HP-65/STDN TIG;
PRO TO N55, SPECIFY TIG OPTION (V22E, +E).

MO MM X X XX

KX KX XX XX XX XXX XXX XXX XXX XXX XXX XX XXX XXX XXXXXX
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TPI PAD
PURPOSE
0 Hours I N37 0
0 Minutes GET I 0
0 Seconds + {0
0 AVy ] N81 0
0 AV Local Vertical 0
Y (feet/second) ]
0 AVZ 0
AVE/BT AV o @/sec)/  [N22
AV,/BT
R BT (sec) RCS
AV,/BT
X AVC (feet/sec X
X BT (min:sec) X
+ Roll LN22 + 0
IMU Gimbal
& Piteh Angles (degrees) - 0
+ Yaw + 0
+ AVC at Ignition - e
- AVC TAILOFF -
+ Weight (Ibs) N47 | +
0 PTRIM N48 0
0 YrRiM &
X SXT Star X
Shaft Angle
Trunnion Angle + 0

NOTES:
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(TPI)

P40 - SPS THRUSTING (CSM)

V37 Enter, 40 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles

V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude

V50 N25 Flashing, R1 = 00204, Gimbal Actuator Test Option

V06 N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity

V99 N40 Flashing, Engine On Enable Request

V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity

V16 N40 Flashing, Final Values at Engine Cutoff

V16 N85 Flashing, Body Axes Residuals (to be Nulled)

V37 Flashing, V82 Enter

V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit

50-18 l Roll
) Pitch (deg) ®
> Yaw
06-18 | Roll °
b Pitch (deg) PS
® Yaw )
06-4Ll TFI  (min:s)
. VG (ft/s)
° AVM  (ft/s) b
06-40 | TFC (min:s)
s | VG  (ft/s)
® AVM  (ft/s) ¢
16-40 | TFC (min:s)
VG (ft/s)
AVM  (ft/s) I_
85 X l
I v Residuals
® (£t/s) L
® Z [
85 | x )
TRIM
b (Et/s) [}
Z [
e |4 | HA (ami) |
P HP (nmi) )
TFF (min:s)
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TRANSFER PHASE INITIATION

(TPI)
PROPULSION/ PRETHRUST
S e B o GUIDANCE TARGETING
50:54:25.1 SPS/G&N 5
TPI 0.8/21.9 GET LAMBERT (P-40) P-35
AVy N85 +[x|x h
AVy RESIDUALS (ft/s) |+ |x|x|x min
AV,  (BODY AXIS) +[x sec
—_——a—V. —————0——VY ———-c—VZ
XTRIM TRIM TRIM

SUN

TIG: 50:54:25.1
BT: 0.8 sec
AV: 21.9 fps
POSIGRADE
SPS

APOGEE: 121.4 nmi
PERIGEE: 110,6 nmi
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TPM TARGETING

The Terminal Phase Midcourse (TPM) Targeting Program (P36) computes the terminal phases mid-
course correction maneuver, This maneuver ensures CSM-Other Vehicle rendezvous at the time
established by the TPI program,
The inputs used are:

1. CSM and Other Vehicle state vectors Iy Ty Ve,

2. Intercept time, tTpyr

3. Number of precision offsets, Nl

4, Time delay, 6t (time required to prepare for the maneuver).

it Other Vehicle
o TPI

’tpresent

CsSM

The targeting sequence is:

1. Update the CSM and Other Vehicle positions and velocities to present time plus 6t using
coasting integration scheme. (Kepler update if rectification occurs)

2. Update Other Vehicle Lo Yo to time of TPF (tTPF) obtain ryr
3. Compute * Unit normal to CSM plane and central angle () between TPM and TPF

u = unit @' xv)
phoep

o = M+ cos™? (_c—_@—)-ﬂ SIGN [(g'xr“/r)-u]
r! er e -
c wT

4, Solve for the initial velocity V' given r r' , transfer time ( -t
using initial velocity techniqie’ W =e? “TpF ~ Cpresent

5. Solve for velocity to be gained for TPM.

+6t))

MVrpn =¥'o- Yo
directions for AV TPM 7. LOS computations of AYTPM
Y= () xY,) R = UNIT @, -r!)
- _ - X
Z= unit(-1') B, UNIT ( (x5 x¥o) X By) X1
£= YxZ 33 = 5‘1 X B 2
6. Local vertical directions for AYTPM Bl
AV
X AV, (LOS) = |R —-TPM
_ 13} av ~TPM 29
AVppy@¥ = |3| SCrem R
Z =3

The procedure is repeated twice for the number of midcourse burns required.
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P36 TPM1 TARGETING

Verb 37, Enter, 36 Enter

V50 N25
R1:
Enter
V50 N18
Enter

Flashing

00017 MINKEY Option

Reject MINKEY Option

Flashing Request Maneuver to Roll, Pitch, Yaw Angles
Reject Automatic Maneuver

MARKS l N45

Time from Ignition (min:sec)

0101 MGA -

AVX LOs N59

AVY TPM ft/sec

AVZ

b MARKS [ N4s

Time from Ignition (min:sec)

MGA

NOTES:
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TPM-1
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 1
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 1
V16 N85 Flashing, Body Axes Residuals (to be
Nulled)
AV <10 fps
50-18 | Roll
Pitch (deg)
Yaw
06-18 | Roll
Pitch (deg)
Yaw
06-85 | X
I Y VG(ft/s)
5 Z
o |16-85 | x
& Y VG (ft/s)
/]
t 16-85 | X
l v Residuals
(ft/s)
° Z
. X
! x T
! z
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P36 — TPM2 TARGETING

Verb 37, Enter, 36 Enter

V50 N25 Flashing
R1: 00017 MINKEY Option
Enter Reject MINKEY Option
V50 N18 Flashing Request Maneuver to Roll, Pitch, Yaw Angles
Enter Reject Automatic Maneuver
b MARKS | w45
b Time from Ignition (min:sec)
-{0jo0ojofof1 MGA -
7 AVX LOS [ ns9
AVY TPM  (ft/sec)
AVZ
b MARKS [ N5
b Time from Ignition (min:sec)
! MGA

NOTES:
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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 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)

AV < 10 fps
50-18 | Roll
Pitch (deg)
Yaw
06-18 | Roll
! Pitch (deg)
Yaw
o | 06-85 | X
3 Y VG (ft/s)
) z
o | 16-85 | X
. Y VG (ft/s)
! z
16-85 | X
i J Y Residuals
(ft/s)
Z
6 | X
* Y Trim
‘ z (ft/s)




BRAKING MANEUVER DESCRIPTIONS
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CSM RENDEZVOUS FINAL PHASE

CSM and Soyuz
on Same Radial

Braking Maneuver

\ and Docking

5

At R = 6,000 Feef. Maneuver Reduces Range
Rate from 45 to 30 ft/s.

At R = 3,000 Feet. Maneuver Reduces Range
Rate from 30 to 20 ft/s.

At R =1,500 Feet. Maneuver Reduces Range
Rate from 20 to 10 ft/s.

At R = 500 Feet, Maneuver Reduces Range
Rate from 10 to 5 ft/s.

At R =130 Feet, Maneuver Reduces Range

Rate from 5 to 0 ft/s.

2

BRAKING GATES

RETICLE ANGLE 6 (DEG)

SOLAR
R(NM) R(FPS) R(FT) PANEL BODY
1.00 30 6000
.50 20 3000 0.5
.25 10 1500 1.0
.08 5 500 3.1 1.0
.05 300 5.2 1.7
.03 200 7.9 2.6
.02 130 3.9
.01 60 8.4
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P37 — RENDEZVOUS
FINAL PROGRAM

Verb 37, Enter, 37 Enter
V50 N25 Flashing
R1: 00017 MINKEY Option
Enter Reject MINKEY Option
V50 N18 Request Maneuver to Roll, Pitch, Yaw angles

Range nmi l N54

Range Rate (ft/s)
Theta

Range l N54

Range Rate
Theta

Range | N54

Range Rate
Theta

< Range | N54

S Range Rate
P Theta

Range l N54

Range Rate
Theta

NOTES:
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P48 — RENDEZVOUS
THRUST MONITOR PROGRAM

Verb 37, Enter, 48, Enter

) Range [ N77
Range Rate
! Theta
+[ofo Hours [ N72 [+]o]o
" Time of
+]of0l 0 Min Optimization 019
+10 Sec +10 S
) Range | N76
Range Rate s
b Time from Optimization b
| Range | N7
s Range Rate
b Theta
AVX | Ns3
Body
AVY Axis ft/sec 2
AVZ
Range [ N7 )
b Range Rate b
Theta b
+ o]0 Hours  Time of [ 72 [+]o]o0
+]ololo Min Optimization +lololo
+1 0 Sec +]0
o Range [ N76
Range Rate °
b Time from Optimization b
p Range I N77
4 Range Rate <
s Theta b
AVX Body | N3
. AVY Axis (ft/sec) ]
4 AVZ ¢

NOTES:
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P52—IMU REALIGN

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT

V51 Flashing — Please Mark

X(ojo0fo0ojo0 P52 Option

+ (0 0 Hours

+ |0 0|0 Minutes GET

+ 10 Seconds

Celestial
X|0]0f0 Body Code 1 N71

Celestial
o 8.0 A Body Code 2 NI

Star Angle

Difference (degrees) NOS

Star Angle
Measured (degrees)

X ) N93

Gyro

Y Torquing
Angles

2 ) (degrees)
A

X Calculated

{ Gyro
Drift

Y [ (meru)

NOTES:



Latitude, deg

180° 150°W 120°W 90°W 60°W

120°E 150°E 180°

R A I s N F=F
80° | Daylight (earth terminator) g’yi = ) 1 80¢
L. ==~ Darkness (earth terminator) 5 T——h, ckccxlan y 1ol e
- PR, 5 ]
70°E @ Apollo rev count g s
Y . aashs ! s Lt i
il Rgz s 2 Gt oy |2 el
o 7
500 == ==
40°

30°
20°
10°

0°

20°

30°

40°

50° y 7 ¥ 500
] [ End jont activities | |
80° P : +——{60°
Segin Apalo revs cgl[nt S 'ﬁ_ el T US tracking B* elevation angle)
" s T ol Ui e NP A N
70 _‘f’—w cé /,)VLH USSR tracking B3° elevation angle) — {70
e Pa seeseeseneeenneneene USSR tracking (7° elevation angle)
5 | B h
sk == 120 . mi. orbital altitude ~80°
ki) fhocef ORI PRl s
180° 150°W 120°W 90°W 80°W 30°W 0 30°E 60°E 90°E 120°€ 150°E 180°
Longltude, deg ) e

Apollo Groundtracks Revolutions 31 through 38

G6-d1



V37 Enter, 52 Enter
V04 NO6 Flashing

R1:
R2:

00001
0000X
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P52—IMU REALIGN

IMU Align Option

1 — Preferred, 2 — Nominal,

3 — REFSMMAT

V51 Flashing — Please Mark

P62 Option

Minutes

Hours

GET

Seconds

Celestial
Body Code 1

Celestial
Body Code 2

Star Angle
Difference (degrees)
Star Angle
Measured (degrees)

N71

N71
NO5

X

Y

N

Gyro

N93

Torquing
Angles
(degrees)

Calculated
Gyro

\ Drift
(meru)

NOTES:




Latitude, deg

180° 150°W 120°W 90°W 60°W 30°W 0° 30°E 60°E 90°E 120°E 150°E 180°

T O e S
80°- Daylight (earth terminator) : .
% &
L. |sesessssseeene]  Darkness (earth terminator) \). o
70°2 @ e Begin second crew
"*'\d;? “t | t J 2] transfer (rev 39)
80° iy 5 Wake Npollo crew ik =Y
50° 55 E“‘g A >< ~
PSRN 4\.71 \A/ >
30 a /_ E = Ml
20 \ \<‘ - 4 d =t
< kA E1F Y D =(45) _‘T%NHC iy
10° / e
\( o7, A e
o - i 44
i NNy N
NS~ N (43
20" i b¥ Vi Sgi) "J
i N NEAN A RN @ @
o LK AN A e L
P \></‘>‘ I \ g
- LD
- I O b b
el L1
Nad Begin third crew bz ﬁ_ : (rev 45) /‘,\M_ US tracking B3* elevation angle)
70° transfer (rev 43) d'%“_) % o] = — — — USSR tracking B* elevation angle) — 70°
[ //) wessssenneneneenees USSR tracking (7 elevation angle)
& aqrangrica
80 {Begin Apolo revolution count P20 |1y, 120 . mi. orbital altitude ~{s0*
ﬁgllll[] ] T e T GOl ST S O]
180° 150°wW 120°W 20°W 60°W 30°w [ 30°E 60°E 90°E 120°€ 150°E 180°

an"u@, m : NASA-JSC

Apollo Groundtracks Revolutions 38 through 45

L6-9d'I
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P52—IMU REALIGN

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 - REFSMMAT

V51 Flashing — Please Mark

X0 010 0 P52 Option

+ 10 0 Hours

g8 ] 0|0 Minutes GET

+ 10 Seconds

Celestial
X|0 09 Body Code 1 N71

Celestial
X|ofo]o Body Code 2 N71

Star Angle

4 Difference (degrees) NOG

Star Angle
< Measured (degrees)

X ) N93
Gyro

Torquing
¥ ‘ Angles
(degrees)

X Calculated
oot

rift
4 (meru)

NOTES:



Latitude, deg

180° 150°W 120°W 90°W 60°W 30°W 0° 30°E 60°E 90°E 120°E 150°E 180°
BERERE R SR e & fian iy L
80°- ———  Daylight (earth terminator) :,L; . > o i = S bt < 80°
L. pemsemeeeme|  Darkness (earth terminator) =3 S pe < {iq Begin Apollo crew rest period
7002 Apollo rev count A %‘ J <70°
. i i - - . N + T
ool dal > pahcati Lordrvodicale T [omgs 2 St TS
..... ’% chnaof S| ear =% "\ 7 :' g, 7 f B
" A TRy o) P e <5 I
50° /‘>< = N ;L W, f " M- *) &“50
o A B LA B
7 7 . -, " A
o / -~ o \\‘—‘— % L.‘) ol F 5 iﬁr,// // R
30°|— £ o e =2{ Begin fourth 52) v 7 1%
20° /I me b L§ crew transfer el NAL 20°
o /PA '(”C N J::S AT T TR % _5 =
10° N A4 oS | N\ AV N 51 k. ae -
P REL / %) Piny T 50 y |: N= T -nk:: | = g
B 4 s A AR ['__ Y . BA A 50 5o
10 A Z _‘;{/"“’"‘” N S SAC k. S‘ = D WG ,_(";%lo'
20° -._- i Se e N \ 1§ ohy s\ // }\(49 \?q.: /A 90°
W= NERERP 2 OZAN A NA
e = 7 T N 4 4 = Y (48) | |
ol O NN AN AN T :
“ - X \._\ "-«.\ ~.,~>‘ ... / M > 4 a7yv 40
50.? / v e _.J-:,." e = | T46)50°
60° T e — et + 60°
Begin Apollo revolution count |+~ - | = US tracking B* elevation angle)
70° p s 5y Vs PN i — — — — USSR tracking B* elevation angle) — 70°
g o
. A cesuseennnannas -~ USSR tracking (7 elevation angle)
st (N e anrandrica
80° = 120 n, mi, orbital altitude —80°
< i N e 0 S T O 0
180° 150°W 120°W 0°W 60°W 30°w 0° 30°E 60°E 90°E 120°E 150°E 180°
NASA-JSC

Longitude, deg

Apollo Groundtracks Revolutions 46 through 53

66-4d1



V37 Enter, 52 Enter
V04 NO6 Flashing

R1:
R2:

00001

LB-100

P52—IMU REALIGN

0000 X IMU Align Option
1 — Preferred, 2 — Nominal,

3 — REFSMMAT

V51 Flashing — Please Mark

ojojo P52 Option

Hours
0|0 Minutes GET

Seconds

Celestial
010 Body Code 1

N71

Celestial
0|0 o

N71

Star Angle
Difference (degrees)
Star Angle
Measured (degrees)

NO5

X

Y

Gyro
Torquing
Angles
(degrees)

N93

Calculated
Gyro
Drift
(meru)

NOTES:



Latitude, deg

180° 150°W 120°W 80°W 80°W 30°W 90°E 120°E 150°E 180°
1 T R B i BRrS o L 5
80° Daylight (earth terminator) =15 — > et %g_b:. A | LIPS 08| AL . lso°
| prmerereme]  Darkness earth terminator) ﬁ‘ e TR J? o
nee (W) Apollo rev count D % % < Wake Apollo crew ]"7"10'
3 e | ] pka ; Vb =
= F}Q% ’L. >t Begi ng preparations . sokzs calfsT frooges 7 fee )/v Ak
Y S ? ~ |y p ST AT R
= =Y A ™ { Cre ) VAR T 1 R 53) .
ol = e > A T 54 -
SN % ey ol RS .
5 ol ) ] 59 )= 56) | .X 1
30°}— N - BOA ; 2 ‘q"\ 30
20° :W 1 S i K5 TL 20°
10° /QA prrig T [ V= N " 3 310.
] R P K ‘ & —
- _t N N / . ¥ 282 )Q ) / L ~> = 1o
Bt Py - - s 2 =5
20r = h 1 =R N/ A A < E\Q Bl Fa
~. | 3 R~ 4} M,
. AANNATR 1 XN 4 AN D e
~ —d L = 1 r//‘ ORR \
40° s i Q /\) . m"// // \/ 54 / ‘é 150 m out-of-plane \r\f\xcé ?‘x }‘? 4
so° LS P >< '< - 1N ,.N( . 4l UVA data take \\.5&:_4?'1'3 =
T Solar eclipse \ 500 m out-of-plane I \l | l +
L [ Begin Apollo revolution count |- experiment (rev 57) [~ W | b s : 60
SRR S = US tracking B* elevation angle)
70° = e.f) First undocking (rev 57) g — — — — USSR tracking B3° elevation angle) —70°
s o T 31 i B S  elevat
1 3 iy Apolo secand undecking from Soyuz || LUVA USSR tracking (7* elevation angle)
80° S~ e e e e B 120 n, mi, orbital altitude —80°
ﬁﬁi‘r} l I ] l | e T 0 ) S AR A s S
180° 150°W 120°W 90°W 60°W 30°w 0° 30°E 60°E 90°E 120°E 150°E 180°
Longltude, deg e

Apollo Groundtracks Revolutions 53 through 60

T0T-9'1
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P52—IMU REALIGN

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT

V51 Flashing — Please Mark

X|0oj0j0] O P52 Option

+ |0 0 Hours

4 10 0|0 Minutes GET

+ 10 Seconds

Celestial
191010 Body Code 1 N71

Celestial
Xxjoj0;0 Body Code 2 N71

Star Angle

y Difference (degrees) i

Star Angle
Measured (degrees)

X N93
Gyro

Y Torquing
Angles
(degrees)
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LB-103

SEQUENCE OF EVENTS FROM FIRST UNDOCKING TO SECOND DOCKING

GET

hr:min:sec Event description

95:40:50 Orbit sunrise

95:42:05 AV = 0. 33 feet/sec along -X axis of Soyuz } due to spring
AV = 0,16 feet/sec along -X axis of Apollo release mechanism

95:42:20 First Apollo 4-jet -X 1.25 feet/sec separation maneuver along line of
sight to Sun directlgn and maintains inertial attitude hold (local horizontal
angles, P =170.84° Y =4,09% R =181.6%. This maneuver initiated
after a 15-second coast period.

95:42:23 RCS engines cut off.

95:42:35 Second Apollo 4-jet -X 1,64 feet/second maneuver after a 12-second
coast period. Range = 31.5 feet.

95:42:39 RCS engines cut off. Range = 42 feet; range rate = 3. 3 feet/sec.

95:46:05 Apollo achieves 722 feet separation distance from Soyuz and performs
a 6.6 feet/sec, 4-jet, +X RCS maneuver to null the separation rate
and return the Apollo vehicle to the redocking position.

95:46:21 RCS engines cut off.

95:49:43 Apollo achieves a relative range of less than 56 feet; 3.3 feet/sec,
4-jet, -~X RCS maneuver is performed to null out the closing range
rate component.

96:08:00 Capture.

96:17:00 to

96:26:00 Hard docking during this period.

96:32:44 Orbit sunset.
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GET
hr:min

99:06
99:08

99:07

99:21
99:39
99:49
100:11

100:50
101:08
101:18
101:40

102:08

102:16
102:40
102:41
102:43
102:46

LB-105

SEQUENCE OF EVENTS FROM FINAL UNDOCKING
THROUGH THE 3281 FEET DATA TAKE (UVA EXPERIMENT)

Second undocking. The horizontal attitude is pitch = 180° , yaw= 0 and
roll = 180° (heads up) at time 99:06. After 5 minutes the Apollo rolls 180°
(heads down). The vehicles separate at 1.6 feet/sec.

Drift to 59 feet ahead of the Soyuz. Maintain stationkeeping at local
horizontal attitude.

Apollo performs out-of-plane maneuver to attain 492 feet displacement.
Apollo maneuvers to establish sweep rate for 492 foot data take.
Apollo nulls sweep rates; Soyuz begins yaw to track Apollo.

Apollo nulls out-of-plane velocity and resumes stationkeeping behind the
Soyuz at a range of 164 feet.

Apollo performs out-of-plane maneuver to attain a 1640 feet displacement.
Apollo maneuvers to establish sweep rate for 1640 foot data take.
Apollo nulls sweep rate; Soyuz begins yaw to track Apollo.

Apollo nulls out-of-plane velocity and resumes stationkeeping ahead of
the Soyuz at a range of 164 feet.

Apollo performs a small inplane maneuver. Apollo then pitches 360° for
Soyuz photography.

Apollo performs inplane separation maneuver.

Begin 3281 foot data take.

Both vehicles cross equator.

Apollo passes above Soyuz at range of 3281 feet.

End 3281 foot data take. Terminates joint experiment period.
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+ Weight (Ibs) N47 | +
PTRIM N48
YrRIM
X SXT Star
Shaft Angle
Trunnion Angle +

NOTES:
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(DM1)

P40 - SPS THRUSTING (CSM)

V37 Enter, 40 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles

V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude

V50 N25 Flashing, R1 = 00204, Gimbal Actuator Test Option

V06 N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity
V99 N40 Flashing, Engine On Enable Request

V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity
V16 N40 Flashing, Final Values at Engine Cutoff

V16 N85 Flashing, Body Axes Residuals (to be Nulled)

V37 Flashing, V82 Enter

V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit

50-18 | Roll
® Pitch (deg)
> Yaw
06-18 | Roll )
. Pitch (deg) ®
3 Yaw )
06-404' TFI (min:s)
VG (ft/s)
Y AVM  (ft/s) ®
06-40 J TFC (min:s)
VG (ft/s) °
° AVM  (ft/s) ‘
16-40 | TFC (min:s)
VG (ft/s)
AVM  (ft/s) i
85 X
> I v Residuals L
J (ft/s) L
3 Z <
85 | X e
y TRIM
L (ft/s) L]
[ ]
e |44 | HA (nmi) °
‘ HP {(nmi) ®
TFF (min:s)
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SHAPING 1
(DM1)
PROPULSION/ PRETHRUST
i By b GUIDANCE TARGETING
DML XA gl SN izs(/g_&g) P-30
AVy N85 +|x|x h
AVy RESIDUALS (ft/s) |+ |x X min
AV,  (BODY AXIS) +|x sec
e y— 4 —-——0—-VY ————o—VZ
XTRIM TRIM TRIM

SUN

TIG: 119:56:00,0
BT: 0.7 sec
AV: 20,7 fps
POSIGRADE

SPS

APOGEE: 126.2 nmi

PERIGEE: 114 nmi
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P52—IMU REALIGN

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT

V51 Flashing — Please Mark

X|0}l 01}oO 0 P52 Option

+ |0 0 Hours

+]10| 0]0 Minutes GET

+ |0 Seconds

Celestial
X|0 219 Body Code 1 N71

Celestial
Xio|-9ie Body Code 2 N71

Star Angle

Difference (degrees) NOS

Star Angle
Measured (degrees)

N
X N93
Gyro

Torquing
* Angles
(degrees)

X Calculated
Gyro

y b Drift
(meru)

NOTES:
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P30 - EXTERNAL AV

DM2

V37 Enter, 30 Enter
V06 N33 Flashing, Load Desired GET I
V06 N81 Flashing, Load Desired AV

PURPOSE
0 Hours l N33 | +] 0
0 0 Minutes GET 1 0 0
0 Seconds 0
0 AVy Local Vertical ~ |N8L 0
o i Avy (feet/second) )
0 < AVZ 0
+ L0 | 0 |Roll [N22 | +
i Pitoh Ail\glgsG(ic?;::lees) 63
+ ¢ 0 | 0 |vaw +
x AV, (feet/second) X
x BT (min:sec) X L
+ x| = Ex AV C at Ignition + | x
L I ) It AV TAILOFF - | x
- Weight (Ibs) N47 | +
0 PTRIM N48
$ 14 YrRrIM 4
xilx |x SXT Star X X
< 0 | Shaft Angle p
0 | 0 | Trunnion Angle

NOTES:




LB-127
(DM2)

P40 - SPS THRUSTING (CSM)

V37 Enter, 40 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles

V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude

V50 N25 Flashing, R1 = 00204, Gimbal Actuator Test Option

V06 N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity

V99 N40 Flashing, Engine On Enable Request

V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity

V16 N40 Flashing, Final Values at Engine Cutoff

V16 N85 Flashing, Body Axes Residuals (to be Nulled)

V37 Flashing, V82 Enter

V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit

50-18 ] Roll
® Pitch (deg)
Yaw
06-18 | Roll °
P Pitch (deg) ®
® Yaw ®
oe-4ﬂ TFI  (min:s)
PR VG (ft/s)
AVM (ft/s) <
06-40 | TFC (min:s)
VG (ft/s)
AVM  (ft/s) ®
16-40 | TFC (min:s)
VG (ft/s)
AVM  (ft/s)
L |8 | x
v Residuals
® (ft/s) [ ]
[ Z 4
85 | x |
y TRIM
L (ft/s) L
[ ]
e |4 | HA (nmi) S
® HP (nmi) *
TFF (min:s)
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SHAPING 2
(DM2)
EVENT BT/AV TIG PROPULSION/ PRETHRUST
GUIDANCE TARGETING
204:22:55.
DM2 0.6/20.2 _— Exgpfé(igim P-30
AVy N85 x h
AV, RESIDUALS (ft/s) |+ |x|x|x min
AV,  (BODY AXIS) s60
—_—— a1V ———o—vY ___.___VZ
XTRIM TRIM TRIM

