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SATELLITE ORBIT (SL-1)
SATELLITE ORBIT DURATION
SATELLITE ORBIT RATE
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RADIUS

MASS
SURFACE GRAVITY

ORBIT CHARACTERISTICS
SEMI MAJOR AXIS
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= 5.3961x 10" nmi
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03986032 x 10> m>Js?

6,378, 165 m
20,925, 738 ft
3, 444 nmi
5.975 x 10% kg

32.14 ftls

EARTH ABOUT SUN
1.496 x 10! m
4.908 x 10M t
8.073 x 10 nmi
0.0167

29,770 mis

97,702 ftls

57,888 nmi/h

365. 24 days

1 meru - 7.292115 x 10°8 rads
- 4.178x 10 degs
= 2,507 x 104 arc-min/s
= 0.01504 arc-sec/s
Lemisec? = 3.281x 1072 fils
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GUIDANCE AND
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CM SOFTWARE
ASPO 45 CRT DISPLAYS
LAUNCH AND BURN SCHEDULES
BURN PERTURBATIONS
DIGITAL AUTOPILOT
SCIENCE
INTERFACES
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CM/SM CONFIGURATION

RCS Engines

Command Module

EPS Radiator

)\

Service Module

ECS Radiator

High Gain Antenna

CM to SM Umbilical

VHF Scimitar Antenna

Docking Ring

Probe Assembly

\ \ Pitch
N\
Pl A
/ 2
/ Yaw
/ // 0
AM



ORBITAL ASSEMBLY CONFIGURATION
COMMAND \\\\\\

SERVICE MODULE —
(CSM)

APOLLO TELESCOPE MOUNT
(ATM)

INSTRUMENT
UNIT (V)

MULTIPLE DOCKING ADAPTER ~ORBITAL WORKSHOP

(MDA)

AIRLOCK MODULE
(AM)

&
FIXED AIRLOCK SHROUD
FAS)
SWS (SATURN WORKSHOP) = OWS/AM/MDA/ATM OA LENGTH = 216 2P0
OA(ORBITAL ASSEMBLY) = CSM/SWS OWS SAS WING SPAN » 93FT
ATM SAS WING SPAN - 98 FT




CSM/SWS DOCKING ALIGNMENT

Oows
+Z AXIS
CSM

CSM

R 5 -Y AXIS T -Z XIS

ALIGNMENT SIGHT

ows

CSM -Y CSM
AXIS 7 axis '@ % o 5
csm ¥ ¥
+ROLL ZAXIS § CSM
cSM WS +Y AXIS
X AXIS -Z AXIS
e +PITCH z

CSM  CSM
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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

JUPLINK ACTY Light

1. 1Is energized by the first character of a digital UPLINK inessage 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. )

c. The astronaut makes a keystroke on top of (his own) Monitor Verb Display.
2, Deenergized when:
/5 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.



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.
G, 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 ATM Orientation Determination
51 IMU Orientation Determination
52 IMU Realign
53 Backup IMU Orientation Determination
54 Backup IMU Realign
55 ATM Star Tracker Gimbal Angle
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- 77 CSM Velocity Vector Update

thrusting



ROUTINE

00
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02
03
04
07
21
22
23
27
30
31
34
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41

52
53
54
55
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60
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LIST OF ROUTINES FOR PROGRAM SKYLARK

ROUTINE TITLE

Final Automatic Request Terminate
Erasable and Channel Modification Routine
IMU Status Check

Digital Autopilot Data Load

Docked DAP Data Load

MINKEY Controller

Rendezvous Tracking Sighting Mark
Rendezvous Tracking Data Processing
Backup Rendezvous Tracking Sighting Mark
VHF Range Rate Mark Processing

Orbit Parameter Display

Rendezvous Parameter Display Routine No, 1
Rendezvous Parameter Display Routine No. 2
Rendezvous Out-of-Plane Display Routine
SPS Thrust Fail

State Vector Integration (MID to AVE)
Coarse Align

Automatic Optics Positioning

Sighting Mark

Sighting Mark Display

Gyro Torquing

Alternate LOS Sighting Mark

Attitude Maneuver

Tracking Attitude

Crew-Defined Maneuver

Rendezvous Final Attitude

Optics Angle Transformation

Universal Tracking Rotation
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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 Components 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 R1, 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 lights

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 OWS state vector into CM state vector
Request DAP Data Load routine (R03)
Request crew defined maneuver Routine (R62)



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 OWS 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)

Specify address (whole)

Specify address (degree)

Attitude Errors (AK's)

Angular error/difference
Celestial angle

Option code ID
Option code

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

ECADR
BIT ID
Action

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

Star Tracker Azimuth
Elevation

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

Astronaut total attitude

Rl

L 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 s
XXXXX, arc-min
XXXXX. arc-min
Octal

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

XXX, XX deg

XXX, XX deg
XXX, XX deg
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19
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28

29
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31

32

33

34

35

36

LIST OF NOUNS USED IN PROGRAM SKYLARK

Desired automaneuver FDAI ball angles R
P
5 3
Star Tracker Azimuth
(use verb 04 to display)
Present ICDU angles R (OG)
P (IG)
Y MG)
PIPA's X
X
Z
Desired ICDU angles R (0G)
P (IG)
Y (MG)

Nav Base to ATM Euler angles

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




37

38

39

41

43

45 *

46

47

48

49

51
52
53

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

LIST OF NOUNS USED IN PROGRAM SKYLARK

Time of ignition (TPI)

Time of state being integrated

TIG of Last Maneuver

Time from ignition/cutoff (TFI/TFC)
VG
Delta V (accumulated)

Target

Azimuth
Elevation

Apocenter altitude
Pericenter altitude
Delta V (required)

Latitude
Longitude
Altitude

Apocenter altitude
Pericenter altitude
TFF

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

DAP configuration

CSM weight
Other vehicle weight

Gimbal pitch trim
Gimbal yaw trim

Delta R
Delta V
VHF or optics code

Splash error

Perigee

TFF

Spare

Central angle of active vehicle
Range

Range rate
Phi

CM-10

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

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

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

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

XXX.XX deg
XX, XXX deg

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

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

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

XX bXX marks
XXbXX min/s
XXX.XX deg

Octal
Octal

XXXXX, lbs
XXXXX, lbs

XXX, XX deg
XXX, XX deg

XXX. XX nmi
XXXX.X ft/s
0000X.

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

XXX, XX deg

XXX, XX nmi
XXXX. X ft/s
XXX.XX deg
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69

* Display cannot be changed via data load (that is, V25NXXE, and so forth)
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LIST OF NOUNS USED IN PROGRAM SKYLARK

Range
Range rate
Theta

Perigee code
Elevation angle

Vehicle Rate R
P
o

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 Sighting Source/Celestial Body Code (Before mark) Octal
71 Sighting Source/Celestial Body Code (After mark) Octal
72 Time of R27-VHR 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
7 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, XXXXX
Y. XXXXX
Z. XXXXX

*Display cannot be changed via data load (that is, V25NXXE, and so forth)
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90

91

92

93

94

95

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 (OWS)
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 (OWS)

System test inputs

System test results and input

RSS of position error
RSS of velocity error
RSS option code

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

$40. 8

P61, P62

P61, P62

V37

Optical Prealignment
Calibration

Optical Prealignment
Calibration

R41
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LIST OF ALARM CODES USED WITH V05 N09
FOR PROGRAM SKYLARK

CODE PURPOSE SET BY

03777 ICDU fail caused the ISS warning T4RUPT

04777 ICDU, PIPA fails caused the ISS warning T4RUPT

07777 IMU fail caused the ISS warning T4RUPT

10777 IMU, PIPA fails caused the ISS warning T4RUPT

13777 IMU, ICDU fails caused the ISS warning T4RUPT

14777 IMU, ICDU, PIPA fails caused the ISS warning T4RUPT

20430 Integration abort due to subsurface All calls to integration
state vector

20607 No solution from Time-Theta or Time-Radius TIMETHET, TIMERAD

21204 Negative or zero WAITLIST call WAITLIST

21206 Second job attempts to go to sleep via PINBALL
Keyboard and Display program

21210 Two programs using device at same time IMU Mode Switch

21302 SQRT called with negative argument INTERPRETER

21501 Keyboard and Display alarm during PINBALL
internal use (NVSUB)

21502 Tllegal flashing display GOPLAY

21521 P01 illegally selected POl

31104 Delay routine busy EXECUTIVE

31201 Executive overflow —no VAC areas available EXECUTIVE

21202 Executive overflow — no core sets available EXECUTIVE

31203 WAITLIST overflow — too many tasks WAITLIST

31211 Illegal interrupt of Extended Verb SXTMARK,

32000 Jask interrupting the preceding jask DKJSLECT

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),
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,

Lok iy

3
g
?
:
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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

00012

00013

00024

CODE
00013
00014
00015
00016
00017
00020
00041

00062
00204

NOTES:

PURPOSE
Specify IMU orientation
Specify vehicle
Specify FULTKFLG

setting
Specify P50 option

Specify P55 option

Specify P20 mode

INPUT FOR R2

1 = preferred, 2 = nominal

3 = REFSMMAT

1 = this vehicle

2 = other vehicle

0 = Full, VHF and optics

1 = Partial, VHF or optics

1= ATM sun sensor

2 =ATM sun sensor and
star tracker

3 = ATM angles from
separate source

1 = Celestial body and IMU
orientation

2 = Celestial body, optics mark
and solar inertial

0 = Rendezvous, (Vecpoint)

1 = Celestial body, (Vecpoint)

2 = Rotate

4 = Rendezvous, (3-axis)

5 = Celestial body, (3-axis)

PROGRAMS

P52,
P21,
P20

P50

P55

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

P54

R30, P29



FLAGWORD BIT ASSIGNMENTS (ALPHABETICAL)
FOR SKYLARK

APSESW FW8 B5 NCINTFLG FWo B2
ASTNFLAG FwW7 B12 NCLPFLG FwW1 B9
ATMFLAG FWo Bl11 NC12FLG FwWo B5
ATTCHFLG FW7 B2 NEEDLFLG FwWo B9
AUTOSEQ FW10 B7 NEWIFLG Fws B13
AVEGFLAG FW1 Bl NEWTFLAG FW5 B10
AVEMIDSW Fw9 Bl NJETSFLG FW1 B15
AZIMFLAG FwWi11 B8 NODOFLAG Fw2 Bl
CALCMAN2 FW2 B2 NODOPO1 FwW1 B12
CMDAPARM FWé B12 NORMSW FW7 B10
CM/DSTBY FWeé B2 NOSWITCH FWé B7
COGAFLAG FWs8 B4 NOUNFLG Fwil B10
CULTFLAG Fw3 B7 NRMIDFLG Fw4 B13
CYCLFLAG FW11 Bl1 NRMNVFLG FW4 B8
CYC61FLG FWo B4 NRUPTFLG FW4 B4
DAPBIT1 FwWeé B15 NWAITFLG Fw4 B10
DAPBIT2 FWé Bl4 N220RN17 Fw9 B6
DIMOFLAG FW3 Bl N77FLAG Fwil B9
DRIFTFLG Fw2 B15 ORDERSW Fws B6
DSKYFLAG FW5 B15 PCFLAG FW10 Bl
EGSW FWeé B8 PCMANFLG FW10 B15
ENG2FLAG FW1 Bl11 PDSPFLAG Fw4 B12
ENGONFLG FW5 B7 PFRATFLG Fw2 B4
ENTRYDSP FWé B13 PINBRFLG Fw4 B6
ERADFLAG FW1 B13 POOFLAG FW3 B9
ETPIFLAG FW2 B7 PRECIFLG FW3 B8
EXTRANGE FW10 B9 PRIODFLG FwW4 Bl4
FINALFLG Fw2 B6 PRONVFLG FW4 B7
FIRSTFLG FW2 B7 PTVI93FLG FW10 B4
FIXFLAG FW11 B7 P21FLAG Fw2 B12
FREEFLAG FwWo B3 P25FLAG FWi11 B4
FULTKFLG FW10 B2 P29FLAG FWo Bl
GAMDIFSW FWeé Bl1 P35FLAG FW10 B8
GLOKFAIL FW3 B14 P48FLAG FW11 B5
GONEBY FW17 B8 P50FLAG Fwo B10
GONEPAST FWé B10 P50.1FLG Fwo B12
GRRBKFLG FW5 B5 P55.1FLG FwWo B13
GUESSW FW1 B2 QUITFLAG FW9 B5
GYMDIFSW FWé Bl REFSMFLG FwW3 B13
HDSUPFLG FW10 Bl1 REINTFLG FW10 B13
HIND FWé B6 REJCTFLG FW10 B12
IDLEFAIL FW1 B6 RELVELSW FWé B9
IGNFLAG FW7 B13 RENDWFLG FW5 Bl
IMPULSW Fw2 B9 REVFLAG Fw2 B5
IMUSE FWo B8 RNDVZFLG FWo B7
INCORFLG FW5 Bl1 RVSW FW7 B9
INFINFLG FW8 B7 R21MARK FW2 Bl4
INRLSW FwWeé B5 R22CAFLG FW9 B7
INTFLAG FW10 Bl4 R27FLAG FWwWi11 B12
INTYPFLG FwW3 B4 R27UP1 Fwi1l Bl
ITERFLG Fw2 B13 R27UP2 Fwil B2
ITSWICH FW7 Bl4 R31FLAG FW9 B4
JSWITCH FWO0 B14 R53FLAG FWo B6
LATSW FW6 B4 R6TFLAG Fws B2
MANEUFLG FW10 B5 SBFLAG FWwW2 B3
MARKFLG Fwi1i B4 SKIPVHF Fw2 B10
MAXDBFLG Fwo B12 SLOPESW FwW1 B3
MIDIFLAG FW9 B3 SNAPFLAG FWi11 B6
MIDAVFLG FwW9 B2 SOLNSW FW5 B3
MKOVFLAG Fwa B3 SOURCFLG Fw9 B8
MRKIDFLG FWw4 B15 STATEFLG FW3 B5
MRKNVFLG Fw4 B9 STEERSW Fw2 Bl1
MRUPTFLG Fw4 B5 STIKFLAG FW1 Bl4

MWAITFLG Fw4 Bl1



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

FLAGWORD BIT ASSIGNMENTS(ALPHABETICAL)

CM-18

FOR SKYLARK

VHFRFLAG
VINTFLAG
VNFLAG
V37FLAG
V50N18FL
V960ONFLG
XDELVFLG
XDSPFLAG
. 05GSW
360SW
3AXISFLG
45/46FLG
500**FLG
501**FLG

Fw9
FW3
Fwa
FW7
FwW3
Fwsg
Fw2
Fw4
FWé
Fws
FW5
FW3
FwW3
FwW3
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FLAGWORD BIT ASSIGNMENTS FOR SKYLARK

(FLAGWORD 0) E Address 74

Bit

E BERR- N ) B B I

=]

10
11
12
13
14
15

Name
P29FLAG
NCINTFLG
FREEFLAG
CYC61FLG
NC12FLG
R53FLAG
RNDVZFLG

IMUSE
NEEDLFLG
P50FLAG
ATMFLAG
P50.1FLG
P55.1FLG
JSWITCH
Not used.

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

ATM mark sighting enabled.
Option = 1 in P50.

Option = 1 in P55.
Integration of W matrix.

(FLAGWORD 1) E Address 75

Bit
1

b - T B

10
£
12
13

14

15

Name
AVEGFLAG

GUESSW

SLOPESW

MARKFLG
TRACKFLG
IDLEFAIL
UPDATFLG

VEHUPFLG
NCLPFLG

TARG1FLG
ENG2FLAG
NODOPO1

ERADFLAG

STIKFLAG

NJETSFLG

o i

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 OWS
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

ATM mark sighting not enabled.
Option not = 1 in P50

Option not = 1 in P55.
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.

OWS state vector being updated.

Computing NCC altitude differ-
ence in P31.

Not sighting OWS
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 Name 1

1 NODOFLAG V37 not permitted.

2 CALCMAN2 Perform maneuver starting procedure.
3 SBFLAG Perform complex short burn logic.

4 PFRATFLG Preferred attitude computed.
5 REVFLAG Compute matrix in GET. LVC.

6 FINALFLG Last pass through rendezvous program
computations.

g FIRSTFLG First pass through S40. 9
ETPIFLAG Elevation angle supplied for P35.
8 XDELVFLG External Delta V VG computation.

9 IMPULSW Minimum impulse burn (cutoff time
specified).

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

y L STEERSW Steering to be done (P40).

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

13 ITERFLG 15 iterations have occurred in ITER.

14 R21IMARK Rendezvous optics marking enabled.

15 DRIFTFLG T3RUPT calls gyro compensation.

(FLAGWORD 3) E Address 77

Bit Name 1
ik DIMOFLAG W matrix is to be used.
Not used

3 VINTFLAG CSM state vector being integrated.

4 INTYPFLG Conic integration.
STATEFLG Permanent state vector being updated.

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

T CULTFLAG Star occulted.
8 PRECIFLG Precision Integration being done.
9 POOFLAG Periodic Integration is being done.

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

0
V37 permitted.
Bypass starting procedure.

Perform simple short burn
logic if burn <1 sec.

Preferred attitude not
computed.

Compute matrix and vector
in GET. LVC.

Interim pass through
rendezvous program
computations.

Succeeding pass through S40. ¢
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.

OWS state vector being
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.



Bit Name
11  501**FLG

. 12 500%*FLG
13 REFSMFLG
14 GLOKFAIL
15 V50N18FL
. Bit Name
XDSPFLAG

VNFLAG
MKOVFLAG

4 NRUPTFLG
5 MRUPTFLG
6 PINBRFLG

1 PRONVFLG
8 NRMNVFLG
9 MRKNVFLG

10 NWAITFLG

11  MWAITFLG

12 PDSPFLAG

13  NRMIDFLG
14  PRIODFLG
. 15  MRKIDFLG

Bit Name
1 RENDWFLG

2 Not used
SOLNSW

Not used
5 GRRBKFLG

CM-21

FLAGWORD BIT ASSIGNMENTS FOR SKYLARK

(FLAGWORD 3) (Continued)

1

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

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

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 RO4.

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
13
12
13
14
15

Name
3AXISFLG

ENGONFLG
Not used
Not used

NEWTFLAG
INCORFLG
Not used
Not used
Not used
DSKYFLAG

1
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
|

D G W N

10

11
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|Nong 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

Bit Name 3 1
1 TFFSW Calculate TPERIGEE.

2 ATTCHFLG Two vehicles attached. Bit
not tested by program

3 VERIFLAG Changed when V33E occurs at end of P27,
4 UPLOCKFL  K-K-K fail,
5 Not Assigned
6 V37FLAG AVERAGEG (SERVICER) running,
-4 Not Assigned
8 GONEBY Passed target.
9 RVSW Do not compute final state vector in
P time-theta,
B 10 NORMSW Unit normal input to Lambert.

11 TIMRFLAG CLOKTASK operating.
12 ASTNFLAG Astronaut has OKed ignition,

13 IGNFLAG TIG has arrived,
14 ITSWICH Accept next Lambert TPI search solution,

15 TERMIFLG Terminate R52,
(FLAGWORD 8) E Address 104

Bit Name 1
1 360SW Transfer angle near 360 degrees.

2 R67FLAG R67 rotation active.
3 V960ONFLG P00 integration has been inhibited by V96.

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

5 APSESW RDESIRED outside of PERICENTER~
APOCENTER range in time-radius.

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

7 INFINFLG No conic solution (closure through
infinity required).

8 Not used
9 UTFLAG P20 option 1, 2, or 5 selected.
10 Not used
11 Not used
12 Not used
13 NEWIFLG First pass through integration.

14 ‘Not used
15 Not used

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

-5

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

©@

© 00 =N >

10
11
12
13

14
15

Name
PCFLAG
FULTKFLG

TPIMNFLG
PTVISFLG
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 BIT ASSIGNMENTS FOR SKYLARK

(FLAGWORD 11) E address 107
Bit Name : & 0
1 R27UP1 1st pass in R27 complete. 1st pass in R27 not complete.
2 R27UP2 2nd pass in R27 complete. 2nd pass in R27 not complete.
3 TDFLAG TD angle in R27 has been computed. TD angle in R27 has not been
computed
B P25FLAG Program is P25 Program is not P25.
5 P48FLAG Program is P48 Program is not P48.
6 SNAPFLAG Inhibit R22 mark processing. Allow R22 mark processing
7 FIXFLAG R27 in optimizing mode. R27 not in optimizing mode.
8 AZIMFLAG Three-axis tracking maneuver VECPOINT tracking maneuver
9 N77FLAG Noun 77 update inhibited Allow current state to be
stored in N77.
- 10 NOUNFLG Display Noun 77 in P25 and P48 Display N76 in P25 and P48
11 CYCLFLAG R27 is still processing mark. R27 ready for a new mark.
e 12 R27FLAG Allow R27 call from P20 (V76) Inhibit R27 in P20 (V77)

g 13 Not used
B 14 Not used
15 Not used

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

- E Address 1323
Bit Meaning

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

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

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

11 Last sampled value of Channel 30 Bit 11 (0 if an IMU cage command has been produced
E by crew).

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

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

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

6 Bit is set to 1 to indicate that IMU initialization is being carried out. No Verb 37 inputs will
1 be processed while bit is equal to 1 and alarm 01520g is generated.

5 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.

B2 Bit is set to 1 to indicate failure of the turn-on delay sequence for IMU turn-on (alarm
02078 is also generated).

- Bit is set to 1 to inhibit generation of an ISS warning based on receipt of a PIPA fail signal
(Bit 13 of Channel 33).
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FLAGWORD BIT ASSIGNMENTS FOR SKYLARK

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

E Address 1324
Bit Meaning

15 Not assigned.

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

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

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

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

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

5  Bit is set to 1 in IMU Zeroing routine external to T4ARUPT while zeroing is taking place (for
an interval of about 8,22 seconds).

4-2 Not assigned.
3 5 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 T4ARUPT 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).

9  Not assigned.
8 Not assigned.

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

6  Not assigned.

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

- RCSFLAGS, a flag whose individual bits are used in monitoring the RCS/Docked DAP.
~ E Address 3130.
-~ Bit Meaning

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

14  Bit is set to 1 if rate estimates are not good and a repeat of the rate filter initialization is
4 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.

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

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

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

10,9 If either or both bits have been set to 1, there has been a change in the RHC roll command

. since the last DAP cycle. Bit 9 set to 1 to indicate beginning and end of docked DAP auto-
maneuver.

3 8,7 1If either or both bits have been set to 1, there has been a change in RHC yaw command

F since the last DAP cycle. Bit 7 set to 1 to indicate beginning and end of docked DAP

3 auto- maneuver.

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

4 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.

8,2 If (Bit3, Bit 2) = (1,1) or (1, 0), it is necessary to follow the initialization path of the
b 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.

3 3 1 Bit is set to 1 to indicate that the initial pass path in the T6 program should not be followed.
2 Bit is reset to 0 if the T6 program should be initialized.

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
- Oor4 Bits 13, 14, 15 of Channel 31 are valid
3 CMC Control FREE
2 CMC Control HOLD
3 CMC Control AUTO
5 SCS Control FREE
6 SCS Control HOLD
E 7 SCS Control AUTO
D VALUE
Oor4 Bits 4, 5 of Channel 33 are valid
lor5 Optics Mode CMC
2o0r6 Optics Mode ZERO
B Sor7 Optics Mode Manual

C31FLWRD Switch orerride can be activated by:

V21NO1E
373E
AXXDXE
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FLAGWORD BIT ASSIGNMENTS FOR SKYLARK
DAPDATRI, 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
JCONFIG - | - XTACS |- XTBD - DB: |- RATE ]
15-13 CONFIG: Configuration
0 No DAP or ENTRY DAP
i CcSM
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
0 No BD
i Use BD
6-4 DB: Deadband

0 + 0.5 degree
E + 5,0 degrees
3-1 RATE: Response to RHC, automatic maneuvers

0 0.05 degree/second
%k 0.2 degree/second
2 0.5 degree/second
3 2.0 degrees/second

* Not to be used for Skylark

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

Bits 15-13 12-10 9-7 6-4 -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

Z:I’ =5 0 Quad Failed
1 Quad OK



FLAGWORD BIT ASSIGNMENTS FOR SKYLARK

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 | XTBD | 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
1 Use Y force control for yaw.

CHSFAIL. 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
tal B4 | B3]l D4 D3 TAS] AS]cCa] c3 ]
e 00200 00100 00040 00020 00010 00004 00002 00001

0 = use specified jet

1 = inhibit specified jet

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

Bits 8 g 6 5 4 3 2 1
Ece i [ A2 T AT D3 [ D1 | B3 [ B1 ]

xiii 00200 00100 00040 00020 00010 00004 00002 00001
0 = use specified jet
1 = inhibit specified jet.
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CHANNEL BIT ASSIGNMENTS

of 5,12 seconds.

of 1/3,200 second.

INPUT CHANNEL 3

INPUT CHANNEL 4

OUTPUT CHANNEL 5

JET DESIGNATION
SM QUAD NO. /CM RING NO.

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

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

ISS Warning

SM COMMAND

TRANS/ROT DOCKED DAP
(RCS DAP) (Torque Couples Only)
+X/+P +X/+P
-X/~P -X/-P
-X/+P -X/+P
+X/-P +X/-P
+X/+Yw +X/+YwW
-X/ -Yw —X/-Yw
-X/+Yw -X/+Yw
+X/-Yy +X/-Yw
OUTPUT CHANNEL 6
SM COMMAND
TRANS/ROT DOCKED DAP
(RCS DAP) Force Control
+Z/+R +P/+R
-Z/-R -P/-R
-Z/+R -P/+R
+Z/-R +P/-R
+Y/+4R -Yy/+R
-Y/-R +Yw/-R
-Y/+R +Yy/+R
+Y/-R -Yy/-R

OUTPUT CHANNEL 11

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

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

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

CM COMMAND

o o
-P
+P
-P
Yy
-Yy
+Y,
_YW
w

CM COMMAND
+R

+R
-R
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CHANNEL BIT ASSIGNMENTS
OUTPUT CHANNEL 12

Zero Optics CDU's

Enable Optics CDU Error Counters
Not Used

Coarse Align Enable

Zero IMU CDU's

Enable IMU CDU Error Counters
Spare

TVC Enable

Enable SIVB Takeover

Zero Optics

Disengage Optics DAC

Spare

Not Used

SIVB Cutoff

ISS Turn-on Delay Complete

HO®WOoD=10 Uk q

G

OUTPUT CHANNEL 13

d Range Unit Select ¢
2 Range Unit Select b
3 Range Unit Select a
g 4 Range Unit Activity
£ 5 Not Used
56 Block Inlink
7 Downlink Word Order Code Bit
8 Not Used
S Spare
10 Test Alarms
E11 Enable Standby
12 Reset Trap 31-A
13 Reset Trap 31-B
14 Reset Trap 32
15 Enable T6RUPT

[OTE:
: 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

- BIT

1 Not Used

: 2 Spare

E 3 Spare

4 Spare

E b Not Used
6 Gyro Enable
7 Gyro Select b
E 8 Gyro Select a
k9 Gyro Sign (1 = minus)
10 Gyro Activity
11 Drive CDU 8
12 Drive CDU T
13 Drive CDU Z
14 Drive CDU Y
15 Drive CDU X

Channel 14 - Gyro Selection

a b Gyro
0 0 -
0 1 X

1 0 X
El s 5 Z
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CHANNEL BIT ASSIGNMENTS
INPUT CHANNEL 15

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

6-15 Spares

INPUT CHANNEL 16

BIT
p & 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
| § Mark Reject button
8-15 Spares
DSKY KEY INPUT KEYCODE
0 10000
1 00001
2 00010
x 3 00011
; 4 00100
‘ 5 00101
y 6 00110
i 7 00111
: 8 01000
E 9 01001
: VERB 10001
13 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
1 12 IMU CDU Fail
13 IMU Fail
! 14 ISS Turn-On Request
15 Temperature in Limits
NOTE:

All of the input signals in Channel 30 are inverted; that is, a ZERO bit indicates that
the discrete is ON.
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CHANNEL BIT ASSIGNMENTS
INPUT CHANNEL 31

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

10 - Y Translation

11 + Z Translation

12 - Z Translation

13 Hold Function

14 Free Function

15 G & N Autopilot Control

NOTE:

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

INPUT CHANNEL 32

BIT
13 + Pitch Minimum Impulse
2 - Pitch Minimum Impulse
3 + Yaw Minimum Impulse
4 - Yaw Minimum Impulse
5 + Roll Minimum Impulse
6 - Roll Minimum Impulse
4 Spare
8 Spare
9 Spare

10 Spare

il Not Used

12 Spare

13 Spare

14 Proceed (Standby button)

15 Spare

NOTE:

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

INPUT CHANNEL 33

BIT
1 Spare
2 Range Unit Data Good
3 Spare
4 Zero Optics
5 CMC Control
6 Not Used
q 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
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P00—CMC IDLING PROGRAM

Purpose:
1 To maintain the CMC in a condition of readiness for entry into other programs.
2, To update the CSM and OWS state vectors every four time steps.

Assumptions:

i 8 This program is automatically selected by V96E, which may be done during any
program,. State vector integration is permanently inhibited following V96E. Normal
integration functions will resume after selection of any program or extended verb.
P00 integration will resume when P00 is reselected. Usage of V96 can cause in-
correct W-matrix and state vector synchronization.

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

Sequence of Events:

V3TEOOE
V06N38E
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 inijtial stable member orientation for Gyrocompassing (P02).
Assumptions:

x3 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:
2 To provide the proper stable member orientation for launch.
Assumptions:

dls 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.
V78E Optional entry if launch azimuth change is desired.

Flashing XSM Launch Azimuth XXX. XX deg
VO06N29
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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:

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

2, A minimum of 45 minutes between V78E and P03 (V65E) assures proper damping
of transients.

3. In order to prematurely terminate this program and return to P02 the astronaut may
key in V34E on any flashing display.

Sequence of Events:
Zero Optics for 15 seconds.

V65E
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
V06N41 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.
CMC drives optics LOS to Target 2.

Flashing
V51




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
VO6N93 In Delta Gyro Angles Y XX.XXX deg
Z XX.XXX deg

Displays Yg) and Xgpy leveling error and Xgp 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:

: 38 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:
V3TE06E

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:

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

2. To generate an attitude error indication on the FDAI error needles, scaled for the
50/15 setting; from liftoff to the beginning of pitchover/rollout the attitude error is
equal to the difference between the current vehicle attitude and the attitude stored
at liftoff, During pitchover/rollout the attitude error is equal to the difference

between the current vehicle attitude and the AGC nominal computation of vehicle
attitude based on the stored polynomials in pitch and roll.

3. To display AGC computed trajectory parameters.
4, AGC takeover of Saturn during Boost

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

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

2, The orbit parameter display routine is available by keying in V82E,
Sequence of Events:
V75 Enter is not keyed unless the liftoff discrete fails and P11 does not start

automatically.
P11 displayed — Average G on.
V06N62  Inertial Velocity Magnitude XXXXX, ft/s
Altitude Rate XXXXX. ft/s
Altitude XXXX.X nmi

Pitch/roll polynomial start at liftoff + 10. 60 seconds.
Terminate polynomial at liftoff + 156. 60 seconds.
V82E Orbital parameter display.

Flashing Apogee Altitude XXXX.X nmi
V16N44 Perigee Altitude XXXX. X nmi
TFF XX bXX min/s
PRO
V37TEOOE

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.



P20 — UNIVERSAL TRACKING

Purpose:

: 8 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 OWS without
constraining rotation about the vector (VECPOINT). This option is
used to acquire the OWS in the SXT field of view.

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

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

Option 4 — Point a specified 8/C vector along the LOS to the OWS while
constraining rotation about the vector (three-axis). This option is
used to acquire the OWS in the SXT field of view and is automatically
enabled by the MINKEY controller.

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

2. Update the OWS or CSM State vector on the basis of optical tracking data and/or
VHF range data (Options 0 and 4 only). Update the CSM and OWS State vectors
every four time steps (Options 1, 2, and 5 only).

Assumptions:

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

2. The OWS optical beacon is visible to the CSM. (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.

V3TE20E

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 (p) 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 the new +Y axis,

COAS pointing 0°,0°

Option 0, 4
eont™® TargerBody Optics pointing = 0°, -35°
\ect ) B R °
orlcson Hds dn L.V. = 0, %0 ol ——
v Hds up L.V = 0° 270°)

(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° + N = Solar Inertial

N, is the OA X axis out-of-plane angle

PRO

Flashing Desired Rate (Option 2 only) X, KXXX deg/s
VO6NT79 Desired Deadband XXX, XX deg

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

CELESTIAL BODY TRACK (Option 1 or 5)

Flashing
VO01N70 Star ID Code 000XX

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

Flashing  Unit position vector X LXXXXX
VO6N88 of desired planet Y (XXXXX
« XXXXX
V25E to load position vector.
PRO to MANEUVER
ROTATION (Option 2)
Flashing GET at which rotation 00XXX h
V06N34 maneuver is to start 000XX min
~ 0XX.XX s

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.




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

VO06N18 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 V87E to reenable,

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

Flashing Optics angle coordinates Shaft XXX, XX deg
V06N94 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
V06N49 Delta V XXXX. X ft/s
Source Code (1—OPT, 2—VHF) 0000X

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

TERMINATE

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

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

Assumptions:
1. Can be used while CSM is in earth orbit to determine ground track of either
OWS or CSM.

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

Sequence of Events:

V37E21E
Flashing Option Code (specify vehicle) 00002
V04N06
Vehicle Code (1-CSM, 2—O0WS) 00001
CSM is assumed; if OWS is desired, V22E2E
PRO
Flashing Time Lat/Long 00XXX. h
VO06N34 000XX. min
0XX.XX 8

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
VO06N43
PRO
Flashing Select New Program.

Va7



P25—CONTINGENCY VHF RANGE RATE PROGRAM

Purpose:

1s 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:
5 18 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



Purpose:
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P27—AGC UPDATE PROGRAM

3 1% To insert information into the AGC via the digital uplink by transmission from the
ground or via the DSKY keyboard by crew manual input.

Assumptions:

1, AGC updates are of four categories:

a.
b.

c.

d.

Provide an update for AGC liftoff time (V70).
Provide an octal increment for the AGC clock only (V73).

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

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

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

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

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

Sequence of Events:
Select P00 if P00, P02, P20 (Options 1, 2, or 5) not selected.
Up Telemetry switch— Accept Enable Uplink.
Uplink Acty light — ON Program selected via Uplink. Mode window

displays 27,

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

Purpose:
1, To provide the astronaut with an estimated time of passage over a selected
longitude.
Assumptions:

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

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

Sequence of Events:

V37E29E
Flashing Option ID Code 00002
VO04N06  Vehicle Option (L—CSM, 2—OWS) 0000X
V22E to load desired vehicle code.
PRO
Flashing GET at which CMC 00XXX h
VO06N34 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 VO6N43 to change longitude.
Flashing Latitude at Longitude Crossing XXX, XX deg
VO06N43 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:

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

Assumptions:

o Target parameters (TIG and AV (LV) ) may have been loaded from the ground
during a prior execution of P27,

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

Sequence of Events:

V3TE30E
Flashing Ground Elapsed Time of Ignition (TIG) 00XXX. h
VO6N33 000XX. min
0XX.XX s
V25E to load desired TIG.
PRO
Flashing Impulsive Delta V at TIG X XXXX.X ft/s
VO6N81 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
Va7
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P31—-NC1 TARGETING

Purpose:

b I 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:

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

2, The 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 OWS orbit and the CSM at both NCC and NSR
time are specified.

8. 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.
V37E31lE
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 1G (P) XXX, XX deg

MG (Y) 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
VO06N95 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 (TPI) 00XXX h
VO6N37 000XX min
0XX.XX 8
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
VO06N84 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
VO06N81 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 OWS is selected
to be a prescribed angle (E) from the horizontal plane defined at the active position.
2, The NC2 and NCC maneuvers are constrained to horizontal maneuvers.
3. The NSR maneuver is constrained to result in coelliptic orbits following

the maneuver.
4, The following time constraints apply:
a. The TPI time and the time between NCC and NSR maneuvers are specified.

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

5. The altitude between the OWS orbit and the CSM at NSR is specified,

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

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

8. The external Delta V flag is set during this 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 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 IG (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
VO6N28 000XX min
0XX.XX s
V25E to load desired TIG.
PRO
Flashing Blank
VO6N57 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
VO6N37 000XX min
0XX.XX s
V25E to load desired TIG.
PRO
Flashing Mark Counter (VHF — Optics) XXbXX
V16N45 Time from Ignition TFI (NC2) XX bXX 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
VO6N84 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 X 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 (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:
1. This program is based upon previous completion of the NC2 Targeting program

(P32). Therefore:

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

b. The NCC and NSR maneuvers were assumed to be paralled to the plane
of the OWS orbit. However, the N81 display is modified to establish an
antinode at NSR.

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

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

4, This program may be selected manually or internally by the MINKEY controller,
Sequence of Events:

If entered automatically by MINKEY controller, go to MANEUVER,
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

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
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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
VO06N37 000XX min
0XX.XX s
V25E to correct desired TIG,
PRO
Flashing Mark Counter (VHF — Optics) XXbXX
V16N45 Time from Ignition TFI (NCC) XXbXX 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
VO6N82 In Local Vertical Coordinates Y XXXX.X ft/s
Z XXXX.X ft/s
PRO
Flashing  Delta V at TIG (NCC) X XXXX.X ft/s
VO6N81 in Local Vertical Coordinates Y XXXX.Xft/s
z XXXX.X ft/s
PRO If Final flag is reset go to previous Flashing V16N45,
Flashing  Mark Counter (VHF — Optics) XXbXX
V16N45 TFI (NCC) XXbXX 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:

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

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

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

Therefore:

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

b. The NSR maneuver is assumed to be parallel to the plane of
the OWS orbit. However out-of-plane parameters are computed
for TIG (NSR) and are available by keying 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 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
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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
VO06N13 000XX min

0XX.XX 8
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
VO06N81  Local Vertical Coordinates Y XXXX.Xft/s
Z XXXX.Xft/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 (TPI) 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 actice, W-matrix reinitialization is performed and the
appropriate burn program is initiated.

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

Flashing
V37 Select New Program (manual sequence)
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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 (TP]) or the Elevation angle (E) of the CSM/OWS 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:

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

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

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

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

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

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

6. The external Delta V flag is reset 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.




P35 (continued)

Sequence of Events:

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

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

Flashing MINKEY Rendezvous Option
V50N25 Checklist Code 00017

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

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

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

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.

TARGETING
Flashing GET of TPI Ignition TIG (TPI) 00XXX h
VO06N37 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/OWS LOS and the CSM local horizontal at TIG
(TPI). E should = -+00000 if E is to be computed at TIG specified.
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P35 (continued)

PRO
Flashing  Mark Counter (VHF — Optics) 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
VO6N81 Local Vertical Coordinates Y XXXX.Xft/s
Z XXXX.X ft/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 V06N81
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
fogx CSM execution of the next midcourse correction of the transfer phase of a
CSM rendezvous.

Assumptions:

1% 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,

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

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

3. The time of intercept (T (INT) was defined by previous completion of the Transfer
Phase Initiation (TPI) program (P-35) and is presently available in AGC storage.

