
GUIDANCE, NAVIGATION
AND CONTROL
Submitted by: ^,J Date:

J. C. DUNl^^, PRINCIPAL ENGINEER
MAN-MACHINE SYSTEMS GROUP

Approved: 4 Date: S/ J
~7 Z-

M. H. HAMILTON, DIRECTOR, MISSION PROGRAM DEVEL.
APOLLO GUIDANCE AND NAVIGATION PROGRAM

Approved? ^;^ty2.^Date
: 3 ^

R. A. LARSON, LUMINARY PROJECT MANAGER
APOLLO GUIDANCE AND NAVIGATION PROGRAM

Approved; (^/CZZ. _ Date: j / i-‘>
I } t_

R. H. BATTIN, DIRECTOR, MISSION DEVELOPMENT
APOLLO GUIDANCE AND NAVIGATION PROGRAM

Approved

D. G.HOAG, DIREC
APOLLO GUIDANC

.

Date:22j2£^t3^^

D NAVIGIlitlON PROGRAM

Approved: lA.. Date: S 7

R. R. RAGAN, MPUTY DIRECTOR
CHARLES STARK DRAPER LABORATORY

GUIDANCE SYSTEM OPERATIONS PLAN

FOR MANNED LM EARTH ORBITAL AND
LUNAR MISSIONS USING
PROGRAM LUMINARY IE

SECTION 4 OPERATIONAL MODES
(Rev. 10)

DECEMBER 1971

MBHT CHARLES STARK DRAPER
LABORATORYCAMBRIDGE, MASSACHUSETTS, 02139



ACKNOWLEDGEMENT

This reportwas prepared under DSR Project 55-23890, sponsored by the Manned

Spacecraft Center of the National Aeronautics and Space Administration through

Contract NAS-9-4065.

11



R-567

GUIDANCE SYSTEM OPERATIONS PLAN
FOR MANNED LM EARTH ORBITAL AND

LUNAR MISSIONS USING

PROGRAM LUMINARY IE

SECTION 4 OPERATIONAL MODES

REVISION 10

Signatures appearing on this page designate

approval of this document by NASA/MSC.

Section Chief, Guidance Program Section
Manned Spacecraft Center, NASA

f.i:LApproved:

John JJs^^^^illiams, Jr.

Chief, Simulation and Flight Software Branch
Manned Spacecraft Center, NASA

Approved:

y^^ames C.^tokes, Jr.

/ Chief, FMght Support Division
r TManned Spacecraft Center,

Date:
"T

Date

iii





FOREWORD

Section 4 Revision 10

The Guidance System Operations Plan (GSOP) for program LUMINARY IE
is published in six sections as separate volumes:

1. Prelaunch

2. Data Links

3. Digital Autopilot

4. Operational Modes

5. Guidance Equations

7. Erasable Memory Programs

With this issue. Section 4 is revised from the previous issue of LUMINARY
GSOP (Revision 9 for program LUMINARY IE Re v. 210) in order to reflect the NASA/MSC
approved changes listed on the "Revision Index Cover Sheet" at the beginning of this

volume.

Although the GSOP specifies an earth-orbital capability— and this capa-

bility has been provided— verification testing shall not be accomplished for earth-

orbit rendezvous.

This volume is published as a control document for LUMINARY I E, govern-
ing^ operational modes, including PGNCS interfaces with the flight crew and MCC.
Revisions constituting changes to the LUMINARY program require NASA approval.

Russell A. Larson
LUMINARY PROJECT MANAGER
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REVISION INDEX COVER SHEET

GUIDANCE SYSTEM OPERATIONS PLAN

GSOP No. R-567 Title: For Manned LM Earth Orbital and
Lunar Missions Using Program
LUMINARY (Rev 069)

Section No. 4 Title: Operational Modes (Revision 1)

PCR TITLE

7

8

<;

13

15

3C

31

IHU ALIGNMENT PRCGPAM CHANGE

MCCIFICATICN TO CELTA V MONITOR

SIMPLIFY CREW PROCEDURES IN R6C
(ATTITUCE MANEUVER ROUTINE)

MODE II RENDEZVCUS RADAR DESIGNATE

S-FANC ANTENNA

CPS TRIMMING TIME

LGC RECUIREMENTS CORING AGC SWITCFCVER

iS 2 AXIS TRACK (ONLY)

7C CHANGES TO P12, P70, P71

7S FLAGBIT UPDATE VERB

8C STATE VECTOR S Y NCHR CN I 2 AT I C

N

85 FATE CCMMANC/ ATT ITUDE FOLD DURING X-AXIS
' CVERRICE

86 CEACBANO SELECTION CHANGES

<35

96

97

SIGN CHANGE TC NCUN 72

CHANGE TO RR COARSE ALIGN EXTENDED VERB

FR MCMTGR RCLTINE CHANGE

Vll



Section 4 Revision 1

(Sheet 2 of 6)

PCR TITLE

99

1C5

1C6

114

1 18

121

124

134

127

138

CSKY DISPLAY CF RR PCSITICN IN MCDE II

CELETICN OF LP/CSP SEPARATION PCMTCR

CELETICN OF DIRECT TRANSFER ASCENT
TARGET ING

DELETE MINIMUM DEADBAND SETTING DURING
NININUN IMPULSE BURN

REDEFINITION CF R12 PRCCEEC ANC INHIBIT

NEl* ENGINE FAIL RCLTINE

ATTITUDE MANELVER CURING RR SEARCH RCLTINE

FULSE TCRCLING TC ACHIEVE IRU REALIGNMENT

P12 FLAG CHANGE

CELETICN OF PREDICTED LAUNCH TIME PPCGPAN

144 REDUCTION OF ULLAGE DURATION AND DELTA V

THRESHOLD

146 EMERGENCY TERMINATION CF INTEGRATION
FUNCTION

164 PODE II ATTITUDE ERROR DISPLAY

173

184

185

186

190

210

2 14

216

RMS PCSITICN AND VELOCITY ERROR DISPLAY

STANDARDIZE TERMINATION OF EXTENDED VERBS
V47 AND V4e

SIGN CHANGE TC NCUN 73

ELIMINATION OF ULLAGE FOLLOhlNG AN ENTER
CP TERMINATE

CLARIFICATION OF R31«S OPERATION

INCREASE DPS THROTTLE RECOVERY LIMIT

CSKY LIGHT UTILIZATION FOR LR

IMTIATICN CF LR ANTENNA PCSITICN CHANGE

viii



Section 4 Revision 1

(Sheet 3 of 6)

PCR TITLE

226

229

234

244

246

248

283

254

258

259

4C0

4G1

4C5

4C6

407

4C8

4C9

4 1C

413

415

417

4 19

CI-ANGE PRICFITY CISPLAYS FRCM 5 SEC TO
2 SEC

ADDITION OF R77 TO LUHINAPY

LPDATE LLt^INARY GSCP SECTICN 4

(NASA CCMMENTSI

DELAY

INPLERENTAT ICN OF CNE-PHASE DESCENT
GUIDANCE LCGIC

LR RE ASCNAE IL ITY TEST

LANDING RADAR READ INITIATION

FCDIFICATICN CF CDF TIRE CCRPUTATICN LOGIC

REDEFINITION OF VERTICAL RISE VELOCITY
CUTOFF

CMT ZONE 1 FROH DESCENT LCGIC

PROVIDE RR DOWNLINK DATA ON LUNAR SURFACE
IN P22

CORRECTION CF INU WARM UP TIRE

CSCP UPDATE SECTION 4

CORRECTION TO RC4 IN GSOP SECTION 4

GSCP CHANGE TC NOUN 90 R1 SCALE

P47 CHANGES TC SECTION 4

TRANSFER OF PR FRCR AUTO TRACK TC LGC RCDE

PREVENT PRCBLEMS ARISING FRCR RR CCNTRCL
RODE CHANGES

GSOP SECTION 4 R02 IRUSE FLAG

PREVENT DISPLAY CONFLICTS WHEN RR GOES
CUT CF AUTO MODE

DELETION OF ENDSAFE

STACE-VERIFY DISCRETE

IX



Section 4 Revision 1

(Sheet 4 of 6)

PCR TITLE

420

4 32

4 33

437

43?

444

4 4 5

446

451

FEARPANGEMENT OF EXTENDED VERBS

GSOP SECTION 4 R21 REPCSITICMNG CHECK

GSCP SECTION A R60 CL AR I F IC AT I CN

MC-TC-AVE FCR P47, P12, P63

CCKNGPACE THE ALTHCRITY CF THE PREFERRED
ATTITUDE FLAG

F06 IHUSE FLAG

LSE OF N34 IN p3'5

R60 BALL ANGLE DISPLAY

F20 DISPLAY TERMINATES IN GSCP

452

453

457

4 6 E

469

47C

ROUTINE 03 MASS LIMITS

ALARM C152C AND IMLSE FLAG

CORRECTION TC R22

CHANGE R32 INTO PROGRAM P76

NCLN CHANGE IN P57

ADDITION OF Pt8 PROGRAM

472 SIMPLIFICATICN OF P71

475 EXTENSION CF RIC CAPABILITY

476 FINCCCUW - GIMBAL CR IVE

489 EYPASS R54 ANC NCUN 93
DURING INITIAL ALIGNMENT

NEW NCUN FOR OPTION CODE IN EXTENDED VERBS

ifCf, INCORPORATION OF EXTENDED VERBS

497 DC NCT DELAY P63 THRCTTLE-UP TIME

498 GSOP CHANGE R63

X



Section 4 Revision 1

(Sheet 5 of 6)

PCR TITLE

499

5C2

5C7

513

5 14

518

527

52 1

536

537

5 2 9

540

541

542

545

546

547

549

559

56 1

562

PIO CCMPOTATICN FREQUENCY

CLARIFY FIRST TFI CISPLAY IN P35/P75

TEPRINATION CF INTEGRATION

CORRECT EXIT CF R33

F12 GSCP CHANCE

CORRECTION TC R3C

NARK VERB FCR R59

ACC 1 MINUTE IN R63 EXTRAPOLATION

P70, P71 SELECTION VIA V37

SURFACE NAVIGATION ELAG CHECK IN P2C
AND P22

PROVIDE OPTION TO DISABLE THE PITCH-ROLL
PCS AUTOPILOT

ACTIVE VEHICLE CENTRAL ANGLE IN CSI-CCH

CECREASE FREQUENCY CF MARKS IN P22

ASSURE PATE CCMM ANC/ATT ITUCE HOLD MCCE
CURING P66 ANC P67

P38/P7e UPCATE INHIBIT FOR T(FINAL)
CALCULATION

F68 CELETICN CF PLEASE PERFORM ATTITUDE
STORAGE CISPLAY

P68 TERMINATES IN GOTOPOOH

RR SHAFT/TRUNNICN BIAS MODIFICATION BY
CREW

P29 HINDRANCE BY MID-TC-AVE TIG SLIP IN P12

RESET CF RENCWFLAG IN P12

SELECTION AND TERMINATION CF P20/22/25

568 DELETE USE OF R29 DURING P63



Section 4 Revision 1 _
(Sheet 6 of 6) •

PCR TITLE

593 ^CDIFY /SRCSIN-ARCCCS ALARM (01301) ACTION
TC AVOID HARCViARE RESTART

6C4 FPOVICE MAXIMUM DISPLAY FOR PERIGEE AND
APOGEE IN P30,P31,R30.

607 UPDATE ALARM CODE LIST

6C8 SIMPLIFICATION OF PREFERRED CRIENTATICN
SELECTICN (P57)

6C9 PREFERRED IMU ORIENTATION V^HEN THRUST IS
ALONG LOCAL VERTICAL

6 12 RAISE THRESHOLDS FCR DELTA V MONITOR

613 ALTCMATIC 4-JET TRANSLATION CAPABILITY
IN P12,70,71

614 ACC NCUN 38 FCR TIME OF STATE VECTOR

6 15 REDUCE RESTRICTIONS ON RUNNING R04 TC A

MINIMUM •
617 PREVENT RIG FROM DESIGNATING THE RR

618 MAKE THE DAP RATE COMMAND A NCN-LINEAR
FUNCTION OF LM HAND CCNTROLLER DEFLECTION

622 CORPECTICN TC V83, R DOT, THETA, ON LUNAR
SURFACE

623 LSE SAME NCUN NUMBER FCR P32 AND P33 IN
LUMINARY AND COLOSSUS II

627 FIX N81 DATA LOAD PROBLEM IN P34/74,
P35/75

632 ALLCK ASTRCNALT TO CONTINUE LANCING
DISPLAY WHEN RADAR DOES NOT ACHIEVE
FCSITICN #2

6 34 CORRECT DESIGN FLAW IN R61,R65 FCR HIGH
LCS RATES

627 CELETE X-AXIS OVERRIDE INHIBIT FROM P6C

639 ALTITUDE REASONABILITY TEST PARAMETERS IN
ERASABLE MEMORY

640 REMOVE THE INSTABILITIES AND EXCESSIVE
OVERSHOOTS FRCM THE RR DESIGNATE PCUTINE R21

•
xii



REVISION INDEX COVER SHEET

GSOP No. R-5 67

Section No. 4

PCR

260

268.2

270

6^2

646

6 47

648

654

67C

695

696

697

698

699

700

7C2

GUIDANCE SYSTEM OPERATIONS PLAN

Title; For Manned LM Earth Orbital and
Lunar Missions Using Program
LUMINARY lA

Title: Operational Modes (Revision 2,3,4)

TITLE

PREFERRED CRIEMATICN CURING LM ABORTS

REDUCTION OF P34/P25 RUN TIME

PLACEMENT OF DESIRED INSERTION RACIAL VELOCITY
COMPONENT INTO ERASABLE FCR P7C/F71/F12

FPCVICE "WINGS LEVEL" FEADS UP, FINE 2-AXIS TRACKING

GIVE ASTRONAUT THE CPTICN TO CONFIRM MAIN-LORE LCCK-
CN AFTER R21 ACQUISITION

REPLACE LAMBERT W ITF "A" STEER IN P4C,P41, AND P42

MODIFY P42 TO PERMIT STAGING BETWEEN TIG-3C AND TIG

LESSEN DELAYS IN R31

SIMPLIFICATION OF LANDING PROGRAMS

PROVIDE OPTION FCR CSI PROGRAM TO COMPUTE T(APCAPSIS)

VC6N22 DISPLAY IN P57

LIMITATION OF LM ABORT ORBIT INSERTICN TO 1/2 DEGREE
PLANE CHANGE

ACC LM PCSITICN DETERMINATION CAPABILITY TC P57

PAD LOAD ACT BACK DETENT AZ AND EL ANGLES

IMPROVE THE R AT E-0 F- C E SC E N T MODE (P66) PERFORMANCE

ADC CCAS CALIBRATICN CFTICN TC R52

xiii



PCR

7C8

Section 4 Revision 2, 3, 4

(Sheet 2 of2 )

TITLE

PPCVICE CONTINLCLSLY VARIABLE ABCRT CRBIT INSERTICN
TARGETING -

716

720

721

722

732

736

737

738

740

744

751

752

754

755

757

758

761.1

762

ASCENT PQWEREC FLIGHT PCS CGNTPOL

ABORT COASTING INTEGRATION WHEN IN INFINITE
ACCELERATION CVERFLCW LOOP

TIPE-TEETA ANC TIPE-RACIUS ALAPP ABCPT

IPPRCVE PEPFORPANCE CF PR DESIGNATE PROCEDURE CN

lunar surface

PERMIT THE CREW TO MODIFY W-MATRIX BIAS ERROR IN

V67 ROUTINE

ADC SOURCE CODE TC NOUN 49 IN P20/P22

PERMIT ATT HOLD PCCE IN P62,P64,P65

H,V, GAMMA DISPLAY WITH P21

DISPLAY TLAND IN P52f OPTION 4

CHANGE EPSILCN TC 1.5 SECONDS IN R24

MAKE 1406 ALARM NCN-ABCRTIVE

CLARIFY DESCRIFTICN CF TCDH-TCSI ANC TTPI-TCCH DISPLAYS

FPCVICE IMU ORIENTATION SELECTION OPTION CODE IN F57

CHANGE IMU GIMEAL ANGLES IN GRAVITY VECTOR DETERMINATION

INITIALIZE RACMCCES FCF F20,P22 ANC F29

ALLCW 15 SECONDS FOR AN INTEGRATION TIME STEP IN R41

R-2 LUNAR POTENTIAL MODEL

DELETE V68

XIV



REVISION INDEX COVER SHEET

GUIDANCE SYSTEM OPERATIONS PLAN

GSOP No. R-567

Section No. 4

PCR

211

27?

77?

78C

7?1 .2

19%.2

801.2

8C2.2

805

807.2

812.2

8 14

816

817

818

Title: For Manned LM Earth Orbital and
Lunar Missions Using Program
LUMINARY IB

Title: Operational Modes (Revision 5, 6)

TITLE

A FIXED CUFPCM

VARIABLE INSERTICN CC^'FbTATIO^

LEAVE TRACK ENABLE SET WHEN R29 IS TERMINATED

PROVIDE PURE RR RANGEt RANGE RATEt AND TIME TAG CURING
P20, P22, AND P25

DC NCT ALLCW A PRCCEEC RESPCNSE TO A V21, V22, OR V22

RESET GLCKFAIL IN ROC

RAKE BAILCUT ALARRS START WITH 3XXXX AND PCCCOC ALARRS
START WITH 2XXXX

SAVE ALARM DATA AFTER "ERRCR RESET”

CCN'T ALLCW V66 CN THE SURFACE

ACC PRESENT TIRE CFTICN TO P21

RESETTING AND SETTING CF THE EXTERNAL DELTA V FLAG

REDUCE KEYSTRCKES RECLIPED TO CHECK AND APPRCVE LR DATA

RCCIFY R03 TC PERMIT ASTRONAUT SETTING CF 1

DEGREE DEADBAND

ELIMINATE UNDESIRABLE LR PCSITICN ALARMS FRCR B12

PERMIT PEJECTICN CF INCIVICUAL MEASUREMENT
INCCRPCRAT IONS IN P 20

XV



Section 4 Revision 5, 6

(Sheet 2 of 2)

PCR

e2C

823

825.

826 .

832 .

838

839

840

841

845

647

846

853

654

855

856

844

« ALSO

TITLE

ELI8IINATE LIGHTING CF ALT LIGHT V«HEN LOW SCALE
DISCRETE IS ABSENT

DELETE P31(LARBERT AIR PCINT GUIDANCE PROGRAM)

DISPLAY CPTION 3 IN P52/P54

2 REVERSE P76 DISPLAY

RERCVE RESTRICTICN OF RUNNING R05 ONLY IN PCO

PREVENT RCS JET FIRINGS CN LUNAR SURFACE

R12 AND LR RE-POSITION ROUTINE IMPROVEMENTS

REDUCE ATTITUDE CSCILLATICNS IN P64 AND P65

PGNCS DERIVED VEHICLE ATTITUDE RATES ON FCAI ERROR NEEDLES

DC NOT TURN ON 829 DURING P70/P71

ELIMINATE POSSIBLE LCCK-CUT OF PITCH-OVER FROM

P12,P7C,P71

PREVENT RR ECCLS FROM STEALING LGC MEMORY CYCLES

RESTRICT V35 TC PCC

FRCVIDE A FLEXIBLE METHCC FOR CREW TC MODIFY RLS

BEGIN READING LR VELOCITY AS SCON AS VELOCITY

DATA GCCC APPEARS

CHANGE 1502/12C6 FROM POODOO'S TC BAILOUTS

DELETION OF P38/P78 and P39/P79

REFER TC PCR 279

XVI



REVISION INDEX COVER SHEET

GSOP No. R567

Section No. 4

PCR

295(REV 1)

GUIDANCE SYSTEM OPERATIONS PLAN

Title: For Manned LM Earth Orbital and
Lunar Missions Using Program
LUMINARY 1C

Title: Operational Modes (Revision 7)

TITLE

RE^'CVE CHECK CF />UTO THRCTTLE DISCRETE

8C6 .2

863.2

882

893

895

936.2

943

968

972

ALLCW ^07 TC ^CCRESS CUTPUT CHANNELS

^'AKE P76 SET NCCC FLAG

REPLACE VHCRIZ WITH SCRETHING EETTEP

AECRT TARGETING FLAG0IT

LP REPCSITICN RV V59E IN P63

IN IT lAL IZE V9C T IRE TC T IG

VELOCITY REASCNAeiLITY TEST

LPC eiAS CCRRECTICN

DISPLAY POLARITY OF SIGHTING ANGLE DIFFERENCE IN P-54

XVn



Date; November 1970

REVISION INDEX COVER SHEET

GUIDANCE SYSTEM OPERATIONS PLAN

GSOP No. R,-567 Title: For Manned LM Earth Orbital and Lunar
Missions Using Program LUMINARY ID

Section No. 4 Title: Operational Modes (Revision 8)

Revision 8 incorporates the following NASA/MSC approved changes and becomes
the control document for LUMINARY ID (Rev. 178).

PCR PAGES/PROGRAMS
(PCN*) TITLE AFFECTED
287 Removal of 526 Alarm in P22 Nouns, Flags, P20, P22

and P20

296 Set ’’G" Vector Parallel to Land- P57, P68
ing Site Radius Vector

298 Decrease Time to Call Alarm R12, V59
Code 523

302. 2/
315. 2

310

872. 2/
-1040

874. 2

892

896

898.

i942

979

982

983

+988

*990

996/
*1036

Channel 77 Nouns, P27, ROl, V36

Time to Call 511 Alarms

Initiate TFI in F30/Only P41
has Early TFI Countdown

Change Decimal Load Technique

Delete R2 9

LR. Velocity Read Centered at

PIP TIME
LR Velocity Read

LR Update Cutoff

Delete 521 Alarm

Extend Capability of Lunar
Surface Star Acquisition R.ou-

tine R,59

Unit Vector Capability for N88

AUTO P66

V44 RR Remode Check

Liftoff Check in P07/PCR 996
(Liftoff Check in P07) Improv-
ments

R12, Flags

Nouns, P41

pp. 4-9, 4-11, 4-15, 4-16

R12, Index, Flags, P12, P63, ROO,
V40 N72, V41 N72, V59, R04, R41,
R.77, V36, R20

R12

R12, ROO, Flags

Flags, R12, P66

Alarms, Flags, P20, P22, R.20

R.59

Nouns, R58

R12, RIO, P63, P64, P66, R09, R13, Flags

Flags

Alarms, V36

xviii



PAGES/PROGRAMS
AFFECTEDPCR

(PCN*) TITLE

*1009 Luminary ID Editorial Changes
to Section 4

^ 1013 Multiple Servicers Avoidance
in P66

1015 Check for AVEGON at Start
of R36

1021 Fixed Memory Landing Radar
Transformation Matrices

1022 Landing Radar Position
Alarms

1025 Remove Gravity Computation
After Landing Radar Altitude
Update

1027/
*1039

A-PRIORI TERRAIN MODELS/
TERRAIN Model Improvements
(PCR 1027)

1028 Two-Segment Altitude Weight-
ing Functions for Landing
Maneuver

*1035 V68 and P66 Terminate the
Terrain Model

*1037 P66 Corrections

1038 Keep 526 Alarm in P20 (PCR 287)

*1040 Only P41 has Early TFI
Countdown (PCR 872. 2)

1048 Initialize Elevation Angle
in P34/P74

1056
Rev 1

Improvements for Impulse
and Ullage Logic

1058 New Landing Analog Displays
(RIO)

1069. 2 Delete Rendezvous Test
for Earth Orbit

4-1, 2. 9. 10. 23. 24. P12. P20. P22.P25,
P32. P34. P35.P40. P41. P42. P52.
P57. P63. P64. P68. P70.P71.P73,
P74. P75. P76, ROO, ROl, R03. R04.
R12.R13, R22. R30. R31. R41.
R51. R52. R53. R57. R58, R59. R65.
V36. V59, P66, Nouns, Alarms, Flags

P63, P64. P66

Flags, R36

R12, Flags

R12

R12, R20

R12

P64

P63, V68. R13. Flags, Verbs

P66, R13. Flags

Alarms, P20, P22

P41

P34. P74

P40, P42

RIO, P12. P20. P63. P71

Foreword

^PCR change also applicable to the LUM 1C program (LM 131, Rev 1) although
not included in Rev 7 of Section 4 GSOP.

XIX



Date: April 1971

REVISION INDEX COVER SHEET

GUIDANCE SYSTEM OPERATIONS PLAN

GSOP No. R-567 Title: For Manned LM Earth Orbital and Lunar
Missions Using Program LUMINARY IE

Section No. 4 Title: Operational Modes (Revision 9)

Revision 9 incorporates the following NASA/MSC approved changes and becomes
the control document for LUMINARY IE (Rev. 210 ).

PCR PAGES/PROGRAMS
(PCN*) TITLE AFFECTED

317. 2

319

324

333

334

Rev. 1

335

336

Rev. 1

338

339

341

347

348

1044

>0 059

1066

Rescaling Nouns Containing Nouns, R04, R22
Range and Range Rate

A Priori Terrain

PGNCS/AGS RRData Transfer

Change recognition of ROD inputs

Change DSKY
Descent/Ascent Nouns

Remove Alignment Option from
P63

R12

R22, R56. R65, V36
R57, Flags

Nouns, Flags, P12, P63, P64,
P70, P71, R40. V57

V50N25, P63, R51

Allow Extended Verbs During P20 P20, R60
Maneuvers (Delete R60 0618 Display)

Change LPD Scaling to 1.0° P64
in all Directions

Have P20 F50 72 Display Up- P20, NOUNS
date

Landing Radar R12
Reasonability Test

Modification to Code Word Configu- R22
ration for PGNCS/AGS Data Transfer

^Jew Target-AV Program for LGC P77, Index

Redesign of R53 and R57

Have Major Modes Changes Set

Up a 1/ACCS Job

Display N81 on all passes in

P34/74/35/75

4-17, Verbs, V50 N25, Alarms,
Flags, R51, R52, R53. NOUNS,
R58, R57, R59, V52, V53, V54. indexes

V36

Nouns, P34, P35, P74, P75

XX



PCR
(PCN*)

1088

1091

1097. 2

Rev. 1

1100

1107

1109

1110

1117. 2

*1126
*1 1 32

1134

*1137

*1141

*1145
Rev. 1

*1147

TITLE
PAGES/PROGRAMS

AFFECTED

Inhibit Program Change During V40 N20
Critical 10.56 sec after IMU zero

Priority Display Light on DSKY xxiii,4-6, 4-16, P20

V30/ 31 Operator Error Lockout 4-15, 4-16

Delete Setting of NODOFLAG Flags, R47
in R47

Back up of Abort Bits Channel 30 Nouns, P66, R03, Rll
Bits 1 and 4 for on (0)

Back up of OFF (1) Failures of

Auto Throttle Channel 30 Bit 5

Back up for Failures of the display
Inertial Data Bit Channel 30 Bit 6

Nouns, P40, P63, P66, P70, P71
R03

RIO

Addition to POODOO logic; add 4-23, 4-24
Abort GSOP description

Set NOTHROTL for DPS Impulse burns P40
Correction to PCR 1117. 2 4-23. 4-24

Revision of PCRllll: Backup of 4-6, V76
Guid Select and Mode Control Switches

Correct Constant for Ascent
Guidance

Initialize FLRCS in P12

Section 4 Revision 9 GSOP
Changes

Clarification of the Implementation
of PCR 334 Rev 1 "Change DSKY
Descent/Ascent Nouns"

P12

P12

Index, Alarms, Flags, P12, P20, P21,
P22, P27, P40, P42, P57, P63, P64,
P66, P68, P70, P71, P72, ROO, ROl,

R03, R04, R09, RIO, R12, R13, R20,
R22, R25, R26, R30, R31, R47, R51,
R56, R60, R61, V36, V40N20, V41N20,
V41N72, V42, V43, V44, V55, V59,
V67, V74, V76, 4-10, 4-16, NOUNS
P12, P70. P71

XXI



Date; December 1971

REVISION INDEX COVER SHEET

GUIDANCE SYSTEM OPERATIONS PLAN

GSOP No. R-567 Title; For Manned LM Earth Orbital and Lunar
Missions Using Program LUMINARY IE
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SECTION 4

OPERATIONAL MODES

4. 0 Introduction

Preparation of the PGNCS for any mission involves the generation of computer

programs, flight and ground crew procedures, and the provision of hardware to meet

interface, accuracy, and instrumentation requirements. All of these mission-related

items are specified in the Guidance System Operations Plan.

The guidance operational concept is designed to comprise a set of manually

-

initiated programs and functions which may be arranged by the flight crew to imple-

ment a large class of flight plans. This concept of operation will permit both a late

flight-plan definition and a capability for real-time flight-plan changes.

The PGNC System is designed to perform the LM guidance and navigation

functions required on lunar landing missions in a self-contained mode within specified

accuracy and maneuver propellant constraints. The System is also designed to accept

navigation data from earth-based facilities whenever required to improve accuracy,

to reduce maneuver propellant requirements, or to gain some other operational ad-

vantage.



4.1 LGC Program Control

To efficiently coordinate the design of the LGC* Programs, as well as define

the astronaut and ground control procedures with respect to the PGNC System, it

is necessary to define the operating inter-relationships between the PGNC System,

other S/C Systems, the astronauts and the ground.

In primary PGNCS control modes the LGC can automatically compute required

mission parameters and automatically command both PGNCS and LM subsystems.

Complete automation of this control throughout a mission is neither feasible nor

desirable. For primary as well as secondary PGNCS control modes the astronauts

and/or the ground must be capable of initiation or termination of LGC Programs.

These procedures must be thoroughly defined for use in the design of the LGC
Program logic for astronaut/ ground participation.

4.1.1 LGC Program Initiation

4. 1.1.1 LGC Programs

Because of the random time sequencing of many of the LGC tasks, the design

of Programs which are capable of being utilized at varied times and in varied circum-

stances offers the best method of accomplishing these tasks. These Programs must

incorporate sufficient logic to clearly define the particular time and/or application for

which they are used. They must also standardize astronaut/LGC communication pro-

cedures, ground/LGC communication procedures,and PGNCS and SCS Mode determinaticn

,

A logical sequence of these Programs has been prepared, supplemented by

simpler Routines which do not require identification as Programs. The Programs,

their associated Routines and the crew interfaces are outlined in Section 4.4.

Programs in process in the LGC are identified by the Program light on the

keyboard and display panel with three exceptions, P20, P25, and POO with

P27 in foreground. These Programs may be in process simultaneously

with another Program whose number is displayed.

The LGC is programmed to initiate a Program only in response to the start

of a specific mission task and will continue the programmed sequence of computations

and displays for the specific task until Program completion or termination.

Programs are generally initiated by manual keyboard entry (astronaut) or by

LGC UPLINK command (ground). In certain cases Program initiation is automatically

performed by a previous Program.

4.1.1. 2 Special LGC Routines

In addition to the LGC Programs there are many Routines and subroutines

not specifically identified with a Program. The majority of these are automatically

*AGC is an acronym for Apollo Guidance Computer. In the LM, this computer
is officially designated as the LGC (LM Guidance Computer),
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performed in a particular computation or control sequence and involve no notification

to the "outside world" that they are in process. While they may occasionally be

referred to in this document their large number requires that detailed descriptions

be restricted to special LGC program documents.

Several special Routines are described in detail herein because of one or

more of the following characteristics:

(a) The Routine involves LGC communication with the astronaut,

(b) The Routine is of importance in understanding the Programs,

(c) The Routine involves significant sequences of LGC/astronaut action

but might be performed while certain programs are in process.

These Routines include those automatically called by the LGC as well as

those manually called. If the Routine requires LGC/astronaut communication, it

will start with a particular display which acts as a key to the astronaut that the

LGC has automatically entered the Routine,

4,1,2 LGC Program Termination

Normally there are three ways by which an LGC Program in process is

terminated:

1, At nominal completion, the program in process will transfer control

to the Final Automatic Request Terminate Routine (R00)„

2, At nominal completion the program in process will select a subsequent

program,

3, Via a terminate response by the astronaut to an LGC-generated flashing

display on the DSKY (usually results in transferring control to ROO),

In addition to the above the astronaut may terminate a particular LGC

program as follows:

1, Use the DSKY to select a new Program to operate.

2, Use the DSKY to select a Routine which has been specifically designed to

terminate a particular Program or activity (e. g. : state vector integration,).

3, Select the FRESH START routine, which essentially initializes the LGC,
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4.2 LGC /Astronaut/ Ground Comrnunications

4.2.1 LGC/Ground Communications

The LGC/Ground Communications are via the LGC UPLINK and LGC DOWN-
LINK; and are described in detail in Section 2 of the GSOP,

4.2.2 LGC/Astronaut Communications

The display and keyboard logic in the LGC processes information exchanged

between the LGC and the computer operator. This information is exchanged via the

display and keyboard (DSKY).

The modes of operation are basically:

(a) Display of internal data - This includes simple displays and periodically

updated displays of data; and displays of requests for operator action

required by the LGC.

(b) Loading of external data -The process of inserting data into the LGC via

the DSKY,

(c) Program or Routine calling - Initiated by operator action via the DSKY.

The following paragraphs and Table 4-1 (page 4-17) provide a limited des-

cription of the DSKY, and the crew/DSKY operating procedures. They are included

herein to facilitate understanding of the Program logic in Section 4.4 and do not

comprise a complete instruction manual for the use of the DSKY.

4. 2, 2.1 The DSKY (refer to Fig, 4-1, page 4-18).

1. UPLINK ACTY Light - is energized by the first character of a digital

UPLINK message received by the LGC. If the light is not extinguished

by the UPLINK transmission it should be extinguished by crew use of the

RSET or KEY REL buttons when the UPLINK transmission is complete.

2. NO ATT Light - is energized when the LGC is in the Operate Mode and

there is no inertial reference; i. e.: the ISS is caged or in the

Coarse Align Mode.

3. STBY Light - is energized when the LGC is in the Standby Mode and de-

energized when the LGC is in the Operate Mode.