204:22:55.3
BT: 0.6 sec
AV: 20.2 fps
RETROGRADE
SPS

APOGEE: 114 nmi
PERIGEE: 114 nmi

TIG:

SUN



V37 Enter, 52 Enter
V04 NO6 Flashing

R1:
R2:

00001
0000X
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P52—IMU REALIGN

IMU Align Option

1 — Preferred, 2 — Nominal,

3 — REFSMMAT

V51 Flashing — Please Mark

P52 Option

Minutes

Hours

GET

Seconds

Celestial
Body Code 1

Celestial
Body Code 2

Star Angle
Difference {degrees)

Star Angle
Measured (degrees)

N71

N71

NO5

X

b 4

Gyro

N93

Torquing
Angles
(degrees)

Calculated
Gyro
Drift
(meru)

NOTES:




Latitude, deg

180° 150°W 120°W 90°W 60°W 30°W 0 30°E 80°E 90°E 120°€ 150°E 180°
Jo b 1 AT TR e h_é_ [
so°f- Daylight (earth terminator) ° R B o e B - S e s il RN o Rl 1
L. Jemeeeeennd  Darkness (earth terminator) 3 o | #2 AT DRNT] e
B ; & ] [ AL
e (1) Aollorevcount g B g S »
, ) S 7
e
w.ﬁat? P > | A2 on ® s
oinfe ;% chnaod N -
P = N
AT D\
AP e
w T
) . .
. S E//P‘ r./"ch K £ i
10003 : : : o
TN\ " N\ o
0° P # ay o
..'... : 0.1 ocCE \ 4 e
b g Sy S, >
20°[%. N, . z
"N S A
N AP =) S
e, = ., o ., = ..‘.‘ .‘”\Sj‘ T
s | el e L . \\4 (&fu%
Lo anas o - i 38 e '-_'.:50.
e - Terminate doppler tracking -~ A
Laegm Apollo revolution count |1 ,’? . = L US tracking B elevation angle)
70 ] P e L= — — — — USSR tracking B* elevation angle) —70°
5_/_4»—-—35%@—55"’““\’ f} At — - USSR tracking (7° elevation angle)
a) AMTARGTICA
80’ S . =3 120 n. mi. orbital altitude —80*
== oo L0 e ) e e
180° 150°W 120°W 90°W 60°W 30°W 0 30°E 60°E 90°E 120° 150°E 180°
Longitude, deg e

Apollo Groundtracks Revolutions 128 through 135

0€T-d'I



Latitude, deg

180° 150°W 120°W 90°W 60°W 30°W 0° 30°E 60°E 90°E 120°E 150°E 180°
I =

80° Daylight (earth terminator) _— ﬁ’j 4 s ] 1 s e o el = = 80°
L pesssssssnmenee] - Darkness (earth terminator) 3 Rod  checnfane ﬁj i | o] e f% R e ) .""”‘l :C:hES---_
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. %
CM landing
o B N 30°
20° = // e — N~ {20°
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X e
0° \ : A W, EA440°
i A - L) OCEAN % 10°
o SR, o WK .
0= (N ~ /) - -+ Aae
40° e LT y .% E
sor L Ee — =T\ 500
_.‘ 7| [ CSM deorbit maneuver -F:‘M entry interface
80° (rev 138) 60°
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ICEME e 0 0 S 5 (P e e LI A P |
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Longitude, deg masA-sSC

Apollo Groundtracks Revolutions 135 through 138
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P52—IMU REALIGN

V37 Enter, 52 Enter
V04 NO6 Flashing
R1: 00001
R2: 0000 X IMU Align Option

1 — Preferred, 2 — Nominal,
3 — REFSMMAT

V51 Flashing — Please Mark

X510 0|10 0 P52 Option

el () 0 Hours

g58.-0 0.10 Minutes GET

+ |0 Seconds

Celestial
X019 10 Body Code 1 N71

Celestial
X101010 Body Code 2 N71

Star Angle

Difference (degrees) HNOS

Star Angle
Measured (degrees)

X N93

Gyro

Y Torquing
Angles
(degrees)

X Calculated
Gyro

Y Drift
(meru)

N

NOTES:



V37 Enter, 30 Enter
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P30 - EXTERNAL AV
ADM

V06 N33 Flashing, Load Desired GET I
V06 N81 Flashing, Load Desired AV

PURPOSE
+ 10 Hours I N33 0
0 0 Minutes GET1I +10
+ |0 Seconds 0
0 AvVy Local Vertical ~ [N81 0
(feet/second)
0 AVY 0
0 AVZ 0
+ ) 0 Roll [N22 | +
IMU Gimbal
+
¥ 0 Pitch Angles (degrees)
* Yaw +
X AV, (feet/second) x
X | X BT (min:sec) X
+ | x x Avc at Ignition sl g
- | x AV, TAILOFF - | x
+ Weight (Ibs) N47 | +
PTRIM N48 0
YTRIM
X |x X SXT Star x
Shaft Angle
0 Trunnion Angle *

NOTES:
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ENTRY PAD UPDATE

P61

V37 Enter, 61 Enter

V06 N61 Flashing

V06 N60 Flashing, Record

V06 N63 Flashing, Used for EMS if no Communication

P62
V50 N25 Flashing, Request CM/SM Separation
V06 N61 Flashing
V06 N22 Monitor

P63
V06 N64 Monitor

AREA X T X .

P .05G - 0o+ o0
N61 LAT 0 I

LONG

RTOGO . 05G

- -
VIO . 05G + % +

RET . 05G

x
x
x
x

RET .2G

X
x
X
x

N66 DRE

BANK AN

RET RB

RET BBO

RET EBO

x| x| x|x|w
x| x| x[|x
X| x| x|x|=
x| x| x|x

RET DROG




V37 Enter, 52 Enter
V04 NO6 Flashing

R1:
R2:

00001
0000X

LB-135

P52—IMU REALIGN

IMU Align Option

1 — Preferred, 2 — Nominal,

3 — REFSMMAT

V51 Flashing — Please Mark

P52 Option

Minutes

Hours

GET

Seconds

Celestial
Body Code 1

Celestial
Body Code 2

Star Angle
Difference (degrees)
Star Angle
Measured (degrees)

N71

N71

NO5

X

Y

N

Gyro

N93

+ Torquing
Angles
(degrees)

Calculated
Gyro
Drift
(meru)

NOTES:




V37 Enter, 30 Enter
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P30 - EXTERNAL AV
ADM

V06 N33 Flashing, Load Desired GET I
V06 N81 Flashing, Load Desired AV

PURPOSE
0 Hours I N33 0
+ |0 Minutes GET 1 0
0 Seconds 0
0 AV Local Vertical | N81 0
- (feet/second)
0 AVY 0
0 Av, 0
+ Roll [N22 | +
IMU Gimbal
+
> Pitch Angles (degrees)
4+ Yaw +
X AV, (feet/second) x
1% BT (min:sec) X )X
+ | x AVC at Ignition + x
-] x AVC TAILOFF - X
+ Weight (Ibs) N47 | +
0 PTRIM N48
g YTRIM
X SXT Star x| x
Shaft Angle
Trunnion Angle +

NOTES:
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(DEORBIT)

P40 - SPS THRUSTING (CSM)

V37 Enter, 40 Enter

V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles

V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude

V50 N25 Flashing, R1 = 00204, Gimbal Actuator Test Option

V06 N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity
V99 N40 Flashing, Engine On Enable Request

V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity
V16 N40 Flashing, Final Values at Engine Cutoff

V16 N85 Flashing, Body Axes Residuals (to be Nulled)

V37 Flashing, V82 Enter

V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 300 K ft Earth Orbit

50-18 J Roll
p Pitch (deg)
Yaw
Pt 06-18 | Roll |
Pitch (deg) ®
b Yaw b
06-40 ] TFI  (min:s)
\ J VG (ft/s)
AVM  (ft/s) p
06-4U TFC (min:s)
VG (ft/s)
® AVM  (ft/s) &
16-40 | TFC (min:s)
VG (ft/s)
b AVM  (ft/s)
: 2 J - Residuals
® b (t/s) >
® Z b
gL ] ); TRIM
(ft / s) [ ]
[
e |4 | HA (@mi) .
P HP {(nmi) ®
TFF (min:s)
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APOLLO DEORBIT

(ADM)
EVENT PROPULSION/ PRETHRUST
- _ GUIDANCE TARGETING
ADM o.7/101,7 |10000% Exsisv/G(%Ij 5 P-30
AVx N85 + | x ['x h
AVy RESIDUALS (ft/s) |+ |x[x|x min
AV,  (BODY AXIS) + [ x o0
o S =ity
XTRIM TRIM TRIM

TIG: 100:00:00

BT: 6.7 sec
AV: 191,7 fps
RETROGRADE

SPS
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ENTRY PAD UPDATE

P61 Enter

V37 Enter, 61 Enter

V06 N61, Flashing

V06 N60 Flashing, Record

V06 N63 Flashing, Used for EMS if no Communication

P62
V50 N25 Flashing, Request CM/SM Separation
V06 N61 Flashing
V06 N22 Monitor

P63
V06 N64 Monitor

AREA X -+ X

P .05G + 0 |0

N61 LAT 0 0

LONG

RTOGO . 05G

+| +

VIO . 5G

DET .05G

X X+ +

X X
X X

RET .2G

N66 DRE ®

BAND AN

RET RB

RET BBO

RET EBO

x| x|x|Ix |=
X | X | X X
ver ki sesline e |y
0 > [ b

RET DROG




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:
e SC 2 2
D =%y pviplft/s®)
Lift is a force perpendicu-
lar to the relative velocity
vector and equal to;

-— SC —
L= %yt V2 T (ft/s?)

where,
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EARTH ENTRY

Z5c

Relative « = Angle of Attack
Velocity

Vector

p = Atmospheric density (slugs/fta)(”

v = Relative velocity magnitude (ft/s)

CD = Coefficient of drag (unitless)

C__ = Coefficient of lift (unitless)

M = Mass of spacecraft (slugs)

S = Surface area presented to atmospheric flow (t2)

Aerodynamic lift (or C|)
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-
sultant force (F) through
the center-of-pressure
(CP)(S). The component
of this force (f;) perpen-
dicular to the line joining
the CP and CM causes a
torque about the CM. The
spacecraft will rotate
about the CM until a
stable attitude is_reached
where the force F is fully
along the line joining the
CM and CP.

Notes:

Cc™M
G Relative
Wind
- - -—
F f
Ay
‘\jj\
Pressure
Distribution

1. A slug is a constant, relating units in the equation
F(pound-force) = M(slugs) x a(ft/s?)

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.
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In this stable attitude, the
component of F perpen- QA
dicular to the relative
velocity -vector produces

lift. Because of the \

spherical shape of the heat

shield, the stable attitude Relative
remains relatively un- Wind
changed throughout the -t
entry phases. '

ull

=3

Pressure
Distribution

Lift Modulated Entry

During earth entry, steer- ~ 0
ing is accomplished by e n

aorienting the lift vector —
(L) so that the resulting
specific forces satisfy the
entry guidance objectives.
The lift vector is rotated
about the Roll Stability
Axis according to roll
commands issued by the
AGC.

]

Roll Stability
Axis

A roll angle (8) of O
degrees causes the lift
vector to be up along the
vertical and produces
maximum downrange
flight. A roll angle of £90 90°
degrees puts the lift vector

=

in the local horizontal gl
plane, producing maxi-
mum crossrange (or
lateral) flight.
180° 8
Pointed End

Forward

-

Relative
Wind



ENTRY GROUND TRACE FOR AN SPS DEORBIT MANEUVER

Geodetic latitude, deg

£3E” ANEEEEEEE
o Target point
- Geodetic latitude =21.86%N [
T T U Longi tude = 162.75% :
) | 1
b LO.IZOQ—
~ P 0.05g | A
; N
ol o
Entry interface 0 Sal
Geodetic latitude =14.37"S [ / ;
Longitude =1 69.030 7 3 2
d Yemsame ;
f \ s =
- SPS deorbit burn ignition {
Geodetic lati tude = 50.70°s ;
\ Longitude = 78. 79°E ]
Y
//

\~
/

SPS deorbit burn termination
Geodetic latitude = 50.80°S
Longitude = 79.45°F

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 ITOE IOW I70 160 150
OIS, GO
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The entry control programs are designed to calculate the roll angle (6) which will produce the vertical component of
lift necessary to satisfy a guidance objective (constant drag flight, downrange target acquisition, and so forth). Cross-
range control is maintained by choosing the proper sign of roll angle in order to reduce lateral errors.

The maneuver footprint for a GNCS-controlled entry for earth orbits uses mainly a ballistic entry and a modified roll
angle lift controlled profile. A typical entry footprint is shown below. The constant drag and lift modulated flight is
still available in the software coding but is not used.

IV l "‘ ] 1 %] T I T | E3
5 ‘ e e T |
7 t = . 1 -
| Al ] |
T 7
25| T Ji sl ] (u
i 3 Aijc olclelaln = | . €
i | Target point 8 €b | MEB
Geodetic latitude =21.86 N P A et
BE Longitude =162, 75% A T
A A i
/! i B 2 0
4 5 Ll Al
15(~F a 9 4
= |- .
i 3 4 a4
2
- e 3 4 R
-§ 105 W] W -v!
il I ] 0.20g Ji
: = -
P e e 4 =
b
3 5[ ] |
3 0.05g K1 7 ]
- r'”
gl >f -~ d £ R i
rf 7 = £ s HIRE )
L -1 ‘l
' — = ] g
- £1 bd
ke N Bl
=7 @ interface ew -
e Geodetic 'llt‘ltudeo- 14.37°s R
AW ude =169.03°E =
g = T |||
% L1, i s 70 160 1

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 computation 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
I, 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 is calculated using Equation VII.

Navigation

Targeting
(Equation I)

!

Mode Selector

{ T }:

f

Roll Command
(Equation VII) Guidance

P ___t___________J

Autopilot

|
|
|
|
|
l
|
l
|
: ' v '
|
l
|
l
|
l
l
|

Initial Roll Ballistic Final Phase Check for
¢ Phase n Start of
Equation | | g ation mm)| | WAL VI yp control
Constant I
G Limiter M e W UP Control | |
(Equation IV)| |
r ] Y . |
| I
Lateral Logic
__Control l
(Equation VI) ‘

*  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

During the early entry phases, a unit vector is calculated which points from the earth's center to an
estimated splash point. This initial target vector (IRTo), together with unit vectors in the equatorial
plane directed easterly (IgTg) and in the target meridian (IRTN), is used as a reference from which
a new target vector (TRT) is calculated based on an updated estimate of time-to-splash.




LB-145

Initial
Target

1RT =—1RTO +TRTN [cos (wt) - 1] +TRTE sin (wt)

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 (1gT), the downrange angle from the spacecraft to the splash point is
computed using:

Oy =arc oos{ 1RT " UnitR }(radians)
The crossrange error from the present flight plane is calculated as follows:

LATANG = 1T - Unit (V X R) (radians)

Instantaneous
Flight Plane

LATANG
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Equation II: Initial Roll Angle
The Initialization supplies the initial roll angle to the initial roll angle routine.

eroll = arc cos ( lRT * UNIT R ) radians

This is proportional to the updated remaining down range to go.
The remainder of the routine checks that the drag lift ratio and velocity are in the range of earth
orbit re-entry and picks the desired lift/drag ratio sign. In addition, the drag to lift ratio is

limited such that drag acceleration does not exceed 1.5 g's. After the initial pass, the selector
is set to pass through the ballistic equations.

Equation III: Ballistic Equation

During the ballistic mode, the attitude control is maintained for zero side slip, trim angle of
attack. The roll control will be a constant roll angle that will include a cross range correction.

The routine also checks the total acceleration against a reference drag acceleration to decide when
to use the final phase equations. '

Equation IV: Constant-Drag Flight Equation

Reduction of near-parabolic velocities (associated with the lunar return mission) to a point where
capture in the earth's atmosphere is assured, is accomplished by flying a constant-drag trajectory.

Constant-drag guidance is achieved using an on-board computed reference trajectory and constant
guidance factors for compensation of off-nominal conditions. The control reference parameters
. are computed using the following constant drag relationships.

\4 1
(L/ Dlpet = (R— - g D—o (unitless)
3 2D
RRef = w (ft/s)
:
D, . = D, (ft/s% |
Ref 0
where
V = velocity (ft/s)
R = radial distance (ft)
g = gravity (it/s%)
DO = desired drag level (ft/ sz)
B = constant associated with atmosphere (%)

Gain factors were chosen which relate perturbations in drag and altitude rate to the reference L/D.

(L/D) (L/D)p s + 0.01 (D-Dp 9 - 0.002 R - f{Ref)

control

The constant drag is included for reference and is not used in earth orbital entry.
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Equation V: Final Phase Equation

Steering through the denser portions of atmosphere is accomplished using a terminal control method
of guidance. A mean terminal glide trajectory is prestored into the AGC. Linear perturbation
coefficients, used to adjust for deviations in flight parameters from nominal values, are also stored.
Using velocity as the independent variable, the various quantities in storage are chosen which are
used in the basic control equation:

(L/D)control - D)Ref * B {(R ~Bp) B Ry P=Dagd * Ky~ f-{Ref)}

where

(L/D)Ref = constant value (~0.27)
RRef = reference range-to-go (radians)
_ 2
Dpes = reference drag (ft/s”)
RRe £ = reference altitude rate (ft/s)
Kl = sensitivity of L/D to deviations in range (unitless)
K, = sensitivity of range to deviations in drag level (radians/ft/ 52)
K, = sensitivity of range to deviations in altitude rate (radians/ft/s)

Equation VI: Crossrange (or Lateral) Control

Crossrange control is maintained only when the lateral error (LATANG) 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

Usirg previously determined quantities (K2ROLL and L/D
calculated by

control) the commanded roll angle is

L/D
L/D.

control
Ref

ROLLC = (K2ROLL) arc-cos (degrees)
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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 (0 degrees) or full-down (180 degrees),
according to the astronaut specifications.

d. DSKY Displays:

VO06N61
R1 - Impact latitude Latitude of splash point XXX, XX deg
R2 - Impact longitude Longitude of splash point XXX, XX deg
R3 - Heads up/down +1

VO06N60
Rl - G max Maximum predicted g-load XXX.XX g
R2 - V predicted Predicted velocity at EI (400 K ft) XXXXX ft/s
R3 - YEL Predicted entry angle at EI XXX, XX deg

VO6N63
R1 - RTOGO Range-to-go from 290, 000-foot altitude XXXX. X nmi
R2 - VIO Predicted velocity at 290, 000-foot altitude XXXXX ft/s
R3 - TFE Time to 290, 000-foot altitude XXbXX min/s

P62 — CM/SM Separation and Preentry Maneuver Program

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 V3TE62E,

c. Steering: None, lift vector orientation maintained.
d. DSKY Displays:

V50N25
R1 - 00041 Request to separate CM/SM
R2 Blank
R3 Blank
VO06N61
R1 - Impact latitude XXX, XX deg
R2 - Impact longitude XXX, XX deg
R3 - Heads up/down +00001
+ Up
- Down
VO06N22
R1 - AOG XXX, XX deg
R2 - AIG Desired final gimbal XXX.XX deg

Re-AMG) PSlesatEl 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. Steering: None, Lift vector orientation maintained.
d. DSKY Displays:

VO06N64
R1-G Present g-load XXX, XX g
R2 - VI Present velocity XXXXX, ft/s
R3 - RTOGO Range to the target XXXX, X nmi

P64 — Post 0.05 g Program
a, Purpose: Perform initial steering while awaiting subsequent phases.
b, Initiation: P64 is entered automatically when 0,05 g is sensed by the GNCS.
c. Steering:

When 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 1,175 nmi,
this requirement is never satisfied and the constant-drag flight is continued.

A predicted exit velocity for the hypothetical skip maneuver will decrease below 18, 000
ft/s and the exit is made to the final phase.

d. DSKY Displays

VO6N74
R1 - BETA Commanded roll angle (bank angle) XXX, XX deg
R2 - VI Inertial velocity XXXXX ft/s
R3-G Present g-load (drag acceleration) XXX.XX g's

P67 — Final Phase Program
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.

Guidance is terminated when velocity drops below 1,000 ft/s.
d, DSKY Displays:

VO06N66
R1 - BETA Commanded roll angle (bank angle) XXX, XX deg
R2 - XRNGERR Crossrange error* XXXX. X nmi
R3 - DWNRGER Downrange error ** XXXX. X nmi
V16N67
R1 - RTOGO Range to target XXXX, X nmi
R2 - LAT Present latitude XXX.XX deg
R3 - LONG Present longitude XXX, XX deg

*  Cross range error - Positive if target south of trajectory plane
**  Down range error - Positive for overshoot.



Altitude, ft

LB-150

400x10°
\‘
BN fron pe3 o p6d (0.089)
i
300 N
N \'m In1t1al|fina'l phase steering P67
\\ ]
Enter S-band blackout —} ‘\4\
‘ N
200 ™
N
|
Exit S-band blackou —\/\
HEN
Guidance termination 4=
100
LI TN
Drogue parachute deployed TN
IENERERFR
Main parachute deployed 1—
(S R 1 1 N
g REENEE
2500 2000 1500 1000 500

Range to go, n. mi.

Altitude and Range Profile for Entry




TYPICAL CM/SM SEPARATION ATTITUDE

Local Horizontal A@a/
)
19 degrees W\*
eg/( Inertial

/s
A Velocity
e degrsis/é\ Vector
<3
P61 & P62t
Xeeriinin eparation,
Se[;saration Assume Entry
Attitude Altitude

TYPICAL ATTITUDE AT ALTITUDE OF 400, 000 FEET
+Z5¢

Xsc
20 degrees Xspm e 0.'85Ld:gree
Y

P63

Lift Vector
Up, Await

P64
Constant
Drag Flight
P67

Final Phase
Steering

V~26, 000 ft/s e Ter\r/nInla't(e;o((i)uf {;1Sance

TYPICAL ENTRY PROGRAM SEQUENCE OF EVENTS

IST-4'1



APOLLO MISSION SPLASH POINT SUMMARY

Planned Final DSKY Ship Splash Total Best-Estimate
Target Reading Report Recovery Trajectory
Total Ship (BET) Report Total
DSKY Reported (official)
North West North | West Error{| North West Error North West Error
Mission Lat Long Lat Long NmiAf Lat Long Nmi Lat Long Nmi Remarks
Apollo 7 27,61 64,17 27,63 64.18 1.3 27.54 64,07 7.3 27,64 64,15 2.1 Earth Orbital
Apollo 8 8.13 165.03 8.10 | 165.01 251 8.12 165.02 0.9 8.1 165.01 2.3 Lunar Return
Apollo 9 23.25 68. 00 23.26 68,01 0.8 23,21 67.94 4.3 23.22 67.98 2,1 Earth Orbital
Apollo 10 -15.07 164. 67 -15.07 | 164.65 1.2 -15.03 164. 65 2.7 -15.06 164. 65 1.3 . Lunar Return
Apollo 11 -13.25 169.15 -13.30 | 169.15 1.2 -13.25 169.15 4.2 b - 1.0 Lunar Return
Apollo 12 -15,81 165.17 -15.87 | 165.16 3.6 -15.78 165.15 2.2 -15.83 165.17 1.1 Lunar Return
Apollo 13 -21,66 165.37 -21.64 | 165,38 1.3 -21.64 165.36 3.9 -21.64 165. 36 1.0 Lunar Return
Apollo 14 -27.02 172. 65 -27.02 | 172.65 0 -27.00 172.659 | 1.3 =27.01 172.65 .62 Lunar Return
Apollo 15 -26.13 158.13 -26.13 |158.13 0 -26.125| 158.15 1,5%* -26.13 158.14 .63 Lunar Return
Apollo 16 -00.71 156.18 -00.72 | 156.21 1.9 -00.74 156.243 | 4.00** Not Available Lunar Return
|
Apollo 17 17.88° | 166.13 17.88 | 166.11 1.2 Not Available Not Available Lunar Return
i 1
Skylab 2 27.77 127.07 27.78 | 127.06 0.8 Not Available Not Available Earth Orbit
Skylab 3 30.83 120.50 30.80 | 120.53 2.55 30.79 120.49 2.28 Not A#ailable Earth Orbit
Skylab 4 31.32 119,75 31,31 119,77 Not Available Not Available Earth Orbit
Mean Error 1.37 3.14 1.3
STD Deviation 10.95 +1.84 +0.61

* Onboard data lost during entry - miss distance is best estimate
** Ship Report based on Nav Satellite Fix

2sT-d'1
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PERTURBATIONS

GYROCOMPASS
BOOST MONITOR

RENDEZVOUS

DEORBIT
ENTRY
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GYRO COMPASSING PERTURBATION ANALYSIS

The perturbing of the gyro compassing loop results in two distinct type of errors. ]
They are: '

a. A temporary transient in gimbal angles that settles out in a length of time.

b. Steady state changes in gimbal angles that reflect as misalignments for boost,
and accelerometer and gyro errors during the boost phase. '

The changes in steady state gimbal angles for changes in gyro drifts and accelerometers biases are
shown in Table A. The results were obtained from a computer simulation run.

The standoffs in gimbal angles for gyro drifts can be approximated by

-Cos ¥
A AL 0 0 8.8 CF NBDy + ADSRAy
206 -Sin ¥

et S B B » 68.8C K NaDy

~C

-cos\¥/ - 8in ¥ P
AAO COSA [TPN cos \ +NBDz + ADIAz
where
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

v = Gyro compass azimuth (east of north)
X = 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 = LR Kgyro
~ Kpipa K meru

[}
]

local gravity

After the gimbal angles have settled out, a change in launch azimuth may be required because of the
time of launch changing. This is accomplished by computer entries of

VT78E

Flashing
VO06N29 Xsm Launch Azimuth XXX, XX deg

V21E Load New Launch Azimuth XXX, XX deg



PRO

The computer computes the changes required in gyro torquing, torques the gyros, enters a
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GYRO COMPASSING PERTURBATION ANALYSIS (cont)

period of vertical erect for 320 seconds and then returns to gyro compassing.