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

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

6. The Delta V in LV coordinates is available in N81.
1. 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 IG(P) 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) XXbXX
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.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) XX bXX
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
Va7 Select New Program (manual sequence)
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P37— RENDEZVOUS FINAL PHASE PROGRAM

Purpose:
5 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 OG(R) - 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 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.
V37TE38E
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

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.
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TARGETING
Flashing Time of Ignition (last maneuver) 00XXX. h
VO06N39 000XX, min
0XX.XX s
V25E to modify TIG.
PRO
Flashing GET of PC Ignition TIG (PC) 00XXX h
VO06N33 000XX min
0XX.XX s
V25E to modify TIG.
o k Optics) XXbXX
Flashing Mark Counter (VHF— cs|
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) XX bXX 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-axkis 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.

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

Purpose:

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

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

a., The present IMU orientation (not recommended if middle gimbal angle is

greater than 45 degrees). If the IMU has not been aligned within the last
3 hours, realignment is desirable.

b. A new orientation achieved by selection of P52,

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

Assumptions:

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

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

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

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

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

5. The SPS thrusting program 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, md 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.

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

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

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

Sequence of Events:

If entered automatically by MINKEY controller, go to Flashing V50N18,

Maneuver to pad burn attitude and check SXT and boresight stars using optics angles on pad.
V3TE40E

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

Request maneuver to computed burn attitude,
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P40 (continued)

PRO
VO06N18 Same as N18 above.
Maneuver is in process; final FDAI angles displayed.

Flashing Same as N18 above,
V50N18 Automaneuver is completed.

SCS-GDC aligned to IMU for backup attitude reference.

SPS gimbal drive motors energized.

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

PRO

Flashing 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 degrees; 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 V06N40 resumes at TIG -30 seconds,
Average G on.
Ullage initiated with THC if required.
Flashing Same as N40 above at TIG -5 seconds.

V99N40 Astronaut approval of ignition requested.
PRO Ignition approved.
V06N40 Same as N40 above.

Ignition at TIG,
TVC DAP activated.
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.Xft/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 XXXX, X nmi
V16N44 Pericenter Altitude, Hp XXXX, X nmi
TFF XXbXX min/s

PRO
Flashing Select New Program
V37
Average G off,



Purpose:
1,

3.

P41-RCS PROGRAM

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

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,

Provide suitable displays for manual execution of the thrusting maneuver.

Assumptions:

1.

7.

V3T7E41E

PRO

y ENTER

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.

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

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
VO06NS1E.,

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.

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,

VO6N18 Same as N18 above.

Automaneuver in process; final FDAI angles displayed.

Flashing Same as N18 above. Maneuver is complete.

V50N18
V16N85 Velocity to be Gained in Control X XXXX. X ft/s
System (body) Coordinates (Vg) b'é XXXX. X ft/s
Z 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)

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

Flashing
V37 (Manual Sequencey
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:
1. To monitor vehicle acceleration during a non-GNCS-controlled thrusting maneuver,
v 94 To display the Delta V applied to the vehicle by this thrusting maneuver,
Assumptions:
p 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. Ehe Orbit Parameter Display routine may be called during this program by keying
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:

V3TE4TE
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
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P47 (continued)

Flashing Same as N83 above.

V16N83
V83E Rendezvous parameter display at crew option.
Flashing Range of CSM to OWS XXX, XX nmi
V16N54 Range Rate XXXX.X ft/s
Angle Between CSM +X Axis and XXX.XX deg

PRO

Local Horizontal (Theta)

V85E  Rendezvous parameter display at crew option,

PRO

Flashing Range of CSM to OWS XXX. XX nmi
V16N53 Range Rate XXXX. X ft/s
Angle Between Optics SLOS and the XXX, XX deg

Local Horizontal (PHI)

V82E  Orbital parameter display.

PRO

PRO

Flashing Apocenter Altitude XXXX, X nmi
V16N44 Pericenter Altitude XXXX. X nmi
TFF XX bXX min/s

Flashing Same as N83 above.
V16N83

Flashing Select New Program.,
V31,

Average G off,

P48 RENDEZVOUS THRUST MONITOR PROGRAM

Purpose:
15 To display to the astronaut range and range rate from a source independent of vehicle
state vectors.
2. To display CMC calculated values of theta.
3. To allow the astronaut to select a time at which the rendezvous range rate will be
optimized. Optimization is then repeated at four minute intervals.
4. To monitor vehicle acceleration during a non-GNCS controlled thrusting maneuver.
Assumptions:
) ¥ 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 V82E
5. This program is normally used during rendezvous final phase.
6. This program should be turned on a few minutes prior to the planned thrusting

maneuver to allow for range rate convergence, and terminated as soon as
possible after the maneuver in order to keep IMU compensation and average
G computation errors at a minimum.
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Sequence of Events:

V3T7E48E
Average G on.
Flashing Current R27 Range XXX. XX nmi
V16N77 Current R27 Range Rate XXXX.X ft/s
R27 Theta XXX, XX deg.

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

V32E
Flashing Optimized Range XXX, XX nmi
V16N76 Optimized Range Rate XXXX.X ft/s
Time to Optimization (TFO) XXbXX min/s
PRO
Flashing
V16N83 Delta Vx (body) XXXX.X ft/s
Delta Vy (body) XXXX.X ft/s
Delta Vz (body) XXXX.X ft/s

V32E. To reinitialize: If the optimization time is loaded to non-zero recycle to flashing
V16N70 otherwise the recycle is to the flashing V16N77 display.
PRO To terminate

Flashing
Va7 Select new program.

P50 — ATM ORIENTATION DETERMINATION PROGRAM

Purpose:

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

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

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

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

3. Three options are available

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

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

c. Option 3 - Independent source is used to determine ATM orientation.
4, ATM must be in solar inertial attitude for Options 1 and 2.

5. Astronaut must record star tracker gimbal angles at time of mark in
Option 2, These are used as input (N14) later in the program.

6. The IMU must be aligned for Options 1 and 2.




P50 (continued)

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

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

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

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

Sequence of Events-

V3T7ES0E

Flashing Option ID code 00012
V04N06 Marking option 0000X

X=1, ATM sun sensor
2, ATM sun sensor and Star Tracker
3, Docking angles from independent source

PRO Option 3 Go to Flashing V06N23 display

Flashing Request mark

V51
Verify OA in solar inertial attitude and if option 2, verify
star acquisition by star tracker.

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

Flashing Checklist code 00016
V50N25

PRO Option 1  Go to Flashing VO6N23 display.

Flashing Sensor/celestial body code 00CDE
VOINT1
C=0, optics sighting
1, ATM sun sensor sighting
2, ATM star tracker sighting
DE=Celestial body code. 04, 14, or 25 are expected for
star tracker sightings.

PRO
Flashing Star tracker azimuth (outer gimbal) 0XXXX arc min
VO06N14 Star tracker elevation (inner gimbal) 0XXXX arc min
V24E Load S.T. gimbal angles recorded at mark.
PRO
Flashing Docking angles a XXX. XX deg
VO06N23 (Euler angles of ATM system B XXX. XX deg
with respect to NB) Y XXX. XX deg
V25E  Load docking angles if Option 3.
PRO

Flashing
V37 Select new program.
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Pirpose: P51 — IMU ORIENTATION DETERMINATION PROGRAM
1. To determine the inertial orientation of the IMU using sightings on two celestial
bodies using the scanning telescope or the sextant, the ATM sun sensor, or the
ATM star tracker.

Assumptions:

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

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

3. If the ATM sun sensor is used as a source of sighting data, CSM must be
docked to orbital assembly, ATM must be in solar inertial attitude, and
ATM orientation with respect to nav base must be known,

4, Any proportional set of components may be loaded into N88, However,
unit vectors are 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 1G 000.00 deg
MG  000.00 deg

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

Flashing

V51 Request mark.

Orbital assembly in solar attitude. Star tracker and sun sensor locked on
ZERO OPTICS for 15 seconds,
OPTICS Mode — Manual
MARK If Star Tracker, Record star tracker gimbal angles

Flashing Checklist Code 00016
V50N25 Request terminate mark sequence.
MARK REJECT and recycle to Flashing V51 if not satisfactory.
PRO
Flashing Sensor /Celestial body code 00CDE
VOINT1
C=0, Optics sighting
1, ATM Sun Sensor sighting
2, ATM Star Tracker sighting
DE=Celestial body code. 04, 14 or 25
are expected for Star Tracker sighting.
PRO If C #2 and DE =0, go to Flashing V06N88
If C #2 and first mark, recycle to Flashing V51
If C #2 and second mark, go to Flashing VO6N05
Flashing Star Tracker Azimuth (outer gimbal) 0XXXX arc-min.
V06N14 Star Tracker Elevation (Inner gimbal) 0XXXX arc-min
PRO If DE # 0 and first mark, recycle to Flashing V51
If DE # 0 and second mark, go to Flashing VO6N05
Flashing Unit Vector Specifies Planet X « XXXXX
VO6N88 Position Y XXX
Z XXX
V25E to Load Planet vector.
PRO If first mark, recycle to Flashing V51
Flashing Star Angle difference* XXX, XX deg
V06N05 Star Angle (Measured) XXX, XX deg



PRO V32E to recycle to start of program,
REFSMMAT flag set.
Flashing Select New Program,
V317

* Acceptable N05 Limits

STAR/STAR SXT 0.03°
SCT 0.11° )
STAR/PLANET  SXT 0.1gc CoMIMU alignment only.

SCT 0.21°

P52 — IMU REALIGN PROGRAM

Purpose:

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

a. Preferred Orientation (00001)

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

b. Nominal Orientation (00002)
Xgm = Unit gy X Zgyy)

YSM =Unit (VX R)

ZSM = 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).

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.

= i 0 0 ]
XSM = Unit (XSMO cos 45° + YSMO sin 45°) for first maneuver
- i T g, 0
XSM = Unit (XSMO cos 45 YSMO cos 45°) for second maneuver

gy = Unit Zgy x Xgpp

Zgm = Zsmo

where subscript '0' refers to the orientation existing before the alignment.
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P52 (continued)

Assumptions:

1.  The configuration may be SIVB/CSM, SKYLAB/CSM, or CSM, The present
configuration should have been into the CMC by completion of either R03 or
R04 and either V45 or V46 (depending on configuration).

2, If the CMC Mode switch is in CMC-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 starts either manually by crew input or automatically under AGC control.

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

V37TES52E
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 0G XXX.XX deg
VO6N22 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
VO6N34 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 0oG XXX, XX deg
VO06N22 Orientation at Present Vehicle 1G 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.




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 Sensor/Celestial body 00CDE
VOINT70
C=0, Optics sighting
1, ATM Sun Sensor sighting
2, ATM Star Tracker sighting

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

V21E to Load Sensor and star code.
ZERO OPTICS for 15 seconds
OPTICS Mode - CMC

PRO  If C =0 and DE #0, go to VO6N92 display.
If C #0 and DE #0, go to Flashing V51.

Flashing Unit vector specifies X XXX
VO06N88 Planet Position Y .XxXxXxXxX
Z XXX
V25E to specify desired planet vector.
PRO If C #0, go to Flashing V51
VO6N92 Desired Optics Angles Shaft XXX. XX deg
Trunnion XXX. XX deg

CMC drives optics LOS to target.
OPTICS Mode - Manaul

Flashing Request MARK
V51
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P52 (continued)

Verify OA in Solar-Inertial attitude and/or Star Tracker star is acquired if ATM marking.
MARK If Star Tracker sighting record Star Tracker gimbal angles.

Flashing Checklist code 00016
V50N25 Request terminate mark sequence

MARK REJECT and recycle to Flashing V51 if not satisfactory

Flashing Same as N70 above 00CDE
VOINT1

V21E if sensor/celestial body code incorrect.
PRO If C #2 and DE = 0, go to Flashing VO6N88

If C #2 and first mark, recycle to MARK SEQUENCE
If C # 2 and second mark, go to Flashing V06N05

Flashing Star Tracker Azimuth (Outer gimbal) 0XXXX arc min
VO06N14 Star Tracker Elevation (Inner gimbal) 0XXXX arc min

V24E to Load recorded gimbal angles
PRO If DE # 0 and first mark, recycle to MARK SEQUENCE
If DE # 0 and second mark, go to Flashing VO6N05

Flashing Same as N88 above,
VO6N88

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

Flashing Star Angle Difference* XXX, XX deg
VO06N05 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
VO6N93 The stable member > 4 XX, XXX deg
Z 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°

CSM OPTICS Only.




P53 — BACKUP IMU ORIENTATION DETERMINATION PROGRAM

To determine the inertial orientation of the IMU using a backup optical device,
the ATM sun sensor, or the ATM Star Tracker.

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

Perform Celestial Body Acquisition,
ENTER To bypass coarse align, PRO to Flashing VO6N94,

Desired Gimbal Angles
to Coarse Align to

No Att light off when coarse align complete,
Optics Angle Coordinates
for Alternate LOS

V24E to load LOS coordinates. COAS Nominal Shaft

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:

00015

XXX, XX
XXX, XX
XXX, XX

XXX.XX deg
XX, XXX deg

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

Terminate Mark Sequence

Key ENTER to reject mark and recycle to Flashing V53.
Sensor/ Celestial body code

ATM Sun Sensor sighting
, ATM Star Tracker sighting

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

If C # 2 and DE = 0, go to Flashing VO6N88
If C # 2 and first mark, recycle to Flashing VO6N94
If C # 2 and second mark, go to Flashing VO6N05

Star Tracker Azimuth (Outer gimbal)
Star Tracker Elevation (Inner gimbal)

V25E to Load recorded gimbal angles
If DE # 0 and first mark, recycle to Flashing VO6N94
If DE # 0 and second mark, go to Flashing VO6N05

Unit Vector Specifies
Planet Position

N M

00016

00CDE

0XXXX arc min
0XXXX arc min
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P53 (continued)

PRO If first mark, recycle to Flashing VO6N94,

Flashing Star Angle Difference*
VO06N05 Star Angle (measured)

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

Flashing Select New Program,
V37

* Acceptable NO5 Limits

STAR/STAR COAS 0.70°
STAR/PLANET  COAS o0,72° CSM Optics Only.

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

Purpose:

1, To align the' IMU from a "known' orientation to one of three orientations selected
by the astronaut using sightings on two celestial bodies with a backup optical
device; the ATM sun sensor, or the ATM star tracker.

a, Preferred Orientatim (00001)

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

b.  Nominal Orientation (00002)
Koy = Unit (Vg X Zgp)
Yy = Unit (V x R)
Zigyy = Unit (-R)
where

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

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

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

Assumptions:

1.  The docked configuration may be SIVB/GSM, SKYLAB/CSM, or CSM. The present
configuration should have been entered into the CMC 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.

3. If the ATM sun sensor is used as a source of sighting data, CSM must be docked
to orbital assembly, ATM must be solar inertial attitude, and ATM orientation
with respect to the Nav Base must be known.

4, If ATM star tracker is used as source of sighting data, CSM must be docked to
orbital assembly, and ATM orientation with respect to the Nav Base must be known.
Sequence of Events:
V3TE54E

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
VO06N34 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 oG XXX, XX deg
VO06N22 Orientation at Present Vehicle I1G 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.




P54 (continued)

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 Sensor/Celestial body code 00CDE
VO1N70

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

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

V21E to Load Sensor and Star code

PRO  If DE # 0, go to Flashing VO6N94

Flashing Unit Vector Specifies
VO6N88 Planet Position

V25E to Load desired planet vector.
PRO

Flashing Optics Angles for Alternate LOS  Shaft XXX.XX deg
V06N94 Trunnion XX, XXX deg
COAS Nominal: Shaft +00000
Trunnion +57470

V24E to Load LOS coordinates.
PRO

Flashing
V53 Request Mark

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

ENTER Does alternate LOS mark
If Star Tracker Sighting record Star Tracker gimbal angles.

Flashing Checklist Code
V50N25 Terminate Mark Sequence

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

Flashing Same as N70 above
VOINT1

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

PRO If C # 2 and DE=0, go to Flashing VO6N88
If C #2 and first mark, recycle to MARK SEQUENCE
If C #2 and second mark, go to Flashing VO6N05

Flashing Star Tracker Azimuth (Outer gimbal) 0XXXX arc min
VO06N14 Star Tracker Elevation (Inner gimbal) 0XXXX arc min

V24E to Load recorded gimbal angles

PRO If DE # 0 and first mark. recycle to MARK SEQUENCE
If DE # 0 and 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
VO06N05 Star Angle (Measured) XXX.XX deg
PRO If NO5 unsatisfactory, V32E and go to RECHECK.
Flashing Gyro Torque Angles to Fine Align X & XX XXX geg
le Memb Y XX.XXX deg
VO06N93 Stable Member z XX s

CMC Mode Switch — Free
(Avoids maneuvering vehicle when torquing gyros.)
PRO Torques 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
Terminate Program
Flashing Select New Program
Va7

*Acceptable NO5 Limits

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




P55—ATM STAR TRACKER GIMBAL ANGLE PROGRAM

Purpose:

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

Assumptions:
8 The ATM orientation determination program (P50) has been done prior to the selection
AT™

of this program to determine the ATM sensor attitude (Y ATM and Z
2, Two options are available
' T Option 1 - Use IMU orientation to determine ATM Star Tracker gimbal angles.

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

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

ATM must be in solar inertial attitude in order to use Option 2.
The CSM must be docked to the orbital assembly.

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

Any proportional set of components may be loaded into Noun 88. However, unit
vectors are recommended.
Sequence of Events:
V3TE55E

Flashing Specify P55 Option
V04N06 Option Code

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

PRO To appropriate Option.

OPTION 2  Celestial Body, optics mark, and ATM Solar-inertial attitude
Flashing
V51 Please Mark

OPTICS Zero - to OFF

MARK

Flashing Checklist Code
V50N25 Terminate Marking

Flashing Sensor/Celestial body code

VO1INT1
C=0, Optics used for sighting
DE=Celestial body code

V21E to Load Sensor/Celestial body code marked on
PRO If DE # 0, go to Flashing VOIN70

Flashing Unit Vector specifies
VO6N88 Planet position




P55 (continued)

OPTION 1

Flashing Sensor/Celestial body code 00CDE
VO1INT70

C need not

1, ATM Sun Sensor sighting be specified

2, ATM Star Tracker sighting

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

V21E to Load desired celestial body code
PRO If DE #0, go to Flashing VO6N14

C=0, Optics sighting }

Flashing Unit Vector specifies X LXXXXX
VO6N88 Planet position (Star Tracker target) Y .XxXxXxxX

PRO Z XXXXX
Flashing Star Tracker Azimuth (Outer gimbal) 0XXXX arc min
VO06N14 Star Tracker Elevation (Inner gimbal) 0XXXX arc min

For alternate star recycle V32E to OPTION 1
PRO For outer gimbal angle in octal

Flashing Star Tracker Azimuth (octal) 0SABC
V04N19 00DEO
ABCDE = Absolute value of Azimuth (octal)
S = Sign bit, 0 = "+

1=r1_n
PRO V32E to recycle to OPTION 1

Flashing Select new Program
V37
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P61 — ENTRY — PREPARATION PROGRAM

Purpose:

h 3% To start navigation, check IMU alignment, and provide entry monitor system
initialization data.

Assumptions:

s 53 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
VO06N61 Impact Longitude XXX, XX deg

Roll Attitude Code +0000X
X = +1 — heads up/1ift 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 XX bXX 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.

S




P62 — ENTRY — CM/SM SEPARATION AND PREENTRY MANEUVER PROGRAM

Purpose:
) O 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:

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

2, The IMU is satisfactorily aligned for entry.

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

4, The astronaut may monitor N63 (RTOGO, VIO, TFE) by keying in V16 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/1ift 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 OG(R) XXX, XX deg
IG (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,

V06N64 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 (V) XXXXX, ft/s
Altitude Rate of Change (HDOT) XXXXX. ft/s
V16N63E
V16N63 Range from EMS Altitude (RTOGO) XXXX. X nmi
Inertial Velocity at EMS Altitude XXXXX. ft/s
Time to go Until EMS Altitude XX bXX min/s
V16NT74E
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.

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

G&N System senses 0.05g drag acceleration,
AGC advanced to P64,
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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:
15 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:

s 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:

: 39 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 (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 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.




P66—ENTRY — BALLISTIC PROGRAM

Purpose:
1, To maintajn CM attitude during ballistic (skip out) phase for atmospheric reentry.
2, To sense reentry (drag acceleration builds up to Q7 + 0.5 ft/s2 or approximately
0.2g) and thereupon to select the Entry-Final Phase program (P67).
Assumptions:
1, This program is automatically selected by the Entry—Upcontrol program (P65)
when drag acceleration becomes less than Q7 ft/s2.
Sequence of Events:
P66 is entered automatically from P65,

VO06N22 Desired Gimbal Angles 0oG XXX, XX deg
to Orient the Vehicle to 1G 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
V16N68SE
V16N68 Commanded Bank Angle (Beta) XXX.XX deg
Inertial Velocity (VI) XXXXX, ft/s
Altitude Rate (HDOT) XXXXX, ft/s
V16N74E
V16NT74 Commanded Bank Angle (Beta) XXX, XX deg
Inertial Velocity (VI) 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 y,
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:
y 18 The program is automatically selected by:
e 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/ 32 (or approximately
0.2g).

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

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

VO06N66 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 (V) 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
V16NT74E
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,




P77—CSM VELOCITY VECTOR UPDATE

Purpose:

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

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

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

2, R03 should be performed after P77 to update CSM mass.
3. The contents of N81 is the same as the previous value at entrance to P77.

Sequence of Events:

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 XXX XHt/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
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R07—MINKEY CONTROLLER ROUTINE

Purpose:
i 1 To perform automatic sequencing of rendezvous programs.
2, To establish Universal Tracking program (P20) Option 4, with present values for P20
displays.
Assumptions:

2 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)

j 28 Start rendezvous navigation (P20) Option 4, with optics tracking assumed;
maneuver to track attitude and enable VHF ranging and state vector updating.

2, Perform NC1 targeting computations.
3. Inhibit rendezvous navigation.
4, Select a burn program, *

5. Select NC2 targeting (232).

P32 (NC2 Targeting)

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

2, Perform NC2 targeting computations.
3. Inhibit rendezvous navigation,
4, Select a burn program*,

5. Select NCC Targeting P33.

P33 (NCC Targeting)

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

2, Perform NCC targeting computations,
3. Inhibit rendezvous navigation.
4, Select a burn program*,

5. Select NSR targeting (P34)

P34 (NSR Targeting)

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

2, Perform NSR targeting computations,
3. Inhibit rendezvous navigation.
4, Select a burn program*,

5. Select TPI targeting (P35).

P35 (TPI Targeting)

p 178 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).

UI:#WN
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RO7 (continued)

P36 (TPM Targeting)

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

Perform TPM targeting computations and reinitialize W matrix.

Inhibit rendezvous navigation

Select a burn program*

G oA W N

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

P37 (Rendezvous Final Phase)

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

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

P38 (NPC Targeting)

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

2. Perform PC targeting computations.
3. Inhibit rendezvous navigation.
4, Plane change realignment option:
a, If PC Delta V =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.

&

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

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

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

The following erasable program and procedures have been developed to extend the capability of
the Skylark software and to provide workarounds in the event that hardware malfunctions limit
normal use of the G&N system.,

SL-1 RECOVER ANGLE PHI AT TD
Assumptions/Limitations:
f i R27 is operating in optimization mode
s Execution is constrained to occur in the interval T + 10 seconds to T, + 85 sec.
7 The procedure should not be executed during a targeting comp cycle.
= A restart occuring after execution could result in an erroneous PHI.

W LN

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 Ty. This procedure calls the job which performs the computation of PHI for
the designated optimization time.

SL-2 SOFTWARE RESTART.
Assumptions/limitations: None,

DESCRIPTION: In preference to the hardware restart of V69 a software restart (bail-
out alarm 31211) can be initiated by executing a waitlist call to the MKABORT routine.

SL-3 GDC REFSMMAT DETERMINATION.

Assumptions/limitations
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. Refer to CSM G&C check-
list G3-20.

SL-4 BACKUP OPTICS VARIANCE.

Assumptions/limitations
1. SXT or SCT usable — may be immobile (if IMU good).
2. GDC inertially referenced if IMU failed (complements SL-3).

DESCRIPTION: Increased uncertainty in mark data due to a degraded IMU or optics, or
when GDC inertial reference is used, can be compensated for by using the COAS variance
(ALTVAR) rather than the SXT variance (SXTVAR).

SL-5 MARK TAKING WITH MARK BUTTON FAILURE,

Assumption/limitations
1 A MARK switch short precludes use of the NAV DSKY keyboard for other than
performing optical marking.

DESCRIPTION: Interrupt processing of the NAV DKSY key inputs also results in storage
of MARK data. Normal MARK logic can be activiated by a waitlist call to routine MARKDIF
in the event of an open MARK switch failure. A shorted MARK switch failure merely re-

quires depression of a NAV DSKY key which is interpreted as a MARK. Refer to CSM
G&C checklist G4-15.




SL-6

SL-9

SL-15

SL-21

SL-22

CMC ERASABLE MEMORY PROGRAMS (con't)

DSKY DISPLAY OF VHF RANGE DURING P37

Assumptions/limitations
£ % 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
18 Any V37 major mode change will disable SL-9.
. TVC DAP does not operate normally.
Entry programs do not operate normally.
. Maneuver to actual gimbal lock will cause an IMU dump.

2
3
4

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
15 Automatic acquisition of range marks cannot be accomplished,
2. Cannot be activiated while a MARK is being processed.
- B 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.

Refer to CSM G&C Checklist — G2-10



SL-23

SL-26

SL-27

SL-28

CM-94

CMC ERASABLE MEMORY PROGRAMS (con't)

MONITOR JET-ON FAILURE,

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

DESCRITPION: DAP attitude errors are sampled once per second to determine if the
DAP deadband has been execeeded by an amount specified in 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).

25 W matrix is invalid and will not be integrated.
8. 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/limitatings
: 18 Pre-TPI rendezvous targeting programs agmd self-check are not operating,
2. Effective CDU rate detection limit is 16.8" /second during high bit rate and
20 /second low bit rate.
S, 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 procedureowhich 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
b 3 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 com-
pute a final set of N20 Euler angles which would result from gyro torquing of the IMU
stable member. The GDC can then be aligned to the resulting N20 angles thus accom-
plishing a GDC REFSMMAT REALIGN,

SL-51 COMBINED RATE PROGRAM FOR ORBITAL ASSEMBLY MANEUVER,

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

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

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

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

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

SL-52 CHECKSUM ON VAC AREA STORAGE
Assumptions/limitations: None

DESCRIPTION: This program does an erasable sum check on the VAC AREA storage
cells, It is designed to be used with SL-51 which uses VAC AREA storage for the pro-
gram, Since SL-51 is loaded prior to power down its integrity can be checked after
power up using this program.
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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
Selection of Vehicle Configuration, X
Translation Quad Preference, Maneuver
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 sec

8

S-0dsv

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

XXX, XX deg




HLDFLG

1GC

IMDE 30

IMDE 33

INTEG TIME

MGC

No6

OMGAC

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 RA.

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 Intagrated

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 o .

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)

)(XJ‘CX.Xs

X. XXX deg

8

H M S
XXX: XX: XX, XX

XXX. XX deg

X. XXX deg

X. XXX deg

XX.XX deg/sec

RCSFG

REDO

RSBBQ

SITE

SLOPE

STARID1
STARID2

TCMSV

TEVNT

TIG

TGO
TOWSV

UPFST
UPSW
UTPIT

UTYAW

VB

VGIMU

VHF

WARN
WCHDAP

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

Counter Indicating Number of Hardware
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 1. 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 Orbital Workshop
State Vector

Block Inlink Discrete Status
Uplink Accept/Block Switch Status

P20 Pitch Coordinate Defining S/C Pointing
Vector (SCAXIS). (New X Rotation About
Rotated S/C Y axis, Rotation Ordered

Yaw, Pitch).

P20 Yaw Coordinate Defining S/C Pointing
Vector (SCAXIS). (X Rotation about 8/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.

o000

X.XXX deg/sec/deg

XXXXXs

XXXXX g

H M S
XXX: XX: XX, XX
H M S
XXX: XX: XX, XX
BOTMSS 8
XXX: XX: XX, XX
B M S
XXX: XX: XX, XX
H M s

XXX: XX: XX, XX

XXX.XX deg

XXX, XX deg

XXXX.X ft/sec

9-0dSY




LAUNCH & BURN SCHEDULE

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




LB-2
PRELAUNCH IMU COMPENSATION

GYRO DRIFTS PIPA .
POSITION | NBD ADIA ADSRA BIA§ o
(meru) (meru/g) (meru/g) (ft/s") F‘?CTOR
ppm)
%
Y
z
IMU COMPENSATION UPDATES
TIME OF UPDATE
POSITION | frigru) BIASP(Ifl:ﬁs, ) : e
X
Y
z
X
Y
z
%




SKYLAB 2 POWERED MANEUVER SUMMARY

Time of burn initiation
Bt Pe TR nrimimsce | dmii | anersiviee| | e | rson | igping | ltdg | SRS Longace, | Nesuta
sec deg n. mi.

SI-1 lift-off May 14 134 [17:30:00.0 |-00:23:29:36.0 | 00:00:00:00.0| -- | -- - Day - 28.45 - 80.60 -
Insertion May 14 135 | 17:39:47.8 |-00:23:19:48.2 | 00:00:09:47.8 1 | -- - Day 233.9 39.47 - 66.18 | 232.0/234.8
SL 2 lift-off May 15 135 |16:59:36.0 | 00:00:00:00.0 [ 00:23:29:36.0]15 | -- - Day - 28.47 - 80.62 -
Insertion May 15 135 [17:09:25.8 | 00:00:09:49. 8 | 00:23:39:25.8|15 | - -- Day 81.0 39.01 - 65.32 | 81.0/120.1
CSM/S-IVB separation®| May 15 135 [17:15:36.0 | 00:00:16:00.0 | 00:23:45:36.0| 15 3.0 7.4 Day 83.0 49.10 - 33.98 | 81.0/121.6
Phasing 1 (NC1) May 15 135 119:19:47.9 | 00:02:20:11.9 | 01:01:49:47.9 |16 |218.9 | 9.6 Night 121.4 -34.37 73.68 | 121.4/204.7
Phasing 2 (NC2) May 15 135 |21:35:39.3 | 00:04:36:03.3 [01:04:05:39.3(17 |160.6 | 6.9 Day 204.6 34.36 -140.61 | 203.8/213.5
Corrective combination | May 15 135 | 22:21:48.5 | 00:05:22:12.5 | 01:04:51:48.5 18 30.5( 1.2 Night 213.3 -34.73 27.92 | 213.2/223.1

(NCC)
Coelliptic (NSR) May 15 135 |22:58:48.5 | 00:05:59:12. 5 | 01:05:28:48. 5|18 19.1 0.7 Day 223.4 9.09 170. 64 222.3/223. 6
Terminal phase ini- May 15 135  [23:49:14.7 | 00:06:49:38.7 | 01:06:19:14. 7|19 20.6 Night 224.2 -18.98 - 12.97 | 224.1/234.2

tialization (TPI)
Terminal phase final- | May 16 136 100:22:52.1 | 00:07:23:16.1|01:06:52:52.1 |19 | d27.9 65.4 Day 232.8 -18.59 125.31 | 232.0/235.2

ization (TPF)¢ .
Docking May 16 136 1 00:39:36.0 | 00:07:40:00.0 | 01:07:09:36.0 | 19 | -- - Day 233.6 31.16 167.80 | 232.0/235.2
Orbit trim 1-PM© May 16 136 |15:22:59.7 | 00:22:23:23. 7 | 01:21:52:59. 7| 28 0 Night 234.1 -26. 70 117.69 | 232.0/235.2
Orbit trim 1-RN® May 16 136 |16:09:35.7 | 00:23:09:59. 7 | 01:22:39:35. 7 | 29 0 0 Day 233.4 26. 80 - 74.03 | 232.0/235.2
Orbit trim 2- PM® May 23 143 112:08:42.4 | 07:19:09:06.4 | 08:18:38:42.4 (127 | 0.4 | 6.4 Night 233.8 -47.92 167.94 | 231.2/237.0
Orbit trim 2-RN® May 23 143 [12:55:20.2 | 07:19:55:44.2 |08:19:25:20.2 [128 | o 0 Day 232.4 48.01 - 23.41 | 231.2/237.0
Orbit trim 3-PM® June 8 159 112:02:00.6 | 23:19:02:24.6 | 24:18:32:00.6 358 | 3.1 | 49.8 Night 231.5 -14.95 171.08 | 227.8/240.6
Undocking June 12 164 [12:46:55.0 | 27:19:47:19.0 | 28:19:16:55. 0 |416 | -- - Dawn 227.0 42.30 -160.35 | 227.0/241.1
Separation June 12 164 |18:33:37.0 | 27:20:34:01.0 | 28:20:03:37.0 |417 | 5.0 | 11.5 Dusk 237.6 -46.06 74.19 | 224.5/240.4
Shaping (SPS-1) June 12 164 |14:01:22.4 | 27:21:01:46.4 |28:20:31:22. 4 |417 |264.1 11.0 Night 227.9 9.02 137.05 | 90.4/229.6
Deorbit (SPS-2) June 12 164 117:03:01.0 | 28:00:03:25.0 |28:23:33:01.0 (419 |193.8 | 7.8 Night 226.8 11. 71 93.19 | -12.7/229.6
Landing June 12 164 17:44:07.0 | 28:00:44:31.0 [29:00:14:07.0 |419 | - - Day -- 26.78 -130. 09 -

4Time base convention -

c

G.m.t. with days beginning ohomos January 1 (day 120 is April 30)
Above a spherical earth of radius 3443. 93-n. mi. radius.
RCS.
dTheoretical cost, actual cost for line-of-sight control, stationkeeping,

PM = Posigrade Maneuver at Orbital Midnight
RN = Retrograde Maneuver at Orbital Noon

flyaround, and docking is an additional 26 fps.

e-d71
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SKYLAB I-11
EVEMNT DATE TIME TIME
( HEMINIS ( HIMIN:S
CeDeTo GeEeTe
SL=1 LIFT 6FF MAY 14, 1973 12:30: Qe -23:29:36
SLel INSERTISN MAY 14, 1973 12:39:47+8 -23119:148

DAY 1 ACTIVITIES

LIFTBFF «P02 T8 P11 MAY 15, 1973 11:59:36¢ 0% 0t O
ENABLE TAWER CLEARANCE YAW MANEUVER MAY 15, 1973 11:59:37. 0! 0! 1«
INITIATE PITCH AND RALL PRBGRAM MAY 15, 1973 11:59:460 0! 0:10.
MAXIMUM DYNAMTC PRESSURE MAY 15, 1973 12¢ 0250 0% 1:14,
INITIATE ATTITULE ARREST MAY 15, 1973 127 11460 2111,

INITIATE TR2 MAY 15, 1973 12: 1:51.
S=1B INBRARD ENGINE CUTSFF MAY 15, 1973 128 1:54e
S=1B AUTRAARD ENGINE CUTOFFIINITIATE TBe MAY 15, 1973 12: 1157
PHYSICAL SeIR/S=1VR SEPARARTIEN MAY 15, 1973 12! 1158
S=1VB JGNITIAN SIGNAL MAY 15, 1973 12 1:59

n
n
-
-

2:23.

S=1VB 90 % TURUST MAY 15, 1973 12: 2% 3
ULLAGE RRCKET CASES  JETTISON MAY 15, 1973 12: 2:10¢
LAUNCH ESCAPE SYSTEM JFTTISEN MAY 15, 1973 121 2:22
STAP ATTITUDF ARREST; INITTATE GUIDANCE MAY 15, 1973 12: 2127
MIXTURE RATI® SHIFT STGNAL MAY 15, 1973 128 7:23.

n
+
o
.

S=1VB GUIDANCE CUTOFF SIGNAL MAY 15, 1973 12: 9:i16¢e
INITIATE TB4 MAY 15, 1973 12: 9i16e
BRBITAL INSEPTION (LB=16) MAY 15, 1973 128 9:26¢
CSM S=1VR SEPARARTISBN (LB=16) MAY 15, 1973 123151360

0
wm
o
-

00 [eNeRoNo Yo 00000 00000 o

PS2 IMy REALIGN (RST 3t LAUNCH REFSMMAT) MAY 15, 1973 123291360 0: O«
pPS2 IMy REALTGN (BeT 2: RENDEZ. BRIENT ) MAY 15, 1973 12139136 1402 O
COAS LAS CALTPRATISN (STAR 43,F8MALHAUT) MAY 15, 1973 12:54136¢ 155 0.
P31 NCi TARGFYING CRMPLETF MAY 15, 1973 13: 3i36¢ t 4: O
P20 BPTIRN 5§ (TRACK EARTH) MAY 15, 1973 131 71360 t 83 O
NC31 PRELIMINARY PAD (LB=43) MAY 15, 1973 131311360 1321 O
STAR ACQUISITI®N Pap MAY 15, 1973 13131137 11328 1,
GYR® TARAUE ANGLES REPSRT (L3e30) MAY 15, 1973 13:31:38¢ 1:32: 2.
NCy FINAL PaAD (LBes3) MAY 15, 1973 131491360 1:50! O
ENTER P4neSPS THRUST MAY 15, 1973 141151360 24161 O»
NC1 BURN [IGNITIBN MAY 15, 1973 14319148 2120212,
P52 IMU REALIGN (PPT 3! RENDe REFSMMAT) MAY 15, 1973 1431241360 2:25: 0.
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SKYLAB I-11
EVENT DATE TIME TIME
( HIMINIS ( HIMINIS )
CeDeTe GeEaTe

DAY 1 ACTIVITIES CSNTD

NPC PAD (IF RFQ'D) (LRe48) MAY 15, 1973 141591360 3! 0: O«
NC{ BURN STAT!IS REPBRT (LBa45)

NC2 PRELIMINARY PAnR (LB=53)

GYR® TRROUE ANGLES REPBRT (LBesg)

ENTER P40 BR Puy (LRe43) MAY 15, 1973 15: 3! 5o 3¢ 3:29.
NPC BURN IGNITIBN MAY 15, 1973 3! 5:29.
NPC BURN STATUS REPBRT (LB=50Q) MAY 15, 1973 3¢ 8: 0.
P52 IMU REALICN (8PT 3: RENDe REFSMMAT) MAY 15, 1973 3i35: 0.
P32 NC2 TARGETING (LB=53) MAY 15, 1973 151441360, 3:45: 0.
NC2 FINAL PAD (LBe53) MAY 15, 1973 16: 91360 4310: O
NCC PRELIMINARY PAD (LB.57)

NSR PRELIMINARY PAD (LBeb1)

GYR® TBRAUE ANGLES REPART (LBe51)

P32 NC2 TARGETING CBMPLETE (LBe53) MAY 15, 1973 163211360 41223 Oe
ENTER P40 SPS THRUST (LBe54) MAY 15, 1973 161291360 41301 O
NC2 BURN IGNITIGN MAY 15, 1973 16135139 41361 3.
NC2 BURN STATUS REPHKT (LBa55) MAY 15, 1973 16137136 4:38: 0.
P33 NCC TARGETING (LB=57) MAY 15, 1973 1614131360 4142 0.
NCC FINAL PAD (LBe57) MAY 15, 1973 173 71360 5: 81 0.
NSR FINAL PAD (LBw61) MAY 15, 1973 172 7:36¢ 5: 8: 0.
P33 NCC TARGFTING CBMPLETE MAY 15, 1973 17: 9:36s 5:110: O
ENTER P40 SPS THRUST MAY 15, 1973 17:13:36 Si14: 0.
NCC IGNITIBN MAY 15, 1973 17:21348 5:22:12.
P34 NSR TARGETING (L3=61) MAY 15, 1973 17127136 5:28: 0.
NCC BURN STATUS REPBRT (LBe59) MAY 15, 1973 173411360 5:42: 0.
NSR TARGETING CBMPLETE MAY 15, 1973 173473360 5:148; 0.
ENTER P40 SPS THRUST MAY 15, 1973 17:53:36¢ 5:54: Qe
NSR BURN IGNITIGN MAY 15, 1973 17158148 5159112
NSR BURN STATUS REPBRT (LBe63) MAY 15, 1973 181 2136 6! 3: 0.
MANEUVER T8 ACQUIRE SWS MAY 15, 1973 18: 5:36 6% 61 0.
TPl PRELIMINARY PAD (LBeb6)

DBCKING ATTITUDE PaD MAY 15, 1973 181 9136 E1107 O+
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SKYLAB I-11
FVENT DATE TIME TIME
( HEMINSS ) ( HIMINiS )
CeDeTe GeEoToe

DAY 1 ACTIVITIES CentD

FINAL TP! PAD (LRe66) MAY 15, 1973 181241360

P35 TP] TARGFTING COMPLETE MAY 15, 1973 18:361360

FNTER P4n SPS THRUST MAY 15, 1973 181441360

TP1 BURN T1GNITIEN MAY 15, 1973 1814951150

P36 TPM1 TARAGFTING (LB«70) MAY 15, 1973 18:51:136¢

ENTER P41 RCS TRHRUST MAY 15, 1973 19: 0:36¢

TPMY IGNTTIEY MAY 15, 1973 19: 2:36¢

P36 TPM2 TARCETING (LR=72) MAY 15, 1973 19: 51360

ENTER P41 PCS THRUST MAY 15, 1973 19 9:36¢.