4. KEY REL Light

A. Energized when:

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

(b) An astronaut keystroke is made when an internal flashing display

is currently on the DSKY. (Note three exceptions: PRO (proceed),

RSET (reset) and ENTR (enter) if ENTR is a single button response).
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(c) The astronaut makes a keystroke on top of (his own) Monitor

Verb display. This is the so-called "suspended monitor" case.

(Monitor Verbs display data updated every one second.)

B. De-energized when:

(a) Astronaut relinquishes the DSKY by operating the KEY REL
button.

(b) Astronaut terminates his current sequence normally, e. g,
-

i) with final ENTR of a load sequence,

ii) the ENTR of a response to a flashing display,

iii) the ENTR of an extended verb request.

C. Some special DSKY cases 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 (4)(A. )(c) above). Hitting the KEY
REL button will bring back (unsuspend) the monitor and extin-

guish 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 inter-

nal display.

(b) If the astronaut selects another verb-noun combination (e.g. ;a

VI 6 monitor) on top of an internal flashing display, that internal

display can still be answered with PRO or VERB 34 ENTR (ter-

minate), 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 desired response to the flashing

display. The KEY REL button should be used instead.

5. TEMP Light - the LGC receives a signal from the IMU when the stable

member temperature is in the range 126.3° F to 134,3° F. In the absence

of this signal, the TEMP lamp on the DSKY is actuated,

6. GIMBAL LOCK Light - is energized when the middle gimbal angle exceeds

+ 70° from its zero position. When the middle gimbal angle exceeds

± 85° from its zero position the LGC automatically commands the coarse

align mode in the ISS to prevent gimbal oscillation. The NO ATT light

will then be energized (see (2.) above).
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7. PROCi Light - under a variety of situations a program alarm is generated.

The program alarm actuates the PROG lamp on the DSKY. For further

information see section 4. 3. 3, and 4. 3. 4.

8. TRACKER Light - when the rendezvous radar is on, the

light is energized when:

A. An RR CDU fine error signal greater than 1. 0 vrms occurs.

B. An RR CDU coarse error signal greater than 2. 5 vrms occurs.

C. The RR read counter limit-cycles at a rate greater than 160 cps.

D. An RR CDU analog-to-digital conversion fails, i. e. : cos (© -
(())

signal is less than 2 volts.

E. The RR CDU +14 VDC supply decreases to 50% of nominal.

F. When the RR Data Good bar discrete occurs during an LGC data

read sequence.

9. OPR ERR Light - is energized when the DSKY operator performs an im-

proper sequence of key depressions. The light is de-energized by press-

ing the RSET button.

10. COMP ACTY Light - is energized when the LGC is occupied with an internal

sequence. It is not an indication that the operator may or may not use the

DSKY or that the LGC is incapable of handling further computation.

11. RESTART Light - in the event of a Restart during operation of a Program

a latch is set in the LGC which illuminates the RESTART lamp on the

DSKY until the latch is manually reset by RSET (see section 4. 3. 3).

12. ALT Light - when the landing radar is on, the light is energized (on steady

or flashing) when:

A. LR range data good discrete was not present before and

after LR altitude sampling (STEADY).

B. LR altitude reasonability test was failed (FLASHING).

i:i. VEL Light - when the landing radar is on, the light is energized (on steady

or flashing) when:

A. LR velocity data good discrete was not present before and after LR
velocity sampling (STEADY).

B. LR velocity reasonability test was failed (FLASHING).

14. NO DAP Light - (Placarded NO DAP - opposite VEL light)

Energized when PGNS DAP is not controlling attitude (minimum impulse

mode or idling mode).

15. PRIORITY Light - (Placarded PRIO DISP - opposite ALT light)

Energized when LGC attempts to display a priority display (see 4. 2. 2. 14}

+And RR is in auto mode and RR CDU' s are not being zeroed.
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16 . Display Panel - consists of 24 electroluminescent sections arranged as

in Fig. 4-1, page 4-18. Each section is capable of displaying a decimal

character or remaining blank, except the 3 sign sections (RIS, R2S,

R3S). These display a plus sign, a minus sign, or a blank. The numeri-

cal sections are grouped to form 3 data display registers, each of 5

numerical characters; and 3 control display registers, each of 2 numeri-

cal characters. The data display registers are referred to as R1,R2,R3.

The control display registers are known as VERB, NOUN, and PROGRAM.

At maximum activity, the complete display panel may be updated in

0. 50 second.

17. Keyboard - contains the following buttons:

VERB - pushing the button indicates that the next two numerical

characters keyed are to be interpreted as the Verb Code.

NOUN - pushing the button indicates that the next two numerical

characters keyed are to be interpreted as the Noun Code.

and - sign keys used for sign convention and to identify

decimal data.

0 ” 9 - numerical keys.

CLR - used during a data loading sequence to blank the data display

register (R1,R2,R3) being used. It allows the operator to reload the

data word.

PRO - this pushbutton performs two functions;

1. When the LGC is in the Standby Mode, pressing this button will

put the LGC in the Operate Mode, turn off the STBY light

(see 3.) and automatically select Routine 00 in the LGC, after

restoring the clock.

2a. When the LGC is in the Operate Mode but Program 06 is not

selected, pressing the button will provide the "Proceed" function.

"Proceed" directs the LGC to continue to the next programmed

event. In response to an LGC request it further indicates crew

compliance with the request. If the PRO button is pressed

when the VERB lights contain verb 21, 22 or 23, the button

is rejected and the OPR ERR light is energized.

b. When the LGC is in the Operate Mode and Program 06 is

selected, pressing the button will put the LGC in the Standby

Mode and turn on the STBY light (see 3. ).

KEY REL - releases the DSKY displays initiated by key board action J

so that the DSKY is available for displays generated by the •

LGC program.
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ENTR - is used in three ways;

1. To direct the LGC to execute the Verb/Noun now appearing on

the Verb/Noun lights.

2. To direct the LGC to accept a data word just loaded.

3. In response to a "Please Perform" request (see section 4, 2, 2, 7),

RSET - Turns off PROG light, RESTART light, and OPR ERR light; also

clears R1 and R2 of the noun 09 registers containing the alarm

code (FAILREG's).

4. 2, 2. 2 Verbs and Nouns

The basic language of communication between the astronaut and the DSKY
consists of the Verb and Noun. The Verb Code indicates what action is to be taken.

The Noun Code indicates to what this action is applied.

Verb Noun codes may be originated either by manual operation oi' by the

LGC Program in process.

The standard procedure for a manual keyboard operation consists of a

sequence of 7 key depressions:

VERB V^ V^ NOUN Nj^ N^ ENTR

The VERB key depression blanks the Verb lights on the display panel and c.lcars

the Verb Code register within the computer. The next two numerical characters

punched are interpreted as the Verb Code. Each of these characters is displayed

in the Verb lights on the display panel as it is keyed in. The NOUN key operates

similarly for the Noun lights and Noun Code register.

The depression of the ENTR key causes the performance of the Verb-Noun

combination appearing in the lights at the time of depression. Thus it is not

necessary to follow any order in punching in the Verb or Noun Code. They may be

done in reverse order, or an old Verb or old Noun may be used without repunching it.

No action is ever taken in performing the Verb-Noun combination until ENTR
is pressed. If an error is noticed in either the Verb Code or the Noun Code before

the ENTR is pressed, correction is simple. Merely press the VERB or NOUN key

and repunch the originally intended code, without necessarily changing the other.

Only when the astronaut has verified that the desired Verb and Noun Codes are shown

in the lights, should he press the ENTR key to execute the Verb-Noun combination.

A Noun Code can refer to a group of computer erasable registers, a group

of counter registers, or may serve merely as a label. A label Noun refers to no

particular computer register, but conveys information by its Noun Code number

only. The group of registers to which a Noun Code refers may be a group of 1 ,

2

or 3 members. These are generally referred to as 1, 2, or 3 component Nouns.

The component is understood as a component member of the register group to

which the Noun refers. The machine addresses for the registers to which a Noun

refers are stored within the computer in Noun tables.
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A single Noun Code refers to a group of 1, 2, or 3 component members. It

is the Verb Code that determines which component member of the Noun group is

operated on. Thus, for instance, there are five different Load Verbs. Verb 21 is

required for loading the first component of whatever Noun is used therewith;

Verb 22 loads the second component of the Noun; Verb 23, the third component;

Verb 24, the first and second components of the Noun; and Verb 25 loads all three

components of the Noun. A similar component format is used in the Display and

Monitor Verbs.

When the decimal Display Verb is employed, all the component members

of the Noun being used are scaled as appropriate, converted to decimal, and

displayed in the data display registers.

Decimal data is identified by a + or - sign preceding the numerical

characters. If decimal is used for loading data of any component members of a

multi-component Load Verb, it must be used for all components of the Verb. Thus

no mixture of decimal and octal data is permitted for different components of the

same Load Verb. (If this is violated, the OPR ERR alarm is turned on.

)

There is a class of verbs called Monitor Verbs which display data every

one second. Once a Monitor Verb is executed, the data on the display panel

continues to be updated until the Monitor is turned off.

The Monitor is turned off by: PRO, VERB 34 ENTR (terminate), and

internal program initiation of the Keyboard and Display System Program, (if the

DSKY is not busy) or by a Fresh Start of theLGC, or by a re-cycle verb, or a Restart.

Monitor action is suspended (but not ended) by the depression of any key, except

RSET, KEY REL, and ENTR. This turns on the KEY REL light immediately. Monitor

action continues after the Keyboard and Display System is released. Thus it is possible

to suspend a monitor while the astronaut loads some data (or requests another

display) and to return to the original monitor when his intervention is concluded.

After any use of the DSKY, the numerical characters (verb, noun and data

words) remain visible until the next use of the DSKY. If a particular use of the

DSKY involves fewer than 3 data words, the data display registers (Rl, R2, R3)

not used remain unchanged unless blanked by deliberate program action.

The DSKY procedures above were described for manual operation; however,

the principles described remain the same for DSKY operation by the LGC Programs

and Routines.

As outlined in the Mission Programs ( sec. 4.4.9 ) the majority of DSKY

operations are of the following categories:

a) Display - to display data to the operator. Display Verbs present

data computed by the mission program.

b) Load - to request a data load as described in detail below.
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c) Please Perform - to request an action from the astronaut.

(see section 4. 2. 2. 7)

d) Please Mark - to request the astronaut to push a "MARK" button

for an optics sighting.

LGC initiated Verb/Noun combinations are either statically displayed or flashed.

If static they identify data displayed only for astronaut information requiring no

response from him. If the Verb/Noun is flashing, appropriate astronaut response

is required as dictated by the Verb/Noun combination. In this case the LGC Program

or Routine is interrupted until the astronaut responds appropriately, (although the

program may continue to update the display) then the Verb/Noun flash is termin-

ated and the Program or Routine is resumed.

An appropriate astronaut response to a flashing Verb/Noun should be a data

load and ENTR, VERB 32 ENTR (recycle), PRO, or VERB 34 ENTR (terminate).

The internal program response to any one of these astronaut responses varies

according to the Verb/Noun flashing and the Program in process as described below

and Ln Section 4. 4. 9.

4. 2. 2. 3 Acceptance of Keys

The numerical keys, the CLR key, and the sign keys are rejected if struck

after completion (final ENTR) of a data display or data load Verb. At such time,

only the VERB, NOUN, ENTR, RSET, or KEY REL are accepted. Thus the data keys

are accepted only after the control keys have instructed the program to accept them.

Similarly the plus (+) and minus (-) keys are accepted just before the first

numerical character of Rl, R2, R3 is punched in, and at no other time.

The 8 or 9 key is accepted only while defining a verb, noun, or program

number, or when loading a data word into Rl, R2, or R3 which was preceded by a

plus or minus sign. (If this is violated, the OPR ERR alarm is turned on.

)

If more than two numerical characters are punched in while loading the Verb,

Noun, or Program code, or more than five numerical characters while loading a

data word, the excess characters are not accepted.

4. 2. 2. 4 Release of Keyboard and Display System

The Keyboard and Display System Program can be used by internal computer

programs. However, any operator keyboard action (except RSET ) makes the Key-

board and Display System Program busy to internal routines. The operator has

control of the Keyboard and Display System until he wishes to release it. Thus he

is assured that data he wishes to observe will not be replaced by internally initiated

data displays. There are 6 cases in which the operator initiated normal displays

will be replaced by internally initiated action. These arc: in P12, P40, P41, P 42 and

Pfj3, when the DSKY is blanked at T-35 seconds and also P22 in certain cases, may

blank the DSKY. In general, it is recommended that the operator release the Keyboard

and Display .System for internal use when he has temporarily finished with it. This is done

by pressing the KEY REL button.
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If an internal program attempts to use the Keyboard and Display System,

but finds that the astronaut has used it and not yet released it, the KEY REL
light is turned on. When the astronaut finds it convenient, he should strike the KEY
REL button to allow the internal program to use the keyboard and display panel.

4.2.2. 5 Display - Verb/Noun Flashing

This is an internally initiated action. The appropriate astronaut response

to a flashing display Verb/Noun combination is;

(a) Correct the data (see Section 4.2.2.)5 below). Perform the appropriate

Load Verb sequence. Upon the final ENTR, the program proceeds normally.

(b) VERB 32 ENTR (recycle). This bauses the program to return to a

previous location.

(c) PRO. This indicates acceptance of the displayed data, and a desire for

the internal sequence to continue normally.

(d) VERB 34 ENTR (terminate). The astronaut wishes to terminate the

operation.

NOTE: Uncommon responses are defined in the program logic of Section 4. 4. 9 .

4.2.2. 6 Load - Verb/Noun Flashing

Whenever any data is to be loaded the Verb/Noun flashes. The flash occurs

whether the data load is initiated by the LGC or by the astronaut. The appropriate

data display register (Rl, R2, or R3) is blanked in anticipation of the data load.

Data is loaded in 5-character words and is displayed character-by-character in one

of the 5 -position data display registers as it is keyed in.

Numerical data is considered decimal if the data word is preceded by a

plus or minus sign; if no sign is supplied it is considered octal. The plus and

minus keys are accepted only when they precede the first numerical character

of the data word; they are ignored at any other time. Both decimal and octal

data may be loaded with high order zeros suppressed. If decimal is used for

any component of a multicomponent Load Verb, it must be used for all compo-

nents of that Verb. No mixing of octal and decimal data is permitted for

different components of the same Load Verb. (If this principle is violated, the

OPR ERR alarm is turned on. )

The ENTR key must be pressed after each data word. This tells the program

that the numerical word punched in is complete. The flash is turned off after the last

ENTR of a loading sequence.

As data is loaded, it is temporarily stored in buffers. It is not placed into its

final destination, as specified by the Noun Code, until the final ENTR of the load

sequence.
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If an attempt is made to key in more than five numerical characters in sequence,

the sixth and subsequent characters are simply rejected. If the 8 or 9 key is punched

during octal load (as identified by lack of a sign entry), it is rejected and the OPR
ERR light is turned on.

In multi-component load situations, the appropriate single component Load

Verbs are flashed one at a time. The computer always instructs the astronaut through

a loading sequence. The astronaut (or the internal program) initiates the sequence

by selecting VERB 25, "load 3 components of:"(any 3-component noun will do). The

Verb Code is changed to 21, "load first component of:" and the flash is turned on.

VERB 21 continues to be flashed as the astronaut punches in the first word of data.

When the ENTR is pressed, the Verb Code is changed to 22. Flashing continues

while the astronaut punches the second data word. When ENTR is pressed, the Verb

Code is changed to 23, "load third coniponent, " and again the flash continues while

the third data word is punched in. When ENTR is pressed, the flash is turned off,

and all three data words are placed in the locations specified by the Noun. Through-

out the changing of the Verb Codes, the Noun Code is left unchanged.

The CLR button is used during data loading to remove errors in Rl, R2, or

R3. It allows the astronaut to begin loading the data word again. It does not clear

the Program, Noun, or Verb lights. (The Noun lights are blanked by the NOUN
key; the Verb lights, by the VERB key.) In the following discussions, the term

Clearing Function will be used to mean blanking the data display register.

For single component Load Verbs, the CLR button depression performs the

Clearing Function on whichever register is being loaded, provided that the CLR is

punched before the data ENTR. Once the ENTR is depressed, the CLR does nothing.

The only way to correct an error after the data ENTR for a single component Load

Verb is to begin the Load Verb again.

For the 2- or 3- component Load Verbs, there is a backing-up feature of

CLR. The first depression of the CLR key performs the Clearing Function on

whichever register is being loaded. ( The CLR may be pressed after any character,

but before its ENTR.) Consecutive depressions of CLR perform the Clearing Function

on the data display register above the current one, and also changes the VERB light

to indicate the register being acted upon until Rl is cleared. Any attempts to back up

beyond Rl are simply ignored.

The backing-up of CLR operates only on whatever data is pertinent to the

Load Verb which initiated the loading sequence. For example, if the initiating Load

Verb was a load second cornponent only, no backing-up action is possible.
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4. 2. 2.

7

Please Perform - Verb/Noun Flashing

This is always an internally initiated action, as astronaut response is

always required to the "please perform" request; the Verb-Noun is always

flashed, and the Program is interrupted. The "please perform" verb (50) is

usually used with the "Checklist" noun (25) with an appropriate "checklist code"

number in Rl, The appropriate response is;

(a) PRO to indicate an affirmative response to the request.

(b) ENTR to indicate a negative response to the request.

4. 2. 2. 8 Please Mark

The "please mark" verbs (52, 53, or 54) are flashed when the LGC is pre-

pared to accept optical sighting data upon the pushing of a "MARK" button. The

logic associated with the "please mark" function is completely described in Section

4. 4, 9

,

4. 2. 2. 9 Machine Address to be Specified

There is a class of noun available to allow any machine address to be used.

These are called "Machine Address to be Specified" nouns. When the ENTR which

causes the Verb-Noun combination to be executed senses a noun of this type, R3 is

blanked and the flash is immediately turned on. The Verb Code is left unchanged.

The astronaut should load the 5 -octal-character complete machine address of interest.

It is displayed in R3 as it is punched in. If an error is made in loading the address,

the CLR may be used to remove it. Pressing ENTR causes the verb to be executed,

4.2.2.10 Program Selection

VERB 37 ENTR is used to select a Program. This causes the Noun display

register to be blanked and the Verb Code to be flashed. The 2 -character Program

Code would then be loaded. For verification purposes, it is displayed as it is loaded

in the Noun display register. The ENTR causes 1) the flash to be turned off, 2) the

Noun register to be blanked, 3) a request for the new Program to be entered, and

4) the new Program Code to be displayed (if allowed) in the Program display register.

4.2.2.11 Illegal Verbs, Nouns and Combinations

The simplest alarm situation is an attempt to use an undefined (or spare)

Verb Code or Noun Code. The OPR ERR light is turned on when the ENTR that

attempts to execute the Verb/Noun combination is pressed. No further action is

taken.
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It is possible to choose a Verb that is defined and a Noun that is defined, but

have the combination of Verb and Noun be illegal (for example, the "decimal display"

Verb used with a Noun which is restricted to be "octal only"). The OPR ERR light is

turned on at the ENTR that attempts to execute the Verb /Noun combination for display

verbs and at the ENTR following the final data load for load verbs. No further action

is taken.

Violation of the following principles causes the OPR ERR light to be turned

on. No further action is taken.

(a) An undefined (or spare) verb must not be used.

(b) An undefined (or spare) noun must not be used.

(c) In octal Display and Monitor Verbs and all Load verbs, the components

number of the verb must not exceed the number of components in the noun.

(Note, all "machine address to be specified" nouns are considered 3-

component.

)

(d) The octal Display and Monitor Verbs must not be used with a "decimal

only" noun.

(e) The decimal Display and Monitor Verbs must not be used with an "octal

only" noun.

(f) The double precision decimal Display and Monitor Verbs (07, 17) must

not be used with mixed nouns (codes 40-99).

(g) No Load Verb may be used with a noun restricted to be "no load". All

nouns having split MIN/SEC scale or 2 integers for any component are

"no load" for the entire noun. (This does not apply to V21, V22, or V23

except for the specific components.)

(h) No input code other than those which are defined may be punched into the

keyboard.

4.2.2.12 Illegal Data and Recycle

Many legal Verb/Noun combinations require the loading of additional data

(either numerical or machine address). It is possible that the data supplied may
itself be improper for the Noun selected. Examples are: (1) the numerical data

exceeds the maximum value allowed by the scale factor associated with the Noun,

and (2) decimal data is loaded into an "octal only" noun.

In general the offense is detected at the final ENTR of the loading sequence.

The alarm is turned on and a recycle is performed back to the beginning of the load-

ing sequence. The flash is left on, and the data display register associated with the

first data word in the sequence is blanked again. It is necessary for the operator
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only to supply the data again; lie need not attempt to re-execute the Verb/Noun

combination. (Note, if decimal data is supplied for the address of a "machine

address to be specified" noun, the alarm and recycle are performed at the ENTR
immediately following the address keyed in.

)

Violation of the following principles causes the OPR ERR light to be turned

on, and a recycle to be performed;

(a) The address keyed in for a "machine address to be specified" noun

must be octal.

(b) In multicomponent load verbs, no mixing of octal and decimal data is

permitted. All the data words loaded for a given noun must either be

all octal or all decimal.

(c) Octal data must not be loaded into a "decimal only" noun.

(d) Decimal data must not be loaded into an "octal only" noun.

(e) Decimal data loaded must not numerically exceed the maximum permitted

by the scale factor associated with the appropriate component of the noun.

(f) A 11 3 words must loaded for the Hours, Minutes, Seconds scale.

(g) When loading with the Hours, Minutes, Seconds scale, the minutes

must not exceed 59;, the seconds must not exceed 59. 99; and the total

magnitude must not exceed 745 hours, 39 minutes, 14. 55 seconds.

(h) Two numerical characters must be supplied for the Program Code

under V37.

4.2.2,13 Operator Error and Key Rejection

There are five situations which cause the OPR ERR light to be turned on and

the offending key depression to be simply rejected. These are:

(a) An 8 or 9 is punched while loading a word which was not preceded by

a plus or minus sign. The 8 or 9 is simply rejected. The remaining

characters may then be supplied or the offending word removed and its

loading begun again.
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(b) Certain program controlled cases (see Section 4. 4. 9).

(c) The PRO button may not be pressed when the VERB lights contain

verb 21, 22 or 23.

(d) An attempt to call one extended verb on top of another without allowing
proper termination of the first.

(e) Neither V30E or V31E can be called if R1 of N26 is zero.

4.2.2.14 Priority Displays

When the LGC attempts to display a Priority display the PRIO DISP

light is turned ON. The LGC will accept a response of PRO, V33E, V32E,

or V34E after 2 sec. which will reset the light. A response of V37EXXE,

• \'T6E or V36E will also reset the light, no delay required. The PRIO DISP

light is also set and subsequently reset by the DSKY light test routine (V35E).
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4.3 PGNCS Failure Monitor

The PGNCS perfortnance and operational readiness are self-monitored and

caution and warning information are displayed to the crew. Two warning (red)

lamps are actuated by the PGNCS on the Caution/Warning Panel: LGC Warning

indicates computer failure; ISS warning indicates failure of the inertial subsystem.

Further detail regarding the caution items is displayed by means of the DSKY event

lamps and the DSKY data registers (in the event of a program alarm.)

4.3.1 LGC Warning

An lGC warning alarm is generated in the event of LGC power
failure, scaler failure of either of two types, restart or counter fail during

LGC operate, or in response to an alarm test program. A scaler fail or

prime power fail result in an immediate alarm indication whereas the other

inputs are buffered by a filter so as to prevent momentary transient dis-

turbances from causing a warning alarm. In this subsection the various

inputs and conditions associated with LGC warning are defined.

(a) SCAFAL - Occurs if scaler stage 17 (1.28-sec period) fails to

produce pulses. This provides a check on the timing for all

logic alarms.

(b) COUNTER FAIL - Occurs if counter increments happen too

frequently or else fail to happen following an increment request.

"Too frequently" means continuous counter requests and/or

incrementing for from 0. 625 to 1.875 ms.

(c) SCADBL - Occurs if the 100 pps scaler stage operates at a pulse

rate of 200 pps or more.

(d) PARITY FAIL - Occurs if any accessed word in fixed or

erasable memory whose address is octal 10 or greater contains

an even number of "ones".

(e) RUPT LOCK - Occurs if interrupt is either too long or too

infrequent. The criterion for "too long" is phase dependent,

varying from 140 ms to 300 ms. Likewise the criterion for "too

infrequent" varies from 140 ms to 300 ms.

(f) TC TRAP - Occurs if too many consecutive TC or TCP instructions

are run, or TCorTCF instructions are too infrequent. The criterion

for "too many" varies from 5 ms to 15 ms duration. The

criterion for "too infrequent" varies from 5 ms to 15 ms absence.

(g) NIGHT WATCHMAN - Occurs if the computer should fail to

access address octal 67 within a period whose duration varies

from 0. 64 sec to 1. 92 sec.
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(h) V FAIL - Occurs if the LGC voltages (28, 14, 4)are out of limits.

This signal produces STRTl if it stays on for a period of between

157 and 470 psec. If the computer is in the STANDBY mode, an

input to the LGC WARNING FILTER is generated simultaneously

with STRTl. The following criteria apply for V FAIL.:

4 V Supply > 4.4 V 14 V Supply > 16 V

4 V Supply < 3,65 V 14 V Supply < 12,5 V
28 V Supply < ~22.6V

(i) .STANDBY - This is a signal which turns on RESTART and turns

off the switchable +4 and +14 voltage, thus putting the LGC into

a low power mode where only the scaler, timing signal, and a

few auxiliary signals are operative. STANDBY is initiated by

first setting the ENABLE STANDBY outbit {CLT13 Bll), and then

pressing the PRO button on the DSKY for a time which varies

from 0.64 sec to 1.92 sec. at the end of which time the STANDBY
light is turned on., (All LGC alarms are inhibited during the

Standbj' mode with the exception of LGC WARNING, which can be

caused by VOLTAGE FAIL or SCALER FAIL; and TEMPERATURE
CAUTION, which can be caused by TEMP ALARM. ) Normal

operation is resumed by pressing the PRO Button on the

DSKY again, time of depression same as above.

(j) RESTART - RESTART occurs after any of the following:

RUPT LOCK, TC TRAP, NIGHT WATCHMAN, PARITY FAIL,

STANDBY, VOLTAGE FAIL.

RESTART causes the computer to transfer control to address

octal 4000 as soon as it disappears. It lights the RESTART lamp

in the DSKY.

The RESTART lamp is turned off either by the ALARM
RESET (RSET) key, or by setting outbit CHll BIO,

(k) WARNING FILTER - This circuit is used to operate the LGC
WARNING output following repeated or prolonged occurrences

of any of certain failure parameters. All occurrences of these

signals are stretched so that no more than one input to the filter

is generated in each 160 - millisecond period. Approximately six

consecutive stretched pulses cause LGC WARNING to turn on for
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about 5 seconds. Non-consecutive stretched pulses may also

cause LGC WARNING after an interval dependent on the frequency

of the pulses. The output will not occur if input pulses occur at

a frequency of less than 0.9 pps; and the output will remain on if

pulses occur at a frequency of 0,6 pps or more. The threshold of

the filter resumes its normal level with a time constant of many

seconds after the filter has received inputs. An immediate reset

of the LGC FAIL due to a WARNING FILTER output is therefore

not possible.

(1)

OSCILLATOR FAIL - Occurs if the oscillator stops. Has nominal

250-millisecond delay to keep signal present after the oscillator

starts. Also occurs when LGC is in STANDBY because of loss of

power to front end of circuit. This results in a 250-millisecond

delay in starting when LGC comes out of STANDBY into OPERATE.

Causes immediate restart without waiting for time pulse 12.

4.3.2 ISS Warning

The ISS Warning signal is the logical "OR" of the following parameters,

any one of which will cause an ISS Warning under the following conditions;

(a) IMU Fail

(1) IG Servo Error - greater than 2.9 mr for 2 sec

(2) MG Servo Error - greater than 2.9 mr for 2 sec

(3) OG Servo Error - greater than 2.9 mr for 2 sec

(4) 3200 cps - decrease to 50% of normal voltage level

(5) 800 cps wheel supply - decrease to 50% of normal voltage level

These parameters are generated in the Inertial Subsystem. However,

the "FAIL" signal itself is under LGC program control. The "FAIL" signal is

inhibited by the LGC program when the PGNCS is in the Coarse Align Mode and

during the 5-second interval following Coarse Align. During this mode the

servo errors normally exceed the above criteria.

(b) pjpA fail

Occurs if no pulses arrive from a PIPA during a 312.5 usee

period, or else if both plus and minus pulses occur, or if a

"long time" elapses without at least one plus pulse and at least

one minus pulse arriving. By "long time" is meant a period of

between 1.28 sec and 3.84 sec.
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This FAIL signal is generated totally within the LGC and thus is com-

pletely under LGC program control. Its generation is enabled by the

LGC only during LGC controlled translation or thrusting maneuvers.

(c) ISS CDl.) FAIL (Monitored for each of 3 CDUs). Set if any or all of

the following conditions exist for approximately 2-10 seconds.

(1) CDU fine error - in excess of 1.0 V rms

(2) CDU coarse error - in excess of 2.5 V rms

(3) READ COUNTER limit cycle - in excess of 160 cps

(4) Cos ( 0 - ^ )
- below 2.0 V

(5) +14 VDC Supply - decrease to 50% of normal level

These parameters are generated in the Inertial Subsystem. How-
ever. the response to the "FAIL" signal itself is under LGC program con-
trol. The FAIL signal is ignored by the LGC program for about 8 sec-
onds after the CDU ZERO mode has been commanded. During this Mode
the CDU errors normally exceed some of the above criteria.

4.3.3 PGNCS Caution

The PGNCS Caution lamp is actuated by the following undesirable

but non-critical events:

(a) LGC Restart during Operation. In the event of Restart during operate

a latch is set in the LGC which maintains the PGNCS Caution alarm

and the RESTART lamp on the DSKY until the latch is reset by the pro-

gram or until the latch is manually reset by ALARM RESET. For

further detail see section 4.3.4.

(b) Temperature out of Limits. The LGC receives a signal from the IMU
when the stable member temperature is in the range 126.3° F to 134.3°F.

In the absence of this signal, the Caution alarm and the TEMP lamp on

the DSKY are actuated.

(c) Gimbal Lock. When the LGC determines that the middle gimbal angle

(MGA) of the IMU is greater than 70°, the Caution alarm and the

Gimbal Lock lamp on the DSKY are actuated. When MGA exceeds 85°

the ISS is downmoded to Coarse Align and the No Attitude lamp on the

DSKY is actuated.

(d) Program Alarm. Under a variety of situations a program alarm is

generated. One example is that of a PIPA fail when the vehicle is not

in a thrusting mode. Under program control the LGC inhibits this

alarm for 10 sec after system turn-on. The program alarm actuates
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the Caution alarm and the Program lamp on the DSKY. For further

information see section 4. 3. 4.

(e) Tracker Alarm indicates Rendezvous Radar CDU failures or loss

of DATA GOOD discrete (see paragraph 4. 2. 2. 1-8).

4. 3. 4 Restart and Program Alarms

(a) Alarm conditions are indicated by lighting the PROG ALARM light and

storing the appropriate alarm code so that it may be examined by keying

V05N09E. In some special cases V05N09 is automatically displayed.

The light is turned off and Rl, R2 of N09 are cleared by the ERROR

RESET key. For non-ABORT alarm conditions the normal program

flow is not interrupted.

(b) The ABORT type of alarm conditions preclude continuation of normal

program flow; in these special cases recovery from the condition is

accomplished by the software by means of a "software restart". These

ABORT conditions are divided into two classes:

1. "bailout" alarms, designated by a five-digit alarm code with

3 as the first digit, e. g. 31201.

These alarms cause suspension of non-restartable program

activity and continuation of only that program activity which

is restartable. This type of alarm condition is generally due

to temporary overloading of the system; the BAILOUT proce-

dure will relieve the situation and allow continuation of the

program.

2. "POODOO" alarms, designated by a five-digit alarm code with

2 as the first digit, e. g. , 21302.

These alarms are caused by conditions which are less likely to

be correctable than the "BAILOUT" alarm conditions, e. g.

inconsistencies in mathematical calculations. Software recovery

terminates current program flow and a flashing V37 is displayed,

requesting the astronaut to exit the current program.

If an Extended Verb is active, the "BAILOUT" recovery proce-

dure is followed to prevent Extended Verb Routines from ter-

minating mission programs. In this instance, the POODOO alarm

code is retained.
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If "Average G" is active, POODOO alarms will retain the basic "Average

G" cycle (without guidance functions). During the Powered Descent,

the Abort monitor is also retained, but the LR navigation (R12) is

terminated.

(c) Exit from a continuous "BAILOUT" loop can be accomplished by simul-

taneous depression of the ERROR RESET and MARK REJECT buttons,

as in the case of a hardware restart loop. Exit from either a hardware

or a software restart loop by means of the above will cause reinitializa-

tion of the software by a Fresh Start. The listing of program alarms is

included in section 4. 4. 7.

4. 3. 5 Restart Protection

With the exception of P06 and the pulse torquing option of P52 all programs

are restart protected. All routines which are called by a program are restart

protected. The restart logic is designed so that as much significant information

as possible is not lost due to a restart. Extended verb routines and manually

called displays are not restart protected.
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4,4 LGC Logic/Ground/Crew Interface Diagrams

These diagrams outline the detailed logic of the inter-relationship between

the LGC/Crew/Ground. For ease of correction and reproduction the diagrams have

been incorporated in a computer memory and are presented as a computer printout.

The diagrams contain the following;

1) Program Control - Indication of sequence interruptions and the following

display notation:

a) PRIO (Priority) - denotes a priority display

b) HOLD - denotes that the verb-noun and data will continue

to be displayed until the astronaut takes DSKY action.

c) TEMP HOLD (Temporary HOLD) - denotes that the duration of

the display on the DSKY (non-flashing) is controlled by the LGC,

d) POSS HOLD (Possible HOLD) - denotes that the display is a

possible path taken by the LGC.

e) MON (Monitor) - denotes that the displayed data is automatically

updated and displayed by the LGC.

f) SNAP - denotes that the displayed data is not automatically updated

(monitored) by the LGC.