STEADY STATE GIMBAL ANGLE ERRORS
FOR INERTIAL INSTRUMENT ERRORS

TABLE A

INERTIAL
INSTRUMENT
ERROR

INNER GIMBAL
ANGLE ERROR
(DEGREES)

MIDDLE GIMBAL
ANGLE ERROR
(DEGREES)

OUTER GIMBAL
ANGLE ERROR
(DEGRESS)

+X Gyro
Drift
10 meru

-.463

+Y Gyro
Drift
10 meru

-.460

+Z Gyro
Drift
10 meru

-.041

-X Gyro
Drift
10 meru

+.463

-Y Gyro
Drift
10 meru

+.460

-Z Gyro
Drift
10 meru

+.041

X Pipa

Bias

+.032808
ft/s2

+.058

-.019

Y Pipa

Bias

+,032808
ft/s2

-.058

-.026

X PIPA

Bias

-. 032808
ft/s2

-.058

+.019

Y PIPA

Bias

-.032808
ft/s2

+.058

+.026
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BOOST MONITOR ERRORS

(SIGNIFICANT IMU ERRORS ONLY)

Uncompensated Uncompen‘sated
X-PIPA Bias 50 ZRIPA Blas 1
40 +8
E 130 E 46
& Ao s Apogee Error
12 4
. 2
4922y Perigee Error R R e
5 4 -3 1> 2793 &5 S 55 il
t-10 cmis2 )
-0 L -4
+ - L -6
g Perigee Error
+-40 +-8
-50 110
Initial INNER GIMBAL
Angle Misalignment
+70
Uncompensated 112 ¥
Y-GYRO Drift 60
T10 Apogee Error L 50
48 Apogee Error
E
c 4 6
+4
+2
- % 50 510
2100 -T5 50 - BRI meru 8 10 mrad
-2 Perigee Error
1-4
Perigee Error
+-6
+-8 -40
1-10 -50 +
+-12 -60 4
_70 g

1
g
i
i
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EFFECT OF INSTRUMENT ERRORS ON THRUST GUIDANCE

The thrust guidance used on ASTP in simplified form, is as follows:

¢

5 X A & s esired
Thrust A ot 1 & = -
jedbashcant = oy
+ S = g
AB
(PIPA Bias)
Thrust Positioning Cross Product
and Thrust Cutoff Steering

The above steering loop attempts to drive V_ (velocity to be gained) to zero. The inability
of the steering loop to drive V_ to zero will &esult in velocity residuals at the end of the burn
as displayed in P-40. g

Since the thrust guidance loop performs its calculations on the difference between AV meas-
ured and AV desired, the velocity residuals displayed by P-40 at the end of each burn are not
caused by instrument errors but by the inability of the steering loop to drive Vg 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

(Vg Residuals = 0 in P-40) the resultant orbit will differ from the planned orbit. A measure
of the difference between the actual and planned orbits is the error between actual and planned
apogee and perigee.

The following tables relate incremental spacecraft velocity errors, during maneuvers, to
errors in apogee and perigee. Knowing apogee and perigee errors, the table is used to obtain
the required error in velocity, expressed in body axes coordinates. This velocity error is
then converted to possible instrument errors by using the table relating PIPA bias and gyro
drift to spacecraft velocity.

For Example: Assume a apogee error of +5.0 nmi and zero spacecraft residuals,
as shown in P-40, after the NC1 maneuver,

1 From the"ASTP Maneuver Perturbation''table, the most sensitive spacecraft
velocity error is AVx.

2. The required velocity error is

Ay = 5:0nmi

e B i 8.93 ft/sec

5 The weighting factors relating instrument errors to velocity errors yield

-16.7 x 1073

AB_ 30.5+28.2 x10™> AB, 30,5 = 8,93
-16.7 ABx +28.2 ABz = 292.8

Therefore:
Uncompensated AB, = -17.53 cm/sec?

or

Uncompensated AB, = 10.38 cm/sec?
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EFFECT OF INSTRUMENT ERRORS ON THRUST GUIDANCE (CONTINUED)

The ""ASTP Maneuver Perturbation' table also gives the transformation from stable mem-
ber spacecraft body control axes space as follows:

Y = [Rx (7. 25°)] [SM-NB] Y

S/C CSM sSM

where:

Transformation from stable member to the nav base using

gimbal angles

Rotation matrix about XypB of ~7.25 degrees to transform from
nav base space to spacecraft control axes space for the CSM

[SM—NB]
0,
[Rx (~7.25 )]

The purpose of this transformation is to indicate the location of the stable member with
respect to thrust. The assumed gimbal angles are as follows:

OUTER GIMBAL INNER GIMBAL MIDDLE GIMBAL
(Degrees) (Degrees) (Degrees)
AEM 359.3 290.1 359.0
ACM 179.0 212.9 0.7
NC1 180.1 59.3 0.1
NC2 359.6 33.6 359.7
NCC 179.6 21.3 3569.3
NSR 176.4 188.4 357.4
TP 359.0 28.8 1.6
DM1 180.0 310.3 4.2
DM2 0.3 133.1 355.0
ADM 0.0 180.0 359.4

For all maneuvers thrust is assumed along +XS /C axis



ASTP MANEUVER PERTURBATIONS

BODY AXIS | ERROR IN | ERROR IN STABLE MEMBER TO SPACECRAFT REFSMMAT,
MANEUVER | VELOCITY PERIGEE | APOGEE CONTROLAX'.[S ANSFORMATION [sM] = [REFSMMAT] [BRs]
ERRORS (nmi/ft/s) | (nmi/ft/s) [sd BRS = BASIC REFERENCE SYSTEM
AV, -0.45 -0.10 [ 0.344 -0.017 0.939 ] ~0.063 -0.783 0.619
AEM Avy - - 0.136 0.990 -0.031 -0.647 -0.440 -0.622 LAUNCH
Av, 0.10 -0.11 | -0.929 0.138 0.343 | 0.760 -0.440 -0.479
NG - 0.46 [-0. 840 0.012 0.543 |
ACM AV, - - -0.088 -0.990 -0.114 SAME AS AEM
av, < -0.30 | 0.536 -0.143 0.832 |
AV, - 0.56 [ 0.511 0. 002 -0.860 ]
NC1 avy - - 0.099 -0.993 0.057 SAME AS AEM
AV - - 0,854 -0.114 -0.507 |
i L
AV, - -0,55 [ 0.833 ~0,005 -0.553 0.422 0.492 -0,762
NC2 AV, - - -0, 069 0,991 -0.114 -0.706 ~0.349 -0.617 RENDEZVOUS
av, - - | 0.549 0.133 0.825 -0.569 0,798 0.200
N - 0.55 [ 0.932 -0,012 -0.363 ]
NCC AV, - - 0,037 -0.991 0.128 SAME AS NC2
Av, - 0.11 -0. 362 -0.133 -0.923
L J
NG Graph A Graph B |[-0.988 -0.045 0.146 |
NSR avy - -0.08 0.017 -0.981 -0.193 SAME AS NC2
Av, Graph C 0.39 | 0.152 -0.188 0.970 |
av, & 0.50 |[ o.876 0.028 -0.482 |
TPI AV. - - -0.093 0.989 -0.112 SAME AS NC2
av, - 0.26 | 0.473 0.143 0.869 |
AV, - 0.55 [ 0.645 0.073 0.761 | -0.520 -0.586 0.621
DM1 Avy - - ~0. 049 -0.989 0,137 -0.786 0,044 -0.617 ORBITAL
Av, - - | 0.763 -0.126 -0.635 | 0.334 -0.809 -0,484
av, -0.53 W [-0.681 ~0.087 -0.727 |
DM2 AV, - - -0,147 0.989 0,020 SAME AS DM1
AV, -0.08 0.07 0.718 0.121 -0.686

L-9d




ASTP NSR APOGEE AND PERIGEE PERTURBATIONS
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AVg, ERRORS CAUSED BY GYRO DRIFTS [FxZ] AND PIPA BIASES
GYRO DRIFTS - MERU
PIPA BIASES - cm/sec?
Vg, - FI/SEC
AT - SEC (LENGTH OF BURN + 30 SECONDS FOR STARTUP OF AVERAGEG ROUTINE)
P
AT - SEC (TIME FROM LAST ALIGNMENT TO BURN)
g
WEIGHT FACTORS RELATE PIPA BIAS AND GYRO DRIFTS TO VELOCITY ERROR.
AEM
-3 073 AB_ AT - 30.8 x10™° AB_ AT,
v, = wsartas AT, +0.57 x 107 AB, AT, , AT,
avy = -0.020 x 15”° NBDX AT_ +0.003 x 10~ NBDY AT, - 0.008 x 1075 NBDZ AT
sc -3 3 -3
5 -32.5 x10" +1.03 10”3 AB
-4.46 x 10° AB, AT, -32.5 x10-° AB_ AT +1.03 , AT,
av, = 0.003 x10™° NBDX AT_ - 0.022 x 10™> NBDY AT
sc N e ) _3
+30, 4 ik
30.5 X 10" AB, AT - 4.54 x 10" AB AT -11.2 x10° AB, AT,
ACM
-3 -3 _3
= 27.5x1073 AB_AT_ - 0.40 x 10 -1 T
ave x AT, - 0.40 x 100 AB AT  -17.8 X107 AB, AT,
avy = 0.080 x 10"° NBDX AT_ - 0,021 x 10-> NBDY AT_ - 0,125 x 10"° NBDZ AT
sc -3 -3 -3
+ i +3.
2.89 x 1070 AB, AT, + 32.5 x 10" AB AT, +8.74 107" AB, AT,
av, = 0.018 x 10" NBDX AT_+ 0,148 x 10~° NBDY AT, - 0017 x 10°% NBDZ AT,
sC -3 -3 -3
-17.6 x 10”3 AB_ AT_+4.71 - 21,
1 AB, AT, x107% AR AT, - 27.3x 10" AB, AT,
NCL
-3 -3
= -16.7x10 +28,2 X 10
Ve 16.7 x 10" AB, AT, +28.2 x 10~ AB, AT
av, = -0.413 X 1070 NBDX AT, - 0,055 x10™° NBDY AT_ + 0.245 x 10" NBDZ AT =
sc -3 3 -3
-3.25x 10" AB +382.6 x 10 T -1.86 X103 AB_ AT
3.25 x AT, + 2.6 x1 AsByAp , A
av, = -0.048x10"% NBDX AT_+0.480 x10™> NBDY AT_ + 0,027 x 10"° NBDZ AT
sc -3 = -3
+28.0 x10"° AB, AT+ 3.74 x 10" AB AT +16.6 x 107 AB, AT,
NC2
-3 -3 -3
= -27.3x1073 AB_AT +0.172 x 10°0 AB_ AT_+18.2 x10™2 AB_ AT
ave 27.8 AT, y AT, X , AT,
ay - 0.146 x 1o': NBDX AT_ + 0.035 X ;o‘a NBDY AT, - 0.219 x 10"° NBDZ AT
42,28 x 107° AB - 82,5 x 107 AT+ 3. 0-3
28 x AT, - 32.5 X 1070 AB AT, +3.73x10-3 AB, AT
av, = 0.018 x 10"% NBDX AT_ - 0,263 x 107 NBDY AT_ - 0.030 x 10"° NBDZ AT S
sc -3 -3 -3
-18. - -4 -2T.1x1073 AB
18.0 x 10" AB, AT, - 4,37 x 107 AB, AT, - 27.1 x1 , AT,

Roals s dal ol Lt Sl s Ty L v i s il AR A
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3 3 3

-30.6 x 10” ABx ATp +0,40 X 10~ AByAT +11.9 x 10

b AB, AT

p

-0.106 x 10”0 NBDX AT_ - 0,039 x10™> NBDY AT _+ 0,270 X 10™° NBDZ AT,

-3 -3 -3
-1, + 32,5, AB, .
1.22 x 10 ABx ATp 32.5. X 10 y ATp 4,21 x 10 ABZ ATP

-0.011 x 1070

+11.9 x 1073 AB_ AT, +4.37 10-3

-3
+ 30.
A.By A’I‘p 30.3 x 10 ABz ATp

3 3

-3 -
AT _+1.49 x10 T -4.79 x 10 AT
ABx b X ABy A b 4 X ABZ b

0.030 x 10”2 NBDX AT _ - 0,037 x 10”0 NBDY AT - 0,193 x 10"> NBDZ AT
-3 -3 -3
-0. 10"° AB_ AT_+32.2 x 10 ° AB_ AT_+6.
0.54 X AT, +82.2 X AB AT, 82 x 10" AB,AT

32.4 x 10~

5 5

-0.003 X 10”0 NBDX AT_ + 0,195 x 10"

- -3 -3
: +6. - 81.8 x 10
-4.98 x 107" AB, AT +6.17 X107 AB, AT - 31.8 X 10™° AB, AT,

5 s = -3 +15.8 x 10°3AB_ AT
28.7 X 107 AB_ AT - 0.92 X10"°AB, AT, +15.8 X L AT,

0.076 x 107 NBDX AT, +0.023 X 1075 NBDY AT, - 0,139 x10™° NBDZ AT,

-3 -3 -3
+3. - 32, + 3.
3.06 x 10 ABx ATp 32,5 X 10 ABy ATp 3.69 x 10 ABzATp

0.015 x 10~ NBDX AT, -0.158 x1075 NBDY AT_ - 0,018 x10™2 NBDZ AT

g g
-3 -3 -3
-15. . -28.5 x 10
15.5 x 10 ABx ATP -4,71 x 10 ABy ATP 2 x1 ABz AT

3 3

- _3 -
21.2 x 10 ABx ATp 2.40 x10 ABy ATp 25.0 x10 ABz ATp

5 5

NBDY ATg + 0,096 x 10> NBDZ ATg
-3

AB_ AT_-4.50 x10 " A T,

y ATy X B, A

0,115 x 107° NBDX AT_ - 0,019 x 10~

-3 -3
+1, 10 + 32, 0
1.62 x ABxATp 32.5x1 b

NBDX AT_ +0.149 x 10”0 NBDY AT, + 0,021 x 10"° NBDZ AT,

-3 -3
. +20.
ABx ATp +4.13 X 10 ABy ATp 20,8 x 10 AB, ATp

0.007 x 1072
-25.0 x 1073

3

22,3 x10” AB, AT, +2.86 X 10°2 ABy AT, + 23.9 x 1073 AB,AT

P
0.106 x 10:3 NBDX AT +0.018 x_130‘5 NBDY AT, +0°101, x 10~° NBDZ aty
+4.84 x 107° AB, AT, -32.4 x 10" AB, AT, -0.64 x 10™° AB, AT,
0.022 x 10”° NBDX AT, -0.146 X 1075 NBDY AT_ +0.003 x 1075 NBDZ AT,
-23.5 x 1072 AB_ AT, -3.95 x1073 AB( AT +22.5 x 1073 AB, AT,

5

NBDX AT, + 0,290 x 10”° NBDY AT, g+ 0038 x 107° NBDZ AT,

NBDY AT_ - 0,038 x 10"~ NBDZ AT X
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TYPICAL EARTH ORBIT ENTRY POSITION ERROR SENSITIVITIES
AT GUIDANCE TERMINATION

EARTH ORBIT ENTRY
ERROR SOURCE Downrange | Crossrange
(€) Error Error
(nmi/e) (nmi/e)
GYRO BIAS NBDX 0,01 -0.04
DRIFT
BDY = .
(meru) 2 0.01 e
NBDZ -0.01 +0,05
ACCELEROMETER|ACBX 7.53 0.63
BIAS
ACBY - .
(cm/sec?) 0,90 5.60
ACBZ -4,44 =0,31

NOTES: 1. Assumed accelerometer operation 15 minutes prior to EI (altitude of
400, 000 feet).

2. Assumed IMU drift from 2,25 hours prior to EI.
3. Assumed IMU orientation is described by deorbit refsmmat such that at ADM
Unit (R)

Zgm

Yoy = Unit ®R x V)

Xsm = Ysm* Zsm
4, Crossrange-downrange definition:

+ East

Nominal Earth Orbit Entry
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DAP-2

CSM DIGITAL AUTOPILOT

The CSM digital autopilot (DAP) provides a primary stabilization and control function and attitude
error display for CSM coasting flight, CSM powered flight and CM entry, as well as a backup
SATURN takeover function. The LM portions of the DAP remain in the software but only the CSM/
LM ascent stage DAP is used for the CSM/DM vehicle configuration.

COASTING FLIGHT

The CSM coasting flight autopilot or reaction control system autopilot (RCS DAP) provides attitude
and translation control in three CSM axes during nonthrusting phases of flight, The RCS DAP has
three major modes of operation, Auto, Hold and Free, as commanded by the S/C CONTROL switch,

The Hold mode maintains or holds the spacecraft (S/C) at a desired attitude within the limits of an
attitude deadband specified by the crew. Rotational hand controller (RHC) commands will be proc-
essed as the discrete commanded rate specified in the DAP variable load; a new desired attitude
will be established and maintained upon release of the RHC.

The Auto mode enables rate and attitude commands from the steering routines to be processed by
the DAP for maneuvering the S/C to a desired attitude at a specified rate, With the absence of
maneuver commands, the Auto mode functions as an attitude hold mode, RHC commands are
processed in the Auto mode as a discrete commanded rate and automatic maneuvering is termin-
ated until resumed by crew action via the DSKY.

The Free mode of operation releases the S/C from all maneuvers and attitude hold commands,
other than minimum impulse commands, and allows the S/C to drift freely, Minimum impulse
commands are single 14-millisecond control jet firings which are commanded by the RHC or, if
there are no RHC commands, by the minimum-impulse controller (MIC).

Translation hand controller (THC) commands are processed in any mode and are combined with
rotation commands for the desired maneuver, When a combination rotation and translation is not
possible, due to a quad failure, the rotation command has priority.

ERROR DISPLAY

The DAP also provides attitude error displays to the crew via the FDAI attitude error meters.
There are three types of attitude error displays available. Each type of error display differences
a set of reference angles with the present gimbal angles as read in N20, and transforms the dif-
ferences to vehicle control axes, N20 is a set of CMC erasable counters which sum the incre-
mental gimbal angle outputs of the CDU A/D converters, N20 cells are synched to the CDU read
counters, and hence the gimbal resolvers, by means of a V40E which insures the cells and read
counters are identically zero at that point in time, As the read counters are allowed to repeat the
gimbal resolvers in the A/D Loops, the angle increments are summed in the erasable cells, thus
repeating the gimbal resolvers. Care must be exercised to avoid overwriting the N20 cells, or
ACDU's, since the CMC's knowledge of present gimbal angles will be destroyed.

° To provide a monitor of autopilot performance, the autopilot following
errors or phase plane errors in control axis coordinates can be displayed
by keying a V61E. The reference angles are known as desired CDU angles
(DCDU) which describe the attitude at which the phase plane control law is
exercised. This reference attitude is established by the DAP.

. To aid the crew in executing a manual maneuver, or for monitoring an
automaneuver, the total attitude error with respect to the reference
final desired maneuver angles in N22 can be displayed by Keying V62E.
Final desired CDU angles (N22) are computed by the maneuver routines
(R61, R63) for rendezvous pointing attitude and universal pointing atti-
tude; P40, 41 for burn attitude and P52 and V41 for coarse align IMU.
They are also manually loaded in the crew initiated maneuver (V49E)
and are also known as FCDU angles. These are the "maneuver to"
gimbal angles, provided a maneuver is in process and the maneuver
routine is communicating maneuver commands to the DAP, The N22
angles may reflect the desired attitude of a completed maneuver and
no longer influence operation of the DAP.

Total astronaut attitude error with respect to reference N17 angles
can be displayed by Keying V63E thus providing another manual man-
euver aid. N17 can be loaded with a snapshot of the present CDU
angles by Keying V60E. Astronaut total attitude (N17) cells are not
loaded internally by the CMC. They are a set of cells for use by, and
loaded by the crew, possibly as an aid to manually maneuvering the
vehicle to a crew specified attitude. The snapshot capability of V6OE
enables the crew to maneuver, and still maintain a set of reference
angles for error display in returning to the original attitude.
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POWERED FLIGHT

The powered flight autopilot stabilizes and controls the attitude of the spacecraft and maintains
thrust vector control (TVC) during service propulsion system (SPS) thrusting. Pitch and Yaw axis
control is achieved by TVC DAP generated commands to the SPS engine gimbal servos to maintain
the thrust vector through the center of gravity of the vehicle. The TVC DAP also accepts angular
rate commands from the steering program to position the thrust vector along a desired thrust
direction,

Roll axis attitude and rate control during powered flight is accomplished by the TVC Roll DAP.
Its function is strictly to provide attitude hold about the roll axis of the spacecraft by means of
RCS thrusters.

ENTRY

The entry autopilot provides attitude control of the command module (CM) from separation from
the service module (SM) to deployment of the drogue chutes. The DAP has an extra-atmospheric
phase and an atmospheric phase. The extra-atmospheric phase provides three-axis spacecraft
control for the trajectory segment prior to 0.05g and accepts attitude commands from entry
guidance to orient the S/C for the onset of 0.05g. The atmospheric phase provides attitude con-.
trol, after 0.05g about entry roll or about the vector direction of S/C velocity relative to the air
mass, to steer the S/C along the entry trajectory. The DAP accepts steering commands from
the entry guidance programs.

SATURN TAKEOVER

In the event of a Saturn instrumentation unit (IU) fail, a capability is provided for the CMC to
issue angular rate steering commands to the IU autopilot., CMC takeover of Saturn control, which
is accomplished by means of the LV GUIDANCE switch, may be an automatic or manual steering
mode.

The manual or stick mode is available by keying V46E, which terminates computation of auto-
matic mode attitude errors, Discrete ratz commands, based on erasable parameters, are
initiated by means of the RHC and transmitted to the IU autopilot.

DAP DATA

The DAP registers containing the variable parameters which determine DAP selection and de-
sired DAP performance are accessible by keying V48E.
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CSM DAP CONTROL

V48E
Flashing V04 N46
A B c D E
Register 1: Icomel XTAC | XTBDI DB I RATﬂ

CONFIG - Vehicle Configuration

0 = No DAP is requested

1= CSM alone

2= CSM and LM*

3 = SIVB (Saturn DAP)

6= CSM and LM*(ascent stage only)

XTAC - X-Translations Using Quads AC
0 = Do not use AC
1=1Use AC

BD - X-Translations Using Quads BD

0 = Do not use BD
1= Use BD

DB - Angular Deadband for Attitude Hold and Automatic Maneuvers
0= 1+0,5 degree
1= 15,0 degrees

RATE - Rotational Rate for RHC in HOLD or AUTO Mode and for Automatic

Maneuvers,

0 =0.05 deg/s
1=0.2 deg/s
2=0,5deg/s
3=2,0deg/s

Register 2: rAC Roll [ Quad A l Quad B I Quad C [ QundDJ

AC Roll - Roll-Jet selection

0 = Use BD roll Quads
1= Use AC roll Quads

A, B, C, D - Quad fails
0 = Quad has failed
1 = Quad operational
PRO
Flashing V06 N47
Register 1: CSM weight in pounds
Register 2: Other vehicle weight in pounds

Flashing V06 N48

Register 1: Pitch-trim gimbal offset, in 1/100 degree
Register 2: Yaw-trim gimbal offset, in 1/100 degree

AUTOMATIC MODE ATTITUDE HOLD MODE
1. Automatic three-axis rotation, 1. Manual three-axis rotation and trans-
2, N 1 three-axis rc and trans- Iation,
lation 2. RHC produces a rotational rate as
specified by N46 while out of detent.

3. Attitude hold to program or manual
defined attitude. 3. Attitude hold to attitude selected via

4, Automatic rate damping. Pl
4. Automatic rate damping,

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

Ll
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CSM RCS PHASE-PLANE

The purpose of the CSM RCS Phase-Plane Logic is to compute and issue commands to the RCS
thrusters in order to null spacecraft attitude and attitude rate errors. The thruster commands

are in a form of a signed time, where the sign indicates the sense of rotation (positive or negative)
and time is the duration of thrusting required to reach the phase-plane switching boundary, In
order to achieve these ends, the phase plane is divided into decision areas (DA). A phase-plane,
characteristic of that used for 3-axis control of the CSM, is shown with switching areas defined
for vehicle states beyond the deadzone boundaries.

Only the positive rate error half of the phase-plane is implemented since vehicle states in the
negative half plane can be mirrored in the positive half by inverting the signs of the attitude and
rate errors,

It is apparent that large attitude errors are reduced by allowing the vehicle to drift freely at a
rate error within the deadzone thus optimizing fuel usage. Once attitude errors have been reduced
to within the deadband and rate errors are within the deadzone a minimum impulse (14 ms jet
firings) limit cycle is reached.