TPM2 IGNTTIBN MAY 15, 1973 19:11136¢

P37 RENDEZVA!US FINLL PHASE (LEe75) MAY 15, 1973 19:13:36¢

P4g BRAKING (LR=76) MAY 15, 1973 19:22:52¢ 7:23:16.

STATIANKFFPINA,FLYLRS'IND MAY 15, 1973 19:28:36¢ 7:29: 0.

AaWs PICTIRFS X TV

DACK ING MAY 15, 1973 19:39136 7:40: O

RFCARD Psq START TIME MAY 15, 1973 19:152:36¢ 7:53: 0.

PS2 IMU REALIAN (8PT 3! STARS 25 ACRUX, MAY 15, 1973 20t 7:136s 8% 8: O«

33 ANTARFS,RFND, RFFSVYMAT) (LRa77)

PSQ ATM AaD[ENTATION SFTERMINATIAN MAY 15, 1973 201431360 81442 O

(PTIAN 1) (LB=78)

DICKED ALIGN PSg TRGUE ANGLES REPERTS MAY 15, 1973 201521360 R153: 0.

P50 NRUN 23 RFRHRET (LR=78)

CREW 8 HAUR SLEEP PERISD MAY 15, 1973 21:159:36¢ 10 0: O«

REGIN JVT T8 MULTe DaC¥1.5 ADAPTER MAY 16, 1973 7:29:360 19:30: O

TRIM BUR'I PAD MAY  16s 1973 Ri42i36e 20%43: 0.

PSp IMU RFALIGN (RPT 3t RENDe REFSMMAT) MAY 16, 1973 108 7i36¢ P2! 8: O
(LBe79)

ARRTT TRI™ RURL (RcS,~ANUAL) MAY  16s 1973 1C0:22:60¢ 22123124,

POSIGRACE MIPVIGHT

PSG ATM RRIENTATIAN NrTERMINATION MAY 16, 1973 10:41:36¢ 221421 Co

(APT 2) SN SFASHR ;5TAR TRACKER MARKS
(LB=R(C)
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SKYLAB I-11
EVENT NATE TIME TIME
( HIMIN:S ( HiMINtS )
CeDeT, GeEaTe
DAY 1 ACTIVITIES CANTD

P52 IMU REALIAN (9PT 2! RENDs REFSMMAT) MAY 16, 1973 10:53:360 22!54: 0.

SUN SENSAR}STAR TRACKER MARKS (LB=81)

P50 NBUN 23 REPHRT (LB=80) MAY 16, 1973 11 31360 23% 4 0.

GYRB THRRNIE ANGLES REPSRT (LB=81) MAY 16, 1973 113 3:36. 23! 43 0.

B8RRIT TRI™ BURN (RCS MANUAL) MAY 16, 1973 11: 2:35, 23! 9:59.

RETREBGRANDE NAAN

PAWER DBAWN CSM GEN MAY 16, 1973 11:13:360 23114 0.
DAY 2 ACTIVITIES

SPECIMEN MASS MEASUREMENT EXPERIMENT CAL MAY 14, 1973 16:36:i36 28:37: 0.
DAY 3 ACTIVITIES

BODY MASS MEASUREMENT EXPERIMENT CAL MAY 17, 1973 13:30:36 49:31: O.
DAY 4 ACTIVITIES

Z=LV ATTITUDF MNVR,EREP PASS # | REV SR MAY 18, 1973 12:50:36 7231513 0.
DAY 5 ACTIVITIES

Z=LV ATTITUDE MNVR,ERFP PASS # 2 REV 72 MAY 19, 1973 123 4136 96 5: 0.
DAY & ACTIVITIES

Z=LV ATTITUDE MNVR,ERFP PASS # 3 REV 87 MAY 20, 1973 12:54136¢ 120:55: 0.
DAY 7 ACTIVITIES

Z=LV ATTITUDFE MNVR,ERFP PASS # 4 REV 114 MAY 22, 1973 9:1361:36 1651371 Q.
DAY 9 ACTIVITIES

Z=LV ATTITUDF MNVR,EREP PASS # 5 REV 132 MAY 23, 1973 151371360 195:38: 0.

TV TOUR AF BRRITAL WERKSHAP (ANE HAUR) MAY 24, 1973 9115136 213116 0.




SKYLAB I &1

EVENT DATE TIME TIME
( HIMINIS ) ( HIMINSS )
CeDeTe GeEoTe

DAY 10 ACTIVITIES
Z=LV ATTITUDE MNVR,EREP PASS # 6 REV 157 MAY 25, 1973 9124136 237:125: 0.
DAY 11 ACTIVITIES

Z=LV ATTITUDE MNVR,EREP PASS # 7 REV 171 MAY 26, 1973 8140136 260%41: O.
Z=LV ATTITUDE MNVR,EREP PASS # 8 REV 172 MAY 26» 1973 10:13:36¢ 262114 0O»

DAY 14 ACTIVITIES

Z=LV ATTITUDE MNVR,EREP PASS # 9 REV 205 MAY 23, 1973 16:35:36. 316:36: 0.
ASTRONAUT MANEUVERING UNIT TEST RUN MAY 29, 1973 8: 0136 332: 1: O

DAY 17 ACTIVITIES

Z=LV ATTITUDE MNVR,EREP PASS #10 REV 247 MAY 31, 1973 142461360 3861471 0
DAY 18 ACTIVITIES

Z=LV ATTITUDE MNVR,EREP PASS #11 REV 261 JUNE 1, 1973 14% 21360 410% 3: 0.
DAY 19 ACTIVITIES

2=LV ATTITUDE MNVR,EREP PASS #12 REV 275 JUNE 2, 1973 13: 7136 4331 8: 0.
DAY 20 ACTIVITIES

ZeLV ATTITUDE MNVR,EREP PASS #13 REV 303 JUNE 4, 1973 11:53:36¢ 4791541 O
DAY 21 ACTIVITIES

CSM GEN PAWER UP JUNE 5, 1973 71591360 500% 0: O.

E MEMBRY DUMP JUNE 5, 1973 81141360 500:15: Oe

P51 IMU ARIENTATION DFTERMINATION JUNE 8, 1973 8139136, 500540 Os
(LB=82)

P52 IMU REALIGN (8PT 1: ENTRY REFSMMAT) JUNE 5, 1973 8:151:36e 50052t 0.

(LB=83)
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SKYLAB | & 11

EVENT DATE TIME TIME
( HIMINIS ( HIMINIS )
CeDeTs GeEoTe

DAY 21 ACTIVITIES C8NTD

PS0 ATM ARIFNTATIAN NFTERMINATION JUNE 5, 1973 9131:360 501:32: 0.
(BPT 2:) RECAL. 8F ATM TA NB TRANSFBRM
(LB=84)
P3C EXTe DELTA v » SIMULATED PHASING JUNE 5, 1973 9143136 501443 0.
P40 SPS THRUST,SIMULATED PHASING JUKE 5, 1973 91471360 501:48: 0.
P52 IMU REALICN (APT 2! ENTRY REFSMMAT) JUNE 5, 1973 103491360 5021501 O
(LB=85)
PAWER DBWN CS“ G&N JUMNE 5, 1973 10:59:360 503! 0! O«

DAY 22 ACTIVITIES

DEARBIT/ENTRY SIM (P9“FR AFF DRY RUN) JUNE 6, 1973 91141360 5251151 0.
DAY 23 ACTIVITIES

TV PRESS CONFFRENCE (ONE HALF HBUR) JUNE 7, 1973 111243360 551:25: O
DAY 25 ACTIVITIES

Z=LV ATTITUDE MNVR,ERFP PASS #14 REV 361 JUNE 8, 1973 12:10:36¢ 576111: 0.
DAY 26 ACTIVITIES

EXTRAVEHICULAR ACTIVITY (CDR & SPT) JUNE 9, 1973 111591360 600% 0! O«

DAY 28 ACTIVITIES

CSM GEN PAWER UP JUNE 12, 1973 0:59:36 6611 0! O
E MEMSRY pumP JUNE 12, 1973 11191360 6611208 O
TRANSFER PBWFR FRAM 3WS TA DESCENT JUNE 12, 1973 11441360 6611451 0.
BATTERIES

PS1 IMU BRIENTATIPN OFTERMINATISON JUNE 12, 1973 21211360 662122 0.
SUN SENSBR ; STAR TRACKER MARKS

(LBa86)

P52 IMU REALIGN (BPT 1! ENTRY REFSMMAT) JUNE 12, 1973 2139136 662:40: 0.
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SKYLAB I-11
EVENT NATE TIME TIME
( HIMINIS ( HIMIN:S )
CeDeTs GeEWTe
Day 28 ACTIVITIES CanTD

CSM=SWS QEPARATIEN PAD (LBe92) JUNE 12, 1973 5159136 6661 01 Oe
SPS1 SHAPING PaD (LB=95)
SPS2 DEBRRIT PAD (LB=100)
ENTRY PAN (LRe90) JUNE 12, 1973 5159136 6661 0! Oe
PS2 IMU REALIGN (APT 3! ENTRY REFSMMAT) JUNE 12, 1973 7t 4:i360 6678 5 0o

(LB=89)
CSM=SWS UNNBCKING (LBe91) JUNE 12, 1973 7:461550 6671472119,
FLYARAUND SWSIPHRTS'S X TV JUNE 12, 1973 71461560 667147:20.
ENTER P41 RCS THRUST (LB=93) JUNE 12, 1973 8125136 668126: Qe
CSM=SWS SEPARATIBN (LBa34) JUNE 12, 1973 83133138 6681343 2.
ENTER P49 SPS THRUST (LBe96) JUNE 12, 1973 Bi1451360 6681461 O
SPS1 SHAPING RURN T1GNITISEN (LBe97) JUNE 12, 1973 9 1:122, 669 1146,
P52 IMy REALIGN (®FT 3! ENTRY REFSMMAT) JUNE 12, 1973 10:10:36¢ 670111; 0O

(LB.98)
GYRB TARNUE ANGLES REPSRT (LB.98) JUNE 12, 1973 10:59:36¢ 671 0: O
SPg2 PAD IJPDATE (LB«100) JUNE 12, 1973 11: 01360 671% 1t O.
ENTRY PAN UPDATE (LB=99)
ENTER P4n SPS THRUST. (L3101 JUNE 12, 1973 11:52:36¢ 671:53: 0.

DAY 29 ACTIVITIES

SPS2 DEBRRIT RURN IGMNITISN (LR=102) JUNE 12, 1973 128 31 1 672% 3:25.
P62 ENTRY-CM/SM SEPARATION X PREENTRY JUNE 12, 1973 12: 71360 672 8: O«
MANEUVER
CMeSM SEPARATIEN JUNE 12, 1973 123121360 672113: 0O
ENTRY INTERFACE JUNE 12, 1973 12:28:160 672128140,

SPLASHDBWN PACIFIC BCFAN JUNE 12, 1973 121442 7, 672144331,




GYRO COMPASSING

The purpose of gyro compassing is to provide for a Launch alignment so that the crew can monitor
the boost phase performance, a back up control for orbit insertion, and an inertial reference frame
for incorporating the velocity gained during boost and thus maintaining the state vector.

The earth pre-launch alignment orientation is a local vertical alignment pointing along a launch
azimuth. For Skylab missions, this corresponds to approximately 45° east of north for the 50°
inclined orbit of the Skylab workshop (SWS).

In vector notation

Uzsm = unit (-r)
Uxsm = unit (A)
Uysm = UzsmX Uxsm
Hxsm = Stable 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 320 seconds after a coarse aligning to the initial computed alignment direction.

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

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

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

The three acceleometer outputs are processed by the IMU compensation program every . 5 seconds,
compensated for bias and scale factor error and used to compute the gyro compensation for ADIA and
ADSRA drifts which are then added to the normal bias drift (NBD).

After rotation by the xsm matrix to the local vertical and azimuth direction system, the x and y
accelerometer outputs are filtered and used as an indication of the amount of ""off-level" of the
interial 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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COMPEN-
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AY\” PROGRAM
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SAMPLE & ZERO
EVERY .5 SEC

GYRO COMPENSATION (0.5 SECOND LOOP)

o)

PLATFORM ERROR
ANGLE TORQUE
VECTOR

MATRIX TORQUE

GYROS

EARTH RATE
COMPEN-
SATION

SAMPLE & ZERO

(EVERY 5 SEC)

6F, 65,6 EVERY 5 SEC

FIGURE A VERTICAL ERECTION LOOP FOR PRE-LAUNCH ALIGNMENT
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EARTH RATE

"EAST" PIP : it
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SAMPLE & ZERO SAMPLE g zERp EVERY 5 SEO)
EVERY .5 SEC ;

6f, 65 6
GYRO COMPENSATION (0.5 SECOND LOOP) E 65,8V EVERY 5 SEC

FIGURE B. AZIMUTH ALIGNMENT LOOP FOR PRE-LAUNCH ALIGNMENT
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LAUNCH AZIMUTH CHANGE

VT78E Optional entry if Launch azimuth

change is desired.

Flashing xsm Launch Azimuth

VO06N29
V21E Load new Launch Azimuth
PRO

Copy GMT of Launch Azimuth
entry

Wait 320 seconds for vertical erect,
then gyrocompass.

VT78E Optional entry if Launch azimuth

change is desired.

Flashing
VO06N29

xsm Launch Azimuth

V21E Load new Launch Azimuth
PRO

Copy GMT of Launch Azimuth
entry

Wait 320 seconds for vertical erect,
then gyrocompass.

Vertical

North

SM

SM

East

XXX, XX deg.

[LTT T T aee

.hr

. min

. sec
date

XXX. XX deg.

[TTTTT] ae

+hr
. min
. sec
date

Launch Azimuth ~ 45°

for Skylab




BOOST MONITOR

Liftoff GMT Jhrs

SATURN BOOST

TYPICAL TRAJ  SKYLAB

DET|©]| VI | H

0+30f 83 | 1420 | 370
1400 67 | 1927 | 966
1+430] 48 | 3095 [1700 |1
2+00 32 | 5288 [2549 |2
2+30] 26 | 7454 [2899 |3
3+00f 33 | 7851 |2382 |48.3
3+30] 31 | 8349 [1983 [59.1
4+00| 29 | 8947 [1610 |67.9
4+30] 26 | 9641 (1265 [75.0
5+00] 24 [10432 | 950 !80.5
5430 21 |11323 | 664 [84.4
6+00] 18 [12324 | 411 [87.1
6+30] 14 113449 | 194 |88.6

[7+00] 11 14710 | 19 [89.1]

7430 7 |16133 |-109 |88.8
8+00] 3 [17669 (-200 |88.1
8+30f 0 |19236 |-277 |86.9
9+00| 356 (21028 [-283 |85.5
9+30] 352 [23101 |[-204 |84.2

10+00f 349 |25553 | -20 [83.6
10+01] 349 [25682 -4 [83.6

BOOST POLYNOMIALS (154.6 sec)

A Pitch Angle (S/C) = -.14318735 - . 441615526 - . 0(]74941’70162 *5 00022391271“3

- 0000021'76667864 + 7.5715679 x 10_9t5 - 5.9732834 x 10-]'2 tS

Where t = A time from deduced time of liftoff when the roll and pitch computed attitude errors
should start. (Nominally 10.6 sec after liftoff), The stop time is nominally 154.6
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 ~(-90%%)

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

- A
2pc sin PA 0 cos P
XDC = | -sin RA cos PA - Cos RA -Sin RA sin PA
zDC -cos RA cos PA - sin RA - cos fiA sin PA
Xhe = desired X S/C vector
\ Ine = desired Y S/C yvector
Z = desired Z S/C vector

Zpe
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INSERTION MONITOR

GET .hrs
. min
. sec
N62
VI Inertial Velocity Lft/s
H Attitude rate .ft/s
H Altitude nmi
N44
ha Altitude of Apogee nmi
hp Altitude of Perigee nmi
TFF Time from
Free Fall
(300, 000 ft) min-sec

CSM/LV SEPARATION

V37 Enter, 47 Enter

V16 N83 Flashing, AV XYZ Body Axes

N62 Enter

V16 N62 Flashing, Inertial Velocity, Altitude Rate, Altitude

X x| x R X | x| x
x| X | x P )IMU Gimbal Angles x| x| x
X | x| x Y X | x| x
X | x | x BT (min/s) x| x| x 4
VI (ft/s)
X I N83 p
Y ) AV ft/s
z Ld
IV ft/s blez
JHDOT  ft/s
H nmi

NOTES:




BASIC REFERENCE COORDINATES AND REFSMMAT

he Basic Reference Coordinate system (BRC) is an orthogonal inertial coordinate system whose
rigin is located at the earth center of mass (Figure 1). The orientation of this coordinate system
s defined by the line of intersection of the mean earth equatorial plane and the mean ecliptic at

e beginning of the Besselain year which starts January . 9233573, 1950, E.T. The X axis )
s defined by the intersection of the earth's equatorial plane and the ecliptic in the direction of the

ascending node. The Z axis (uzy) is along the mean earth north pole, and Y axis (uyy) completes
e right-handed triad.

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

Three REFSMMAT's or IMU alignments are utilized during this mission. Each
is a unique matrix which locates a stable member axis (UxXsSM, UysMms OT Uzsn)
in BRC space (Figure 2),

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

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

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

Lo

Ecliptic

Uy = Mean Equinox of Date*

Figure 1. Basic Reference Coordinate System




[ LAUNCH PAD REFSMMAT |

1, Launch
2. Insertion
3. Separation
X XIX
Y =] YIX
Z | Spacecraft ZIX
Platform
Stable
Members
XIX = -0.76035378
YIX = -0.26629318
ZIX = -0.59241037
I, NC1
2, NC2
3. NPC
4, NCC
5, NSR
6. TPI
T TPM
8. TPF
XIX = 0.63632872
YIX, = -0.27147419
ZIX = 0.72207168

[ DEORBIT REFSMMAT |

1.
2.
3.

ZIX

Shaping
Deorbit
Entry

1}

0. 54516294
0. 65889438
0.51831993

LB-18

XIY X1Z X
YIY YI1Z Y
1Y Z17Z Z
XIY = 0.25293247
YIY = 0.71869139
ZIY = -0.64769424
XIY = -0.36665178
YIY = 0.71711006
Z1IY = 0.59272221
XIY = -0.34309210
YIY = -0.38877073
ZIY = 0.85507024

ECI
XIZ = 0.59823679
YIZ = -0.64231659
Z1Z = -0.47910554
XIZ = -0.67871364
YIZ = -0.64191505
Z1Z = 0.35678123
XIZ = 0.76490859
YIZ =-0.64398409
Z1Z = 0.014118064

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

XSM = Upp
YSM = (X8M) x (Tpyq)
ZSM = (XSM) x (YSM)

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 MSFN via P27,

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

CALCULATION OF ORIENTATION:

PREFERRED Xsm Trp

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

(Thrusting) Zgm Unit (TJTD X (UTD x (Tp1g))
where

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

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

Figure 3. (Sheet 1 of 2)
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[OPTION: 00002 NOMINAL)]
DESCRIPTION: LOCAL VERTICAL

XSM = (YSM) x (ZSM)
¥8M = (V) x ()
Z8M = -t

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

CALCULATION OF ORIENTATION:

CSM
5 Xsm Ysm X Zsm
Nominal o _
REFSMMAT |~ [ YSM| = |Unit @x T)
Zsm Unit (-F)
where
T are position and velocity vectors of vehicle at the time
v specified,

|oPTION: 000038 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
Zsm Orientation

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

ption 1 - ATM Vector Determination using ATM Sun Sensor

Assuming solar inertial mode (Z AT\ axis is pointing at the sun) the known sun vector
in NB space is:

T T, , T
Ug; =Zapy - [AO1" [AM]” [ALl" [REFSMMAT] u o

AO, AM, AI are outer, middle, inner gimbal angles at mark time, Upg is sun unit
vector in ECI space accessed from CMC star table.
The second known vector is the previously stored YATM axis in NB space.
Y52 =YaTm
X Xy
LTl Yso -| Y2
21 |nB Zy | NB
Measured vectors Ysim and Ugong 2T€ the ZATM and YATM axis vectors in ATM space.
XlM 0 X2M 0
Ysmv < | Yim = {(* [ Bgom = | YoM | -
Zim ) atn 2 Zom

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

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

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

T T . T
Ug1 =Z ppy - [AO1" [AM]” [AI]" [REFSMMAT] u

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

T I
ug, = [AO]" [AM]™ [AT] [REFSMMAT] u . o

Yo is known celestial body unit vector in ECI space,

Measured vectors ugy ) and Ugoyy are the Z oy axis and star tracker LOS in ATM co-
ordinates, where the star tracker LOS is defined along the -Y 5 axis with zero outer and
inner star tracker gimbal angles.

XM 0 Xon cos §, sin yq
Ygm T | Yim =10 Bgom | Yom | = | -cosy; cos gy
Z1m | ATM 1 Zom -sin gy

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

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




-

S5
580 7| Zs1 x U RIS
| ¥s1 x Ug; X8gp)
=
XcB
5, 7| Yo aB .
z
_ 2cB
S, = [A]lNB
§A = §B
[A]NB = [B] ATM
ATM = [B]~1([A]NB
[NBATM] = [B]"! [A]
[NBATM] = X'cps Y'ops Z'cp ]
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2B T

s
Ysim
Ysim X ¥sem Ll
[ Ss1m X Gy px Uson)
=
Eep
Xop | AR
1
| Z'cB
[B] ATM

NB and ATM are the same vector expressed

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

ZcB
YeB

ZCB

ATM
ATM

=
k {
z

XATM’ XATM and Zary 2re the ATM coordinate system axes in NB space,



P51/P52 IMU ALIGNMENT

z
z
: STAR 2
.*.‘.STARI
7Y 7—>Y
X
% Xy
i Y Y = | Yy
%1 | Ecr %y | ECI

Ugy amclgs2 are known unit vectors in ECI space of the stars and are stored in the CMC.

Optics Sighting Option

FXZLM Xom
Sgm = | Yim Ysom = | Yom
LZ1M_|sm Zom | sm
FX. B cos AS sin A
iM t
v = | Yim = [AI] [AM] [AO] [32°] sin AS sin A,
L ZiM Ji =1 or 2 | ooy

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

3§ and Ugoy aTe the measured unit vectors (optics mark) in stable member (SM) space
of the stars,

ATM Sun Sensor and Star Tracker Sighting Option

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

o
XM
Ygm T | Yim = [AL[AM] [A01 Z 1y
z
L %1M | sm
r I
XZM cos ;pl sin ¢\3
YoM = YZM = [AI] [AM] [AO] [ATMNB] | -cos d’l cos wa
| Zom] sm -sin gy

[ATMNB] = [NBATM]T = ATM to NB coordinate transformation matrix computed in P50,

The ., wa vector is the star tracker LOS to target star vector in ATM coordinates,
where ~ 3 “and Y3 are trackér inner and outer gimbal angles at mark time. Known

vectors ug

and ug,

system coordinates as stored in the CMC.

are the sun and star tracker target star unit vectors in reference

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

Uy Sim
S "|Emxlg Ll s 5B = | Ysim X Ysom -4
g % fgy X Ugo) Ygim X Usim X Yson)
Sy, = [A] ECI SB = [B] SM
2s = &g
[A] ECI =[B] SM
sM = [B]'! [A] ECI 5
_ -1 I
[REFSMMAT] = [B] " [A] = | Yg
Zsm | ECI
z(SM XSM and ZSM are the present stable member axes in reference coordinates.
z 7
u Usim
ugy s1 Usom
| v - Y
X
X
o = cos! (Ug, * Uso) B = cos ! Uagnr® Unonr)
=51 =82 =s1M’ =s2M

Star Angle Difference = o - B

Star Angle =8

Figure 5. REFSMMAT Computations




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 are always torqued in the sequence Y, Z, and X, the transformation from the present orientation to the desired
orientation is defined by the permutation shown below:

Xsm Xsm

YSM = [¢x] [02] [¢y] YSM

Zsm Zsm
Desired Present

XSM t:os¢z cosoy sinn;)Z ~cos¢l sincay XSM

YSM = (sin¢x simay - cosp, sin(I)z oos¢v) cosp, cosp, (oos¢x sing, sinq)y +sing, cowy) YSM

ZSM (sintpx sind>Z cowy + cosqu sinc)y) -sin¢x eos¢Z (cosqu cos¢v - sind)x sinq)z sin¢V) ZSM
Desired Present

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

Xsm 1 Xsm Xsm c(1,1) C(1,2) C(1,3) Xsm
Ysm| = [A] " [B] Ysm = [c] Yem | =|C21 cC22) C23) Ysm
Zsm Zgm Zgm C(3,1) C(32) C(3,3) Zgm
Desired Present Present Present
For P52
Sp = [A] sm Sg = [B]sm
Desired Present

(AlSM = [B]sM

Desired Present
sM = [A]' [B]sM
Desired Present

The gyro torquing angles can be computed from any convenient element for element assignment between the matrices [Cland [¢x]
[62] [y ). Gyro torquing angles are computed using the relationship:

_ o (c(3)
9y = wn (cn,n )

_ -1 (C(1,2) cospy
¢l tan ( C“,”

% & (-C(3,2) )
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SKYLAB SC-2 MISSION

REFSMMAT SUMMARY

APPLICABLE ALIGNMENT
MANEUVER REFSMMAT CRITERIA (IMU AXIS) REMARKS
Launch, Insertion, | Launch Pad X-axis along flight azimuth at Launch | At earth-launch the
Separation Z-axis along negative radius vector FDAI will display:
Y-axis completes the right-hand triad| Roll =90° + flight
azimuth
Pitch = 90, Yaw =0
NC1 TPI Rendezvous Z-axis is aligned along the negative At TIG of TPI the FDAI
NC2 TPM (Nominal) position vector defined at TPI igni- will display Roll = 0°
NPC TPF tion time. Pitch = E = elevation
gglg Y-axis is aligned along the negative ;r;gv:e_agoTPI
momentum vector of the vehicle de- -
fined at TPI ignition time.
X-axis completes the orthogonal sys-
tem.
Deorbit Deorbit X-axis aligned with the spacecraft During the two deorbit
Entry (preferred) X-body axis at the vehicle attitude burns the FDAI will dis-

for ignition with the thrust directed
through the center of gravity.

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

Y-axis completes the system.

play
Roll=0°
Pitch = 180!
Yaw = 0°

o
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DETERMINATION OF S/C ROLL AXISWITH
RESPECT TO A LOCAL HORIZONTAL COORDINATE SYSTEM

The procedure outlined below provides a method for determining the direction cosines of the CSM roll axis with respect to the local

horizontal coordinate system. This procedure requires knowing the IMU gimbal angles, the REFSMMAT to which the stable member is
aligned, and the state vector (expressed in reference coordinates) of the CSM corresponding to the time of the gimbal angles.

LocaL womzoNTA,
. P . ZONTAL

noLL axis

R
[CRMURE

) - #
——

(/2 ARE 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.

[smnB] -the transformation from the stable member to the navigation base of the G&N system. Since the navigation base axes are
colinear with 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
= -1 -1 = - =
Ysc | = (AT AL [A] Yom | = [SMNB] | Ygy |= [smsc] | Ygy
Zsc Zgm 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) -cosAmsinAo  (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
zZIX 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/Rer | = | 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 XR) X (-R)}, unit (V XR), 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] = [Ysc/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.




REFSC (1, 1) =
REFSC (1,2) =
REFSC (1,3) =

REFSC (2,1) =
REFSC (2,2) =
REFSC (2, 3) =

REFSC (3,1) =

REFSC (3,2) =
REFSC (3,3) =

LHSC (1, 1)
LHSC (1,2)
LHSC (1, 3)

LHSC (2, 1)
LHSC (2, 2)
LHSC (2, 3)

LHSC (3, 1)
LHSC (3, 2)
LHSC (3, 3)
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STEP 1. S/C AXES WRT BASIC REFERENCE COORDINATES

[REFSC] = [SMSC] [REFSMMAT]

cosAi cosAm XIX +sinAm YIX - sinAi cosAm ZIX
cosAi cosAm X1Y +sinAm YIY - sinAi cosAm ZIY - XSC/REF
cosAi cosAm XIZ +sinAm YIZ - sinAi cosAm ZI1Z

(sinAi sinAo - cosAi sinAm cosAo) XIX + cosAm cosAo YIX + (sinAi sinAm cosAo + cosAi sinAo) ZIX
(sinAi sinAo - cosAi sinAm cosAo) X1Y + cosAm cosAo YIY + (sinAi sinAm cosAo + cosAi sinAo) ZIY = YSC/REF
(sinAii sinAo - cosAi sinAm cosAo) X1Z + cosAm cosAo YIZ + (sinAi sinAm cosAo + cosAi sinAo) ZIZ

(cosAi sinAm sinAo + sinAi cosAo) XIX - cosAm sinAo YIX + (cosAi cosAo - sinAi sinAm sinAo) ZIX
(cosAi sinAm sinAo + sinAi cosAo) XIY - cosAm sinAo YIY + (cosAi cosAo - sinAi sinAm sinAo) ZIY = ZSC/REF
(cosAi sinAm sinAo + sinAi cosAo) XIZ - cosAm sinAo YIZ + (cosAi cosAo - sinAi sinAm sinAo) ZI1Z

STEP 2. S/C AXES WRT LOCAL HORIZONTAL COORDINATES

[LHSC] = [REFSC] [LHREF]

= {REFSC (1, 1), REFSC (1, 2), REFSC (1,3)} o { unit [(v X R) X (-R)]}
= {REFSC (1, 1), REFSC (1, 2), REFSC (1,3)} © {unit (V XR)}
= {REFSC (1, 1), REFSC (1, 2), REFSC (1,3)} © {unit (R)}

"

XSC/LH

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

Ysc/LH

= {REFSC (3, 1), REFSC (3, 2), REFSC (3, 3)) © {unit [(V X R) X (-R)]}
= ({REFSC (3, 1), REFSC (3, 2), REFSC (3,3)} © {unit (V XR)}
= {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 XSC along-R

LHSC (1, 2) — component of XSC normal to orbital plane

LHSC (1, 1) — component of Xgg normal to -R and in plane.




Data and Calculation Summary Sheet

Ao X/Roll) _ _ . __ Ay (Y/Piteh) _ _ .,
Ay, (Z/Yaw) __ .

—= TIME _

: . a
[sMmscC ] [REFSMMAT | 1 r
1 x VX
e e [ W@ : Ly v
et L] ey EENINEEE S I rZ 2
: *The units of R and V_are not important since they are
e i B Tt Tt T T T i used in unitized form,
— P—
1
[REFSC | H [ LHREF]
r— — Unit[ (VXR)X(-R) Unit (VXR) Unit (-R)
R e ] e T
L. —
[ LHSC]
P (-LHSC & 2]) LHSC (1, I) = - ____ component of Xgc normal to -R and in plane
L:I-IS((:J (12, 22)) i LHSC (1, 2) = . — — —_ component of X, normal to orbital plane
- LHSC ( + cos Ro
Yaw = tan” ! ( LH’SC @, 2 ) LHSC (1, 3) = . _ _ _ _ component of Xgsc along -R

Pitch = tan“(——(—’—)-—LHSC 4 3)

LHSC (1, J)

62-d1




V37 Enter, 52 Enter

V04 N06 Flashing

R1:
R2:

00001
0000x IMU Align Option
1 — Preferred, 2 — Nominal, 3 — REFSMMAT

LB-30

P52 — IMU REALIGN

(Post-Insertion REFSMMAT Realign)

V51 Flashing — Please Mark

x |0JOo|O}|O P52 Option X
+ 100 Hours +
GET of Gyro
+ 10|00 Minutes +
Torquing
+ 10 Seconds ®
x |0]0 Sensor/Celestial Body Code 1 | N71 | x
x [0 ]0 Sensor/Celestial Body Code 2 | N71 | x

Outer | Star Tracker Gimbal | N14

Inner | Angles (arc-min)

¢ Star Angle Difference [ No05 ®
Star Angle Measured )
X Gyro l N93 )
Y Torquing bt
Z Angles (Degrees)
\ X Calculated !
J p'd Gyro 4
Z Drift (meru)

NOTES: Sensor/Celestial Body Code 00CDE

C
C
C

0, CSM Optics DE = 46, Sun

1, Sun Sensor DE = 04, Achernar

2, Star Tracker DE = 14, Canopus
DE = 25, Acrux

N14 is applicable for Star Tracker (C = 2) sighting only

Expected Codes for
ATM Sensor Sightings
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P52—IMU REALIGN

(Nominal)
V37 Enter, 52 Enter
V04 N06 Flashing
R1: 00001
R2: 0000X IMU Align Option
1—Preferred, 2— Nominal,
3—REFSMMAT
VO06N34 Flashing
V25E Load T (Align)
R1: 00 Hours
R2: 000 minutes
R3: 0 seconds
V51 Flashing — Please Mark
xlololo]o P52 Option x{0foOo]|Oo]|oO
+ 10 (0 Hours +101|0
GET of Gyro
+10[0]0 Minutes +10(0 1|0
Torquing
+ |0 Seconds Js
x [0 ]0 Sensor/Celestial Body Code 1 | N71 | x |0 | 0
x |0 |0 Sensor/Celestial Body Code 2 | N71 | x [0 | 0
Outer | Star Tracker Gimbal | N14
Inner | Angles (arc-min)
Star Angle Difference LNOS p
Star Angle Measured ®
, X Gyro b% )
¥ Torquing d
Z Angles (Degrees)
X Calculated J
b4 Gyro y
4 4 Drift (meru)
NOTES: Sensor/Celestial Body Code 00CDE
C = 0, CSM Optics DE = 46, Sun Expected Codes for
C = 1, Sun Sensor DE = 04, Achernar ATM Sensor Sightings
C = 2, Star Tracker DE = 14, Canopus
DE = 25, Acrux

N14 is applicable for Star Tracker (C =

2) sighting only
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P52—COAS LOS DETERMINATION

V37 Enter, 52 Enter
V04 NO06 Flashing
R1: 00001
R2: 0000Xx IMU Align Option
1—Preferred, 2—Nominal
3—REFSMMAT
V22E Load Option 3
PRO
V50 N25  Flashing

R1 00015 Please Perform Star Acquisition

Enter

x|o[o|0|o]3 P52 Option

PRO
V50N25 Flashing

Enter

Celestial
Body Code

(45 — Fomalhaut)
Mark with Verb Key

¢ Shaft

N92

Trunnion

Nominal: (+000. 00) Shaft
(+57.470) Trunnion




RENDEZVOUS NAVIGATION PROGRAM
(P20)

The Rendezvous Navigation Program, P20, is used during the Rendezvous phase of flight.

The navigation is performed using tracking of the orbital workshop by optical LOS of tracking
with the SXT or COAS or the VHF ranging link.

The two processes are illustrated below.

RENDEZVOUS NAVIGATION VHF RANGING

The deviation state vectors for rendezvous navigation are

clE s

| %

where
X, = deviation state of the CSM
Xy = deviation state of the Skylab workshop
o = deviation from conic position
ov = 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.

( P Workshop VHF Ranging

Earth
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RENDEZVOUS NAVIGATION PROGRAM

(P20)
A
Tm a Uow Zow Estimated Range Measurement
A
A B s r = 1 +6r
b Uy KR mo T Totm
A
Tm B Uow: @I - Ugy - (8Z) Where:
T, = Component of range due
T = U s OF to position vectors known
m o —gwW ¢ with zero uncertainty
A
"mT Bow- 0L, 6r_ = Kalman filter measure-
= ment variable where " "
_ _ T is used for CSM state —
ory - Mo 9 = bl x vector being updated and

"+ for workshop =b"x

After computing the geometry vector b, the measured deviation, 6Q, and the measurement error
variance are computed and used by the measurement incorporation routine to compute the
changes in deviation state vector. The computations are:

59 = T | Lo

2 Var min

2
maximum value of ( {VarR, W})

The values for VarR and Var min are stored in erasable memory and are shown in the Science
Section.

R
]




RENDEZVOUS NAVIGATION PROGRAM
(P20)

RENDEZVOUS NAVIGATION OPTICS TRACKING

During rendezvous navigation, the inertial line of sight from the CSM to the orbital workshop
is measured by recording optics shaft and trunnion angles, the IMU gimbal angles, and the
time of the mark.

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

ENB = [SB NB] Sin TA sin SA Where TA = trunnion angle
Sin TA sin SA SA = shaft angle
Cos TA
[SB NB] = sextant base to Nav base transfor-

mation

=|cosa 0 -sina

0 1 0
sin 0 cos o
a = -32° 31'23.19"

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

_ T
Un = [REFSMMAT] [NBSM] HNB

[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 workshop 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/workshop position from the reference
conic position.

or = deviation of spacecraft/workshop velocity from the reference
conic velocity
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RENDEZVOUS NAVIGATION PROGRAM
(P20)

The geometry vector b is then computed from the following procedure.

T = expected conic position
of workshop

5: X et expected conic position
}; Nominal HEELH or esm
5 Workshop B £cw = expected LOS
5,’ Position ;2 = measured LOS
= r = CSM state vector new.

Nominal Workshop
Position

sl (out)

The fictitious star LOS's are chosen

Actual CSM
Position
where

Lew ~ Iy L

U = Untt ()

Hs 1 = Unit (ch +£m)

EsZ - L (Hsl +Ecw)
= -1 . - .