The sequence logic and interface relationships of the

LGC logic, ground operations and crew activities.

5) A line count is provided on the right hand side of the page.

6) The LGC Program (or Routine) number is printed on the lower right

hand corner of each page ag.; P40/LUMINARY,

LGC

3) Ground

4) Crew
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27

28 *

29 »

30 ORBITAL PARAMETERS DISPLAY

31 RENOE2VOUS PARAMETER DISPLAY

32 »

33 LGC/CMC CLOCK SYNCHRONIZATION

34 «

35

36 RENDEZVOUS OUT-CF-PLANE DISPLAY

37 *

38 *

39 f

AO DPS/APS THRUST FAIL

A1 STATE vector INTEGRATION IMID TC AVE)

42 *

43 »

44 «

45 »

46

A7 AGS INITIALIZATION

48 »

49 «

5C coarse ALIGN

51 INFLIGHT FINE ALIGN

52 AUTOMATIC OPTICS ILM) POSITIONING 1180

53 AOT MARK

006
INOEX/LUM



007
9

INDEX/LUM

i** SIGHTING OATA DISPLAY

55 GYRO TORajING

56 TER.'IINATE TRACKING

57 MARKRJPT

58 CELESTIAL BODY DEFINITION

59 LUNAR SURFACE SIGHTING MARK 1130

60 ATTITUDE MANEUVER

61 PREFERRED TRACKING ATTITUDE

62 crew-defined MANEUVER

63 RENDEZVOUS FINAL ATTITUDE

»

65 FINE PREFERRED TRACKING ATTITUDE

66 *

67

68 *

69 *

70 »

71 »

72 *

73 »

74

75 »

76 EXTENJEU VERB INTERLOCK

77 LR SPURIOUS TEST

* THIS PROGRAM JR ROUTINE DUES NOT EXIST FOR ASSEMBLY LUMINARY
** THIS PROGRAM IS DOCUMENTED IN SECTION 1 OF R557

INDEX/LUM



10
NOEX/LUM

ANGE CCNTROL 'iOTES

REV 00 PC R 39
REV 01 PC R 79 .105,, 106, 138, 22°, 468,470,562
REV 00( LUM lAI PCR 722
REV Oil LUM IBI PCR 279, 823
REV 02( LOM ICI PCR 285, 806. 2

REV 031 LUM 101 PCR 892, 988
REV C4( LUM lEI PCR 348, 1044 , PCN 1145
REV 051 LUM lEI PCN. 1180

» 008
INOEX/LUH



f 009
15

'».4.3 VERaS USEU IN PROGRAM LJiNINARr

4. A. 3.1 REGULAR VERB5 REV C5 12/^1/71

PCR

00 NCT IN USE

01 DISPLAY OCTAL COMP 1 IN R1

02 DISPLAY OCTAL COMP 2 IN R1

03 DISPLAY OCTAL COMP 3 IN R1

04 DISPLAY OCTAL COMP 1,2 IN R1,R2

05 DISPLAY OCTAL COMP 1,2,3 IN Ri,R2,R3

06 DISPLAY DECIMAL IN R1 OR Rl,R2 OR R1,R2,R3

07 DISPLAY DP DECIMAL IN Kl,R2

08 SPARE

00 SPARE

IC SPARE

1 I MCNITOR OCTAL COMP 1 IN R1

12 MCMTOR OCTAL COMP 2 IN R1

13 MCNITCR OCTAL COMP 3 IN R1

14 MCNITCR OCTAL CCMP 1,2 IN R1 , R2

15 MCNITCR OCIAL COMP 1,2,3 IN R1,R2,R3

16 MCNITCR DECIMAL IN R1 UR R1 , R2 UR R1,R2,R3

17 MCNITCR DP DECIMAL IN R1,R2

18 SPARE

VERB/LUMI NARY
EXTENDED VERB



1'’ SPAPF

2C SPARE

2 1 LEAD CCMPQ^NENr 1 INTO R1

22 LOAD CCMPONENf 2 INTO R2

23 LOAD CCMPQiNENT 3 INTO R3

2A LOAD CCMPCNEM It 2 INTO KliR2

25 LOAD COMPONENT 1,2,3 INTO K1,R2,R3

26 SPARE

27 DISPLAY FIXED MEMORY

28 SPARE

29 SPARE

30 REQUEST EXECUTIVE

31 REQUEST WAITLIST

32 RECYCLE

32 PROCEED

34 TERMINATE

35 TEST LIGHTS USAGE RESTRICTED TC POO)

36 REQUEST FRESF START ( W

)

37 CHANGE PROGRAM

38 SPARE

39 SPARE

« DENOTES THAT LOGIC FLOW IS DESCRIBED IN SEC 4.4.11

4.4. 3.2 EXTENDED VERBS

16
VERB/LUMINARY
EXTENDED VERB

WHEN USED PCR

010
VERB/LUMINARY
EXTENDED VERB



40

ZERO CDUS ISPECIFY N20 UR N72)

41 COARSE ALIGN COUS ISPECIFY N20 UR N72

)

42 fine align IPJ

43 LOAD FCAI ERROR NEEDLES (TEST ONLYI

44 TERMINATE RR CONTINUOUS DESIGNATE

45 SPARE

46 SPARE

47 INITIALIZE AGS IR47I

40 START DAP DATA LOAD ( R03

I

45 START CREW DEFINED MANEUVER IRb2)

50 PLEASE PERFORM

51 SPARE

52 MARK CURSOR

53 MARK SPIRAL

54 HARK > OR Y RETICLE

55 INCREMENT LGC TIME (DECIMAL)

56 REQUEST TERMINATE TRACKING ROUTINE IR5b)

57 PERMIT LANDING RACAR UPDATE

50 INHIBIT LANDING RADAR UPDATE

55 COMMAND LR TC POSITION 2

60 DISPLAY VEHICLE RATES

51 DISPLAY DAP ATTITUDE ERROR

52 DISPLAY TOTAL ATTITUDE ERROR

53 START RR/LR SELF TEST ROUTINE (R04)

64 START S-SANO ANTENNA ROUTINEIROSI

55 DISABLE U,V JETS DURING DPS BURNS

66 VEHICLES ATTACHED. MOVE THIS VEHICLE STATE VECTOR TO OTHER VEHICLE
STATE VECTOR

57 W MATRIX RSS cRROR DISPLAY

Oil
17

VFRB/LUMINARY
EXTENDED VERB

H (N20 AND N72 )

A (N20 AND N72I

H

POO

R5J

R53

R53

# R33

P20,P22,P25

# P63

#

H

»

H

*

A

# P20,P22 llfin

VERB/LUMINARY
EXTENDED VERB



68 INHIBIT TERRAIN NUDEL CJMRJTATIONS

6S RESTART

70 START LGC UPCATE: LIFTUFE TIME

71 START LGC UPDATE; BLOCK ADDRESS

72 START LGC UPDATE; SINGLE AU.JRESS

73 START LGC update: LGC IT ME lUCTALT

74 INITIALIZE ERASABLE DUMP VIA DOWNLINK

75 ENABLE U,V JETS DURING DPS BURNS

76 MINIMUM IMPULSE COMMAND MODE

77 RATE COMMAND AND ATTITUDE HOLD MODE

78 START LR SPURIOUS TEST IR77)

79 STCP LR SPURIJUS TEST IR77)

80 ENABLE LM STATE VECTOR UPDATE

81 ENABLE CSM STATE VECTOR UPDATE

82 REQUEST ORBITAL PARAMETERS DISPLAY (R30)

83 REQUEST RENDEZVOUS PARAMETER DISPLAY (R31)

34 SPARE

85 DISPLAY RR LCS AZIMUTH AND ELEVATION

86 SPARE

87 SPARE

88 SPARE

89 START RENDEZVOUS FINAL ATTITUDE MANEUVER IR63I

90 REQUEST RENDEZVOUS OUT-QF-PLANE DISPLAY IR36)

oi DISPLAY BANKSJM

92 START IMU PERFORMANCE TESTS URQUND USE!

93 ENABLE M MATRIX INITIALIZATION

04 SPARE

18
VERB/LUMINARY
EXTENDED VERB

*

4

P27

P27

P27

P27

4

4

4

4

4 P20

4 P 20,822

ANYTIME! P12,
P40,P41,P42,P47)

ANYTIME! P47)

4 P12,P22, P57,P68 llB^i

pnn

P32,P33, P34,P35,
P7Z,P73,P74,P75

4 P2r,P22

012
VFRB/LUMI NARY
EXTENDED VERB



013
19

VERB/LU1INARY
EXTENDFO VERB

95 NO UPDATE OF EITHER STATE VECTOR # P20,P22

96 INTERRUPT INTEGRATION AND GO TO POO H ANYTIME

97 PERFORM ENGINE FAIL PROCEDURE R40

08 SPARE

99 ENABLE ENGINE IGNITION P12,P4C’, P42
P63 .R'.C

# DESUNATES THOSE EXTENDED VERBS FOR WHICH
LOGIC FLOW IS DESCRIBED IN SECTION 4.9.11

CHANGE CCNTRQL NOTES

REV 01 PCR 8, °9, 118, 164,170,229,246,420,468,470,539,620
REV COILLM lA) PCR 762
REVS C1,C2(LUM IB) PCR 841,850
REV 03(LUM IDI PCN 1035
REV C4ILLM IE) PCR 1044
REV C5(LUM IE) PCN 118C

VERB/LUMINART
EXTENDED VERB





NOUNS USED IN PROCiKAM LOMINAiUr

NOUNS SPECIFIED AS BEING LOADABLE
IN THIS DOCUMENT ARE MARKED ID.
ALTHOUGH OTHER NOUNS MAY BE LDAD-
ABLEt MEETHER NEtiLY LOADED DATA IS

LSEO BY THE PROGRAM IS SUBJECT TO
THE PARTICULAR CODING ASSOCIATED
RITH THE USE OF THE NOUN.

NCUNS

00 NOT IN USE

0 1 SPECIFY ADDRESS ( FRAC

I

(L) .XXX <x FRAC
. xxxxx FRAC
.xxxxx FRAC

02 SPECIFY ADDRESS (WHOLE) (L ) xxxxx. INTEG
xxxxx. INTEG
xxxxx. INTEG

03 SPECIFY ADDRESS (DEGREE) (L) XXX. XX DEG
XXX. XX OEG
XXX. XX DEG

04 GRAVITY ERROR ANGLE XXX. XX DEG

05 SIGHTING ANGLE DIFFERENCE XXX. XX OEG

05 OPTICN CODE ID IL,R2 ONLY) OCT
CPTICN CODE OCT
CATCOOE (P57) OCT

07 CHANNEL/FLAGWURD/ ECADR
ERASABLE OPERATOR OR CHAN-

NEL NO. IL, SEE ROl OCT
BIT ID FOR JSE AND OCT
ACTION RESTRICTIONS 1 OCT

08 ALARM CATA ADRES OCT
BBCCN OCT
ERCOUNT OCT

OS ALARM CODES FIRST OCT
SECOND OCT
LAST OCT

10 CHANNEL TO BE SPECIFIED (L, EXCEPT CHANNEL 7) OCT

1

1

TIGICSI ) IL) OOXX X. HRS

015
21

REV r6 12/01/71

WHEN USED PCR

P27,V?1

P27

P57

R22, R54

ANYTIME WITH V25 1180

ANYTIME WITH VTS

ANYTIME WITH VOS

ANYTIME WITH VOl.Vll, OR V21

P32,P72

noun/luminary



oooxx. MIN
OXX. XX SEC

1 2 CPTICN CODE IDIUSEC BY EXT VERBS ONLY) OCT
CPTICN CODE IL,R2 ONLY) OCT

1 3 TIGICCHI ID 00 XXX. HRS
OOOXX. MIN
OXX. XX SEC

14 CHECKLIST lUSED INTERNALLY BY EXTENDED xxxxx.
VERBS ONLY) xxxxx.
1N25 IS PASTED AFTER DISPLAY.
N14 IS NEVER VISIBLE TO THE

XX XXX.

CREW. 1

1 5 INCREMENT ADDRESS IL.WITH NCI, 02, 03) UCT

1 6 TIME OF EVENT (USED BY EXTENDED VERBS ONLY) OOXXX. HRS
(L) OOOXX. MIN

OXX. XX SEC

1 7 SPARE

1 8 DESIRED AUTO MANEUVER EDAI BALL ANGLES R XXX. XX DEG
P XXX. XX DEG
Y XXX. XX DEG

19 SPARE

20 PRESENT ICDU ANCLES OG XXX. XX DEG
IG XXX. XX DEG
MG XXX. XX DEG

2 1 P IPAS X xxxxx. PULSES
Y XXXXX. PULSES
L xxxxx. PULSES

22 DESIRED ICDU ANGLES ID OG XXX. XX DEG
IG XXX. XX DEG
MG XXX. XX DEG

23 SPARE

24 DELTA TIME FOR LGC CLOCK IL ) OOXXX. HRS
OOOXX. MIN
OXX, XX SEC

25 CHECKLIST (USED WITH V50

)

XXXXX.

26 PRIC/DELAY, acres, E0CQN (L , WITH V3C ,31 ) OCT
OCT
OCT

2 7 SELF TEST ON/JFF SWITCH (L ) xxxxx.

28 SPARE

22
NOUN/LUMINAPY

R04 ,R3r ,R63 ,V41N72 118?

P33,P73

R36,R47

R6C,R63

ANYTIME WITH V06

ANYTIME WITH V06

P51 ,P52, P57,R62, V41N2P ,V43

V55

r 016
NOUN/LUMINARY



017
23

NOUN/LU'^INARY

29 SPARE

3C SPARE

31 SPARE

32 TIME FROM PERIGEE OOXXK. HRS R30
OOOXX. MIN
OXX. XX SEC

33 TIG (L) 00 XXX. HRS P12,P22,P30,P76,P77
OOOXX. MIN
OXX. XX SEC

39 TIME OF EVENT (L ) ooxxx. HRS P21,P52,P57
oocxx. MIN
OXX. XX SEC

35 TFI ooxxx. HRS
OOOXX. MIN
OXX. XX SEC

36 TIME OF LGC CLOCK ooxxx. HRS
OOOXX. MIN
OXX. XX SEC

37 TIG (TPII (L) ooxxx. HRS P32,P39, P72. P79
OOOXX. M I

N

OXX. XX SEC

38 SV INTEGRATION TIME (TETI ooxxx. HRS ANYTIME
oocxx. M 1

N

OXX. XX SEC

39 SPARE

90 TIME FROM IGNIT lON/CUrUFF XXd X X MIN/SEC P90,P91,P92
VG xxxx.x FPS
DELTA V (MEASURED) XXXX.X FPS

91 NAV BASE AZIMUTH (LI XXX. XX DEG system test
NAV BASE LATITUDE XX. XXX DEG

92 APQ ALT xxxx.x NM P30
PER ALT xxxx.x NM
DELTA V xxxx.

X

FPS

93 LATITUDE XXX. XX DEG ( + NGRT H

)

P21,P68
LCNGITUDfi XXX. XX DEG (+ EAST)
ALTITUDE xxxx.x NM

99 APQ ALT xxxx.

X

NM R30
PER ALT xxxx.x NM
TFF XX8XX MIN/SEC

95 MARKS (M) xxxx X. P30,P32,P33,P39,P35

NOUN/LUMI NARY



2 ^

N3U^4/L URINARY

< <0 < < Ml './St.; P7/ ,P73 , P74, (’’5

’•*

' ) A XX XX Dt..,

Y 6 CAr „:;uF!G ;l ) OC 1 ,Ril ,Pg 6 , PRC .P63,P7r,P71
CHANrtK'JP Oil

A7 THIS VEHICLE /.T (L 1 XXXXK, LGS R0 3

CTHER vehicle n'T XXXXX. LdS

Y8 gimbal pitch rkI4 (LI <X <. XX Dt., R03 (LOAD POSITIVE NON-ZERD ONLY)
GIMBAL RCLl TRIM XXX. XX DLG

49 CEL 1 A R XXX. XX NM K22
DELTA V xxxx.x EPS
SOURCE CODE XXXXX.

5C SPARE

5 1 S BAND ANT PITCH (ALPHA) XXX. XX DLG RCr
S BANC ANT V Ar (BETA) XXX. XX

52 CENTRAL angle 3F AC T I VE VEHICLE XXX. XX DcG P34,P35, P74,P75

53 SPARE

54 RANGE XXX. XX NM P20 ,P22, R31
RANGE RATE xxxx.x EPS
THETA XXX. XX OE.,

55 NO OF APSI CAL CROSS INGS INI (LI XXxX X. P32 ,P34, P72, P74
elevation ANGLE ( E) XXX. XX Dcu
central angle (CENTANG) XXX. XX DEG

5£ RR LGS AZIMtTI XXX. XX DEG P 12,P22,P57,P68,V35
RR LOS ELEVATION < <X. XX DEG

57 SPARE

5 8 PERIGEE ALTITJDE (POST TPII XXXX.

X

NM P34,P74
DELTA V ( TPI ) xxxx.x EPS
DELTA V (TPF) XXXX.

X

EPS

55 DELTA V LUS xxxx.x EPS P34,P35,P74,P75
xxxx.x EPS with VC6 UR V16 1180
XXXX.

X

EPS

60 FORVEL xxxx.x EPS P66
H DOT XXXX.

X

EPS
H XXXXX. FT

5 1 TG XXBXX MIN/SEC P63
TFI XXBXX MIN/SEC
CROSSRANGE xxxx.x NM

62 VI xxxx.x EPS P63
TFI xxbxx MIN/SEC
DELTA V (MEASURED) XXXX.

X

EPS

U18
NOUN/LUMINARY



63 DELTA H XXXXX. FT
H DOT XXXX.X FPS
H XXXXX. FT

6A time LEFT FOR REDES I GNAT 10 NS (TRI/LPD XXBXX ScC/DEG
H DOT XXXX.X FPS
H XXXXX. FT

6 5 SAMPLED LGC TIME ooxxx. HRS
(FETCEED IN INTERRUPT) oooxx. MIN

OXX. XX SEC

66 LR SLANT RANGE XXXXX. FT
LR PCSITICN oooox.

67 LR VX XXXXX. FPS
LR VY XXXXX. FPS
LR VZ XXXXX. FPS

68 HCR RANGE TO LS xxxx.

X

NM
TG XXBXX MIN/SEC
VI XXXX.X FPS

69 LAND DELTA Z COMPCNENT ID XXXXX. FT
LAND DELTA Y COMPONENT XXXXX. FT

LAND DELTA X COMPCNENT XXXXX. FT

70 AOT DETENT COJE/STAR CODE ID OCT

71 AOT DETENT COJE/STAR CODE (LI OCT
XIOR CURSOR) MARK COUNTER AND REJECT POINTER OCT
Y(OR SPIRAL) MARK COUNTER AND REJECT POINTER OCT

72 RR TRUNNION A4GLE XXX. XX DEG
RR SHAFT ANGLE XXX. XX DEG

7 3 DESIRED RR TRUNNION ANGLE (L) XXX. XX DEG
DESIRED RR SHAFT ANGLE XXX. XX DEG

7A TFI XXBXX MIN/SEC
YAW XXX. XX DEG
PITCH XXX. XX DEG

75 DELTA ALTITUDE CDH XXXX.X NiM

DELTA TIME I CJH-C S I OR TPI-CDH) XXBXX MIN/SEC
DELTA TIME (TPI-CDH OR TPI-NQMTPI) XXBXX MIN/SEC
(NCTEJ R2 ANO R3 ARE RUUULARIZED T3

THE HOUR; I.E. 63 RINS 22 SECS IS UIS-
PLAYEC AS 03B22 EXCEPT THAT IF R2 IS

NEGATIVE IN P33 OR P73 IT IS LIMITED
INSTEAD, I.E. -63 MIN. 22 SEC. IS

DISPLAYED AS -59B59. )

( L)76 DQWNRANGE VELOCITY I VHF

)

RACIAL VELOCITY (H DOT F)

XXXX.X FPS
XXXX.X FPS

019
25

NOUN/LUMI NARY

P63

P6A

R33, ANYTIME WITH V16 OR V06

R04 (LR POSITION ANYTIME WITH VC6 OR V16)

ROA

P63,P6A,P66 WITH V'b OR V16

P63

R52,R5°

R53,R5S 1180

P2O,R0A, ANYTIME WITH 1180
V06 OR V16 (IF P,R IN LGC MODE)

VA1N72

P12

P32,P33,P72,P73 1180

P12,P7r,P71

NOUN/LUMI NARY



CROSSRANGE XXXX.X NM

77 TG XXBXX MIN,

VGYILMI XXXX.X EPS
VI XXXX.X EPS

78 RR RANGE XXX. XX NM
RR RANGE RATE XXXX.X EPS
TFI XXBXX MIN/.

79 CURSOR ANGLE (L 1 XXX. XX DEG
SPIRAL ANGLE XXX. XX DEG
POSITION CODE XX XXX.

8C DATA INDICATOR XXXXX.
OMEGA XXX. XX DEG

8 1 DELTA VXILVI ID XXXX.X EPS
DELTA VYILV) XXXX.X EPS
DELTA V.ZILV) XXXX.X EPS

82 delta VXILVI XXXX.X EPS
DELTA VYILV) XXXX.

X

EPS
DELTA VZILV) XXXX.X EPS

83 DELTA VXILM) XXXX.

X

EPS
DELTA VYILMI XXXX.X EPS
DELTA VZILMI XXXX.X EPS

34 DELTA VXIOVI ID XXXX.X EPS
DELTA VYIOV) XXXX.X EPS
DELTA VZIQV) XXXX.X EPS

85 VGXILH) XXXX.X EPS
VGYILMI XXXX.X EPS
VGZILM) XXXX.X EPS

86 VGX(LV) XXXX.

X

EPS
VGYILVl XXXX.X EPS
VGZILVI XXXX.X EPS

87 BACKUP OPTICS LOS AZIMUTH ID XXX. XX DEG
BACKUP OPTICS LDS ELEVATION XXX. XX DEG

88 CELESTIAL 8CDT UNIT POSITION VECTOR ID X .XXXXX
Y .XXXXX
Z .XXXXX

89 LATITUDE ID XX. XXX DEG
LCNG/2 XX. XXX DEG
ALTITUDE XXX. XX NM

9C RENO GUT OE PLANE PARAMETERS Y XXX. XX NM
Y DOT XXXX.X EPS
PSI XXX. XX DEG

91 ALTITUDE XXXXX. NMx:

26
NOUN/LUMINARV

R12,R7C, P71
ANYTIME KITH Vr.6 OR V16

R04,R65 1180

R57,R59

R24

P30,P32,P33,P34,P35,P4Ct P4l ,P42

.

P72 ,P73, P74, P75, P77 1180

P32,P72

P47

P76

P12,P40,P41,P42,P70,P71

P40,P4l, P42

R52.R53,R59

R58

P52,P57

R36

P21 1180

020
NOUN /LUMINARY



021

VELOCITY xxxxx. FPS
FLIGHT PATH ANGLE XXX. XX DEG

? 2 TERCMC xxxxx. PCT P63 ,P6A, P66
H DOT xxxx.x FPS
H xxxxx. FT

93 delta gyro angles IL FOR X XX. XXX DtG P57,R55, V42
V42 ONLY) Y XX. XXX DEG

Z XX, XXX DEG

9^ VGXI LMI XXXX.X FPS P12,P7C,P71
H DOT xxxx.x FPS
H XXXXX. FT

95 SPARE

96 SPARE

°7 SYSTEM TEST INPUTS ID xxxxx,
xxxxx.
xxxxx.

9 8 SYSTEM TEST RESULTS AND INPUT IL) XXXX X.

.xxxxx
xxxxx.

99 RSS IN POSITION (L ) xxxxx. FT Vfa7

RSS IN VELOCITY xxxx.x FPS
RSS IN BIAS xxxxx. MILLIRADIANS

1180

1180

CHANGE CCM80L NUTES

REV 00 PCR 79
REV n PCR 9, 99,106,13 8,173 ,254 ,40 7 ,469 ,472 ,4 90,540,614, 623
REV 001 LUM lA) PCR 268 ,270, 695, 732 , 736 , 738
REVS; 01 ,02 ILUM 18) PCR 279, 752, 7 80 , 623, 854, ED ITORI AL
REV 031 LUM 1C) PCR 285 , 8C6 . 2,88 2, EDITORIAL
REV 041 LUM ID) PCR 287, 302. 2 ,872.2, 983, PCN 1C 09
REV 051 LUM IE) PCR 317. 2,334 ,339 , 1044,1066,1 10 7,1109, PCN 1145
REV C6l LUM IE) PCN 1180

27
NOUN/LyilNARY

NOUN/LUMINARY





4.4.5 CHECKLIST REFERENCE CODES USED WITH THE "PLEASE PERFORM
CHECKLIST" REyUEST (VER3 50 NOUN 251

R1 CODE ACTION TO 3E EFFECTED

00013 KEY IN NORMAL OR GYRO TORJUE COARSE ALIGN

00014 KEY IN FINE ALIGNMENT OPTION

00015 PERFORM CELESTIAL BUOY ACgUISITION

00016 PERFORM SIGHTING DATA REJECT OPTION

0CC62 SNITCH LGC POWER DOWN

00200 -

00201 SWITCH RR MODE TO AUTOMATIC

0C2O3 SWITCH GUIDANCE CONT TO PGNS. M3DE TO AUTC, THR CONT TO AUTU

00205 PERFORM MANUAL AC3UISITI0N OF CSM WITH RR

00500 SWITCH LR ANTENNA TO POSITION 1

0C501 -

SWITCH-DENOTES CHANGE POSITION OF A CONSOLE SWITCH

PERFORM-DENOTES START DR END OF A TASK

KEY IN-DENUTES KEY IN OF DATA THRU THE DSKY

CHANGE CCNTROL NOTES

REV Cl PCR 134,470
REV 02 EDITORIAL
REV 03(lLM lEI PCR 335,1044

REV (3 C2/17/71

WHEN USED PCR

P52

P57,R51 335

P5l ,R51,R59

R53 1044

P06

P20,P22,RC'4

P12,P4C,P42,P63,P70,P71

K23

P63

CHECKLIST COD





025
31

CPTION CaOES/LUM
REV C3 12/03/69

6.^.5 THIS LIST STATES THE OPTION COOES DISPLAYED
CONJUiNCTION WITH VERd NOUN 06 (OK V04M12
CR VOS FOR P57) TO REUUEST THE ASTRONAOT TO
OPTION HE DESIRES FOR PROGRAM LUMINARY. THE
CODES WILL BE DISPLAYED IN R1 IN CONJUNCTION

IN R1 IN
FOR EXTENDED VERBS
LOAD INTO R2 THE
SPECIFIED OPTION
WITH flashing VO^^-

N06 (OR V04N12 FOR EXTENDED VERBS UR VOS FOR P57) TO RECUEST
THE ASTRONAUT TO LOAD INTO R2 THE OPTION HE DESIRES.

R1

OPTION
CEDE PURPOSE INPUT FOR R2 WHEN USED

0 000

1

SPECIFY IMU ORIENTATION 1=PREF, 2=NUM, J^REFSMMAT, 4=LAND SITE P52,P57

ncoo2 SPECIFY VEHICLE 1=THIS, 2=DTHER P21,R3f'

0COO3 SPECIFY TRACKING ATTITUDE 1=PREFEKRED, 2=UTHER R63

CC004 SPECIFY RADAR 1=RR, 2=LR Rr4

OOOC6 SPECIFY RR COARSE ALIGN OPTION 1=L0CK0N, 2=C0NTINU0US DESIG V41N72

00010 SPECIFY ALIGNMENT MODE 0 =ANYTIME, 1 = REFSMMAT ti,

,

2 = TWU BODIES, 3 =0NE BODY *-0

P57

0C012 SPECIFY CSM ORBIT DPT ION 1=N0 ORBIT CHANGE, 2=CHANGE ORBIT
OVER LM

TO PASS P22

CHANGE CCNTRUL NOTES

REV Cl
REV 02(LUM
REV 03

18)
PCR 105,490
PCR 279

EDITORIAL

PCR

OPTION CODES/





4.4.7 ALARM CODES USED HlTH VERB 05 NJUN 09 REV C5 02/17/71

R 1

CODE PURPOSE SET BY

com MARK MISSING R53

00112 MARK OR MARK REJECT NOT BEING ACCEPTED R57

0C113 NO IN81TS R57

00115 NO MARKS TO REJECT R57

0C2C6 ZERO ENCODE NOT ALLOWED WITH COARSE ALIGN
GIMBAL LOCK

IMU MODE SWITCH
V4CN20

CC207 ISS TURN-ON RECUEST NCT PRESENT FOR 9C SEC # T4RUPT

0C21O IMU NOT OPERATING IMU MODE SWITCH, R02
P51,P57

3 02 11 COARSE ALIGN ERROR IMU MODE SWITCH, P51,
P57,R5P

00212 PIPA FAIL BUT PIPA IS NOT BEING USED H IMU MODE SWITCH, T4RUPT

r0213 IMU NOT OPERATING WITH TJRN-UN REOUEST » T4RUPT

0G214 PROGRAM USING IMU WHEN TURNED OFF H T4RUPT

0C217 BAD RETURN FROM IMUSTALL P5l ,P57,R50

00220 BAD REFSMMAT RC2,R47

0C401 DESIRED GIMBAL ANGLES GREATER THAN "X" DEG INF ALIGN ("X"=60),
FINDCDUW l"X"=70)
KALCMANU

0 0 402 FINUCDUW ROUTINE NOT CONTROLLING
ATTITUDE BECAUSE OF INADEQUATE
POINTING VECTORS.

FINDCDUW

0C404 M SPECIFIED STAR NOT AVAILABLE IN ANY DETENT R59

0 0405 M TWO STARS NOT AVAILABLE R51

OC421 W-MATRI X OVER FLOW INTEGRV

2C430 ACCELERATION OVERFLOW IN INTEGRATION 4 ORBITAL INTEGRATION

PCR

iP44
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OC501 MP RACAR ANTENNA CUT JF LIMITS

0C502 8AC RADAR GIMBAL ANGLE INPUT

CC503 MP RACAR ANTENNA DESIGNATE FAIL

CC510 RACAR AUTO DISCRETE NOT PRESENT

0C511 LR POSITION INDETERMINABLE

t)C514 yP RR GOES OUT OF AUTO MODE RHILE IN USE

00515 RR CDU FAIL DISCRETE PRESENT

0C520 RADARUPT NOT EXPECTED AT THIS TIME

00522 LR POSITION CHANGE

0C523 LR DID NOT ACHIEVE POSITION 2

00525 MP DELTA THETA GREATER THAN 3 DEG

CC526 RAN>,E GREATER THAN 400 MILES

OC527 LOS NOT IN MODE 2 COVERAGE WHILE ON LUNAR
SURFACE OR VEHICLE MANEUVER REQUIRED

00530 MP LOS NOT IN MODE 2 COVERAGE ON LUNAR
SURFACE AFTER 600 SEC

0 0600 M IMAGINARY ROOTS CN FIRST ITERATION

0 0601 M PERIGEE ALTITUDE CS I LESS THAN 35K FT
ILUNAR ORBIT) OR B5 NM (EARTH ORBIT).

0 0602 M PERIGEE ALTITUDE CDH LESS THAN 3 5K FT
(LUNAR ORBIT) OR 85NM (EARTH ORBIT).

0 0603 M CSI TO CCH time less THAN 10 MIN

C C604 M CDH TO TPI TIME LESS THAN 10 MIN
OR COMPUTED CDH TIME IS GREATER THAN INPUT TPI TIME

0 0605 M NUMBER OF ITERATIONS EXCEEDS P32/72 LOOP
MAXIMUM

0 0 60 6 M DELTA V EXCEEDS MAXIMUM

2 060 7 ** NO jOLUTION FROM TIME-THETA OR
TIME-RADIUS

00611 M NO riG FOR GIVEN ELEV ANGLE

C0701 M ILLEGAL ALIGNMENT TECHNIJUE SELECTED

34
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k2i

V41N72

R2l.V41N72(N0N MPI

R2i,V4CN72

R12

P2'1, P22

R25

P20 ,P22,R12

RCA

V59

R22

P2C'

R24

R26 1145

P32,P72

P32,P72

P32,P72

P32,P72

P32. P72

P32,P72

P32,P72

* TIMETHET, TIMFRAO

P33 ,P34,P73,P74

P57 1145

02S
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00777

f' 1102

21103

3110A

01105

D 1106

01107

3 1201

3 1202

31203

2 1204

31206

31207

31210

3 1211

0 1301

21302

2 1406

0 1406

0 140 7

D 1410

01412

0 1466

2 1501

PIPA fail caused ISS WAR'IING

LGC SELF TEST ERROR

* JNLjEO CCS BRANCH EXECUTED

» DELAY ROUTINE BUSY

DQV.NL1NK TOO FAST

UPLINK TOO FAST

PHASE TABLE FAILURE. ASSUME ERASABLE
MEMORY IS DESTROYED

* EXECUTIVE OVERFLOW - NO VAC AREAS

* EXECUTIVE OVERFLOW-NO CORE SETS

* WAITLIST OVERFLOW - TOO MANY TASKS

* WAITLIST, VARDELAY, FIXDELAY, LONGCALL
JR OELAYJOB CALLED WITH ZERO OR NEGATIVE
DELTA T IME

* SECOND JOB ATTEMPTS TO GU TO SLEEP VIA
KEYBOARD AND DISPLAY PROGRAM

* NO VAC AREA FUR MARKS

* TWC PROGRAMS USING DEVICE AT THE SAME TIME

* ILLEGAL INTERRUPT OF EXTENDED VERB

ARCSIN-ARCCCS ARGUMENT TOO LARGE

SORT CALLED WITH NEGATIVE ARGUMENT

BAD RETURN FROM RUUTPSRS
IDURING IGNITION ALGORITHM)

BAD RETURN FROM ROJTPSRS
IDURING POWERED FLIGHT)

VG INCREASING (DELTA-V ACCUMULATED
AT 40 DEGREES FROM DESIRED THRUST
VECTOR)

.