RATE
ERROR
! | |
' s
| 1 |
| | |
: 16!
| |
| |
+wL 8 1 :
- ! I
| |
1O | 1
: 0, | |
| I ! _ peaosanp pLus 00se®
: @ D! | ATTITUDE
! | ERROR
SHADED AREA X/,
15 DEADZONE SLOPE = -0.6 */SEC/
05°OR 5* » HSLOPE = ~0.8 ¥SEC/*
ATTITUDE O, wL = 04 °/SEC
Phase-Plane DEADBAND >3
Summary of Decision Areas
Location of State | Response
In Deadzone None* / WL
DAl Increase Rate to +WL
DA2 Increase Rate to +HSLOPE
DA3 Decrease Rate to +WL
DA4 Decrease Rate to 0
DAS Decrease Rate to -HSLOPE 0.2 */seC
DA6 Decrease Rate to -WL RATE

Forced-firing excepti ®e
g eption, These values are stored in erasable memory

and are therefore subject to change.
CSM RCS Phase Plane
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TVC ROLL PHASE-PLANE

During powered flight pitch and yaw control of the vehicle is accomplished by gimbaling the SPS
engine. Roll control is accomplished using RCS thrusters and hence a phase-plane control law is
implemented in the same fashion as for the coasting flight RCS phase-plane. A sample is shown
which is characteristic of the implemented Roll phase-plane., The parabolic switching lines differ
from the associated linear switching lines of the coasting flight phase-plane due to the low roll
moment-of-inertia and because of the fixed attitude deadband and rate error deadzone boundaries.
The switch parabola then approximates the actual roll control parabola or constant torque tra-
jectory for 2 jet roll firings,

E
OGARATE
SwiTcH PaRABOLA |

MAXLIM (5 DEG/SEC)
JET FIRINGS FOR
NEGATIVE TORQUE

XOPERATING POINT
COAST (NO JET FIRINGS) 5 CONTROL PARABOLA
\/

/ LIMIT CYCLE \

RATE (LCR)  \

0.1 DEG/S!
(:AINIJMEC, ( kC) \ NEGATIVE TORQUE
cmsr \

il
OGAERROR

POSITIVE TORQUE SWITCH LINE

-1 DEG/ SEC

JET FIRINGS FOR
POSITIVE TORQUE

-5 DEG/SEC

Phase-plane Switching Lines for the TVC ROLL DAP



Approximate Cycle Time ___| Roll and Pitch
0.3 - 0.8 secol

Polynomials

CSM DIGITAL AUTOPILOT
CMC TAKEOVER OF SATURN

Desired Attitude

Compute

+ c D H,
Desired Gimbal cou
Angles

Rotational
Hand
Controller

| Saturn L/V
P e comiigbod

IU Fail

A—o)r B = pnrs
v

U
Transform
to Body Axes
Lk o=
Switch cMC

V46

=0} o

Saturn
Manual
Command Rate

Al L
5 o | |
2 Ty
il I |
8 Automatic Steering Mode
&l l Pitch Profile
‘ I
| | |
' |
l I l t —>
I f
\ | |
t t ]
:'— P;’g‘;{:;”—'l'— Attitude Hold
(119.25 seconds) 163,84 seconds
Max
RP START POLYSTOP

(10. 3 sec)

SIVB Takeover Enable

Channel 12B9
D, C.
IMU FDAI
Error Counter Error Meters

Bias = Attitude Error Stored At
Takeover or Restart Time

L-dva




CSM DIGITAL AUTOPILOT
" COASTING FLIGHT

Dead Zone
I Translation
Hand Control
Transform wg Commands
Error 8/C Control
to Control Jet On e
Axes ] Tii Jet Select
E ime RCS
it VR 20 o i SR :> Spacecraft [ >
Error is zero when wp cMC rusters
rate damping or »
RHC not activated.
Phase Plane
Error is Angular Acceleration
zero when of RCS Jets
RHC acti- b Software Switch
vated or (VIENS6E)  [psky]
CMC Free O#s Dis—
oo play Estimated o
+ Angular Rate Differentiate and Spacecraft %
Rate Filter Transform to Rotations &
i Control Axes and
Translations
Rotational Hand
Controller Inputs
N46 specifies manual rate —
Angular Impulse if Free
Mode from RHC or MIC,
AGC Position
Automatic Attitude AT .
X Position Control DSKY
Update d Dis- [=0 cpu MU K
94 Desired N46 specifies auto maneuver play
Gimbal | &S a4 Auto rate, Hand controller
Xo Angles |@¢——0 terminates maneuver. Software Switch 0.05 deg/s
g (V16 N20E) * Commanded Angular Rate
Hold/Free From Auto Position Control / 0+2 deg/s
CMC Mode or RHC e

2.0 deg/s

S ho s 4 el s bl e codd duaie s un Ll Lot Lo Sl e Al s s gl U b i




CSM/DOCKED DIGITAL AUTOPILOT

“FDATATTITUDE ERROR DISPTAY
Software Switch
(V16N 04E)
Autopilot DSKY
Crew Phase Plane -1 s Display IMU Error
Maneuver (V49) | gina] Desired Error, O Counter Enable
PR |
iy g Display Phase
Program Plane Attitude
Error
CMC Initiated Mnvr, N
(P20, P40 etc.) Software Switch V61
ve2 Compute Total | Error Display IMU Error
Total Attitude Error Attitude Error Software Switch | B°0Y Coordinates Counters
w/r to Desired Attitude and Transform
V63 to Body Axes X:: or
b ot e i
Error w/r to
Crew Loaded Attitude Astronaut frie* t
Total Attitude Loaded Attitude|
Reference
Software Switch *
V60
Snapshot Present Err:f:{leter
CDhU jngles N6
FDAI Select
0 O EDAI Source
CMC 1/2
Wil
|
Att Set O 0o
ClcMC Actual e td
MU a4 D|CDU Angles cMC. |
N20 (ACDU) ‘ — Oy l
GDCO ]
*
Err::):aleter Att Seto *IMU resolver angle display is on the

No, 2

same FDAI selected for error display,

6-ava



CSM DIGITAL AUTOPILOT
RE! GHT THRUST VECTOR CONTROL

y s, Gimbal Actuator Commands
Attitde L T/— 8/C Control THC
Errors by Switch SPS
TVC DAP
e Filters 0E —Q o ;ﬂ—a. Gimbal D Spacecraft ; >
4 A e c Assembly
Limiter it
Engine Gimbal
Trim Angles
o
>
Attitude Trim -P
" 7 i Spacecraft —
Filter
Rates Rotations and o
Translations
cbu Gimbal
Al
Angles cov's ngles
ks
LU
av

PIPA's




Dead Zone
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CSM DIGITAL AUTOPILOT

POWERED FLIGHT ROLL ATTITUDE CONTROL

Spacecraft >

OGA at Roll Jet Rt Roll Jet
Ignition + OGA Error O Cn-Times A atndis On-Times :(()JS
% 6E s Roll :: D
- Jet Pairs Ebrnsters
: | OGA
]
0GA Rate
Differentiate
Spacecraft
Rotations
Translations
6| OGA
Outer
Gimbal
OGA Angle
Cbu

11-dvd



CSM DIGITAL AUTOPILOT
ENTRY

B e R R L TR TR s S Ok

| 0.058

CM Axis
Thruster
Select

Jet
On-Times

CM Axis
Thrusters

par

| Entry Roll |
Autopi lot ‘
| i Computes roll |
about >0
I the relative | 4
- velocity vector -—o’l/o_. Roll
I R or R nxis,
» |
| | q
! »(‘/o—— i
I
Entry Pitch Rate oo |
Guidance Ry, ac. B ’—qﬂ fratlin r
Compute ! Yaw
Desired
Attitude Vi
o Yaw Rate
Damper and Roll
Maneuver
™ Coordination
R.a.B
Estimate kA%, A
n-uc::n: L Extra-Atmospheric
ry - Autopilot
Coordinate System
o
Navigation Attitude . Q. T
Estimate of Update Jet Commands
Pos.and Veloeity P
RV R, & B
Transform
15 Vehiole LA hTM‘;:Tu
Rate Relative in 8/C Control Axes
to Trajectory.

cbu

PIPA's
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DOCKED DIGITAL AUTOPILOT

Digital autopilot (DAP) implementation for the docked vehicle is very similar to the CSM RCS DAP.
Vehicle rate estimation and control is accomplished utilizing most of the RCS DAP software except
that rate filter gains and phase plane switching logic decision values are different. Jet selection
differs in that torque couples or Z/Y translation (force control) jets may be used for attitude control,
since long moment arms from the RCS quads to the vehicle center of gravity result primarily in
rotational torques for Z/Y translation jet firings. Docked DAP torque to inertia ratios for jet
firings are not computed as in the RCS DAP but are provided as erasable memory constants as

well as the effectiveness constants which convert torque couple firing times to force control jet
firing times.

Attitude error parameters are computed as in the RCS DAP.

PITCH/YAW CONTROL

Docked vehicle attitude control is accomplished using the SM RCS jets, but due to the significant dif-
ferences in center of gravity and control geometry, the torque couple control exercised by the CSM
results in greatly reduced control authority when docked to the other vehicle. The docked DAP
logic is designed to use Z and/or Y translation force jets to provide uncoupled rotation torques

about the c.g. or torque couple jets normally used for CSM attitude control. While providing in-
creased control authority, the force jet control mode also produces unwanted translations, although
these are small due to the large mass of the docked vehicle.

ROLL CONTROL

A significant shift of the c.g. off the longitudinal centerline of the docked vehicle unbalances the
torque produced by a pair of translation jets when in the force control mode and would produce a
resultant roll torque along with the desired pitch or yaw torque. The autopilot compensates for this
torque unbalance by unbalancing the firing times of the translation jets, thus cancelling the un-
desired roll effect. Roll phase plane commands are combined with the unbalanced roll torques to
compute firing times which produce only desired phase plane torques.

TRANSLATION CONT ROL

Since Y and Z translation jets result in torques about the docked vehicle c.g., they are used only for
yaw and pitch attitude control. Therefore only X translations are practical and can be executed by
either 2 or 4 jets. Minus X translations would not normally be done because of thruster impinge-
ment on the other vehicle.

RATE FILTER

The CSM RCS DAP rate filter is used for vehicle rate estimation in the docked DAP but with dif-
ferent filter gains being used for the steady state docked DAP.

MODE FUNCTIONS

Docked DAP Hold and Auto mode functions are the same as in the CSM DAP with the exception
that only X THC commands will be honored.

Free mode functions include RHC angular impulse commands, MIC angular impulse commands,
THC X translation commands and THC Y and Z deflections which result in Yaw and Pitch
pulsed angular acceleration commands respectively. Effective 200 ms impulse firings are exe~
cuted whether torque couple, force control or single jet force control, Undesired roll torques,
resulting from single jet force co ds are comp ted for with the roll couple jets selected
in DAPDATR3. Effective 50 ms impulse firings are executed for MIC deflections in the same
manner as the RHC commands.
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DOCKED DAP CONTROL

V44E
Flashing V05 N87
Register 1: DAPDATR3

A B c D E
ROLL PITCH YAW
CONTROL | ACXTRANS | BDXTRANS | ooNpROL | CONTROL

Roll Control — quad preference for phase plane roll command. If an inhibited
jet is encountered in a preferred quad, automatically uses other
two quads for roll.

0 = BD Preference
1 = AC Preference

ACXTRANS — X translations using quads AC
0 = Do not use AC
1 =Use AC

BDXTRANS — X translations using quads BD
0 = Do not use BD
1 =Use BD

Pitch Control— Preferred use of pitch torque couple or Z translation force jets
for pitch control.
0 = Use torque couple for pitch control.
1 = Use Z force control for pitch

Yaw Control — Preferred use of Yaw torque couple or Y translation force jets
for yaw control.
0 = Use torque couple for yaw control
1 = Use Y force control for yaw

Register 2: CHSFAIL

Bit 8 7 & %5 4 3 2 1
[B4 [ B3 [ps [D3s[aea]as]ca[ocs |

Octal value 00200 00100 00040 00020 00010 00004 00002 00001

CH5FAIL bit positions correspond to Channel 5 output jet command bits.
0 = Use selected jet
1 = Do not use selected jet

Register 3: CH6FAIL

Bit 8 4 3 2
C-2IC-1|A-2]A—1|D—2]D—1|B—2'B—11
octal value 00200 00100 00040 00020 00010 00004 00002 00001

i L

CH6FAIL bit positions correspond to Channel 6 output jet command bits.
0 = Use selected jet
1 = Do not use selected jet.

PRO
Flashing V06 N89 ;

Register 1: Desired DAP Maneuver Rate X.XXXX’ /s
*Register 2: Desired DAP Angular Deadband XXX, XX°

* If the DAP deadband (R2 of N89) is respecified, a V45E must be performed to incorporate
the new parameter in the docked autopilot logic.



DAP-15

DOCKED DAP PHASE-PLANE

The purpose of the docked DAP phase-plane logic is to compute and issue commands to the

RCS thrusters in the form of signed time for jet couple firings and Y and Z translation force jet
firings, The sign indicates the sense of rotation for couples and the direction of force for trans-
lation jet rotational torques. The duration of firings is specified by the time command, which for
force jet firings is the computed couple time multiplied by an effectiveness constant, Unbalancing
of the paired force jet times is accomplished by the jet select logic to compensate for undesired
roll torques.,

The phase-plane shown is similar to the RCS DAP phase-plane but with reduced values for dead-
zone boundaries and switching lines due to the greatly increased moments-of-inertia of the
orbital assembly,

RATE
ERROR
: wL = 019
| SLOPE «-0.3 %0 =
DA3 | HSLOPE = -0.6 %s/®
|
I
0, |
WL +.05 /s i DA4 |

1
|
|
|
: DA6
|
|
|
|
|
|
|

ATTITUDE
ERROR

~(aps +. 0440)/-ADB /

SUMMARY OF DECISION AREAS

LOCATION OF STATE RESPONSE
IN DEADZONE NONE*
DAl INCREASE RATE TO +WL
DA2 INCREASE RATE TO +HSLOPE
DA3 DECREASE RATE TO +WL
DA4 DECREASE RATE TO O
DAS DECREASE RATE TO -HSLOPE
DA6 DECREASE RATE TO -WL
Forced-firing exception. **These values are stored in erasable memory and

are therefore subject to change.
Phase Plane for Docked DAP
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VEHICLE CENTER OF GRAVITY
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DOCKED DIGITAL AUTOPILOT

Dead Zone
ftware Switch
Transform (DAP DATR3-B1,4) | Torque
Error Couple 8/C Control
to Control Jet On=Times Jet Select scs
'Torque Couple Hand SM
Axes orque Couple (1)5 Couple G Orbital
F HO) o—{ RCS Assembly
Error is zero when (Force Cfl;:t(r:tg e e ] CMC [Thruster (o)
Ten * ¥
rate damping or zy ) Force Unbalance
RHC not activated. Control Force Jet
Phase Plane Jet Select :nc-Tune
Error is smnfOr
zero when t
BBt Jidpralor Software Switch e
vated or (V16 NS6E) DSKY] Torques
CMC Free O#= Dis—
Mode. play Estimated .
+ Angular Rate Differentiate and Spacecraft
Rate Filter Transform to Rotations
4 Control Axes and
Translations|
Rotational Hand
Controller Inputs
N89 specifies manual rate —
Angular Impulse if Free
Mode from RHC or MIC,
AGC Position
Automatic Attitude e e ;
o Position Control DSKY
e EA Dis [#0 cpu ] <t
Desired N89 specifies auto maneuver ‘play
Gimbal | &6 d Auto rate, Hand controller
Angles j¢———0 terminates maneuver. Software Switch 5
(V16 N20E) * Commanded Angular Rate
Hold/Free From Auto Position Control
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DOCKED VEHICLE CONFIGURATION

A

A
Al (13) s

D o200

048]  A4(2)
03 (5)

“pe DI (M)

A

X,. = APOLLO SC COMPATIBLE DOCKING REFERENCE SYSTEM
iy 83 (7) X,. = APOLLO SC REFERENCE SYSTEM
X.. = SOYUZ SC COMPATIBLE DOCKING REFERENCE SYSTEM
Ccal4) B2(12) B C5
Xeg = SOVUZ SC REFERENCE SYSTEM
Xpg = APOLLO/SOYUZ DOCKED REFERENCE SYSTEM
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STATE ESTIMATOR

The purpose of the state estimator is to compute attitude rate based on the attitude information
obtained from the CDU. The problem then is to estimate the state vector based on noisy meas-
urements of one element of the state vector. The solution of the problem is patterned after Kalman
filtering and uses a recursive filter with gains based on engineering considerations rather than
statistical optimization,

STATE EQUATION (Continuous System)

Xt) = [AQIX® +[(B®Iu® +n ()

bp]_[o 1 om], [o o] M. [o
a(t) 0 0wt bty of |o 0
The process noise vector n(t) is assumed zero
uj is assumed constant over sample interval

@)

v
v

Tj = jet firing time

STATE EQUATION (Discrete System)

tn
Xty =8¢, t, PIX(t, 1) +/[¢ ty DB u(r) dr @)

or: tn-l
)—(n 2 mn—ll p: n-1 3 [Gn-I] E11—1 @

STATE TRANSITION MATRIX

W .1=06¢,t )= [1 (tn_tn-lil . [1 T] @
-l o fo-0) b 0 1
T=t-t )

DRIVING MATRIX

n
(Gy_y] =Jf ", MBI dr = / [1 *n‘*] [0 O]d‘r

o 1 b(r) 0
3 -1 )
=t
=/n [b(-r) ™) 07 g, - [TyT-Ty2) 0
b(r) o] [ T 0]
n-1

MEASUREMENT EQUATION

B‘D = 6 (t) +nopy (nopy = measurement noise, primarily CDU ()
quantizing error)
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NOMENCLATURE

X (t = state vector

u (t) = control or driving vector

n(t) = process noise vector

0 (t) = spacecraft attitude

w(t) = spacecraft attitude rate

Llj = angular acceleration due to RCS jets

(2] = measured spacecraft attitude (CDU angles)

tn 1= time of present and past state vector estimates, respectively

p (t) = measurement residual (difference of measured and predicted attitude)
4 & = control sample interval (0.1 sec)
T = duration of jet firing

i

STATE ESTIMATOR MECHANIZATION

The state estimator is mechanized as a two part process: state vector extrapolation and state
vector updating.

State Vector Extrapolation

The state vector is extrapolated using equation (3) where the state transition matrix [ﬁn 1]
is defined in equation (4) and the driving matrix [G_ .] in equation (5). The process

noise is assumed to be random with zero mean so aﬂt the best estimate of its effect on the
state vector is zero.

A
0y = an-1 T oa et 0y (U]
A
2" Sl t Y @®

In the CSM DAP filter the term T j /2) “j' due to thruster firing angular acceleration, is
considered negligible and is negle’cted
State Vector Updating
The state vector is updated based on the weighting functions and the measurement residual,

A ~

L E iy Ko (Ap-@p =06, +Kop, ®)

o 1 l~ A} \J

Wy =y TE6 -0 = +K o) 0)

The measurement residual p(t) is the difference between the actual measurement 6, and the

expected measurement O'n. The expected measurement is equal to the extrapolated estimate of
spacecraft attitude, becaiise the measurement noise, , is assumed to be random with zero
mean and the best estimate of its effect on the mc-;asure&gglltI is therefore zero. i

To obtain the filter equations for p and é.\) : i

Pn = (‘é’n -6 (E) !
Combining equations (11) and (7)

" A
Fo = 8- 6n-1 = a2

Adding - En to equation (9)

A

On-Hn=6'n-nn+Kepn=-pn+Knpn 13)
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Changing n to n-1 and solving equation (13) for

/\ ~
01 = Opg = Ppy A-Kp

Combining equations (12) and (14)
~ A
Pp=0,-6p 1 +P A-K)-Tuw,

Combining equations (8) and (10)

A A
= 1 -
wn—w +Kp—w_1+Kp+Tjuj

n-1

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 DAP cycles after rate filter
initialization, Thereafter a steady state value is used to weight the measurement residuals.

Attitude Gain K

(]
1.0
.8
6 Initialization
.4
.2
Steady State

10

a4
(15)
16)
Attitude Rate Gain Kw
Initialization
Steady
State

.2 o4 .6 81,0

t {Bec) =7
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ERASABLE LOADS FOR DOCKED DAP

QUANTITY DEFINITION

ECP Ratio of couple jet moment arm to '"force' jet moment arm
for pitch control

ECYW Same as above except for yaw control

ALPHAP Effective non-dimensional moment arm for roll disturbance
during Y-force jet pitch control

ALPHAYW Same as ALPHAP except for yaw

KMJDCKD One jet roll acceleration

KMJ1DCKD Single force jet pitch acceleration

KMJ2DCKD Single force jet yaw acceleration

J/MDCKD Inverse of KMJDCKD

J/M1DCKD Inverse of 1/2 acceleration of pitch jet couple

J/M2DCKD Inverse of 1/2 acceleration of yaw jet couple
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SCIENCE

KALMAN FILTERING
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ORBITAL MECHANICS

ORBITAL DISTURBANCES



COASTING FLIGHT NAVIGATION

The of C ng Flight ig: is to P ft ition and velocity of the
CSM or Other Vehicle. The estimates are computed using orbital mechanics and optics or
VHF tracking measurements to improve the accuracy of the orbital mechanics. The K:;lf‘:ﬂon

are into the and y using a ni\?diﬂed
filter which is a recursive optimal that is by the ing
al procedure.

1. Extrapolate the state vector ahead to time t,, using the best estimate of the state at time ty_j.
a1 _ "
X=lop11X, 1

2. Extrapolate the error covariance matrix in a similar manner,
[EJ] = [¢n_1] [By_q] (¢ 11T + [Uy_4] (Up_; = process noise)

3, Compute the optimal gain matrix,
[Knl = [Ef] [Hn)T [H, E} HDT + Vn]'1 (Vy, = measurement noise)

4. Calculate a measurement vector for time ty.
v = =4
2= m X))

5. Update the estimate of the state vector, using the extrapolated state g’n, the optimal gain (K.‘,]. the extra-
polated measurement g,;. and the actual measurement at time t,, Y .

6" L7 N &y
X = Ep* K1 Qp- Xy
6. Update the error covariance matrix in a similar manner,

[Ey] = [E]] - [K}] [Hy] [E]]

This procedure is illustrated by the following block diagram.

3

SYSTEM |2—+ —{ [x] X, .

=n-1{ UNIT
[Hn] " [¢n-1] DELAY

Basic Recursive Procedure of Kalman Filtering
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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, [E], the square root of the error covariance
matrix is extrapolated. This insures that the covariance matrix will always be positive semi-
definite and avoids the usual difficulties that occur when computation techniques yield a negative
error covariance matrix. The square root of the error covariance matrix is called the error
transition matrix [W].

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 vecfor after each measurement must first be displayed and approved
by the astronaut before it is incorporated into the state vector. This eliminates the possibility
of an erroneous update due to an improper mark.

4. Only one measurement is incorporated at a time. This reduces the dimension of the filter
equations and changes the matrix inversion in the optimal gain equation to a scalar division.

STATE VECTOR DEFINITION

The state vector for coasting flight navigation is defined as the deviation of the spacecraft position and
velocity from a reference conic.

6Ty -1 r 7
Deviations from
6 ry conic position
51 6Ty
State Vector = x(t) = E = =
e 6vy
&% Deviations from
y conic velocity
Lé vy L s

Deviations from the reference conic are assumed to be Gaussian distributed with a known mean and var-
iance. The mean is estimated via the precision integration routines or obtained from STDN. The var-
iance is given by the error covariance matrix, which is precomputed and entered via erasable data load.

CORRELATION BETWEEN BASIC KALMAN FILTER TERMINOLOGY AND COASTING FLIGHT
TERMINOLOGY

The following table lists the correlation between basic Kalman filter terminology as used on the previous
page and Coasting Flight Navigation terminology to be used on the following pages.

CELESTIAL NAVIGATION KALMAN FILTER
CORRELATION
TERMINOLOGY TERMINOLOGY
T

b = geometry vector of [H] = measurement b” >H)
dimension '"D" matrix

w weighting vector of [K%] = optimal gain w D[K}‘II
dimension '"D" matrix

W] error transition matrix [E] = error covariance [E] ?[WWTl
of dimension "D x D" matrix

X state vector X = state vector X DX

a a priori measurement [V] = covariance of the o’ >[V]
error variance (scalar) measurement noise

6Q measurement deviation &' -Y,) = measurement 6Q jd;} = &)
(scalar) =n~ =n X

residual




COASTING INTEGRATION ROUTINE

The Coasting Integration routine is a standaridized subroutine used to integrate spacecraft state
vector to specific times. It is used during the P20 - Rendezvous navigation program to extrapo-
late the state vector and error transition matrix ahead to the measurement time by direct numer-
ical integration of their differential equations.

STATE VECTOR EQUATIONS
The basic equation describing spacecraft motion is

x o 1flr|]oe
- + @
v = o] v
- HE -Jd L2
where
r = spacecraft position vector

<

= spacecraft velocity vector

R disturbance acceleration vector

i
x
|
;
:
.
?

p = primary planet gravitation constant

When the disturbance, aq, is small, then Encke's method of differential accelerations can be used to solve
Equation 1. Encke's method divides spacecraft motion into two parts: (1) conic or osculating orbital mo-

tion wRich would result if a3 = 0 and (2) deviation from conic motion as a result of ag#0.

1
|

£= £conic B2l k4 @

Y = Yconic * &V @)
where

r, v = spacecraft position and velocity

T conic’ Yeonie = ©onic position and velocity

8r, 6v = deviations from conic position and velocity
Substitution of Equations 2 and 3 into the basic equation of motion, Equation 1, yields differential equa-
tions for the conic position and velocity and the deviation from conic position and velocity.
Conic Motion Equation

r 2 0 r

=conic - T £ conic

o P R .

= conic| belocate’ ~conic @

Iifex L 2 [ subtect to or(t) =2 ®)
initial conditions
0 év a4 6v(ty) =0
where
- .- T 2
. ] 3 X conic'Zconic -|4:onlc I
conic

The conic motion equation is solved explicitly using Kepler's subroutine, The deviation equation is solved b;
by direct numerical integration and is called the "state equation''; it can be written in the form

X=[Flx +C ®)
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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

state vector estimation error

e=x-x ™
where
€ = estimation error
% = estimated state vector
x = actual state vector
error covariance matrix
[El=<eel> ®
where
[E] = 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 (10)
where
wwT) = [E]
Equation 10 is the differential equation describing the error transition matrix and is solved by direct
numerical integration,
SUMMARY
MAT STATE TRANSITION NUMERCIAL INTEGRATION
TIME. DO N EQuATIONS EXTRAPOLATION EXTRAPOLATION
X=Fx+g &' = [01% 3=2(tn)+{:“*1r2dt
E = FE + EFT E’= ¢E¢T
1
. w'=w(gn)+f:" FW dt




MEASUREMENT INCORPORATION ROUTINE

The Measurement Incorporation routine, like the Coasting Integration routine, is used by navigation
programs. Its purpose is 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, b, based on the state vector and type of navigation sighting that is being

made.
2. Compute a state vector update.
3. Update the state vector and error transition matrix if the astronaut app: of the incor

GEOMETRY VECTOR

Ar
The geometry vector relates the measurement, Y, to the state vector, g;, according to Equation 11

S T
Y.=b & (11)

where
Q’,; = the expected measurement (a scalar)

b = geometry vector (nx 1 column vector)
%, = state vector extrapol to the time via the Coasting Integration routine.