6Q ,Scw ’(COS (Us, - U ) —Cos-1 Us, * Ug,)
= -1 .

6Q lgcw' (Cos Us, U,) -n/2

Therefore the b vector is + Esz
b o= + Us .
- - =2 where "+" is used for updating CSM state vector and "—""

is used for updating orbital workshop state vector.

After computing the geometry vector b, and the measured deviation, 6Q, the measured error variance
«“ is computed and used by the measurement incorporation routine to compute the changes in devia-
tion state vector. The computation is:

-2 2
o |Icw| [V”SXT + N ax IMU] +var iyp

Th.e values for Var SXT* Var v and Var INT are stored in erasable memory and are shown in the
Science Section.




TARGETING CONSTRAINTS

The nature of the Skylab 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 fnay be given by a fraction) involved in
the transfers between the maneuvers. The time between the TPI and TPF maneuvers is also
indirectly specified by specifying the central angle the workshop traverses between the TPI and
TPI times.

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

The altitude differences between the OWS orbit and the CM are specified for the NCC and TPI times.
Because the NCC altitude is specified only during the 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 CM Local horizontal plane
and the CM axis line of sight to the workshop at TPI time.

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

Coelhptlc
Velocity

NC1 N\

TPF

Period of post NC1 maneuver orbit

Il

Period of post NC2 maneuver oribt

IMlustration of the Skylark Rendezvous Constraints




SL-1/SL-2 Rendezvous Orbital geometry.

‘ Darkness

Direction
of motion/

SL-1 target orbit

Sun
Time, g.e.t Resultant Attitude
, g.e.t., .
hesmin:sec AV, fps Perigee/apogee, (Roll, Pitch, )
n. mi. yaw deg.
INS Insertion 0:09:50 81/120 181 342,-1
SEP Separation 0:16:00 3.0 81/122 180, 317,-1
NC1 Phasing 1 2:20:12 218.9 121/205 180, 339, 2
NPC Plane change Plane change, if necessary, occurs at node
between NC1 and NC2.
NC2 Phasing 2 4:36:03 160.6 204/213 180, 159, 1
NCC Corrective 5:22:12 30.5 213/223 180, 340, 1
combination
NSR Coelliptic 5:59:12 19.1 222/224 180, 198, 2
TPI Terminal phase 6:49:39 20.6 224/234 -1, 25, +1
initiation
TPF Terminal phase 7:23:16 27.9 223/235 181,174,1
finalization
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NC1 Targeting

The NC1 Program (P31) computes the first phasing maneuver (NC1) parameters and the NC2,
NCC, and NSR maneuver magnitudes for display.

The constraints are:

1. NC1, NC2, and NCC will be horizontal maneuvers.

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

3. The NC1 maneuver will be considered a phase maneuver.
The targeting starts with having the workshop and CM state vectors '"phase matched' for the time of
the NC1 maneuver. This procedure results in the same orbit central angle from NC1 to TPI for the
workshop and the CM.
When the '"phase match' is successfully completed, the CM state vector is rotated into the plane of
the WS orbit.

Am = Unit (Ewc wac)

T = IV |Unit[r —(r Am)Am

—cc ce —c |-cc —) —

Yoo = [Vee]omt [Feg (Yoo * Am) Am

r = CSM position state vector updated

—ee to NC1 time using coasting inte-
gration

Xc é = CSM velocity state vector updated
to NC1 time using coasting inte-
gration.

Toe = Workshop position state vector up-

v dated to NC1 time using Kepler
subroutine.

ch =  Workshop velocity state vector

updated to NC1 time using Kepler
subroutine.




The WS state vector is updated to the TPI time using Kepler subroutine obtaining EWF' XwF'

The desired CSM position vector rcyp at the TPI time is established using an iterative technique
(QRO TPI routine) to determine the workshop position vector r_ . radially above r

wJ —~CFD.

Then

er = n/2-E - sin"! [(ry - Ah) cos (E[)/r}cos™ [Unit (r) - Unit (z;)] Sign

[(xyxx): (x xv)l

where

en = Error in final transfer angle.

T = Position state vector being updated.

v = Velocity state vector being updated.

Ah = Delta altitude at final position

EL = Elevation at final position

Iy = Final position

YJ = Final velocity

Ty = Magnitude of vector EJ

When e,l.a is sufficiently small, the TPI geometry has been solved for the NC1 targeting and
re

randy the desired g and LA
Then
Icpp T Ly TARF Unit (o)
Iopp < CM final desired position at TPI time
X3 = Workshop position at TPI time radially above CSM
AhF = Delta height between CSM and Workshop at TPI time. (given)
!CCF = ch + dVe Unit (Am x Ecc)
XC cF = CSM final desired velocity at TPI time
ch = CSM velocity at NC1 time
dve = Added delta velocity at NC1 (given)

Using the same iterative technique values of state vector for the NC2 time and AV for NC2 are ob-
tained. A repeat of the procedure yiélds their command module NCC maneuver which in turn
yields the NSR state vector.

Upon advancing the workshop vector to be radially above the CSM at NSR the coelliptic velocity is
computed in the following manner

1
- - i i
R R N V) semi major axis (WS)

T B

a = a-h semi major axis of CSM
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a>3/2

Verl— |}

v - — "\

v x|

Lo = r —h Unit (r)

v st =L —v? gt x V) xxl +V, <
—c _x-_CI ap v - v|£c|

where r = Workshop position
vector
V = Workshop velocity
vector
h = Altitude between CSM
and workshop.
k= gravitational constant of earth

After updating the CSM state vector to the TPI time the altitude and phasing constraints are checked
for being sufficiently small. If iteration failures occur the first or second height calculations of
NC1 and NC2 are recomputed and repeated until the TPI geometry is satisfied.

Thus all the quantities necessary from NC1 to TPI have been satisfied by the NC1 targeting.




NC1 TARGETING

NC1 PAD DATA
NCMINAL PRELIMINARY FINAL
N95 HR |+ )(’\_%;*é 02| [/ % = . I
TGNCL  min[+ DT “:YQ )0 T\ I XXX
sec[+[]2/0{910) [+ 1 || w0 () O

T S I IS T - |
NEl avy [+ 1X'2(1/9/0 ‘ B \
AVycl vy |+ 0fofo]o 34 [ X
7K oJofo 0] [=[X[0]o]0]o] [0, 0]0,0
N22 R 180 S %N
NC1 P XIXIXI3[3]6 XX | ) >
¥ 0/02

| |
[ EREeR B

NC1 ONBOARD DATA

Verb 37 Enter, 31 Enter
V50N25 Flashing
R1: 00017 MINKEY Option
Enter Bypass MINKEY Option
V50N18 Flashing Request Maneuver to Roll, Pitch, Yaw Angles
Enter Reject Automatic Maneuver

+101]0 Hours TIG of No5 | +| 0|0
+10(0]0 Min NC-1 +1 000
+10 Sec +10
+(ofo]o]o Half Revs (NC1/NC2) N57(+|0|ofo]o
A Altitude (NCC) nmi
A Altitude (NSR) nmi
+ oo Hours [Ns7 ] +]o 0
o000 Min 3 TIGof +]o]o]o
+10 Sec +10
b Marks N45 b
b Time From Ignition (min:sec) b
-(0f0f0(0]|1| MGA -10]0]0 |01
AV (NC2) ft/s [s4 |
A Altitude (NC2) nmi
AV (NCC) ft/s
AV X ) Local [n81 |
AV Y )Vertical <
AV Z ) ft/s 4
b Marks N45 b
b Time From Ignition (min:sec) b
’ MGA d
NOTES:
XX
§ N81 Comp Limits +0.5 FPS X

X
X CMC/MSFN Within Limits Go CMC X
X No Agreement Go MSFN X
P9.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0:0.0.0.0.00.09.0.0'¢
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NC1-PHASING

P40 — SPS THRUSTING

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

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

V50 N25 Flashing, 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 Flas hing, V82 Enter

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

50-18 [Rou
Pitch (deg)
Yaw
) 06-18 | Roll
Pitch (deg)
b Yaw
06-40 | TFI (min:s)
) VG (ft/s)
AVM (ft/s) L
06-40 | TFC (min:s)
| VG (ft/s)
) AVM (ft/s)
16-40 | TFC (min:s)
| VG (ft/s)
: AVM (ft/s)
85 |

Residuals

(ft/s)

85 |

TRIM
(ft/s)

85 |

TRIM
(ft/s)

KoM N < MIN < M

z
44 | HA (nmi)
HP (nmi) p
TFF (min:s)




NC1 PHASING

EVENT BT/ AV

PROPULSION/
GUIDANCE

PRETHRUST
TARGETING

PHASING 1
NC1 9.6/218.9

SPS/ G&N
P40 EXT AV

P31

AVx N85

AVy  RESIDUALS (ft/s)
AV, (BODY AXIS)

X

X |X

S

_——— e —V

X

TRIM

— — ——=V, (it/s)

TRIM

DIRECTION
OF MOTION

TIG: 2:20:11.9
BURN TIME: 9.6 SEC
Av: 218.9 FPS
POSIGRADE

SPS

APOGEE: 204.7 nmi
PERIGEE: 121.4 nmi

START
ORBIT 2




LB-46

P52-IMU REALIGN

(Post-NC1 REFSMMAT ALIGN)

V37 Enter, 52 Enter
V04 N06 Flashing
R1: 00001
R2: 0000x IMU Align Option
1 — Preferred, 2 — Nominal,
3 — REFSMMAT
V51 Flashing — Please Mark

x|0]JO|O]|O P52 Option X 0|0]0O
+ 100 Hours + 0

GET of Gyro
+ 10|00 Minutes + 010

Torquing

+ |0 S Seconds ®
x |0]O0 Sensor/Celestial Body Code 1 | N71 | x 0
x [0 |0 Sensor/Celestial Body Code 2 | N71 | x 0

Outer | Star Tracker Gimbal | N14

Inner | Angles (arc-min)

< Star Angle Difference hlos

Star Angle Measured

) X Gyro l N93
Y Torquing
Z Angles (Degrees)
X Calculated
¥ Gyro
Z Drift (meru)

NOTES: Sensor/Celestial Body Code 00CDE

C = 0, CSM Optics DE = 46, Sun

C = 1, Sun Sensor DE = 04, Achernar

C = 2, Star Tracker DE = 14, Canopus
DE = 25, Acrux

N14 is applicable for Star Tracker (C = 2) sighting only

Expected Codes for
ATM Sensor Sightings




Normal Plane Change Targeting (NPC)

The plane change NPC targeting program computes the plane-change (PC) maneuver. The inputs
are the state vectors of the CM and workshop at the time of the last maneuver. This last maneu-
ver, made by the CM, is assumed to result in a nodal point after a 90-degree traverse from the
maneuver position.

The targeting sequence:

1. The CM state vector T, Ve, is precision integrated to the time of the last maneuver.

2. The time of the nodal crossing is then computed by using the time-theta routine
to update the CM state vector the rough 90 degrees.

3. The CM and WS state vectors are updated to the time of plane change, tpc'

4., Compute the plane change parameters.

Normal Plane Change Targeting

El = Unit (!c X Ec ) ~
\ = velocity vector CM at t
—C pc
r =  position vector CM at t
—c pc
g, = Unit (Xw X Iw)
\% =  velocity vector WS at t
w pc
P, =  position vector WS at t
W pc
Ye = L D
Ye = Xc ’ R2
yw = Xw ’ H2
o = out-of-plane position
Vc =  CM out-of-plane velocity
Vw = i.e. WS out-of-plane velocity

Normal Plane Change Targeting

AViy = 0 -Y,0

Define local vertical coordinate system axes in reference coordinates.

z = —UmtEc = Unit (—zc)
X = El = Umt(!c xzc)
X = Yxz

Compute AV the CM out-of-plane velocity vector in reference coordinates

Aoy = [Xxz] avgy
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NPC ONBOARD DATA
NPC PAD DATA

N33 HR | +
TIGNPC  MIN | -
SEC | +
N81 Avy | + 0/o0|0
AVnpC Avy
AvVz | + 0({0|0,0
AV
BT
Verb 37, Enter, 38 Enter
V50 N25 Flashing
R1: 00017 MINKEY Option
PRO Accept MINKEY Option
V50N18 Flashing Request Maneuver to Roll,
Pitch, and Yaw Angles
PRO
+10]0 Hours |N39 +10
+lo]ofo Min TGOt +]o0
+ lo Sec Last Maneuver +lo
+10]0 Hours |N33 +10
+]ofo]o Min | TIGOf +| o
T lo Sec Plane Change 1o
Marks [ Na5
b Time From Ignition (min:sec)
- (0o 0 MGA -10
AVx | Local [ Ns1
AVy | Vertical (PC)
« AVz ft/s
b Marks [~as
b Time From Ignition (min:sec)
MGA
P52
OGA | New [ w22
IGA ICDU
MGA ' ANGLES
MINKEY Pulse
Torque N25
OGA | ICDU [N20
IGA ANGLES
MGA

NOTES:

If AV < 10 FPS Automatic to P41
If AV = 10 FPS Automatic to P40
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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

Automatic MINKEY Entry

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

V16 N85 Flashing, Body Axes Residuals

(to be Nulled)
V37 Flashing, V82 Enter

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

Nulled

AV = 10 FPS AV <10 FPS
| 50-18 | Roll 50-18 | Roll
Pitch (deg) Pitch (deg)
Yaw Yaw
06-18 | Roll 06-18J Roll
Pitch (deg) Pitch (deg)
Yaw Yaw
06-40 [ TFI (min:s) 06-85[ X
VG (ft/s) Y VG(ft/s)
AVM (ft/s) 4
06-40 | TFC (min:s) 16-85[X
VG (ft/s) Y VG(ft/s)
AVM (ft/s) zZ
16-40 | TFC (min:s) 16-85 [X
VG (ft/s) Y Residuals
AVM (it/s) z (@/s)
85 | x X
4 Y Residuals X Trim
z  (6t/s) 7 (ft/s)
85 | x
Y TRIM
z &t/
44 | HA (umi)
HP (nmi)
TFF (min:s)
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NPC — PLANE CHANGE

PROPULSION/ PRETHRUST
EVENT BT/ AV G.E.T. GSmAUNIEE TARGETING
PLANE CHANGE | 9 0/0.0 | 03:05:20 s BSg
AV N85 #Ix I'x h
AVy  RESIDUALS (ft/s)| + [x |x |x min  GET
AV, (BODY AXIS) s 5
— e @ N, eieemeeee A —_—— —e—V ft/.
VxTRIM YTRIM ZTRI(M .
<
O
DIRECTION
OF MOTION
TIG: 3:05:29
BURN TIME: NOM. ZERO
AV: NOM. ZERO
NOTE: NPC PERFORMED
IF MGA>60°
AT NCC OR NSR
SPS OR RCS

APOGEE: 204.7 nmi
PERIGEE: 121.4 nmi

SUN
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P52—IMU REALIGN

(Post-NPC REFSMMAT Realign)

V37 Enter, 52 Enter
V04 N06 Flashing
R1: 00001
R2: 0000x IMU Align Option
1 — Preferred, 2 — Nominal,
3 — REFSMMAT
V51 Flashing — Please Mark

xlojlolo}|o P52 Option x|10]1]0|01]0
+ 1010 Hours +101]0

GET of Gyro
+ 10|00 Minutes +10]0 10

Torquing

+ 10 ! Seconds ps
x |0 |0 Sensor/Celestial Body Code 1 [ N71 [ x | 0 | 0
x |0 ]0 Sensor/Celestial Body Code 2 [ N71 | x | 0 | 0

Outer ) Star Tracker Gimbal | N14

Inner | Angles (arc-min)

Star Angle Difference ] NO05

Star Angle Measured

Gyro I N93

Torquing

Angles (Degrees) .
Calculated

Gyro

N < XN < M

Drift (meru)

NOTES: Sensor/Celestial Body Code 00CDE

C = 0, CSM Optics DE = 46, Sun Expected Codes for
C = 1, Sun Sensor DE = 04, Achernar ATM Sensor Sightings
C = 2, Star Tracker DE = 14, Canopus

DE = 25, Acrux

N14 is applicable for Star Tracker (C = 2) sighting only
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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 CM and WS state vectors as in the NC1 program. After rotating
the CM state vector in the plane of the WS orbit, the initial estimate of the NC2 maneuver is added
to the CM velocity vector. The CM state vector is then rotated the number of revolutions between
NC2 and NCC to obtain the state at NCC. The NCC maneuver is next calculated with the same
algorithm used in the 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).




NC2 TARGETING
NC2 PAD DATA

NOMINAL PRELIMINARY FihAaL
e ninzccanlazea
TIGNC2  MIN + > 36| [ XXX “SETX

sed+ 1.319[0] X ] s s |

NEl avx[+ X]176]0[8] [+ ' - X )|
avnez  avy[~[XJoTofojof [+[XTolo 00| [+ X o 0]ol0
0.0 " 00]0,0

avz|+ G0 ofojo] []X]o]

e oo PR P T
v p2Xolon] XX o7
Verb 37 Enter, 32 Enter ave 14]6]9 [ ] ) I
V50 N25 Flashing [ 8T <010/ 7] [X ! . :JH]
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 lN28 +| 0
+]olofo Min | TIGof +[o]of o
+ o Sec NC=2 0
Blank [ws7
b A Altitude (NCC) nmi
A Altitude (NSC) nmi <
+]0]o Hours [Ns7 [+] o]0
“Jofolo Min | TIGof +| 0o o0
+ 10 Sec TPI +1 0
b Marks [ ~45 b
b Time From Ignition (min:sec) b
-lofofo [o|1] MGgA -lojolofo]|1
AV (NCC) ft/s [ N84
A Altitude (NCC) nmi s
L AV (NSR) ft/s
AV X) Local [s1
AV Y} Vertical (NC2) s
AV Z ft/s 4
b Marks [ N5 b
b Time From Ignition (min:sec) b
MGA

X N81 COMP LIMITS + 0.5 FPS

X CMC/MFSN WITHIN LIMITS GO CMC
X NO AGREEMENT GO MSFN

D.9.9,9.9.0.0.0.0.0.9.0.0.0.0.0.0.0:0.0.0.0.0:0.0.0.9:0:0.¢

X
X X
X
X
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NC2— PHASING

P40 — SPS THRUSTING P41 — RCS THRUSTING

Automatic MINKEY Entry Automatic MINKEY Entry

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

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

V50 N25 Flashing R1 = 00204, Gimbal Actuator V06 N85, X, Y, Z Body Axes Velocity to
Test Option be Gained

V06 N40, Time from Ignition, Velocity to be V16 N85 (Average G on at TIG- 30) Veloc-
Gained, Measured Change in Velocity ity to be Gained

V99 N40 Flashing, Engine On Enable Request V16 N85 Flashing, Body Axes Residuals

V06 N40, Time from Cutoff, Velocity to be (to be: Nulled)

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 Free fall to 300 k ft Earth

Orbit
AV = 10 FPS AV < 10 FPS
50-18 | Roll 50-18 | Roll
Pitch (deg) Pitch (deg)
Yaw \ Yaw
06-18 | Roll | 06-18 | Roll
) Pitch (deg) s Pitch (deg)
Yaw Yaw
06-40 | TFI (min:s) | [o06-85 [ x
VG (ft/s) Y VG (ft/s)
AVM (it/s) 2
06-40_| TFC (min:s) 16-85 | X
] VG (ft/s) Y VG (ft/s)
] AVM (it/s) Z
16-40 | TFC (min:s) 16-85 | X
VG (ft/s) p Y Residuals
AVM (ft/s) z (ft/9)
85 |x X
Y Residuals < b4 Trim
i z (/9) z (ft/s)
L |5 [x
Y TRIM
z (ft/s)
44 | HA @mmi)
HP (nmi)
TFF (min:s)
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NC2 — PHASING

PROPULSION/ PRETHRUST
EVENT BT/ AV Gl L GUIDANCE TARGETING
PHAI\?ggG 2 6.9/160.6 | 04:36:03 SPS/G&N P-32
3 AVy N85 + x| x h
AVy  RESIDUALS (ft/s)| + [x [x |x min  GET
AV, (BODY AXIS) + lx s
. ; S S v s s an V) (ft/s)
XTRIM YTRIM TRIM
DIRECTION
OF MOTION
TIG: 04:36:03.1
BURN TIME: 6.9 SEC
AV: 160.6 FPS
POSIGRADE
SPS

APOGEE: 223.1 nmi
PERIGEE: 213.2 nmi

SUN

START

ORBIT 3




LB-56

NCC Targeting

The NCC targeting requires the CM and WS state vectors, time of the NCC maneuver, time between
NCC and NSR maneuver, time of the TPI maneuver altitude between the WS orbit and the CM at
the TPI time, and elevation angle.

The workshop state vector is updated to TPI time and the CM state vector is updated to NCC time.
Next the iterative scheme is used to find the workshop state vector radially above the desired CM
position vector at TPI. Using the WS state vector and the altitude difference the coelliptic calcu-
lations are used to obtain the CM state vector prior to the TPI maneuver. This state vector is
precision integrated backwards to NSR to find the target vector of the NCC maneuver.

Next the final velocity at NCC and NSR is calculated iteratively using the initial state vector,
target state vector, time of transfer from initial position to target position. Then the velocities-
to-be gained are calculated using the initial and final velocities at NCC and NSR.



NOMINAL

NCC TARGETING

NCC PAD DATA
PRELIMINARY

N11
TIG NCC

NEl
BVnce

e
N22
NCC

Verb 37 Enter, 33 Enter
V50 N25 Flashing
R1:

NCC ONBOARD DATA

00017 MINKEY Option
Enter Bypass MINKEY Option

V50 N18 Flashing Request Maneuver to Roll,

Pitch, Yaw Angles

Enter Reject Automatic Maneuver
+lofo Hours [N11 ]+ 7o
+lololo Min et + o
+] 0 Sec Nee + |0
+]ofo Hours [Nz [+ ]o
+lofofo0 Min il +10
+10 Sec NSR +
+]ofo Hours [ns7 [+ o
+1o]o o Min TG ot + |0
o Sec TP + o
Marks @5
b Time From Ignition (min:sec)
-lofofo|o]|1|mMca -lo
4 |Av X)) Local LNez
AV Y| Vertical (NSR)
av z ! /s
AV X Local [ ns1
, |AV Y| Vertical (NCC)
‘ AV ft/s
b Marks [ Na5
Time From Ignition (min:sec)
MGA

5
é

kiR k]

N81 COMP LIMITS +1.5, +5.0, +15.0 FPS

CMC/CHART WITHIN LIMITS GO CMC

IF NOT CMC/MSFN WITHIN LIMITS GO CMC

IF NOT CHART/MSFN WITHIN LIMITS GO CHART
NO AGREEMENT GO MSFN

P MMM N

|
|
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NCC CORRECTIVE COMBINATION

P40-SPS Thrusting

Automatic MINKEY Entry

V50 N 18 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 Alti-

tude, Time to Freefall to 300 K ft Earth
orbit

P41-RCS Thrusting

Automatic MINKEY Entry

V50 N18 Flashing, Request Maneuver to
FDAIR, P, Y, Angles

V06 N18, FDAIR, 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 210 FPS AV <10 FPS
50-18 | Roll 50-18 | Roll
Pitch (deg) s Pitch (deg)
Yaw Yaw
06-18 | Roll ) 06-18 | Roll
s Pitch (deg) b Pitch (deg)
3 Yaw b Yaw
06-40 | TFI (min:s) 06-85 | X
VG (ft/s) Y (VG (ft/s)
AVM (ft/s) Z
06-40 [ TFC (min:s) 16-85 | X
VG (ft/s) Y VG (ft/s)
AVM (ft/s) Z
16-40 [ TFC (min:s) 16-85 [X
VG (ft/s) s Y Residuals
AVM (ft/s) 7z (@/s)
85 [x X
Y Residuals b4 Trim
I 7 (ft/s) [z (ft/s)
L |85 x
. Y TRIM
‘ )
44 |HA (ami)
) HP (nmi)
TFF (min:s)




NCC — CORRECTIVE COMBINATION

PROPULSION/ PRETHRUST
EVENT BT/ AV G.E.T. GUIDANCE TARGETING
CORRECTIVE
COMBINATION 1.2/30.5 05:22:12 SPS/G&N P33
-NCC
3 AVx N85 +|x [x h
AVy  RESIDUALS ft/s)| + [x |x |x min GET
AV, (BODY AXIS) s
_— e eV P —— g} ft/
XTRIM YTRIM ZTRI(M o)
DIRECTION OF
MOTION
TIG: 5:22:12.3
BURN TIME: 1.2 SEC
AV: 30.5FPS
SPS
POSIGRADE

APOGEE: 223.1 nmi
PERIGEE: 213.2 nmi

START
ORBIT 4

SUN
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NSR Targeting
The NSR targeting program (P34) is the computation of the coelliptic maneuver.

The program inputs are:

1. CM and WS state vectors
2. Elevation angle
3. Time of NSR Maneuver
4. Time of TPI Maneuver
After precision updating of the CM and WS state vectors to the NSR maneuver time, the CM state

vector is rotated into the WS orbit plane, and the WS state vector is updated to be colinear with the CM
position vector using the time — theta routine.

The coelliptic maneuver constraint determines the semimajor axis A, and vertical velocity.

Vcy following the maneuver. After calculating the CM post-NSR velocity vector V.2, both the

CM and WS state vectors are conically updated to the time of the TPI maneuver. The TPI program
is then used to calculate the time at which the specified elevation angle is attained.




NSR TARGETING

NSR PAD DATA
TIG NSR(N13) = TIG NCC(N11) + 00:37:00 - :

NOMINAL PRELIMINARY FINAL

N8l x|+ X]1011/9(2 Z>‘~ I
BVysp Vv + OBDLL _'\(')»_{»7 T i } ]
o ,,A,Y,Z_,_, FQO 1.8 s S e i
| ave[XIXI0/0[5,3 N |
N22 R X 1/8/0| [< B 1]
NSR P ) 1198 B |

M <]0]0]2 r |

NSR ONBOARD DATA

Verb 37 Enter, 34 Enter
V50 N25 Flashing

R1: 00017 MINKEY Option
Enter Reject MINKEY Option

Request Maneuver to Roll, Pitch,
Yaw Angles

Enter Reject Automatic Maneuver

+10]0 Hours lﬁlS +10
0|o]o Min g +]o]olo
% 10 L Sec Han + *
b Marks [ ~45
b Time From Ignition (min:sec)
-10[(0|0)|0] 1] MGA -10]0]0[O0]1
, | A Altitude (NSR) nmi [n75 |
b A Time (TPI-NSR) (min:sec) b
b A Time (TPI-NOMTPI) (min:sec)
4 | AV X Y Local [ Ns1 )
® AV 'Y Jertical NSR p
s AV Z ) ft/sec o
b Marks M b
b Time From Ignition (min:sec) b
] MGA ®

D 9.0.0.0.0:0.0:0.0:0:0:0.0:0:0.0.0:0.0:0.0:0.0'0.'0.6.0.66.06.0 0.9
N81 COMP LIMITS NA, NA, NA FPS X

X

BURN P34 RECYCLE, CHART OR MSFN SOLN X
IF NCC WAS BURNED CMC, CHART X

OR MSFN, RESPECTIVELY X

el ]
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NSR — COELLIPTIC

P40—SPS THRUSTING CSM P41-RCS THRUSTING

Automatic MINKEY Entry Automatic MINKEY Entry

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

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

V50 N25 Flashing, R1=00204, Gimbal Actuator V06 N85, X, Y, Z Body Axes Velocity to be
Test Option Gained

V06 N40, Time from Ignition, Velocity to be V16 N85 (Average G on at TIG-30) Velocity to
Gained, Measured Change in Velocity be Gained

V99 N40 Flashing, Engine on Enable Request V16 N85 Flashing, Body Axes Residuals

V06 N40, Time from Cutoff, Velocity to be (to be Nulled)

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
AV > 10 fps AV <10 f3s

50-18 J Roll 50-18 [ Roll
Pitch (deg) Pitch (deg)
Yaw Yaw

06-18 [Rou 06-18 | Roll
Pitch (deg) Pitch  (deg)
Yaw Yaw

06-40 | TFI (min:s) 06-85 | X
VG (t/s) Y VG (ft/s)
AVM  (ft/s) Z

06-40 TFC (min?s) 16-85 ] X
VG (it/s) b6 VG (it/s)
AVM (ft/s) /4

16-40 | TFC (min:s) 16-85 | X
VG (t/s) ;’ ‘(‘ff/ss‘“als
AVM  (ft/s)

85 | x X
v Residuals Y Trim

(ft/s) % (ft/s)

Z

85 |x
Z

44 [HA  @mi
HP (nmi)
TFF  (min:s)




NSR — COELLIPTIC

. PROPULSION/ PRETHRUST
EVENT BT/ AV G.-E.T. | GUIDANCE TARGETING
COELLIPTIC
NSR 0.7/19.1 | 05:59:12 SPS/G&N P-34
AVx N85 +|x |x h
AVy  RESIDUALS (ft/s)| + |x |x |x min  GET
AV, (BODY AXIS) o &
B —_—— e eV (ft/s)
TRIM YTRIM TRIM

DIRECTION
OF
MOTION

TIG: 05:59:12.3
BURN TIME: .7 SEC
AV: 19.1FPS
POSIGRADE )
SPS 3
APOGEE: 223.6 nmi
PERIGEE: 222.3 nmi

START
ORBIT 4

SL-1
ORBIT
(232 x 235.2 nmi)

TARGET
ORBIT

AH=10 nmi




| TPI TARGETING

B The TPI targeting for the Skylab mission is accomplished using the equations and techniques
ﬁ stated below utilizing the following information:
i

RENDEZVOUS
TRAJECTORY

Yemr
T, - time at which the TPI maneuver is to be performed

Il RWS' Workshop position vector at T1

Viye- Workshop velocity vector at T

-Ws 1
i : &M' CSM position vector at T1
i YCM_ CSM velocity vector at T1

"’WS— Central angle CSM will traverse between TPI and
rendezvous (130° nominally)

Targeting Procedure:

1. Compute the elevation angle of the CSM-WS LOS above the CSM horizontal plane at the specifi
time of TPI,

EA = cos [LIL-
where
Up = wit{Byg-RBoy
U = wmib[Boy XVl
u, - |u, - Srfew Rom
= — 2
IR

if EA<0° define EA=21T—EA




2. Compute the time (tp1) required for the WS to travel through the central angle wWS using the
Time-Theta method described on page SC-15.

w

Update the state vector of the WS to the time of rendezvous (AT = t21) using Kepler's method
as described on page SC-15 obtaining Rwsr:> = Ywsp-

4. Compute the central angle (cp) through which the CM must traverse between its position
at TPI and the WS's position at rendezvous,

- . -1 .
YoM =SON Boy x Byygp * U) cos ™ By * Ryygp)
if wCM < 0° define Yom =¥om 27
5. Usingthe Time-Thetamethod, determine the flight path angle y required of the CM at the
end of the TPI burn such that the time required by the CM to traverse the central angle of
PcMm is the same as to1.

6. Calculate the velocity to be gained.

AV
g
Yem
Vl
—CM
AV =V'em -~ YoM
Where:
= /_13& . uni i )
Y'CM i ( cot i * unit BCM +I_JN x unit BCM
VYV CM
= semilatus rectum of the TPI orbit
I_JN = unit [ unit BWSF * unit BCM]

The velocity to be gained is burned out using the SPS and Lambert Aimpoiat Guidance.
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TPI TARGETING

TPI PAD DATA
NOMINAL PRELIMINARY FINAL
N37 HR |+ 06| |+[X +
TIG TP MIN[ 4 49| [+ +
sec[+<10/9.8[0] [+ +
INs1 avy |+ 1/8/8]
avipr avy |+ X[X10|0,7
. bvz— 08 41
N59  Avp/BT _t_g 0.6/5/2 ;
MVios)8VR/8T|+/0|0,7/0/ 4 / L
8vo/87+10(1,1/0[6 A

TPI ONBOARD DATA

Verb 37, Enter, 35 Enter
V50 N25 Flashing

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

+]o]o Hours [vs7 [+ oo
o 0 Min A +o]o] o
+ |0 Sec + |0
0fojofo Precision Offsets [ ss 0olofofo
Elevation Angle
b Marks [ 45 b
b Time from Ignition (min:sec) b
-lojoflo|lofl 1] mca -Jof{o]of[of1
+ oo Hours ) TIG of [Na7 [+ Jo]o
+{ofo]o Min Te +]ofo]o
+ |0 Sec + 10
ofofo]o Precision Offsets [ ns5 ofofofo
Elevation Angle
AV (TPI) | Ns8
L AV (TPF)
b A Time (TPI - NOMTPI) b
AVX ) Local [ ns1
AVY Vertical TPI
< AVZ ft/sec 4
Marks [ N5 b
Time from Ignition (min:sec)
MGA

NOTES AV <10 fps Automatic to P41
AV >10 fps Automatic to P40

XXKKK KKK XKXX
p0.0,0:0.0.00,0.0.0.0.0.0.6.06.¢0/0:0.0.0.0:0.:6.0.0.0.0.6.0.0 .05 4 N81 COMP LIMITS +1.0,+3.0,+3.0 FPS X
§N37 COMP LIMITS + 10 MIN X ;E CMC/CHART WITHIN LIMITS GO CMC §
e X { IF NOT CMC/MSFN WITHIN LIMITS GO CMC X
CMC/MSFN WITHIN LIMITS GO ELEV OPTION X y ***¥erexs FEETIIREI LY
XNO AGREEMENT GO TIME OPTION X JIFNOT N8I COMP LIMITS 3.0 FPS 3
BEXXXXXXXXX)OQQQQQ(}QQ(XXX)Q(XXXXXX)DQ& X CHART/MSFN WITHIN LIMITS GO CHART X
> NO AGREEMENT GO MSFN X

g
?




TPI— TRANSFER PHASE INITIATION

P40-SPS Thrusting P41-RCS Thrusting
Automatic MINKEY Entry Automatic MINKEY Entry
V50 N 18 Flashing, Request Maneuver to FDAI V50 N18 Flashing, Request Maneuver to
R, P, Y Angles FDAIR, P, Y, Angles
V06 N18, FDAI R, P, Y Angles After Maneuver V06 N18, FDAIR, P, Y Angles After
to Burn Attitude Maneuver to Burn Attitude
V50 N25 Flashing, R1 = 00204, Gimbal Actuator V06 N85, X, Y, Z body Axes Velocity to
Test Option be Gained
V06 N40, Time from Ignition, Velocity to be V16 N85 (Average G on at TIG-30) Velocity
Gained, Measured Change in Velocity to be Gained

V16 N85 Flashing, Body Axes Residuals

V99 N40 Flashing, Engine on Enable Request (to be Nulled)

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 Alti-
tude, Time to Freefall to 300 K ft Earth

orbit
AV 210 FPS AV <10 FPS

50—18J Roll 50-18 | Roll
Pitch (deg) Pitch (deg)
Yaw Yaw

06-18 | Roll 06-18 | Roll
Pitch (deg) Pitch (deg)
Yaw > Yaw

06-40 [ TFI (min:s) 06-85 | X
VG (ft/s) Y (VG (ft/s)
AVM (ft/s) z

06-40 [ TFC (min:s) 16-85 [ X
VG (ft/s) Y VG (ft/s)
AVM (ft/s) z

16-40 | TFC (min:s) 16-85 [X
VG (ft/s) Y Residuals
AVM (it/s) z @/s)

85 [x X
Y Residuals Y Trim
z (&t/s) z (ft/s)

85 |x
Y TRIM
z (ft/s)

44 [HA (nmi)
HP (nmi)
TFF (min:s)
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TPI— TRANSFER PHASE INITIATION

PROPULSION/ PRETHRUST
EVENT BT/ AV e GUIDANCE TARGETING
TERMINAL
PHASE INITIATION 0.7/20.6 | 06:49:39 SPS/G&N P-35
- TPI
AV N85 +]x [x h
AVy  RESIDUALS (it/s)| + |x [x |x min  GET
AV, (BODY AXIS) = .
————v, —— i gV (ft/s)
TRIM YTRIM ZTRIM

SL-1 ORBIT
DIRECTION (232. x 235.2 nmi)

OF MOTION
10 nmi

el

LEL TIG: 6:49:38.7
BURN TIME: .7 SEC
TPF AV: 20,6 FPS
TIG: 7:23:16.1 . POSIGRADE
BURN TIME: 65.5 SEC NOTE: START SPS
AV: 21.9FPS LOS CONTROL, ORBIT 5 APOGEE: 234.2 nmi
RCS STATION KEEPING, SUN PERIGEE: 224.1 nmi

APOGEE: 235.2nmi  FLYAROUND, & DOCKING
PERIGEE: 232.0 nmi AN ADDITIONAL 26 FPS
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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 CM-WS rendezvous at the time established
by in the TPI program.
The inputs used are:
1. CM and Workshop state vectors Ec' Vo ¥ o F
2. Intercept time, trpp
3. Number of precision offsets, N1
4. Time delay, §t (time required to prepare for the maneuver).