UNINTENTIONAL OVERFLOW IN GUIDANCE

DESCENT IGNITION ALGORITHM NOT
CONVERGING

TOO FEW THRUTTLINGS SINCE LAST OMISSION
OF P66

** keyboard and DISPLAY ALARM DURING INTERNAL

W T4RUPT

# SELF CHECK

» ABORT

W EXECUTIVE

V T4RUPT

0 T4RUPT

# RESTART

0 EXECUTIVE

V EXECUTIVE

A WAITLIST

A WAITLIST

A PINBALL

R53

A IMU MODE SWITCH

R53

A INTERPRETER

A INTERPRETER

A P63

A P63,P64

P4r,P42

A P63,P64,P66

A P63

A P66

A PINBALL

1145
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USE (NVSUB). ABORT

31502 * ILLEGAL FLASHING DISPLAY

C152C V37 REQUEST NOT PERMITTED AT THIS TIME

01600 OVERFLOW IN DRIFT TEST

0 1601 BAD I MU TORQUE

01703 TUC CLOSE TO IGNITION, SLIP TIG

01706 M incorrect PROGRAM SELECTED FOR VEH CONFIG

32000 » DAP STILL IN PROCESS AT NEXT
TIME 5 RUPT

02001 JET FAILURES HAVE DISABLED Y-2 TRANS-
LATION

02002 JET FAILURES HAVE DISABLED X TRANS-
LATION

02003 JET FAILURES HAVE DISABLED P ROTAT-
IONS

02004 JET FAILURES HAVE DISABLED U-V ROTA-
TIONS

03777 ICDJ FAIL CAUSED THE ISS WARNING

04777 ICCU, PIPA FAILS CAUSED THE ISS WARNING

07777 IMU fail CAUSED THE ISS WARNING

1C777 IMU, PIPA FAILS CAUSED THE ISS WARNING

13777 IMU, ICDU FAILS CAUSED THE ISS WARNING

14777 IMU, ICDU, PIPA FAILS CAUSED THE ISS
WARNING

# SECTION 4 OF THE GSOP DOES NOT DESCRIBE LJGIC OF ALARM
GENERATION. CdNSULI PROGRAM LISTING

* GENERATES SOFTWARE RESTART (BAILOUT ALARM)
*» RESULTS IN PROGRAM v,OING TO RcO (PCODOO ALARM)
M INDICATES MAIN ALARM
P INDICATES PRIURITY ALARM

NOTE: FOR VC5 NC9 DISPLAYS:
Rl-XXXXX (FIRST ALARM FOLLOWING ERROR RESET).
R2-XXXXX (SECOND ALARM FOLLOWING ERROR RESET).
R3-XXXXX IMCST RECENT ALARM).

36
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# GOPLAY

POO

# GROUND TEST

# GROUND TEST

R41

P4P, P42

# DAP

» DAP

H DAP

# DAP

# DAP

# T4RUPT

# T4RUPT

(f T4RUPT

# T4RUPT

I* T4RUPT

# T4RUPT

030
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ERROR RESET WILL SET R1 AND R2 TU
ZERO, 3UT NOT AFFECT T3.

CHANGE CONTROL NOTES

LOGIC REV 01 PCR 1C 5 , 106 , 13 8 , ATT , 536 , 593
LOGIC REV OOILUM lAI PCR 720,721,722,751

REVS 01,021LUM 18) PCR 80 1 .2, 802 . 2 , 81 7 , 856 , EDI TOR 1 AL
REV 03 EDITORIAL
REV C4(LUM 10) PCR °79,1013, PCN ICCa
REV rSILUM IE) PCR 1044, PCN 1145

031
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4. A. 8 FLAGS REFERENCED IN SECTICN 4 OF R567 REV 07 12/01/71

F LAG PGR IF FLAG SET IF flag reset tested SET RESET

ABORT ENABLE FLAG ABORT PROGRAMS
ENABLED

ABORT PROGRAMS NOT
ENABLED

P7C,P71,R11 P63 P12,P68,P7D,P71

ABORT TARGETING FLAG J<:,K.2 PARAMETERS
USED FOR ABORT
TARGET ING

J1,K1 PARAMETERS
USED FOR ABORT
targeting

P70,P71 ROD

ACTIVE VEHICLE FLAG LM IS ACTIVE
VEHICLE

CSM IS ACTIVE
VEHICLE

TARGET I NG
COMPUTATIONS

P32,P33,P34,P35 P72,P73,P74,
P75

APS ABORT
CCNTINUATION FLAG

ilBO APS continued
ABORT AFTER
OPS ABORT

APS ABORT NOT
A CONTINUATION
CF DPS ABORT

P71 P7r,P71

APS FLAG CRErt HAS
SPECIFIED
THAT DPS NAS
BEEN staged

Crew has
SPECIFIED
THAT DPS HAS
NOT BEEN STAGED

PI2,P40,P42,P63
P7C ,P71,R03,R4C

P42fP68iP71,RD3 ROB

ASTRONAUT FLAG CRER HAS APP-
ROVED IGNITION

CREW HAS NOT
APPROVED IGNITION

P12,P40,P41,P42,P63,
R40

P12,P4C ,P42,P63,R40 P12,P40,P41,P42,
P63,R40

ATTITUDE FLAG 1180 LGC HAS STORED
LM ATT ITUDE
1 N MOON-FIXED
CO-ORD

LGC HAS NOT STORED
LM ATTITUDE IN
MOON-FIXED CO-ORD

P57 P57,Pb8

ALX FLAG IF IDLE Flag RE-
SET SERVICER
WILL EXERCISE
DVMUN

IF IDLE Flag reset
SERVICER WILL SKIP
DVMON AND SET AU

X

FLAG

R4C R40 R4D

AVERAGE G FLAG 1180 average G
(SERVICER)
DESIRED

AVERAGE G
(SERVICER)
NOT DESIRED

P7{ ,P71,R25,R3?,R31,
AVERAGE G. R57,V59

AVERAGE G ROD

CCMP E FLAG ELEV. ANGLE
SUPPLIED FOR
P34/74

ELEV. ANGLE NOT
SUPPLIED FUR
P34/74

P34,P74 P34,P74 P34,P74

CONTINUOUS DESIGNATE
FLAG

IIBO LGC COMMANDS RR
WITHOUT LJCK ON

LGC CHECKS FOR
LOCK ON

V41N72. V44 V41N72.P26 P20,P22 ,RrO,R24,
R25.R26,RS6,
V41N72 ,V44

DESIGNATE FLAG 1180 RR DESIGNATE RR DESIGNATE NOT V41N72 V4 1N72 P20,P22,Rro,R24,

flag/luminary
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REQUESTED UR
IN PROGRESS

REQUESTED OR IN
PROGRESS.

R26,R56, VA1N72,
VAA

DID FLAG INERTIAL
DATA avail-
able

PERFORM DATA
DISPLAY INITIAL-
IZATION

RIC Rl'' RIO

DRIFT FLAG GYRO COM-
PENSATION

NO GYRO COMPEN-
SAT ION

TURUPT P51,P52,P57,R90,R50 P06,P51,P52,P57,
R50,VAlN2r

ENGINE CN FLAG 1180 ENGINE TURNED
ON

ENGINE NOT TURNED
CN

P12 , PAD , PA2,
P63,P7r.,P71,RA0

P12,PA0,PA2,P63,
PTO.PTI.ROO.RAO

EXTENDED VERB ACTIVE
FLAG

1180 EXTENDED VERB
IN PROGRESS

NO EXTENDED VERB IN
PROGRESS

ROB ,R30 ,R31 ,R76, V8B R76 P27,R03,RCA,R05,
R30,P31 ,R36,RA7,
R62,R63, VA1N2C

,

VA1N72,VA2,VA3,
V55,V67,V85,V91,
P07

EXTERNAL DELTA V FLAG EXTERNAL DELTA
V VG COMP

LAMBERT VG COMP TVe COMPUTATIONS P3r',P32,P33,P72,P73 P3A,P35,P7A,P75

FINAL FLAG LAST PASS
THROUGH
RENO. COMP.

INTERIM PASS
THROUGH REN-
DEZVOUS COMP

P32,P33,P34,P35,P72,
P73,P74,P75

P30,P32,P33,P3A,P35,
P72,P73,P7A,P75

P32,P33,P3A,
P35,P72,P73

,

P7A,P75

F IRST PASS FLAG FIRST PASS SUCCEEDING PASS P2C ,P22 P20,P22 P2r',P22

FIRST TIME FLAG FIRST TIME THRU
LUNAR SURFACE RR
PRE-DESIGNATE
ROUTINE (R261

NOT FIRST TIME THRU
LUNAR SURFACE RR
PRE-DESIGNATE
ROUTINE IR26I

R26 R26 R26

FLIGHT S9 FLAG 11 se- LUNAR SURFACE
MARK PRO-
CEDURE
ICURSOR/SPIRAL »

USED DURING
P52

NORMAL
MARKING
IX, Y PAIRS)
USED DURING
P52

R32 ,R53 ,R59 R51 P57,R51 ,RC3

GIHBAL LOCK FLAG GIMBAL LOCK NOT GIMBAL LOCK ROO

H FAIL FLAG ll 80 LANDING RADAR
ALT FAILED
REASONABI LI TY
TEST

LANDING RADAR
ALT PASSED
REASONABILITY
TEST

R12 P70,P71,RCD,R12

H FLASH FLAG 1180 FLASH LR
ALTITUDE
FAIL LAMP

DO NOT FLASH
LR ALTITUDE
FAIL LAMP

R09 R12 P70,P71,R00,R12

HIGATE FLAG 1180 AFTER HIGATE BEFORE HIGATE RI2 R12 P70,P71,BH'i

IDLE FLAG NO DV MONITOR CONNECT DV MONITOR RAC P12,PAr,PA2,P79,P71,
RnCjRAC, FRESH START

P12,PA0,PA2,P63,
P7n,P71,RA0

034
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( V 36EI

IGNITIGN FLAG TIG HAS
ARRIVED

TIG HAS NOT
ARRIVED

Pl/.PAC.PA/.PBB.RAC P12. P4r ,P41 ,P42 iP63t
RAO

P12,P40,P4I,P42
P63,R40

impulse flag MINIMUM IMPULSE
BURN lC/0 SET)

STEERING BURN
(C/O NUT SET)

P‘tC ,P4^,P63,R40 P4^ ,P42 P4D.P42

I muse flag I MU IN USE IMU NOT IN USE R47 P51 ,P57 ,Rr-2 P''6,P0C,R56

INERTIAL CATA DISCRETE
F LAG

RR CDUS IN USE
FOR INERTIAL
CATA DISPLAY

RR CDUS NOT IN
USE FOR INERTIAL
DATA DISPLAY

klC RIC RI'^

I NITIAL ALIGN FLA^ INITIAL PASS SECOND PASS OF P S7 P37 PB7 P57

LANDING ANALOG DISPLAYS
FLAG

1180 LANDING analog
DISPLAYS
ENABLED

LANDING ANALOG
DISPLAYS NUT
ENABLED

RiC AVERAGE-G RHD

LCCK-CN FLAG RADAR LOC<-
UN DESIRED

RADAR LQCK-ON
NOT DESIRED

V-«1N72 R21,V41N72 R21 ,R26,V4IN72

LCSCM LOS BEING
CCMPUTED

LOS NUT BEING
CCMPUTED

R21 P,21 P2'^ ,P22,R21,R24
V41N72

LR BYPASS FLAG BYPASS LR
UPDATES

DU NOT BYPASS LR
UPDATES

K04,RI2iR77tVS9,
V4CN72, V41N72

P70,P71 ,RC^ .fresh
START IV36E)

P63

LF PERMIT FLAG 1 1 80 LR UPDATES
PERMITTED BY
ASTRONAUT

LR UPDATES NOT
PERMITTED BY
ASTRONAUT

Pt)3,RI2 V57 P7D,P71,RrO,R12
V58

LR PCSITICN DATA
FAIL FLAG

LR ALTITUDE
DATA FAIL

NO LR ALTITUDE
DATA FAIL

R2C R20 R2n

LR POSITION FLAG U8U LR POSITION
HZ DESIREO

LR POSITION #1
DESIRED

R04 RY4,R12,R77,V59 R04,R77

LB VELOCITY DATA
fail flag

LR VELOCITY
DATA FAIL

NO LR VELOCITY
CATA FAIL

R20 P20 R20

MANUAL ACCUIRE FLAG MANUAL ACQUIRE
BY REND. RADAR

AUTO ACQUIRE BY
REND. RACAR

P2C.P22 P20 P20,P22

MARK IN PROGRESS FLAG MARK IN PROGRESS NO MARK IN PROGRESS R S 3 » R 76 RB3 R53

MARK INPUT
I NHIBIT FLAG

MARK PROCESSING
INHIBITED

MARK PROCESSING
ALLOWED

RS7 R53, R57 R53

M ID I FLAG INTEGRATE STATE
TO TDECl

INTEGRATE STATE
TO PRESENT TIME

R41 R41 R41

MUNFLAG 118C SERVICER
CALLS MUNRVG

SERVICER CALLS
CALC RVG

R2S,R31 P12,P63 R'^O

needle flag 1180 TOTAL ATTITUDE A/P FOLLOWING JAP P60, V62 V61

FL AG/LU!3INARY
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ERROR DISPLAYED ERROR UISPLAYED

N EED2FLG 1180 VEHICLE ATTITUDE VEHICLE ATTITUDE DAP V6n R6H,V61,V62
RATES DISPLAYED RATES NOT DISPLAYED

NEW TARGET FLAG ASTRONAUT OVER- ASTRONAUT DID NOT PU4,P3S ,P74,P75 P34,P35,P74,P75 P34,P35, P74, P75
WROTE DELTA V

AT TPI OR TPM
OVERWRITE DELTA V

NC DO VERB 37 FLAG 118.0 V37 NUT ALLOWED V37 ALLOWED KDC PC6,P76,P77 Pn6,P76,P77,R0C

NC LR READ FLAG 1180 LR REPOSI- LR NOT REPOSI- R12 R12 P70,P71,RCO,R12
TIONING TIONING

NC MARKS ALLOiJED FLAG 1180 MARKS NOT MARKS allowed Rb3,R76 R76 P27,RD3,RC4,R05
ALLOWED R30,R31,R36,R47
( EXTENDED R53,R62,R63,
VER8 ACTIVE) V41N2C,V41N72,

V42,V43,V55,V67,
V85,V91,Pr7

NO RR MONITOR FLAG 1180 BYPASS RR PERFORM RR R25 R23,R26,V41N72 P20 ,P22 ,R21 ,R23
MONITOR MONITOR V44

NO THROTTLE FLAG INHIBIT FULL ALLOW FULL PAD PAT P40,P63
THROTTLE THROTTLE

NC UPDATE FLAG NEITHER VEHICLE either VEHICLE MAY R22 V°5 V80,V81
MAY BE UPDATED BE UPDATED

P OOHFLAG 1180 POO SELECIED
(BYPASS BACKWARDS
INTEGRATION)

POO NOT selected ORBITAL INTEGRATION pne ROO

PREFERRED-ATT ITUDE- PREFERRED ATTI- PREFERRED ATTITUDE P52 P40,P41,P42 P52
COMPUTED FLAG TUDE COMPUTED NOT COMPUTED

PRIORITY DISPLAY ASTRONAUT USING astronaut NOT R76 DSKY DISPLAY DSKY DISPLAY
AWAITING KEY RELEASE KEYBOARD WHEN USING (KEYBOARD PROGRAM PROGRAM
FLAG PRIORITY DISPLAY

INITIATED
FREE)

PRIORITY DISPLAY FLAG 1180 PRIORI TY DI SPLAY NO PRIORITY DISPLAY R76,DSKY DISPLAY DSKY DISPLAY DSKY DISPLAY
IN ENDIDLE IN ENDIULE PROGRAM PROGRAM PROGRAM

PRIORITY IDLE FLA., PRIORITY DISPLAY PRIORITY DISPLAY K76 DSKY 01 SPLAY DSKY DISPLAY
AWAITING ASTRO- NOT WAITING PROGRAM PROGRAM
NAUT RESPONSE (KEYBOARD FREE)

PULSES FLAG 1180 MINIMUM NOT IN MINIMUM DAP P68,V76 P12,P40,P41,P42
IMPULSE IMPULSE COMMAND P63 ,P70 ,P71 ,R4r
COMMAND MODE MODE V77, FRESH START

( V36E

)

P2C PRIORITY DISPLAY 1180 P20/P25 PRIORITY P20/P2S NORMAL RbC R61,R65 R61 ,P65

FLAG DISPLAY DISPLAY

FLAG/LUMINARY
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P25 FLAG 1180 P2S RUNNING P25 NUT RUNNING PZS.ROD.RSG P2S P63,POO,R56

PTCTl FLAG P7G OR P71
USING ASCENT
GUIDANCE EQUATIONS

P12 USING
ASCENT GUIDANCE
EQUAT lUNS

ASCENT GUIDANCE P70tP71

QUIT FLAG STOP INTE-
GRATION

CONTINUE INTE-
GRAT ION

PDf V96 POO

RANGE CATA FLAG 1180 LR ALTITUJE
MEASUREMENT
MADE

NO LR ALTITUDE
MEASUREMENT
MADE

R12 R20 P70,P71,RrO,R12

RANGE SCALE FLAG SCALE CHANGE
DURING RR/LR
READ

NO SCALE CHANGE
CURING RR/LR
READ

R22 R2''' R22

RCS FLAG 1180 RCS INJECTION
MODE

MAIN ENGINE
MODE

AiCENT GUIDANCE Pl2,P7r,P71 P12.P70,P71

REDESIGNATION FLAG LANDING SITE
REDESIGNATION
ALLOWED

LANDING SUE
REDESIGNATION
PRUHiai TED

Pg4 P64 P63,P64

REFSMMAT FLAG 1180 REFSMMAT GOOD REFSMMAT BAD P3C ,P32,P33,P34,
P35,P57,R02iR47,R59

P51, P52,P57 POS.PSl.PSZ.PST
R50,V41N2r

R EMODE FLAG 1180 CHANGE IN

ANTENNA MODE
REQUESTED

NO CHANGE IN

ANTENNA MODE
REQUESTED

R24,R25,
V41N72 ,V44

R21, V41N72 R21,R25,
V41N72

RENDEZVOUS FLAG 1180 P20 OR P22
RUNNING

NEITHER P20 NOR
P22 RUNNING

P2C ,P22,R00,R22,
R24iR25,R56

P20.P22 P36,P12,P63,Rrr
R56,P25

REND W FLAG R MATRIX VALID H MATRIX INVALID NAVIGATION
COMPUTATIONS

NAV IGAT ION COMPUTATIONS P12,V67, V93

REPCSITICN FLAG 1180 REPOSITION
IN PROGRESS

NO REPOSI TION
IN PROGRESS

R2C ,R21 ,R25 ,

V4nN72f V41N72,V44
R25 R25,V41N72

rctaticn flag 1180 FORCE VEHICLE
ROTATION IN PRE-
FERRED DIRECTION

DO NOT FORCE VEHICLE
ROTAT ION

P12 ,P70,P7l P7P ,PT1 P12.P7n,P71

RR ANTENNA RODE FLAG RK IN mode «2 RR IN MODE #1 R21 R25 , V4rN72 R25,V40N72

RR AUTC MCDE FLAG RR NOT IN
AUTO MODE

RR IN AUTO MODE V4(N72 R25, FRESH START IV36E) R25

RR CDU NOT FAILED FLAG NO RR CDU FAIL RR CDU FAILED R2C ,R25 R25, FRESH START IV36E) R25

RR CDU ZERO FLAG 118C RR CDus Being
ZEROED

RR CDUS NOT
BEING ZEROED

P2C ,P22 ,R22,R25 R25, V4rN72 R25,V40N72

FLAG/LUNINAPY
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RR CATA FAIL FLAG RR DATA FAIL NO RR DATA FAIL R2t) R20 82"

RR TURN CN FLAG 1180 RR TURN ON SEQU-
ENCE IN PROGRESS

NO RR TURN ON
SEQUENCE

V4T N72 R25 R25

R04 FLAG RQ4 RUNNING K04 NOT RUNNING R77 Rn4 P2O,P22,R0^,Rr4

RIO FLAG 1180 RIO OUTPUTS
INERTIAL CROSS
AXIS VELOCITY AND
ZEROS FORWARD
VELOCITY

RIO OUTPUTS TO H

AND HDOT METERS AND
FORWARD AND LATERAL
CROSSPOINTERS

RiC P12,P7r,P71

R12 X-AXIS OVfcRRIJE
FLAG

1180 INHIBIT
OVERRIDE

DO NOT INHIBIT
OVERRIDE

H12 P12 870 ,871 , pro

R12 DELAY FLAG 1180 INHIBIT R12 PRO-
CESSING OF
VELOCITY DATA

ALLOW R12 PRO-
CESSING OF VELOCITY
CATA

R12 870 ,871 , RO0,R20

R61 FLAG RUN R61 LN RUN RGB LM R6 1 f R65 R61 P65

R 77 FLAG 1180 R77 ON
ISUPPRESS RADAR
ALARMS AND
TRACKER FAILS)

R77 OFF RJ4,R20,R77,VB9,
VAC N72 ,V41N72

R77 R77I V79)

SEARCH FLAG 1180 RADAR IN AUTO
SEARCH OPTION

RADAR NUT IN AuTO
SEARCH OPT ION

PZC ,P22,R24 R24 829 ,P22,R56

SNUFFER FLAG 1180 U, V JETS DIS-
ABLED DURING
DPS BURN

U, V JETS ENABLED
DURING DPS BURN

DAP V65 V75

STEER FLAG SUFFICIENT
THRUST

NOT SUFFICIENT
THRUST

TVC P40 R40

SURFACE FLAG LM CN MOON LM NOT ON MOON PZC ,P22,R21,R22,R24,
R31,R53,V66,V67

868 812

TERRAIN MCDEL INHIBIT
FLAG

1180 TERRAIN MODEL
INHIBITED

TERRAIN MODEL
ALLOWED

R12 R13,V68 863

TRACK FLAG 1180 TRACKING
ALLOWED

TRACKING NOT
ALLOWEO

P2r, 822,825,894,822.
R5G,R61 ,R65 ,R77 ,V59,
V4rN72, V41N72

820,822,825,830,
832, 833,834,835,
P72,P73, 874,875,876,
877, ROO

806,851 ,P57,RC9,
R5n,K56, V41N20

ULLAGE FLAG 1180 ULLAGE REQUEST NO ULLAGE REQUEST DAP P49, 842,863,849 812,849,842, 863

,

P7n,871,RC9,R4P

UPDATE FLAG SV UPDATING BY
RR MARKS ALLOWED

SV UPDATING BY RR
PARKS NOT ALLOWED

R22 820,822,830,832,
833,834,835,
872,873,874,875,

830,832,
833 ,834,835,
872,

038
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pro P73,P74,P75,
RO'',R55

USF-CP-JETS FLAG IL80 TRIN GIMBAL UN-
USABLE-USE JETS
ONLY

TRIM GIMBAL
RAY BE USED

DAP P4r., P7f ,R00 ,R4''

,

FRESH START (V36E)
R40

VEHICLE UPDATE FLAG CSM BEING
UPDATED

LM BEING UPDATED NAV IGAT ION
COMPJTATIONS

P22, V81 P20,V80

VELOCITY CATA FLAG 1180 LR VELOCITY
MEASUREMENT
MADE

LR VELOCITY
MEASUREMENT
NOT MADE

R12 R20 P7n,P71,Rr.0,R12

V ERIFLAG INVERTED BY VJ3 AT END OF P27 GROUND CCNTROLLERS P27 P27

VERTICAL RISE FLAG VERTICAL RISE NON VERTICAL RISE P12,P7C,P71 P12,P7C ,P71 P12,P7n,P71

V FAIL FLAG 118C LANDING RADAR
VELUCI TY FAILED
REASONABILITY
TEST

LANUINo RADAR
VELOCITY PASSED
REASONABILITY
TEST

PI2 P70 ,P7I , RCO, R12

V FLASH FLAG 1180 LR VELOCITY LAMP
FLASHING

LR VELOCITY LAMP
NOT flashing

RU<5 RI2 P70,P7I,Rr0,R12

VX INHIBIT FLAG 1180 SINCE Z-VELUCITY
BAD. BYPASS
<-VELUCI TY
UPDATE

UPDATE X-VELOCITY R12 R12 P7P,P71,Rro,RI2

V37 FLAG 1180 SERVICER IS
RUNNING

SERVICER IS
NOT RUNNING

ROC ,R04, R36 ,R77,
V59,V40N72. V4IN72

AVERAGE G ROO

V67 FLAG ASTRONAUT OVER-
WROTE INITIAL
W-MATRI

X

ASTRONAUT HAS NUT
OVERWRITTEN
W-MATRIX

V67 V67 V67

X-AXIS OVERRIDE
INHIBIT FLAG

BELOW LIMIT-IN-
HIBIT OVERRIDE

ABOVE L I MI r-DO
NOT INHIBIT

JAP P12,P7C',P71,R12 P12,P70,P71,RrC,
R13

3-AXlS FLAG 3-AXIS
MANEUVER

1-AXI S MANEUVER
(VECPOINT

)

R6C P,6 2 P40,P41,P42,Rrr,
P52 ,R60,R61 ,R63,
R65

4-JET TRANSLATION FLAG 118C 4-JET X-AXIS
translation

2-JET X-AXIS
TRANSLAT ION

DAP P12,P70,P71,CREW
OPTION IN R.03

CREW OPTION IN
ROB

A FRESH START IV36E) RESETS ALL OF THE ABOVE FLAGS EXCEPT FOR THE FOLLOWING:
APS FLAG
IDLE FLAG
LR BYPASS FLAG
LR POSITION FLAG (SET TO VALUE OF BIT 6 OF CiIANNEL 33.)
REFSMMAT FLAG
RR AUTO mode FLAG

FLAG/LUMI nary
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RR CDU NOT FAILtD FLAG
SURFACE FLAG
USE-QR-JtrS FLAG

CHAAGE CCNTRQL NOTES

REV 01 EDITORIAL
REVS 0( ,01 (LUM lAI

REVS 02,03 (LUM 18)

REV C4(LUM 1C) RCR
REV C51LGM ID) PCR

REV r6(LlM IE) PCR
REV C7(LUM IE) PCN

PCR 260,648,670, 722, EDITORIAL
PCR 279,780,793,814,820,323,338,

839, 341, 845, ED ITORIAL
285,86 3.2 ,89 3 ,895, ED I TORI AL
287, 3 10, 8 92, 8° 8,042 ,9 7°, 968,
990,1015,1021, PCN 1009,1035,1037
333,334,1044, 1100, PCN 1145
1180

FLAG/LUMI NARY
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PURPOSE:

* *

1180
+

ASSUMPTIONS;

PRCG

043
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LGC IDLING PROGRAM IPOOI REV 04 12/01/71

(1) TO PROVIDE A PROGRAM TO FULFILL THE FOLLOWING RE;1J IREM ENTS

:

(A) PROVIDE AN INDICATION TO THE CREW THAT THE LGC IS ENGAGED IN NT CONTROL OR COMPUTATIONAL OPERATIONS WHICH
MIGHT REQUIRE CONSIDERATION FOR COORDINATION WITH OTHER CREW TASKS IN PROGRESS.

IB) MAINTAIN THE LGC IN A CONDITION OF READINESS FOR ENTRY INTO OTHER PROGRAMS EXCEPT DURING STATE VECTOR
EXTRAPOLATION.

(2) TO UPDATE THE LM AND CSM STATE VECTORS EVERY FOUR TIME STEPS.

Ill the IMU hay OR MAY NOT BE ON. IF ON, THE IMU IS INERTIALLY STABILIZED BUT NOT NECESSARILY ALIGNED TO AN
ORIENTATION WHICH IS KNOWN TO THE LGC.

12) THE DAP IS AVAILABLE FOR MANUALLY CONTROLLED ATTITUDE MANEUVERS IF THE IMU IS ON. IF ATTITUDE MANEUVERS ARE MADE
BY THE CREW CARE MUST BE TAKEN TO AVOID IMU GIMBAL LUCK BY OBSERVING THE ICDUS IV16 N20) OR BY MONITORING THE FDAI
BALL.

(31 DURING THIS PROGRAM THE COASTING INTEGRATION ROUTINE WILL PERIODICALLY UPDATE THE LM STATE VECTOR (IF NOT ON THE
LUNAR SURFACE) AND THE CSM STATE VECTOR TO APPROXIMATELY THE CURRENT TIME AS DESCRIBED IN SECTION 5.6 OF R567.
THE CAPABILITY TO SELECT AN LGC PROGRAM (V37E— E) IS INHIBITED BY THE LGC DURING THIS INTEGRATION. V37 USE AT THIS
TIME HILL RESULT IN A PROGRAM ALARM (01520).

(41 TO MONITOR THE PROGRESS OF STATE VECTOR INTEGRATION, THE TIME ASSOCIATED WITH THE ADVANCING (REGRESSING) STATE
IS AVAILABLE BY KEYING IN V06N38 E:

V06N38
Rl-TET-HRS
R2-TET-MINS
R3-TET-SECS

TET-THE time (GET) TO WHICH THE STATE VECTOR INTEGRATION PROCESS HAS PRESENTLY CALCULATED THE STATE VECTOR.
IN HRS, MINS, SECS TO NEAREST .01 SEC.

(5) THIS PROGRAM IS AUTOMATICALLY SELECTED BY V96E, WHICH MAY BE DONE DURING ANY PROGRAM. STATF VECTOR INTEGRATION
IS PERMANENTLY INHIBITED FOLLOWING V96E. NORMAL INTEGRATION FUNCTIONS WILL RESUME AFTER SELECTION OF ANY PROGRAM.
USE OF V96 CAN CAUSE INCORRECT W-MATRIX EXTRAPOLATION SINCE STATE VECTOR SYNCHRONIZATION IS NOT MAINTAINED.

(6) THE PROGRAM IS SELECTED BY THE ASTRONAUT BY OSKY ENTRY.

LGC GROUND CREW

Pro/LUMINARY
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COM
. CREH
. PKCGRAM
. bELtCTIQN

START LGC IDLING
.

*

. KEY IN LGC IDLING
PROGRAM (POO) • PKUGRAM ( PGO )

DISPLAY POf’ V37E DOE

•

. MONITOR DSKY :

• OBSERVE DISPLAY OF
POO

#10

#20

IS UUIT FLAG SET?

• N Y.

RESET QUIT FLAG.
#30

WAIT FOR
SELECTION OF #40
ANY PROGRAM

+ +

+ 04 SET POOHFLAG TO
INHIBIT BACKWARD

+

+

+

+

+

+

+

+

044
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4-

4

4118C
4

I MEGRATIQN

EXTRAPCLATE PERMA-
NENT STATE VECTOR
FORWARD TO PRESENT
TIME EVERY 4 TIME
STEPS (REFER SECTION
5.6 OF R567).

IS THERE A REQUEST
FOR A NEW PROGRAM?

. Y N.

EXIT PC3
AND GO TO
PROGRAM
SELECTED
VIA ROC

Hsr

«6r

#70

#80

CHANGE CONTROL NOTES

REV 01 PCR 80,146,234,507,614
REV 02 EDITOR lAL

REV C3 EDITOR lAL

REV 04 PCiN 1180

PCO/LUMINARY
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LGC PUWER DOWN PROGRAM (P06) REV 03 12/01/71

PtRPCSE: (1) TO TRANSFER THE LGC FROM THE OPERATE TO THE iTANDdY GONJITIQN.

ASSUMPTIONS: IK THE NORMAL CONDITION OF READINESS OF THE PGnCS WHEN NOT IN USE IS STANDBY. IN THIS CONDITION THE I MU STANDBY
CIRCUIT BREAKER IS ON, THE IMU OPERATE CIRCUIT BREAKER IS UFF, THE LSC/DSKY CIRCUIT BREAKER IS ON AND THE STANDBY
LIGHT ON THE DSKY IS CN. IN THIS CONFIGURATION BOTH THE IMU AND LGC ARE OFF, WITH POWER APPLIED ONLY TO THE IMU HEAT
CONTROL CIRCUITRY AND THE LGC TIMING CIRCUITRY.

(2) A POSSIBLE CONDITION OF KEADINESi OF THE PGNCS WHEN WOT COMPLETELY ON IS THE SAME AS STANDBY III ABOVE, EXCEPT
THAT THE STANDBY LIGHT ON THE DSKY IS OFF. IN THIS CONFIGURATION TEE LGC IS RUNNING FOR COMPUTATIONAL PURPOSES THAT
DO NOT REQUIRE THE IMU.

131 IF THE COMPUTER POWER IS SWITCHED OFF IT WILL BE NECESiARY TO PERFORM A COMPUTER FRESH START (V36EI TO
INITIALIZE THE ERASABLE STORAGE. TEE LGC UPDATE PROGRAM 1P27I WOULD HAVE TO BE DONE TO UPDATE THE LM AND CSM STATE
VECTORS AND COMPUTER CLOCK TIME.

14) THE LGC IS CAPABLE OF MAINTAINING AN ACCURATE VALUE UF GROUND ELAPSED TIME IGETI FOR ONLY 23 HRS WHEN IN THE
STANDBY MODE. IF THE LGC IS NOT BROUGHT OUT OF THE STANDBY CONDITION TD THE RUNNING CONDITION (SEE (2) ABOVE) AT LEAST
ONCE WITHIN 23 HOURS THE LGC VALUE OF GET MUSI BE UPDATED.

(5) ONCE THE PROGRAM HAS BEEN SELECTED THE LGC MUiT BE SHUT DOWN UNLESS VGRE IS PERFORMED BEFORE A PROCEED ISTAND8YI
RESPONSE IS MADE TO THE V50N25 I f'OCBZ ) DISPLAY. AFTER POS SELECTION THE LGC WILL NOT HONOR A NEW PROGRAM REQUEST

W-P3 (V37EXXE, EXCEPT XX=OOI, A TERMINATE (V34E), A V33E, OR AN ENTER IN RESPONSE TO THE LGC REQUEST FOR LGC STANDBY.
FI180
«•+ (6) THE PROGRAM IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY.