The state vector for coasting flight navigation is 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 the optics and VHF range measurements.

ics
The CSM to Other Vehicle LOS in reference coordinates
T
Em = [REFSMMAT]  [NBSM] ENB
where:
ENB = Optics LOS in Nav Base coordinates
[NBSM] = Gimbal angle transformation matrix from Nav Base to stable member
coordinates
Other Vehicle
Tow = o X I andr are Other Vehicle and CSM position vector estimates
Uy, = unit( )
5 s + (U X Hm)
- T + (~) if CSM (Other Vehicle) state being updated
2
-1
6Q = |10leos Wew X Up) " U —n/2]
VHF RANGE
i + U
- [

5Q = Rm-ch

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 5 of the basic Kalman filtering procedure.
1. Compute the optimal gain matrix

(k] = (E'HT) (HE'HT + v~ (12)
or, in the of flight nav A
@ = (wWwTh) (b7 w'WTh+a?)
W'z
(22 + a?) (13)

where

w = optimal gain vector

W’ = error transition matrix extrapolated forward by the Coasting Integration routine
z = W’TE (a vector used to simplify computations)

22 = 272 =bT wWTh (analogous to HE’ HT)

a? = measurement noise covariance (an erasable data load or fixed memory constant which depends
on which navigation program is in use)

s +&’) is a scalar and eliminates the necessity of matrix inversion
2. Compute the expected measurement based on the extrapolated state vector.

= bTx) (14)

‘}’ = expected measurement from current navigation sighting
b = geometry vector

-3 l; = extrapolated state vector
3. Compute the state vector update

8x = @w6Q = w(Y,-Yy) (15)

6x = state vector update
= optimal weighting vector
6Q = measurement residual
Y, = information from current navigation sighting
Y! = expected measurement
UPDATE THE STATE VECTOR AND ERROR TRANSITION MATRIX
Before the state vector update, §x, is incorporated into the state vector, it is displayed to the
astronaut for his approval. This s to prevent erroneous tracking data from being used to update

the state. When astronaut approval has been issued, the state vector and error transition matrix
are updated as follows:

UPDATE THE STATE VECTOR
R, =%+ 8x (16)
= best estimate of state at time t;,

state vector extrapolated ahead from time t,, ; tot;
= state vector update

% &2 5
L]

UPDATE THE ERROR TRANSITION MATRIX
The equation governing updating of the error covariance matrix is given in Step 6 of the basic Kalman filtering procedure.

[En] = [Ey'] - [Ky*1 [Hy][Ep) (17)
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This can be rewritten in terms of coasting flight navigation terminology
[WWT] <5 [wlwlT] "‘LET [W’W'T] (18)

Equation 18 can be separated to obtain an equation for updating only the error transition matrix [W ] instead of the
product [WW " | .

@ ET
(wp = [wi-
1+
(19)

where

[W] = updated error transition matrix

[W’] = extrapolated error transition matrix

W = optimal gain vector

z = wTp

2 = 2Ty

a? = measurement noise covariance
SUMMARY

The total spacecraft position and velocity is kept current through extrapolation, updating, and rectification. Rectifica-
tion is a process used to redefine the reference trajectory by adding the deviations, 6r and §v, to the osculating
elements, r conjc and v conic » thereby redefining the osculating orbit and reducing the deviation state vector to zero,

I conic I conic or
= S
¥ conic Y conic 3.4 (20)
ér 0
v °

(21)

This process is used to preserve the efficiency of Encke's method and is illustrated below.

Extrapolate L‘f’(t)
- Rectify
T Update
$ Extrapolate i
6t po. \\ 55'(ty) 5T (ta)
o T (t)
t 4 t t

Rectification Measurement time Measurement time Rectification
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INITIALIZING THE COASTING FLIGHT NAVIGATION PROGRAMS

_Each of the navigation programs is initialized prior to use by specifying the measurement variance,
=2, and the initial error transition matrix, [W]. The measurement variance gives a confidence level

for the navigation instruments by specifying the variance of all the error sources associated with
The W matrix gives a confidence level for the initial estimate of the state vector
by specifying the mean squared error to the position and velocity estimates. [W] is initialized as

the instrument.

a diagonal matrix which says that initially the position and velocity errors are independent.

MEASUREMENT VARIANCE

INITIAL '"W'" MATRIX

RENDEZVOUS
P-20

NAVIGATION

PROGRAM (CSM)

OPTICAL TRACKING

2 2
— - £ 3
@ = Ty (Varggy +Varp) + Varkn, i1 0
rTr [}
= r_ 2 (0.2 mr) + (0.2 mr)?) + Var+ [W]____—+-_{_'
Tow ((0-2mr)” + (0.2 mr)”) + Vark, o 0 : w1
| v
VHF RANGING
22 = max {r 2Vzu-"' +V* Var*
o cw R INT’ MIN
ALTERNATE LOS
=% - Z(Va.t* +Var_ ) + Var*
o cw ALT MU INT
= r 2 (var*, . +(0.2mr)%) +Var*
cw ALT = INT
*The variables are stored in erasable memory.
b J cwz is the magnitude squared of the estimated
I vector from the CSM to the Other Vehicle
ERASABLE DATA LOAD PARAMETERS
PARAMETER DATA LOAD PARAMETER DATA LOAD
@? MNEMONIC VALUE w1 MNEMONIC VALUE
VarINT(CSM) INTVAR (60 m)2 er(CSM) WRENDVEL 10 ft/s
Varp (CSM RVAR 0.0 W .(CSM) WRENDPOS 10, 000 ft
2
Varp . (CSM) RVARMIN (200 ft)
2 x

var,; (CSM) ALTVAR (3.9 mrad)
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A. ORBITAL RELATIONSHIPS
Assuming a spherical planet, the equation of motion for a satellite is given by

2 T -
i S o
dae r?

where
# = (M planet * Msatellite) G
G = gravitational constant

The solution of Eguation 1 is:

h?/p
1+ecosf
where
h = angular momentum of the satellite
e = eccentricity of the orbit

f = true anomaly

which is the polar equation of a conic. The conic will be an ellipse, a parabola, or a
hyperbola. Treating the parabola as a special case of the ellipse and considering only
the hyperbola and ellipse, the following relationships are obtained:

Angular Momentum B =Txv=r = constant

Velocity V2 =pu (2/r - 1/a)

Apogee ra =a(l+e)

Semilatus Rectum p=nh¥/p

Semimajor Axis a =rp/(2u - rv2 ) Negative for hyperbola

Eccentricity e = (1-h?/pa) 1/2

Perigee rp =a(l-e)

True Anomaly cos f = :—e - i , sinf = u};e TV
Ellipse Only

Period P =2r (a ¥/ pl/?)

Mean Motion n =uVYa¥?

Mean Anomaly M=n(t-1)

T = time of perigee passage
Eccentric Anomaly E - e sin E = M (Kepler's Equation)

tan (E/2) = [(1-e)/(1+e)]/? tan (£/2)

i
Hyperbola Only !
l
Mean Motion y? = p/ad :
Mean Anomaly M=y (t-1)
T = time of perigee passage j
Eccentric Anomaly H-e sinh H=M

tanh (H/2) = [ (e-1)/(e +1)] /* tan (i/2) -

From these relationships, given an initial position and velocity vector, the orbit and
orbit parameters are uniquely determined.
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B. THE ORBIT IN SPACE

The orbit in space is defined by an orthogonal set of axes along perigee, the semilatus
rectum, and the angular momentum vector. The ordered set of right hand rotations
(Euler angles) to achieve this orientation from the earth-centered-inertial (ECI)
frame are illustrated in Figure 1 and given by the expression

P X X
Q| = [RzW)] [Bx(] [Rg(R)] | Y[ = [A] |Y
rbit 2 'ECI 2 'ECI 3)

where

2 = longitude of ascending node
i = angle of incidence
w = argument of perigee

Figure 1. The Orbit in Space

The angles ©, i, and w are generally unknowns; therefore, the elements in [A] must
be evaluated by some other means. To this end, Equation 3 is expressed as follows:

P Py Py Py [x X
= e @ Q| [¥| = B |¥
w Wx Wy Wzl [2]gor Z Jgcr (4)

The unit vector along perigee (that is, Px. Py, Pz) can be determined by Equation
141, Page 20 of Battin as follows:

5-%[(%-%)?-6--?) v (5)

where

et de of veloct

<

y
= absolute magnitude of the radius vector
= inertial velocity

Hl <l n

= radius vector
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This relationship is obtained as follows:

' (Perigee)

B, W
Figure 2
P = ©r cos f - ep sin f (6)
@ r x% ; cosf-ul: r'l-é;sm£=“—hei;
but i=v§r-vcosﬁ-—;'—;

horev
@ simng= b IV

Combining 1, 2, and 3 into Equation 6

3 _ T b 1 hor h 1.7V
P’;[uer-?]_(ixr)[ue i
By substituting

h=rvsing, cosf = ——v

and adding the factor

rv? cos? Bey - rv¥ cos’ By

the above equation reduces to
1 - - - - o,
i"ﬁ [ (V’-J:_-)r- (r-v)(vcosBer+ vsinfey) ]
but
;:veosﬂe:.** vsinﬂe_;
therefore

5“,‘1? [0 -E)% o397

Since h =_constant, the unit vector alongfx (that is, Wy, Wy, Wy ) is determined
given any r and corresponding v in the orbit. That is

< h XV
LR

* wemp (7)

Having determined P and W, the remaining unit vector, @, is calculated as follows:
Q = Wx P (8)

By using Equations 6, 7, and 8 the matrix [ B] is determined. That is, the orbit is

defined in inertial space. From Equations 3and 4, [A] = [ B]. By equating elements
and by using the constraint 0° < i < 180°, the Euler angles 2, i, and w are determined.




C. ORBIT DETERMINATION

The problem of orbit determination can be stated as follows: Given an initial ;, and
corr ding v; vector exp: d in ECI coor , determine the position and
velocity in ECI coordinates at some time, t,.

From what has been presented so far, the approach would be to determine if the conic
is a hyperbola or an ellipse. Then use the corresponding form of Kepler's equation

to solve for the true anomaly and through the orbit-in-space-transformation determine
the position and velocity at t,.

This method has the undesirable feature of first 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
are given by

- 2 - 3 =

F(ty) =[1'§,‘ C (X ay )] Tt [At- - S(X‘a,)] “ )

- - 2 e

Vi) = S [a, X5 (x? an-XJ T+ [1’§—2 C(X'an] W a0
where

2 1 X? o X ag)?
OOt ag)=igps St B S s

S(Xta) =L o Xao, (Xa)?

3! 5! 7!
At = -t
2
o sl o
a Ty M
X = =l for ellipse
@y

X = E{,_—-Hl for hyperbola
- ay

The parameter X which is required for Equations 9 and 10 is determined as follows:
An initial guess for X is given by

X=xl+S[1-F,S(1-2F,S)—%(r—l‘-al)s’] an

where
X; = 0 for the first iteration and X for subsequent iterations
TV,
Fi =3 Ty VA

vE
8 =3 t-u)

Having an initial guess for X, an improved value is obtained by a Newton-Raphson
iteration scheme as follows:

X - F (Xn) (12)

Xosp = ¥y F (Xy)
where

F (Xp) -[—#ﬂ- Xp? C(Xp! @)+ (1-7y ;) Xp® SXy? ay) + 1y x,,]
- Vu At

, R
FlXy) = Lt [Xn-a, xn'S(xn’a,)]* [<l-r1 a1) X' CXp? q)

+
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The iteration scheme of Equation 12 continues until xp+1 = Xn is sufficiently small. The good initial guess provided by Equation 11
limits the iteration to two or three in most cases. The value for x, ;1 is then substituted into Equations 9 and 10, thereby specifying
Ty and vy, in ECI space. Following the universal conic method just described, the position and velocity vectors referred to ECI
spacc can be determined for any time t during freefall.

The conic section concept utilized for navigation requires the computation of trajectory segments under a wide variety of constraints.
Depending on the constraints involved, the set of universal equations will solve

1 - Kepler's Problem given ro, vo, and At, solve for ry, Vi

2 - Lambert's Problem given rq, ry, and At, solve for conic parameters.

3 - Time - Theta Problem given rq, Vo, and 8,solve for At.

4 - Time - Radius Problem given rg, Vo, and ry. solve for At.

where:

Occupied
Focus

f = true anomaly measured from pericenter
At = flight time from rq to ry

p = semilatus rectum

a=1/a, a=semimajor axis

v = flight path angle

9 = true anomaly difference (fy - f)

The equation set used for solution of the above problem is

13. Wi At =P cotyy x? Clax?) + (1 - roa) x* S(ax?) + rox
s [isasd 2y 1
4l cot?=r° [1-ax? S@x?)] + qotyg
_—
vp x C(ax®)
P 1-cosB
15. et —

To oS d + sin 9 cot Y,
1
16. T
—vl=2-ra
M
17. r¢1=2-;L (1+ cot’y)

coty,, IO coty,

18.
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2 ()

19. —= ——y—
ro(l‘o) ( +coc’y,) _( 1+cot27°)
20. r; =01 C(ax )]r°+[At-T— S(ax?)] v,
41
21. vi = — [ax? 8(ax?) xlro+ [1-3 C (ax?) Ivo
Toly Ty
22, coty = Loy .
|rxv|
Therefore:

1 Kepler's Solution. Compute r o using Equation 16; compute x using Equation 13 and Vp coty, = To' Yo ; compute
Aepler s Soluuon, of o e

ry and v; using Equations 20 and 21. »
2 Lambert's Solution. Guess a cot ¥,; compute p/ro and ro @ using E i 15 and 17; p X using 14

iteratively; compute At using Equation 13. If At disagrees with the desired At, adjust cot Yo and repeat.

3 Time - Theta Solution. Compute cot Yo' Yot and p/r,, using Equations 22, 16, and 17; solve for x using Equation 14
iteratively; compute At using Equation 13.

4  Time - Radius Solution. Compute cot¥,, ro®, p/ro, and coty; using Equations 22, 16, 17, and 17; compute cot— using
18; p X using 14 iteratively; compute At using Equation 13.
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D. DISTURBANCE ACCELERATIONS

So far the planet in question has been assumed to be spherical which is not the case for
the earth, Therefore, Equation 1 must be modified as follows:

a2 r uo= -
S (23)
dt? r?
where

r is the magnitude of r

;d is the disturbance acceleration due to

1. oblateness of the earth.

2. the effects of the sun,

3. the effects of the secondary body on the primary body; that is, effects
of moon on earth.

Analytical expressions for ;d are given in R-577, Section 5. Since ;d is small in
comparison to —“—, the two-body orbit given by Equation 1 is used as a reference
or osculating orbit which is perturbed by a;. The actual position and velocity vectors
are, therefore, given by

T o= To+to
(24)

-

=
Vo= Vet g

where
r, and -v‘c are the position and velocity of the two-body conic solutions, and
T and v, are the magnitudes of s and ;;c.
3 and o are the deviations from the two-body conic solutions of position and
velocity, respectively.

Differentiating Equation 24 and substituting into Equation 23 gives the following expres-
sion for the differential acceleration

d23 red 12 =2 -

s =T‘;,_ [[1-—,-: J7-3 |+ ag (25)
subject to the initial conditions

- ds -

5(tg) =0, — (t5) = 0 (t;) =0
This method (Equation 25) is known as Encke's method of differential accelerations.
Since the coefficient of T in Equation 25 requires the subtraction of nearly equal

quantities, prohibitive errors are introduced by solving Equation 25 in its present
form. This difficulty can be overcome by making the substitution

3 1 2 5 Z&
(1__‘c!_)=_»7.(1+1"+p ) [(rg+r)-6) where p =ro/r

) 4 T

Equation 25, therefore, becomes

a3 u T p? 5 < < - =
o T )AL T (rg T} 2l [ =0 * ag (26)
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Equation 26 can be solved by any number of numerical integration schemes. The
method used in the Apollo Guidance Computer (AGC) is the Nystrom method.

In order to maintain the efficiency of Encke's method of differential accelerations,

6 (t) must remain small. Therefore, a new osculating conic must be defined by the
total position and velocity vectors r (t) and v (t) when & (t) reaches a predetermined
limit, The process of selecting a new conic orbit from which to calculate deviations is
called rectification.

To sum up, the position and velocity, during freefall, at time t, given the position
and velocity at time t; , are computed as follows:

1. Position and velocity in the osculating orbit at time t, are calculated accord-
ing to Equations 9 and 10.

2. Deviations are then obtained by numerical integration of Equation 26,

3. A new conicﬂfrom which to calculate deviations is defined each time the
deviations (6 (t)) reach a predetermined limit.

E. DISTURBING FUNCTIONS

The form of the disturbing acceleration ap, in general will be quite complicated. For the
earth orbital mission only the gravitationg perturbations for the non-spherical shape of the
earth are considered.

The form of this is:

4
" R i
- ) E _
B %y T3 I (2) [P o0 ) -y cos o) s, |
i=2
where
PZ' (cos @) = 3 cosg
2
P3' (cosp) = 1/2 (15 cos ¢ - 3)
P,'(cosp) = 1/8 (7 cos Py - 4P2')
P ' (cosg) = 1/4 (9 cos ©P,' - 5P,

are derivatives of Legendre Polynomials

CoSp = u .u
u = unit vector of the earth's true north polar axis expressed in the Basic
= Reference Systems.
u, = unit vector in the direction of r
J2E’ J3E' J 4R are the coefficients of the second, third, and fourth harmonics of the earth's
potential tunctions and RE is the mean equatorial radius of the earth.
- -2
J °E - .10823 x 10
- - -5
J 3E «230 x 10
- -5
J 4E -.180 x 10
RE = 6,378, 165,0 meters

.3986032 x 10]'5 ms/sec2 -

These are all fixed memory constants in the AGC.
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F. DISTURBANCE ACCELERATION/OSCULATING ELEMENTS

z

a = Semimajor Axis (ft)
e = Eccentricity
i = Orbital Inclination
= Central Angle From Perigee

r = Position (ft)
© = Longitude of the Ascending Node
w = Argument of Perigee

Mean Motion = - /53. sl

wE = 1.41x 1017 §3/g2

N,R,T = ft/s2

Acceleration Normal Acceleration Along Acceleration Along

To Orbital Plane (N) Radial Line (R) Track (T)

da _de _ o da _ zesin(f) o da _ 2aV1-e? i

dt  dt dt n\1-e2 & or

di _reos(w+h o de Vi sinp de _ Vire® [a2(1-¢} 2
at na?\/1-e dt na dt ~  na2e r
d_l_l,—_f)_raln(w+ N g..,Q:o %:-:—-:-0

at na? Vl-e.u2 sin (i) dt dat

2
dw !l-e 2 + e cos(f)
gt—“’. -eos(i)';t—nN %} ‘_Vl-ezcos i dt ~ ‘nae <1+eoos(f) siagy T
nae
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INTERFACES



POWER AND LIGHTING

IF-2

NAV DSKY
EL Dimmer Control EL Power
t et
LEBLights | o5 vac, 400 Hz NAV DSKY
Numerics it  Caution and
Controt Status Lamps
AC 2
oA
LEB Lights | o115 vac, 400 Hz WAV DeKY
Integral
0O Control Lamps
O GNIC
Panel
Lighting
o
Interfor Lights | o.115 vac, 400 Hz ‘:‘“":::Y
Integral Lighting ] integral [ - o e
&m‘ Control Lamps ot
AC1
o cBy ——
Interior Lights | o5 vac, 400 Hz MAIN DSKY
&1  Numerics Caution and
Control Status Lamps
1 Panel
1 MAIN DSKY osn d
H vy . Reticle
EL Dimmer Control pos Brightness Control
-
=
Guldance Navigation ] =]
Power -
AC 1 ' l
L . Optic
.
0-6 Vde Reticles
and TPAC
AC2 PGNS
- NAV DSKY 5
CB 55 fcectanad
Relay 18
Contacts
G/N PWR
MU e 1
e 1SS 28 Vde
MNA —9 l’l Ch 30 B9
cBse = © oFF > (IMU Operate)
MU C: 3 CH 30 BI1
MNB 8/C Control THC-CW vegsh o
CB 57 o Ch 31 B1S
L (G/N Autopilot Control)
= Ch 12 B8
L/V Guidance U (EVC Sbley
5 Ch 30 B0
e (8/C Control
e SIVB Take- of Saturn)
.J over Relay
e
A B
o Ch 12 B9
(SIVB Takeover
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POWER AND LIGHTING

A B
CG
1513
IMU HTR
nl MU
CB 58 =% Heaters
N i
L yepiece
CB 59 Heaters
3,200 Hz
Supply
Computer
. ~= CMC 28 Vdc Distribution
B 6 CMC MODE
@
» T o 7~
w CMC Mode @ : 47
e
" 52— o Aut o-Hold —a

Tt TRy

acceer

BLOCK

A Free 0o

Accept

\Malﬂ Block GNIC Pany
SRS St S

I

D Ch 31 B13
(Hold Function)

D Ch 31 B14
(Free Function)

D Ch 33 B10
(Block Uplink)

# Optics 28 Vdc Distribution

CMC INPUT/OUTPUT CIRCUIT Symbols

o——o

H@I 2

Output Circuit-C

Input Circuit-D

Input Circuit-Y

RELAY DRIVER - R

-

3

<
>

v

AAA—DI
W

7T

Output Circuit-XT



IF-4

CAUTION, STATUS, AND WARNING {(MAIN DSKY)

Ch 30 B13 ™My
(MU Fail) Fail Detect
IMODES 30 B4

(IMU Fail Inhibit)

PIPA
Fail Detect
Ch 33 B13
(PIPA Fail)
IMODES 30 Bl
(PIPA Fail Inhibit)

=

IMODES 30
(ICDU Fail inhibit)

p— :_ CAUTION/WARNING SUBSYSTEM ]
I3 .
(IMU CDU Fail) I LED W/A Lite
ch11BI = Pl | }
(1SS WARNING) = ety
I8 LEB M/A Test
| o v See NAV DSKY
CAUTION &
WARNING

LEB M/A Lite (Next page)
0 Vde

From LEB M/A
Reset

Sealar Fail
Ch 30 Br4
(CMC Warning)
ch 30 B1S . @ b
(Temp in Limits) 3
chilB4 .—-.—n
(Temp Caution) ..\“J 0-5 Vae
€| ResTART |4 ==
& ~{ KEY REL_|—
RESTART — —f g
e | AcTY_| | ==
(Key Rel) ~4 OPR ERR |~
Ch il BS —
(Uplink Acty)
CBs4
Ch 1l B7 —
i —{NoaTT }4 Ac1
] ommaL |
DSTAB + 11D - .
Ch 10 B4 = TRACKER |4
(No Att) —{__Proc
Ch 10 B
(Gimbal Lock)
Ch10B8
(Tracker)
Ch 1o B
(Prog Alarm)
[ < 1
omp =
CMC 28 Vde ——d A.Jl_] [ S 250 VEL
chil B2 -
(Comp Acty)

*Denotes Software Function
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CAUTION, STATUS, AND WARNING (NAV DSKY)

CMC 28 Vde

Ch 11 Bl
(1SS Warning)

Condition Lamp
oft

Scalar
Fail
Ch 33 Bl4 |
(CMC Warning) -4 —t— (PCM)
@ 1 3,200 iz T/M
+— PTPS Inhibit
° N Ao ARG mevsTEM |
c’?sn BIS MU Temp — —0 LEB M/A Test 0 Vdc :
(Temp in Limits) Fail Detect
28 Vde C/W. LEB M/A Lite 0 Vde |
LEB M/A Lite 28 Vdc |
=3 LEB M/A Reset |
o]

M/A Reset —— e ——————
= - =

Ch 11 B4
(Temp Caution)

L:, —| Restart |—4 —
: | _Key Rel [
Rl = | uptink | { |CBSS
Restart Act
AC 2
-

Ch11B5 — 1 Ay 1— Opr Err
(Key Rel) 1

Ch1l B —

(Uplink Acty)

Ch 11 BT —

(Oper Err)
[ Comp |- 250 V 1o

Acty | NAV DSKY
Ch 11 B2 by 250 V EL
(Comp Acty) g Supply
All Except _
NoAtw X —{_No At
—{ Gimbal | |
DSTAB +11D Lock
Ch 10 B4
eE" -4
(No Att) &_‘
Ch 10 B6 ?‘:‘ Drog
(Gimbal Lock) | 111
Ch 10 B8
(Tracker)
Ch 10 B9
(Prog Alarm)
o 12-1 =
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ATTITUDE/ERROR DISPLAY INTERFACE

Hiln ¢ Ref.

ORDEAL ¢ 2 Same as $1)
s
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AUTOPILOT INTERFACES

Optics 800 Hx.

H
i
i

—h

T

‘Truaa DAC
& Demod
)
! o ch 31 mis
! s p= (GN Autoptiot
é e { l_’c—u
-1 bt
cuc  TW|
scs

a1z me
. (TVC Enable)

o chnms
(Eng On/OMD

i

[w51]

[©]

i B0
i

38 jll P

r

|
}

3
R
8

P

l
!