WS TPI

tpresent

CM

The targeting sequence is:

1. Update the CM and WS positions and velocities to present time plus 6t using coasting
integration scheme. (Kepler update if rectificiation occurs)

2, Update workshop I Yoo to time of TPF (tppy) obtain IoT
3. Compute Unit normal to CM plane and central angle (p) between TPM and TPF
u = unit (1_"c X !c)
¥ ep
@ = %+ cost ('C—Z'V—T—)-n SIGN [@‘; XEp)* g]
r! . r
c wT

4. Solve for the initial velocity V! given r ., r' , transfer time ( - (t
using initial velocity technlque(f It Se tTPF

5. Solve for velocity to be gained for TPM.

present +8t))

AVppym =Y. -Y,
directions for AV TPM
Y= @ xY,)
Z = unit (- E'c)
X= ¥x2
6. Local vertical directions for AVTPM
X
- |3 AY
AV o @V) = %{ TPM
7. LOS computations of AYTPM
R = UNIT @, -r))
- X
32 UNIT ( (5(; LR ARS Rl) Rl)
By = ByxRy
R.
. 1 av
AV @OS) = [R,| “=TPM
Ry

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 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 | n45

Time from Ignition (min:sec)

-]10]0[0 |01 MGA =

AVX ) LOS [ Ns9
. AVY TPM ft/sec
) AVZ
b MARKS [ Nas
b Time from Ignition (min:sec)
MGA

NOTES:




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
Burn Attitude

V06 N85, X, Y, Z Body Axes Velocity to be Gained
V16 N85 (Average G at TIG-30) Velocity to be

Gained
V16 N85 Flashing, Body Axes Residuals (to be
Nulled)
AV <10 fps
. 50-18 | Roll
4 Pitch (deg)
¢ Yaw
® 06-18 Roll
) Pitch (deg)
4 Yaw
¢ |o06-85 | x
! Y VG(ft/s)
‘ z
® 16-85 X
: Y VG (ft/s)
[ ] Z
| [16-85 [ x
v Residuals
LJ (ft/s)
@ Z
y X
Trim
Y gt/s)
Z




o=

Verb 37, Enter, 36 Enter

V50 N25
R1:
Enter
V50 N18
Enter

P36 — TPM2 TARGETING

Flashing

00017 MINKEY Option

Reject MINKEY Option

Flashing Request Maneuver to Roll, Pitch, Yaw Angles
Reject Automatic Maneuver

b MARKS l N45

Time from Ignition (min:sec)

01011 MGA -

AVX LOS [ Ns9

AVY TPM  (ft/sec)

) AVZ

b MARKS | N4s

Time from Ignition (min:sec)

MGA
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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 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
06-85 | X
Y VG (ft/s)
Z
16-85 X
Y VG (ft/s)
Z
16-85 | X
v Residuals
(ft/s)
Z
X
Y Trim
7 (ft/s)
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CSM RENDEZVOUS FINAL PHASE

CSM and SWS
on Same Radial

Braking

Braking waneuver
Braking paneuver

Braking Maneuver 3
Maneuver 2
1

Braking Maneuver
and Docking
5

5

BRAKING MANEUVER DESCRIPTIONS

1. AtR =6,000Feet, Maneuver Reduces Range
Rate from 45 to 30 ft/s,

2. AtR =3,000 Feet. Maneuver Reduces Range
Rate from 30 to 20 ft/s.

3. AtR =1,500 Feet. Maneuver Reduces Range
Rate from 20 to 10 ft/s.

4. AtR =500 Feet. Maneuver Reduces Range
Rate from 10 to 5 ft/s.

5. AtR =130 Feet. Maneuver Reduces Range
Rate from 5 to 0 ft/s.

BRAKING GATES
. SWS DIAMETER

R(NM) R (FPS) RETICLE ANG OEG) ~ * FD
1.00 30 .2 6000
250 20 1 3000
.25 10 8 1500
-08 5 2.5 500
-05 42 300
-03 6.3 200
L02 10.0 130
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P37 — RENDEZVOUS
FINAL PROGRAM

Verb 37, Enter, 37 Enter

V50 N25
R1:

Enter

V50 N18

Flashing

00017 MINKEY Option

Reject MINKEY Option

Request Maneuver to Roll, Pitch, Yaw angles

Range nmi L N54

Range Rate (ft/s)

Theta

Range LN54

Range Rate

) Theta

b Range | N54

Range Rate

Theta

! Range [ w54

Range Rate

p Theta

Range [ n54

Range Rate

Theta




Verb 37, Enter, 48, Enter

LB-176

P48 — RENDEZVOUS
THRUST MONITOR PROGRAM

4 Range I N77
Range Rate
s Theta
p Hours I N72
Min Time of
Optimization
Sec
) Range | n76
Range Rate
b Time from Optimization
Range | N77
Range Rate
b Theta
1 | avx | ns3
Body
% Axis ft/sec
AVZ
Range [ N77
s Range Rate
Theta
Hours Time of I N72
J Min Optimization
Sec
) Range | N76
Range Rate
b Time from Optimization
p Range ] N77
* Range Rate
s Theta
AVX Body | ns3
< AVY Axis (ft/sec)
AVZ

NOTES:
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P52 —IMU REALIGN

POST DOCKING

V37 Enter, 52 Enter
V04 N06 Flashing
R1: 00001
R2: 0000x IMU Align Option

1 - Preferred, 2 - Normal,
3 - REFSMMAT.

V51 Flashing - Please Mark

xloloflo]lo P52 Option XxX]10]10(01]0
+ 100 Hours + 1010

GET of Gyro
+ (0|00 Minutes +10]0 (0

Torquing

+ |0 ! Seconds ps
x 10]0 Sensor/Celestial Body Code 1 [ N71 [ x |0 | 0
x [0]0 Sensor/Celestial Body Code 2 | N71 | x | 0 | 0

Outer | Star Tracker Gimbal | N14

Inner | Angles (arc-min)

) Star Angle Difference LN05 Py
) Star Angle Measured °
X Gyro bQS |
Y Torquing It
Z Angles (Degrees) S
4 X Calculated )
) Y Gyro 4
Z Drift (meru)

NOTES: Sensor/Celestial Body Code 00CDE

C = 0, CSM Optics DE = 46, Sun Expected Codes for
C = 1, Sun Sensor DE = 04, Achernar ATM Sensor Sightings
C = 2, Star Tracker DE = 14, Canopus

DE = 25, Acrux

N14 is applicable for Star Tracker (C = 2) sighting only
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P50 — ATM ORIENTATION DETERMINATION

(OPTION 1)
V37 Enter, 50 Enter
V04 NO6 Flashing
R1: 00012
R2: 0000x ATM Sighting Option
1 = Acquisition Sun Sensor Mark
2 = Acquisition Sun Sensor/Star Tracker Mark

3 = Docking Angles
V51 Flashing - Please Mark

X[o0fo|JoO0{foO P50 — OPTION X]0]0]0]O
0 Outer ST Gimbal Angle Mark, Read 0
0 Inner ST Gimbal Angle } Reco:gd 0

x| 0]0 Sensor/Star Code* N71 [ x[o0]o0

Outer ST Gimbal Angle N14
} arc-min

Inner ST Gimbal Angle

Docking Angle (o | Nom=145 LN23

(Load for B | Nom=180

Option 3) ?
s Y | Nom=0

*Expected codes for option 2

00214 Canopus
00225 Acrux
00204 Archernar
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P52 — IMU REALIGN
(POST DOCKING No. 2)

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

1 - Preferred, 2 - Nominal,
3 - REFSMMAT,

V51 Flashing - Please Mark

x|0JO0O|O}]O P52 Option x|]0J]0}|01]O0
+ 1010 Hours +10|0

GET of Gyro
+ 10|00 Minutes + (0|00

Torquing

+ |0 ! Seconds b
x {0]0 Sensor/Celestial Body Code 1 [ N71 | x [0 | 0
x |00 Sensor/Celestial Body Code 2 | N71 | x | 0 | 0

Outer | Star Tracker Gimbal | N14

Inner | Angles (arc-min)

Star Angle Difference [N05

Star Angle Measured

Gyro l N93

Torquing

Angles (Degrees) e

Calculated

Gyro

N < XN <N

Drift (meru)

NOTES: Sensor/Celestial Body Code 00CDE

C = 0, CSM Optics DE = 46, Sun Expected Codes for
C = 1, Sun Sensor DE = 04, Achernar ATM Sensor Sightings
C = 2, Star Tracker DE = 14, Canopus

DE = 25, Acrux

N14 is applicable for Star Tracker (C = 2) sighting only
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P50 — ATM ORIENTATION DETERMINATION

(OPTION 2)
V37 Enter, 50 Enter
V04 N06 Flashing
R1: 00012
R2: 0000x ATM Sighting Option
1 = Acquisition Sun Sensor Mark
2 = Acquisition Sun Sensor/Star Tracker Mark
3 = Docking Angles

V51 Flashing - Please Mark

x| 0J0fO{|O P50 — OPTION X
0 Outer ST Gimbal Angle ) Mark, Read
0 Inner ST Gimbal Angle } Reco?gd

x| 0|0 Sensor/Star Code* N71 | x

Outer ST Gimbal Angle N14
} arc-min

Inner ST Gimbal Angle

Docking Angle ("o | Nom=145 Dzs

(Load for B | Nom=180
Option 3)

b vy | Nom=0

*Expected codes for option 2

00214 Canopus
00225 Acrux
00204 Archernar




P52 — IMU REALIGN

(Post Docking No. 3)
V37 Enter, 52 Enter
V04 N06 Flashing
R1: 00001
R2: 0000x IMU Align Option
1 - Preferred, 2 - Nominal,
3 - REFSMMAT
V51 Flashing - Please Mark

x|olo]o]oO P52 Option Xx|{0]0}]0]O0
+ (0[O0 Hours +101]0

GET of Gyro
+ 10|00 Minutes +10]0 (0

Torquing

+ |0 L Seconds s
x |0]o0 Sensor/Celestial Body Code 1 | N71 [ x |0 | 0
x |0]0 Sensor/Celestial Body Code 2 [ N71 | x | 0 | 0

Outer | Star Tracker Gimbal | N14

Inner | Angles (arc-min)

y Star Angle Difference [NOS Ps
) Star Angle Measured )
+ X Gyro [ N93 )
Y Torquing $
| Z Angles (Degrees) «
\ X Calculated «
D4 Gyro <
Z Drift (meru) y

NOTES: Sensor/Celestial Body Code 00CDE

C = 0, CSM Optics DE = 46, Sun Expected Codes for
C = 1, Sun Sensor DE = 04, Achernar ATM Sensor Sightings
C = 2, Star Tracker DE = 14, Canopus

DE = 25, Acrux

N14 is applicable for Star Tracker (C = 2) sighting only
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P51 - IMU ORIENTATION
DETERMINATION

V37 Enter, 51 Enter

V50 N25 Flashing

R1 00015 (Maneuver to Acquire Stars)
Enter IMU Coarse Aligns to 0,0,0

V41 N20E Enter Desired Gimbal Angles

No Attitude - light on, then off

V50 N25 Flashing

R1 00015 (Maneuver to Acquire Stars)
PRO
V51 Flashing - Please Mark

Orbital Assembly in Solar Inertial Attitude
Star Tracker locked on.
MARK Record Star Tracker Gimbal Angles

Star Tracker P51 Option

Star Tracker

x| 0|o|o]| 1|5 | V50N25Flashing

x|0[0}|O0]1

R IMU

4 P Gimbal (deg)

Y Angles

Sensor/Celestial
Body Code 1

N71L [xfo |0

Sensor/Celestial
Body Code 2

N1 [ x]o0 |0

Star Tracker

0 Outer (arc min)
} Gimbal angles

0 Inner (arc min)

N14 0

Star Angle
Difference (degrees)

Star Angle (Measured)

NO5

NOTES: Sensor/Celestial Body Code 00 CDE

C =0 - CSM Optics
C =1 - Sun Sensor
C =2 - Star Tracker

DE =46 - Sun

DE = 04 - Achernar
DE =14 - Canapus
DE =25 - Acrux

Expected codes for
ATM Sensor Sightings




P52 — IMU RE ALIGN
(Entry - 7 Check No. 1)

V37 Enter, 52 Enter
V04 N06 Flashing
R1: 00001
R2: 0000x
1 = Preferred, 2 - Nominal,
3 = REFSMMAT
V51 Flashing - Please Mark

x{oloflo]o P52 Option x10l0|0]O
+ 1010 Hours +]101|0

GET of Gyro
+10]|0|0 Minutes +/0]0 |0

Torquing

+ |0 ! Seconds B
x 100 Sensor/Celestial Body Code 1 | N71 [ x [0 | 0
x |0 |0 Sensor/Celestial Body Code 2 |[N71 | x [0 | 0

Outer | Star Tracker Gimbal | N14

Inner | Angles (arc-min)

) Star Angle Difference LNOS b
) Star Angle Measured .
X Gyro LN93 )
X Torquing b
zZ Angles (Degrees) .
\ X Calculated )
! Y Gyro o
Z Drift (meru) *

NOTES: Sensor/Celestial Body Code 00CDE

C = 0, CSM Optics DE = 46, Sun Expected Codes for
C = 1, Sun Sensor DE = 04, Achernar ATM Sensor Sightings
C = 2, Star Tracker DE = 14, Canopus

DE = 25, Acrux

N14 is applicable for Star Tracker (C = 2) sighting only
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P50— ATM ORIENTATION DETERMINATION
(Entry - 7 Check Option 2)

V37 Enter, 50 Enter

V04 N06 Flashing
R1: 00012
R2: 0000x ATM Sighting Option

1 = Acquisition Sun Sensor Mark
2 = Acquisition Sun Sensor/Star Tracker Mark
3 = Docking Angles

V51 Flashing - Please Mark

-

xX|0fO0O]O(|O P50 — OPTION X
0 Outer ST Gimbal Angle ) Mark, Read
0 Inner ST Gimbal Angle } Reco:gd

x| 0|0 Sensor/Star Code* N71 | x

Outer ST Gimbal Angle N14
arc-min
Inner ST Gimbal Angle

Docking Angle ("¢ | Nom=145 | N23

(Load for B | Nom=180
Option 3)

y | Nom=0

*Expected codes for option 2

00214 Canopus
00225 Acrux
00204 Archernar




V37 Enter, 52 Enter

LB-85

P52 — IMU REALIGN

(ENTRY - 7 Check No. 2)

V04 N06 Flashing
R1: 00001
R2: 0000x IMU Align Option

1 - Preferred,

2 - Nominal,

3 - REFSMMAT.
V51 Flashing - Please Mark

x|0ojofoOo}|oO P52 Option 0(0]o0
+ 1010 Hours 0
GET of Gyro
+ 10|00 Minutes 0|0
Torquing

+ |0 . Seconds .
x |0 ]0 Sensor/Celestial Body Code 1 | N71 0
x |0 |0 Sensor/Celestial Body Code 2 | N71 0

Outer | Star Tracker Gimbal | N14

Inner | Angles (arc-min)

Star Angle Difference

Star Angle Measured

[

Gyro
Torquing
Angles (Degrees)

[

Calculated

Gyro

N < XN <N

Drift (meru)

NOTES: Sensor/Celestial Body Code 00CDE

04, Achernar

C = 0, CSM Optics DE = 46, Sun

C = 1, Sun Sensor DE =

C = 2, Star Tracker DE = 14, Canopus
DE = 25, Acrux

N14 is applicable for Star Tracker (C = 2) sighting only

Expected Codes for
ATM Sensor Sightings
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P51 — IMU ORIENTATION
DETERMINATION

V37 Enter, 51 Enter

V50 N25 Flashing

R1 00015 (Maneuver to Acquire Stars)
Enter IMU Coarse Aligns to 0,0,0

V41 N20E Enter Desired Gimbal Angles

No Attitude - light on, then off

V50 N25 Flashing

R1 00015 (Maneuver to Acquire Stars)
PRO
V51 Flashing - Please Mark

Orbital Assembly in Solar Inertial Attitude
Star Tracker locked on.
MARK Record Star Tracker Gimbal Angles

Star Tracker P51 Option

Star Tracker

x|0lOofoOf 1|5 V50 N25 Flashing

x|0]0]0]1

R IMU

' P Gimbal (deg)

Y Angles

Sensor/Celestial
Body Code 1

NT71 X100

Sensor/Celestial
Body Code 2

N71 X100

Star Tracker

0 Outer (arc min) }

0 Inner (arc min) Gimbal anglea

N14 0

Star Angle
Difference (degrees)

Star Angle (Measured)

NO5

NOTES: Sensor/Celestial Body Code 00 CDE

C =0 - CSM Optics
C =1 - Sun Sensor
C =2 - Star Tracker

DE =46 - Sun

DE = 04 - Achernar
DE = 14 - Canapus
DE =25 - Acrux

Expected codes for
ATM Sensor Sightings




P52 - IMU REALIGN (CM)

(ENTRY Preferred Option)

V37 Enter, 52 Enter
V04 N06 Flashing
R1: 00001
R2: 0000x IMU Align Option

1 - Preferred, 2 - Nominal,
3 - REFSMMAT,

V51 Flashing - Please Mark

x|0OJO|O]O P52 Option x|0]0]0]oO
+ (0|0 Hours +]10(0

GET of Gyro
+ 10|00 Minutes +10(0 1|0

Torquing

+ 10 ! Seconds .
x [0]0 Sensor/Celestial Body Code 1 | N71 [ x |0 | 0
x |00 Sensor/Celestial Body Code 2 | N71 | x | 0 | 0

Outer | Star Tracker Gimbal | N14

Inner | Angles (arc-min)

4 Star Angle Difference [NOS 8
Star Angle Measured .
X Gyro l N93 ®
X Torquing )
| VA Angles (Degrees) .
4 X Calculated .
p ¢ Gyro 4
zZ Drift (meru)

NOTES: Sensor/Celestial Body Code 00CDE

C = 0, CSM Optics DE = 46, Sun Expected Codes for
C = 1, Sun Sensor DE = 04, Achernar ATM Sensor Sightings
C = 2, Star Tracker DE = 14, Canopus

DE = 25, Acrux

N14 is applicable for Star Tracker (C = 2) sighting only
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P52 —IMU REALIGN
(ENTRY REFSMMAT ALIGN)

V37 Enter, 52 Enter
V04 N06 Flashing
R1: 00001
R2: 0000x IMU ALIGN Option
1 = Preferred, 2 - Nominal,
3 - REFSMMAT
V51 Flashing - Please Mark

x |0ojofo]o P52 Option x]10]0]0]0
+ 10 [0 Hours +101|0

GET of Gyro
+(0(0]0 Minutes +10(0 |0

Torquing

+ 10 It Seconds a1
x [0]0 Sensor/Celestial Body Code 1 [ N71 [ x |0 | 0
x |0 |0 Sensor/Celestial Body Code 2 | N71 | x |0 | 0

Outer | Star Tracker Gimbal | N14

Inner | Angles (arc-min)

! Star Angle Difference LNOS °
Star Angle Measured °
X Gyro [N93 .
Y Torquing &
Z Angles (Degrees) .
4 X Calculated !
) Y Gyro y
Z Drift (meru)

NOTES: Sensor/Celestial Body Code 00CDE

C = 0, CSM Optics DE = 46, Sun Expected Codes for
C = 1, Sun Sensor DE = 04, Achernar ATM Sensor Sighting
C = 2, Star Tracker DE = 14, Canopus

DE = 25, Acrux

N14 is applicable for Star Tracker (C = 2) sighting only




V37 Enter, 52 Enter

V04 N06 Flashing
R1: 00001
R2: 0000x
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P52 — IMU REALIGN
(ENTRY REFSMMAT Align)

IMU Align Option

1 = Preferred, 2 - Nominal

3 = REFSMMAT
V51 Flashing - Please Mark

x [0]JO0O]JO}|O P52 Option 0f(o0 |0
+ 1010 Hours 0
GET of Gyro
+ (00|00 Minutes 010
Torquing

+ |0 | Seconds .
x 0|0 Sensor/Celestial Body Code 1 | N71 0
x 0|0 Sensor/Celestial Body Code 2 | N71 0

Outer | Star Tracker Gimbal | N14

Inner | Angles (arc-min)

Star Angle Difference

Star Angle Measured

Gyro

Torquing
Angles (Degrees)

N < M[(N < N

Calculated
Gyro

Drift (meru)

NOTES: Sensor/Celestial Body Code 00CDE

0, CSM Optics
1, Sun Sensor

(o]
(o)
C 2, Star Tracker

N14 is applicable for Star Tracker (C = 2) sighting only

DE = 46, Sun

DE = 04, Achernar
DE = 14, Canopus
DE = 25, Acrux

Expected Codes for
ATM Sensor Sightings
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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 Cummunication

P62
V50 N25 Flashing, Request CM/SM Separation
V06 N61 Flashing
V06 N22 Monitor

P63
V06 N64 Monitor

AREA X T X i
P .05G + ofo0] +

N61 LAT 0 0

LONG

RTOGO . 05G | + +

VIO . 05G + . #

RET . 05G X | x X | x

RET .2G X | x X | x

N66 DRE

BANK AN R P R P

RET RB x | x A IE 4
RET BBO X | % % i X

RET EBO x | x X | %

RET DROG x | x X | x

ENTRY UPDATE PAD DESCRIPTION

Revoltuion number and landing area
Pitch angle at . 05G (P . 05G)

Latitude and longitude of splashdown point (LAT,
LONG), noun 61 display

EMS initialization value for range-to-go at . 05G
(RTOGO . 05G)

EMS initialization value of inertial velocity at
05G (VIO . 05G)

Time to . 05G referenced from retroburn (RET . 05G)
Time to . 2G referenced from retroburn (RET . 2G)
Downrange error (DRE), noun 66 display

Bank angle, roll (R) first in specified direction

Time to bank angle reversal from retroburn (RET RB)
Time to S-Band blackout from retroburn (RET BBO)

Time to the end of S-Band blackout from retroburn
(RET EBO)

Time to drogue ¢thute deployment from retroburn (RET
DROG)
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FLY AROUND MANEUVER

GET: day hr min sec

GMT: day hr min sec

Station Coverages: Merritt Island Tracking Station, Bermuda Tracking Station

Undocking Delta Velocity: .38 to .51 ft/s. Taken out by + X jet Thrust at approximately
57 ft. Separation (2 min: 25 sec after undocking)

Fly Around Maneuver: Thrust +X for 2.5 sec ¢ 5 ft/s)
Thrust Z for 1.5 sec

Direction of
CSM Travel

Y—
Heads Down S

$

' DD i:[.
CM
(<Z) Docking Port = 1, 5° 1
150"

in COAS at 150 ft,
Local

. SWS Diameter = 8, 5°
Vertical in COAS at 150 ft.

THRUST RADIAL ANGULAR RCS PULSE
DIRECTION CLOSURE RATE RATE DURATIONS
+X Increase Increase 0.5 sec
+Z Increase Decrease
~Z Decrease Increase
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P30 — EXTERNAL AV
(Separation)

V37 Enter, 30 Enter
V06 N33 Flashing, Load Desired GET I
V06 N81 Flashing, Load Desired AV

PURPOSE
N33 HR +1 x| x + 1 ox{-x
MIN +] x| x| x Ll I 3 I O ¢
SEC + | x + x
N81 LOCAL AVX X X |
VERT AVY X X
AVZ X X
N22 R * 00|+ 00
P + oo+ 0ol o
'S + ool + 0ol o
AVC X | % X | x
BT x| x X | x
AV,,0 x| x x | x
ULLAGE: SECS QUADS
mrwr FITTTT] star G [Jeoe 1 T]
N48 PT " ser[+[ T[4 Jo] HTT]
¥ X% TRN | + 4 0]l0 yl l

MANEUVER UPDATE (P30) PAD DESCRIPTION

GMT of ignition (GMTI) in noun 33 display
Change in velocity components in noun 81 display

Ground calculated S/C burn attitude relative to the
IMU at GMTI called by V49 N22

EMS AV counter load (AVC)
Burn duration (BT)

Change in velocity necessary to lower perigee be-
low 70 nm (AV,m)

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

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

Star number, and optics shaft and trunnion angles

GDC align angles for failed IMU
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CSM/OWS SEPARATION

P41 - RCS THRUSTING

V37 Enter, 41 Enter

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)
s Yaw
| 06-18 Roll
Pitch (deg)
#
Yaw
4
& 06-85 ] X
Y VG (ft/s)
) Z
16-85 X
Y VG (ft/s)
s Z
{ 16-85 I X
v Residuals
p (Et/s)
Z
X
<
Trim
(ft/s)
L




CSM/OWS — SEPARATION

PROPULSION/ PRETHRUST
EVENT BT/ AV G.E.T. GUIDANCE TARGETING
11.5/5.0 DAY 27 RCS/G&N
SEPARATION 4 JET 20:40:24.0 | P41-EXT AV P30
AVx N85 +|x [ x h
AV, RESIDUALS (ft/s)[ + |x |x |x min  GET
AV,  (BODY AXIS) + x s
SR - _ PRI, (ft/s)
*TRIM YTRIM “TRIM

SEPARATION

kot f:l:'.i

DIRECTION

OF MOTION SL°1 ORBIT

(227 X 241.1 nmi)

SEPARATION

TIG: 27:20:40:24
BURN TIME: 23 SEC
AV: 5FPS

RCS

APOGEE: 240.4 nmi
PERIGEE: 224.5 nmi

START OF

SUN ORBIT 417
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P30 — EXTERNAL AV

(Shaping)
V37 Enter, 30 Enter
V06 N33 Flashing, Load Desired GET I
V06 N81 Flashing, Load Desired AV
PURPOSE
N33 HR % 1K X1 %
MIN % || % x| x| x
SEC X X
N81 LOCAL AVX X X
VERT AVY X X
AVZ X X
N22 R + oo+ 0]0
P + 0|0+ 0|0
Y + 00|+ 0]0
AVC X | x X | x
BT % X | x
AV70 X | X X | X
ULLAGE: SECS QUADS
Na7wr [+ [T ][] star [«[x[x[x[ T Jeocr ] []
Nas PT [T ] ser[+[ [ [ 4 Jo] HATT]
¥L ] TRN[+] [ § ToJo] [ 1]

MANEUVER UPDATE (P30) PAD DESCRIPTION

GMT of ignition (GMTI) in noun 33 display
Change in velocity components in noun 81 display

Ground calculated S/C burn attitude relative to the
IMU at GMTI called by V49 N22

EMS AV counter load (AVC)
Burn duration (BT)

Change in velocity necessary to lower perigee be-
low 70 nm (AV,m)

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

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

Star number, and optics shaft and trunnion angles

GDC align angles for failed IMU
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(SHAPING)

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
Pitch (deg)
Yaw
06-40 [ TFI (min:s)
VG  (ft/s)
AVM  (ft/s)
06-40J TFC (min:s)
VG (ft/s)
AVM  (ft/s)
16-40 | TFC (min:s)
VG (it/s)
AVM  (ft/s)
85 [ x
v Residuals
(ft/s)
Z
85 | x
y TRIM
(ft/s)
44 | HA (ami)
HP {(nmi)
TFF (min:s)




SHAPING — SPS1

PROPULSION/ PRETHRUST
EVENT BT/ AV G.E.T. GUIDANCE TARGETING
Day 27 SPS/G&N
SHAPING 11.0/264.1 21:01:46. 4 EXT AV P-30
AVx N85 +|x [x h
AVy  RESIDUALS (ft/s)| + [x |x |x min  GET
AV, (BODY AXIS) +|x s
————V, —_—————V — . g V. (ft/s)
TRIM YTRIM “TRIM
SHAPING

SL-10RBIT
(227 x 241 nmi)

SHAPING (SPS-1)
TIG: 27:21:01:46.4
BURN TIME: 11.0SEC
AV: 264.1 FPS
RETRO GRADE

SPS

APOGEE: 229.6 nmi
PERIGEE: 90.4 nmi |

START OF
LAST TWO
ORBITS
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P52 - IMU REALIGN (CM)

(POST SHAPING)

V37 Enter, 52 Enter
V04 N06 Flashing
R1: 00001
R2: 0000x
1 = Preferred, 2 = Nominal
3 = REFSMMAT

V51 Flashing
x |0]0|0}]O P52 Option x]10]0]01|O
+ 10 |0 Hours +]10(0
GET of Gyro
+ 10010 Minutes + 10 (0|0
Torquing
+ 10 Seconds .
x |0]0 Sensor/Celestial Body Code 1 | N71 | x | 0 | 0
x [0 ]0 Sensor/Celestial Body Code 2 [N71 | x |0 | 0

Outer | Star Tracker Gimbal | N14

Inner | Angles (arc-min)

¢ Star Angle Difference [ NO05 4

Star Angle Measured °

! X Gyro [ N93 )

) b4 Torquing ht

! Z Angles (Degrees)
X Calculated !
Y Gyro p
Z Drift (meru)

NOTES: Sensor/Celestial Body Code 00CDE

C = 0, CSM Optics DE = 46, Sun Expected Codes for
C = 1, Sun Sensor DE = 04, Achernar ATM Sensor Sightings
C = 2, Star Tracker DE = 14, Canopus

DE = 25, Acrux

N14 is applicable for Star Tracker (C = 2) sighting only




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 |+ 0|0
N61 LAT 0 0

LONG

RTOGO .05G |+ +

VIO . 5G + +

DET . 05G X | x X | x

RET .2G X | x X [ x

N66 DRE

BAND AN R A R A

RET RB X | x X | x

RET BBO X | x X | x

RET EBO X | x X | x

RET DROG X if: % X | x

ENTRY UPDATE PAD DESCRIPTION

Revolution number and landing area
Pitch angle at . 05G (P 05G)

Latitude and longitude of splashdown point (LAT,
LONG), noun 61 display

EMS initialization value for range-to-go at . 05G
(RTOGO . 05G)

EMS initialization value of inertial velocity at
05G (VIO . 05G)

Time to . 05G referenced from retroburn (RET . 05G)
Time to . 2G referenced from retroburn (RET . 2G)
Downrange error (DRE), noun 66 display

Bank angle, roll (R) first in specified direction

Time to bank angle reversal from retroburn (RET RB)
Time to S-Band blackout from retroburn (RET BBO)

Time to the end of S-Band blackout from retroburn
(RET EBO)

Time to drogue chute deployment from retroburn (RET
DROG)




LB-100

P30 — EXTERNAL AV

(Deorbit)
V37 Enter, 30 Enter
V06 N33 Flashing, Load Desired GET I
V06 N81 Flashing, Load Desired AV
PURPOSE
N33 HR X | x X | x
MIN x| x| x X[ x| x
SEC + | x X
N81 LOCAL AVX X X
VERT AVY % X
AVZ X X
N22 R + olo]+ ol o
P + olo]+ ol o
Y + 00|+ of o
AVC X | x X | x
BT % | x X | x
AV70 X | X X | %
ULLAGE: SECS QUADS
NaTWT T T 1] star X[x[x[x] [ ]eecr [ ]
ser ([ [ T4 o] #TT]
N48 PT X x]
RREES [T To[d]  f[11]

MANEUVER UPDATE (P30) PAD DESCRIPTION

GMT of ignition (GMTI) in noun 33 display
Change in velocity components in noun 81 display

Ground calculated S/C burn attitude relative to the
IMU at GMTI called by V49 N22

EMS AV counter load (AVC)
Burn duration (BT)

Change in velocity necessary to lower perigee be-
low 70 nm (Av,m)

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

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

Star number, and optics shaft and trunnion angles

GDC align angles for failed IMU




DEORBIT MANEUVER

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 Vlashing V82 Enter
V16 N44 Flashing, Apogee Altitude,
Perigee Altitude, Time to Freefall
to 300 k ft. Earth Orbit

P41 - RCS THRUSTING

V37 Enter, 41 Enter

V50 N18 Flashing, Request Maneuver to
FDAIR, P, Y, Angles

V06 N18, FDAIR, 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

p Pitch  (deg)

Yaw

50-18 | Roll

Pitch (deg)

06-18 | Roll

Pitch (deg)

Yaw

06-18

—
2]
2

Pitch (deg)

06-40 [ TFI (min:s)

VG (ft/s)

AVM (ft/s)

06-85 ‘

VG (ft/s)

06-40 I TFC (min:s)

VG (ft/s)

AVM (ft/s)

16-85 J

16-40 ] TFC (min:s)

VG (ft/s)

AVM (ft/s)

16-85 I

Residuals
(ft/s)

X
Y
Z
X
Y VG (ft/s)
Z
X
Y
zZ

85 IX

Residuals

(ft/s)

Trim
(ft/s)

85

TRIM

(ft/s)

N < XN

44 HA (nmi)

HP (nmi)

TFF (min:s)




LB-102

DEORBIT - P2

PROPULSION/ PRETHRUST
EVENT BI/AV | G.E.T. | GumpANCE TARGETING
Day 28
DEOREIT 7-8/193.8 | 00.03:25.0 |  SPS/G&N P-30
AVyx N85 +|x [ x h
AVy  RESIDUALS (ft/s)| + |x |x [x min  GET
AV, (BODY AXIS) s 4
— i gV —_— -V —-—— ==V, (ft/s)
*TRIM YTRIM TRIM

SL-1ORBIT
(227 x 241 nmi)

DE-ORBIT (SPS-2)
TIG: 28:00:3:25.0
BURN TIME: 7.8 SEC
AV: 193.8 FPS
RETROGRADE

SPS

START OF APOGEE: 229.6 nmi

SUN LAST TWO PERIGEE: -12.7 nmi
ORBITS
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APOLLO EARTH ENTRY

Aerodynamic Forces Zsc

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.

SC

Drag is a force directed
opposite to the relative
velocity vector and equal
to:

SCp -
D = %y pv? Tplft/s?)

Relative « = Angle of Attack

Velocity
Lift is a force perpendicu- Vactor
lar to the relative velocity
vector and equal to;

SC -~
C=% = pv? TL(fes?)
where,

p = Atmospheric density (slugs/ft3)“)

v = Relative velocity magnitude (ft/s)

Cp = Coefficient of drag (unitless)

C__ = Coefficient of lift (unitless)

M = Mass of spacecraft (slugs}

S = Surface area presented to atmospheric flow (ft2)

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- F
tribution produces a re-

ﬂ
Y
v

>,

sultant force (F) through b cP

the center-of-pressure

(cP)(3). The component

of this force (Tl) 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 Pressure
where the force F is fully Distribution
along the line joining the

CM and CP.

Relative
Wind
-

Notes:
1. Aslugis 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.




In this stable att_itude, the
component of F perpen-
dicular to the relative
velocity vector produces
lift. Because of the
spherical shape of the heat
shield, the stable attitude
remains relatively un-
i changed throughout the
i entry phases.

ml

Relative
Wind

Pressure
Distribution

Lift Modulated Entry

During earth entry, steer-

ing is accomplished by i
orienting the lift vector o
(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 0
degrees causes the lift
i vector to be up along the
| vertical and produces
| maximum downrange i
flight. A roll angle of £90 90° |
degrees puts the lift vector !

\ -90°

Horizontal
in the local horizontal
plane, producing maxi- E
mum crossrange (or ;
lateral) flight. r>
180° .
Pointed End

Forward




i /—Entry interface
d nda Geodetic latitude = 44,01°
Longitude = 156,92° W
Altitude = 399, 681 ft
= 0.20g

nd SPS deorbit burn Initiatio
etic latitude = 11,78° N

\
/
S

N

oY
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D
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|| ~—Second SPS deorbit burn termination =
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- L 49° E s
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Longitude, deg

180w170 160 150 140 130 120 110 100

Entry Ground Trace for SPS Deorbit Maneuver



North geodetic latitude, deg
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The entry control programs are designed to calculate the roll angle (5) which will produce the vert-
ical cc of 1ift ry to satisfy a guidance objective (constant drag flight, downrange
target acquisition, and so forth). Crossrange 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 the Skylab earth orbits uses mainly a bal-
listic entry and a modified roll angle lift controlled profile. A typical entry footprint is shown be-
low. The constant drop and lift modulated flight is still available in the software coding but is not
used.

45 T
|
! f
© i : 4| £
Entry interface
Geodetic latitude = 44.01°N
Longitude = 156. 92°W
- Altitude = 399, 681 ft
35 [ et —+
. fis hrgn polnt
0| 2 NE b = _ Geodetlc latitude = 27. 66°N
| :  Longitude = 129, 34°W
!‘ ! -
i - S
25 % - Maneuver ,
Z } Footprint
® 1l n P c ' o ¢
2 = e .
15— | :
165 160 155 150 145 140 135 130 125 120 115

West longitude, deg



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
IO, 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
f ( Y } "
Initial Roll Ballistic Final Phase Check for
. Phase . Start of
(Equation 1I) (Equation III) (Equation V) UP Control
| Y ;
Constant
N— Drag
G Limiter Equation UP Control
(Equation IV)
1 Y ’ ’
Y
Lateral Logic
Control
(Equation VI)

Roll Command
(Equation VII)

Guidance

|
l
I
|
|
|
|
1
|

—— g ——— - —— _

Autopilot

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 (IRTg), together with unit vectors in the equatorial
plane directed easterly (IpTg) and in the target meridian (LRTN), is used as a reference from which

a new target vector (TRT) is calculated based on an updated estimate of time-to-splash.
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Initial
Target

1RT=1RTO*+ 1RTN [cos (wt) - 1] +_1RTE 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 (1g), the downrange angle from the spacecraft to the splash point is
computed using:

Oy =arc cos{ 1RT " UnitR }(radians)
The crossrange error from the present flight plane is calculated as follows:

LATANG =1 - Unit (V X R) (radians)

Instantaneous
Flight Plane

LATANG

Target




Equation II: Initial Roll Angle
The Initialization supplies the initial roll angle to the initial roll angle routine.

8ro1 ~ ATC 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 life/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 IIT: 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.

W/Dget = (7 - 8 Dlo (unitless)

. 2D,
RRef = w (ft/s)
Dpes = Dy (/5%
where
V = velocity (ft/s)
R = radial distance (ft)
g = gravity (ft/s?)
D, = desired drag level (ft/ 82)

B = constant associated with atmosphere (El)

Gain factors wWere chosen which relate perturbations in drag and altitude rate to the reference L/D.

(L/D) (L/D)poe + 0.01 D -Dp 9 - 0.002 R - ﬁRef)

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:

(/D) onroy = /P)ges + Ky {®=Rpgg + Ky (D-Dpo + Ky - R’Ref)}
where
(L/D)Ref = constant value ( ~0.27)
RRef = reference range-to-go (radians)
= 2
Dpet = reference drag (ft/s”)
RRef = 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/ s2)
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

Usirng previously determined quantities (K2ROLL and L/D ) the commanded roll angle is

calculated by control’
L/D trol
ROLLC = (K2ROLL) arc-cos |4 D°°“ 0 (degrees)
Ref
where
L/D = 0.3 (unitless)




Entry Control Programs

The guidance function, which incorporates the entry control equations previously described together
with certain logic decisions, can be considered as a basic set of AGC software programs (P60's).
The programs are associated with various phases of the entry profile as described below.

P61 — Entry Preparation Program

a. Purpose: Start navigation, check IMU alignment, and provide EMS initialization data in
case of communications failures.

b. Initiation: Astronaut keys DSKY — V37E 61E

c. Steering: None, lift vector is oriented full-up (o degrees) or full-down (180 degrees),
according to the astronaut specifications.

d. DSKY Displays:

VO6N61
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

VO6N60
R1 - G max Maximum predicted g-load XXX.XX g
R2 - V predicted Predicted velocity at EI (400 K ft) XXXXX ft/s
R3 - YEI Predicted entry angle at EI XXX, XX deg

VO6N63
R1 - RTOGO Range-to-go from 290, 000-foot altitude XXXX.X nmi
R2 - Vi, Predicted velocity at 290, 000-foot altitude XXXXX ft/s
R3 - Tfe Time to 290, 000-foot altitude XXbXX m/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
VO6N61
R1 - Impact latitude XXX.XX deg
R2 - Impact longitude XXX.XX deg
Re - Heads up/down +00001
+ Up
- Down
VO6N22
Rl - AOG 3 pegired final gimbal XXX, XX deg
R2 - AIG anglewat Bl XXX.XX deg
R3 - AMG 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 -V 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, 250 nmi,
this requirement is never satisfied and the constant-drag flight is continued.