PROG LGC GROUND CREW
CONT

. CREW

. PROGRAM

. SELECTION

START LGC KEY IN LGC PCWER
PCWER DOWN . UOwN PROGRAM IPC6)
PROGRAM (P06) V37E Q&E #10
DISPLAY P06 .

Pr6/LUMINARY



MONITJK DSKY:
UQSERVt DISPLAY
OF P06

SET NO JO VERB 37
FLAG

STORE LJC CLOCK TIME

RESET TRACK FLAG

RESET CRIFT FLAG

RESET REFSMMAT FLAG.

RESET MUSE FLAG

RESET RENDEZVOUS
FLAG



HCLO .

SNAP .
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SEND STANDBY ENABLE
DISCRETE TO ENABLE
TURN ON OF STANDBY
LIGHT WHEN PROCEED
(STANDBY) BUTTON
IS PUSHED.

#7r

FLASH VERB-NOUN TO
REQUEST PLEASE PUT
LGC IN STANDBY:

V50 N2 5

R 1-000 62
R2-BLANK
R3-BLANK

MONITOR OSKY:
OBSERVE verb-noun
FLASHING TO REQUEST
PLEASE PUT LGC IN
standby:

#9C

WAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED
(STANDBY) BUTTON
AND HOLD ON

#100

TERMINATE FLASH UPON
RECEIPT OF STANDBY
ENTRY

STANDBY
ENTRY
(PROCEED)

ENTER,
V33E,
TERM-

#110

P06/LUMINARY
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TURN ON STANDBY OBSERVE STANDBY
LIGHT . LIGHT TO COME ON.

RELEASE PROCEED
(STANDBY) BUTTON

PUT LGC IN STANDBY.
BLANK ALL DSKY
LIGHTS

MONITOR DSKY:
OBSERVE ALL DSKY

LIGHTS TO GO BLANK.

EXIT P06 EXIT PC6

NOTE: WHEN IT

I S DES IRED TO
BRING THE LGC FROM
STANDBY TO OPERATE
THE FOLLOWING PRO-
CEDURES APPLY.

^

WAIT FOR KEY IN PROCEED
STANDBY ENTRY . (STANDBY) BUTTON

AND HOLD ON

56
Pr 6/LUMINARY

Kizr

#130

#1AP

#150

#160

050
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TURN OFF STANDBY
LIGHT

OBSERVE STANDBY
LIGHT TO GO OFF

CLEAR STANDBY RELEASE PROCEED
ENABLE DISCRETE. I STANDBY) BUTTON

UPDATE LGC TIME
COUNTER

RESET NO DO VERB
37 FLAG.

DO FINAL AUTOMATIC
REQUEST TERMINATE
ROUTINE IROO)

DO FINAL AUTCMAT IC
REQUEST TERMINATE
ROUTINE (ROO)

EXIT EXIT

CHANGE CONTROL NOTES

REV 01 PCR 44

A

REV 02 EDITORIAL
REV 03 PCN 1180

051
57

P06/LUMINARY

#170

#180

#190

#200

P06/LUM1NARV
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ASSUMPTIONS:
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POWERED ASCENT PROGRAM 1P12I RE\/ C5 12/01/71

11)

TO DISPLAY TO THE CREW, PRIOR TO ASCENT ENGINE IGNITION, CERTAIN LGC-STORED PARAMETERS ASSOCIATED WITH THE
POWERED ASCENT, FOR POSSIBLE MODIFICATION BY THE CREW.

(2) TO DISPLAY TO THE CREW, PRIOR TO ASCENT ENGINE IGNITION, CERTAIN FDAI BALL READINGS ASSOCIATED WITH THE EARLY
PHASES OF THE ASCENT MANEUVER.

13) TO CONTROL THE PGNCS DURING COUNTDOWN, IGNITION, THRUSTING AND THRUST TERMINATION OF A PGNC S-CDNTROLLED APS
POWERED ASCENT MANEUVER FROM THE LUNAR SURFACE.

11) THE LGC HAS STORED INJECTION VALUES WHICH DEFINE AN ASCENT TRAJECTORY. THESE VALUES ARE ALTITUDE OF INJECTION,
THE DISTANCE AT INJECTION BETWEEN THE LM AND THE C SM ORBITAL PLANE, AND THE LM VERTICAL IVIR)) AND HORIZONTAL IVIYI)
ANC IVIZ)) VELOCITIES AT INJECTION. THIS TRAJECTORY IS DESIGNED TO BE COPLANAR WITH THAT OF THE CSM AND TO RESULT
IN AN APOLUNE OF 30 NM. ALL ALTITUDES ARE MEASURED WITH RESPECT TO THE MAGNITUDE OF THE LANDING SITE POSITION VECTOR
WHICH IS AN LGC INITIALIZATION PARAMETER.

THIS PREDEFINED ASCENT TRAJECTORY MAY BE PARTIALLY MODIFIED DURING THIS PROGRAM BY ASTRONAUT INPUT ISEE
ASSUMPTION 12) AND LOGIC BELOW FOR DOWNRANGE VELOCITY, RADIAL VELOCITY, AND CROSSRANGE DISPLAY).

12) THE PGNCS WILL CONTROL THE LM ASCENT MANEUVER SUCH THAT THE LM VELOCITY AT INJECTION IS PARALLEL TO THE CSM
ORBITAL PLANE, EITHER IN THAT PLANE, OR AT A SPECIFIED DISTANCE FRCM THAT PLANE AS CONTROLLED BY ASTRONAUT DEFINITION
OF CROSSRANGE. THE ASTRONAUT CAN ALSO CHANGE THE REQUIRED INJECTION CONDITIONS BY MODIFYING THE NOMINAL INITIAL
DOWNRANGE AND RADIAL VELOCITY DISPLAY VALUES. ISEE DISPLAY OF V06N76 IN LOGIC BELOW). CROSSRANGE SHOULD NOT BE
SPECIFIED SUCH AS TO CAUSE THE ASCENT TRAJECTORY TO CROSS THROUGH THE CSM ORBITAL PLANE.

13) THE INITIAL PERIOD OF THE ASCENT TRAJECTORY WILL CONSIST OF TWO PHASES:

lA) VERTICAL RISE PHASE-FROM TIG UNTIL THE RADIAL VELOCITY IVIR)) OF THE LM EXCEEDS 40 FT/SEC, THE
LM WILL BE HELD BY THE PGNCS TO AN ATTITUDE SUCH THAT THE LM +X AXIS IS PARALLEL TO THE LM
POSITION VECTOR AT TIG. AT TIG THE PGNCS WILL COMMAND THE LM AROUND ITS X AXIS lYAW) UNTIL THE
LM *L AXIS POINTS DOWNRANGE.

IB) PITCHDVER PHASE-WHEN VIR) EXCEEDS 40 FT/SEC, THE PGNCS WILL COMMAND THE LM TO PITCH DOWN
AN AMOUNT DEFINED BY THE GUIDANCE EQUATIONS.

THE LM ATTITUDE WILL SUBSEQUENTLY BE CONTROLLED BY THE GUIDANCE EQUATIONS.

14) THE X-AXIS OVERRIDE OPTION PRCVIDES THE CREw WITH THE ABILITY TO EXERCISE MANUAL CONTROL ABOUT THE LM X AXIS
WITH THE ATTITUDE CONTROLLER EVEN THOUGH THE PGNCS ATTITUDE CONTROL MODE IS AUTO. WHEN THE CONTROLLER IS RETURNED
TO DETENT THE PGNCS DAMPS THE YAW RATE, STORES THE YAW ATTITUDE WHEN THE YAW RATE IS DAMPED, AND THEN MAINTAINS THAT
ATTITUDE.

THE X-AXIS OVERRIDE OPTION IS ALWAYS AVAILABLE TO THE CREW EXCEPT WHEN THE LGC IS SPECIFYING A DESIRED YAW
ATTITUDE. THUS THE OPTION IS INHIBITED BY THIS PROGRAM FROM TIGIAS) UNTIL APPROXIMATELY 12 SECONDS AFTER VIR) EQUALS
+4C FT/SEC.

15) THE IMU IS ON AND MUST 3E AT A KNOWN ORIENTATION BEFORE THIS PROGRAM MAY BE COMPLETED. NORMALLY, THE LUNAR
SURFACE ALIGN PROGRAM IP57) HAS BEEN COMPLETED BEFORE SELECTION OF THIS PROGRAM. IT IS NORMALLY REQUIRED THAT THE ISS
BE ON FCR A MINIMUM OF 15 MINUTES PRIOR TO A THRUSTING MANEUVER.

16) ENGINE IGNITION MAY BE SLIPPED BEYOND TIGIAS) IF DESIRED BY THE CREW OR IF STATE VECTOR INTEGRATION CANNOT BE
COMPLETED IN TIME. VARIATION OF THE TIME OF ASCENT IGNITION ITIGIAS)) EITHER BY DESIGN OR INAOVERTANT SLIPPAGE WILL
CHANGE THE RELATIVE PHASING WITH RESPECT TO THE CSM OF THE ASCENT TRAJECTORY AND THE RESULTANT LM ORBIT.

P12/LUMINARY
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(7) IF A THRUSTING MANEUVER IS PERFJkMED kJITH THE UUIJANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH IN
AUTJ THE PGNCS WILL CONTROL THE TOTAL VEHICLE ATTITUDE AND GENERATE EITHER MODE I OR MODE II ATTITUDE ERRORS AND
VEHICLE ATTITUDE RATES (SEE ASSUMPTION 191) FUR DISPLAY UN THE FDAI, THE CREW MAY EXERCISE CONTROL AROUND THE
YAW AXIS ONLY WITH THE ACA (X-AXIS OVERRIDE) IF THE X-AXIS OVERRIDE CAPABILITY IS PERMITTED BY THE PROGRAM
IN PROCESS. THIS MANUAL CONTROL WILL BE IN THE RATE COMM AND/ AT TI TUDE HOLD MODE.

IF A THRUSTING MANEUVER IS PERFORMED WITH THE GUIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH
IN ATTITUDE HOLD THE PGNCS WILL HOLD THE VEHICLE ATTITUDE AND WILL GENERATE EITHER MODE I OR MODE II ATTITUDE ERRORS
FOR DISPLAY ON THE FDAI. THE CREW MAY EXERCISE MANUAL ATTITUDE CONTROL ABOUT ALL VEHICLE AXES WITH THE ACA IN EITHER
THE RATE COMMAND OR MINIMUM IMPULSE MODE DEPENDING UPON THE STATUS OF THE PULSES FLAG. HOWEVFR IT IS
STRONGLY RECOMMENDED THAT POwEREO FLIGHT NOT BE ATTEMPTED IN THE MINIMUM IMPULSE MODE. THE PULSES FLAG IS SET OR RE-
SET BY EXTENDED VERBS 76 (MINIMUM IMPULSEl AND 77 (RATE COMMAND) RESPECTIVELY. THE PULSES FLAG IS ALSO RESET BY
P12. PAD, P‘il. PA2. P63. P70, P71, AND RAO AT MAIN ENoINt IGNITION) WITH THE EXCEPTION OF THESF CASES, MODE SELECTION
IS ALWAYS BASED UPON THE LAST ENTRY MADE IN THE USKY. DURING A THRUSTING MANEUVER IN THE PGNS/ ATT I T UDE HOLD MODE THE
PGNCS WILL NOT BE RESPONSIBLE IF REGISTER OVERFLOWS OCCUR WITHIN TFiE LGC.

IB) CONTROL OF THE LM RCS AND APS IS TRANSFERRED FROM THE PGNCS TO THF ABORT GUIDANCE SYSTEM (AGS) BY PLACING
THE GUID CONT SWITCH FROM PGNS TO AGS.

THE AGS WILL BE CAPABLE OF TAKINt. OVER CONTROL OF THE LM DURING ANY PORTION OF THE LUNAR ASCENT, THE AGS WILL
GUIDE THE LM TO A SAFE ORBIT.

THE AGS MAY BE INITIALIZED BY THE LGC AT ANY TIME BY MANUAL SELECTION OF THE AGS INITIALIZATION ROUTINE
(R47I, AND SHOULD HAVE BEEN PERFORMED PRIUR TO SELECTION OF P12.

IN THE EVENT THAT THE GUIDANCE CGNTRUL SwITCH IS CHANGED FROM PGNS TO AGS DURING A THRUSTING MANEUVER, THE LGC
WILL CONTINUE COMPUTATION OF POSITIOiI AND VELOCIIY, THE DESIRED THRUST VECTOR AND THE FDAI ATTITUDE ERROR NEEDLE
DISPLAY, HOWEVER THE PGNCS WILL NOT BE RESPJNSIBLE IF REGISTER OVERFLOWS OCCUR WITHIN THE LGC.

19) THE PGNCS CAN GENERATE TWC TYPES OF ATTITUDE ERRORS FOR DISPLAY ON THE FDAI;
MODE I - SELECTED BY EXTENDED VERB 6i. AUTOPILOT FOLLOWING ERRORS USED AS A MONITOR OF THE DAP'S ABILITY TO

TRACK AUTOMATIC STEERING COMMANDS.
MODE II- SELECTED BY EXTENDED VERB 62. TOTAL ATTITUDE ERRORS USED TO ASSIST CREW IN MANUALLY MANEUVERING

THE VEHICLE.
PGNCS-DERI VED VEHICLE ATTITUDE RATES MAY ALSO BE DISPLAYED VIA SELECTION BY EXTENDED VERB 60.
DISPLAY SELECTION IS ALWAYS BASED UPON THE LAST ENTRY MADE IN THE OSXY, WITH THE EXCEPTION THAT «3DE II ATTITUDE
ERROR DISPLAYS ARE AUTOMATICALLY SELECTED AT THE BEGINNING OF R6^. FOR A MORE DETAILED DESCRIPTION OF THESE DISPLAYS
REFER TO SECTION 3 OF R567, PARA. 3.2.

110) THE LANDING ANALOG DISPLAYS ROUTINE IRiO) IS ENABLEJ WHEN AVERAGE G IS TURNED ON.
RIC IS TERMINATED UPON TERMINATION OF AVERAGE G. DURING THIS MODE AL T I T UOF-R AT E AND ALTITUDE ARE DISPLAYED
ON THE TAPE METERS AND INERTIAL CRCSSRANGE VELOCITY CN THE CROSS POINTERS.

111) EITHER THE CAP DATA LOAD ROUTINE (RD3) OR THE LANDING CONFIRMATION PROGRAM IP6BI HAS BEEN PERFORMED PRIOR TO
SELECTION OF THIS PROGRAM.

(12) FOR EACH BURN AN IGNITION TOTAL ALLOWABLE TIME DELAY WILL BE SPECIFIED IN THE MISSION RULES. THIS DELAY TIME IS
THE TOTAL TIME WHICH THE THRUSTING MANEUVER MAY BE DELAYED BEYOND THE LGC CALCULATED TIME OF IGNITION. IF ENGINE
RESTARTS ARE INVOLVED, THE ACCOUNTING OF THIS TOTAL TIME DELAY IS UP T3 THE CREW.

(13) THE ASTRONAUT MAY MONITOR THE FOLLOWING ADOlTlCiNAL PARAMETERS DJRlNb THIS PROGRAM BY KEYING IN V16N77E:

V16Nr7
Rl-Tb
R2-VGY (LM)
R3-VI

where:

To-IHE ESTIMATED TIME OF FLIGHT FRCM THE PRESENT TIME TO THE ACCOMPLISHMENT OF THE ASCENT

054
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IMJECTION ;0NDITmNS. POLARITY IS IN MINS AND SECS TO NEAREST SEC. MAX READING IS 50R50. IF AN
RCS INJECTION DECISION IS MADE AFTER AN LGC ASSUMED APS THRUST FAILURE (SEE R4ni, THE UPDATE OF TG

IS NOT MEANINGFUL.

VGY(LM) - THE COMPONENT OF THE PRESENT VG VECTOR ALONG LM Y AXIS. IN FPS TO NEAREST .1 EPS.

VI - THE MAGNITUDE OF THE LM INERTIAL VELOCITY WITH RESPECT TO THE REFERENCE COORDINATE SYSTEM. IN FPS
TO THE NEAREST .1 FPS.

(lAI THE ASTRONAUT MAY MONITOR THE FOLLOWING ADDITIONAL PARAMETERS AT ANY TIME DURING THIS PROGRAM AFTER TIG, BY

KEYING IN V16N85E:

V16N35
Rl-VGXILM)
R2-VGY1LM)
R3-VGZ(LMI

FOR DEFINITION, SEE LOGIC BELOW.

(15) THE DAP WILL BE ENERGIZED WHENEVER THE PGNS CONTROL MODE AND THE AUTO ATTITUDE DP ATTITUDE HOLD CONTROL MODE
HAVE BEEN SELECTED. IF THIS OCCURS PRIOR TO THE PGNS AUTO CHECK IN THIS PROGRAM, THE ATTITUDE ERRORS WILL BE ZEROED
AND THE ATTITUDE DEADBAND WILL BE SET TO THE LAST VALUE SPECIFIED BY R03 (ASTRONAUT DEFINED). IMMEDIATELY PRIOR
TO THE PGNS AUTO CHECK, THIS PROGRAM WILL SET THE ATTITUDE UEAD3AND TO 1 DEGREE.

(16) THE FOLLOWING DISPLAY IS AVAILABLE DURING THIS PROGRAM PRIOR TO TIG BY KEYING IN V85E (SEE EXTENDED VERBS).

V16N56
R1 - RR LOS AZIMUTH
R2 - RR LOS ELEVATION
R3 - BLANK

WHERE

;

RR LOS AZIMUTH - THE ANGLE BETWEEN THE LM X/Z PLANE AND THE RR LOS VECTOR. POSITIVE ROTATION IS FROM
THE LM +Z AXIS TO THE LM +Y AXIS. IN DEGREES TO THE NEAREST D.Ol DEGREE.

RR LUS ELEVATION - THE ANaE BETWEEN THE LM +Z AXIS AND THE PROUECTION OF THE RR LOS VECTOR ON THE LM
X/Z PLANE. POSITIVE ROTATION IS POSITIVE ROTATION ABOUT THE LM +Y AXIS.

(17) LGC AND CREW PROCEDURES IN CASES OF LGC-ASSUMED THRUST FAILURE APE DEFINED BY THE OPS/APS THRUST FAIL ROUTINE
(RAO). THIS ROUTINE IS CALLED AT APS IGNITION BY THIS PROGRAM.

(13) THIS PROGRAM (S SELECTED BY THE ASTRONAUT BY DSKY ENTRY AT LEAST 5 MINUTES BEFORE THE ESTIMATED TIME OF ASCENT
IGNITION TIGIAS)

.

PROG LGC GROUND CREW

P12/LUMINAPY
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CREh
PRUGRAi'i

SELECT [ON

START POWERED ASCEKT
PROGRAM (P12)
DISPLAY P12

KEY IN

ASCENT
V37E 12E

POWERED
PROGRAM ( P12 )

•

•

MONITOR OSKY:
OBSEKVh DISPLAY OF
P12

#K

HZr<

DO IMU STALLS CHECK
ROUTINE {R02)

DO IMU STATUS CHECK
ROUTINE (R02) #3C

KAO

SET DELTA V COUNTER
= A FOR USE BY RAO

05B
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SNAP .
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OBTAIN CONTENTS OF

TIG REGISTER FOR
DISPLAY AS TIGIASI.
(NOTE: P57 MAY HAVE
STORED T(ALIGN) IN

TIG REGISTER - REFER
P57. I

#50

#60

FLASH VERB-NOUN TO . MONITOR DSKY:
REQUEST RESPONSE AND . OBSERVE VERB-NOUN . #70
DISPLAY STORED TIG . . FLASH TO REQUEST
(AS): RESPONSE AND DISPLAY .

V06 N33 . . OF STORED TIG (AS)
R1-TIG( AS )-HRS . .

R2-TIG(AS)-MINS
R3-TIG( AS )-SECS

TIG(AS) - TIME OF

APS IGNITION FOR
ASCENT. (GET) IN
HRS, MINS, SECS, TO

NEAREST .01 SEC

AM 1 SATISFIED MITH
THIS value?

Y . N

#80

RECORD THIS
VALUE #90

P12/LUMINARY



6 ^,

P12/LUMINARy

WAIT FOR KEYBOARD
ENTRY

• •

• •

•

•

• •

• •

• •

SLOP

TERMINATE FLASH UPON
RECEIPT OF PROCEED
OR NEW DATA

.P .NEW

.R .DATA

.0
• C

•

• •

*

. AND LOAD DE-

. SIRED TIGIAS

)

•

•

•

•

• •

• •

• •

.E jTORE data • •

• •

• •

• •

•

•

•

• •

• •

• •

#l2r

SET MUNFLAG

SET 4- JET TRANSLA-
T ION FLAG

»13C

SET RIO FLAG

RESET THE RENDEZVOUS
FLAG

V14f'

05S
P12/LUMI NARY



059
65

P12/LUMINARV

SET VERTICAL RISE
FLAG

*150

INITIALIZE ENGINE
DATA AND TARGET DATA

#160

RESET RCS FLAG

COMPUTE CROSSRANGE
AND INITIALIZE DOWN-
RANGE SPEED TO
5509.5 EPS AND
RADIAL SPEED TO
19.5 EPS

#170

#180

HOLD . FLASH VERB-NOUN TO

REQUEST RESPONSE AND
SNAP . DISPLAY CROSSRANGE.

DOWNRANGE VELOCITY,
AND RADIAL VELOCITY

V06A76
Rl-DOWNRANGE
VELOCITY (VHFI
R2-RADIAL VELO-
CITY IH DOT F)

R3-CR0SSRANGE

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO request RE-
SPONSE AND DISPLAY
OF DOWNRANGE VELO-
CITY (VHF), RADIAL
VELOCITY (H DOT FI,
AND CROSSRANGE

#190

P12/LUMINARY



DCWNKANGE V ELQCITY-
the velocity along
THE LM LOCAL HORIZ-
ONTAL DOWNRANGE AXIS
AT ascent injection,
I.E: UNITIR X UNIT

-L
IV X R ) I. THIS VALUE
-C -C
WILL ALWAYS BE POS-
ITIVE. IN FT/SEC TO
THE NEAREST 0.1
FT/SEC.

(NOTE: THE INITIAL
VALUES OF DCWNRANGE
VELOCITY = 5509.5
FT/SEC AND RADIAL
VELOCI TY =

19.5 FT/SEC WILL
SATISFY AN ORBIT
WITH AN APOLUNE
OF 30 N.M. (REFER
ASSUMPTION 1)

THE CREW SHOULD
CONFER WITH THE
GROUND TO DETERMINE
OVERLOAD VALUES IF

SUCH PROCEDURE IS

DESIRED. )

IS The anticipated
TOTAL DELTA V EXPEN-
DITURE FOR THE
ASCENT AND RENDEZV-
OUS MANEUVERS SUCH
THAT I WISH TO RE-
DUCE THE AMOUNT OF
CRUSSRANGE FOR THE
ASCENT MANEUVER?

N . Y

RADIAL VELOCITY-THE
VELOCITY UP) ALONG
THE LM LOCAL VERT-
ICAL AXIS AT ASCENT
INJECTION, I.E.;
ALONG UNIT R . THIS

-L
VALUE WILL ALWAYS BE
POSITIVE. IN FT/SEC
TC THE NEAREST
0.1 FT/SEC.

crossrange-the dis-
tance BETWEEN THE LM
ORBITAL PLANE AFTER

DO I WISH TO
CHANGE THE
PRESENTLY DE-
FINED DOWN-
RANGE VELOCITY
OR radial
VELOCITY FOR
THE ASCENT
TRAJECTORY?

N . Y

66
PIZ/LUMINARY

#2CC

#210

#220

#230

UbO
P12/LUMINARY



061
67

P12/LUMINARY

ASCENT INJECTION AND
THE CM POSITION VEC-
TOR AT TIGtASI.
POLARITY INDICATES
THE LM POST-INJECT-
ION PLANE I S NORTH
(+) OR SOUTH (-1 OF
THE POSITION VECTOR.
IN NAUTICAL MILES TO
NEAREST .1 NM.
(NOTE: THE LM WILL
INITIALLY DISPLAY
CROSSRANGE EQUAL TO
THE DISTANCE BETWEEN
THE CSM ORBITAL
PLANE AND THE LM
POSITION VECTOR AT

TIG(AS): I.E.: THE
TOTAL CUT-OF-PLANE
MANEUVER VECTOR AT

T IGIAS I REQUIRED
DURING THE ASCENT
TO MAKE THE LM AND
CSM ORBITS COPLANAR.
CROSSRANGE SHOULD
NOT BE SPECIFIED
SUCH AS TO CAUSE THE
ASCENT TRAJECTORY TO
CROSS THROUGH THE
CSM ORBITAL PLANE. I

#240

#256

#260

#270

WAIT FOR KEYBOARD
ENTRY

KEY IN

PROCEED

#28C

KEY IN

V24E AND
LOAD DE-
SIRED
DOWNRANGE

P12/LUM INARY



65
P12/LUMINARY

TERMINATE FLASH UPON
RECEIPT UF PROCEED
OR NEW DATA.

P

R

0

C

£

E

D

NEW
CATA

STORE CATA

VELOCITY
IN R1

AND
DES IRED
RADI AL
VELOCITY
IN R2.

KEY IN V23E
AND LOAD THE
DESIRED
CRQSSRANGE
IN R3

#2 90

#3or

«31D

#32f'

COMPUTE FDAI PITCH
AND YAW

COMMAND ZERO ATTI-
TUDE ERROFS AND
ATTITUDE RATES

#33r

062
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SET 1 DEGREE DEAD-
BAND IN RCS DAP

HAVE PGNS CONTROL
AND AUTO ATTITUDE
CDNTRCL MODES BEEN
SELECTED?

.Y N,

HAVE PGNS CONTROL
AND AUTO ATTITUDE
CONTROL MOOES BEEN
SELECTED?

N Y

tC5
+

+

+

+

«•

f

+ 1180
t

IS THE APS
SET?

FLAG

• Y N.

• •

• •

. IS AUTO

. THROTTLE OIS-

. CRETE BACKUP

. SET II. E. IS

. BIT 4 OF

. CHANBKUP SET)?

. Y. • N

• • •

• •

•

•

•

•

•

•

•

HAS THE AUTO
THROTTLE MODE

U 7

063 P12/LUMINARY

»34n

#350

#360

#380

P12/LUMINARY
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been selected?

. Y N.

ROSS
HOLD .

SNAP .

FLASH VERB-NOUN
TO REQUEST
PLEASE PERFORM
PGAS CONTROL
AND AUTO ATTI-
TUDE CONTROL
MODE SELECTION:

VSO N25
R1-0P2C3
B2-BLANK
R3-8LANK

MONI TOR OSKY

:

OBSERVE VERB-NOUN
FLASH TO REQUEST
PLEASE PERFORM
PGNS CONTROL AND
AUTO ATTITUDE
CONTROL MODE
SELECTION

II3°C

i(4Pr

HAVE REQUESTED
MODES BEEN
SELECTED?

. N Y #410

DO I NISH TO
HAVE THESE
MODES SELECTED
DURIN>, THE
THRUSTING MAN-
EUVER?

. Y N

#42r

SET GUIDANCE
CONTROL SNI-
TCH TJ PGNS
AND ATTITUDE
CONTROL SNI-
TCH TO AUTO. #430

064
P12/LUMINARY
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71

P12/LUMI NARY

WAIT FOR KEY- .. . KEY IN

HOARD ENTRY PROCEED

#44f

TERMINATE FLASH
UPON RECEIPT OF
PROCEED OR ENTER

KEY IN
ENTER

E .P
N . R

T .0
E . C

R . E

. E

.0

*45C

C5

RESET ENGINE ON FLAG

+ 118P
f

l»46P

CCMMAND APS OFF
#470

#48r

T EMP
HOLD . ni<;piAY nN nsKY tfi •••••••.

•

, MONITOR DSK Y

:

AND FOAl YAW AND OdSERVE DISPLAY OF
MEN . PITCH ANGLES: TFI AND FOAl YAW

V06N74
Rl-TFI
R2-YAW
R3-PI TCH

AND PITCH angles.

»4°C

P12/L0MINARY



72
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TFl - TIME FKQM TIG
IASI. IN MINS, SECS
TC NEAREST SEC. I-

BEFGRE , AFTER TIG
(AS)). MAX READING
IS 59B59.

YAW - PREDICTED FDAI
YAW ANGLE AT COMP.LE-
T ICN OF YAW MANEUVER
TO BRING LM AXIS
DOWNRANGE DURING THE
VERTICAL RISE PHASE.
IN DEGREES TO NEAR-
EST .0 1 DEGREE.

#5nr

PITCH - PREDICTED
FDAI PITCH ANGLE AT
COMPLETION OF PITCH
MANEUVER DURING
PITCHOVER PHASE. IN

DEGREES TO NEAREST
.01 DEGREE.

RECORD FDAI YAW AND
PITCH ANGLES FOR
REFERENCE DURING THE
INITIAL PHASES OF
THE ASCENT.

ASIO

UPDATE EVENT TIMER i»52C
IF DESIRED.

A *

* SET TDECl = tig
* -29.9 SECONDS

H180
» + .

#5 30

EXTRAPOLATE CSM
STATE VECTOR TO
TDECl

•

•

t

DO STATE VECTOR
INTEGRATION
(MID TC AVE

)

ROUTINE (R41).

DO STATE VECTOR
INTEGRATION
(MID TO AVE)
ROUTINE (R41).

#54C

066
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CHECK STATUS OF C/W
LAMPS

+ +

+ C5

t 118C
*

(NOTE: RAT WILL
DEF INE TIG TO BE
THE TIME TO WHICH
RAl OID INTEGRATE
THE LM STATE
VECTOR PLUS 29.9
SECONDS. I

WAIT UNTIL TIG-35
SECONDS

BLANK THE DSKY D I S- MONITOR DSKY:
PLAY (V,N,R1,R2. AND . AT TFI = -0Jd35
R3t OBSERVE DSKY DISPLAY

TO GO BLANK FCR 5

. SECONDS

067
73

P12/LUMINARY

l»55r

l»560

#570

#580

#590

#600

P12/LUMI NARY



WAI T UNTIL TIG -30
SECONDS

RETURN V06N7A
DISPLAYS.

START AVERAGE G

INTEGRATION.

MONITOR DSKY:
AT TFI = -OOB29

OBSERVE RETURN OF
VOENT-t DISPLAYS TO
INDICATE THAT AVER-
AGE G INTEGRATION
HAS STARTED.
(NOTE: IF TIG HAS
BEEN SLIPPED BY R'Vl

THE TFI DISPLAY (Rl)
AT THIS TIME RILL BE
REFERRED TO THE NE

«

T IG. )

WAIT UNTIL TIG-5
SECONDS

"F"
FROM
RAC

RESET Ii,NITION FLAG.

7A
P12/LUM INARY

#510

#620

#63C

#6A0

#650

068
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75

P12/LUMINARY

RESET ASTRONAUT FLAG

#66r

CALL VERB 99 DISPLAY
(SEE "A" BELOW)

l*67r

WAIT UNTIL TIG -0

SET IGNITION FLAG #68P

IS ASTRONAUT FLAG
SET?

Y N,

#690

GO TO EXIT
"B" (NOTE:

BELOW THIS
IS NOT
A P12 #700

PI2/LUMINARY



EXIT.
REFER
DIS-
PLAY
RESP-
ONSE
AT "A"
UELOMI.

"A"
FROM
ABOVE

np II

FROM
RAO

CHANGE VERB BUT
HCLD . MAINTAIN PRESENT

NOUN AND DI SPLAYS IN
MON . Rl, R2, R3, FLASH

VERB-NOUN TO REgUEST
PLEASE PERFORM
ENGINE ON ENABLE:

V9QN74

MONITOR OSXY:
OBSERVE AT TFI =

-00B05 VERB NOUN
FLASH TO REOGEST
PLEASE PERFORM
ENGINE UN ENABLE

SHALL I ATTEMPT TO
COMPLETE THE THRUS-
TING MANEUVER RITH
THE RCS?

.Y N.

WAIT FGR KEYBOARD
ENTRY

KEY IN ENTER

76
PI2/LUHINARY

#7in

«720

#730

#740

#750

070
P12/LUMINARY



' 071
77

P12/LUMINARY

GU TO
"C"

BELOW

SHALL 1 PERMIT
IGNITION?

.N
•

•

•

•

. Y

•

•

•

•

IN PKQCEEO

•

•

•

•

•

•

•

•

•

•

•

•

TERMINATE FLASH UPON • KEY IN
RECEIPT OF PRDCEEO,
ENTER, OR TERMINATE • V34E

.P . T .E •

.R . E • N •

.0 .R .T •

.C .M . E •

.E . I • R •

.E .N •

.D .A •

. . T • • • •

. . E • •

• • GO TO •

• • «C" •

• •

• •

BELOW •

•

• • •

•

RESET ULLAGE FLAG

#76C

»77C

#780

#79C

*8nc

P12/LUMlNARy
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DG FINAL AUTO-
MATIC REaUEST
TEKTINATE ROU-
TINE (ROP).

DO FINAL AUTO-
MATIC REQUEST
TERMINATE ROU-
TINE (ROOI.

#810

EXI T P12 EXIT P 12

SET ASTRONAUT FLAG

»820

IS IGNITION FLAG
SET?

Y .N

MONITOR DSRY:
IS RI DISPLAY OF TFI
NEGATIVE ANO NON-
ZERO?

. Y N 1830

RESUME STATIC . MONITOR DSKY:
DISPLAY OF OBSERVE RE-
V06N7A . TURN OF STATIC

VERB-NOUN
. (V06N7A1

#8An

EX IT

(NOTE: THIS IS
NUT A P12 EXIT.
REFER TIG -0

LOGIC ABOVE)

072
P12/LUMINARY



RESUME STATIC
DISPLAY OF V06N7A

standby for
THRUST ON
WHEN TFI =-00300

•

•

•

•

•
Mg II

• FROM
•

•

ABOVE
•

•

•

•

•

• • •

•

SET ENGINE ON FLAG

standby for
THRUST ON
IMMEDIATELY

.