RCS Jet
o

ommands
< chsBI-8
chemi-8

J canm-s
Rotational
Pheh ) Hand Coat
Commasds
Yoo -
& Rott
Same —
as Piteh
o m pr-1z
x Trassiation
D | | Hend Cont
Yuz
Same as X

Impulse
Controller
Commands

Yow Rt

o LR

Yow Lt

-

Same as Pltch
e
Rell Lt

CcMC 28 vée

CMC Mode

e
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1SS MODING

800 Hz 3,200 Hz

aa6)
(MG) CG 2147

MNA —4
MNB
——
CDU Ccbu
dr— T B corne e
| A I Module Select
|
Cage CA
Relay Read Counter
CDU Error Counter
Mode and Logic
Module
Main
DAC Summing
Amp
IMU HTR
o& B o ¥
OB 58 b : e
LN ] T}
CB 59 | -3
Ch 30 BY d {5 Ly Retdar— 1
(IMU OPER) S . g
Ch 30 B11
VMU Cags) PTPS Inhibit
P | *
Ch 12 B15 [ ] Nl i |
(ISS Turn-On JEChy ln/ R 4 Turn-On
Delay Complete) JL x Control Relay
Ch 30 B14 l D l
(Turn-On | sl |
Delay Request)
Ch 12 B4 I c |
(Coarse Align l_l
Enable)
Ch 12 BS I c l
(Zero IMU CDU's) (Ll
Ch 12 B6 I c |
(Enable IMU | I

CDU Error Ctr)
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G&N/SIVB

Guidance
14

—0
CMC |

1SS 28 Vde
o
Ch12 B13 i -
; 1
SIVB INJ [} R y
SEQ Start) R l/ ;‘_i
CMC 28 Vde i
Ch12 B14 =3 PL !
(SIVB Cutoffy {5t [R/ IE
3
Ch30 B10 r—'l 3
(S/C Control D
of Saturn) —l—‘
Ch12 B9 I_lq :
(SIVB Take- ¢ } :
over Enable) L——l | :
|
=
'
.
ARTH!
Y
g W/
|
Roll DAC 0-5Vde | !
XT|— & Demod s g :
e ICDUX rt |
Auto or Pitch DAC 0-5Vde !
Manual | XT | & Demod v!
Saturn ICDUY
Steering Y :
aw DAC |
E & Demod 0-5 Vde v |
ICDUZ

Ch31 B1-6

=

{

CMC 28 Vde w——AAA-

1

Rotation
Hand
Controller

Ch30 B5

Liftoff

(Liftoff)

(]

O/(.L

GuiANGE
w

@

e

$/C Control
of Saturn

SIVB Engine
Cutoff

Roll Rate
Command

Pitch Rate

’__{—O—. Command

Yaw Rate

>—{b°——-’ Command



IF-10

OPTICS & VHF & BMAG INTERFACE

w
Hormray

Main D&C GNIC Panel e

CMC 28 Vde

Ch 33 B10 =
(Block Uplink)

Ch 33 B4

(Zero Optics)

CMC 28 Vde AN

Ch 23 BS
(CMC Control)

Ch 16 BT
Mark Reject
(set)

CMC 28 Vde A

Ch 16 B6

Mark (set) Tl

Photom. Mk

—_— 3 28 Vde Optics

(Not Used)
Mark 1‘

&
| 0 Vde Opties

Mark & Mk Rej
(Reset)
Ch 16 B6, 7

CMC 14 Vde

Range

Ch13 B!

Command
Readout
Logic

A
Strobe }‘ Initiates VHF
e Al a Transfer
C- = A I
i ol

Gates Out
Digital Range
Data

Ch13 B4
(Radar Aetivity)

L] ve

Radar
Rupt =
Logic d ¥

CMC 28 Vde

Q.L“
ey,
M

(Data Good)

Ch 13 B8
(BMAG Counter Enable)

BMAG
Counter

GDC % 4
V/F Converter Rate BMAG's

[Y Je
| L o
Tk
oo
ch3s B2 =L
|EE
0.0
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G&N SIGNAL CONDITIONER INTERFACE

280
ISS OPERATE
16 SINIX
:fgcsﬁi?x HI CG-2112 1G SIN IX
CG-2113 16 €05 IX
MG Cos 1x (10 Woww H Iorrmzm SINIX
\q,_i

CG-217206 SIN IX
CG-2173 06 COS 1X

1
L

A
¥

W W lca-zw_m €05 1x

MEAS. IND. POWER REF. NEEDED
CGI040 T20VDC PIPA o[ e Tel
2V 80~ CG11102,5 VOC BIAS O

IMU REF 1% 07 IMU

33 +28V OPT. OPER. i)
CG2112 1G/Y 1X RESOLVER SIN
CG2113 1G/Y IX RESOLVER CO
€G 1040 CG2117 1GA SERVO ERROR IN PHASE
A2vDC PIPA | CG212MGIZ IX RESOLVER SIN |

3 MG/Z 1X RESOLVER COS
CG2147 MGA SERVO ERROR IN PHASE
CG2172 0G/X 1X RESOLVER SIN
TMBIAS LO CG2173 0G/X 1X RESOLVER COS
CG2177 0GA SERVO ERROR IN PHASE

+12voC
PIPA

+28V0C IMU OPERATE

ATTENUATOR
&FILTER

28V, 800HZ
MU

CG3721 SHAFT CDU DAC OUTPUT
'CG3722 TRUNNION COU DAC OUTPUT
65040 CMC WARNING

0
DOR000000000

CG-2117-1GS SERVO ERROR
CG-2147-MG SERVO ERROR
CG2177-0G SERVO ERROR

+28VDC IMU STBY.

XFMR
S RECTIFIER & CG-1331 28V, 3200HZ
4
STANDB Loy

428VDC OPERATE
3200HZ REF

NOT USED » m NOT USED

XFMR
cmc RECTIFIER & CG-5040 CMC WARNING
WARNING 1 FILTER I

+28V0C
IMU STANDBY

BLOCKING
OSCILLATOR

BLOCKING
OSCILLATOR CG-1513 +28VDC IMU STANDBY

+28V0C
CMC OPERATE

CG-1523 +28VDC CMC OPERATE

PIPA
TEMP A I
SENSORS CG-2300 PIPA TEMP
+28V0C 1SS OPERATE
7V, 80HZ 10 PCM LO
opTICS
CG-1533 OPTICS OPERATE
+28VDC 1SS OPERATE
CG-3721 SHAFT CDU DAC
SHAFT &
TRUNNION CG-3722 TRUNNION CDU DAC
DAC'S
v, 30HZ
2VAC, 300HZ XFMR
1MU OPERATE RECTIFIER & AAAA- CG-1110 +2.5V0C TM BIAS

FILTER

CG-1201 28V, 800HZ, 1% IMU

AFMR
RECTIFIER &
FILTER
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G&N EQUIPMENT POWER LOADS

PWR DISSIP _(watts)

CIRCUIT BREAKER

DESCRIPTION AL PARTIAL TOTAL NO. NAME
IMU Heater MNA & } 22.0 CB 58 G&N IMU HTR MNA
MNB ' CB 59 G&N IMU HTR MNB
@IMU) 16.5
(PSA) 5.5
IMU Operate MNA & } 183 CB 56 G&N IMU MNA
MNB CB 57 G&N IMU MNB
(IMU) 60.4
(CDU) 33.0
(PSA) 64.0
CMC Standby MNA & } 15.0 CB 60 G&N Computer MNA
MNB % CB 61 G&N Computer MNB
CMC Operate MNA & 70.0 CB 60 G&N Computer MNA
MNB } N CB 61 G&N Computer MNB
Optics Operate MNA & 87.0 CB 62 G&N Optics MNA
MNB " CB 63 G&N Optics MNB
(QUA) 27.3
(CDU) 19.3
(PSA) 40.4
Reticle Dimmer Supply AC1 or } 15.3 CB 54 G&N Power AC1
AC2 i CB 55 | G&N Power AC2
Dim Control DSKY (MAIN) AC1 1.0 CB 37 Numerics/Integral LMDC AC1
Keyboard EL Lamps (NAV) AC2 1.0 CB 33 Numerics/Integral LEB AC2
Dim Control DSKY (MAIN) AC1 4.5 CB 37 Numerics/Integral LMDC AC1
Caution Lamps (NAV) AC2 4.5 CB 33 Numerics/Integral LEB AC2
Master Alarm Lamp MNA & 3.5 CB 52 C/W MNA
(LEB), MNB } " CB 53 | C/W MNB




HARDWARE

PIPA
COARSE ALIGN - FINE ALIGN
ECDU
IRIG
OPTICS
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PIPA LOOP

1/C e e

s (CS7I”) Sape ’

L J L J

AP Prur;np Binary Current Switch
AC Diff-Amp and DC Diff-Amp
Interrogate Module Calibration Module

Pendulos ity
Coefficient of Viscous Damping
= Float Inertia

The PIP Séﬁ\ﬂl Generator Ducosyn provides information on rotor position in the form of a 3200 hertz output.
stal it cycle in rotor position is converted to an AC suppressed carrier modulated signal.
The PIP Prenmg amplifies the SG output (14 V/V gain) and phase shifts the 3200 hertz carrier 45° lag.

The AC Diff-Amp and te Module provides additional amplification (3050 V/V), peak detects float
position, and sets a ﬂip—eﬁ lGE state of the flip-flop indicates float position on the plus side of null and
the other state means float position on the minus side of null,

-
"

The Binary Current Switch provides discrete current pulse outputs of appropriate phase as determined by the
state of E|£ mp—!ﬁ Tn the AC Diff-Amp Module.

The Calibration Module is the passive circuit interface between the BCS and the PIP torquer. The circuitry
intr 8 scale factor adjust capability into the PIPA loop.

The PIP Torque Ducosyn converts current pulses from the Calibration Module to torque about the PIP OA axis.

The DC DI.ﬂ-AmE and PVR Module is the h which regul current and hence PIP torque to
precisely control values.

PIPA Bias

P Pulses —ef
~ ©

AV's

@ Velocity

~
je—— N Pulses

Each AV Command Module = 5,85 cm/s
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PIPA CHARACTERISTICS

PARAMETER CM
1. Maximum measurable acceleration 19.1 g's
2. Scale factor 585 cm/sec/pulse
3 Pendulosity P 025 dyne cm
cm/sec?
4, Torque to balance i L4680 dyne cm
5. PIP float inertia a8 14.0 dyne cm
rad/sec2
6. PIP viscous damping o) lExth dyne cm
rad/sec
7. PIP break point C/a 8550  rad/sec
8. PIP time constant J/c AT ms
9. Total torque constant L2 dyne cm/ma2
10. Nominal torque current 105 ma
SUSPENSION CHARACTERISTICS
Radial Force 2.3 grams per .0001" min

Suspension current 65 * 6 ma

the two ends (SG & TG) matched with 3 ma

Phase angle of current lags 45° * 2.8°

Suspension stiffness 30 x 1073

TYPICAL TEMPERATURE CHARACTERISTICS

grams/micro-inch

Scale Factor 150 ppm/°F cM

Bias .05 cm/sec2/°F

°F Actual PIPA Temperature

CM
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PIPA PARAMETERS

Primary PIPA parameters are scale factor and bias. Specification values across ISS, G&N, and S/C

testing are as shown in Table I-1.

Teble I-1
PIPA Coefficient Stability Criteria
Coefficient Units D. D, D.
1 2 3
PIPA Blas (A) cm/sec? 0.50 0.70 0.90
PIPA Scale Factor SF ppm Loo 500 600

PIPA bias in a unity gravity field (Ab) must be within 0.30 cm/sec2 of that evaluated in a zero

gravity (a.b) field at the ISS level of test.

The maximum value of PIPA parameters which can be compensated for by the computer is as shown in

Teble I-2.
Table I-2
Coefficient Units Max Value (CM
A, em/sec? 9,14
SF ppm +1900
PIPA COMPENSATION
Register

X PIPA Bias 1452
Y PIPA Bias 1454
Z PIPA Bias 1456

PIPA Bias CM = (.0005569) (Reg Contents in Decimal) cm/sec2

The correction to the PIPA's is

PIPA, = 1+ smI) PIPA; - BIAS . A t

where
PIPAC is the compensated data for the Ith PIPA denoted PIPAXC, PIPAYC; PIPAZC
SFR o BRSO (erasable load)
Foom

SF = Scale-factor CM/Sec
Pulse

BIAS is the bias for the I'® PIPA (an erassble load)

g




C/3 indicates assets cammon to all three loops .
+20 VDC (PTPS)

G «20 VDC (PTPS)
3 SWITCH PULSE 420 VDC 120 VDC (PTPS)
(COMPUTER ) (PTPS)
ol3 ——INTER.PULSE il cls
28 C TO IRIG PREAMPS cy3
vDC cf3 .
PSA BINARY
MU INTERROGATOR ™ SET | CURRENT
—>  PEA - BIOCK II SWITCH v
PREAMP SITP R pEA
f DATA PUISE g
() (COMPUTER )
by Trtg (TSI O <> Oe&v 3200 CPS S
-« Lil.
v pIP | C/3 [X PR i §
A
SUSPENSION §
ﬁ MODULE
__1 |
sG G
T= CAL DC DIFF 120 VDC
P PP MODULE AMP (PTPS)
) =
PEA PEA 28 VDC
SLIP RINGS (PTPS)
e
U

PTPS = Pulse Torque Power Supply. For Elock II PTPS 1s in the PSA
PEA = PIPA Electronicz Header Assembly (CM)
PIPA LOOP
e e
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CURRENT
FEEDBACK
FROM CAL.
MOD.

247 2¢v 2¢4v
;K cw 353
rsx oK 7Sk
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)
74V 100V ooV, 7y
3iox 3 ook KooK oK
H—{37wuF sruur|_y,
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e
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24V 150K
+
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220 220
2TK
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1=
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6K sV
249V
47K r
2NT720-A
24V
33K

OC DIFFERENTIAL AMPLIFIER
AND RVR.

20/0028

TO B8CS FOR TomRQ
CURRENT ConTROL

PVR
TEST POINT

) +28VDC
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CAL/BRATION MODULE
CM - 2010016 Ry
WA || # ToRauEe
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1
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acs A - TORQUE
R,
CURRENT FEEDBACK
TO OC DIFF. AMP.
REF. DES. VALUE b HI
M b »
CURRENT SAMPLE
< L.
-—E“ d : Ria :: :: R, _# Lo
833K =17k [ S Ry
K=1l7TK E; S o £
FACTOR ADJ.
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Damping Fluid

Bellows

stator (Signal Stator (Torque Generator)

Tapered Magnetic
Suspension Rotor

—o e

.060

i
e HE
-

—lf— .o

\ Tapered Magnetic

Suspension Stator

Pivot-Jewel
Bearing S

——————> OA

‘I " e Pendulous Float

Pendulous Weight
Potting Compound
Damping Block
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PIPA DEADZONE

Digital interrogation of PIPA float position vith zero acceleration applied will generally yield
3 clock pulses for each half cycle of float position. This is called 3:3 moding.

During initial build-up, torque unbalance is minimized by artificially inducing 2:2 or k:4
moding and adjusting the zero g null to coincidence with the 3:3 moding zero g null. The null
coincidence between a stable 2:2 and a stable 3:3 null must be less than 20 arc seconds in
build-up (Figure 1).

PIPA near null operation at PIPA level testing.

Indicated Indicated
Acceleration Acceleration
Input
Acceleration Acceleration Null Coinciden

|
>/2=2 null

¥ 3:3 pund

Solid 3:3 moding PIPA Solid 2:2 moding PIPA
(2:2 mode artificially achieved)

Figure 1

of test, subtle changes in config ion due to integration of the PIPA
GHMMmcmtbmAtodulm, 1.o.th-tnbh3:3nodn-yhr¢p
table 2:2 and 3:3 mode. Bistable moding causes no net delta V output and is manifest
near null inp « This dead u“‘ntta)lsshnlofmttonlm
ec<).

H

it 1is less than 50 arc seconds (o.ob'rs rt/sec2 or 0.23 cm/s

an input acceleration of A33 (Figure 2), a dual moding PIPA will issue zero A V's and
3

3:3 2:2

null null

' + —

A33 Al A22 Input Acceleration

Figure 2

For an input acceleration of ‘&' & dual moding PIPA vill also issue zero AV's and mode 2:2,
For an input acceleration between tho.A33 and A22 limits, the PIPA will issue sero AV's and

dulmdifro-i’:2eo3:3utunuot5a'6tl-p-ruca;d. The amount of time spent in
2:2 or 3:3 moding is dependent on the input acceleration ‘1
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HISTORY OF IN-FLIGHT PIPA PERFORMANCE

AVG IN-FLIGHT CHANGE FROM LUNAR ORBITAL DEVIATIONS
ERROR* (PREFLIGHT) COMP —mur]mu—
= ~0.01 2
No Lunar Orbital
Apollo 8 % +0.03 -
z .08 o Variations Available
cM X +0.02 +1.17 *** -0, 39 -0.58
Apollo 9 % -0.04 +0.28 -0.82 -0.42
z ~0.08 - +0.32 +0. 42
LM X +0.01 <
Y -0.15 -
z +0.01 -
CM X 0.0 -0.27 0.0 ~0.36
Apollo10 Y 0.0 - 0.0 -0.29
z 0.0 - 0.0 +0.03
LM X -0.06 -
Y -0.12 -
z 0.03 -
cM X - - -0.07 -0.31
Apollo 11 ¥ -0.02 -0.21 -0.25 +0.34
z +0.03 +0.12 -0.01 +0.11
LM X -0.01 -
X +0.02 +0.06
z -0.03 #0.17
cM X +0.09 - 0.0 +0.27
Apollo12 Y -0.05 - -0.08 -0.20
z 0.0 - -0.04 -0.25
- LM X -0.05 0. 05 Pre-DOI
0.0 -0.15 Post-Ascent
Y 0.0 0.0 Pre-DOI
0.0 -0.18 Post-Ascent
z 0.0 -0.06 Pre-DOI
.0 +0. 29 Post-Ascent
cM X -0.204 =
Apollo13 Y -0.195 -
+0.006 -1.63
LM X +1.50 -
¥ -1.35 X
z 1,52 =
CoM X 0,02 -0.10 -0.34 -0.55
Apollo14 Y -0.02 +0.08 -0.18 0.12
z -0.02 +0.14 -0.195 -0.45
IM X 0.3 =
Y -0.35 £
z -0.14 p
cM X 0.03 - 0.04 0.13
lapollo 15 Y -0.04 - -0.09 0.16
z -0.05 - -0.18 -0.34
LM X | 0.0 Pre-Descent | 0.20-Pre-Ascent
-0.02 Post-Ascent | 0,36 Post-Ascent
Y | -0.02 Pre-Descent | 0.34 Pre-Ascent
0.01 Post-Ascent | - Post-Ascent
Z | 0.03 Pre-Descent | - Pre-Ascent
-0.01 Post-Ascent | -0.16 Post-Ascent
cM X +0.04 - 0.0 0.0
Y =88 = +0.5 +0,10
zZ Zbias Ranged from 0. 22 to 0,53 During +0.02 +0.15
|Apollo 16 Coast Phases, and Several Updates
were Necessary.
LM X -0.01 -
Y 40.04 =
z 40.01 +0.09
cM X -0.01 +0.22 +0.08 +0.43
Y +0.07 +0.07 -0.10 +0.01
z +0.04 +0.04 +0. 69 +0.74
Apollo 17
LM X +0.04
x -0.05
-0.02
Skylab 2 X + .16 + .37
Y - .08 + .08 NOT APPLICABLE
2z +.18 + .26 (Earth Orbit)
Skylab 3 X .00 - .10
X -2 - .62 NOT APPLICABLE
z - .02 +.30 (Earth Orbit)
Bty X +.06 +.09
T +.10 - NOT APPLICABLE
z -.04 = (Earth Orbit)

‘thumkoalcommlﬁonupdmawhnmm or from preflight loads when no update was made.
Al units cm/s’

**This IMU was turned off for ~ 27 hours on the lunar surface.
**¥Earth orbit deviations.
NOTE: Variations of CM bias in lunar orbit caused by variations in coolant temperature.



HW-14

IMU COARSE ALIGN LOOP

nncmeuignloopdriw-thewgmtomm d by the with an accuracy
of £ 1.5°. The coarse align mode also acts as a caging mode when a gimbal lock condition is approached .

The three basic elements of the coarse align loop are the Di 1&;%1: which issues angle commands
(Mc) and moding discretes, the IMU, and the ECDU which encodes position and provides position
and rate feedback for proper loop operation.

IMU FINE ALIGN LOOP

The fine align loop drives the Dﬂmtothcmputercan-ndedugleltﬂo"bypulutorqung
the gyros. Pulse torquing is a computer controlled switching of a constant current source to a gyro
torquer winding. The current produces &yro torque, a corresponding precession rate, and hence, gimbal
position.

IMU INERTIAL MODE

The elements of the inertial mode are the &ro, stabilization amplifier, and gimbal torque motor.
The gyro senses inertial rotation about its input axis and supplies torquing to the gimbal via the
stabilization amplifier to compensate for the motion.

APOLLO INERTIAL INSTRUMENTATION/STABLE MEMBER ORIENTATION DIAGRAM

Gyro drift is positive when the SM drift rate is about the positive gyro input (IA) axis.

WM Qro Drift Coeificient
R +NBIX +ADIAX (ay ) -ADSRAX (ayq)
Wyan +NEDY +ADIAY ('Ysu) - ADSRAY (‘zsu)
Vo -NRIZ +ADIAZ (ayq,) +ADSRAZ (ayq,)

‘xsu' Ao om 1s positive along positive stable member axes .

TA Along RA_AL OA_Along
X +X8H - +Z5M
Y TSN -=N +BN
z -Z5M -YSH +XBH

Input axes of the X, Y, Z accelercmeters lie respectively along positive XSM, YSM, ZSM axes.
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IMU COARSE ALIGN LOOP

The servomechanism used to achieve coarse align of the Block II IMU is shown below.

Error Counter Enable

Coarse Align Enable
-

| pemm——e== -——- !

] 1 0.68 192 Pulses []

= B b i} ‘

Stab Ampl 8
Digital Coarse Augnvmﬂ Torque |1xand 16x | %G
C ECDU Motor and |Resolvers [
tal Gimbal
i:ln oG. cos GG’ sin 16 OG. cos 16 OG I

IMU Coarse Align Loop
Computer ration

The following sequence of events is performed by the computer each time the Coarse Align program is entered.

1. Issue Coarse Align Enable. The computer sets Bit 4 of Channel 12 which issues the Coarse Align Enable discrete to the
ECDU.

2. Issue Error Counter Enable. The computer sets Bit 6 of Channel 12 which issues the Error Counter Enable discrete to
all three IMU axes of the ECDU.

3. Determine Command Angle. The contents of the computer gimbal angle counters are read and differenced with the desired
gimbal angle to determine the command angle.

4, Issue Command Angle. Gimbal angle commands are issued in bursts of 192 pulses (8.4 degrees) at a rate of 3,200 pulses/
second. Each burst requires 60 milliseconds. The delav between bursts is 540 milliseconds. If the command is not an
integral multiple of 192 pulses, the remainder is issued as the last command. Gimbal commands are gated out of the
computer by setting Bits 13, 14, and 15 of Channel 14, All three bits are set simultaneously, thereby allowing all three
gimbals to be slewed simultaneously.

5. Determine If Command Angle Is Achieved. After gimbal commands have been issued, the computer reads gimbal posi-
tion and compares the position achieved with the desired angle. If the difference is greater than 2.0 degrees, an alarm is
issued.

Steps 1 through 5 a control which gimbals in an open loop sense. The computer does not check
final gimbal position such that corrective commands can be issued if the desired position has not been reached. The check on final
gimbal position is used to if an alarm exists.

ECDU Response to Coarse Align Enable

When addressed by the Coarse Align Enable discrete from the computer, the ECDU:

1. Provides a ground to the PSA coarse align input relays, thereby switching the stabilization amplifier inputs from IRIG
outputs to the ECDU DAC output.

2. Supplies a ground for the PSA relay, thereby the ref of the
stabilization amplifier ring demodulators from 3,200 Hz to 800 Hz,
3. Provides grounds for the coarse align relay in each of the stabil lifiers, thereby

amplifier servo compensation.
4. Generates an Internal moding signal which enables gimbal feedback pulses (A2%) to increment the error counter. This
signal also changes the read counter high speed pulse rate (Py pulses) from 12,8 kpps to 6. 4 kpps.
ECDU Res; e to Error Enable

When addressed by the Error Counter Enable discrete from the computer, the ECDU:

1. Generates an internal moding signal which allows error counter pulses (Pg = a2? or A6,) to increment the error counter.
Absence of this discrete zeros the error counter and holds it there.

2. The Error Counter Enable command (E) is combined with the Coarse Align discrete (C4) and the CDU Zero command
(CDUZ) to mode the read counter in ds with the ing logic

y=E. cy + CDUZ

a. The presence of Y inhibits Pj pulses from incrementing the read counter
b. E = Error Counter Enable "not"

c. Cp = Coarse Align Enable

d. CDUZ = CDU Zero Discrete

e. E. Cp is an "and" operation

f. + is an "or" operation

Inhibiting the read counter in this fashion will prevent gimbal drift due to residual voltages within the loop. The fine
error will accumulate to a value such that the effect of residual voltages is cancelled.
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[ECDU Servo Control

Servoing the IMU o the correct position as commanded by the computer s achisved by & multiple loop system consisting of the error
‘counter lm.hm*um.lmdmﬂmuh‘-m.&r“u.lﬂlhﬂﬂlhl-
tion loop.
Error Counter
The error counter provides digital differencing between gimbal commands and gimbal positions. Thput pulses to the error counter
--.-m-—-muw.—m—.—--—umh-:'rhuﬂh—mm‘.—u.

)

counter down, thereby, producing negative feedback. The error cunter s also mechanized to ishibit (Pg) pulses when Bits 7 and §
of the error counter are "1." The result is & limiting of the output at 11.35° + 5,625° or 16,875%, The total functional charscter.
istic is shown bejow.

427 = 880 ppe x 160" /pulse = 35*/second (high rate)
= 100 ppe x 160/puise = 4.375° /second(iow rate)

Error Counter

DAC (Digita} to Analog Converter)

The DAC consists of logic switohes driven by the error oounter, & divide down resistive ladder network, and  scaling amplifier.
The functicn of the DAC is to provide an 800 Hs signal whose amplitude ls proportional to the angle content of ths srror counter, DAC
sensitivity is adjusted to 0.3 Vrma/degree.

Goarse Aligy Mixing Amplifier

mm“m““hmmmﬂhm*ml“mllhlhhv-dthl-
error input. DAC outputs to the coarse align mixing amplifier are diode-limtted to 5 volt as shown below.

e

Coarse Align Mixing Amplifier

Fine System witoh Selection Loglo

hh"m*uh-“‘mm.mm and switches used to implement the

trigonometric ideatity —ain (¢ -9) = -ain# cos § + cos § sin §. Puncticaally, this etwork comperes the gimbal angle (¢) aa
reprosented by the 16-apeed resclver signale to the read counter angle (#) and generates an error signal used to drive the read
counter loop.