A predicted exit velocity for the hypothetical skip maneuver will decrease below 18,000
ft/s and the exit is made to the final phase.

d. DSKY Displays

VO6N74
R1 - BETA Commanded roll angle (bank angle) XXX, XX deg
R2 - Vj 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:

VO6N66
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,
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TYPICAL CM/SM SEPARATION ATTITUDE

TYPICAL ATTITUDE AT ALTITUDE OF 400, 000 FEET

*Zsc
oo 1.83d
Y= 1.83 degrees
Local Horizontal /(O@/ 20 degrees . Xsm 0
T
19 degrees W\* v
ﬂ/‘ 5 Inertial
31.7 degrees A Velocity +ZsM
v Vector ,
S
P61 5 P62t P63
eparation, Lift Vector
S/e\psasruait?gn Assume Entry  / Up, Await / pea
Attitude Attitude 0.05g /Constant
Drag Flight

V~25, 000 ft/s

P67

Final Phase
Steering

Terminate Guidance
-= V= 1,000 fi/s

0.05g
7
770.24

7/

77,

TYPICAL ENTRY PROGRAM SEQUENCE OF EVENTS

PIT-971




APOLLO MISSION SPLASH POINT SUMMARY

Mission

Planned
Target

Final DSKY
Reading Report

Ship Splash Total
Recovery
Ship

North West
Lat Long

Reported
North | West North West Error
Lat Long Lat Long Nmi

Best-Estimate
Trajectory
(BET) Report

North West
Lat Long

Total
(official)
Error
Nmi

Remarks

Apollo 7
Apollo 8
Apollo 9
Apollo 10
Apollo 11
Apollo 12
Apollo 13
Apollo 14
Apollo 15
Apollo 16
Apollo 17

27.61 64,17
8.13 165.03

68.00
164. 67
169.15
165.17
165. 37
172.65
158.13
-156. 18

166. 13

27.63 64.18 27.54 64,07 7.3
8.10 165.01 . 8.12 165.02 0.9
68.01 67.94 4.3
164. 65 5 164. 65 2.7
169.15 & 169.15 4.2
165.16 X 165.15 2.2
165. 38 " 165.36 3.9

172. 65 172.659 | 1.3

158.13 158.15 1, 5%+
156.21 e -156.243 | 4.00%*

166. 11 5 Not Available

27.64 64.15
8.1 165.01
67.98

164. 65

* *

-15.83 165.17

-21.64 165. 36

-27.01 172.66

-26.13 158.14

Not Available

|
Not Available
1

2.1
2.3

2.1

Earth Orbital
Lunar Return
Earth Orbital
Lunar Return
Lunar Return
Lunar Return
Lunar Return
Lunar Return

Lunar Return
Lunar Return

Lunar Return

Mean Error
STD Deviation

3.23
.996 +1.82

* Onboard data lost during entry - miss distance is best estimate
** Ship Report based on Nav Satellite Fix
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ENTRY PAD UPDATES

P61
V37 Enter, 61 Enter
V06 N61 Flashing
V06 N60 Flashing, Record
V06 N63 Flashing, Used 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 + 0] 0]+

N61 LAT 0 0

LONG

RTOGO . 05G | + *

VIO . 05G + e

RET . 05G X | x X | x

RET .2G x | x X | x

N66 DRE

BANK AN R A R A
RET RB X | x X | x

RET BBO X | x X | x

RET EBO X | x X | x

RET DROG %] % X | x

ENTRY UPDATE PAD DESCRIPTION

Revolution number and landing area
Pitch angle at . 05G (P . 05G)

Latitude and longitude of splashdown point (LAT,
LONG), noun 61 display

EMS initialization value for range-to-go at . 05G
(RTOGO . 05G)

EMS initialization value of inertial velocity at
05G (VIO . 05G)

Time to . 05G referenced from retroburn (RET . 05G)
Time to . 2G referenced from retroburn (RET . 2G)
Downrange error (DRE), noun 66 display

Bank angle, roll (R) first in specified direction

Time to bank angle reversal from retroburn (RET RB)
Time to S-Band blackout from retroburn (RET BBO)

Time to the end of S-Band blackout from retroburn
(RET EBO)

Time to drogue chute deployment from retroburn (RET
DROG)



PERTURBATIONS

GYROCOMPASS
BOOST MONITOR

RENDEZVOUS

DEORBIT
ENTRY
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GYRO COMPASSING PERTURBATION ANALYSIS

The perturbing of the gyro compassing loop results in two distinct type of errors.
They are:

a. A temporary transient in gimbal angles that settles out in a length of time.

b. Steady state changes in gimbal angles that reflect as misalignments for boost,
and accelerometer and gyro errors during the boost phase.

The changes in steady state gimbal angles for changes in gyro drifts and accelerometers biases are
drawn in Table A. The results were obtained from a computer simulation run.

The standoffs in gimbal angles for gyro drifts can be approximated by

-Cos ¥

A Al 0 0 m NBDy + ADSRAy
206 -Sin
aam | <208 | o 0 mchK NBDx
C
cos ¥ sin ¥

AAo v e Son -NBDz - ADIAz
where

(o]

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

¥ = Gyro compass azimuth (east of north)

¥ = 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 = 8 __  Kgyro
Kpipa K meru
g = local gravity

After the gimbal angles have settled out, a change in launch azimuth may be required because of the
time of launch changing. This is accomplished by computer entries of

V78E

Flashing
VO06N29 Xsm Launch Azimuth XXX, XX deg

V21E Load New Launch Azimuth XXX, XX deg




PB-3

GYRO COMPASSING PERURBATION ANALYSIS (cont)

PRO

The computer computes the changes required in gyro torquing, torques the gyros, enters a period
of vertical erect for 320 seconds and then returns to gyro compassing.

Typical reponses of the gimbal angles changes are shown for the nominal launch azimuth and the
responses for launch azimuths at the ""early" and "late' launch windows.

The size of the response is governed by the time earth rate compensation is not used on the gyros.

TABLE A

STEADY STATE GIMBAL ANGLE ERRORS
FOR INERTIAL INSTRUMENT ERRORS

;NTEI:{RUMTI‘::;T INNER GIMBAL MIDDLE GIMBAL OUTER GIMBAL
S ANGLE ERROR ANGLE ERROR ANGLE ERROR
(DEGREES) (DEGREES) (DEGREES)

+X Gyro
Drift 0 0 +.476
10 meru

+Y Gyro
Drift 0 0 +.444
10 meru

+Z Gyro
Drift

0 0 -.041
10 meru

-X Gyro
Drift 0 0 -.476
10 meru

-Y Gyro
Drift 0 0 -.444
10 meru

-Z Gyro
Drift 0 0 +.041
10 meru

X Pipa
Bias

+. 032808 -.059 0 +.020
ft/s2

Y Pipa
Bias

-. 032808
ft/ s% 0 +.059 +.020

X PIPA
Bias

-. 032808
/52 +.059 0 -.020

Y PIPA
Bias

-.032808
ft/s 0 -.059 -.020
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NOMINAL LAUNCH AZIMUTH GIMBAL ANGLE RESPONSES FOR GYRO COMPASSING

TIME (sec)

Nominal Launch Azimuth
Initial Inner Gimbal Angle
Initial Middle Gimbal Angle
Initial Outer gimbal Angle
Final Inner Gimbal Angle
Final Middle Gimbal Angle
Final Outer Gimbal Angle

47.035° East of North
89.75°

359.75°

138.035°

9°

°

137. 038°

]
13 T RO 0
i 1111 1 L

10, 000 sec
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'"EARLY" LAUNCH AZIMUTH GIMBAL ANGLE RESPONSES FOR GYRO COMPASS ING AFTER VERTICAL ERECT

"Early" Launch Azimuth = 51.701° East of North
Initial Inner Gimbal Angle = 89.9°

Initial Middle Gimbal Angle = 359.9°

Initial Outer Gimbal Angle = 141.801°

Final Inner Gimbal Angle = 0.0

Final Middle Gimbal Angle =  ©°

Final Outer Gimbal Angle = 14L708°
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"LATE" LAUNCH AZIMUTH GIMBAL ANGLE RESPONSES FOR GYRO COMPASSING AFTER VERTICAL ERECT

mybad INNER GIMBAL ANGLE RESPONSE

+.120
=120

"Late" Launch Azimuth . 37.849° East of North

Initial Inner Gimbal Angle = 89.9°
Initial Middle Gimbal Angle = 359.9°
Initial Outer Gimbal Angle = 127.949°
Final Inner Gimbal Angle . 90.0°
Final Middle Gimbal Angle - il

Final Outer Gimbal Angle = 12
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BOOST MONITOR ERRORS

(SIGNIFICANT IMU ERRORS ONLY)

Uncompensated Uncompen;ated
X-PIPA Bias 50 LPiPA S 1o
4 +8
E 13 E 16
£ Apogee Error - A trior
2 4
10 > 12
22 af Perigee Error a4 -3 goaf
5 -4 -3 gk = ey ey
-10 cmls2 )
-0 -4
- -6
= Perigee Error
L-40 +-8
-50 +-10
Initial INNER GIMBAL
Angle Misalignment
+70
Uncompensated ] %
Y-GYRO Drift - 60
Apogee Error 155

8 10 mrad
Perigee Error
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EFFECT OF INSTRUMENT ERRORS ON THRUST GUIDANCE

The thrust guidance used on Skylab, in simplified form, is as follows

IGyro Drift
: ¢
4 x A AvDeslred
A 4 X+ N %+ =
Thrust }. ‘ 7
: - 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 Vg to zero will resultgtn velocity residuals at the end of the burn as displayed
in P-40.

Since the thrust guidance loop performs its calculations on the difference between AV measured
and AV desired, the velocity residuals displayed by P-40 at the end of each burn 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 periect cross product steering (VRegiduals = 0

in P-40) the resultant orbit will differ from the d orbit. A re of the orence between
the actual and planned orbits is the error between actual and planned apogee and perigee.

The following tables relate incremental spacecraft velocity errors, during maneuvers, to errors
in apogee and perigee. Knowing apogee and perigee errors, the table is used to obtain the required
error in velocity, expressed in body axes coordinates. This velocity error is then converted to
possible instrument errors by using the table relating PIPA bias and gyro drift to spacecraft velo-
city.

For Example: Assume a apogee error of +5.0 n mi and zero spacecraft residuals, as shown in
P-40, after the NC2 maneuver.

1. From the "Skylab-2 Maneuver Perturbation' table, the most sensitive spacecraft velocity error
is AV _.
X

2. The required velocity error is

5.0 n mi =
AV ~54n mi/ft/sec 9.26 ft/sec

3. The weighting factors relating instrument errors to velocity errors yield
3.06 x 102 AB, X 36.9 - 0.06 x 10"AB x 36.9 +1.19 x 107°AB, x 36.9 =9.26 ft/sec
1.13 ABx -0.02 A.By +0.44 ABz = 9,26 ft/sec
Therefore:
Uncompensated ABx = 8,2 cm/s«ac2

or
Uncompensated ABz = 21 cm/ sec2
ABy contribution is neglible in comparison to ABx and ABz
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EFFECT OF INSTRUMENT ERRORS ON THRUST GUIDANCE (CONTINUED)

The ""Skylab-2 Maneuver Perturbation' table also gives the transformation from stable member
spacecraft body control axes space as follows:

X X
Y = [Rx (-7 25°)] [ SM-NB ] Y
Zd s/c csm Zdsm
where:
[SM—NB ] = Transformation from stable member to the nav base using gimbal
angles
[Rx (-7. 250)] = Rotation matrix about Xy p of -7. 25 degrees to transform from nav
base space to spacecraft control axes space for the CSM

The purpose of this transformation is to indicate the location of the stable member with respect to
thrust. The assumed gimbal angles are as follows:

OUTER GIMBAL INNER GIMBAL MIDDLE GIMBAL
(degrees) (degrees) (degrees)
NC1 180 339 2
NC2 180 159 1
NCC 180 340 1
NSR 180 198 2
TPI 359 25 1
SHAPING 0 183 359
DEORBIT 0 180 359

For all maneuvers thrust is assumed along +xs /C axis




SKYLAB-2 MANEUVER PEETURBATIONS

BODY AXES ERRORIN | ERROR IN STABLE MEMBER TO SPACECRAFT REFSMMAT
MANEUVER | VELOCITY PERIGEE APOGEE CONTROL AXES TRANSFORMATION [SM] = [ REFSMMAT ] [BRS ]
ERRORS (nmi/ft/s) (nmi/ft/s) [8C] =[M] [sM] BRS = BASIC REFERENCE SYSTEM
av, & 0.58 0.932 0.033 0.361 0. 636 -0.271 0.722
NC1 avy Y 2 -0.018 -0.990 0.138 -0.367 0.717 0.598 = | RENDEZvVOUS
av, A a 0.362 -0.135 -0.922 | -0.679 -0.642 0.357
NS 0.05 0.54 Fo. 932 0.017 -0.362 |
NC2 av, y & 0.028 -0.992 -0.119 Same as NC1
av, 0.08 -0.07 -0.361 -0.121 0.925
av, 2 0.58 [ 0.941 0.023 0.337]
Nce avy % 2 -0.023 -0.991 0.130 Same as NC1
av, 45 o 0.337 -0.130 -0. 9saj
av, 4 0.58 ['-o. 953 0.028 0.302 ]
NSR avy 4 = -0.064 -0.992 -0.109 Same as NC1
av, P A 0.297 -0.123 0.947 J
AV, - 0.53 ™ 0.906 0.012 -0. 424_}
X
TPI av, z ] -0.071 0.990 -0.123 Same as NC1
av, 4 0.26 0.418 0.142 0.897
av, -0.54 3 ~0.998 -0.019 0.054 ] 0.545 -0.343 0. 765
SHAPING av, 4 4 -0.012 0.991 0.136 0.659 -0.389 0. 644 = | DEORBIT
av, -0.13 “ -0.056 0.135 -0.989 0.518 0.855 0.014

01-gd
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AVBCMCAUEDBYGYRODEMB Ix% AND PIPA BIASES

GYRO DRIFTS - MERU

PIPA BIASES - cm/sec?

g, - FI/sEC

at, - SEC (LENGTH OF BURN + 30 SECONDS FOR STARTUP OF AVERAGEG ROUTINE)
at, - SEC (TIME FROM LAST ALIGNMENT TO BURN)

WEIGHT FACTORS RELATE PIPA BIAS AND GYRO DRIFTS TO VELOCITY ERROR.

NC-1
AV, 5, 2 -2 -2
<3.06 x10°% AB_ AT -0.10x 10°% AB_ AT, -1.19 x 107 AB, AT,
AV, -5 -5 =
Y = 0.58x 10°° NBDX AT, - 0.22 x 10°° NBDY ATg + 1.47 x 10°° NBDZ ATg
3 -2 -3
+5.95 x 1074 AB, AT, +3.25x 107" AB_ AT, —4.51x 107" AB, AT,
AV, -5 -5 -5
‘SC - 0.08 x 10 NBDXAT‘*I.SUXIO NBDY ATg +0.22 x 10" NBDZ ATg
-2 -3 -2
-1 T_+4. +
119 1067 AB, AT, +4.42x 10 AB_ AT, +3.03x 107 AB, AT,
NC-2
e = 3.06x 1078 aT, - 0.06x 10 AB AT, +1.19x 107" AB, ar,
av -5 -5 5
Yec = -0.42x10°° NBDX AT, - 0.14 x 10°° NEDY AT, - 1.08 x 10°° NBDZ AT,
-3 -2 -2
-0.91x 100 ABL AT, +3.26 10 AB AT +0.39 x 10 AB, AT,
v, = -0.32x10" NBDX AT, +1.16 10" NDY AT, - 1.40 x10°° NBDZ ar,
iC
= -3 -2
. 10 T _+3. AT_- 3.
+118x AB_ AT, +3.97x107° AB AT - 3.03x 107% AB, AT,
Nee
-2 -2 -2
AV, - -3. 0 AT_-0.07 T - 1.
= 3.0 ¢ 107 AB, AT, -0.07x10"% AB AT, - 1.11x 10 AB, AT,
avy = omx10® NBDX AT, - 0.29 x10°® NBDY AT, +2.08 x 10°% NBDZ AT
sc
-3 -2 -2
+0. T +3, -o.
0.74x 10°° AB AT +3.26 %107 AB, AT - 0.42 x 1077 AB, AT,
A% = 0.05x10°¢ NBDX AT, +2.21 x10°® NBDY AT +0.20 10" NBDZ AT,
2 -2 2
- 1. T _+0.42
L1110 AB, AT, +0.42 10" AB AT, +3.06x 102 AB, AT,
NSR
X -3 -2
av, = 3.13x102AB_AT_-0.92 aT_ -0,
e X1 , AT, x10°° AB_ o -0.99 x10° AB, AT,
avy = 0.41x10°% NBDX AT, - 0.17x10°° NBDY 4T, - 1.32x 10°° NBDZ aT,
'sc
2 -2 -2
+0.21x10°2 AB_AT_+3.25 x10 T +0.36 ¢ 1
X L AT, x107% AB_ AT, «107% AB_ AT,
o, = 0.09 x 10" NBDX AT, +1.38 x10°° NBDY AT - 0.15 x 10°° NBDZ AT,
-2 -2 -2
- 0. +0. T, o T,
0.97x107 AB, AT, +0.40x10°% AB AT - 3.11 10 AB, AT,
™
-2 2 -2
av - -2.97x10 AT - 0.04 T +
e x10% AB, AT %107 AB_ AT +1.39 ¢ 10 AB, AT,
avy = 0.63x10°° NEDX AT, +0.21 x10"° NBDY aT - 135 10" NBDZ at,
'sc
-2 -2 -2
+0. -3 +0.
0.28x 107" ABL AT - 3.26x10° AB AT +0.40 x10"% AB, AT,
v = 0.11510°% NBDX AT, - 148 x107® NBDY AT, - 0.19 x 10°® NBDZ at,
-2 -2 -2
- 1.37x 107" AB_ AT, - 0.47x 107" AB_ AT - 2.04 x20" AB, AT,
SHAPING
-2 -2 -2
¥ X -o. aT,
v = 3.28x107AB AT, +0.06x 107 AB, AT, - 0.18 x 107" AB, AT,
av, = -1.08 x10”® NBDX AT, +2.00 x 10 NEDY AT, +1.90 x 10" NBDZ at,
'sc
2 2 -2
+0.04 x 10 uxAT'—&“l 10 AB,AT,-Q.‘BKIO n.AT’
av, = 0.22x10°° NBDX AT_- 1.91 x10°% NBDY AT +2.61 x10"® NBDZ AT
250 3 3 €

] -2 -2
+0. - 0. T_+3. T
0.18 x 10 AB,A’I‘p 0.44 x10 ”!AP 3.25 x10 Al'Ap
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TYPICAL EARTH ORBIT ENTRY POSITION ERROR SENSITIVITIES
AT GUIDANCE TERMINATION

EARTH ORBIT ENTRY
ERROR SOURCE Downrange | Crossrange
() Error Error
(nmi/¢) (nmi/e)
GYRO BIAS NBDX 0.0 -0.19
DRIFT
PRAE N NBDY -0.10 0.0
NBDZ 0.0 0.26
ACCELEROMETER| ACBX 4.52 0.0
BIAS
BY 5
(cm/sec?) AS i 8:40
ACBZ -3.66 0.0

NOTES: 1. Assumed accelerometer operation 15 minutes prior to EI (altitude of

400, 000 feet).
2. Assumed IMU drift from 2.5 hours prior to EIL
3. Assumed IMU orientation is described by deorbit refsmmat such that at SPS-2

Zgy = - Unit (R)
Yoy = -Unit (Rx V)
Xsm = Ysm* Zgm

4. Crossrange-downrange definition:

5 East
L
& 30°
EY
Crossrange *
=
\%
\\ >
South \"}&
Q

R
Nominal Earth Orbit Entry




DIGITAL
AUTOPILOT

CSM-RCS DAP

TVC DAP
SATURN DAP

ENTRY DAP

DOCKED DAP
ATTITUDE ERROR DISPLAY
RATE FILTER
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CSM DIGITAL AUTOPILOT

The CSM digital (Ds:.l? P a primary and control fu and attitude
error display for CSM or C OWS coasting flight, CSM or"CSM/OWS powered flight and CM
entty, as well as a backup SATURN takeover function, The LM portions of the DAP remain in the

but are not to the Skylab mission,
COASTING FLIGHT
The CSM ing flight ilot or 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 operatjon, Auto, Hold and Free, as commanded by the 8/C CONTROL switch,

The Hold mode maintains or holds the spacecraft (8/C) at a desired attitude within the limits of an
attitude deadband specified by the crew. hand ller (RHC) 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 ded rate and aut: ing 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 ds, 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 by the controller (MIC).

Translation hand controller (THC) commands are processed in any mode and are combined with
rotation commands for the desired . When a rotation and tr is not
possible, due to a quad failure, the rotation command has priority.

E] ISPLAY

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
the gimbal 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 a manual , 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, p a is in p; and the
routine is to the DAP, The N22

angles may reflect the desired attitude of a 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 , and still a set of refe

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 by TVC DAP g ds 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 centrol 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 heric phase p three-axis spacecraft
control for the trajectory segment prior to 0.05g and accepts attitude commands from entry
guidance to orient the 8/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 8/C along the entry trajectory. The DAP accepts steering commands from
the entry guidance programs.

SATURN TAKEOVER

In the event of a Saturn inm:nentlﬂon unit (IU) fail, acnpahﬂuy is provided for the CMC to
issue angular rate steering to the CM of Saturn control, which
is accomplished by means of the LV GU!DANCE switch, may be an automatic or manual steering
mode,

The manual or stick mode is available by keying VAGE which terminates computation of auto-

matic mode attitude errors. D! rate based on ble parameters, are
initiated by means of the RHC and to the TU
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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SM D, TRO
V4sE
Flashing V04 N46
A B c D E
Register 1: looum[ XTAC l x'rnn[ DB I RATEI
CONFIG - Vehicle Configuration

0 = No DAP is requested

1= CSM alone

2= CSM and LM*

3 = SIVB, CSM and LM*(SIVB control)
6= CSM and LM*(ascent stage only)

XTAC - X-Translations Using Quads AC
0= Do not use AC
1=Use AC
BD - X-Translations Using Quads BD

0 = Do not use BD
1= Use BD

DB - Angular Deadband for Attitude Hold and A

0=20.5 degree
1= 45,0 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: |ACRoll|QuldA thudBIQuldClQlule

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. Manual three-axis rotation.and trans- s
lation 2, RHC produces a rotational rate as
3. Attitude hold to program or manual FDSOIel. by e ol dglet,
defined attitude. 3. Attitude hold to attitude selected via
hand controller.

4. Automatic rate damping.
4. Automatic rate damping.

¢ in Softy Coding. Not
used in Skylark computations.
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CSM RCS PHASE-PLANE

The purpose of the CSM RCS Ph: Pl Logic is to and issue 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.

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

®

Wi
1
1}
'
@ ' DEADBAND PLUS 0.044*
1 pl
1 ATTITUDE
S 2 o
SHADED AREA
15 DEADZONE SLOPE = -0.6 'IS!CI'
0s°0Rs* A HSLOPE = =08 ¥SEC/*
ATTITUDE wiL * 04 */SEC
{ Phase-Plane DEADBAND

Summary of Decision Areas

In Deadzone

In D WL

DA2

DA3

DA4 o0

DAS Decrease Rate to ~-HSLOPE 0.2 */sEC

DA6 Decrease Rate to -WL RATE DEADBAND
Forced-firing exception,

*“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

mmmnwpmhmnvcmldm“mlehwcompmhdbyglmbdh(ﬂxem
engine, Roll control is accomplished using RCS thrusters and hence a phase-plane control law is
whhmmﬂmummmmﬂnapmﬂm. A sample is shown
which is chi of the impl Roll phase-plane. The parabolic switching lines differ
tromtheuloehudllnutuvlﬁnbhglhndtboouﬂngﬂlﬁtphn—phndmﬁothlwmu
M—wwmmdmmm&amnndrmomrwmaMdmu.
The switch parabola then approximates the actual roll control parabola or constant torque tra-
Jectory for 2 jet roll firings.

SWITCH PARABOLA

JET FIRINGS FOR
NEGATIVE TORQUE

OPERATING POINT
-

RATE (ICR) '\
(OTDEG/SEC) \ \eGanive Toroue
MDD,
50EG) |
' ocamor
[ SoPE o
POSITIVE TORQUE | switen une
-1 DEGYSEC
JET FIRINGS FOR
POSITIVE TORGUE

-5 DEG/SEC
Phase-plane Switching Lines for the TVC ROLL DAP
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Axes

Transform

to Control

Error is
zero when
RHC acti-
vated or
CMC Free
Mode.

rate damping or
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COASTING FLIGHT
Dead Zone
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Hand Control
w Commands
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' 8/C Control
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) Time Jet Select il RCS
—0—"0—» Spacecraft
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Desired N46 specifies auto maneuver play
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CSM DIGITAL AUTOPILOT
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DOCKED DIGITAL AUTOPILOT

Digital lot (DAP) impl for the docked Orbital Assembly (OA) 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 OA center of gravity
result primarily in rotational torques for Z/Y translation jet firings. Docked DAP torque to in-
ertia 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

OA attitude control is accomplished using the SM RCS jets, but due to the significant differences
in OA center of gravity and control geometry, the torque couple control exercised by the CSM
results in greatly reduced control authority when docked to the orbital workshop. The docked
DAP logic is designed to use Z and/or Y translation force jets to provide uncoupled rotation
torques about the OA c.g. or torque couple jets normally used for CSM attitude control, While
providing increased control authority, the force jet control mode also produces unwanted trans-
lations, although these are small due to the large mass of the OA.

ROLL CONTROL

Deployment of the ATM assembly results in a significant shift of the orbital assembly c. g. off the
longitudinal centerline of the OA, This 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 de-
sired pitch or yaw torque. The autopilot compensates for this torque unbalance by unbalancing
the firing times of the 1 jets, thus 1ling roll effect. Roll phase plane
ds are b with the unb: roll torques to compute firing times which produce
only desired phase plane torques,

TRANSLATION CONTROL

Since Y and Z translation jets result in torques about the OA 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 translatins would not normally be done b of th T on
the ATM and solar array.

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 resp ly. Effe 200 ms firings are exe-
cuted whether torque couple, force control or single jet force control, Undesired roll torques,
resulting from single jet force commands are compensated for with the roll couple jets selected
in DAPDATR3. Effective 50 ms impulse firings are executed for MIC deflections in the same
manner as the RHC commands,
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DOCKED DAP CONTROL

V44E
Flashing V05 N87
Register 1: DAPDATR3
A B G D

ROLL
CORLBOE I ACXTRANS BDXTRANS [

PITCH YAW
CONTROL CONTROL

Roll Control — qudprelmtorphmplmmﬂcommm If an inhibited
jotllmeonnhred a preferred quad, automatically uses other
two quads for
o-BDPre!emce
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 ) 4 3 2 1
[Ba [ B3 [D4 [D3[aa]Aas [caocs |

Octal value 00200 00100 00040 00020 00010 00004 00002 00001
CHS5FAIL bit gouﬁou correspond to Channel 5 output jet command bits.
0 = Use selected jet
1 = Do not use selected jet
Register 3: CH6FAIL
Bit 8 7 6 5 4 3 2 1
fc2[Jca] a2] a1 [ p2[p1[B2 | B1]

octal value 00200 00100 00040 00020 00010 00004 00002 00001

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

1: DAP 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.




DOCKED DAP PHASE-PLANE

The purpose of the CSM/SWS docked 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 ified by the time which for
an eff Unbal

force jet firings is the computed couple time d
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 %5/
HSLOPE = -0.6 %s/®

DA6

~(avs . W)/’-ADB

SUMMARY OF DECISION AREAS

LOCATION OF STATE RESPONSE
IN DEADZONE NONE*
DAl INCREASE RATE TO +WL
DA2 INCREASE RATE TO +HSLOPE
DAl RATE
DA4 DECREASE RATE TO O
DAS DECREASE RATE TO -HSLOPE
DAS 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

ATTITUDE
ERROR
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ATM +Z Axis

ATM +Y Axis

[ CSM + Pitch (V)
g2 Control Axis

——
CSM -X Axis

-X Axis

l Z (Yaw) Control Axis

CENTER OF GRAVITY OF OA




Transform
Error
to Control
Axes

Error is
zero when
RHC acti-
vated or
CMC Free
Mode.

Error is zero when
rate damping or
RHC not activated.

DOCKED DIGITAL AUTOPILOT

Dead Zone
l Software Switch
W (DAP DATR3-B1, 4) Torque
X Couple 8/C Control
Jet On=Times Jet Select o scs y
M
0 Couple Hand Orbital
: a‘g‘q O-# RCS D Assembly >
Force Control __  Force CMC [Thruster (04)
“g (r,, =7*ECP)
— Force Unbalance
Control | Force Jet
Jet Select On-Time
Phase Plane e to Co
sate for
Offset c. g.|
Intaipuetor Software Switch g
(VIENS6E)  |psk Torques
0 Dis—
play Estimated
4 P Angular Rate Differentiate and Spacecraft
u Rate Filter Transform to Rotations
Control Axes and
= Translations
Rotational Hand
Controller Inputs
N89 specifies manual rate —
Angular Impulse if Free
Mode from RHC or MIC,
l@———— AGC Position
Automatic Attitude Commands
o Position Control DSKY
oy d Dis— IO cou MU <,:
Desired N89 specifies auto maneuver play
| Gimbal | A6 d Auto rate, Hand controller RALY,
Ver. v
Angles ‘—0/0‘— terminates maneu' 104 Wi PR g
Hold/Free From Auto Position Control
CMC Mode or RHC and Attitude Dead-

band are Specified in Noun 89
of R04 (V44)

LT-ava




ORBITAL ASSEMBLY CONFIGURATION

ATM + Z AX1S
¥ ¥ A
ATM - Y AXIS
=2 )| ] \
ATM +X AXIS

D o200 Al (13)
04 (8)
D3 (5)

A3(3)

V_
[

Ad (2) | A2(16)

DI (1)

OA +Y AXIS ¥3 £ 870

7 caMa v s S SERR My
& i B1(9) ZATM
4(4
CSM-XAXIS  Ugp™ =
OA +X AXIS cany  C0s) s202 B 0
C yl1l+40
CSM +Z AXIS XATM

YATM
DETAIL OF STAR TRACKER ORIENTATION




The of the state

STATE ESTIMATOR

urements of one element of the state vector. The solution of the problem is patterned after Kalman

is to attitude rate based on the attitude information
obtained from the CDU, The problem then is to estimate the state vector based on noisy meas-

filtering and uses a recursive filter with gains based on engineering considerations rather than

statistical optimization,

STATE EQUATION (Continuous System) -

X® = AOIX®+[BOlu® +a®

-

o Jeel |

o o[

The process noise vector n(t) is assumed zero

u,

4 is assumed constant over sample interval

bm»ll l

a1 Yy

T, = Jet firing time

-~
=

STATE EQUATION (Discreet System)

tn
X6 = e )1 X Gy +_/ll t, D1 B ] u(r) dr

fa1

Xy = By )X 1G] 8,

STATE TRANSITION MATRIX

) = 1€, t, - [; "n'lﬁn-xﬂ . [: :‘]

DRIVING MATRIX

G

t

m“ﬁwmnmm / "[‘ ‘n;.][" °]af

1

-3
MEASUREMENT EQUATION

8, = 08 +ngpy

% ben) -7 0
bn o
e

0 bn o0

a1

]df 5 [T,(T-Tj/z) o]
T’ 0

(nCDU = measurement noise, primarily CDU
quantizing error)

@™

@

©)
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NOMENCLATURE

X (t = state vector

u () = control or driving vector

n() = process noise vector

6 () = spacecraft attitude

w () = spacecraft attitude rate

u, = angular acceleration due to RCS jets

'0’ = measured spacecraft attitude (CDU angles)
t,»t_1= time of present and past state vector estimates, ‘respectively
Pt = of d and a
 # = control sample interval (0.1 sec)

'l‘j = duration of jet firing

STATE ESTIMATOR MECHANIZATION
The state estimator is mechanized as a two part state vector 1 and state
vector updating.

State Vector Extrapolation

The state vector is extrapolated using equation (3) where the state transition matrix ['n—
is defined in equation (4) and the driving matrix [ ] in equation (5). The process
noise is assumed to be random with zero mean so the best estimate of its effect on the

9';.'0 +T %_lur -y )
W= g+ Ty ®

In the CSM DAP filter the term T, (T-T, Qu,mmmm(hhalmmwulnm is
gliztily and:ts neplditat. V.

State Vector Updating
The state vector is updated based on the fu and the r
A -~
Oy = 6y + Ky (6, - 6') =0Y +Kypy )
® ~
wy = Wy +K, (6 -0')=wy +K o @0

The measurement residual p(f) is the difference between the actual measurement 9,. and the
91‘ The is equal to the extrapolated estimate of
attitude, b 5 is assumed to be random with zero
mmndﬁ.baltemmlhoiluaﬂectmthemmnmntbuhero.

To obtain the filter equations for p and & :

= (8- 07 ay
Combining equations (11) and (7)
K A
"n’en'an-l'-rwn-l a2

Admng-in to equation (9)
A ~
8

n'"n=9'n_’;n+x0nn=_pn+xﬂph . s




DAP-21

Changing n to n-1 and solving equation (13) for

A

6p1 = 8pg = Ppy A-Kp

Combining equations (12) and (14)
~ A
Pn=6, =6y 1 +Pp, ~Kg-Tog,

Combining equations (8) and (10)

A

A
W, = w'n+Kwpn= wn—l +Kwpn+Tj uj

D>

n-1

14

15)

(16)

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

Attitude Rate Gain K
2] w
1.0 10
.8 8
6 Initialization 6
Initialization
4
2
Steady State Steady
AR State
10 o 8 o 10

T e
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SCIENCE

KALMAN FILTERING
NAVIGATION
ORBITAL MECHANICS
ORBITAL DISTURBANCES




COASTING FLIGHT NAVIGATION

The purpose of Coasting Flight Navigation is to estimate spacecraft position and velocity of the
CSM or orbital workshop. The estimates are computed using orbital mechanics and optics or
VHF tracking measurements to improve the accuracy of the orbital mechanics. The navigation
sightings are incorporated into the position and velocity estimates using a modified Kalman
filter which is a recursive optimal that is cha: d by the following computation-
al procedure.

1. Extrapolate the state vector ahead to time ty, using the best estimate of the state at time ty_j.
ar _ 3
Xy= [On11Xn 1
2. Extrapolate the error covariance matrix in a similar manner,
[Eq] = [¢n 4] (Ey 4] (¢'n_1IT +[Up_1] (Uyg =process noise)
3. Compute the optimal gain matrix.
[Kp) = (Eq] (HyT (1 E] HT+v "1 (V, = measurement noise)
4. Calculate a measurement vector for time tp.

/- 2
2=y X7

5. Update the estimate of the state vector, using the extrapolated state g’n. the optimal gain [K:,], the extra-
polated measurement Y/, and the actual measurement at time th Y

2 =R’ * &,
X=X Ky Qg - X
6. Update the error covariance matrix in a similar manner,

[Eq) = [Eq) - [K}] [Hy) [E])

This procedure is illustrated by the following block diagram.

<>

SYSTEM

=n-1| UNIT
[#n1] DELAY

[®.]

Basic Recursive Procedure of Kalman Filtering,




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].

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.

The update of the state vector after each measurement must first be displayed and approved
by the astronaut before it is incorporated into the state vector. This eliminates the possibility
of an erroneous update due to an improper mark.

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 I‘DEFINITION

The state vector for coasting flight navigation is defined as the deviation of the spacecraft position and
velocity from a reference conic.

[ L
(-3 3%
Deviations from
[ ry conic position
ér oy
State Vector = x(t) =| —|= =
- ov
= 6V,
5 Deviations from
v}’ conic velocity
Lﬁvz

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 MSFN. 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 . AT
T
b = geometry vector of [H] = measurement b DIH]
_dimension "D" matrix
w = weighting vector of [K%] = optimal gain @ KA
dimension "D" matrix
o _ . T
[W] = error transition matrix [E] = error covariance (E] :>fww 1
of dimension "D x D" matrix
X = state vector X = state vector X Dx
-2 _ = a?
= a priori measurement [V] = covariance of the a ?[V]
error variance (scalar) measurement noise
6Q = measurement deviation (Qv _¥,) =measurement 6Q jd,', -%)
(scalar) =% 7" 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

S o Iflr|fe
= + (1)}
o o
v - 0 v
= [HE =4L&
where
Ir = spacecraft position vector
¥ = spacecraft velocity vector
24 = disturbance acceleration vector

= primary planet gravitation constant

®

When the disturbance, a4, 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 which would result ifay = 0 and (2) deviation from conic motion as a result of aq # 0.

L= Lconic * &r @
Y = Yeonic * &¥ @)

where
I, v = spacecraft position and velocity
Lconic' Yoonje = conic position and velocity
81, §v = deviations from conic position and velocity

Substitution of Equations 2 and 3 into the basic equation of motion, Equation 1, yields diffevential equa-
tions for the conic position and velocity and the deviation from conic position and velocity,

Conic Motion Equation

Zconic| o I L conic
it:oulc - 3 °l = @
o |r lconic conic
&r | |2 | subject to frty) =¢ ®)
sy a initial conditions svitg =0

where

T - 2
3 Zconic Zconic Teonic M

The conic motion equation is solved explicitly using Kepler's subroutine, The deviation equation is solved by
by direct numerical integration and is called the "'state equation''; it can be written in the form

1%

=[Flx +C (6)
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ERROR TRANSITION MATRIX EQUATIONS

The accuracy of the state vector estimation process is characterized by the error covariance matrix
which expresses the mean squared error of each state vector element in matrix form

state vector estimation error

=x-x
where
e = estimation error
i = estimated state vector
x = actual state vector
error covariance matrix
(E]=<ee’>
where

[E] = error covariance matrix

< >= denotes "expected value'

(M

®)

If the state vector is described by Equation 6, then the error covariance matrix is described by

E = FE + EFT (neglecting process noise)

and the error transition matrix is described by

W = FW
where

wwT) = (g

)

(10)

Equation 10 is the differential equation describing the error transition matrix and is solved by direct

numerical integration,

SUMMARY

TIME DOMAIN EQUATIONS

STATE TRANSITION

NUMERCIAL INTEGRATION

EXTRAPOLATION EXTRAPOLATION
x=Fx+C X' = [o1% =8y + [™ R a
E = FE + EFT E’'= ¢E¢T

.
-
W= W)+ FWat




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 approves of the incorporation.

GEOMETRY VECTOR

Ar ~
The geometry vector relates the measurement, Y, to the state vector, g;, according to Equation 11

o T
T-
Y. =b

’

%

(11)

¥

where

{',’, = the expected measurement (a scalar)
b = geometry vector (nx 1 column vector)

i_tl’] = state vector extrapolated to the measurement 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 WS LOS in reference coordinates
= T
U, = [REFSMMAT]" [NBSM] U,
where:
HN‘B = Optics LOS in Nav Base coordinates
[NBSM] = Gimbal angle transformation matrix from Nav Base to stable member
coordinates
r LR AL
—<w W -
U = unit (x:cw)
W Uy XU )
- Tow + (-) if CSM (WS) state being updated
L}
- -1 . _
6Q = |rglecos Gew X B * L) =n/2
‘VHF RANGE
b o[ Lo
- [

where Rm = measured VHF range




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
(k2] = (E'HT) (HE‘HT +v) ™' (12)

or, in the terminology of coasting flight navigation,

o= (wwTh) (pT w'Ww'Th+a?)

(22 +a?) (13)
where

w = optimal gain vector
W’ = error transition matrix extrapolated forward by the Coasting Integration routine
z = w’Tg (a vector used to simplify computations)

= ETE =bTwW'Tb (analogous to HE’ uT)

z
a? = measurement noise covariance (an erasable data load or fixed memory constant which depends
on which navigation program is in use)

(z* 452) is a scalar and eliminates the necessity of matrix inversion

2. Compute the expected measurement based on the extrapolated state vector.

%= bTx; (1
where
1; = expected measurement from current navigation sighting
b = geometry vector
% 1’1 = extrapolated state vector

3. Compute the state vector update
ox = @6Q = @ (Y- ¥) (1)

where

6x = state vector update

w = optimal weighting vector
6Q = measurement residual
Y, = information from current navigation sighting

>

ERS
u

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 is 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, =8+ 6x (16)
where

%pn = best estimate of state at time ty,

&é = state vector extrapolated ahead from time t;_; tot;

6x = state vector update

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.