+ 1180 COMMAND APS ON

RESET PULSES FLA&

ENABLE CURRENT
GUIDANCE DISPLAYS

RESET lOLE FLAG

073
79

P12/LUMINARY

*850

#860

»87C

#880

#89C

P12/LUMINARY



RESET IGNITION FLAG

RESET ASTRONAUT FLAG

CALL FOR RESET OF
ULLAGE FLAG IN 0.5
SEC INOTE: THIS FLAG
WOULD CNLY BE SET IN

A RESTART CASE VIA
RAO).

WHEN APS IGNITION IS

DETECTED VIA THE
PIPAS, RESET THE
SURFACE FLAG.

RESET RENO W FLAG

8H

P12/LUHINARY

#900

#910

#920

#930

#940

074
P12/LUMINARY



CALCULATE THE PRE-
SENT DESIRED THRUST
VECTOR TO ACCOMPLISH
ASCENT INSERTION

IS THE VERTICAL RISE
FLAG SET?

N Y

IS H GREATER THAN
25,003 FT?

Y N

SET X-AXIS-OVER-
RIDE-INHIBIT FLAG

IS HOOT
GREATER THAN
40 FPS lUPI?

.Y .N

RESET
RCTAT ION

075
81

P12/LUMINARY

#950

#960

#970

#980

#990

P12/LUMINARY



FLAJ

RESET VERTICAL
RISE FLAG

IS ROTATION FLAG
SET?

IS T PRESENT
GREATER THAN TXO?

N V.

IS THE ROTATION
FLAG SET?

N Y

82
P12/LUMI NARY

*1C0C

u irio

#1020

M irsc

tf ITAC

07B
P12/LUMINARY



li THt LM
X-AXIS WITHIN
90 DEGREES OF
THE DESIRED
LM X-AXIS?

IS THE
PRESENT
LM X-AXIS
WITHIN 30
CEGREES OF
LOCAL VER-
TICAL (UP)?

Y N.

RESET TFE RO-
TATION FLAG

RESET X-AXIS
OVERRIDE IN-

HIBIT FLAG

CALCULATE THE RE-
QUIRED ICDU/GIMBAL

077 P12/LUMINARY

#1050

#1060

#1070

#1C8C

#1090

P12/LUMINARY
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TEMP
HCLD .

MCN .

ANGLES AND DRIVE
THE ICDJS (USING
FINDCOURI TO ALIGN
THE LM *X AXIS
WITH THE DESIRED
THRUST VECTOR TO
ACCOMPLISH THE
ASCENT, THE LM +Y

AXIS HCRIZCJNTAL,
AND THE LM +Z AXIS
DOWN.

#1100

<11110

CALCULATE THE RE-
QUIRED ICOU/GIM-
8AL ANGLES AND
DRIVE THE ICDUS
(USING FINDCDUW)
TO ALIGN THE LM
X AXIS WITH THE
PRESENT LOCAL
VERTICAL (UP),
THE LM tV AXIS
NORMAL TO THE
ANTICIPATED PITCH
MANEUVER PLANE
FOR THE ASCENT,
AND THE LM *l
AXI S DOWNRANGE.

A1120

#1130

DISPLAY ON DSKY: • • •

MONITOR DSK.Y:
OBSERVE DISPLAY

V06N9^
Rl-VGX(LM)
R^-H DOT
R3-H

•

•

•

•

•

•

•

•

OF VGX(LM), h DOT,
AND H

•

#1140

VGX(LM) - COMPONENT

07S
P12/LUM INARY



CF THE PRESENT VG
VECTOR ALONG LM X

AXIS. IN FPS TO
NEAREST . 1 FPS.
UPOATEC BY STEERING
LOOPS DURING EACH
COMPUTATIONAL CYCLE.

H DOT - THE PRESENT
RATE OF CHANGE OF
ALTITUOE(H). POLAR-
ITY INDICATES DES-
CENT (-) OR ASCENT
(+1. IN FT/SEC TO
NEAREST .1 FT/SEC.

H - THE PRESENT
ALTITUDE OF THE LM
ABOVE THE LM PQSI-
T ION VECTOR AT T IG

(AS). POLARITY IS ^

FOR ALTITUDES
GREATER THAN
THE ABOVE RADIUS.
IN FEET TO NEAREST
FOOT.

MONITOR FOAl BALL,
LM WINDOW, AND OSKY

(A) OBSERVE LM X

AXIS TO COME TO
LOCAL VERTICAL.

(B) OBSERVE LM
YAW MANEUVER TO FOA
BALL YAW Angle pre-
viously DISPLAYED
AND RECORDED.

(C) OBSERVE LM

07S
85

P12/LUMINARY

#1150

#1160

# 117 C

#1180

#1190

P12/LUMINARY
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PITCH MANEUVER TO
POAI 9ALL PITCH
ANGLE PREVIGGSLV
DISPLAYED AND RECOR-
DED.

Y . N

*120r

GO TO BACKUP
PROCEDURES

THE X-AXIS OVERRIDE «12lO
OPTION IS restored
APPROXIMATELY 12
SECONDS AFTER
H DOT REACHES vUnACC

CONTINUE MONITOR OF #1220
APS THRUSTING:

1. DSKY;
Rl-VGX SHOULD

BE DECREA-
SING

R2-H COT
SHCULD BE
INCREASING
ANC THEN #1230
DECREASE

R3-H SHOULD
BE INCREa-
SI NG.

2. FDAI-ATT ERR-
ORS SHOULD BE
LESS THAN OR

080
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IS TG LESS
SECONDS?

THAN 4

.Y N.

• •

•

•

•

•

•

• • • •

CALL ENGINE GEE CUM-
MAND AT COMPUTED

EjUAl TJ XK
DEGREES. ATT
RATES SHOULD
BE LESS Than
OR EJUAL TO XX
DEGRctS/SEC.

IDENTIEY EARLY,
NORMAL, OR LATE
ENGINE CUTOEE EROM
ASSESSMENT OE DSKY
DISPLAYS.

.E . N . L

.A .0 .A

.R .R .T

.L .M .E
• Y • •

.C .C
.c .0 .0
• U .T .T
.T .0 .u
.0 . F .F
.F .E .F

. F • •

• •

•

. PUSH EN-

. GINE STOP

. PUSH3UT-
• TUN.

• •

• •

• •

•

. GO TO

. BACKUP

. PROCEDURES
•

•

•

•

•

•

• •

•

•

•

•

•

PS/ APS

081 P12/LUMINARY

#1240

#125C

#1260

# 127G

# 1280

#129C

P12/LUMINARY



REOUIREJ TIME. THRUST FAIL
RCUTINE

. I RAO I FOR

. REJUIKEL)
RESRUN5E

SET IDLE FLAG

WAIT ur^TlL COMPUTED
TIME OF CUTOFF.

+ C5

RESET ENGINE UN FLAG

I18C

COMMAND ENGINE OFF

COMMAND ZERO ATTI-
TUDE RATES

SET DEADBAND TO
PREVIOUS VALUE
DEFINED BY R03.

MAINTAIN VG
CCMPUTATIONS FOR
POSSIBLE NULLING BY
RCS TRIMMING

DISARM APS

83
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#i3or

#1310

#1320

#1330

#13A0

082
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HCLO .

MON .

083
89

P12/LUMINARY

MANEUVER
•

•

"C"
FROM
ABOVE

•

•

•

•

•

•

•

•

•

#I35P

•

• • •

•

•

•

•

COMMAND ZERO
ATTITUDE RATES

•

•

•

•

•

»

•

•

•

•

»136C

SET DEADBAND
TC PREVIOUS
VALUE DEFINED
BY R03.

•

•

•

. ''C

. FROM
#137C

•

•

• •

• •

•

RESET LLLA&E
FLAG

• •

• •

• •

• •

•

• •

• •

• • • #1380

SET RCS FLAG
• •

• •

•

•

•

• •

• •

• •

• •

• • • • • • •

•

•

•

•

•

•

• •

#13°P

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
MAINTAIN DISPLAY OF

. 03SERVt VEKB-.NOUN
•

•

• FLASH TO REjUESr
KESPOiNSE AND DISPLAY

P12/LUMI NARY



OF VGXdM), h dot
AND H.

VGXILM), H DOT,
AND H.

Vlo N94
Rl-VGXdl )

R2-H DOT
R3-H

RECORD THESE (/AGUES
AS DESIRED.

WAIT FOR KEYBOARD
ENTRY
TERMINATE FLASH UPON
RECEIPT OF PROCEED,
RECYCLE, OR TER-
MINATE

KEY IN PROCEED

GO TO
"D"

BELOW

COMMAND ZERO ATTI-
TUDE ERRORS

SET .3 DEGREE DEAD-
BAND

90
P12/LUMINARY

(KlAPr

ilAlC

*1420

*1430

#1440

*1450

084
P12/LUMINARY



HCLD FLASH VERB-NOUN TO
REQUEST RESPONSE ANO
DISPLAY COMPONENTS
OF VG( LM)

:

V 16 Nas
Rl-VGXILM)
R2-VGY(LM)
R3-VG21LM »

MONITOR DSlSY:

observe verb-noun
FLASH TO Request
response ANO DISPLAY
OF COMPONENTS OF
VGtLM):

COMPONENTS OF THE
PRESENT VG VECTOR RE-
SOLVED ALONG THE LM
X, Y, AND Z AXES.
THE VG VECTOR WILL
BE UPDATED BY THE
STEERING LOOPS
DURING EACH COMPUTA-
TION CYCLE. IN FPS
TO NEAREST .1 FPS.

TO NULL OUT VG
COMPONENTS COMMAND
MANUAL TRANSLATIONS
AND rotations.
(NOTE: THIS MANEUVER
IS AT THE OPTION OF
THE CREW .

I

(NOTE: TRANSLATION
HILL BE 4 JET UNLESS
R03 IS PERFORMED TO
SPECIFY 1 JET. I

THE ORBITAL PARA-
METER DISPLAY ROU-
TINE (R3PI MAY BE
SELECTED AT THIS
TIME (V82EI TO MONI-
TOR CONTINUOUSLY UP-
DATED VALUES OF APO
ALT, PER ALT, ANO
TFF.

WAIT FOR KEYBOARD
ENTRY
TERMINATE FLASH UPON
RECEIPT OF PROCEED,
RECYCLE, OR TER-

KEY IN PROCEED

085
°i
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#1460

#1470

#1480

#1490
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M INATE

,p . T .R
.R . E .E

.0 • R .0

.c . M .Y

• E . I .c

• E .N .L

.D . A .E
• . T •

•

•

•

. E

•

•

• • • •

•

•

•

•

•

• "D"
• t FROM
•

•

• ABOVE
•

•

•

•

•

•

•

• • •

•

SET DEADBAND TO
PREVIOUS VALUE
DEFINED BY R03.

•

•

•

RESET THE ABORT
ENABLE FLAG

•

•

•

•

•

DO FINAL AUTOMAT IC

REOUEST TERMINATE
ROUTINE (ROO)

DO FINAL AUTO'IATIC
REyOEST TERMINATE
ROUTINE IROOt

92
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#1509

#1510

#1520

#1530

#15A0

086
P12/LUMINARY
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EXIT PU EXIT P12
»155n

CHANGE CONTROL NOTES

REV CO PCR 13, 31

REV Cl PCR 85, 86, 99, 106 , 133 , 144, 164,234,258 ,4C1,
419 ,437, 475, 476, 514,548 ,561,613, 617,623

REV OOILUM lA) PCR 26C, 2 70, 708»757
REV OKLUM IB) PCR 838, 341, 847, EDITORIAL
REV 02 EDITORIAL
REV C3ILUM ID) PCR 892, 1053 , PCN 1009
REV CAILUM IE) PCR 334, 1141 , PCN 1137,1145, 1147
REV CSILUM IE) PCN 1180

P12/LUMINARY
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RENDEZVOUS NAVIGATION PROGRAM IP20I REV C6 12/01/71

PURPOSE: ID TO CONTROL THE LM ATTITUDE ANO THE KENUEZVQUS RAUAR (RRI TO ACQJIRE AND TRACK THE CSM WITH THE RR WHILE THE LM
IS IN FLIGHT.

121 TO update EITHER THE LM OR CSM STATE VECTOR IAS SPECIFIED BY THE ASTRONAUT BY DSKY ENTRY) ON THE BASIS OF PR
TRACKING data OR TO TRACK THE CSM WITHOUT UPDATING EITHER VEHICLE STATE VECTOR.

131 TO POINT THE LM OPTICAL BEACON AT THE CSM.

ASSUMPTIONS: (II THE ISS MAY BE IN STANDBY OR OPERATE. ThE IMU #0000 NORMALLY BE ON AND THE I MU ORIENTATION OETERMI NAT ION
PROGRAM (P51) OR THE LUNAR SURFACE ALIGN PROGRAM (P57) COMPLETED BEFORE THE SELECTION OF THIS PROGRAM. NO PREFERRED
ORIENTATION IS SPECIFIED OR REQUIRED FUR THIS PROGRAM AS THE ATTITUDE MANEUVER ROUTINE 1R60) CAN ALWAYS CALCULATE A

VEHICLE ORIENTATION ABOUT THE LM *l AXIS THAT CAN AVOID GIM3AL LOCK FOR ANY IMU INERTIAL ORIENTATION.
THE ISS THUS MAY BE:

(A) OFF (STANDBY).

(B) ON, ANO NO! ALIGNED SINCE TURN ON.

(C) ON AND AT AN INERTIAL ORIENTATION KNCWN ONLY INACCURATELY BY THE LGC, I.E.: HAVING BEEN ALIGNED AT
LEAST ONCE SINCE TURN ON BUT HAVING DRIFTED FROM THE STORED ALIGNMENT.

ID) ON ANO AT AN INERTIAL ORIENTATION KNCWN ACCURATELY BY THE LGC.

IF (A) IS TRUE A PROGRAM ALARM WILL BE MADE BY THIS PROGRAM.
IF (Bl IS TRUE A PROGRAM ALARM WILL BE MADE BY THIS PROGRAM.
IF (C) IS TRUE THE LGC MAY UR MAY NOT HAVE A SATISFACTORY INERTIAL REFERENCE TO ACCURATELY COMPLETE THE PROGRAM.
IF (Dl IS TRUE THE LGC HAS A SATISFACTORY INERTIAL REFERENCE TO ACCURATELY COMPLETE THE PROGRAM.

(2) the CSM IS MAINTAINING A PREFERRED TRACKING ATTITUDE FOR RR TRACKING BY THE LM. THIS PREFERRED ATTITUDE CORRECTLY
ORIENTS THE CSM RADAR TRANSPONDER.

(3) AT THE BEGINNING OF THE PROGRAM THE STATE VECTCR UPDATE OPTION IS AUTOMATICALLY SET TO THE LM. THIS OPTION MAY BE
CHANGED AT ANY TIME LATER BY CNE OF THE FOLLOWING MANUAL ENTRIES;

V30E UPDATE LM STATE VECTOR
V81E UPDATE CSM STATE VECTOR
V95E NO STATE VECTOR UPDATE

NOTE: IF V95E IS ENTERED BEFORE P20 IS SELECTED, EITHER V80E OR V81E MUST BE PERFORMED TO ALLOW STATE VECTOR UPDATING.

(A) THE RENDEZVOUS RADAR IS ON, ANO PRELIMINARY CEECKUUT HAS BEEN COMPLETED.

(51 THE initialization OF THE W MATRIX (SEE SECTICN 5.2 OF R567 ) IS ENABLED BY:

(A) A MANUAL DSKY ENTRY (V93E).

(Bl COMPUTER FkESH START (V36E).

(C) LM OR CSM IN-FLIGHT STATE VECTOR UPDATE FRUM THE GROUND (P27) (EXCEPT FOR UPDATE OF LANDING SITE VECTOR
WHEN the LM IS ON THE LUNAR SURFACE).

(01 THE POWERED ASCENT PROGRAM (P12) INVALIDATES THE W-MATRIX USED BY P22 AND CAUSES P 2" TO R E- IN I T I AL I Z

E

P2P/LUMINABY
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t

4^ C6
4

4

4

4 1180

4 4

4 06
4

4

4

4 1180
4 4

THE k<-MATRlX WHEN SELECTED.

(61 THE RR TRACKIHD MARA COUNTER COUNTS THE NUMJER UF RR MARKS PROCESSED BY THE LGC. THIS COUNTER IS ZEROED BY:

(A) MANUAL selection OF P^0/^^ ( YO7EZ0/22E )

.

(B) COMPLETION OF THE TARGET DELTA V PROGRAM (P76), OR THE IMPULSIVE DELTA V PROGRAM, P77.

(Cl selection JF a new program FROM A PROGRAM WHICH HAD TURNED ON AVERAGE G.

(0) INITIALIZATION OF THE W MATRIX (SEE (6) ABOVE!.

(El COMPLETION OF RR SEARCH ROUTINE (R24I IN PEC.

(71 THE CREW MAY MANUALLY ADJUST THE LGC-STDRED VALUES UF RR SHAFT AND TRUNNION BIAS BY A DIRECT LOAD OF FOUR RE-
GISTERS TO BE SPECIFIED. HOWEVER, UNLESS THE RR HAS BEEN JARRED, THE LGC BIAS ESTIMATE SHOULD BE MORE ACCURATE THAN
THAT FROM ANOTHER SOURCE.

(81 TBE SELECTION AND TERMINATION OF P20,P22, AND P25 ARE SUBJECT TO SPECIAL OPERATING PROCEDURES DIFFERENT FROM ALL
OTHER PROGRAMS:

(Al SELECTION
(II ALWAYS BY VJ7EXXE.
(21 IF ANY OTHER PROGRAM IS RUNNINo AT THE TIME OF P20/22Z25 SELECTION THE NEW PROGRAM WILL REPLACE THE

OLD. THIS INCLUDES P2C/22/25 SELECTION WHENEVER EITHFR P20,22, OR 25 IS RUNNING.
(31 IF P2'T OR P25 IS RUNNING, jELECTICN OF ANY PROGRAM OTHER THAN POO, P22, OR P25 WILL RESULT IN P20

OR P25 CONTINUING AND THE NEW PROGRAM ALSO OPERATING WITH ITS NUMBER IN THE DSKY PROG LIGHTS.
(41 IF P20 UR P25 IS RUNNING, SELECTION OF POO OR P22 OR P25 WILL RESULT IN THE TERMINATION OF THE OLD

PROGRAM AND OPERATION OF THE NEW.
(01 TERMINATION

(II BY SELECTION OF POO, V56E OR BY V34E.
(21 POO SELECTION WILL TERMINATE P20,22, AND 25 AND ANY OTHER PROGRAM IN PROCESS, AND ESTABLISH POr.
(31 V56E SELECTION WILL SELECT THE TERMINATE TRACKING ROUTINE (R56I WHICH WILL TERMINATE ONLY P20 OR

P25 IF either of THESE PROGRAMS IS RUNNING IN CONJUNCTION WITH ANOTHER PROGRAM. IN ALL OTHER
CASES R56 WILL SELECT ROD. V56E MAY BE PERFORMED ANY TIME DURING P2r,22, OR 25 OPERATION.

(41 THE LGC WILL ACT UPON V34E ONLY IN RESPONSE TO A FLASHING VERB-NOUN. IF THIS DISPLAY WAS ORIGINATED
BY P20,22, OR 25, V34E WILL RESULT IN AN IDENTICAL LGC RESPONSE TO THAT OF V56E, THAT IS, SELECTION
OF R56 EXCEPT IN THE CASE OF A V06N49 DISPLAY. IF THIS DISPLAY WAS NOT ORIGINATED BY P2D,22, OR 25
(SUCH AS P32, WHILE RUNNING WITH P20 1 THE LGC WILL GO TO RCC, HOWEVER THE PROGRAM IN THE BACKGROUND
WILL CONTINUE. THE NEW PROGRAM SELECTED FOLLOWS THE SELECTION RULES ABOVE, (Al.

(51 ALTHOUGH IT IS NOT CLEARLY SHOWN IN THE LOGIC BELOW, A V34E RESPONSE TO A PRIORITY DISPLAY MUST BE
DELAYED 2 SECONDS FROM DISPLAY INITIATION WHEREAS THF DELAY IS NOT NECESSARY FOR A V56E RESPONSE.
A LAMP IS LIGHTED UN THE DSKY TO INDICATE A PRIORITY DISPLAY.

(91 THE RR MANUAL ACQUISITION ROUTINE (R21I MAY ONLY BE SELECTED IF P2C IS NOT RUNNING IN CONJUNCTION WITH
ANOTHER PROGRAM.

(101 WHEN P2D IS SELECTED ANYTIME PRIOR TO THE LANCING PHASE IN THE .UMAR MISSION, THIS PROGRAM MUST BE OPERATED IN
44 THE NO UPDATE MODE.
4 06
4 (III THE RSS POSITION AND VELOCITY ERRORS AND ANGLE BIAS ERRORS COMPUTED FROM THE W MATRIX ARE AVAILABLE BY EXTENDED
41180 VERB IV67EI. BASED UPON VALUES IN THIS DISPLAY AND THE DETAILS OF THE MISSION, THE ASTRONAUT CAN ELECT TO STOP OR
44 CONTINUE the CURRENT NAVIGATION PROCEDURE OR TO RE- 1 N I TI AL I ZE THE W MATRIX AND CONTINUE NAVIGATING. THE CAPABILITY

TO REINITIALIZE THE W MATRIX IS ALSO PROVIDED VIA V67E.

(121 TO MONITOR THE PROGRESS OF STATE VECTOR INTEGRATION, THE TIME ASSOCIATED WITH THE ADVANCING (REGRESSINGI STATE
IS AVAILABLE BY KEYING IN V06N3aE:

P20/LUMI NARY
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PROG
CONT

V06N38
Rl-TET-HRS
R2-TET-MINS
R3-TET-SECS

TET-THE TIME (GET I TO WHICH THE STATE VECTOR INTEGRATION PROCESS HAS PRESENTLY CALCULATED THE STATE
VECTOR. IN HRS, MINS, AND SECS TO NEAREST .01 SEC.

(13) STATE VECTOR INTEGRATION MAY EE PERMANENTLY INHIBITED BY V96E. THIS ENTRY WILL TERMINATE ALL PRESENT PROGRAMS
AND SELECT THE LGC IDLING PROGRAM (POO) WITH THE PCO AUTOMATIC STATE VECTOR INTEGRATION PERMANENTLY INHIBITED
UNTIL SELECTION OF ANOTHER PROGRAM. USE OF V96 CAN CAUSE INCORRECT W-MATRIX EXTRAPOLATION SINCE STATE VECTOR
SYNCHRONIZATION IS NOT MAINTAINED.

(14) EXTENDED VERBS, E.G., V82/V83, MAY 8E CALLED WHILE P20 IS MANEUVERING THE VEHICLE.

LGC GROUND CREW

#ir

#20

CRE W

Program

pzo/luminary
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SELECT lOiM

#30

START RENDEZVOUS
NAVIGATION PROGRAM
( P20).
DISPLAY P29

KEY IN KENUEZVJUS
NAVIGATION PROGRAM
( P20)
V37E20E
NOTE: WHENEVER PZO

IS SELECTED PRIOR TO
THE LANDING OPERA-
TION IN THE LUNAR
MISSION, IT MUST 3E
ENTERED AND OPERATED
IN THE NO UPDATE
MODE ( l.E. : - V9SE
MUST 3E EXECUTED BE-
FORE ENTRY INTO
P20. I

#5C

MONITOR DSKY:
03SERVE DISPLAY

OF P20

#60

(NOTE: FROM THIS
POINT ON THE LGC
LOGIC DESCRIBES BOTH
THE RENDEZVOUS NAVI-
GATION PROGRAM IP2C)
AND THE LUNAR SUR-
FACE NAVIGATION PRO-
GRAM (P22). ONLY

(NOTE: ALL LOGIC IN

THE CREW COLUMN Is

ONLY THAT ASSOCIATED
WITH THE RENDEZVOUS
NAVIGATION PRCGRAM
(P23)I.

#7C

092
PZC/LUMINARY
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that LOvilC ASSOCIA-
TED WITH P20 IS PER-
TINENT HERE HOW-
EVER).

#80

IS SURFACE FLAG SET?

.N Y

RESET VEHICLE
UPDATE FLAG. #90

SET VEHICLE UP-
DATE FLAG

#100

SET LGC ASSUMED
OPTION = 00001

PCSS
HOLD .

S NAP .

FLASH VERB-NOUN
TO REQUEST RES-
PONSE AND DISPLAY
ASSUMED CSM
ORBIT OPTION;

V0HN06
R 1-000 12

R2-CC OOX
R3-BLANK

#110

#120

P20/LUMINARY
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R1 Is OPTION CODE
FOR ASSUMED CSM
ORBIT OPTION.

R2 IS THE LGC-
ASSUMED OPTION:

OCOOl - CSM
RILL NOT CHANGE
ITS PRESENT
ORBIT.

*13r

00002 - CSM
HILL CHANGE ITS
PRESENT ORBIT
TO GO OVER THE
PRESENT LM
POSITION ON THE
LUNAR SURFACE. »1AC

WAIT FOR KEY-
BOARD ENTRY

*15C

TERMINATE FLASH
UPON RECEIPT OF
PROCEED OR NEW
DATA.

P .NEW
R .OATA
0

C

E

E STORE DATA

#160

#17C

IS LGC ASSUMED
OPTION = 00001?

.Y N.

094
P2C/LUMINARY
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#180

POSS
HOLD .

SNAP .

FLASH VERB-NtlUN
TO REQUEST RES-
PONSE AND DISPLAY
ESTIMATED LAUNCH
TIME:
V06N33
Rl-TIGIASI-HRS
R2-TIG(AS)-MINS
R3-TIG(ASI-SECS

#10C

TIGIASl- TIME
lESTIMATED) OF
APS IGNITION FOR
ASCENT I GET). IN
HRS, MINS, SECS,
TO NEAREST .01
SEC.

#20r

WAIT FOR KEYBOARD
ENTRY

#210

TERMINATE FLASH
UPON RECEIPT OF

PROCEED OR NEW
DATA

P .NEW
R .DATA
0
C

E

E STORE DATA

# 22 ^

#230

P20/LUMINABY
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CALCULATE NEW CSN
ORSir AND UPDATE
CSM STATE VECTOR
(REFER SECTION
5.2.i.2 OF R567I

*240

DC IMU STATUS CHECK
ROUTINE (R02)

DO IMJ STATUS
CHECK routine (R02)

SET UPCATE FLAG
#25r

SET TRACK FLAG

*260

SET RENDEZVOUS FLAG

RESET SEARCH FLAG *270

RESET MANUAL ACQUIRE
FLAG

#280

096
P20/LUMINARY
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#290

#3CC

#31C

#320

P20/LUMINARY
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#33C

#340

#350

#360

#370

09S
P20/LUMINARY



PRESENT TIME USING
THE KEPLER SUBRQU-
T INE

CALCULATE LOS VECTOR
FROM LM TO CSM.

IS RANGE GREATER
THAN AGO NM?

CALCULATE RANGE
AND RANGE RATE

IS FIRST PASS
FLAG SET?

• Y N

"A”
ENTER HERE
FRCM RR
SEARCH
routine
1R2A)

IS SURFACE FLAG
SET?

Y N.

TURN CN . • • • the LGC WILL TURN ON
PROGRAM alarm LIGHT AND

099
irs

P20/LUMINARY

#380

#390

#A00

#41C

#420

#43C

P20/LUM INARY



/ILARM ANi3

STORE ALARM
coot

hlset first
PASS FLAG

STORE ALARM COOL
00526 INDlCATIi'IO
THAT range is GREAT-
ER than AOO N.M,
INOTE: AT THE OPTION
OF THE CREk, the
range and range rat E

DISPLAY MAY BE
SELECTED AT THIS
TIME BY KEYING
I N Y I 6N 3 AE. IF THE
RANGE IS INCREASING,
THE CREW MAY TERM-
INATE P2C BY keying
IN V56E)

.

INOTE: ALARM GENE-
RATED ON FIRST PASS
ONLY ).

* ••WAITS
• • SECONDS

IS RANGE TO CSM LESS
THAN AOO NM?

N Y

*

*

*

118C

PCSS
r EMP
HCLO •

IS RANGE RATE A

POSITIVE VALUE?

• N

•

• Y

•

• « « •

•

• GO TO
• "I"
•

•

BELOW

DISPLAY ON USKY:
VluNSA
Rl-RANGE
R2-RANGE RATE

WAIT j SECONDS

MON

1P6
P20/LUHINARY

#460

#450

#460

#470

#480

100
P20/LUMINARY
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R3-o( no

RANGc-CALCULATED
RANGE TU CSM. IN

NAUTICAL MILES
TU NEAREST .01
NM.
(NOTE: 99°. oQ

rtILL BE DISPLAYED
FUR YALUES
GREATER THAN
999.99 NM)

i*A°r

RANGE RATE-CAL-
CULATED RANGE
RATE BETWEEN LM

AND CSM. IN FPS

TO NEAREST .1
FPS. (NEGATIVE
SIGN INDICATES
CLOSING)

*5or

((SIC'

RESET FIRST
PASS FLAG

WAIT 5 SECONDS #520

"i"
ENTER HERE
FRCP RR
DATA READ
ROUTINE (R22),

i*53C

P2r/LUMINARY
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•

•

. CP from rr

. CfcSloNATE

. ROUTINE

. (R21).
• •

• •

• •

•

•

•

• • • •

• •

•

•

IS SURFACE FLAG SET?

. Y

•

•

•

•

•

•

•

•

•

•

•

#55f

TERMINATE DIS- ENTER HERE
PLAY OF RANGE FROM RR
AND RANGE RATE • DATA READ
1 IF PRESENT ) • KUUTIiME

•

•

•

•

•

•

•

•

•

•

•

•

FROM RR
DESIGNATE
ROUTINE
1R2LI

• •

• •

*56''

•

•

•

•

• •

• •

• • • •

• •

•

. DO PREFERRED

. TRACKING ATTI

•

» 1)0 PREFERftcJ TRACK- #57C
• ING ATTITUDE ROUTINE

. TUOE ROUTINE (R61 ).

. (R61).

• •

• •

• •

• •

• •

• •

•

•

•

•

•

•

• »58C

• • • • •

• * • • •

IS JfiAU FL AG SET?

Y N

102
P20/LUMINARY
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#590

GG TO
"G"
BELOW

i6rc

IS RR AUTO MODE
DISCRETE PRESENT?

.Y .N

«6ir

"C"
ENTER HERE

FROM RR
DATA READ
ROUTINE
IR22) .

"C
ENTER
HERE
FROM
RR DATA
READ
ROUTINE
(R22).

#620

IS P20 OR P22 THE
ONLY PROGRAM
RUNNING?
NOTE; IF PRESENT
PROGRAM IS P22t
ANSWER I S ALWAYS
"YES".

Y .N

#630

«64C

P20/LUMINARY



PCSS
PRIO
HOLD .

SNAP .

FLASH VEKa-NOUN
TO REQUEST RES-
PONSE AND DIS-
PLAY ALARM CODE
CCalA INDICATING
IMPROPER REMOVAL
OF RR FROM AUTO
MODE.

V05N09
Rl-XXXYX
R2-XXXXX
R3-XXXXX

MONITOR OSKY:
DOES VERB-NOON

Flash to request
RESPONSE AND DISPLAY
ALARM CODE &0514
INDICATING the RR
HAS BEEN IMPROPERLY
iHITCHEU OUT OF AUTO
MODE?

INOTE: ALARM CODE
UliPLAYS MAY APPEAR
IN Rl, R2, OR R3,
DEPENDING ON PRES-
ENCE OH ABSENCE OF
other ALARM CODE
UIpPLAYS.

»

WAIT 2 SECONDS WAIT 2 SECONDS

WAIT FOR KEY-
8CARD ENTRY

DO I WISH TO
RESELECT Kk
AUTO MODE AND
CONTINUE WITH
AUTOMATIC P2C
OPERATION?

IIH
P?"/LUM INARY

W65r

#66 ''

#67r

#68C

101 P2C/LUMINARY
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RUT RR MODc
SRITCH TU
LGC

«b9C

KEY IN
PROCEED

»700

11(710

TERMINATE FLASH
UPON RECEIPT OF
PROCEED,
RECYCLE,
TERMINATE
( V34E) , OR V56E

KEY IN TERM-
INATE (V34E)
OR V56E.

Y

3

4

E

0

R

P

R

0

C

E

E

D

»720

Y

5

6

E

0

R

R

E

C

Y

C

»730

P2^/LUMINARY
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E

CC TERHINATE
TRACKI NG
RCJTINE (R5b)

DO TERMINATE
TRACKING RUU-
TINE (k36I

EXIT
P20

EXIT
P20

PCSS
HCLD .

SNAP .

FLASH VERB-NOUN
TO REQUEST PLEASE
PERFORM SELEC-
TION OF RR AUTO
MODE:

V50N25
R1-C02H1
R2-BLANK
R3-8LANK

MONITOR DSKV:
IS verb-noun

FLASHING TO REUUESI
SELECTION OF RR AUTO
MODE?

(NOTE: (U tee MAN-
UAL ACUUISITIUN
ROUTINE (R23) MAT
ONLY BE CALLED FROM
THI S DISPLAY lEN-
TER). THIS DISPLAY
IS NUT CALLED IF

THE RR MODE SWITCH
IS IN LGC. THERE-
FORE IF R23 IS DES-
IRED THE RR MODE
SWITCH MUST BE OUT
OF THE LGC PCSITIJN
BEFORE THE LGC PRO-
GRAM CHECKS THE
AUTC MODE DISCRETE.

112
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A7Ar

i»75f

*76r

#780

10 B
P20/LUM1NARY



WAIT FOR KEY-
BOARD ENTRY.

TERMINATE FLASH
UPON RECEIPT OF

PROCEED OR ENTER

I ^ I THE K R

RUST BE IN THE
AUTC MODE ILGC
POSITIONI FCR AUTO-
MATIC P20 OPERAT-
ION.