Rate Select and Up/Down Logle

Rate select and up/down logic s gunerated from the fine error sigaal (un analog measure of the error between resolver angle and
read counter angle) by Schmitt trigger type level detectors. The rate select and up/down logic processes the sampled output of the
Schmitt triggers to determine st whioh rate the read counter should be incremented. ¥ the output of the high speed Schmit 1s high
{1.7-volt trigger threshold), the read counter is incremented at 8, 400 ppe; ¥ the output of the fine Schmitt is high (0. 1-volt trigger
threshold), the rate is 800 pps. Thus, in o sample time the read counter will be incremented 1 bit at low speed or 8 bits at high
#poed. The functional equivalent of System Rate and Switch Selection s shown below.

b
-
i
>
Y
S

0.07Vrms 0 4
1.2Vrma0g

0 Gasen |

(800 Hz rms) ) (.—:-; et (degrees)




IMU COARSE ALIGN BLOCK DIAGRAM

~—p~ CDU Test Point

oG

g C,‘Qﬁgff Stabilization | \TM | Torque
B Error Counter DAC > Mixing #~ Amplifier - Motor —2{Gimbal
A22 2 Amplifier
Buffer
mplifier
Fine
Fine 2 System
Error Error S Man.l sin (0-9) Switch e 0
Amplifier ‘ Aumglfl.ng‘ Selection
i Logic
@——————3p- CDU Test Point
Y
F
Fine 1 Rate
Schmitt Select Py
F And P Read C ounter
Hi-Speed 2 Up/D
PP ARG o Bt i
GRS Logic Ao’

LI-MH




IMU COARSE ALIGN FUNCTIONAL BLOCK DIAGRAM

Coarse Align Mixing Amplifier

Error Counter
100 k Stabilization Loop
— VAA
° e
16.875 t/l_ e AN e & Vea |K (1 e 1X“3 1) g
AMA-P—AANA 4 A —
it —/l 16.875° ¥ 2 ( L +1X o +1
3,200 pps | - Foabial > S \oT3 AT )
160"/Pulse ] i'loo k 2
141° /sec l > K = 5.76 x 104 SSErees
Vrms
HiRate = 800 pulses/sec x 160'"/pulse x 3,600 eoo °/n = 35°/sec
I V_ | Buffer
" ° —
LoRate= 100 pulses/sec x 160"/pulse X —— 3, 600 °/n = 4.375° /sec 0.356 7 Amplifier
Error
Amplifier
Sample v Fine 1.15
And Hold 155 fe Srroy Vrms g
7= 1.25ms degrees b
Rate Select and Up/Down Logic
g g] 6,400 pps
St
i) £ Ry
ot s i Counter
- o T 1
L v > L E
565 >
s |S o
® - s
6,400 pps Hi Rate = 6,400 pulses/sec x 20"/pulse X 7—— 3, 600 °/n
= 35'/sec

Lo Rate = 800 pulses/sec x 20"/pulse X 3=g50 soo e
= 4.375° /sec




ECDU COARSE ALIGN NETWORK

SCuTT
LEVEL
FIE - 100V *
-SPEED - L7V "
% MEASURE AT
UTPUT OF GAROR
Ao

[t

{ 25.7%

3 POINTS

- Jas
-

W %—r z

POWT 2

°

.

COARSE ALIGN SIGRAL
TO STAS AMP

O/A °‘LADDER”

SCALING AMP

COAR
ER
NI




HW-20

IMU INERTIAL MODE

The circuitry by the Block II operates on IRIG error signals in the following sequence:
1. Input network
a. Full wave phase sensitive ring demodulator
b.  AC ripple filter

2. High gain amplifier and torque motor current driver
3. Feedback network

8. Armature current sampler
b. R-C servo compensation network

Ioput Network

The input gain of the i from the circuit shown below.

A]‘_AU_E‘

e 30ke 20k0 2MS: e 0

The gain factor relating demodulator output to IRIG input is:

Vao . 20
== = 1.5 (XFMR scale factor ) x 1,414 (25Re8k-t0-peaky 2
vm.

ac Vrms
v
T/ﬁ = LISV/V
rms
.%ll the de component of the Fourler series of a full wave rectified signal.

The total input gain relating IRIG error signals (3,200 Hz) to dc volts st the High Galn Amplifier input is

e v v
2 13588 , 3kQ _ 54 Vﬁ
‘Iﬂ v 145 @ mmm

Where 33 k2 /145 ka2 1s the effectivc "divide down" resistance of the Input network.

Foedback Network

The feedback gain of the from armature current feedback of the gimbal drive motors.
A 1-ohm resistor is inserted in series with the armature winding of each motor to detect armature current. The appropriate feedback
galn unique to each gimbal loop is obtained with the divide-down networks shown below

lmer e  2MQ Ry Ry
-

q 150 [ 4. WF

L)

Outer e
100
— - 20
4 51ke
Armature
Current
Feedback

vum.z.,:> 0.0038 uF |°'°“" :E"”"‘"
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where

ep, (laner loop) = () G350 = 33 trye
15
ep, (midte oom) = () GG~ 37 1y

e, (oter o9 = () 39 G5 = 57 g

Frequency shaping of torque motor current is achieved with the passive "T" network shown above. The fr T h

istic of the is:

_l_”) (_!_”)
e

2 . o.0m (o.m, 2,000

®

e JE TR
iz *1)(Tozs ”)

with the diodes not

e
2 [N s 1
i:.u-(al o ax) ko

Assuming an ideal High Gain Amplifier, the input and feedback networks can be combined as if each were working into an operational
amplifier thus:

Ly

Input Network
¥ TFeedback Network

vrml (IRIG)
8
lrm (Adg) 54 (4. ]
v, (Vrms ac) L 8
g (o. 125 *

Coarse Align
When used for coarse align, the stabilization is as f

1. The input and reference signals are switched from 3,200 Hz to 800 Hz.

2, The dback is ch d by cting a 4.1 uF in parallel with the 0.5 uF capacitor used for the

inertial mode.

3. The coarse align compensation is:
o sl
Ly (Ad)) i (1.9:5 ”)(u.a * ‘)
v,
DAC (Vrms ac) ( I ”) (ﬁ? = 1)

inner loop
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IMU "INERTIAL MODE' BLOCK DIAGRAM

—— —— r Gain: 22.2 A/V -‘
| | I e 1.12 ft-Ib/A
1,200 V/rad P
I Y IRIG -D! :’ Demod s Filter g::;::
|Preamplifier _jl I Motor
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To IMU Fail Module .
1G Servo Error J
|
I_________, Gain: 44.4 A/V ]
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IMU "INERTIAL MODE" FUNCTIONAL BLOCK DIAGRAM

Gimbal Inertia

6 Gimbal
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. - ¢
J g? 1 5

& == 3.78x10 ,1I 2
I 1esx 107, M ;ad/ff;
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PR R0 ki
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IMU INERTIAL MODE
GIMBAL/GYRO/TORQUE MOTOR
FREQUENCY RESPONSE

w= 1.

Frequency (Hz)

0 rad/second C/1 = 206 Hz

IMU INERTIAL MODE
OPEN LOOP FREQUENCY RESPONSE

Inner Notch and

/ prnmpllﬂe'/—_-

[*Z—w=1rad/s
40 T

Inner Total
Open Loop

20 4+ Crossover Inner/Middle/Outer
0 T + / +
1 10 00 Frequency
(Hz)
~20 4+
Inner Gimbal/
-40 4+ Gyro/Torque

Motor

30

Gain @B)

APOLLO STABILIZATION AMPLIFIER
CLOSED LOOP FREQUENCY RESPONSE

1) + 1)

Gl gl

A/Vrme

S

-10 4
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GYRO PULSE TORQUING

Gyro torque, its corresponding precession rate, and heace gimbal position are coatrolled by the pulse width of gyro

T current, llﬁ’lnAlt.l-oﬁ,~“dhbw-mlﬂthmhbu¢mﬂduhmmmm
 desired gimbal position.
nb—nmgmhmummdmauunnwun

1. Qyro Torque Enable

2. Gyro Select

3. Qnﬂﬂ&%““hh—lnﬂ!_mhlﬂhﬂ
Syro Torgue Enable Command

mwnw“hmhm»mmwh”-ldc.—llt The Bit 6 gates & 102. 4 kHz pulse train
m‘hmh-uﬁ‘nmhhﬂyncﬂﬁlﬂ-m Whea actuated, 28 Vdo is applied to the Precision Voltage
m(mwlﬂlﬁvﬁhwn.l-qcurl—m-mmAlﬂlﬂor. The Gyro Torque
‘Il.ho—-—ilh-—lﬂmﬂrhhwnﬁumh_nwﬂ-brnhchn

T i o e R G L S ey e P e e S v S S sl iy

DC Diffe reatial
Amplifier

e Ru P —— | I,

ccdVl
1" 70,588 Ghma - 85003 mA § i

Torquer Current | Swith

|

|

|

I

l Current

' Monitor

I

' 70. 5880 Scale Factor

| Resistor Gyro
Calibration

I Modu le

e e S L

Gyro Select Command

mh.ﬁq-—-—lhn-ﬂuuh-«.‘nwmn 8, and 9 of Channel 14. The selection logic is shown in the
following table:

HI7 MNT§ HNTS TORQUER WINDING
0 1 ° +Y

e
oo -
oo .
L
»

'l\.-.hﬂlhM*ll'l.lkll-ho!m.~d~mh~dﬁl_lﬂornlﬂ-l-h0nocnﬂhn-
tion Module. This pulse train will close the transistor switoh, hwmmnr.m-&&ﬂyuh(umu
issued. 1f more than one gyro is to be torqued, the order of selection is Y, Z, and X with each gyro being completely torqued
before the aext oe is selected.
Gyro Set Command
The Gyro Set command is controlled by the computer through Bit 10 of Channel 14, This bit sets a flip-flop which gates & 3. 2 kHz
pulse train out of the computer to the Binary Current Switch via the Gyro Calibration Module, When actuated in this manner, oro
-—-m-n"v-‘n-u-namuhu»mvw-wqmmn When the desired number
of set pulses has been issued, the flip-flop is reset causing current to be transferred from the torquer winding to the dummy load,
llb-*rd.‘pl-hh“hl—-ﬁ-ll..‘. Mlnlﬂhﬂdhllh‘ahrﬁlnrﬂ.d&.lﬂ_. If the num-
ber is greater than 16, 384, they are divided into groupe of 8, 192 pulses plus & remainder. Gimbal positioning is then achieved by
issuing successive bursts of 8, 192 pulses, each separated by a 30- delay, plus the
[Bulse Torqus Soale Factor
The pulse torque scale factor, in arc-seconds of gimbal travel per computer set pulse, 18 0. 61798141, 750 ppm at the G & N level
of test, The torque produced by each gyro torquer ls:

T ki’ = 4238 dyne-om

where
K 18 microsys seasitivity in dyne-cm/amp?
1 18 miorosyn current
Each torquer (s padded to provide 4, 336 dyne-om of torque for & current of 85. 003 mA.
Torquar curreat ia precisely set and regulated by the PVR and the scale factor resistor n the Gyro Calibration Module.
The gyro pulse torque loop operates to achieve gimbal positioning under computer control by controlling the gyro precession rate
and, hence, gimbal rate. The maximum slew rate capability of this eystem is:
;T = 10 mrad/s
H o.a4x10f
‘where

T = microsys torque
H = gyro angular momentum



GYRO PULSE TORQUIN G LOOP

Sliprings

28 Vdc (PSA) To PIPA Preamplifiers

’d IRIG Error signal goes to resolver for middle
and outer gimbal, then to stab amplifier.

Preamplifier

O o O 28 V, 3,200 Hz
2V PIP -@—

LDucosyn Excitation Transformer

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).

LZ-MH

Gyro Set, 3.2 kHz occurs 2 ms after gyro select; switches binary current switch to

allow torque current.
— Gyro Reset, 3.2 kHz (occurs at all times that gyro set does not occur; causes torque

current to be applied to a dummy load).
1l L T™ Reset
Calibration Module
PSA WL TM Set
m Torque Current
28/120 Vdo——ml 5019020 =
PTPS 3
Dummy Torque Current PTPS = Pulse Torque Power Supply
Current Feodback — | 28/120 Vdo PEA = PIPA Electronics Asse(gll\;v{l)y
Nq DC Differential Binary
Amplifier _ | Current Switch
PSA PSA
No. 2010029 \,\ No. 2010017

Torque Current Control
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DC DIFF AMP AND PUR

> * _woo @20 |
%nv %v %:"
1y

2010029

CURZENT FEEDBACK TO DWF AP

26V G0 4120V GNO TIED TOGETWER W CAL.

Lo

+120v 0C
BINARY CURRENT
SWITCH ~2010017
TM + SET =
10 ()
GYRO REGET
. o120V 0e I LB
:l 2ev0e &) GvRo sev
LTI
(15) 120 VDT
TERRE

o (CEEE

(W) ovoc

SCALE FACTOR GYRO

CALIBRATION
2010020

GYRO PULSE TORQUING LOOP



IMU FINE ALIGN FUNCTIONAL BLOCK DIAGRAM

Gyro
I Stabilization Amplifier
Gyro Preamplifier and i )
Torquer 1 Signal Generator s s Torquer  Gimbal
= 15K( ————+1)(— 1 - .
I - C 1,310 1.15 170 K TR 6
T —_— — T Js
85 mA ( R V/rad Wi iy s +1)
4 I B\ e/ ) <0.125 ) 2,000
Kp=0.6 -
2
| : '
l K= g Kp=1.52x 107, I 3 =3.78x 107, I
| o) Vrms ° 1 g ¢ oy . !
i 7 1 g
e e e gy 1.52x 10", M 1.85 % 10 _,GM
i rad/sec =1.23% 10!, O = 0.935 x 10 *,0
K=3 ,0 dyn - cm rad/sec?
dyn - cm y Al e g b nn'S hicdaie Al
= 0. X 6 )
C = 0.475 x 10 “rad/sec A dyn - cm
I = 367 gm - cm?

Gyro Torque = K I’ = 0.6(85)% = 4,335 dyn - cm

6Z-MH
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Suspension
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APOLLO 25 IRIG

Moments of Inertia:

about OA: 367.3 gram-cm2

about IA: 650. 8 gram—cm2

about SRA:  724.9 gram-cm?
Damping Coefficients:

about OA: 4.75 x 10° dyne-cm/rad/sec

about IA: 1.5 x 109 dyne-cm/rad/sec

about SRA: 1.5 x 107 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 :

Inbut: 4 volts, 3200 cps
Sensitivity: 10 mv/mrad

Torque Generator Sensitivity: 0.6 dyne-cm /ma2
Pulse Torque Scale Factor: § 2 /220 rad/pulse at 3200 pps
Magnetic Suspension:
Input: 4 volts, 3200 cps
Stiffness: 6 gm/0,0001 inches Radial
0.8 gm/0.0001 inches Axial

Typical Temperature Sensitivity

Scale Factor: 400 ppm/° F
Drift: 0.2 meru/© F

Actual IRIG temperature
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GYRO PARAMETERS

PH-7 &ro parameters are ADIA, ADSRA, NED and scale factar. Specification values across ISS, G&N,
8/c as

and testing are shown in Table II-1.
Table II-1
C:
c: L ® 3 Max
Acceleration Drift along the IA meru/g 17 33 ko
(ADIA)
Acceleration Drift along the SRA meru/g W 21 25 ko
(ADSRA)
Non-Acceleration Blas Drift meru 6 9 n 15
(xED)

mummnuumtlmm.

m-n“nluotmmmmnmehmhemmrwwthcmulhou
in Table II-2.

Table II-2
Coefficient Units Max Value
ADIA meru/g 862
ATSRA meru/g 862
NED meru 128.7

IMU GYRO COMPENSATION

memmAuuuweoemtbmmmmmwmmm, ADIA and
ADSRA gyro coeffici . The ons are

XIRIG - -ADIAXPIPAxc0mch-MAt
YIRIG - -Abmmc*mmﬂc-mAt
ZIRIG - -ADMPIPAZG-MAZMCOII!AC

XIRIG, YIRIG, ZIRIG are gyro drift compensations
NEIX, NEDY, NEDZ are gyro bias drifts (an erasable load)

ADSRAX, ADSRAY, Mmmmummmumnmnmm
(an erasable load)

ADIAX, ADIAY, Mmmodrlmautomlmﬁmuﬁlimtm
(an erasable load)

Mthn-@itdnotwmmo_ﬂmmm,the_ﬂ:muneotbmu.

During free-fall only the NEDX, NEDY, NEDZ are the relevant coefficients and the routine is so ordered
mtuhmw‘medcmmrwthmmnm.

The computer NED registers are 1460, 1461, and 1462 for the X, Y, and Z gyros respectively.
GYRO DRIFT NBD = (.007835) (Reg Contents in Decimal) MERU




In-flight Avg Drift Error (meru)

1o (meru)

HISTORY OF IN-FLIGHT GYRO DRIFT ERRORS

—_—
cM LM
Apollo 8 Apollo 9

-
°

°

*After in-flight compensation
change

** Insufficient number of data points

B
[ «

cMm

Apollo 13

N = Number of
Data Points

cM LM
Apollo 14

cM LM
Apollo 15

cM LM

Apollo 16

cM LM
Apollo 17

lab 2

**

Skylab 3

Skylab 4




ELECTRONICS COUPLING DATA UNIT (ECDU)

The ECDU encodes and scales the IMU gimbal angles and transfers the angles to the
computer in the proper format.

The ECDU is an analog-to-digital converter which utilizes two encoding loops and one
read counter which can be d by the

p .

One encoding loop is used with the 16 x gimbal resolver (the fine system) ; the other
encoding loop is used with the 1 x gimbal resolver (the coarse system).

The ECDU digital servo is analogous to a resolver synchro illustrated by the follow-
ing diagram.

Resolver Synchro ' Servo Error Signal

&: MDD l
|
e

V;n/Position (out)

> Volts I 1M°f°r

>

-
0f
f l Feedback
Servo Amplifier '
= - b % %
* ' I 12. 8 kpps
Digital switch selection logic implements I
sin (6 - ¥) or 6 - § as does resolver I T
pair. 12. 8 kpps Read
l o l Counter
0.067 Vymg |800 Hz ' l
: > '

degree | = ,

Error Signal (e)

l Pulse rate selection logic
generates 12. 8 kpps or 0
based on servo error.

Read counter accumu -
lates pulse train.

I
;L__J
!
|




SIN_© COARSE
COASS‘E‘_(?:S"’EM ERROR COARSE
L % SELECTION ii‘:gg{;
LoGIC
N
COARSE SVYSTEM
YO ECDU FAIL READ CODUNTER
DETECT CIRCUIT VP LOGIC
" % RATE SELECT oot
1 € Fa
READ COUNTER UP/ DOWN
LOGIC i
FINE SYSTEM
FINE SYSTEM FINE FINE
b X SWIT CH grgonr | FRROR ] SCHMITT
RESOLVER SELECTION AMP | WIGH SPEED
LOGI\C SCHMITT
ECDY

READ COUNTER LOOP
BLLOCK DIAGRAM

SE-MH
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ELECTRONIC COUPLING DATA UNIT (ECDU) (CONTINUED)

The ECDU is an analog-to-digital converter which utilizes two encoding loops and one read ceunter to which the computer has access.
One loop designated the "fine system" is used to encode 16x gimbal resolver angles. The other, a "coarse system," encodes 1x
gimbal resolver angles.

When the difference between a gimbal resolver angle and the ECDU read counter efSeeds 8. 4 degrees, the "coarse system' has
exclusive control of the read coulter. For errors smaller than 8.4 degrees, the "fine system" has exclusive control of the read
counter.

Coarse System
The coarse system utilizes & aystem of switch selection logic, weighting resistors, and summing ampliflers to generate  trigono-
metric identity of the form:

~sin (0-¢9) = -sin O cos ¢ + cos 0 sin ¢

0 = the gimbal angle
# = the read counter angle
‘This trigenometric identity is used as an error signal to drive the read counter until ¥ has been isolated to one of night 45-degree
segme
c0s 22.5* = Ry | R,

cos 67.5°
in Ocos &
cos 22.5%

cos 67.5%

#in 32.5°
sin 67.5°

Rin ~cos 0 ainy
»in 22.5¢

#in 67.5°

A ladder network provides an additional signal which drives the read counter until ¥ has been further isolated to one of 16,
3. 5-degree segments.

sin22.5° = Ry/Ry,
e e

>
> = ——ANA——
> r/ sin 5.6 09 Be

A~
L/ sin2.8 oipeny

0.067 Vrms Coarse Error
degree (800 Hz ac)

Read Counter State

In the manner shown sbove, the error between the 1x resolver position and the digital state of the read counter is converted to an
800 Hx analog signal. This is converted back into a digital drive signal for the read counter by the "coarse Schmitt trigger and rate
selection logic.” The coarse Schmitt trigger threshold is set at 0.56 Vrma (5.4 degrees) thereby deactivating the coarse read
counter loop when the error between 1x resolver position and the read counter s less than 8.4 degrees. The pulse train output of
the Sohmitt trigger is interrogated by a 1,600 pps impulse train. ‘When the coarse Schmitt is detected high, the read counter is in-
cremented at & rate of 13. 8 kpps, thus reading 16 bits into the read counter in 1/800 of a seccnd. The functional equivalent of this

signal processing is shown below.
12. 8 kppe
Coarse a 0.56 Vrms ac AU <5< e ead Opeind
Error 0.56 Vrms ac 16 bita ‘each 1,25 ms P
12.8 kppe

16bits 800 bursts © 20 arc-sec A
> x 1V EISREE « 10* /secand
Coarse Schmitt Trigger and Rate Selection Logic

(The CM optics CDU's do not contain a coarse system.)




SIN 225"
£3.73%

128.15%
N S.625°

20k

WA
2k X SiK

K
VWA

COARSE SWSTEM
SWITCH CONTROL
Logic *

2wmes*
5625
nas*
us*

190*

COARSE SYSTEM
SWITCHING NETWORK

‘Sl o= 3MBriiRe
S2 = 135154738
S3 = 13- 15+T8-T-B
S = BoM-IS+3-RB
S5 =« 13:14-% +3-/E

S6 = B-K-Bris.R3
$7 = 1M 153.Res
S8 = F.MeIS+ SRS
sy =2
sio= 1
Su - 10
si2= 4

Lo 132 1L0GIC "I WHEN THRRE IS
rosimon

ABT v THE 2°

LE-MH
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ELECTRONIC COUPLING DATA UNIT ECDU (CONTINUED)

Fine System

The fine system utilizes a system of switch selection logic, weighting and
metric identity,

=8in (6-9)= sin 6 cos y + cos 0 sin y

This M&yh“un-nw.wlwdrhhrudmmllo is isolated to one of 256, 0.088-degree segments. Mech-
nninuqnlthhMﬂyhlhﬂnwmdmmrnlymwlwﬂnlollwh(lwmdlﬁem.

b mlhnmmnwﬁmm(.-')lonclhhdd-rlvllchu.
2. The 16x resolver angle is divided into 16 segments of 22.5 degrees resolver electrical.

3. The ladder divides each 22, 5-degree segment into 256 segments of 0.088 degree Iy )’ The 1x hi
equivalent i§ 0.088 degree/16 or 0.0056 degree (20 seconds of arc).

4. A quadrature reject network is employed to achieve a true loop null.

ming to the trigono-

The functional equivalent of the fine system error detection logic is shown below.

16x 6

Resolver Electrical Angle (0-9) 8.63 Vrms Error Voltage
~ + degree (800 Hz ac)

di
Read Counter State

Fine -ymmorrw-umllmeuwomdbukmodwmdcamur&m-u-hbynlm!cmmuuunymmud:hkh
Apood&:hmlatrun-ymmomh‘hmn. Each is interrogated by the same 1,600 pps impulse train. When the high speed
Sehm:nmu.ummmmmuwwu-mdu,wom. When the fine Schmitt trigger is detected
mmmmumwn.mdaﬂm. Ththn-bldbnld!hﬂu-ymm!chmmtrlu.nhm-w:hunt
the rate selection logic shown below is achieved.

12. 8 kpps
@
1!
>
b , 800
- s
Fine Error " 1
——
800 Hz rms ¥ P
1
®
== g E High Rate = 12.8 kpps x 20"/pulse
& > = 70°* /second
b " Low Rate = 800 pps x 20"/pulse
= 4.45° /second
12.8 kpps

Schmitt Trigger Threshold

1
1.2 Vrms x ﬁ = 2.3 degrees, 16x
1
0.07 Vrms x.‘—:;ﬁ = 0.131 degree, 16x

Tberneuhctlndup/duvnWhmmmumdmkhm&w-wmmnwmmtherudcounur
is incremented. llheh&hlpud&chmmh"nn."'.hlhorcmmrmlal:.womwubhhmlmhﬂmn. K the fine
Schmmla"on."thomomnuum;apum-lhnhmlmmumo.

Read Counter

The read counter is a 16-stage digital counter with an IMU angle granularity of 20 seconds/bit, Inputs to the read counter are con-
trolled by rate select and up/down logic. The output is used by the fine system switch selection logic to produce the fine error
signal. Access to the contents of the read counter by both the computer and the error counter is serial only. Access by the com-
puter is to the first order bit (A2%. Access by the error counter is to the third order bit (AZ')‘ Because of the above, the count

rate to the computer is four times faster than to the error counter. Computer bits, however, have one-fourth the weight factor of
those transferred to the error counter.

Functionally, the read counter is represented as an integrator with a count rate in degrees/second and an output in degrees.