[Eqn] = [Ey'] - [Ky*] [Hyl [Ep) )



This can be rewritten in terms of coasting flight navigation terminology
twwl) = pwwT) - T pwew'T) (18)

Equation 18 c:_}.n be separated to obtain an equation for updating only the error transition matrix [W ] instead of the
product [WW " | .

T
w2
(W) = [w]-
1.4
(19)

where

[W] = updated error transition matrix

[W’] = extrapolated error transition matrix

W = optimal gain vector

z = wTp

2 = 2Tz

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, ér and 6v , to the osculating
elements, r copjc and V conjc » thereby redefining the osculating orbit and reducing the deviation state vector to zero,

I conic I conic 6r
= +
¥ conic ¥ conic ov (20)
or 0
ov 0

(21)

This process is used to preserve the efficiency of Encke's method and is illustrated below.

Extrapolate 5 #°(t)
Update ls Rectify
Extrapolate \\\'\
T I3 0) K
Update
% Ext late -
ot rapolate — .
S F(ty)
t 4 t t

Rectification Measurement time Measurement time Rectification
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INITIALIZING THE COASTING FLIGHT NAVIGATION PROGRAMS

ch of the navigation programs is initialized priot to use by specifying the measurement variance,

, and the initial error transition matrix, [W]. The measurement variance gives a confidence level
for the navigation instruments by specifying the variance of all the error sources associated with

the instrument. The W matrix gives a confidence level for the initial estimate of the state vector

by specifying the mean squared error to the position and velocity estimates. [W] is initialized as

a diagonal matrix which says that initially the position and velocity errors are independent.

MEASUREMENT VARIANCE | INITIAL '"W'" MATRIX
RENDEZVOUS NAVIGATION PROGRAM (CSM)
P-20
OPTICAL TRACKING
Var*
sl INT
o= V“S(T+ VarIMU + _r 3 .
cw a0
Var* me ! 0
=(0.2 mr)2 + (0.2 mx')2 + H;IT W T
rCW 0 5 W‘I‘V
VHF RANGING
Var* Var*
&%= Max )var+ + __M, —_MIN
R 2 2
| 4 :
cw cw
ALTERNATE LOS
Var*
2. INT
= v“‘ALT + V”IMU + 5
x'CW
Var*
2 INT
:Var‘ALT + (0.2 mr)” + —
x‘CW
*The variables are stored in erasable memory.
ERASABLE DATA LOAD PARAMETERS
PARAMETER DATA LOAD PARAMETER | DATA LOAD
@ MNEMONIC VALUE W] MNEMONIC | VALUE
V&!'INT(CSM) INTVAR 60 m)2 Wr(CSM) WRENDVEL | 10 ft/s
Vaz'R (CSM) RVAR ) 0.0 Wn_(CSM) WRENDPOS | 10, 000 ft
2
Varp .- (CSM) RVARMIN (200 ft)
2
var, ;. (CSM) ALTVAR (3.9 mrad)




SC-10
A. ORBITAL RELATIONSHIPS

Assuming a spherical planet, the equation of motion for a satellite is given by

P .
Lr Bk 3 )
de rd

where
# = (M planet * Msatellite) G
G = gravitational constant
The solution of Equation 1 is:
h?/u
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 h=7xv=rf = constant
Velocity Vv = (2/r - 1/a)
Apogee ry =a(l+e)
Semilatus Rectum p=h¥/u
Semimajor Axis a = ru/(2u - rv’) Negative for hyperbola
Eccentricity e = (1-h*/ua) 1/2
Perigee T, =a (1-e)
True Anomaly cos f = —:’: - (1‘ , sinf = % rev
Ellipse Only
Period P =27 (a¥2/y1/2)
Mean Motion n = ul/Ya¥?
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-€)/(1+e)]!/? tan (/2)

Hyperbola Only
Mean Motion v? = p/ad
Mean Anomaly M=y (t-1)
T = time of perigee passage
Eccentric Anomaly H-e sinh H=M

tanh (H/2) = [ (e-1)/(e+1)] /2 tan (1/2)

From these relationships, given an initial position and velocity vector, the orbit and
orbit parameters are uniquely determined.




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

>
E]

P
Q| = [Rz(W)] [Bx()] [Rz(Q)] | Y| = [A] |Y

w rbit Z CI Z ECI (3)

where
Q = 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 P [x X
Q=% @ @ |¥[ - tm |¥
v Wx Wy Wzl [Z2]ger 2 Jgct (4

The unit vector along perigee (hat is, Px, Py, Py) can be determined by Equation
141, Page 20 of Battin as follows:

R - LR R IS (s)
where

v = absol of velocity

r = absolute magnitude of the radius vector

v o= inertial velocity

T o= radius vector
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This relationship is obtained as follows:

— T (Perigee)

h, W
Figure 2
P = ;rcosf-_e‘nsinf (6)
T, . _h - _®R_T
@ &= s h=gpi=g*;
h? /u -1
@ r = Trecest ° -

but ¥ = vep = vcosfp =

(3) sinf= 1
ne r

Combining 1, 2, and 3 into Equation 6

5 _ T k1 E.or h T
p_;[uer-:]_(ix;)[ue r ]
By substituting
. R
h=rvsing, cosg = r—
and adding the factor
rv? cos? B;r - rv? cos® Bey

the above equation reduces to

P= —“1; [ (vz—-g—);— (;-;)(vcosﬂ€r+ vsmBJn)]
but

;=vcosﬂe_;.+ vslnﬁe_;1
therefore

3 _ 1 _E —._—'-4
P_F [ (v SN T e Ee V)

Since h =_constant, the unit vector along?n (that is, Wy, Wy, Wy ) is determined
given any r and corresponding v in the orbit. That is

rXv

W - TemE o

-2

Having determined f’ and W, the remaining unit vector, (3. is calculated as follows:
Q = WxB (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 @, i, and w are determined.




C. ORBIT DETERMINATION

The problem of orbit determination can be stated as follows: Given an initial ;, and
corresponding vy vector expressed in ECI coordinates, 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

T(t) =|:1—§ C(Xzal)] ;1 + I:At';;—’ S(Xzﬂi)] ;x (9)

V() = rﬁ"x [o(1 X3S (x? a,)-x] T+ [1-% C(x’a,)] Vo (10)
where

Cm’m)=—%—§—f‘*+ ﬁzéi;‘.l)_z S s

at = -y

X - ;lE' for ellipse

- H,
X = %—} for hyperbola

The parameter X which is required for Equations 9 and 10 is determined as follows:
An initial guess for X is given by

X=x,+S[1—F,S(1—2F,S)-%(r—t—ai)sz] 1)

where

Xy = 0 for the first iteration and X for subsequent iterations

Ee zl;x Vi

§ =34 (-u)

B

Having an initial guess for X, an improved value is obtained by a Newton-Raphson
iteration scheme as follows:

F
Xnt1 = Xy - F—fg—:; (12)
where

F (Xp) =[%7L Xp! C (Xl @) + (1-1p ) Xg® SEXp? ag) + 1y xn]
- Vi At

F'(X,) = —'—*TP-_‘}L[ Xp- @ X, 8 (X! a,)]+ [(1-r, a1) X! CX? ay)

+gl




The iteration scheme of Equation 12 continues until xp+1 - Xp is sufficiently small. The good initial guess provided by Equation 11
limits the iteration to two or three in most cases. The value for Xp+1 is then substituted into Equations 9 and 10, thereby specifying
Ty and Vy in ECI space.  Following the universal conic method just deseribed, the position and velocity vectors referred to ECI
space 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 Ty, Vy.
2 - Lambert's Problem given rq, ry, and At, solve for conic parameters.

3 - Time - Theta Problem given rg, vo, and 8,solve for At.

Time - Radius Problem given rg, Vo, and ry. solve for At.

Occupied
Focus

f = true anomaly measured from pericenter
At = flight time from rg to ry

p = semilatus rectum

a=1/a . a=semimajor axis
v = flight path angle

9 = true anomaly difference (fy - fo)

The equation set used for solution of the above problem is

13: B At = cotyg x? Cax?) + (1 - roo) x* S(ax?) + rox
8 _roll-ox*Sx?
14. cotg=0 ax” 80XV 4 cotyg
vp x C(ax®)
1- cos @
16 ~cos 9+ sin 9 cot,
16. r
—_— \.2 =2-ra
n
17. ra=2 -Pr— (1+ cot?y)
coty Yo cot
O == n
r,
18.

T e
coto-= » To# Ty
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To
2 =1
Ty

9. Lo
¥oifiTo (1+cot1 n) -[ 1+cot?y,
Ty
20. —[1"—20 Ayl +[Az£s )]
. ry = -l'o (ax®) I ry _f‘T (ax®)] vq
o
21. vi = — [ox® S(ax?) xIro+ [1-= C(ax?) Ivo
Toly Ty
22. coty = L.y
|rxv]
Therefore:
1 Kepler's Solution. Comp T, using 16; pute x using Equation 13 and Vp coty, = X' Yo ; compute
ry and v; using Equations 20 and 21. g

2 Lambert's Solution. Guess a cot ¥,; compute p/ro and r, o using Equations 15 and 17; compute x using Equation 14
iteratively; compute At using Equation 13. If At disagrees with the desired At, adjust cot ¥, and repeat.

3  Time - Theta Solution. Compute coty,, roo. 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 ¥, To@, p/To, and coty, using Equations 22, 16, 17, and 17; compute cot? using
q 18; x using E 14 iteratively; compute At using Equation 13.




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;

2 - -
gr ,e ro= oay (23)
dt? r?

where

;d is the disturbance acceleration due to
1. oblateness of the earth or the nonspherical shape of the moon depending
on which reference body is used,
2. the effects of the sun,
3. the effects of the secondary body on the primary body; that is, effects
of moon on earth if earth is primary body and vice versa.
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 aq. The actual position and velocity vectors
are, therefore, given by

r = ro+4

vV=yv,to

(24)
where
;c and v‘/c are the position and velocity of the two-body conic solutions,

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

d?3 re! 1= = -

ar =r:’ [[l' SR R 2}
subject to the initial conditions

- s =

Bltg) =0, < (t) = T (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

.9 1 p? < @, 8
1__;?_ == (1+ [(rg+r) 8] where p =re/r

1+p

Equation 25, therefore, becomes

a2 3 T 2 = = | = -
R R B .
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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 6 (t) reaches a predetermined
limit. The process of selecting a new conic orbit from which to calculate deviations is
called rectification.

To sum up, the position and velocity, during freefall, at time 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 conic from which to calculate deviations is defined each time the
deviations (6 (t)) reach a predetermined limit.
E. DISTURBING FUNCTIONS
The form of the disturbing acceleration a_ in general will be quite complicated. For the Sky-
lab mission only the gravitational perturbgtions for the non-spherical shape of the earth are

considered.

The form of this is:

4 .
13 1
_ _ ke RE e
I T e T 2 2, i (r) [P'm (cos @) u, Pi(“’s")—z“]

i=2
where
PZ' (cos ) = 3cosgp
Pg' (cosp) = 1/2 (15 cos wz -3)
P, (cosg) = 1/3 (7 cos o Py' - 4P2')
P5' (cosp) = 1/4 (9 cos 0P, - 5P3')

are derivatives of Legendre Polynomials

cosSp = u .U

u = unit vector of the earth's true north polar axis expressed in the Basic
E Reference Systems.

J2, J3, J4 are the coefficients of the second, third, and fourth harmonics of the earth's
potential functions and RE is the mean equatorial radius of the earth.

Iy = .10827 x 1072

I < -.256 x 107°

g = ~.158 x 107°

RE = 6,378, 160.0 meters

by = .2986012 x 107> m®/sec’

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

f = Central Angle From Perigee

r = Position (ft)

Q = Longitude of the Ascending Node
w =  Argument of Perigee

n = MesnMotion=1/aEs. s~1

wE = 1,41 x 1017 #t3/g2

2
N,R,T = ft/s

Acceleration Normal Acceleration Along Acceleration Along
To Orbital Plane (N) Radial Line (R) Track (T)
da _ de - da _ 2e sin da 2a \V1-e2
at “at = ¢ i - W;—EE'Q R Q. nlle o

ﬂ 2
di _ rf:os!m*’f) N de _Vi-e sm‘gR de _ 11_e2
at na?\[1-e dt | dt naZe
do. rsin W+ o a _dr o %sﬁ'-o
dat na2 Vl-e2 sin (i) dat dt

2
dw Ql-e 2 + e cos(f)

o_ eny do __Vi-e? cos(f) R 9t " noe (1 T 0 cos(D) sin(f) T
dt dt at S
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O
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G&N SIGNAL CONDITIONER INTERFACE
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>
>
>

<
<
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<
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G&N EQUIPMENT POWER LOADS

PWR BUS PWR DISSIP (watts) CIRCUIT BREAKER
DESCRIPTION PARTIAL TOTAL NO. NAME
IMU Heater MNA & } 22.0 CB 58 G&N IMU HTR MNA
MNB 3 CB 59 G&N IMU HTR MNB
(IMU) 16.5
(PSA) 5.5
IMU Operate MNA & 183 CB 54 G&N IMU MNA
MNB CB 55 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 =2 CB 61 G&N Computer MNB
CMC Operate MNA & 70.0 |CB60 | G&N Computer MNA
MNB } ° CB 61 G&N Computer MNB
Optics Operate MNA & } 87.0 CB 62 G&N Optics MNA
MNB ° CB 63 G&N Optics MNB
(OUA) 27.3
(CDU) 19.3
(PSA) 40.4
Reticle Dimmer Supply AC1 or } 15.3 CB 54 G&N Power AC1
AC2 : 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 & SiE CB 52 C/W MNA
(LEB). MNB } i CB 53 C/W MNB




HARDWARE

PIPA

COARSE ALIGN - FINE ALIGN
ECDU
IRIG

OPTICS
OUA
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PIPA LOOP

1/C ~

S (usnfl) Sempler __,

L J L

Binary Current Switch

np Preamp
AC Diff-Amp and DC Diff-Amp
Interrogate Module Calibration Module

| Pendulosity
C = Coefficient of Viscous Damping
i RS0 Float Inertia

The HPSEEI Generator Ducosyn provides information on rotor position in the form of a 3200 hertz output.
it cycle in rotor position is converted to an AC suppressed carrier modulated signal.

The PIP Preamp 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 ﬂlp—ﬁ lUE 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 i& mp-fﬁ in the AC Diff-Amp Module.

The Calibration Module is the passive circuit interface between the BCS and the PIP torquer. The circuitry
iner 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 Diff-Amp and PVR Module is the which r current and hence PIP torque to
precisely cmu'orla values,

2
-
£
P Pulses ——ef
~ w

+ 1
e om/n‘l |alq/- av's
o e g I I - T+ 3
t |e— Velocity
-

»
jo—— N Pulses

Each AV Command Module = 5,85 cm/s
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PIPA CHARACTERISTICS

PARAMETER CM

1. Maeximum measurable acceleration 19.1 g's

2. Scale factor 5.85 cm/sec/pulse

3 Pendulosity P 0.25 dyne cm
cm/sec?

4, Torque to balance i 4680 dyne cm

5. PIP float inertia J 14.0 dyne cm
rad/sec?

6. PIP viscous damping c l2x10h dyne cm
rad/sec

7.  PIP break point e/ 8550  rad/sec

8. PIP time constant J/c T b sl

9. Total torque constant A2 dyne cm/ma2

10. Nominal torque current 105 ma

SUSPENSION CHARACTERISTICS
1. Radial Force 2.3 grams per .0001" min

2. Suspension current 65 * 6 ma
the two ends (SG & TG) matched with 3 ma
‘3. Phase angle of current lags 45° % 2.8°

5

4k, Suspension stiffness 30 x 10 ° grams/micro-inch

TYPICAL TEMPERATURE CHARACTERISTICS

1. Scale Factor 150 ppm/°F cM

2. Bisas .05 cm/sec2/°F CM

°F Actual PIPA Temperature
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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.

Table 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 koo 500 600

PIPA bias in a unity gravity field (Ab) must be within 0.30 cm/sec2 of that evaluated in a zero
gravity (ab) 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

Table I-2.
Table I-2
Coefficient Units Max Value (CM)
A cm/sec2 $9.14
SF ppm +1900
PIPA COMPENSATION
Register

X PIPA Bias 1452
Y PIPA Bias 1454
Z PIPA Bias 1456

PIPA Blas CM = (.0005569) (Reg Contents in Decimal) cm/sec?

The correction to the PIPA's is

PIPA, = (1 + SFEI) PIPA; - BIAS A t
where th
PIPAC is the compensated data for the I PIPA denoted PIPAXC, PIPAYC, PIPAZC
SFR S malie ST o8 (erasable load)
§Fncm
SF = Scale-factor CM/Sec
Pulse

1s the bias for the I'P PIPA (an erassble load)

BIAS




C/3 indicates assets cammon to all three loops.

+20 VDC (PTPS)

=20 VDC (PTPS)

0 VIC
(pTPS)

120 VDC (PTPS)

3 A3

MU INTERROGATOR i
/—> PEA - BLOCK II >

c
3 SWIICH PUISE  +2
(COMPUTER )
3 [ DVER.PUISE
28 C T0 IRIG PREAMPS KN
vDC

BINARY
CURRENT
SWIICH
PEA

t DATA PUISE

= S (COMPUTER) E
kv mrg [P 28V 3200 CPS &
- il
SUSPENS ION §
MODULE
r _; 1
SG iye! e
T CAL DC DIFF 120 VDC
i FIP MODUIE AMP (PTPS)
e PEA PEA 28 vDC
SLIP RINGS (PTPS)
oMU

PTPS = Pulse Torque Power Supply. For Elock II PTPS 1s in the PSA

PEA = PIPA Electronics Header Assembly (CM)

PIPA LOOP
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PIPA DEADZONE

Digital interrogation of PIPA float position with zero acceleration applied will gemerally yield
3 clock pulses for each half cycle of float position. This is called 3:3 moding. J

During initial build-up, torque unbalance is minimized by artificially inducing 2:2 or 4:k
moding and adjusting the gero 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 Input
Acceleration Acceleration Null Coincidence
|
2:2 nall
% 3:3 pul)
So0lid 3:3 moding PIPA Solid 2:2 moding PIPA
(2:2 mode artificially achieved)
Figure 1
At higher levels of test, subtle changes in configuration due to integration of the PIPA loop
into the G&N System can cause the PIPA to dual mode, i.e. the stable 3:3 mode may be replaced
by a bistable 2:2 and 3:3 mode. Bistable moding causes no net delta V output and is manifest
as a deadzone to near null inputs. This dead u‘k‘-t‘::!xssxnuormzcou-m
that it is less than 50 arc seconds (0.0075 ft/sec? or 0.23 cm/ ) &

an input acceleration of A33 (Pigure 2), a dual moding PIPA will issue zero A V's and
3:3.

n

3:3 52
null null

L A - 5
v v L4 L .1

A33 Al A22 Input Acceleration

Figure 2

For an input acceleration of A;, @ dual moding PIPA will also issue zero AV's and mode 2:2.
For an input acceleration between the A33-ndA22 limits, the PIPA vill issue sero AV's and

dual mode from 2:2 to 3:3 at a rate of 5 or 6 times per second. The amount of time spent in
2:2 or 3:3 moding is dependent on the input acceleration Al




HISTORY OF IN-FLIGHT PIPA PERFORMANCE

ERROR* (PREFLIGHT) COMP

AVG IN-FLIGHT CHANGE FROM LUNAR ORBITAL DEVIATIONS
™M

-0.01
+0.03
+0. 00

No Lunar Orbital
Variations Available

+0.02 e -0.39
-0.04 28 -0.32
-0.08 +0. 32

~0.58
-0.42
+0. 42

CcM
Apollo 10

WoN MY N HIN X N RN N RN <N

~0.05 Pre-DOI
-0.15 Post-Ascent
0.0 Pre-DOI
-0.18 Post-Ascent
~0.06 Pre-DOI
+0. 29 Post-Ascent

N XN <

N R

cM
[Apollo 15

0.20-Pre-Ascent
0.36 Post-Ascent
0. 34 Pre-Ascent

~0.01 Post-Ascent

+0.04
-0.2

Zbias Ranged from

Coast Phases, and Several Update:

were Necessary.
-0.01
+0.04
+0.01

-0.01
+0.07
+0.04

+0.04
-0.05
-0.02

*Deviations from compensation updates when made, or from preflight loads ‘when no update was made.
All units cm/s?
**This IMU was turned off for ~27 hours on the lunar surface.

*** Earth orbit deviations.
NOTE: Variationsof CM bias in lunar orbit caused by variations in coolant temperature.




IMU COARSE ALIGN LOOP

The coarse align loop drives the IMU gimbals to the angles by the with an accuracy
of + 1.5°. The coarse align mode also acts as a caging mode wvhen a gimbal lock condition is approached.

The three basic elements of the coarse align loop are the tal which issues angle commands

(Mc) and moding discretes, the IMU, and the ECDU which encodes gim position and provides position
and rate feedback for proper loop operation.

IMU FINE ALIGN LOOP

'mennea.lmloapdrinlmwmwtthuwmemamntao"bywmtorqu
the gyros. Pulse torquing is a computer controlled switching of a constant current source to a &ro
torquer winding. The current produces gyro torque, a corresponding precession rate, and hence, gimbal
position.

IMU INERTIAL MODE

The elements of the inertial mode are the gyro, stabilization amplifier, and gimbal tarque 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.

th;m Gyro Drift Coefficient
Wyan +NBDX +ADIAX (‘xsn) ~ADSRAX (-!S")
= +NEDY +ADIAY (ayq,) -ADSRAY (a,q)
Vosu -NEIZ +ADIAZ (a,q,) +ADSRAZ (ayq, )

Sysw Sysw 88 is positive along positive stable member axes.

TN | Ih ooy
X
oo o
SRA
OA ZoM

Y
GYRO - Z GYRO
SRA
IA
[Grro TA Kiong SRA AT OA Along |

5 ¢ +XBH -You +Z5M
Y BN - +XBN
z -Z8M -TsM BN

Input axes of the X, Y, Z accelercmeters lie respectively along positive XSM, YSM, 2SM axes.




IMU COARSE ALIGN LOOP

The servomechanism used to achieve coarse align of the Block II IMU is shown below.

- - ——
Coarse Align Enable
| pem—mmmde e ey 1
| 0.68 192 Pulses [}
y LR e )
Stab Ampl .
Digital |Coarse AllgnVoltﬂ Torque |1xand 16x G
C ECDU Motor and |Resolvers [
A6, Gimbal

sin 0, cos 6., 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 of the gimbal angle 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 pares the position ach with the desired angle. If the difference is greater than 2.0 degrees, an alarm is
issued.

Steps 1 through 5 a control p which imbals 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 di exists.

ECDU Re: se to 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 the inputs from IRIG
outputs to the ECDU DAC output,
2. Supplies a ground for the PSA stabilization amplifier demodulator relay, thereby the r of the
lifier ring s from 3,200 Hz to 800 Hz.
3. Provides grounds for the coarse align relay in each of the Lifi 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 (P pulses) from 12.8 kpps to 6. 4 kpps.
ECDU Re to E

When addressed by the Error Counter Enable discrete from the computer, the ECDU:

1. Generates an internal moding signal which allows error counter pulses (PE-AI’ or Af,) to increment the error counter.
Absence of this discrete zeros the error counter and holds it there.

2. The Error Counter Enable command (E) ls combined with the Coarse Align discrete (C,) and the CDU Zero command
(CDUZ) to mode the read counter in with the logic

Y= E. C, + CDUZ

where
a. Thwdemmlem-lanLhmdw
b. E = Error Counter Enable "not"
¢. 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 Comtrol
Servoing the IMU to the correct position as commanded by the computer is achieved by & multiple loop system consisting of the error
counter, & DAC, the coarse align mixing amplifier, a system of rate and switch selection logic, the read counter, and the stabiliza-
tion Joop.

Exror Counter

The error counter provides digital differencing between gimbal commands asd gimbal positions, hput pulses to the error couster
Are sither position command pulses (A4,) from the computer or gimbal poaition feedback pulses (43') from the read counter boop.
Computer command pulses (+40,) cause the error counter to count up. Read counter (A2') pulses will, in turs, count the error
counter down, thereby, producing negative feedback. The error counter is also mechanised to inhibit (Pg) pulses when Bits 7 and §
of the error counter "L." The result is & limiting of the output at 11,35° + 5,625° or 16, 876", The total functional character-
istic is shown below.

427 = 880 ppe x 160" /pulse = 35*/sscond (high rate)
= 100 ppe x 160"/pulse = 4.375" /second(low rate)

Error Counter

DAC Digita) to Analog Converter)

The DAC consists of logic switches driven by the error counter, a divide dows resistive ladder network, and & scaling amplifier.
The function of the DAC 1s to provide an 800 Hs signal whose amplitade is proportional to the angle content of the error counter. DAC
sensitivity is adjusted to 0.3 Vrma/degres.

Coarse Aligy Mixing Amplitier
T-—!-H.Ik-l-hﬂ-hmwdhm~ml-.~_blihllhvwdlhnl-
error input. DAC outputs to the coarse align mixing amplifier are diode-limited 10 0.5 volt as shown below.

Coarse Align Mixing Amplifier

Fine System Owitoh Selection Logle

The fine aystem switoh selection logic 18 & network of welghting resistars, summing amplifiers, and switches used to
trigonometric identity ~ain (¢ -9) = ~sia § cos § + cos ¢ sin §. Puncticaally, this network compares the gimbal angle (¢) as
represented by the 16-speed resolver signale to the read counter angle (¢) and genarates an error signal used to drive the read
‘counter loop.

Rate Select and Up/Down Logle

Rate solect and up/down logic is generated from the fine error sigaal (an analog measure of the error between resolver angle and
Toad counter angle) by Schmitt trigger type level detectors. The rate select and up/down logio processes the sampled output of the

frigpers to detarmine st which rate the read couster should be incremented. ¥ the output of the high speed Schmitt is high
(1.7-volt trigger threshold), the read counter is incremented at 6,400 ppa; f the output of the fine Schmitt s high (0. 1-volt trigger
threshold), the rate is 800 pps. Thus, in coe sample time the read counter will be incremented 1 bit at low speed or § bits at high
spoed. The functional equivalent of System Rate and Bwitch Selection s shown below.

e | 6.400pps

] -

2

: &

4 Read Counter Input
< ®p
e S High Rate = 6, 400 ppe
E g »
I *1/3,600 = 35* /second
S & Low Rate = 800 ppe x

6. 00pps |5 7 "

%1/3,600 = 4. 375%/second

Sabilization Loop
‘The analog part of the coarse align consists of the amplifier, torque motor, and gimbal. The overall




IMU COARSE ALIGN BLOCK DIAGRAM
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Error Counter

IMU COARSE ALIGN FUNCTIONAL BLOCK DIAGRAM

Coarse Align Mixing Amplifier

iAoC
3,200 pps
160"/Pulse

141° /sec

Hi Rate = 800 pulses/sec x 160'"/pulse x 37600 600 ° /n = 35°/sec

LoRate= 100 ;Ilulses/sec X 160"/pulse x T—— 3 600 °/n = 4.375° /sec
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= K = 5.76 x 10¢ desTees
l'mS
V_ | Buffer
38y | Ampiitisr
Error
Amplifier
Sample v Fine 1.15
And Hold 157 fa Error __J vrms
7= 1.25ms degrees
Rate Select and Up/Down Logic
a 8| 6,400 pps
B i Read
> ea.
i, Si].E00 ; Counter
- o g 1
- + e 5
800 >
pps |S =~
S i i
67200 pps Hi Rate = 6,400 pulses/sec x 20"/pulse X 3=go0 */n
¥ - 35’/sec
°/u

Lo Rate = 800 pulses/sec x 20"/pulse X —— 3 600
= 4.375°/sec
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IMU INERTIAL MODE

The circuitry employed by the Block II stabilization amplifier opersates 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

Input Network

The input gain of the originates from the circuit shown below.

e 30kn 20k Ml e O

Where 2, ——>>

The gain factor relating demodulator output to IRIG input is:

v,
de tepesk-to-pesk , 2
ik 1.5 (XFMR scale factor ) x 1,414 ( SV Eme X

v
V“ = LISV
rms
*2 1s the de component of the Fourler series of a full wave rectified signal,

The total lnput gatn relating IRIG error signals (3,200 Hz) to de volts st the High Gain Amplifier input is

e v v

2 a135-88 , KA _ 4 o

O Ve MS )
Where 33 ki /145 kQ 1s the effectivc "divide down" reststance of the input network.
ZEeedback 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 appropriste feedback
galn unique to each gimbal loop is obtained with the divide-down networks shown below

Inner e 2M0 R Ry Ry e
-A
20k0 30k0
b ‘ 150 g 4-WF
LY Rp S1k0 Ry %

100 V
Servo Compensation Feedback

= = » ko
V 51k
Armature
Current
Feedback

umz.,ﬁ) 0.0033 uF ]_}‘"‘” :E"W“'
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where

1x 30 30
'y, (loner Joop) = (lyy) (737307 = 31 'rm
1 15
 (middle loop) = (y) GIGD= 37 by
m‘m""”’“'m”% sl'sx ™

Frequency mo‘ torque motor current is achieved with the passive "T" network shown above. The frequency response character-
istic of the feedb is:

e
o

2 =o.02 (‘”
»

T
)

£ TG,
4,12 102, 5

with the feedback diodes not

ln( (% or ;g or;!) 0.020

Assuming an ideal High Gain Amplifier, the input and feedback can be d as if each were working into an operational
amplifier thus:

When used for coarse align, the stabilization amplifier is reconfigured as follows:
1. The input and reference signals are switched from 3,200 Hz to 800 Hz.
2. The feedback is d by a4, 1pF in parallel with the 0.5 uF capacitor used for the

inertial mode.
3. The coarse align compensation is:

kit (_l_. 5 )(_L “ ,)
:n‘ = 18 Lo .3 inner loop
'DAC (Vrms ac) ( ) +1) (ﬂ; 4 1)




IMU STABILIZATION AMPLIFIER

L2235V sy

ENT

|
|
1
1
'
1
|
'
1
i
'
1
1
I
'
'
'
1
1
1
! 10
1
1
'
'
1
|
T
'
'
! 5,
I
I
'
'
Znirzy )
'
! 100
I
'
sy
I
!
i
I
b

p A B S e e R i i e R e e
i a _ansv HIGH GAIN AMPLIFIER)
| AND CURR
. “3K DRIVER
)

' - Y
|
|
' *le
i
1
i
|
TEST (NpUT SOk :
I
i
1
ERROR MONITOR I
1
1
|
R |
1
P B i Ph s
% -
Yoo Tl
on " :
SLN
.ol !
=~
' I
g Eld - .nifm
H
AL oo AR 7 LT T g

DEMOD. REFERENCE : -2V
1
I
i
(=

T FEED
| COMPENSATION
BFox 3 2ok

L._.._.______]

it ¢
COARSE  ALIGN
RELAV

COARSE
ALIGR
COMMAND

Temque MOTOR
VOLTAGE MowITOR

-

i

TORQUE HOTOR
CURRENT MONITOR

HIDDLE

wa wa 330

o

oUTER




IMU "INERTIAL MODE'" BLOCK DIAGRAM

————— r Gain: 22,2 A/V -]
| | | 1.12 ft-4b/A
| 1,200 V/rad |
Y IRIG T |. Demod Filter |
Lpie-aﬂ)lﬂer— —j| | I Gimbal Stabilization Amplifi l
nner zation Amplifier
B e e
To IMU Fail Module |
1G Servo Error J
|
r _____ ey |rGaln: 44.4 A/V
| Middle \ 1. 12 ft-1b/A

1,200 V/rad

Gimbal
Torque
Motor

I X IRIG

Demod ]. Filter

£T-MH

L Preamplifier

fid apec 1 2 08! USRS
Regolbbe To IMU Fail Module
One MG Servo Error
Speed
Gain: 66.6 A/V —!
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I Demod ]— Filter
I

| Outer Gimbal Stabilization Amplifier |
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IMU "INERTIAL MODE'" FUNCTIONAL BLOCK DIAGRAM

Gimbal Inertia

60 Gimbal

+
Tp 1
J s? 1 -6
2 Com 8078 %100, T 2
I 1ssx10%, M SL/_STHT
0.95x10°%, 0 ™
Stabilization Amplifier Preamplifier &
Torque Motor Signal Generator Gyro
s ]
e e e
g 15K(4.15+1)(170 1) o %
T - {1,310 ———t— 4—‘
s ] s
4 <R g +
(0.125 1)( 2, 000 1) o i
dyn - cm A dyn - cm
= e sl L = —_— = 2 X 6
KT 152 2010 A | K 5 ! YV roos 0 ¢ H 0.434 10 m
dyn - cm A
252 107 ‘==l LS e dyn -
ek T A b 2 Vrms ' M C .= 0.475% 100 | 00
dyn - cm i rad/sec
29 10% LS UL I8
SN IR A 0 3Vrms’o I = 367 gm - cm?
H/C = 0.915
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Gain (dB)
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IMU INERTIAL MODE
GIMBAL/GYRO/TORQUE MOTOR
FREQUENCY RESPONSE

rad/sec’
Ade

+
10 Frequency (Hz)
s 2 w= 1.0 rad/second C/1 = 206 Hz
-1
IMU INERTIAL MODE
100 OPEN LOOP FREQUENCY RESPONSE
s 4+ Inner Notch and
Preamplifier
- \ /
[*=—w=1rad/s Inner Total
40 T Open Loop
20 + Crossover Inner/Middle/Outer
o T + +
1 10 00 Frequency
(Hz)
-20 4+
Inner Gimbal/
&8 S Gyro/Torque

Motor

30

AW'IA-_AM AMPLIFIER
LOOP FREQUENCY RESPONSE

- f e

A/Vrme




HW-26

GYRO PULSE TORQUING

Gyro torque, its corresponding precession rats, and hence gimbal position are controlled by regulating the pulse width of gyro
torquer curreat, In the Fine Align mode, the leagth of the torquer curreat pulse is precisely controlled by the computer to achieve
& desired gimbal position.

To torque a particular gyro, the following sequence of commands is issued by the computer:

3. Gyro Set (the Gyro Reset command is issued at all times whea Gyro Set is offy

Qyro Torgus Esable Command

The Gyro Torque Ensble command is issued by the computer through Bit 6 of Chaonel 14. The Bit 6 gates & 102. 4 kHz pulse train
out of the computer 1o & relay driver in the Gyro Calibration Module. When actuated, 28 Vdc is applied to the Precision Voltage
Reference (PVR) supply and 120 Vdc is applied to the Binary Current Switch and DC Differeatial Amplifier. The Gyro Torque
‘Enasble command must be issued 20 milliseconds prior to the Gyro Select Command to assure ample time for relay closure,

I e E S e e e

] }
| |
1o —SVde g5 003 ma - :
70.568 Ohms | |
Torquer Current ! |
! I
| |
| |
| |
| |
| Current |
Monitor
| |
\ |
|
Scale Factor
: 70. 5880 o e :
Calibration
| Module |
A S s L S8 |
Gy Select Commend

‘The Gyro Select command is controlled by the computer through Bits 7, 8, and 9 of Channel 14. The selection logic is shown in the
following table:

HI! NI} NI JORQUER WINDING
o 0 Y
-Y
+X
-x
+z
-z

The mode loglc shown sbove gates & 102, 4 kiiz pulse train out of the computer to one of six transistor switches in the Gyro Calibra-
tion Module. This pulse train will close the transistor switoh, thereby enabling torquer current when the Gyro Set command is
tasued. 1f more than one gYTo 18 to be torqued, the order of seleotion s Y, Z, and X with each gyro being completely torqued
betore the next one is selected.
Quze et Commpnd
The Gyro Set command is costrolled by the computer through Bit 10 of Chancel 14, This bit sets a flip-flop which gates & 3.2 kiz
pulse train out of the computer to the Binary Current Switch via the Gyro Calibration Module, When actusted n this manner, gyro
torque curreat is swliched from the 920-obm dummy load to the torque winding selected by the computer. When the desired number
of set pulses has boen issued, the flip-flop is reset causing current to be transterred from the torquer winding to the dummy load,
If the number of set pulses to be ssued is less than 16, 384, they are all ssued In a single burst at & rate of 3,200 pps. If the um-
ber is greater than 16, 384, they are divided fnto groups of 8, 192 pulses plus & remainder. Gimbal positioning is then achieved by
{asuing successive bursts of 8, 192 pulses, each separated by a 30-millisecond delay, plus the remainder.
Eulse Torque Scale Factor
The pulse torque scala factor, in arc-ssconds of gimbal travel per computer set pulse, s 0. 61798141, 750 ppm at the G & N level
of test. The torque produced by each gyro torquer is:

T ki’ - 4,335 dyne-om

-
- e -
o mo -

where
K s microsyn seasitivity ia dyne-om/amp’
1 10 microsyn current
Each torquer is padded to provide 4, 336 dyne-cm of torque for & curreat of 85. 003 mA.
Torquer curreat is 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, henos, gimbal rate. The maximum slew rate capability of this system is:

Iy OF = 10 mrad/s
H o g 434 %10
where
T = microsyn torque
H = gyro angular momentum




GYRO PULSE TORQUING LOOP

Sliprings

28 Vdc (PSA) To PIPA Preamplifiers

Error signal goes to resolver for middle

rq IRG and outer gimbal, then to stab amplifier.

t4v
28 V, 3,200 Hz
2 V PIP <@— O o OFEK

'\——Ducosyn Excitation Transformer

Preamplifier

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). z
Gyro Set, 3,2 kHz occurs 2 ms after gyro select; switches binary current switch to 8
allow torque current.
1~ 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).
111 ”||||[[->TM Reset
Calibration Module Sk
PSA LI TM Set
FSSSJ Torque Current
28/120 Vdo——=ml iy, 2010030 -
PTPS 5
Dammy Toriite Current PTPS = Pulse Torque Power Supply
Curredt Foddbiok | 28/120 Vde PEA = PIPA Electronics Assembly
(CM)
E E Si DC Differential Binary
Amplifier Current Switch
PSA PSA
No. 2010029 \,\ No. 2010017

Torque Current Control




+120vDC

T

TORQUE cumENT|
CONTROL FRoM
DIFF  AmMP

DC DIFF AMP AND PUR
2010029

BINARY CURRENT
s SWITCH ~2010017

TM + SET M - BE

g
GYRO_SELECT Pm) W0S. e |8
PN A PNE - ; 22%PP
X+ z 3 2
X~ o 2l o
A 5 3 1 3 g ’0 GYRO SET
Y- 7 2 £33 B
= v 3
- © 3 £ s (is) +120 voC
H TEM
gvm Seueer H +
CoMpuTER 02NN | i (8) =NABLE
S - i
LECT SwITew ,o o
-t : s ovoc
TEST POWT rESISTOR ®
2.5
{ SCALE FACTOR S
CURRENT FEEDBACK TO DWF AWP RESISTOR CALIBRATION
2QV GNO 4 120V GNO TIED TORETHER W CAL. MOD.