(3) AS LONG
AS THE LOC IS ON IT
WILL CALL THE RR
MONITOR ROUTINE
(R25I EVERY 3. AS
SECONDS AS DESCR-
IBED IN SECTION

5.2 OF R567).

.Y

DO 1 WISH TO
ATTEMPT A

MANUAL
ACQUISITION?

.N
•

•

•

• Y

•

•

•

PUT RR •

MODE •

SWITCH TO •

LOC. •

• •

« •

•

• •

KEY IN
•

•

PROCEED

•

•

•

• •

•

E

N
T

P

R

KEY IN ENTER

IOf
113
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»790

*eoc

•Sir

• B20

• 830

P20/LUMINARY



• • •

• • •

• • •

• • •

• • •

• E .C .

• R • t •

• .E
• • 0 •

• •

• •

•

IS THE SURFACE
•

•

FLAG SET? •

.N .Y . •

• • • •

• • * •

. TURN ON • •

. OPERATOR • •

. ERRCR ALARM .

• • •

•

• •

•

• • •

• • •

• • • • •

• •

• •

•

•

•

•

•

•

DC RANDAL ACSUI- 00 MANUAL AC-
SITION ROUTINE . . • • aUISITION RUU-
1R23I • TINE IR23)

• •

•

• •

• •

• •

• •

• •

—
•

•

• •

• •

• •

SET THE MANUAL
ACUUIRE FLAG

WAIT 2.5
SECONDS

llA
P2'1/LU»' I NARl^

«84r

#85r

*860

#870

«8 8C

segi"

10b
820/LU8.1 NARY
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IS the rr ecu
ZERO FLAG SET?

.N Y.

• •

IS MANUAL ACQUIRE,
OR SEARCH FLAG SET?

• Y

•

•

•

•

N.

•

•

RESET THI S

FLAG.

•

— •

•

•

•

•

• "H"

•

•

•

• ENTER
• HERE •

• FROM
• RR OES-
• IGNAT

E

•

• ROUTI NE •

•

•

(R21) ...

• •

• • •

•

• •

• • • • • • • <

•

•

• • •

UPDATE PER-
MANENT STATE
VECTORS TO THE
PRESENT TIME
USING PRE-

»9r'C

•9ir

f92C

#93r

*990

P2C/LUM I NARY
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CISIOM INTE-
GrlATI CN»

MJM

E4TER
HERE
frow
RR DATA
READ
RJUTI ME
(R22)

•

• • •

•

•

IG THE REMDEZ-
VJUS FLAG SET?

Y. M.

• •

• «

• * • •

• EXIT
•

•

P20/22

1j the track
FLAG SET?

Ha^r

l»96r

itgjr

»980

Y

WAIT IS

SECONDS

110
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i S THE
TRACK FLAG
SET?

Y N

MATT
15
SEC-
ONDS.
(NOTE:
IF
TRACK
FLAG
RE-
MAINS
RESET
P20/22
TERMI-
NATION
(BY
V37E-
OOE,
OR
V56E1
MILL
TERMI-
NATE
THIS
WAIT-
LI ST
CALL
AND
EXIT
P20/
22. I

"D"

ENTER
HERE
FROM RR

Hi 117
P2f'/LUMI NARY

iirrc

«1010

*102C

*1030

P2n/LUMINARY



liK DESIGNATE
ROUTINE IR21)

TARGET
AC JUIREO
BY R21

DESIu-
NATE
ROUTINE
1 R21

1

Ok RR
DATA
READ
ROUTINE
I R22 ) .

•

•

•

MONITOR the vehicle
ATTITUDE AND THE

DSKY.
THE RR IS NOW

BEING AUTOMATICALLY
DES IGNATED T GWARO
the CSM.

WHEN the LGC
FAILS TU RECEIVE THE
DATA GOOD DISCRETE
FRUM the RR wITHIh
APPROXIMATELY AS
SECONDS UF THE IN-
ITIATION OF A DE-
SIGNATE SEJUENCE,
THE L^C GRABS THE
DISPLAY AND DIS-
PLAYS ALARM CODE
C 0sQ3.

IIB
P2''/LUMINARY

XIFAr

#lC5f

#1060

#1070

#1080

112
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+ U8C
* +

PCSS
PRIO
HOLD .

MCN
FLA5H VERB-NUUN
TO REQUEST RES-
PONSE AND MON-
ITOR RR COU
ANGLES:

V50N72
Rl-TRUNNION

ANGLE
R2-SHAFT ANGLE
R3-BLANK

TRUNNION ANGLE-
360 DEGREES
MINOS THE RR CCU
ANGLE VALUE. IN

DEGREES TO NEAR-
EST .01 DEGREE.
(NOTE: PLUS IS

DEFINED AS A

NEGATIVE ROT-
ATION ABOUT THE
LM +X AXIS.

(

SHAFT ANGLE- RR
SHAFT ANGLE. IN
DEGREES TO NEAR-
EST .01 DEGREE.

GO TO
”G**

BELUH

WAIT 2 SECONDS

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE. CONFIRM RR
MAIN-LOBE LOCK-ON
VIA THE FOLLOWING
INDICATORS:

( 1) PRIOR TO THIS
DISPLAY, THE FDAI
ATTITUDE ERRORS
SHOULD HAVE BEEN
2ER0E0 BEFCRE
TESTING INDICA-
TORS (2) AND (3).

(21 HR SHAFT AND
TRUNNION ANGLE
nominal readings
ARE ZERO.
SMALL AN^jLE OFF-
SETS FROM ZERO
MAY RESULT FROM
SEVERAL NORMAL
CAUSES.
LARGE ANGLE READ-
OUT IS INDICATIVE
OF SIDE-LOBE
LOCK-ON.

(3) THE CQAS ( IF
CALIBRATED) LOS
SHOULD BE OPTIC-
ALLY ON TARGET.
IF NOT, S IDE-LOBE
LOCK-ON IS INDIC-
ATED

(A) THE RR SIGNAL
STRENGTH METERS
ARt EXPRESSLY FOR
determining MAIN-

S'

113
no
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»11CC

#1110

«112D

#1130
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1 ^:'

IV^/LUFINAkY

LiJJL LJLk-C^I.

WAIT FiTR KEY'
liOARD ENTRY

nAIT 2 SECUNUi

HAS MAIN-LUBE LUCK-
UN BEEN ACHIEVED?

Y N. #115C;

DO 1 WISH I'G

ACHIEVE MAM-LJBE
LOCK - UN
MANUALLY?

#116r
. Y iN.

RE-ACJUIRE
CSM IN MAIN-
LOJE MAN-
UALLY »117C

SET RK .MUOt

iWITCH TO LUC

V 1180

ill
PZ-ZIUVI NAMY
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iJAIT FOR NG
TRACK LIGHT
TO GO OFF

#1190

KEY IM PROCEEO.

TERMINATE FLASH • •

ON RECEIPT OF M 1 •»<«. «

PROCEED OR TERM-
INATE

• . V34E
•

P

R

0
C
E

E

D

T.

E.

R.

M.

1 .

N.

A.

T.

E.

#121C

DO TERMINATE
TRACKING ROU-
TINE IR56)

DO TERMINATE
TRACKING ROUTINE
IR:>t>l

# 122 ^

EXIT
P20

EXIT
P20

P2!./LUMINARY



Mg"

FROM
ABOVE

WAIT 2.5 SEC.

•

•

•

•

• • • •

•

« •

IS The RENDEZVOUS
FLAG SET?

. Y

•

N.

•

•

•

•

• • •

•

. EX IT

•

•

P2G/22

IS THE TRACK
SET?

FLAG

Y N

MONITOR THE VEHICLE
ATTI TJUE AND THE
DSKY:

THE ATTITUDE MAN-
EUVER/RR TRACK/RR
MARK/STATE VECTOR
UPDATE PROCESi IS
NOR AUTOMATIC.
THE LUC WILL CNLY
COMMUNICATE WITH THE
astronaut during
THIS PROGRAM:

I 1) WHEN A DSKY
ENTRY OF VlbNAiE
I S MADE TO RE-
QUEST A DISPLAY
OF THE NUMBER OF
MARKj IM) , THIS
DISPLAY WILL CON-
TAIN M IN Ri.
THIS DISPLAY MAY
Alsu be used to
OBTAIN the middle
wIMBAL angle
WHEN the IMU is

ON and the LM tX
AXIS IS ALIGNED
WITH THE INITIAL
thrust VECTUR IR3
-MGAI. IF NO BURN
HAS BEEN DEFINED
R3 WILL 3E MEAN-
IN^.LESS. THE IN-
FORMATION I N R2
AT THIS TIME IS

NUT RELIABLE.
CONTROL OF
THE DSKY
DISPLAY IS
RETURNED TO THE

122
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* I23F

i»i2Ar

«i25r

#126''

#1276

liH
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LGC BY PJSHING
KEY RELEASE.

GC TO "3"

IN R22
f fi

ENTER HERE
FRO.'l RR
ATA READ
ROUTINE (R22I

(21 WHEN THE OAT A

GOOO DISCRETE
LAPSES DURING THE
DATA READ ROUTINE
(R22»t A THACKER
FAIL ALARM RE-
SULTS. NO DISPLAY
INTERRUPTION OCC-
URS.

WAIT 15 SECONDS.

y06

*

«•

4-

+

41180
4 4

(31 RHEN THE RR
AUTO MODE DIS-
CRETE IS NOT PRE-
SENT IMMEDIATELY
PRIOR TO A DATA
READ SEJUENCE
DURING THE DATA
READ ROUTINE
(R22) the LGC
GRABS THE DISPLAY
AND REQUESTS THIS
DISCRETE.

(A» RHEN THE LGC
DETERMINES THAT
THE ACTUAL RR LUS
DIFFERS FROM THE
LGC CALCULATED
LOS BY MORE THAN
3 DEGREES AFTER
A DATA READ SE-
QUENCE THE LGC
GRABS THE DISPLAY
AND DISPLAYS AN
ALARM CODE
(003251.

(51 RHEN the
MAGNITUDE OF A

STATE YtCTOR COR-
RECT ION I S GREAT-
ER Than the allo-

lii
123

P2r/LUMINARY

I*l28f'

#1290

#1300

#1310

#1320
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P2':/LUMI.NAKY

«ABLt Lll-liri lAj
JEFlNFi) IN SfcC-

TIU.N 5.2 2F

K 5o 7 r He L aC
ijRActi The JIjALAY
A:mD JlAFLAYi Trie

EXOfcSSIVt JP.JATt
PAKA-AETc-^S.

#133''

DU 1 JESlrtE TU
TERMINATE P2C?

*1347

Y

WAIT FCR KEYBOARD
ENTRY. •

•

RESPQNC TO V56E

•

•

•

IMMEDIATELY. •

. V

. 5 •

• 6 •

. E

•

•

•

•

#f
J

»•

•

•

•

•

•

•

fHCf* • •

ABOVE
•

•

•

•

•

• • •

•

•

•

•

•

•

•

DO TERMINATE TRACK- 00 TERMINATE TRACK-
ING ROUTINE (R56) i kJ JT I NE ( Kd o )

«135r'

»1360

«137C

» i3Bn

118
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EX IT EXIT
P20/P22 P20

CHANGE CCKTRQL NOTES

REV PI PCR 146, 173, 22t,<il5, 451, <(68,537, 541, 549, 562, 6l«,64C
REVS 00,01(LUM 1A» PCR 646,732,757
REV 02 EDITORIAL
REV 03 EDITORIAL
REV 04(LUN 101 PCR 287,979,1038, PCN 1039
REV 05(LUH lEl PCR 336,339, 1091, PCN 1145
REV 06(LOM lEl PCN 1180
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liRCJND TRACK DETERHINATIJN PROGRAM (P21) REV r3 PZ/lT/Tl

PURPOSE: (II TO PROVIDE The astronaut details of his ground track without the need fcr ground commjnicat iom.

ASSUMPTIONS: 111 THIS PROGRAM MAY BE SELECTED WHILE THE LM IS EITHER IN EARTH OR LUNAR ORBIT, TU DEFINE THE GROUND TRACK OF EITHER
THE LM OR THE CSM.

(2) THIS PROGRAM ASSUMES THE VEHICLE WHOSE GROUND TRACK PARAMETERS ARE CALCULATED TO REMAIN IN FREE FALL FROM THE
PRESENT TIME UNTIL T LAT LONG.

(31 THE PROGRAM IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY.

PROG LGC GROUND CREW
CONT

. CREW

. PROGRAM

.SELECTION

START GROUND TRACK . KEY IN GROUND TRACK
DETERMINATION DETERMINATION
PROGRAM (P21I. . PROGRAM (P21t »1D

DISPLAY P21 V37E21E

MONITOR OSKY:
OBSERVE DISPLAY OF
P21

SET LGC ASSUMED
OPTION = OCCOl (LM)

#3C

P21/LUMINARY



HCLD
FLASH VfcRH-NUUH TO

SNAP . REOUEST RESFG.MSE AND
DISPLAY UPTION CUOE
FOR ASSJMEO VEHICLE
1 LN UR CSK)

:

VOA JC6
RI-CJ0D2
R2-CJCT X

RJ-fiLANK.

MGNirjK DSKY:
OdSERVE VERa-NUUN
FLASH TJ KtJUEST
REiPQNSE AND DISPLAY
OF OPT UN CODE FUk
ASSUMED VEHICLE (LM
OR CSM)

R1 U THE OPTION
CODE FOR ASSUMED
VEHICLE (LM OR CSMl.

R2 IS THE LGC ASSUM-
ED CPTIJN:
CCCOl - THl S VEHICLE

ILMI
0Cr02 - OTHER VEHI-

CLE (CSMl
(NOTE: LGC RILL
ASSUME ALL CPTIQNS
OTHER than CrOOl,
OCCOO, JR 77776 TO
BE CSMl

IS THE VEHICLE ( LM
OR CSMl ASSUMPTION
CORRECT?

Y .N

WAIT FCR KEYBOARD
ENTRY

KEY IN PROCEED

12S
P2I/LUMINARY

HAT

#50

#60

#70

#80

122
P21/LUMINARY



TERMINATE FLASH UPON
RECEIPT OF PROCEED
OR NEW DATA

• P .NEW
• K .CODE
.0 . DATA
.c •

.E •

.E •

.0
•

•

•

STORE CODE DATA
•

• •

• •

•

•

•

•

•

•

ZERO T CAT LONG
DISPLAY REGISTERS.
Rl, R2t AND R3 WILL
INITIALLY READ
POOOO.

KEY IN
V22E
AND LOAD
THE
DESIRED
VEHICLE
ILM UR
CSMI
CODE IN-
TO R2.

HOLD , . FLASH VERB-NOUN TO

REQUEST RESPONSE AND
SNAP . . DISPLAY T L AT LONG:

. V06 N3A

. Rl-T LAT LONG-HRS

. R2-T LAT LONG-MINS

. R3-T LAT LONG-SECS

MONITOR DSKY:
OBSERVE VERB-NOUN
FLASH TO REQUEST
RESPONSE AND DISPLAY
OF T LAT LONG

T LAT LUNG - TIME
(GET! AT WHICH LAT

DO I WISH TO HAVE
THE LGC COMPUTE

123
129
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0OO

«1P0

#110

#120

#130

P21/LUMINARY



PAHAMETERj FOR THE
PRESENT TIME?

AND LCN-j OF VEHICLE
POSITIQI IS DESIRED.
IN HRS, MINS, SEC TO
nearest .CI SEC.

WAIT EQR KEYBOARD
ENTRY

TERMINATE FLASH UPON
RECEIPT OF PROCEED
OR NEW DATA.

.Y
•

• •

ARE ALL •

3 REGIST- •

ERS EJUAL •

TO ZERO ? •

.Y .N
• •

•

• •

• •

• • AM I SAT-
• • ISFIEO
• • WITH THE
• • D I SPLAYED
• « r 1ME7
• •

• • .N .r

• • •

• • •

•

...KEY IN V25E
•

•

. AND LOAD NEW •

. DATA •

•

• •

•

•

• • •

•

•

•

•

•

• • • •

•

• • • •

•

•

KEY IN PROCEED

130
P21/LUMINARY

#140

#150

#160

#17C

#180

124
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IS T L/IT LONG
ZERO?

.N .Y

• •

•

•

• CHANGE T LAT
• LONG TO PRE-
•

•

•

•

•

SENT TIME

•

•

•

•

•

•

•

•

•

•

EXTRAPOLATE STATE
VECTOR OF SELECTED
VEHICLE TO T LAT
LONG. CALCULATE
LATITUDE, LONGITUDE
AND ALTITUDE OF
VEHICLE AT T LAT
LCNG.

calculate velocity
AND FLIGHT PATH
ANGLE FOR DISPLAY
IN N91 AT ASTRONAUT
REQUEST.

CALCULATE ALTITUDE
FOR DISPLAY IN N°1

125
131
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* 19 ^

#2or

i»2ir

»22P

»23Y'
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HCLO .

SNAP .

AT ASTRJNAUT
REOUES T .

NONITJK DSKY:
OBSERVE VERB-NOJN
FLASH TO REJUEST RE-
SPONSE AND DISPLAY
OF LATITUDE, LONGI-
TUDE AND ALTITUDE.

Rl-LAT
R2-L0NG
R3-ALT

LAT-LATITUOE OF
VEHICLE. + IS NORTH.
IN DEGREES TO NEAR-
EST .01 DEGREE.

FLASH VERB-NOUN TO

REQUEST RESPONSE AND
DISPLAY LATITUDE,
LONGITUDE AND
ALTI TUDE:

V06 NA3

»2A0

#250

LONG-LONGITUDE OF
VEHICLE. + IS EAST.
IN DEGREES TO NEAR-
EST .01 DEGREE.

ALT-ALTITUDE OF
VEHICLE ABOVE THE
LAUNCH PAD RADIUS
(EARTH ORBITI OR
THE LUNAR RADIUS AT
THE LGC-STORED
LANDING SITE (LUNAR
ORBIT). IN NAUTICAL
MILES TO NEAREST
. 1 NM.

#260

#270

DO 11 WISH TO OBTAIN •

NEW PARAMETERS FOR •

A T LAT LONG 10 • #280

126
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•

•

•

• minutes from now JR
• ANY OTHER TIME THAN
• THAT WHICH APPLIES
• TO PRESENT DISPLAY?

•

•

•

• N ,Y
• •

• •

• •

• •

WAIT FCR KEYBOARD • WHEN FINISHED
ENTRY

• KEY IN
PROCEED OR TER- .

MINATE IV3AEI.

• •

• •

TERMINATE FLASH UPCN •

• •

• •

• •

•

. WHEN FINISHED
RECEIPT OF PROCEED,
RECYCLE, OR • . IN RECYCLE YJ2E
TERMINATE •

.R • T .P • •

.E • E .R • •

.C • R .0 • •

.Y • M .C • •

• C .1 .E • •

.L .N .E • •

• E .A .0 • •

• • T . • •

•

•

.E .

• • •

• • •

_ ^ ^

•

INCKEMENT T

EAT LQNii BY

IC MINUTES

12 ;
133
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#29C

#30C

#310

«32f'

#330
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DO FINAL AUTOMATIC
reouest terminate
routine (RPO)

00 FINAL AUT CMAT IC
REUUEST TERMINATE
ROUTINE (R03I

EXIT P21 EXIT P21

#340

CHANGE CONTROL NOTES

REV 01 editor:I AL
REV 00 ( LUM lA) PCR 733
REV OH LUM IBI PCR 8C7.2
REV 02 EDITOR.I AL
REV C3( LUM IE) PCN 1145

128 P21/LUMINARY
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LUNAR SURFACE NAVIGATION PRUoRAM ^P^^\ REV 06 12/''l/''l

purpose: 111 TO CONTRUL THE RENDEZVOUS RADAR(RR) TQ ACQUIRE AND IRACK THE CSN VHILE THE UH IS ON THE LUNAR SURFACE.

12) TO UPDATE THE CSP STATE VECTOR UN THE dASIS OF RR TRACKING DATA.

(3)

TO TRACK THE CSM WITHOUT UPDATING EITHER VEHICLE STATE VECTOR.

ASSUMPTIONS: (1) THE ISS MAY BE IN STANDBY OR OPERATE. THE IMU WOULD NORMALLY BE ON AND THE LUNAR SURFACE ALIGN PROGRAM
IP57) COMPLETED BEFORE THE SELECTION OF THIS PROGRAM.
THE ISS THUS MAY BE:

lA) OFF ISTANDBY).

(3) CN, AND NOT ALIGNED SINCE TURN ON.

!C) ON and AT AN INERTIAL ORIENTATION KNOWN ONLY INACCURATELY BY THE LGC. I.E. HAVING BEEN ALIGNED AT
LEAST ONCE SINCE TURN UN BUT EITHER HAVING BEEN INACCURATELY ALIGNED UR HAVING DRIFTED FROM THE STORED
ALIGNMENT.

IDI ON AND AT AN I.JEKTIAL ORIENTATION KNOWN ACCURATELY BY THE LGC.

IF lA) IS TRUE A PROGRAM ALARM WILL BE MADE BY THIS PRQgRAM.
IF IB) IS TRUE A PROGRAM ALARM WILL BE MADE BY THIS PRJvRAM.
IF IC) IS TRUE THE LGC MAY OR MAY NOT HAVE A SATISFACTORY INERTIAL REFERENCE TO ACCURATELY COMPLETE THE PROGRAM.
IF ID) IS TRUE THE LGC HAS A SATISFACTORY INERTIAL REFLRLNCE TQ ACCURATELY COMPLETE THE PROGRAM.

12) THE CSM MAY OR MAY NOT BE BELOW THE LUNAR HORIZON. ALTHOUGH ABOVE THE HCRIZON IT MAY STILL RE OUTSIDE OF THE
AVAILABLE RR CUVERAGE SECTOR. ALTHOUGH WITHIN THE AVAILABLE RR COVERAGE SECTOR IT MAY BE OUTSIDE THE ALLOWABLE RR
COVERAGE SECTOR (SEE RR MONITOR ROUTINE (R25)).

THIS PROGRAM WILL ALWAYS TRACK THE CSM WITH THE RAUAR IN MODE 2 (SEE FIGURE 2.4-3 OF SECTION 3 OF P567). IN MODE
2 THE AVAILABLE COVERAGE IS ALWAYS LESS THAN HORIZON TJ HORIZON.

(3) THE CSM IS MAINTAINING A PREFERRED TRACKING ATTITUDE FUR RR TRACKING BY THE LM. THIS PREFFRRED ATTITUDE CORRECTLY
ORIENTS THE CSM RADAR TRANSPONDER.

(4) AT THE BEGINNING OF THE PROGRAM THE STATE VECTOR UPDATE OPTION IS AUTOMATICALLY SET TO THE CSM. THIS OPTION MAY
BE INHIBITED AT ANY TIME AND LATER RESTORED BY THE FOLLOWING MANUAL ENTRIES:

V81E UPDATE CSM STATE VECTOR
V93E NO STATE VECTOR UPDATE

NOTE: IF V95E IS ENTERED BEFORE P22 IS SELECTED, VBIE MUST BE PERFORMED TO ALLOW STATE VECTOR UPDATING.

(5) THE RENDEZVOUS RADAR IS ON, PRELIMINARY CHECKOUT HAS BEEN COMPLETED.

(6) THE FOLLOWING DISPLAY IS AVAILABLE DURING THIS PROGRAM UPCN CREW REQUEST BY KEYING IN V83E (SEE EXTENDED VERBS):

V16NPO
R1-Rk LOS AZIMUTH
k2-RR LOS ELEVATION
R3-dLANK

WHERE: RR LOS AZIMUTH-TiIE ANGLE BETWEEN THE LM x/Z PLANE AND THE RR LOS VECTOR. POSITIVE ROTATION IS FROM THE

P22/LUMINARY
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»

C6

+ 1100

+

+ C6

118C
+ +

+ 06
+

+ 1180
+

+ 06
+ 1180

L.3 +2 AXIS T3 THE LM +Y AXIS. IN DEGREES TO NEAREST DEGREE.

kk LQS ELEVATIUN-THE ANGLE 8ETWEEN THc LM +Z AXIS AND THE PROJECTION OF THE kP LOS VECTOR ON THE LM X/Z
PLANE. POSITIVE ROTATION IS POSITIVE kOTAriON ABOUT THE LM +Y AXIS.

(7) THE INITIALIZATION JF THE W MATRIX (SEE SECTION 5.2. A. 2 OF k567) IS ENABLED 8Y

:

(Al A MANUAL USKY ENTRY (V9JEI.

(3) COMPUTER FRESH START (V36EI.

(C) LiM Ok CSM IN-FLIGHT STATE VECTOR UPDATE FROM THE GROUND IP27) (EXCEPT FOR UPDATE OF LANDING SITE
VECTOR WHEN THE LM IS ON THE LUNAR SURFACE).

18) THE RR TRACKING MARC COUNTER COUNTS THE NUMBER OF RR MARKS PROCESSED BY THE LGC. THIS COUNTER IS ZEROED BY:

(A) MANUAL SELECTION 3F P20/P22 1 VJ7E20/22E )

.

(9) COMPLETION OF THE TARGET DELTA V PROGRAM (P76), OR THE IMPULSIVE DELTA V PROGRAM IP77).

to SELECTION DF A NEW PROGRAM FROM A PROGRAM WHICH HAD TURNED ON AVERAGE G.

ID) INITIALIZATION OF THE W MATRIX ISEE 17) ABOVE).

(E) COMPLETION OF RR SEARCH ROUTINE IR24).

(9) THE RSS POSITION AND VELOCITY ERRORS COMPUTED FROM THE W MATRIX ARE AVAILABLE BY EXTENDED VERB IV67E). BASED
UPON VALUES IN THIS DISPLAY AND THE DETAILS OF THE MISSION, THE ASTRONAUT CAN ELECT TO STOP OR CONTINUE THE
CURRENT NAVIGATION PROCEDURE OR TO RE- I NI T I AL I ZE THE W MATRIX AND CONTINUE NAVIGATING. THE CAPABILITY TO REINITIALIZE
THE W MATRIX IS ALSU PROVIDED VIA Vo7E.

tlD) THE SELECTION AND TERMINATION OF P20, P22, AND P25 ARE SUBJECT TO SPECIAL OPERATING PROCEDURES DIFFERENT FROM
ALL OTHER PROGRAMS;

(A) SELECTION
(1) ALWAYS BY V37EXXE.
12) IF ANY OTHER PROGRAM IS RUNNING AT THE TIME OF P20/22/25 SELECTION THE NEW PROGRAM WILL REPLACE THE

OLD. THIS INCLUDES P20/22/25 SELECTICN WHENEVER EITHER PZC, 22, OR 25 IS RUNNING.
13) IF P20 OR ^25 IS RUNNING, SELECTION CF ANY PROGRAM OTHER THAN PCD, P22, OR P25 WILL RESULT IN P2C OR

P25 CONTINUING AND THE NEW PROGRAM ALSO OPERATING WITH ITS NUMBER IN THE DSKY PROG LIGHTS.
(A) IF P20 OR P25 IS RUNNING, SELECTION OF POO, P22, OR P25 WILL RESULT IN THE TERMINATION OF THE OLD
PROGRAM AND OPERATION OF THE NEW.

(B) TERMINATION
ID BY SELECTION OF POC, V56E , OR BY V3AE.
(2) POD SELECTION WILL TERMINATE P20, 22, AND 25 AND ANY OTHER PROGRAM IN PROCESS AND ESTABLISH POD.
(3) V56E SELECTION WILL SELECT THE TERMINATE TRACKING ROUTINE I R 56 ) WHICH WILL TERMINATE ONLY PZO OR P25

IF EITHER OF THESE PROGRAMS IS RUNNING IN CONJUNCTION WITH ANOTHER PROGRAM. IN ALL OTHER CASES R56
WILL SELECT ROO. V56E MAY BE PERFORMED ANY TIME DURING PZO, 22, OR 25 OPERATION.

lA) THE LG: will ACT UPON V3AE ONLY IN RESPONSE TO A FLASHING VERB-NOUN. IF THIS DISPLAY WAS ORIGINATED BY
P20, 22, 01 25, V3AE WILL RESULT IN AN IDENTICAL LGC RESPONSE TO THAT OF V56E, THAT IS SELECTION OF
R56 EXCEPT IN THE CASE OF A V06 NA9 DISPLAY.
IF THIS DISPLAY WAS NOT ORIGINATED BY P20, 22, OR 25 ISOCH AS P32, WHILE RUNNING WITH P 20 ) THE LGC
WILL GO TO ROO, HOWEVER THE PROGRAM IN THE BACKGROUND WILL CONTINUE. THE NEW PROGRAM SELECTED FOLLOWS
THE SELECTION RULES ABOVE, (A).

(5) ALTHOUGH IT IS NOT CLEARLY SHOWN IN THE LOv,IC BELOW, A VJAE RESPONSE TO A PRIORITY DISPLAY MUST BE

DELAYED 2 SECONDS FROM DISPLAY INITIATION WHEREAS THE DELAY IS NOT NECESSARY FOR A V56E RESPONSE.

130
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CONT
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(111 TO MONITOR THE PROGRESS OF STATE VECTOR IlirtGRATION, THE TIME ASSTCIATED WITH THE AOVANCir.G (REGRESSING)
STATE IS AVAUA3LE dY KEYING IN V06N38E:

V0ON33
Kl-TET-HRS
R2-TET-,MINS
R3-TET-SECS

TET - THE TIME 1 GET )

VECTOR. IN HRS. MINS
0 WHICH THE state VECTOR INTEGRATION PROCESS
ANC SECS TO NEAREST .Cl SEC.

HAS PRESENTLY CALCJLATED THE STATE

(121 STATE VECTOR INTEGRATION MAY
AND SELECT THE LGC IDLING PROGRAM
SELECTION OF ANOTHER PROGRAM. USE
TION IS NOT MAINTAINED.

BE PERMANENTLY INHIBITED BY V93E. THIS ENTRY WILL TERMINATE ALL PRESENT PROGRAMS
(POO WITH THE PGO AUTOMATIC STATE VECTOR INTEGRATION PERMANENTLY INHIBITED UNTIL
CE V96 CAN CAUSE INCORRECT W-MATRU EXTRAPOLATION SINCE STATE VECTOR SYNCHRONIZA-

LGC GROUND CREW

Grew
PROGRAM
SELECTION

KK

tzr

. key in lunar surface
START LUNAR SURFACE NAVIGATIUN PROGRAM #3r
NAVIGATION PROGRAM . ( P22

)

(P22). V37E22r
DISPLAY P22

P22/LUMINAPY
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M'JNirOR DSKV:
OdSERVE CISPLAf

UF P22 H^r

(NOTE: FROM THIS
POINT GT THE LOC
LOGIC CESCRIBES BOTH
THE RENDEZVOUS NAVI-
GATION PROGRAM (P2CI
AND THE LUNAR SUR-
FACE NAV IGATION PRO-
GRAM (P22). ONLY
THAT LOGIC ASSOCIA-
TED WITH P22 IS PER-
TINENT HERE HOWEVERI

(NOTE: ALL LOGIC IN
THE CREW COLUMN IS
UNLY THAT ASSOCIATED
with the lunar SUR-
FACE NAVIGATION
PROGRAM (P22)l.

#5P

#6C

IS SURFACE FLAG
SET?

.N Y

RESET VEHICLE
UPDATE FLAG. #7C

SET VEHICLE UP-
DATE FLAG

«8P

SET LGC ASSUMED
CPTIUN = 00001

132
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WAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED

TERPINATE FLASH
UPON RECEIPT OF

PROCEED OR NEW
DATA

KEY IN V22E ANU
LOAD DESIRED
OPTION CODE IN R2

P

R

NEW
DATA

133 lAl
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• IOC

#lir

• 12P

• 130

P22/LUMINARY



0
c

E STORE DATA
0

IS LGC ASSUMED WILL THE CSM CHANUE
OPTION = CCOOl? ITS PRESENT UKdIT?

.Y N. .Y N.

PCSS
HOLD .

SNAP .

FLASH VERB-NOUN
TO PEgUEST RE-
SPONSE AND DIS-
PLAY ESTIMATED
LAUNCH T IME:

VOoN33
R1-TIG(AS)-HRS
R2-TIG(AS)-MiNS
R3-TIG US)-SECS

MONITOR OSKY:
OBSERVE VERB-NOUN

FLASH TO REgUEST
RESPONSE AND DISPLAY
OF ESTIMATED LAUNCH
T IME

TIG(AS)-TIME
(ESTIMATED) OF
APS IGNITION FOR
ASCENTIGET). IN
HRS, MINS, SECS
TO NEAREST .01
SEC.

IS THIS THE CORRECT
VALUE?

142
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VIAT

#15C

# 16 r

#17r

#180

134
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KAIT FUR KEY8UARU
Ei'URY

KEY IN PROCEED

TERMINATE FLASH
UPON RECEIPT OF
PROCEED OR NEW
DATA

KEY IN V2iE AND
LOAD DESIRED
TIGI AS).

P

R

0

C

E

E

0

NEW
DATA

STORE DATA

CALCULATE NEW CSM
ORBIT AND UPDATE
CSM iTATE VECTOR
{REFER SECTION
5.2 OF R56TI

DC IMU STATUS CHECK DO I MU STATUS CHECK
ROUTINE (R02I . . ROUTINE tR02)

SET UPDATE FLAG

SET TRACK FLAG

135
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«19r

•2or

#210

•220

#23C

#240

P22/LUMINARY
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SET RENJEZVQUS FLAli

RESET SEARCH FLAG

RESET RANUAL ACQUIRE
FLAG

#26 '^

RESET THE R04 FLAG

#270

RESET THE NO RR
MCNITOR FLAG

RESET LOSCM FLAG # 28 '^

RESET CESIGNATE FLAG

#290

RESET CONTINUOUS DE-
SIGNATE FLAG

13B
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SET FIRjI pass FLAt.

+ C6
«• 118C

"A"
ENTER EERE
FfiOM RR
SEARCH
ROUTINE
(R24)

. .

ZERO RR TRACKING
MARK COUNTER

*

4-

+

4

4

4

4

4

4

4

4

4

4

IS THE SURFACE FLAG
SET?