¥

second




FINE ERROR TEST POINT

20K Ggag
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ERROR
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| SFEIISE L D S TR S0

ECDU
ERROR AMP
AND SCHMITT TRIGGERS
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IMU/CDU/AGC INTERFACE DIAGRAM

Sin
X Coarse System
Resolver Switch Selection
Logic
Cos
Fine System
16X 8wnc: Selection
Resolver e
Cos

CDU Read Counter

180° | 90° | 45° [22,5° p1,25° 5.6°|2.8° |1.4° |o.7° p.35° . 17° 10.088°0,044°(0.022°| 40" 20"

216 21‘ 213 212 ot 20 2 28 27 2' 25 24 23 2! P 20

AGC Location 003n* (CDUN)

180° | 90° 45° 122.5°011,25°1 5.6° [ 2.8° | 1.4° [0.7° Jo.35° [0.17° }0.088°|0.044° p.022° 40"

oan & 212 [t [ o0 | o9 S 1 | ] 2 ¥ [ o i

CDU Error Counter

*LOC NAME GIMBAL 25
Sase CDUk OUTER 11.259 5.6° | 2.8°[ 1.4° [ 0.7° |0.35°| 0.17°p.088°D.044° =
0033 cpuy INNER

0034 cpuz MIDDLE PR L PUR PCRN IPYR PR (P PR
1277 THETAD  OUTER

1300 THETAD+1 INNER

1301 _ THETAD+2 MIDDLF_

Il (THETAD - CDUN) /4

1
|
I

| 192 pulses/0. 6 second maximum

e is e S a T




IMU GIMBAL ANGLE AND OPTICS SHAFT SCALING DIAGRAM
Contents of Respective Location in AGC

400008 60000g 00000g 20000g

| ] | I | | I

I 40000g l

|

] | I | I |

-180° -150° -120° -90° -60° -30° 0° +30° +60° +90° +120°
Actual Optics Shaft Angle or IMU Gimbal Angle

DSKY Indication and CRT Display on RTCC

+180° +210° +240° +270° +300°  +330° 0° +30° +60° +90° +120°

NOTE: For Skylark, V16 N91 monitors the optics shaft angle in R1 (XXX, XX); V16 N20

monitors the IMU gimbal angles as follows:

R1lr Outer Gimbal (+XXX, XX)
R2: Inner Gimbal (+XXX, XX)
R3: Middle Gimbal (+XXX, XX)

+150° +180°

+150° +180°

N

€r-MH




OPTICS TRUNNION SCALING DIAGRAM

° CRT Display
-10° o -25, 225 I Ty -I o
2 l LT T e

0.
l T
I
I
I

T
= o L e
| |
l ! : i bkl
| Positive | | | '
I | Zero I I l . l
| [ erra0s | [ o005 | | | I 40000 l | ! |
| ] | l |
| | Negative ' |
; Maximum Contents of
526408 —I L777778 ]— : | I Seren | | Location 0035
Negative I Positive I | in AGC (CDUT)
Zero | Maximum | | ?
o
| | | | | | | | |
| I | | | | | | E
-10° 0° +10° +30°  +40° +50° +60° || +70° +80° +90°  +100° LOS Trunnion Angle

l +19,775° l +64, 775°

+80° +0° +10°  +20°  430° +40° +50° +60°  +70° +80° +0° +10° DSKY Indication
(V16 N91,
Skylark
R2: +XX.XXX)

NOTE: CDUT (LOC 0035) is loaded with a -19. 775° bias during ZERO OPTICS. This bias produces positive driving commands for angles
up to +64. 775° in the CMC mode. Without the bias, the CMC mode would drive the trunnion to the negative stop for command angles
of 45° or greater,
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OPTICS TRUNNION/CDU/AGC INTERFACE DIAGRAM

Fine System
Degrees :> 2 64X Switch Selecti
LOs 1 Resolver Toglo
Cos
CDU Read Counter (LOS)

45° [22,5° 11,259 5.6° | 2.8°| 1.4°| 0.7° |0.35°(0,17° D.OSB'b.M(' 0.022 40" | 20" 10" | 5" |

gt fgh | oLl f g8 P It ]t ) 2] ]S

AGC Location 0035 (CDUT)

45° 122,5° (11,259 5.6°| 2.8° | 1.4° | 0,7°]0.35°]0, 17°/0.088°0.044°p.022°| 40" | 20" | 10" [

s L gl gl gt fge fug ]l il g ¢ o o T

CDU Error Counter

2,8° | 1.4° | 0.7° [0.35° |0.17°D.088° p. 044° [0. 022] 40"

TRV i 1Y iy 1y

ke e e

| (DESOPTT - CDUT)/4 |

| (Loc 1302 - LOC.0035)/4 _j|

83 pulses/0. 24 second maximum
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OPTICS SHAFT/CDU/AGC INTERFACE DIAGRAM

16X Switch Sel
Resolver

180° | 90° | 45° 5°111.2515.6° [2.8° | 1.4° [0.7° Jo.35° |0.17° [0.088%0.044°(0.022°| 40" | 20"

Ll e B W L e B LR R T G B R 2| 2| 2| 2] 2

AGC Location 0036 (CDUS)

180° | 90* | 45° §° 11,25°) 5.6°(2,8° | 1.4° [0.7° J0.35° |0.17°D,088°.044° L:.ozz' 40"

el 8 ol ° i B L Ll B S B O S U B R e

CDU Error Counter

1. 257 5.6° | 2.8° | 1.4° | 0.7° |0, 35° |0. 17° J0.088° p.0447]

2 | 2| | S || ]2

&
| (DESOPTS - CDUS)/4 |
L (LOC!1303 - LOC 0036)/4 Jl 83 pulses/0. 24 second maximum




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 1X resolvers for trunnion and the 16X and
1/2 X resolvers for shaft.

COMPUTER operate optics uses the Sextant servos in an integrator configuration
that accepts position commands from the CDU DAC's. The computer supplies
the CDU Error Counter with pulses every .24 seconds. At each .24 seconds,
the computer recalculates the number of pulses required to position the LOS
using information obtained from the CDU Read Counter.

MANUAL mode uses the Sextant servos in an integrator configuration that
accepts velocity commands from the Hand Controller. There are two sub-modes
of the MANUAL mode, DIRECT and RESOLVED.

For the DIRECT MODE up and down Hand Controller motion results in increasing
and decreasing trunnion angles respectively and right and left Hand Controller
motion results in increasing and decreasing shaft angles respectively.

For the RESOLVED MODE up-down or left-right Hand Controller motion results
in up-down or left-right image motion respectively.

The SCANNING TELESCOPE SHAFT servo follows the Sextant shaft servo in all
modes of operation of the Optical Subsystem.

The SCANNING TELESCOPE TRUNNION servo follows the Sextant trunnion servo
in all modes of operation of the Optical Subsystem except when the Optical Sub-
system is in the MANUAL mode and the TEL TRUN is set to 0° offset and 25°
offset. In the 0° offset and 25° offset modes, the SCT trunnion angle is held at
0° and 25° respectively.




BLOCK Il OPTICAL SUBSYSTEM
FUNCTIONAL DIAGRAM
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PRE-AMP  COMPENSATION MOTOR GEARS
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RESOLVERS AND
TWO SPEED SWVITCH

5 PRE-AMP COMPENSATION MOTOR GEARS
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TRUNNION COMPUTER OPERATE MODE FUNCTIONAL BLOCK DIAGRAM

-~ Error Counter

Sextant

o | 00259 second '1 34 DAC Trunnion

b 0.24 second -~ —ey

One Computer Cycle o, 1 Opc 4.8 vrms | Vpac | 051 s 71 (Mec! 3 ’T (LO§)
'KDC .‘ degree s

83 pulses/0. 24 second x ( -2.1°
40"/pulse = 3, 8° /second (LOS)

(Pg) | Hi rate = 1,600 pps x 20"/p x s 3 °/" =8.75 °/sec (mech)

600
1 " .
Lo rate = 100 pps x 20"/p x 3600 /" =0.544°/sec (mech) Fine Ervos
Rate Select and Up/Down Logic Test Point g
2 H 12,800 pps 1
B R bl
; : 0 T (mech) ~N
o s 800 Sample )
T and Hold 89 Vrms
@ % T =1.25msec i degree
o
00 pps E £
> & ¥ ()
| € ~ Fine System
12,800 pps s - Switch Selection Logic
Read
: Counter
¥ 1
[0 s

Hi Rate = 12,800 pps x 2.5"/p x 1/3,600 */" =8.75 */sec (mech)
Lo Rate - 800 pps x 2.5"/p « 1/3,600 °/" = 0.544 */sec (mech)
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OPTICS TRUNNION DRIVING LIMITATIONS

OPTICS TRUNNION SCALING DIAGRAM

% CRT Display
-10° . -25,225 ” 10, 0° ] L <
i I il J | it s on RTCC
T T T
|

|

|

l | Positive
| | Zero
|

|

|

|
|
|
| 40000g

| |
| |
| |
| |
| |
61740g 00000, |
8 |
| Negative :
- pre—— | Maximum 81740 Contents of
[ 526405 ] I B | | ks Location 0035
Negative I Positive | in AGC (CDUT)
Zero | Maximum |
| |
| |
-10° +40° +80° “90°  +100° LOS Trunnion Angle

DSKY Indication
(V16 N91,
Skylark,

R2: +XX.XXX)

NOTE: CDUT (LOC 0035) is loaded with a =19, 775° bias during ZERO OPTICS. This bias produces positive driving commands for angles
up to ~64, 775° in the CMC mode, Without the bias, the CMC mode would drive the trunnion to the negative stop for command angles
of 45° or greater.

Since optics trunnion scaling is 9.88 arc-sec per data bit, the 14-bit CDUT register in
the Computer will overflow (40000g) 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 (40000g) 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 0 AND 64,773 DEGREES

Any angle in this range can be commanded from within the 0 to 64. 7-degree range and
the Computer will drive the trunnion to the correct position. If an angle greater than
64. 773 degrees is commanded from within the 0 to 64. 7-degree range, the trunnion will
be driven into the 0-degree 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 (0. 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 0 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.



SHAFT COMPUTER OPERATE MODE FUNCTIONAL BLOCK DIAGRAM

Error Counter

83 pulses
—~—
om::‘—md 16.875° DAC Sextant Sha
W °/sec
O s e + 1 ECc _ | 0.6 vrms | VDA 2 Yrms
+A6C degree s
83 pulses/0. 24 second x 3 4
160""/pulse = 15.1°/second -16.875
Hi Rate = 1,600 pps x 160"/p x 1/3,600 °/ " =170 °/sec
Lo Rate =100 pps x 160"/p x 1/3,600 °/ " =4.375°/sec
Fine Error
Rate Select and Up/Down Logic Test Point
E E 12,800 pps
L
E
s bl Sample
and Hold 8.6 Vrms
H @ 7 =1.25 msec degree
soopps | & E
>
s « Fine System ¥ (degrees)
12,800 pps < o~ Switch Selection Logic
Read
ounter
) 1
(Py) 8
Hi Rate = 12,800 pps x 20"/px 1/3,600 °/" =170°sec

Lo Rate =800 pps x 20"/p x 1/3,600 °/" = 4.375°/sec
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BLOCK II SERVO PARAMETERS
MOTOR SPEEDS VERSUS LOS RATES

105 RATES —VOTOR SPEEDS
SXT SCT

TRUNNION SHAYT rad/sec rpm rad/sec

10.0 deg/sec 9817 1028 4960 519
1.0 deg/sec 982 103 L96 51.9
0.1 :;g/--e 98 10.3 49.6 5.2
25.0 dec¢/sec 6.8 0.71 3.4 0.36

19.5 deg/sec 9870 102k 9670 1013

2.0 deg/sec 1003 105 104
0.2 deg/sec 100 10.5 10.4
50.0 sec/sec 7.0 0.73 6.9 0.72

SERVO SENSITIVITY

CALCULATION TTIVITY
SXT TRUNNION
Hand Controller 105 mr x 205 x __2 1.08 ge¥/sec
mv }%5' I, 786 o
Tachometer 3.4 x 1.08 3.68 s’e‘?:{sec
m
SXT SHAFT
-
Hand Controller 105 mr x 205 x _ 1 2.1 sec/sec
w 322 3016 v
Tachometer 3.4 x2.1 7.14 sed/sec
mv

MAXIMUM CREEP RATES DUE TO RESIDUALS

VAX SERVO [ THEORETICAL |
RESIDUAL SENSITIVITY MAXIMUM RATE
SXT TRUNNION
Hand Controller 3 mv rms 1.08 a'e?{uc 3 l?c/uc
PS 2014550 nv
Tachometer 15 mv rms 3.70 sec/sec 55 sec/sec
PS 2016207 o
SXT SHAFT
Hand Controller 3 mv rms 2.1 sec/sec 6 sec/sec
PS 2014550 mv
Tachometer 15 mv rms 7.2 a’e?{uc 108 se¢/sec
PS 2016207 v

OPTICAL SUBSYSTEM PHASING (ROTATIONS DEFINED FACING SHAFT

Direct Mode Resolved Modex
t. ~ | Band Cont.] Cont.| MDA | Motor Tech | Resolver |Los

Integrator Position Position Position Position Input | Rotation Output | Rotation le
SXT TRUNNION DOWN o UP ™y o ¢ |cow g |ow Decreasing

uP me DOWN o ¢ T |ow o g |cow Increasing
SCT TRUNNION DOWN o ¢ UP * g ™™g |ow o ¢ |cow Decreasing
(slaved to uP P DOWN og o ¢ |cow P |ow Increasing
SXT TRUNNION)
SXT SHAFT Left og Right @ o @ |cow re | ow Decreasing

Right L] Left o¢ g |cw o g | cow Increasing
SCT SHAFT Left o¢ Right n” g re|ow o ¢ | cow Decreasing
(slaved to Right né Left o o # | cow rp | ow Increasing
SXT Shaft)

*1st quadrant only 0 <A < 90°




Trunnion

(Y) Axis ‘\ Shane - & (stros)
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i 1012065
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1012157 1012156
SHAFT ANGLE
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LT = LIGHT TRANSMITTANCE
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SXT OPTICS

TRUNNION MIRROR
APPROX. 4%
LIGHT LOSS

SEAM SPLITTER
APPROX. 18% StLOS LIGHT LOSS
AND 89% LLOS LIGHT LOSS

OBJECTIVE & INTERMEDIATE
LENS ASSY.

RETICLE

WINOOW

EYEPIECE ASSY.
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VERB LIST
PLEASE PERFORM
PLEASE MARK
PLEASE MARK ALT LOS
REND COAS MARK
TERMINATE P20
STICKFLAG (R)/V50NIBFLAG(S)
OPTICS ANGLE TRANSFORM
ENABLE VHF DATA PROC
DISABLE VHF DATA PROC
REND PARAM DISP NO. 2
REJECT REND COAS MARK
ENABLE VHF RANGE MARKS
DISABLE VHF RANGE MARKS
ENABLE W-MATRIX INIT.

TERM SV INTEG (CALL POO)

NOUN LIST
ATT E.RR
ANG SEP E.RR - ANG S.EP
OPTION CODE
ALARM CODES
TIG NCC
TIG NSR
STAR TRKR 0G, 16
T EVENT (EXT VERB)
AUTO MN.VR
STAR TRKR 0G
PRES ICDU A.NG
NEW ICDU A.NG
DOCKING ANGL.ES

PLEASE PERFORM
TIG NC2

TIG

T EVENT (PROGRAM)
TIG TPI

TF GETI/TFC-V.G-4AV

MARKS - TF GETI - M.GA
AP.0S -AVE.L - CODE
RAN.GE - R.R - P.HI

RAN.GE - R.R - THE.TA
VEHICLE .RATE

AVTP] ~AVTP.F ~8T2
AVLOS.X -AVLOS.Y =AVLOS.Z
SENSOR/CODE (BEFORE MK)
SENSOR/CODE (AFTER MK)

TIME OF OPT
AHNS.R - ATI - AT2
RAN.GE - R.R - TIME FR OPT

RAN.GE - R.R - THE.TA/P.HI
Y.AW - PIT.CH - OMICR.ON
AV LOCAL VERT

AVNSR LOCAL VER
AVNEXT - AHNEX.T - Avmm.o
VG CONTROL AXE.S

X,Y,Z PLANET

PRESENT SHA.FT - T.RUN
COMMAND SHA.FT - T.RUN
TORQUING .ANG

ALT LOS SHAFT - T.RUN
TIG NCI




STAR LIST

00 PLANET
01 ALPHERATZ
02 DIPHDA
03 NAVI

04 ACHERNAR
05 POLARIS
06 ACAMAR
07 MENKAR
10 MIRFAK
ALDEBARAN
RIGEL
CAPELLA
CANOPUS
SIRIUS
PROCYON
REGOR
DNOCES
ALPHARD
REGULUS
DENEBOLA
GIENAH
ACRUX

26 SPICA

D A A T ) S p——
FOUN=TNDIOEGN—

]
(&)

NOUN CODES

PSX: N70/71 RI: SENSOR/STAR CODE OOCDE
C =0 CSMOPTICS
C = | SUN SENSOR (DE = 4G)
C = 2 STAR TRKR (DE = 04, 14, OR 25)

NOG OPTIONS:

27 ALKAID
30 MENKENT
31 ARCTURUS

32 ALPHECCA P50
33 ANTARES | = ACQ SS
gﬁ (3}"};/[*_“ hve 2 = ACQ SS/ST
9 AO/A (¢ 7 = 2
36 VEGA 3 = INDEP. SOURCE
37 NUNKI P52/4
40 ALTAIR | = PREFERRED
2 = NOMINAL
3 = REFSMMAT
P55
I = IMU ALIGNED
41 DABIH 2 = IMU NOT ALIGNED
42 PEACOCK
42 DENEB P20
44 ENIF O = RNDZ (POINT)
45 FOMALHAUT | = CEL BODY (POINT)
4G SUN 2 = ROTATE
47 EARTH 4 = RNDZ (3-AXI1S)
5 = CEL BODY (3-AX1S)
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0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

SOOOOOOOOOOOOOOOOOO

oo

STAR TRACKER OUT OF LIMITS

MK REJECT ENTERED & IGNORED
NO INBITS (CH 16)

MORE MKS THAN DESIRED

V4IN91 WITH OPTICS NOT IN CMC
OPTICS SW_MOVED BEFORE 15 SEC
V4IN91 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

USIN BUT OFF

COARSE AI.IGN/TOROUING PROBLEM
IMU NOT ALIGNED/NO REFSMMAT
DESIRED MGA TOO LARGE
DO SECOND MINKEY PULSE TORQUE
TGT OUT OF VIEW
STAR PAIR NOT AVAILABLE
P20 NOT OPERATING

MATRIX OVERF

LOW
NOT ENOUGH JETS FOR P/Y (DOCKED)

NNOOONNNOOOOOO
NNW=0ONO>N—=NOULN

0000000000000 00
NNNOCOUND DBt et s

(TRUN > 90 DEG)

Be, |
~N
~N

ALARM CODES (VO5NO09)

NOT ENOUGH JETS FOR ROLL (DOCKED)
FAILURE IN PHASE MATCH ITERATION

FAILURE IN HEIGHT MANEUVER IITéI:qATION

FAILURE IN OUTER LOOP ITERA
FAILURE IN QRDTPI ITERATION
NO TIG FOR ELEV ANGLE GIVEN
1SS WARNING -PIPA FAIL
CMC SELF TEST ERROR
DOWNLINK TOO FAST
UFLINK TOO FAST

ASE BLE FAIL-ERASABLE BAD
ARCSIN/ARCCOS INPUT > ONE
VG INCREASING
IMU UNSATISFACTORY
IMU POLARITY REVERSED
V37 NOT PERMITTED NOW
OVERFLOW DURING DRIFT TEST
BAD IMU TORQUE
INSUF TIME TO INTEG TIG SLIP
1SS WARNING - ICDU FAIL
1SS WARNING - ICDU & PIPA FAIL
1SS WARNING-IMU FAIL
1SS WARNING-IMU & PIPA FAIL
ISS WARNING-IMU & ICDU FA
1SS WARNING-IMU, ICDU & PIPA FAIL
ORBITAL INTEGRATION STOPPED

BURLWWRNNONNIN
IR et T TR ] o
O—000O0ONOO0O—=000
O—WN—=H—=N—=NOO>&N

NO CONIC SOLUTION

NEG OR ZERO WAITLIST CALL

TWO DISPLAYS ATTEMPTED AT ONCE
TWO PROGRAMS USING AT ONCE
SQRT CALLED WITH NEG ARGUMENT
DSKY ALARM DURING INTERNAL USE
ILLEGAL FLASHING DISPLAY

KEYED POl 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 POODOQO -NO RESTART LT -F37

(AVE G ON OR EXT VERB -
CTS AS BAILOUT)

A
3XXXX BAILOUT - NO RESTART LT -

PROGRAM CONTINUES
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OUA LINE OF SIGHT TO IMU STABLE MEMBER TRANSFORMATIONS

cos Al 0 sin Al cos AM -sinAM 0

Y|= 0 1 0 sin AM  cos AM 0

Z -sin Al 0 cos Al 0 0 1
M

X cos Al 0 sin Al cos AM  -sin AM 0

Y|= 0 1 0 sin AM  cos AM 0

Z -sinAI 0 cos Al 0 0 1
M
where

Zgc, Znp

32°#

Fo——

Al

“ Ox—

S

ZoB

-sin AS
cos AS

sin AT
sin AT

Ty
0 0 cos 32% 0 sin 32% cos AS
cos AO  -gsin AO 0 1 0 sin AS
sin AO  cos AO -8in 32* 0 cos 32* 0
* Nominal Angle 32° 31' 23"
-
0 0 cos 32% 0 sin 32* cos AS
cos AO  -sin AO 0 1 0 sin AS
sin AO  cos AO -sin 32* 0 cos 32* cos AT

Al, 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

OUA Boresight (LLOS)

Xgcr XNB

Ysc: YN YoB

0
o

cos AT 0
0 1
-8in AT 0

sin AT
0
cos AT

0
0
St LOS



SXT FIELD: OB \VIEW

DRIVE RATES
TRUNNION SHAF T

HI 10.0 DEG/S 19.5 DEG/S
MED I.ODEG/S 2.0DEG/S
LO 0. DE/S 0.2DEG/S
MIN 25 SEC/S 50 SEC/S
CMC 3.8 DEG/S 15.1 DEG/S

RETICLE ROTATION WITH ——7,/\
OPTICS HAND CONTROLLER
FULL RIGHT (MANUAL DIRECT i ]

MODE)

SXT LOS MECHANICAL LIMITS
TRUNNION  0(0,-10) TO 90(10,0) DEG
SHAFT  270(Q,-10) TO -270(~10,0) DEG

Xec
ROLL
0 25
Zsc
YAW
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SXT VACUUM RETICLE

S0 SEC

5 MIN

—

l—— 6.25 SEC
T

. S A

SCT: RETICLE

75 SEC

k—A——30 min AV

K—60MIN

- 60 DEG

4.]‘*’ 3OMIN
' |

41 4 MIN

EHO SEC

|

RETICLE CENTER




Temperature (°F)
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TYPICAL IMU TEMPERATURE

PIPA Temperature After Coolant Loss
CM Typical

130

129

N

20 40 60 80 100 120

Time (minutes)

PIPA Temperature After Power Loss
Coolant Normal — Typical

\\

,\’\

0 20

40 60 80 100 120 140 160 180

Time (minutes)

NOMINAL PARAMETERS

PIPA Temperature — 130 + 1, 5°F

Low Temperature Alarm — 126 + 2, 5°F (PIPA Temperature)

High Temperature Alarm — 135 + 2. 5°F (PIPA Temperature)

+
Safety Thermostat Opens — 140 7

5

9 °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 ISS Warning light will always be turned on in both the LEB and CMP Caution
and Warning stations regardless of the position of the SC Control switch whenever an
IMU FAIL, ICDU FAIL, or PIPA FAIL occurs.

In both systems each of the failures are inhibited from causing an 1SS 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
aPIPA 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 (0 - Y > 30°). This is an 800 Hz signal and
is detected at the input to the emitter follower circuit preceding the coarse Schmitt
trigger (see page HW-37).

® IG or MG or OG fine error > 1 Vrms (0 - ¥ >0.7°). This is an 800 Hz signal and is
detected at the output of the main summing amplifier (see page HW-40).

® |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).

® |G or MG or OG cos(d - ¥) < 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 Vdec. This signal is detected at the output of the
power supply.
0 — gimbal resolver angle
Y — CDU read counter angle
Error code for IMU CDU FAIL

PIPA FAIL

® No PIPA pulses for 312 microseconds.

"+ and “-" PIPA pulses occurring simultaneously.

® No “+" and "-” pulses for 1.28 to 3.84 seconds.

OPTICS CDU FAIL

Same as IMU CDU FAIL with the exception that there is no coarse error signal.
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AGC WARNING

The AGC Warning light will be turned on as a result of the following:

Scalar Failure

Scalar Double Failure
AGC Power Failure
AGC Counter Failure
AGC V FAIL (STANDBY)
AGC Restart (Hardware)

In addition, the Pulse Torque Power Supply Inhibit is generated every time an AGC Warning is
generated. The effect is to open up the accelerometer loops and prevent any pulse torquing ot gyros.

Scalar Failure

Occurs if Stage 17 of the scaler fails to produce pulses. This is the 1.28 second period scalar
stage and thus a check of timing for all alarms. This failure causes immediate turn on of the AGC
Warning light.

Scalar Double Failure

Occurs if the 100 pulse per second stage (. 010 second period) operates at 200 pps. This provides
a check on the scalar stability.

AGC Power Failure

Occurs when the prime +28 VDC power to the computer is lost. This failure causes an immediate
turn on of the AGC Warning light.

Counter Failure

Occurs if counter increments happen too frequently or else fail to happen following an increment/de-
crement request. "Too frequently' means continuous counter requests and/or incrementing from

. 625 to 1. 875 milliseconds.

Examples of counters are:

AGC input/output, (Time 1 and Time 2), +CDUX, Y, Z, PIPAX, Y, Z,
shaft and trunnion angles.

AGC Voltage FAIL (STANDBY)

The occurrence of a Voltage Failure while the computer is in the STANDBY mode will cause the
AGC Warning light to be turned on. The causes of a Voltage Failure are given below in the RESTART
section.

RESTARTS

A RESTART (hardware) and subsequent AGC Warning is generated for the following alarms:

Oscillator Failure

Transfer Control (TC) Trap
Parity Alarm
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 RESTART program and processing continues from this point.

In general, the programmer has chosen some particular point in a program to resume oper ation
after a RESTART and operation continues with only small inconsequential losses of information.
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Oscillator Fail

Occurs if loss of oscillator or 1.024 MHz square wave happens, In addition a logic circuit insures
a RESTART condition for a 250 millisecond interval upon transferring from STANDBY to OPERATE,

Transfer Control (TC) Trap

Occurs if too many or too few TC instructions are requested. The period for '"too many' or 'too
few' is from 5 to 15 milliseconds in duration.

Parity Alarm
Occurs if any accessed word in fixed or erasable memory whose address in 104 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 320 milliseconds.

Voltage Fail
Occurs if the AGC voltages (+28, +14, or +4 VDC) are out of limits for 157 to 470 microseconds.
These limits are:

e +28 VDC supply <20.0 + 0.3 Vde

e +16 VDC <+14 VDC supply >+12.5 VDC

e +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
0.9 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
"8's' and "+'" signs are displayed along with each light turned on for 5 seconds minimum.

After the 5 seconds are completed, the lights are turned off. Note that this verb also turns off the
Pulse Torque Power Supply which then causes the PIPA loops to open for approximately 5 seconds.
This should be avoided if possible. The routine can be called when ISS operate is not on.
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