GYRO PULSE TORQUING LOOP
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IMU FINE ALIGN FUNCTIONAL BLOCK DIAGRAM

Gyro

Stabilization Amplifier

fiyro Preamplifier and Ol 5
Torquer 1 Signal Generator |, ( s +1)( s ﬂ) Torquer  Gimbal
B e T T 1,310 ¥\ 715 "\17o = . % 6
T e N L —e T Ts
85 mA s e L S 1 El + 1)
: I i S( C/T ) (0.125 ) (2, 000
Kp=0.6 ————r
2
mA | '
| u I
A 1 -8
' et 7 -
| L K Veos 1 Kr=1.s52x10, 1 3=378x10,1
= 1 i -6
LR TR RKmd. At 1.52% 107, M 1.85x 10 _,sM
! rad/sec =1.23x 107, O = 0.935 x 10 *,0
K=3 ,0 dyn - cm rad/sec?
dyn - » G il B Aoolidal
C= 2 A dyn - cm

= 0.475 x 108
rad7sec

I = 367 gm - cm?®

Gyro Torque = K 1 = 0.6(85)> = 4,335 dyn - cm
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APOLLO 25 IRIG

Moments of Inertia:

about OA: 367.3 g:ram-cm2

about IA: 650.8 gram-cm?2

about SRA: 724.9 g:ram-cm2
Damping Coefficients:

about OA: 4,75°% 10° dyne-cm/rad/sec

about IA: 1.5 x 109 dyne-cm /rad/sec

about SRA: 1.5 x 10° 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 108 gram—cm2 sec
Signal Generator:

Input: 4 volts, 3200 cps
Sensitivity: 10 mv/mrad

Torque Generator Sensitivity: 0.6 dyne-cm /ma2
Pulse Torque Scale Factor: w /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

D3 “Vax |
Acceleration Drift along the IA meru/g 17 33 ko 100
(ADIA)
Acceleration Drift along the SRA meru/g b1 21 25 ko
(ADSRA)
Non-Acceleration Blas Drift meru 6 9 n 15
(mED)

Gyro scale factor limits are : 1750 ppa.
The maximum value of gyro performance parameters vhich can be compensated for by the computer is shown

in Table II-2.
Table II-2
SorFiETaat O S T
ADIA meru/g 862
ATSRA meru/g 862
NBD meru 128.7

The compensated PIPA data is used to campute the IRIG torquing necessary to cancel the NED, ADIA and
ADSRA gyro coefficients. The computations are

XIRIG - -Anmrmc+mmnc-m,st
YIRIG =- -ADIKPDHCOMPD%-MA?.
ZIRIG - -mmmuc-mmc~mo.t

XIRIG, YIRIG, ZIRIG are gyro drift compensations
NEIX, NEDY, NEDZ are gyro bias drifts (an erasable losd)

ADSRAX, ADSRAY, ADSRAZ are gyro drifts due to acceleration in spin reference axis
(an erasable load)

ADIAX, ADIAY, ADIAZ are gyro drifts due to acceleration in the input axis
(an erasable load)

When the magnitude of any IRIG command exceeds two pulses, the commands are sent to the gyros.

During free-fall only the NEDX, NEDY, NEDZ are the relevant coefficients and the routine is so crdered
that only these terms are calculated for the gyro compensation.

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

3.0
2.0
1.0
0
-1.0
-2.0
-3.0

— N
oM M cM

Apollo 8 Apollo 9 Apollo 10
1.0
0

*After in-flight compensation
change

** Insufficient number of data points

CM LM
Apollo 12

CcM

=3
[ ~
VB

Apolo 13

N = Number of
Data Points

cM LM
Apollo 14

oM LM

Apollo 15

cM
Apollo 16

LM CcM M
Apollo 17
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ELECTRONICS COUPLING DISPLAY UNIT (ECDU)

The ECDU encodes and scales the IMU gimbal angles and transfers the angles to the
computer in the proper format.

The ECDU is an analog-to-digital converter which utilizes two encoding loops and one
read counter which can be accessed by the computer.

One encoding loop is used with the 16 x gimbal resolver (the fine system) ; the other
encoding loop is used with the 1 X gimbal resolver (the coarse system).

The ECDU digital servo is analogous to a resolver synchro illustrated by the follow-

ing diagram.

Resolver Synchro

o =

' Servo Error Signal

V;,/Position (out)

vy

] i
c <
4 (: e 9 Volts ( Motor

¢ |
0f
£ I Feedback

Servo Amplifier
~ i 52 v 5

I 12. 8 kpps

Digital switch selection logic implements
sin (0 - ¢) or 6 - Y as does resolver

pair.

0.067 Vyms

800 Hz | Ly e 5

degree

Error Signal (e)

A =

| "

I Pulse rate selection logic
I generates 12. 8 kpps or 0
based on servo error.

|

I
|
I 1z.skppsl ‘__Read—l

Counter I

Read counter accumu-
lates pulse train.

—t— — — —
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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 counter to which the computer has access.
One 100p designated the "fine system" is used to encode 16x gimbal resolver angles. The other, & "coarse system,” encodes 1x
gimbal resolver angles.

When the difference between a gimbal resolver angle and the ECDU read counter axoseds 5. 4 degrees, the "coarse system' has
exclustve control of the read counter. For errors smaller than 6,4 degrees, the "fine system" has exclusive control of the read
‘counter.

Coarse System
The coarse system utilises & system of switch selection logic, weighting resistors, and summing amplifiers to generate & trigono-
metric identity of the form:

~sin (0-9) = -8in 6 cos § + cos 6 sin ¢

0 = the gimbal angle
¥ = the read counter angle
This trigonometric identity is used as an error signal to drive the read counter until ¢ has been isolated to one of aight 45-degree
segme.
cos 22,5 = Ry | Ry,

cos 67.5° v
cos
cos $2.5° L
cos 67.5°
Rin
oin 32,5
—cos 8
sin 67.5°
1x v
Coaine = Rin ~cos 0 siny
Wy oin 22.5*
o086
oin 67.5°

A ladder network provides an additional signal which drives the read counter until ¢ has been further isolated to one of 16,
3.8-degree segments.
sin 22.5° = R¢/Ry,

P Al

Yy
2

E e

Error Signal

N2 a4
|
».

l.h-h--t—n
800 Hz null s achieved

The funotional equivalent of the entire coarse system error detecting logic is as shown below.

1x

Resolver Angle 6
s

0,087 Vrms Coarse Error
degree (800 Hiz ac)

Read Counter State

In the manner shown sbove, the error between the 1x resolver position and the digital state of the read counter s converted to an
800 Hs 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 Vrms (8.4 degrees) thereby deactivating the coarse read
ocounter loop when the error between 1x resolver position and the read counter is less than 8.4 degrees. The pulse train output of

coarse is
‘cremented at a rate of 13. l”.hrﬂ“llbﬁmﬁrﬂn“hvﬂdlm The functional equivalent of this
signal processing is shown below.

12. 8 kpps

i To Read Counter

Coarse 0.56 Vrms ac
Error 4

0.56 Vrms ac 16 bits ‘each 1.26 ms P

12.8 kpps

16bits 800 bursts | 20 arc-sec _ ..
burst *  ‘second bit 70" /asennd

Coarse Schmitt Trigger and Rate Selection Logic
(The CM optics CDU's do not contain a coarse system.)
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Sy = BoM-ise3-RB
$5 = 13448 +B-RE
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ELECTRONIC COUPLING DATA UNIT ECDU (CONTINUED)

Fine System

The fine system utilizes a system of switch sel logic, weighting and 1if to the trigono-
metric identity.

~-8in (6-¢y)= 8in 6 cos § + cos 6 sin y

This identity is used as an error signal to drive the read counter until ¢ is isolated to one of 256, 0.088-degree segments. Mech-
anization of this identity is similar to that of the coarse system except for the ing iffe

1. The fine system generates an internal reference cos (8 - §) to excite ladder switches.
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 resolver electrical. The 1x mechanical
equivalent is 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.

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)

ai
Read Counter State

Fine systems error signals are converted back into digital read counter drive signals by a fine Schmitt trigger system and a high
speed Schmitt trigger system operating In tandum. Each is interrogated by the same 1,600 pps impulse train. When the high speed
Schmitt trigger is detected high, the read counter is incremented at a rate of 12,800 pps. When the fine Schmitt trigger is detected
high, the read counter is incremented at a rate of 800 pps. The threshold level of the fine system Schmitt triggers is set such that
the rate selection logic shown below is achieved.

12.8 kpps
E ]
>
B s 800
- s
—FinoError + +
800 Hz rms y - P
: g '
o £ E High Rate = 12.8 kpps x 20"/pulse
e > = 70* /second
:. o Low Rate = 800 pps x 20"/pulse
= 4.45% /second
12.8 kpps

Schmitt Trigger Threshold

1
1.2 Vrms x u._:%‘? = 2.2 degrees, 16x

1
0.07 Vrms x&%ﬁ% = 0.131 degree, 16x

‘rhermnloetandw/mhmmmwuwwdhhhmkwwuﬁmummmreldcounler
is incremented. llhhl‘htpo.d!chnmh"on."thtncnndnhhu.mmwlah!uhmnmphum. If the fine
Bch.mmh"nn."thm-mmnhhnopp-arlhkhmlmphumn.

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 s to the first order bit (A2"). Access by the error counter is to the third order bit (42°). 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 mhm/uoududlnww in degrees.
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FINE ERROR TEST POINT

- —

r--. - ——————

Ccorer mbosempomerbs somph o)

ERROR
AMP

ECDU

ERROR AMP
AND SCHMITT TRIGGERS




&. WVERTED'
€ WHEN S5
1S CLOSED TWice
WHEN S 1S CLOSED
CIWVERTED ) T4 W
QUADRANT)

‘z' 3
&
ty) <&
®
§o
§2
<
-
3
Rt
83
s&
SRS
3 152 cose
2. €08 331
s3cose | Sk

LOSED W H¥ IV

i

B
128K

READ COUNTER ’

WEIGHT FACTOR |

SWITCH CONTROL
LoGic*

1x fiex
20" [oee®| 2.57
«0" [.17°| s*

-022°| .35%| 10
o'l . 7° | 207

“4s* Se1s”
90° 128"
80° 225°

531088+ a8
S& =d-a-8+ i0-8F
S5 «10-11 + BT

Sivs 10
|95 e
|Sler s
| SI7e
|sw~3
|82
20~ 1
s21 0

oot
wWeuT
— .
x
x °
x3 m
3
Logic
DRIWVE | LSK TYPIcAL
LoGic
CONTROLLED|
SWITCH

$22 (TRUNNIOW OMLY)

REFERENCE

Fl
NETWORK

® NUMBERS IV LOGIC EQUATIONG

REFER TO READ COUNTER POSITIONS
e, 10 = LOGICTT WHEN TWERE
IS A BT IV THE 2'° PoGITION
(IMU € OPTICS SHAFT OwLy)

£1 €089 sw N’ 128k
S cess sw 3317 usk

cee S Sel” Jox |

.. _

QUADRATURE
RETECTION

T

@,

SUMMING  ~cc32
AMP

FAWL-DETECT
CiRCUrT

o-MH



VX
RESOLVER

COARSE SYSTEM
SWITCH SELECTION
LoGi\C

coarst
SCWMMITT
TRIGGER

07 Vo

\2.8xPPS

S AM PLE

DEGREE I
128\

+.56v

READ COUNTER

")

HOL D
Y2125 ms.

WHEW comse S\quA\_
1S WIGH \T W
PRIORITY ovs.\z

J

FINE S\GNAL
+
Pr éb
b+

FINE
o
FINE SVSTEM -?,_{“Q“Q‘EES
S\-u-rccn SELECTION Ter
e ERROR e
AHP Lot
A5V I SAMPLE
r:: RE: 15% > .
¥ 800 |5 ,3 HOLD
3 & T>L25 ms.
et
.8K

READ COUNTER \.00P
FUNCTIONAL BLOCK

DIAGRAM

L-MH




HW-42

IMU/CDU/AGC INTERFACE DIAGRAM

Sin
X Coarse System
Resolver Switch Selection
Logic
Cos
Fine System
16X Switch Selection
Resolver Logic

CDU Read Counter

180° | 90° | 45° [22,5° 11,25°] 5.6° | 2,8° |1,4° [0.7° p.35° o, 17° Jo.088°}0.044°)0.022°| 40" 20"

23X ey 2™ ] gt gt | 38 fAN Y e ] fEri] at o

AGC Location 003n* (CDUN)

180° | 90° | 45° [22.5°11.25° 5,.6° [2.8° | 1.4° | 0.7° 0.35° [0.17° po.088°j0.044°p.022°| 40"

sichgit - al Fal [ w1y 2 |2 |2t |28 2028 | 2| 21| 2

CDU Error Counter

*LOC NAME GIMBAL o
0032 CDUX OUTER 11.259 6.6° [ 2.8°| 1.4° | 0.7° 0. 35°( 0. 17°p.088°p.044°
0033 CcDuy INNER
0034 CcDUZ MIDDLE PO U Y 2 | ot [23 | 2|t |
1277 THETAD  OUTER
1300 THETAD+1 INNER
1301 _ THETAD+2 MIDDLE__

s n

| (THETAD - cDUN)/4 |

I
= (LOC 115X - 003n)/4 J 192 pulses/0, 6 second maximum




IMU GIMBAL ANGLE AND OPTICS SHAFT SCALING DIAGRAM
Contents of Respective Location in AGC

i 400008 60000g 00000g 20000g I 40000g |

| | | I I | I |
| | | I

-180° -150° -120° -90° -60° -30° 0° +30° +60° +90° +120° +150° +180°
Actual Optics Shaft Angle or IMU Gimbal Angle

E-MH

DSKY Indication and CRT Display on RTCC

+180° +210° +240° +2170° +300°  +330° 0° +30° +60° +90° +120° +150° +180°

NOTE: For Skylark, V16 N91 monitors the optics shaft angle in R1 (+XXX, XX); V16 N20
monitors the IMU gimbal angles as follows:

R1: Outer Gimbal (+XXX, XX)
R2: Inner Gimbal (+XXX, XX)
R3: Middle Gimbal (+XXX, XX)




OPTICS TRUNNION SCALING DIAGRAM

% (o e ] [Caor
| T i
e | iy o 1 (AT A
I |
| | I | | { I :
| Positive | | | |
I | Zero | I l . I
| 61740g 00000 40000g | I |
| 2 | | | |
| | Negative I |
[ 52640g l I 177773 J_ : Jximyg : I 617404 | |
Negative I Positive | |
Zero l Maximum I |
| I | | I | | | I
I I I I I | I I 1
-10° 0° +10° +30° +40° +50° +60° 708 +80° +90° +100°
l +19. 775° l I +64, 775° |
+80° +0° +10° +20° +30° +40° +50° +60° *70% +80° +0° #10°

CRT Display
on RTCC

Contents of
Location 0035
in AGC (CDUT)

¥P-MH

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.
of 45° or greater.

Without the bias, the CMC mode would drive the trunnion to the negative stop for command angles




Degrees
Los

OPTICS TRUNNION/CDU/AGC INTERFACE DIAGRAM

2 Fine System
Tieisaid Switch Sel
3 Logic
Cos
Vs
CDU Read Counter (LO8
45° [22.5° 11,269 5.6° | 2.8° | 1.4°| 0.7° [0.35°0. 17" p.088*p.044" J0.0227 40" [ 20" | 10" | 5"
LS RIS W L S R U A e B R
AGC Location 0036 (CDUT)
45° ];I.l' 11,257 5.6°| 2.8° | 1.4* | 0.7°[0.35° | 0. 17°0.088°p.0447p.022°| 40" | 20" | 10"
L RS R B SR AR e S e e
CDU Error Counter
2.8° | 1.4° | 0.7° Jo.35° |0.17°p.088" p. 044" J0. 022] 40"
g B A A L
[ S . g -
| (DESOPTT - CDUT/4 |
-
(LOCBII-IDC“I./‘J PRSI =
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OPTICS SHAFT/CDU/AGC INTERFACE DIAGRAM

Sin
LOs Fine System
16X Switch Sel
Resolver Logi
Cos

CDU Read Counter

180° | 90° | 45° [22,5° 11,25]5.6° | 2.8° | 1.4° |0.7* Jo.35° |0, 17° Jo.088°] .04410.022°] 40" | 20"

2% 2% a8 (2% |2 |2 [P [ S| | [ ]| o] ] 2] ]2

AGC Location 0036 (CDUS)

180° | 90° | 45° P2.5° 1. 25| 5.6°|2.8° | 1.4° 0.7° 10,35° |0.17°p.088°p.044* j0.0229 40"

:“:"s':"z't‘:‘:':'z'z‘z'z’:‘a‘

CDU Frror Counter

1.251 5,6° | 2.8°| 1.4° | 0.7° [0.35° |0.17* 0.088" p. 044

-
i | (DESOPTS - cDUS)/4 !
1 | (Loc 1313 - Loc oo3e)/a |

g g

83 pulses/0. 24 second maximum




HW-47

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.
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TRUNNION COMPUTER OPERATE MODE FUNCTIONAL BLOCK DIAGRAM

&3 poles Error Counter
Sextant
|+ 00259 second DAC Trunnion
le-- -~ 024 second - — 2.1°
One Computer Cycle + 1 Opc 4.8 vrms | Vpac
T&U¢ . . degree
83 pulses/0. 24 second x -2.1°
40"/pulse = 3, 8° /second (LOS)
1
e " L /v _g.75¢
(Pg) | Hi rate = 1,600 pps x 20"/p x 3600 7 8.75 °/sec (mech)
1
Lo rate =100 pps x 20"/p x 2o/ "' = 0.544%/sec (mech) Fine Exror
Rate Select and Up/Down Logic Test Point
L]
a E 12.8‘ 0 pps
gl
i ° 800 Sample
(o L and Hold 69 Vrms
T =1.25msec 0 degree
CHE
e S
500 £ ~ Fine System
12,800 pps S - Switch Selection Logic
Read
& Counter
¢ 1
Py s

0.51 'r":g oy (Mec}” E ot (L(s:
s

XY (mech)
)

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)

o

49
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OPTICS TRUNNION DRIVING LIMITATIONS

OPTICS TRUNNION SCALING DIAGRAM

-~ CRT Display
-25. 2 . 3
J I . Izzsjl o ] sl on RTCC

o
T T |
' : : : |
| |
| i [ | [ l | :
| Positive | | | |
I L Zero | I |
| | | : |
200g
[ er0g ] [ o000y | | [ 200005 | :
l | Negative : :
o 7T | o Maximum 81740 Contents of
[ 526408 J | 8 | | L | Location 0035
Negative | Positive | | in AGC (CDUT)
Zero | Maximum | |
| | | | E |
[ | I 1
10° +30° ~40° +30° +90° +100° LOS Trunnion Angle
l +19,775° DSKY Indication
+80° +0° +10° +20° +30° +40° +80° +0° +10° (V16 No1,
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.




Error Counter

0.0258 second
0.24 second

One Computer Cycle
+A6C

83 pulses/0. 24 second X
160""/pulse = 15.1°/second

SHAFT COMP; OPERATE MODE FUNCTIONAL BLOCK DIAGRAM

DAC
/sec
9EC | 0.6 vims | VDA % Yrms ¢ e
degree 8 Fiid
-16.875°
Hi Rate = 1,600 pps x 160"/p x 1/3,600 °/" =70 °/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 12,800 pps
E ; g (degrees)
. T
R Sample o) X
and Hold < 8.6 Vrms _
) H] 2 7 =1.25 msec degree Y
800 pps E £
s ~ Fine System ) (degrees)
12,800 pps C - Switch Selection Logic

¥
(Py)

® -

Read
ounter

Hi Rate = 12,800 pps x 20"/p x 1/3,600 /" =170°/sec

Lo Rate = 800 pps x 20"/p x 1/3,600 °/ "

= 4. 375°/sec

SS-MH




RESOLVER PRE-AMP COMPENSATION MOTOR GEARS

S

S 8-9 |so(— o 1) o5 o
SXT ; 35
b :@_"/Iwyr’/s s A /IM < 5352 T

- 1St
R = L P SfI |
k? = I)(GOO I) . :

. 0.065S —955%10°5 k

LS T TR

] ;
FEEDBACK COMPENSATION TACH &«

IDEAL VERSION

S
Boxi 4 | '708(2 i ') SCT

s2

()

SCT TRUNNION SERVO




RESCLVER PRE-AME COMPENSATION

e

28% —i@——)‘a-g e lsO'\ss +')
R S

s Vs
\s *!ec0

» Q135S _ kas5x13°5
\[ S 3 \
+1) +1
( /\7u0 )'5 ) i
wm
FCED2ACK COMPENSATION TACH e

IDEAL VERSION

S
Qal A 170812 + |)

- 52

Osct

Y

SCT SHAFT SERVO




OPTICS MOTOR IRIVE AMPLIFIER

FEEDBACK COMPENSATION

==
.

1¢ 1

——— ——— e —

e




OPTICS TWO SPEED SWITCH
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BLOCK II SERVO PARAMETERS

MOTCR SPEEDS VERSUS LOS RATES

10S RATES 2 8, S e
- S SCT
TRUNNION SHAFT = Tad/sec Tad/sec
10.0 deg/sec 9817 1028 4960 519
1.0 deg/sec 982 103 L6 51.9
0.1 deg/sec 10.3 49.6 §:2
25.0 fec¢/sec 6.8 0.71 3.4 0.36
19.5 deg/sec 9870 1024 9670 1013
2.0 deg/sec 1003 105 992 104
0.2 deg/sec 100 10.5 99 10.4
50.0 dec/sec 7.0 0.73 6.9 0.72

SERVO SENSITIVITY

CAICULATION | —sensrtovITy |
SXT TRUNNION
Hand Controller 105 mr x x 2 1.08 Q{sec
o o ¢ v
Tachometer 3.k x 1.08 3.68 uﬁ(eec
mv
SXT SHAFT
-
Hand Controller 105 mr x o 2.1 sec/sec
mw ’2}2% 3016 v
Tachometer 3.4 x 2.1 7.1k ged/sec
mv
MAXIMUM CREEP RATES DUE TO RESIDUALS
MAX ~THEORETICAL
RESIDUAL SENSITIVITY MAXIMUM RATE
SXT TRUNNION
Hand Controller mv rms 1.08 c’?c{uc 3 dec/sec
PS 2014550 mv
Tachometer 15 mv rms 3.70 .::gm 55 set/sec
PS 2016207 v
SXT SHAFT
Hand Controller 3 mv rms 2.1 ‘::Z“" 6 sed/sec
PS 2014550 mv
Tachometer 15 mv rms 7.2 ded/sec 108 l?c/uc
PS 2016207 mv

et e 801ve
Cont. Cont. | Hand Cont. | M | Motor Tach | Resolver |10S
Integrator Position | Position | Position | Position | Input | Rotation | output| Rotation | Angle

DOWN o uP ™8 o ¢ |cow e |ow Decreasing
UP L] DOWN o g g |ow o ¢ |cow Increasing
DOWN o g UP L] P |ow o ¢ |cow Decreasing
P n P DOWN o o g |cow g |ow Increasing
Left o g Right k) o ¢ |cow g | ow Decreasing
Right ] Left o ¢ ™h|ow o g | cow Increasing
Left o Right ” g ré|ow o ¢ | cow Decreasing
Right n e Left o o ¢ | cow rp | ow Increasing
#1st quadrant only 0 <A < 9%0°




ANTI- BACKLASH
SPRING

Trunnion
(Y) Axis

TRUNNION /'0\

LIMIT STOP

SXT TRUNNION
(INDEX MIRROR)

TRUNNION ANGLE
1x (83),2x(82)

DRIVE MOTOR

1012156 8 6ax(81)
Tt
STATOR
1012065 ;
T Rotates OO¥ S

For Increasing
Trunnion Angle

SHAFT ANGLE
16x(B4) 81X (89
RESOLVERS

2018631

Rotates CCW l X Axis
For Increasing APy &
Shaft Angle BRIVE MOTOR
1012157 RNge
SHAFT ANGLE

IX RESOLVER

Resolver Rotations Defined Positive Facing Shaft

SXT GEAR TRAIN

SHAFT ANGLE
12 XRESOLVER

1010428
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MOTOR FRAME SIZE 1 t
137 /‘ 2976 X ‘\0

512 UY SHAFT AXIS DRIVE

1012156 woru & o /QJ

1\\\\ 1927 \
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UNTER 4
si COUNTE ¢
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'o,‘
\\\\ // zzr ¥y
s10 Q o K
UNIVERSAL o
TOOL INPUT 99T Q
/ MOTOR FRAME SIZE Il
S RUNNION AX S DRIVE
9 TRUNNION UNNION AXIS DRIV
e 1012156

SHAFT ANGLE "J‘ !
RESOLVER
FRAME SiZE 8
1807 Y
1012 2 3 UNIVERSAL DIFFERENTIAL GEAR
157 1012157 s7 YooL INPUT

s9T
TRUNNION ANGLE
RESOLVER )
rnut s-u / :
1247
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TRUNNION MIRROR
APPROX. 4%
LIGHT LOSS

@EAM SPLITTER
APPROX. 18% STLOS LIGHT LOSS
AND 89% LLOS LIGHT LOSS

FIXED MIRROR
APPROX.4% LL

FIXED MIRROR
APPROX. 4% LL

OBJECTIVE & INTERMEDIATE
LENS ASSY.

25% TRANSMITTANCE OF Sy LOS AND 4
3.2% TRANS. OF LLOS WITHOUT

POLAROID IN EYEPIECE RETICLE

WINDOW

EYEPIECE ASSY.

LEGEND

LT = LIGHT TRANSMITTANCE
LL = LIGHT LOSS

SXT OPTICS
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TRUNNION 34 SHAFT
AXiS " Axi8

b

‘% DOUBLE DOVE PRISM
— K
4 . 1
23
E TELESCOPE
s ORJVECTIVE
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CBJECTIVE /
FOCAL = = == = - —=RETICLE
~46 X TELESCOPE PLANE -@

PECHAN
PRISM

TELESCOPE
REL_AY
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RELAY
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T %
()
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ST PANEL m@m Vinoow
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_Tl i NC2 .

116
T E\“El\ﬂ' {(PROGRAM)

6 MINATE P2¢
.»‘ncx“x.las (R VSBONIBFLAGIS)
} UPTICS ANGLE TRANSFORM
E VHF DATA PROC
_E YHE BATA PROC

£ %
REJ ECT ﬂE'ﬂ) COAS MARK
ENABLE VHF RANGE MARKS
DISABLE VHF RANGE MARKS
ENABLE W - MATRIX INIT 70 SENSOR/C
TERM S5V INTEG (CALL PO 71 SENSOR/CODE (AFTER MK)

TIME OF OPY
NOUN LIST SHNSR - AT 2
ATT ERR RANGE - RR -~ TIME FR OPY
ANG SEP ERR - ANG SEP RANGE - RR - THETA/PHI
OPTION CODE YAW - PIT.CH -~ OMICRON
ALARM CODES - | 4V LOCAL VERT
Y16 NCC SHVYNSR LOCAL VERT
T16 NSR SYNEXT - uHNEx T-uvTMR (5
STAR TRKR QG 16 \ N
T EVENT (EXT VERB)
AUTO MN.VR
19 STAR TRKE 06

) PRES ICDU ANG
NEW ICDU ANG
DOCKING ANGLES




INCREASE

STAR LIST

00 PLANET
Ol ALPHERATZ
02 DIPHDA
03 NAVI

04 ACHERNAR
05 POLARIS
06 ACAMAR
07 MENKAR
10 MIRFAK

I ALDEBARAN
12 RIGEL

13 CAPELLA
14 CANOPUS
15 SIRIUS

16 PROCYON
17 REGOR

20 DNOCES
21 ALPHARD
22 REGULUS
23 DENEBOLA
24 GIENAH
25 ACRUX

26 SPICA

NOUN CODES
P5X: N70/71 RI: SENSOR/STAR CODE OOCDE

27 ALKAID
30 MENKENT
31 ARCTURUS
32 ALPHECCA
33 ANTARES
24 ATRIA

35 RASALHAGUE

36 VEGA
37 NUNKI
40 ALTAIR

41 DABIH

42 PEACOCK
43 DENEB

44 ENIF

45 FOMALHAUT
46 SUN

47 EARTH
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STAR TRACKER OUT OF LIMITS
MK REJECT ENTERED & IGNORED
NO INBITS (CH 16)
THAN DESIRED

IN CMC
OPTICS SW D 15 SEC
V4IN91 BUT OPHCS NOT READY
ZERO OPTICS FIRST
CDUS BAD DURING MK - REPEAT
PIPA SATURATED
CANNOT ZERO ICDU - WITH ALARMS
NEED 90 SEC FOR ISS TURN ON

NOT OP

PIPA FAIL BUT PIPA NOT
IMU NO TURN ON IMU
OGRA

PR U NG BUT IMU
COARSE ALIGN/TORQUING PROBLEM
IMU NOT AL GNED/NO REFSMMAT
DESIRED MGA TOO LAR

DO SECOND MINKEY PULSE TORQUE
TGT OUT OF VIEW
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T

FAILURE IN_QRDTPI ITERATION
NO TIG FOR ELEV ANGLE GIVEN
|SS WARNING -PIPA FAIL

MC SELF TEST ERROR
DOWN INK TOO FAST
UPLINK TOO FAST
PHASE TABLE FAIL-ERASABLE BAD
ARCSIN/ARCCOS INPUT > ONE
VG INCREASING
IMU UNSANSFACTORY
IMU POLARITY REVERSED
V37 NOT PERMITTED
OVERFLOW DURING DRIH TEST

BAD IMU QUE
lNYEG TIG SLIP
-1CDU FAIL
WARNING - ICDU & PIPA FAIL
WARNING - IMU FAIL
WARNING - IMU & PIPA FAIL
WARNING-1MU & ICDU FAIL
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o
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NEG OR ZERO WAITLIST CALL
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TWO PROGRAMS USING AT ONCE
SQRT CALLED WITH NEG ARGUMENT
DSKY ALARM DURING DNTERNAL USE
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KEYED POl AFTER LIFIOFF

DELAY ROUTINE IS BUSY
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CANNOT INTERRUPT EXTENDED VERB
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X cos Al 0 sin Al cos AM
Tk 0 1 0 sin AM
-sin AI 0 cos Al 0
SM
cos Al 0 sin Al cos AM
= 0 1 0 sin AM
Z -sin Al 0 cos Al 0
M
where

OUA LINE OF SIGHT TO IMU STABLE MEMBER TRANSFORMATIONS

-8in AM
cos AM

-sin AM
cos AM

Zsc: ZNB

S 320 %
Lod
11}
[

|
:L%-;LW ép- af

Ysc
Ty
0 0 cos 32% 0 sin 32% cos AS
cos AO  -sin AO 0 1 0 sin AS
sin AO  cos AO -8in 32* 0 cos 32* 0
* Nominal Angle 32° 31' 23"
o
0 0 cos 32% 0 sin 32% cos AS
cos AO  -sin AO 0 1 0 sin AS
8in AO  cos AO -8in 32* 0 cos 32* cos

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)

ZoB
Xgc: XNB
YnB: YoB
-sin AS 0 cos AT 0 sin AT 0
cos AS ] 0 1 0 0
0 1 -8in AT 0 cos AT St LOS

sin AT
sin AT

AT




SXT FIELD OF VIEW

DRIVE RATES
TRUNNION SHAF T

HI  1I0.0DEG/S  I9.5DEG/S
MED 1.0DEG/S  2.0DEG/S
L0 0.1 DEG’S  0.2D€G/S
MIN 25 SEC/S SO SEC/S
CMC 3.8 DEG/S  IS.IDEG/S

RETICLE ROTATION WITH —“2//\
OPTICS HAND CONTROLLER

FULL RIGHT (MANUAL DIRECT L L O
MODE) !

SXT LOS MECHANICAL LIMITS
TRUNNION 0(0,-10) TO 30(10,0) DEG
SHAFT  270(Q,-10) TO -270(-10,0) DEG
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TYPICAL IMU TEMPERATURE

PIPA Temperature After Coolant Loss
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PIPA Temperature After Power Loss
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NOMINAL PARAMETERS
e PIPA Temperature—130 = 1. 5°F
° Low Temperature Alarm — 126 + 2. 5°F (PIPA Temperature)
e High Temperature Alarm — 135 + 2. 5°F (PIPA Temperature)
e  Safety Thermostat Opens — 140 tg °F (PIPA Temperature)

e 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.




IMU FAIL

HW-74

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 (6 - {/ > 300). 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 2> 1 Vrms (6§ - Y >0.79). This is an 800 Hz signal and is
detected at the output of the main summing amplifier (see page HW-40).

I1G or MG or OG read counter limit cycle > 160 Hz. This signal is detected from the
upline output of the read counter up-down counter (see page HW-35).

IG or MG or OG cos(f - {) <9 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 Warnirg light will be turned on as a result of the following:

Scalar Failure

Scalar Double Failure
AGC Power Failure
AGC Counter Failure
AGC V FAIL (STANDBY)
AGC Restart (Hardware)

In addition, the Pulse Torque Power Supply Inhibit is generated every time a AGC Warning is
generated. The effect is to open up the acceleratomer loops and prevent any pulse torquing of gyros.

Scalar Failure

Occurs if Stage 17 of the scaler fails to produce pulses. This is the 1.28 second period scalar
stage and thus a check of timing for all alarms. This failure causes immediate turn on of the AGC
Warning light.

Scalar Double Failure

Occurs if the 100 pulse per second stage (. 010 second period) operates at 200 pps. This provides
a check on the scalar stability.

AGC Power Failure

Occurs when the prime +28 VDC power to the computer is lost. This failure causes an immediate
turn on of the AGC Warning light.

Counter Failure

Occurs if counter increments happen too frequently or else fail to happen 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, Rate Hand Controllers R, P, Q, etc.

AGC Voltage FAIL (STANDBY)

The occurrence of a Voltage Failure while the computer is in the STANDBY mode will cause the
AGC Warning light to be turned on. The causes of a Voltage Failure are given below in the RESTART
section.

RESTARTS

A RESTART (hardware) and subsequent AGC Warning is generated for the following alarms:

Oscillator Failure
Transfer Control (TC) Trap
Parity Alarm
Nightwatchman Fail
Interrupt (RUPT) Lock
Voltage Fail

The RESTART inhibits access to memory temporarily and then transfers control to address 4000.
This address is the beginning of the 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 10sses of information,
time and/or thrust.
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Oscillator Fail

Occurs if loss of oscillator 1. 024 MHz square wave happens. In addition a logic eircuit insures
a RESTART condition for a 250 millisecond interval upon transferring from STANDBY to OPERATE,

Transfer Control (TC) Trap

Occurs if too many or too few TC instructions are requested. The period for "too many" or 'too
few" is from 5 to 15 milliseconds in duration.

Parity Alarm
Occurs if any accessed work in fixed or erasable memory whose address in 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 300 milliseconds.

Voltage Fail
Occurs if the AGC voltages (+28, +14, or +4 VDC) are out of limits for 157 to 470 microseconds.

These limits are:
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 oceur 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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SKYLAB EXPERIMENTS

TITLE AGENCY () INVESTIGATOR AND AFFILIATION(b) 3 5 3
White-light coronagraph MSFC | Dr. Gordon Newkirk, High Altitude Obs. X X X
X-ray spectographic telescope MSFC | Dr. M. Zombeck, American Science and X X X
Engineering
uv ing poly: Pt MSFC | Dr. Edward Reeves, Harvard College Obs. X X X
Dual X-ray MSFC | Mr. James Milligan X X X
Extreme uv coronal sp heliograph MSFC | Mr. J. D. Purcell, Naval Research Lab. X X X
Extreme uv spectrograph MSFC [ Mr. J. D. Purcell, Naval Research Lab. X X X
Nuclear i MSFC | Dr. M. M. Shapiro, Naval Research Lab. X
uv stellar astronomy MSC Dr. K. G. Henize and Dr. James Wray, X X
Northwestern Univ.
X-ray uv solar photography MSC Dr. R. Tousey, Naval Research Lab. X
Potato respiration MSC Dr. B. W. Pince, Space Defense Corp. X
uv airglow horizon photography MSC Dr. D. Packer, Naval Research Lab. X
hei light MSFC | Dr. J. Weinberg, Dudley Obs. X
Particle collection MSC Dr. C. L. Hemmenway, Dudley Obs. X X
Galactic X-ray i MSFC [ Dr. W. Kr haar, Univ. of Wisconsin X
Multispectral photographic facility MSC Mr. A. L. Grandfield X X X
Infrared spectrometer MSC Dr. T. Barnett X X X
10-band i al MSC Dr. C. L. Korb X X X
Microwave scatterometer MSC Mr. D. Evans X X X
Radiation in aft MSC Capt. M. F. ider, USAF X
E airlock ay MSFC | Mr. F. W. Forbes, USAF Wright-Patterson X X
Air Force Base (AFB)
Thermal control g MSFC | Mr. Carl Boebel, USAF Wright-Patterson AFB X X
Material p ing in space MSFC | Mr. P. G. Parks X
Effects of zero-g on human cells MSC Dr. P. O. Montgomery, Dallas County Hospital X
Circadian rhythm, pocket mice ARC Dr. C. S. Pittendrigh, Princeton Univ. X
Circadian rhythm, vinegar gnat ARC Dr. C. S. Pittendrigh, Princeton Univ. X
Crew vehicle disturbances LaRC Mr. B. A. Conway X
Precision optical tracking MSFC [ Mr. John Gould X X X
T graph inati MSC Dr. G. P. Bonner X
Ci inati MSFC [ Dr. J. Muscari, Martin Marietta Corp. X
Zero-g ility MSFC | Mr. Howard Kimzey X
Gravity i workbench MSFC | Mr. J. Rendall X
Ext i and i tivity MSC Mr. John Jackson X X
A ing MSC Maj. C. E. i USAF X
Foot-controlled maneuvering unit LaRC Mr. D. E. Hewes X
Mineral balance MSC Dr. G. D. 5 i of Health X X X
Bone densitometry MSC Dr. Pauline Mack, Texas Women's Univ. X X X
Bioassay of body fluids MSC Dr. C. Leach X X X
mass a MSC Col. John Ord, USAF, Brooks AFB X X X
Lower-body negative pressure MSC Col. John Ord, USAF, Brooks AFB X X X
Inflight lower-body negative pressure MSC Dr. R. J. X X X
Vectorcardiogram MSC Capt. Newton W. Allebach, USN, X X X
Bureau of Medicine and Surgery
Cy ic studies of blood MSC Dr. M. Shaw, Univ. of Texas dical Center X X X
Man's i in vitro MSC Dr. p Ritzman, Shriners’ Burn X X X
Blood volume and red-cell life span MSC Dr. Phillip Johnson, Baylor Univ. X X X
Red-blood-cell boli MSC Mr. Charles Mengel, Univ. of i X X X
Human vestibular function MSC Dr. Ashton Graybiel, Naval Aviation
di Institute X X
Time and motion study MSC Dr. J. F. Kubis, Fordham Univ. X X X
Metabolic activity MSC Mr. Edware Michel X X X
Body-mass MSC Col. John Ord, USAF, Brooks AFB X X X
Thermal control MSFC | Mr. E. C. McKannon X
Inflight aerosol analysis MSFC | Dr. W. Leavitt X X X

(a) MSFC, Marshall Space Flight Center; MSC, Manned Spacecraft Center; ARC, Ames Research Center; and LaRC, Langley
Research Center.

(b) If different from cognizant agency. NASA — MSC
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