EXTRAPOLATE LM
ANO CSM STATE
VECTJRS TO PRE-
SENT TIME USING
THE KEPLER SUB-
ROUTINE

13 ;
145
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#300

»3ir

#320

#330

#340

P22/LUMI NARY



UPCATE THE LM STATE
VECTUR TO T(LOS) =

PRESENT TIME USING
THE PLANETARY INER-
TIAL ORIENTATION
SUBROUTINE AND
UPDATE THE CSM STATE
VECTOR TO TILOSt =

PRESENT TIME USING
THE KEPLER SUBROU-
TINE.

CALCULATE LOS VECTOR
FRCM LM TO CSM.

IS RANGE GREATER
THAN 400 NM.7

.N Y

CALCULATE RANGE
AND RANGE

146
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* 35 ''

#360

*37T

*38C

#390

13b
P22/LUMINARY



IS FIXST PASS
FLAG SET?

.Y M

IS SJRFACE
FLAG SET?

.Y . N

TURN ON
PROGRAM
ALARM AND
STORE ALARM
CCJE 0052&

RESET FIRST
PASS FLAG

WAIT 5

SECONDS

IS range rate a

POSITIVE VALUE?

N Y

P22/LUMINARY
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PCSS
T EMP
HOLD .

MCN

«45C

GO TO
<4 I

n

BELOW

#460

DISPLAY ON DSKY:
Vi6 T54
Rl-RANGE
R2-RANGE RATE
R3-C000P

RANGE- CALCULATED
RANGE TJ CS M. IN

NAUTIC AL MI LES TO
NEARES T .01 NM .

INOTE: 999. 99 WILL
BE DIS PLAYE 0 F OR
VALUES GREA TER THAN
999.99 NM)

MONITOR DSKY:
OBSERVE DISPLAY OF

RANGE AND RANGE
RATE.

INOTE: IF THE RANGE
IS INCREASING, THE
CREW MAY TERMINATE
P22 BY KEYING IN
V56E )

#470

RANGE RATE-CAL-
CULATEC RANGE
RATE BETWEEN
LM AND CSM.
IN FPS TO NEAREST
. 1 FPS.
INEGATIVE SIGN IN-
DICATES CLOSINGI

#4°C

RESET FIRST PASS
FLAG

IS RANGE TO CSM LESS
THAN 400 NM?

N Y

140
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WAIT 5 iECONDS WAIT 5 SECONDS

«5ir

B"
ENTER HERE
FROM RR
DATA READ
ROUTINE
(R22I .

W52C

IS SURFACE FLAG SET?

N

•530

TERMINATE DIS-
PLAY OF RANGE
AND RANGE RATE
(IF PREjENT)

»54C

DO preferred
TRACRING ATTITUDE

P22/LUMINARY



ROUTINE (R6n

IS TkACR FLAG SET?

• Y N.

•

•

•

•

• • •

•

•

•

•

•

•

•

•

•

GO TO
"G"

BELOW

IS RR AUTO MODE
DISCRETE PRESENT?

Y .N

»C"
ENTER HERE
FROM RR
DATA READ
ROUTINE
(R22I.

IS P20 OR P22 THE
ONLY PROGRAM
RUNNING?

150
P22/LUMI NARY

*550

#560

#570

«58C

#59C

142 P22/LUMI NARY
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PCSS
PRIQ
HOLD .

SNAP .

(NOTE: IF PRESENT
PROGRAM IS P22,
ANShcR IS ALWAYS
"YES". )

.1 N.

• •

• •

• •

• •

• •

*600

• •

. FLASH VERB-NOUN

. TO REaUEST RES-

. PCNSE AND DIS-

. PLAY ALARM CODE

. OCilA INDICAT-

. INS IMPROPER *6 1C

. REMOVAL OF RR

. FROM AUTO MODE.

. V05N09

. R1 RXXXX

. R2 XXXXX

. RO XXXXX

• •

• •

• • 62C

. WAIT 2 SECONDS

• •

• •

• •

• •

• •

• •

• •

• •

• •

#630

• •

• •

. WAIT FOR KEY-
BEARD ENTRY

P22/LUM INARY
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»640

TEIMINATE FLASH
UPJN RECEIPT
OF PROCEED, RE-
CYCLE, OR TER-
MINATE (V34E1,
OR V56E

#650

#660

#670

#680

DC TERMINATE
TRACKI NG
ROUTINE
I B5u )

"B"

144
P22/LUMINARY



143
153

P22/LUMINARY

EXIT
P2P

"C"
EMTER HERE
FROM
RR DESIGNATE
RJUTINE (R21)t
OK RR DATA
READ ROUTINE
(R22).

»69C

#700

monitor DSKY:
IS VER3-N0UN

FLASHING TO REUUEST
SELECTION OF RR AUTO
MODE? (NOTE: III

DURING P20 THE MAN-
UAL ACuUISlTIQN i7ir
ROUTINE (R21I MAY SE
CALLED FROM THIS
DISPLAY (ENTERI.
HOWEVER DURING THIS
PROGRAM (P22) AN
"ENTER" WILL CAUSE
AN OPERATOR ERROR.

21 THE RR MUST BE IN
THE AUTO MODE (LGC #720
POSITION) FUR AUTO-
MATIC P29/22 OPERA-
TION.

3) AS LUNG Ai THE
LGC IS ON IT WILL
CALL THE RR MONITOR
ROUTINE (R25I EVERY
C.48 SECONDS AS DES-
CRIBED IN SECTION »73P
5.2 OF R567I.

.Y .N

PCSS
HOLD

SNAP

FLASH VER8-N0UN
TO REQUEST PLEASE
PERFORM SELEC-
TION OF RR AUTO
MODE;

V50N25
R 1-0020

1

R2-BLANR
R3-BLANK

PUT RR ANTENNA
MODE SWITCH TO

P22/LUM INARY
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L LjC •

#74r

WAIT FOK KEY-
BOARJ EMTRY. KEY IH PROCEED

TERMINATE FLASH
UPON RECEIPT QF
PROCEED OR ENTER

*750

E

N
T

E

R

IS THE SURFACE
FLAG SET?

.P

.R

.0

.c

.E

• E

.D
III76C

N Y, *770

TURN ON OPER-
ATOR ERROR
ALARM.

DO MANUAL ACQUI-
SITION ROUTINE

#78C

14B
P227LUMI NARY
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(R2 3).

»79C

StT THE MANUAL
ACJbIRE FLAG .

» 80 r

WAIT FOR 2.5
SECONDS

IS THE RR
FLAG SET?

ecu ZERO

.N Y.

• •

•

•

•

•

•

• • •

IS MANUAL
SEARCH FLA

ACOUIRE OK
G SET?

.Y N.

»81F

#820

«83C

RESET THIS
FLAG.

P22/LUMINARY



E.4TER

HERE
FROM RR
CESIGNATE
ROUTINE
(R21)

UPDATE PER-
MANENT STATE
SECTORS TO THE
PRESENT TIME
USING PRECIS-
ION I NTEGRAT-
lON.

»

*06

+

iisr
* *

"D"
ENTER HERE
FROM RR
CATA READ
RJUTl NE
U22)

IS THE RENDEZ-
VOUS FLAG SET?

156
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# 84 ''

#850

#860

i87C

#880

148 P22/LUMINARY
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EXIT
P20/22

#89r

1 S THE TRACK
FLAG SET?

Y .N
«9or

WAIT 15
SECONDS

#9ir

IS THE
TRACK FLAG
SET?

Y N.

#92C

WAIT 15

SECONDS
INOTE:
IF

TRACK
FLAG
REHAINS
RESET
P20/22
TERMIN-
ATION

»93r

P22/LUMINARY
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(V37E-
OOE OR
V56E I

MILL
TERMIN-
ATE
THIS
MAI T-
LIST
CALL
AND
E<IT
P20/
22 . )

•94C

•950

06

1180
+

"D"
"H"

ENTER
HERE
EROM RR
DESIGNATE
ROUTINE
(R211 OR
RR DATA
READ
ROUTINE
(R22)

«O60

•970

JO RR DESIG- . MONITOR DSKY :

JATE ROUTINE THE RR IS NOW
IR21I . DESIGNATED TOWARD *980

THE CSM.
.TARGET the LGC MILL
.ACgUlRED ONLY COMMUNICATE

150
P22/LUMINARY
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BY R21 *ITH THE ASTBUMAUT
DUKIN^i THIS ROUTINE:

( 1 ) WHEN THE LGC
FAILS TO RECEIVE
THE DATA GOOD
DISCRETE FROM THE #990
RR «ITHIN APPROX-
IMATELY ‘,5 SEC-
NOS OF TFE in-
itiation CF A de-
signate SEJUENCE,
THE LGC GRABS THE
DISPLAY AND DIS-
PLAYS ALARM CODE
00503.
(21 WHEN THE LGC #1000
CALCULATES THAT
THE LQS TO THE
C SM IS OUTSIDE
THE ALLOWABLE
LIMITS FUR THE
RR DURING A

PRE-DES IGNATE UN
THE LUNAR SUR-
FACE, THE LGC
GRABS THE DISPLAY #1010
AND DISPLAYS
ALARM CODE 00530.

#1020

IS IHE SURFACE
FLAG SET?

N Y,

PCSS
PRIO
HOLD .

MEN
FLASH VERB-NOUN
TO REQUEST RES-
PONSE AND MONI-

#1030

P22/LUMINARY



TOR RR CDU
ANGLES:

V50N72
Rl-TRUNNION

ANGLE
R2-SHAFT ANGLE
R3-BLANK

TRUNNION ANGLE-
360 DEGREES
MINUS the RR CDU
ANGLE VALUE. IN
DEGREES TO NEAR-
EST .01 DEGREE.
INOTE: PLUS IS

DEFINED AS A

NEGATIVE RUT-
AT lUN ABOUT THE
LM +X AXI S. I

SHAFT ANGLE- RR
SHAFT ANGLE. IN

DEGREES TO NEAR-
EST .01 DEGREE.

160
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ilP4C

«105C

f 1060

#1070

#1080

152
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m

o

O

3°

153
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TEfUINATE FLASH
ON -lECEIPT OF
PROCEED OR TERM-
INATE

#1090

P T

E

R

H

I

E N

D A

T

E

Alice

JO TERMINATE
TRACKING ROU-
TINE (R561 #1110

EXIT
P2C

#1120

MONITOR THE VEHICLE
ATTITUDE AND THE
DSKY:

THE RR TRACK/RR
#1130

P22/LUMINARY
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"G"
FROM

ABOVE

WAIT 2.5 SEC

•

•

•

•

«

• • • •

•

• •

IS THE RENDEZVOUS
FLAG SET?

. Y

•

N,
•

•

•

•

• • •

•

•

•

•

•

•

EXIT
P20/P22

IS THE TRACK
SET?

FLAG

.Y N.

GO TO "B"
IN R2 2

MARK/iTATE VECTOR
OPOATE PROCESS IS
NOW AUTOMATIC.

THE LGC WILL ONLY
COMMUNICATE WITH
THE ASTRONAUT DURING
THI S PROGRAM:

( 1 ) WHEN A OSKY
ENTRY OF V16N45E
I S MADE TO RE-
QUEST A DISPLAY
OF THE NUMBER OF
MARKS (Ml, THIS
DISPLAY WILL CON-
TAIN M IN Rl.
This display may
ALSU BE USED TO
OBTAIN THE MIDDLE
GIM8AL ANGLE WHEN
THE IMU IS ON AND
THE LM AMIS IS
ALIGNED WITH THE
INITIAL THRUST
VECTOR (RB-MoAI.
IF NO BURN HAS
BEEN DEFINED RB
WILL BE MEANING-
LESS. THE INFOR-
MATION IN R2 AT

THIS TIME IS NOT
RELIABLE.
CONTROL OF THE
OSKY DISPLAY IS
RETURNED TO THE
LGC BY PUSHING
KEY RELEASE.

12) WHEN THE DATA
GOOD DISCRETE
LAPSES DURING THE
DATA READ ROUTINE
IR22), A TRACKER
FAIL ALARM
RESULTS.
NO DISPLAY INTER-
RUPTION OCCURS.

1(11140

muse

#1160

#1170

154
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H^ll

ENTER HERE FROM
RR CATA READ
ROUTINE {R22I

t

C6

4-

WAIT 15 SECONDS

4

4

4

(3) WHEN THE RR
AUTO RODE DIS-
CRETE IS NOT PRE-
SENT immediately
PRIOR TO A DATA
READ SEUUENCE
DURING the data
READ ROUT INE
(R22I THE LGC
GRAUS the display
AND REQUESTS THIS
DISCRETE.

(Al WHEN THE LGC
DETERMINES THAT
THE ACTUAL RR LJS
DIFFERS FRCM THE
LGC CALCULATED
LOS BY MURE THAN
3 DEGREES AFTER
A DATA READ SE-
QUENCE THE LGC
GRABS THE DISPLAY
AND displays AN
ALARM CODE
I00525I.

4

4

4

4

4

4

4 iisn
4 4

15) WHEN THE
MAGNITUDE CF A

state vector cor-
rection IS GREAT-
ER THAN THE ALL-
OWABLE LIMITS (AS
DEFINED IN PARA-
GRAPH 5.2 OF
R5b7) THE LGC
GRABS THE DISPLAY
AND DISPLAYS THE
EXCESSIVE UPDATE
PARAMETERS.

155
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#1180

#1190

#1200

#1210

#1220

P22/LUMINARY
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*123P

00 1 DESIRE TO
TERMINATE P22?

y .N

WAIT FCR KEYBOARD KEY IN V56t
ENTRY. .

RESPOND T3 V56E
IMMEDIATELY.

I*
J
H

FROM

V

5

6

E

fl240

#1250

#1250

#1270

156
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ABOVE

DC TERMINATE . . DO TERMINATE #1280
TRACKIN^; ROUTINE TRACKING ROUTINE
IR56I . . IK56I

EXIT P20/P22 EXIT P22
#1290

CHANGE CCNTROL NOTES

REV 01 PCR 99,146 ,173,226, 415,451,468, 537,541 ,549,562,614
640

REVS CO, 01 ILUM 1-A) PCR 646, 757
REV 02 EO ITORIAL
REV 03 EO ITORIAL
REV 041 LUM ID) PCR 287,979, 1038, PCN 1009
REV C5(LUM IE) PCN 1145
REV 061LUM IE) PCN 1180

,&23

P22/LUMINARY
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PREFERRED TRACKING ATTITUDE PROGRAM (P25I REV 05 12/01/71

PURPOSE: U) TO COMPUTE THE PREFERRED TRACKlNo ATTITUDE OF TFE LM WHICH ENABLES CSM TRACKING OF THE LM BEACON.

(2)

TO PERFORM THE MANEUVER TO THE PREFERRED TRACKING ATTITUDE.

ASSUMPTIONS: (1» DURING THE RENDEZVOUS NAVIGATION PROGRAM IP20) THE LM ATTITUDE CONTROL IS INTIMATELY ASSOCIATED WITH THE RENDEZ-
VOUS RADAR IkRI. SHOULD RR MALFUNCTION PRECLUDE CORRECT OPERATION OF P2P, THIS PROGRAM (P25I SHOULD BE SELECTED TO
PROVIDE A LM PREFERRED TRACKING ATTITUDE.

(21 THE PREFERRED TRACKING ATTITUDE IS DEFINED AS FOLLOWS:

(Al THE LM +Z AXIS IS ALIGNED ALONG THE LCS TO THE CSM.

IBI THE ROLL ATTITUDE (ABOUT LM *l AXISI IS UNCONSTRAINED ANO IS DEFINED AS NECESSARY TO AVOID GIMBAL LOCK.

(31 THE ISS MAY BE IN STANDBY OR OPERATE. THE IMU WOULD NORMALLY BE ON ANO THE I MU ORIENTATION DETERMINATION PROGRAM
(P51) OR THE LUNAR SURFACE ALIGN PROGRAM (P57I COMPLETED BEFORE THE SELECTION OF THIS PROGRAM. NO PREFERRED
ORIENTATION IS SPECIFIED OR REOUIRED FOR THIS PROGRAM AS THE FINE PREFERRED TRACKING ATTITUDE ROUTINE (R65I CAN
ALWAYS CALCULATE A VEHICLE ORIENTATION ABOUT A SPECIFIED LM <-Z VECTOR THAT CAN AVOID GIMBAL LOCK FOR ANY INERTIAL
IMU ORI ENTATIUN.
THE ISS THUS MAY BE:

(A) OFF (STANDBY).

(B) GN, AND NOT ALIGNED SINCE TURN ON.

(C) ON ANO AT AN INERTIAL ORIENTATION KNOWN ONLY INACCURATELY BY THE LGC, I.E.: HAVING BEEN ALIGNED AT

least ONCE SINCE TURN-ON BUT HAVING DRIFTED FROM THE STORED ALIGNMENT.

(D) ON ANO AT AN INERTIAL ORIENTATION KNCwN ACCURATELY BY THE LGC.

IF (A) IS TRUE A PROGRAM ALARM WILL BE MADE BY THIS PROGRAM.
IF IB) IS TRUE A PROGRAM ALARM HILL BE MADE BY THIS PROGRAM.

IF (C) IS TRUE THE LGC MAY UR MAY NOT HAVE A SATISFACTORY INERTIAL REFERENCE TO ACCURATELY COMPLETE THE PROGRAM.
IF (D) IS TRUE THE LGC HAS A SATISFACTORY INERTIAL REFERENCE TO ACCURATELY COMPLETE THE PROGRAM.

(4) THE LM TRACKING BEACON FIELD OF VIEW IS A 30 DEGREE HALF ANGLE CONE WITH THE CONE AXIS PARALLEL TO THE LM *l AXIS.

(5) THE SELECTION AND TERMINATION CF P20, P22, AND P25 ARE SUBJECT TO SPECIAL OPERATING PROCEDURES DIFFERENT FROM
ALL OTHER PROGRAMS;

(A) SELECTION
ID ALWAYS BY V37EXXE.
12) IF ANY OTHER PROGRAM IS RUNNING AT THE TIME OF P23/22/25 SELECTION THE NEW PROGRAM HILL

replace the old. THIS INCLUDES P20/22/25 SELECTION WHENEVER EITHER P2D,Z2, OR 25 IS RUNNING.
(3) IF P2C OR P25 IS RUNNING, SELECTION OF ANY PROGRAM OTHER THAN POO, P22, OR P25 WILL RESULT IN

P20 OR P25 CONTINUING AND THE NEW PROGRAM ALSO OPERATING WITH ITS NUMBER IN THE DSKY PROG
LIGHTS.

(4) IF P2C UR P25 IS RUNNING, SELECTION UF PCC , P22, OR P25 WILL RESULT IN THE TERMINATION OF THE
OLD PROGRAM ANO OPERATION OF THE NEW.

(B) TERMINATION
(1) BY SELECTION OF POO, V56E OR BY V34E.

P25/LUMINARY

F F

fC5

F liso
-f
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+ +

C5

il8C
+ +

(2) POO SELECTION WILL TERMINATE P20i22t AND 25 AND ANY OTHER PROGRAM IN PROCESS AND ESTABLISH
POO.

(31 V56E SELECTION WILL SELECT THE TERMINATE TRACKING ROUTINE (R56I WHICH WILL TERMINATE ONLY
P20 OR P25 IF EITHER OF THESE PROGRAMS IS RUNNING IN CONJUNCTION WITH ANOTHER PROGRAM. IN ALL
OTHER CASES R56 WILL SELECT ROO. Y56E MAY BE PERFORMED ANY TIME DURING P20,22, OR 25 OPERATION.

(A) THE LGC WILL ACT UPON V3AE ONLY IN RESPONSE TO A FLASHING VERB-NOJN. IF THIS DISPLAY WAS
ORIGINATED BY P2C , 22 , OR 25, V3AE WILL RESULT IN AN IDENTICAL LGC RESPONSE TO THAT OF V56E,
THAI IS, SELECTION OF R56 EXCEPT IN THE CASE OF A V06 N49 DISPLAY. IF THIS DISPLAY WAS NOT
ORIGINATED BY P2C,22, OR 25 (SUCH AS P32 , WHILE RUNNING WITH P2C'I THE LGC WILL GO TO ROO.
HOWEVER THE PROGRAM IN THE BACKGROUND WILL CONTINJE. THE NEW PROGRAM SELECTED FOLLOWS THE
SELECTION RULES ABOVE, (Al.

(5) ALTHOUGH IT IS NOT CLEARLY SHOWN IN THE LOGIC BELOW A V34E RESPONSE TO A PRIORITY DISPLAY MUST
BE JELAYED 2 SECONDS FROM DISPLAY INITIATION WHEREAS THE DELAY IS NOT NECESSARY FOR A V56E
RESPONSE.

PROG LGC GROUND CREW
CONT

CREW
PROGRAM
SELECTION

• 10

START PREFERRED
TRACKING ATTITUDE
PROGRAM (P25)
DISPLAY P25

KEY IN PREFERRED
TRACKING ATTITUDE
PROGRAM (P25)

V37E25E

,20
MONITOR OSKY;
OBSERVE DISPLAY

OF P25

DO IMU STATUS CHECK DO IMU STATUS CHECS
ROUTINE 1R02) . . ROUTINE (R02t #30

160
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SET TRACK FLAG

SET P25 FLAG.

RESET RENDEZVOUS
FLAG

IS P25 FLAG SET?

EXIT
P25

IS THE TRACK FLAG
SET?

.Y .N

RAIT 60 SEC

P25/LUMINARY



170
P25/LUMINARY

SET NZ = 7 FOR USE
•

•

BY R65 •

•

•

•

•

•

•

DC FINE PREFERRED
TRACKING ATTITUDE • •

ROUTINE 1R65) •

WAIT FOR KEYBOARD
ENTRY.

• •

• •

THE LGC WILL MAI N-
TAIN THE LM/CSM LOS
ALIGNED WITH THE
LM *-Z AXIS WITHIN
THE DEADBAND LIMITS
OF THE RCS

•

•

•

•

DO I DESIRE TO
TERMINATE P25?

• Y .N
•

•

•

•

•

•

•

•

•

•

•

KEY IN V56E

—

f90

#100

#110

*120

RESPOND TO V56E
IMMEDIATELY.

V

5

*130

1B2
P25/LUMINARY
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6
E

OC TERMINATE TRAC- . . DO TERMINATE TRAC-
KING RCJTINE IR56I KING ROUTINE (R56I.

. . flAO

EXIT P25 EXIT P25

CHANGE CONTROL NOTES

REV 00 PCR 39
REV Cl PCR 451,562
REV C2 EDI T3RIAL
REV 03 EDITORIAL
REV OA PCN 1009
REV C5 PCN 1 180

P25/LUMINARY
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LGC UPDATE PROGRAM (P27I REV C6 12/01/71

PURPOSE: UJ TO INSERT INFORMATION INTO THE LGC VIA THE JIGIIAL UPLINK BY TRANSMISSION FROM THE GROUND OR VIA THE DSKY KEYBOARD
BY CREW MANUAL INPUT.

ASSUMPTICNS: III THE LGC MUST BE IN THE OPERATE CONDITION. THE I SS MAY BE IN STANDBY OR OPERATE CONDITION.

(21 LGC UPDATES ARE OF FOUR CATEGORIES:

(A) PROVIDE AN UPDATE FOR LGC LIFTOFF TIME IV70I.

(Bl PROVIDE LOAD CAPABILITY FOR A BLOCK OF SECUENTIAL ERASABLE LOCATIONS (1-18 INCLUSIVE LOCATIONS WHOSE
ADDRESS IS SPECIFIEDI (V71I.

(C) PROVIDE LOAD CAPABILITY FOR 1-9 INCLUSIVE INDIVIDUALLY SPECIFIED ERASABLE LOCATIONS (V72I.

(0) PROVIDE AN OCTAL INCREMENT FOR THE LGC CLOCK ONLY (V73I.

(3) A COMPLETE DESCRIPTION OF THE LGC UPLINK FORMAT IS INCLUDED IN SECTION 2 OF R567.

(41 THE UPLINK MAY BE BLOCKED BY PLACING THE VO I CE /CFF/ VO I CE BU SWITCH TO VOICE BU.

(5) UPDATE IS ALLOWED IN THE LM ONLY WHEN THE LGC IS IN THE LGC IDLING PROGRAM (POOI. P27 EXIT IS ALWAYS TO POO.

(6) THE PROGRAM IS MANUALLY SELECTED BY THE ASTRONAUT BY DSKY ENTRY OR BY THE GROUND BY UPLINK TRANSMISSION.

PROG LGC GROUND CREW
CONT

.CREW

.PROGRAM

.SELECT ION

CONFIRM UPDATE REQUEST LGC UPDATE.
PARAMETERS AND . SPECIFY PARAMETERS
TRANSMISSION AND COORDINATE TIME ilO
TIME. PREPARE . OF TRANSMISSION.
PARAMETERS AT ENSURE LGC WILL BE
NECESSARY GROUND ABLE TO ACCEPT.
STATION.

GROUND

P27/LUMINARY
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PROGRAM
SELECTION

NOTIFY CREW OF .

INTENTION TO ....
UPDATE. SPECIFY .

PARAMETERS AND
COORDINATE TIME.

WILL UPDATE BE
DONE AUTOMATI-
CALLY BY LGC UP-
LINK FROM GROUND
OR MANUALLY BY
CREW DSKY INPUT?

.AUTO .MAN

TRANSMIT UP-
DATE BY VOICE
LINK TO CREW

select the DESIRED
TYPE OF UPDATE:

i20

VERIFY THAT UP-
DATE WILL BE
SAT I SFACTORY
W.R.T. TIME,
WORK IN PRO-
GRESS, AND LGC
ACTIVITY.

WILL UPDATE BE DONE
AUTOMATICALLY BY LGC
UPLINK FROM GROUND
OR MANUALLY BY CREW
DSKY INPUT?

AUTO.
•

MAN.
•

•

• • •

•

•

GO TO •

“A" •

BELOW •

•

. RECEIVE AND

...RECORD UPDATE

f30

•40

fSO

f*0

16B
P27/LUHINARY



1. UPDATE LIFTOFF

•

•

•

•

•

•

TIME V70 •

2 . LOAD DATA SLOCK •

V71 •

3. LOAD SINGULAR •

DATA V72
4. OCTAL TIME INCRE- •

MENT V73 •

2 .

•

•

•

3.

•

•

•

1. 4
•

•

•

•

«

•

•

•

•

•

•

WAIT FCR KEYBOARD
•

•

•

•

•

•

•

. SELECT THE DESIRED
ENTRY CR UPLINK — • . TYPE OF UPDATE:
TRANSMISSION. TRANS- . • . 1. UPDATE LIFTOFF

• • • ...MIT • TIME V70
• V7IE • . 2. LOAD DATA 8LQCK— • • V71

• • . 3. LOAD SINGULAR
• • TRANS- • DATA V72

• • MIT • . 4. OCTAL TIME INCRE
• • V72E • MENT V73

•

•

•

•

•

•

•

•

. 1.

• •

2. 3. 4
• •

•

•

•

•

•

• TRANS-
• •

• •

• •

• •

• • MIT • • • •

• •

•

• V70E • •

• •

• •

• •

•

•

•

•

•

• •

. TRAN- .

• •

• •

• • ... SMIT . • •

• •

•

•

•

•

•

•

. V73E .

• •

• • •

• •

• •

• •

• •

•

•

•

• • •

•

•

•

• • •

•

•

•

•

• • • •

•

•

•

•

• •

•

• •

• •

• •

• •

• •

GO TO "8" GO TO "C"

167
175
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»70

#80

#90

#100

#110

P27/LUMINARY
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BELOW BELOW

KEY IN
V70E

KEY IN
V71E

KEY IN
V7ZE

KEY IN
V73E

• 120

•13C

• 140

DO EXTENDED VERB
INTERLOCK ROUTINE
(R76).

DO EXTENDED VERB
INTERLOCK ROUTINE
(R76I.

• 150

IS THE PRESENT
PRQGRAP THE LGC
IDLING PROGRAM

•160

166 P27/LUNINARV



1 pro) CR ARE PROGRAM
LIGHTS dLANKED DUE
TO A FRESH START?

SET UPLINK
COMPONENT
COUNTER TO
ONE

CHANGE DOWN-
L INK L 1ST.

TURN ON . OBSERVE OPERATOR
OPERA- ERROR LIGHT ON
TOR ER- . AND UPLINK ACTI-
ROR VITY LIGHT OFF

169
177

P27/LUMINARY

#17C

*180

#190

#200

#210

P27/LUNINARY



•

•

•

•

•

• LIGHT.
• TURN
• OFF UP
• LINK
• ACTI-
• VI TY

•

•

•

LIGHT

•

•

•

•

•

•

• • •

•

•

•

EXIT

HGW WAS THI S PROGRAM
INITIATED?—————————

.V .V . V

.7 .7 .7

.1 .2 .0

• •

• • .0

• • .R
• •

• • .V

• • .7
• •

• •

.3

• • •

•

•

• • • •

FLASH VfcRB/ ••
NCUN TO RE- • •

OUEST LOAD •

OF INDEX IN •
MQH

MACHINE AD- • FROM
• DRESS SPEC- • ABOVE

06 . IFIED IN R3 • •

POSS . AND display: • •

HOLD .. V21 NOl • •

. Rl- BLANK • • • •

SNAP .. R2-aLANK • •

1180 . R3-UP8UFF •
—

* • ADDRESS • MONITOR DOWNLINK
• • OBSERVE VERB/

UP8UFF ADO- .. .NOUN FLASH AND
RESS - AN • • DISPLAY OF UP-
ERASA8LE • BUFF ADDRESS.
MEMORY LO- •
—

CATICN TO •

BE USED FOR •

•

•

•

•

•

•

•

•

•

•

•

•

•

TO INDICATE IN-
CORRECT PROGRAM
SELECTION.

EXIT P27

WAS THIS PROGRAM
INITIATED tJT V71
OR V727

GO TO
"D"

BELOW

MONITOR DSKY:
OBSERVE VERB/NOUN
FLASH TO REWUESI
LOAD OF INDEX AND
DISPLAY OF UP8UFF
ADDRESS

178
P27/LUMINARY

*220

f230

«240

i2S0

#260

170
P27/LUMINARY
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179

P27/LUMINARY

TEMPORARY
STORAGE OF

• •

THE FIRST 00 I WISH TO DU I WISH TO #270
CCMPGNENT
OF THE

TERMINATE? TERMINATE?

UPDATE. .Y N. Y. N.

WAIT F CR • • • • •

KEYdQARJ . . . . #280
ENTRY. JIS- . . TRANSMIT .

PLAY INJEX TERMINATE .

IN R1 AS IT . . V34E ...
I S LOACED. . “ . . .

GO TO
"A"

BELOW

#290

transmit
INDEX WORD

#300

KEY IN
TERMIN-
ATE VJ4E

GO TO
“A"

BELOW

#310

P27/LUMINARY



• •

• •

• •

• •

• •

• •

• •

• •

• • •

TERMINATE • •

FLASH UPON •

RECEIPT OF •

TERMINATE •

OR INDEX •

.T .1 •

.E .N •

.R .D •

. P . E •

.1 .X •

• N • •

. A •

• T •

. E

• •

•

•

• •

• • • •

•

•

GO TO . •

”A« •

BELOM .

•

•

•

IS INDEX •

LESS THAN •

3 OR GREA- •

TER THAI •

2C7 •

Y. N. •

• •

• • SET
• • • • COMP-

• NUMB
• EQUAL
•

•

TO 2

•

STORE

•

•

•

INDEX IN •

•

•

•

•

•

•

•

•

•

•

•

KEY IN INDEX
WORD FOR UP-
DATE

XXXXXE
OBSERVE INDEX
.IQRD LOADED
TO BE DIS-
PLAYED IN R1

#360

172
P27/LUMINARY



COMPNUHd

SET UP-
L INK
COMPO-
NENT
COUNTED
TO 2

CALCULATE
ADDRESS:
(UPBUFF AD-
DRESS
CONTENTS OF
UPLINK COM-
PONENT
COUNTER
MINUS II

"D"
FROM
ABOVE

FLASH VERB/
NOUN TO RE-
QUEST LOAD
OF DATA IN-
TO CALCULA-
TED ADDRESS
SPECIFIED
IN R3 AND

HOLD .. display:
. V21 NOl

SNAP .. R1 BLANK
^ • R2 BLANK
+ C6 R3 AAAAA

"C"
FROM
ABOVE

MONITOR OSKY:
OBSERVE VERB/NOUN
FLASH TO REULEST
DATA LOAD

. monitor DOWNLINK

..OBSERVE VERB/

. NOUN FLASH TO
REJUEST DATA1180 AAAAA-CaL-

173
181
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#370

#380

#390

#400

#410
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CULATEC LOAD •

J 1 AL.

DRESS. • •

#420
•

•

•

DO I WISH TO
TERMINATE?

DO I WISH TO
TERMINATE?

. Y N. .Y N.

«A30

WAIT FOR
KEYBOARD
ENTRY. DIS-
PLAY DATA
IN R1 AS 11

IS LOADED
TRANSMIT
TERMINATE
Y34E «4AO

GO TO
"A"

BELOW
#450

TRANSMIT
DATA

KEY IN
TERMINATE

V34E

#460

174
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GO TO
"A"

BfcLOW

TERHINATE
FLASH URON
RECEIPT OF
TERMINATE
OR DATA.

• T .D
• E • A

.R . T

• M • A

.1 •

• N •

• A •

.T •

• E •

• •

• •

• • • •

• •

GO TO •

"A» •

BELUR •

•

•

•

IS THIS THE
LAST CCMPO-
NENT? (UP-
L INK CCMPO-
NENT CCJN-
TER = COMP-
NUMBI

Y A

KEY IN UATA
FOR UPDATE.

XXXXXE
OBSERVE DATA
LOADED TO BE
displayed in
R1

IS THIS THE LAST
DATA COMPONENT TO BE
LOADED?

Y. N.

175
183

P27/LOMINARY

#470

*480

#490

#500

#510

P27/LUMINARY
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INCRE-
MENT UP-
LINK
CCMPJ-
NENT
COUNTER
BY ONE

»52P

4^06

HOLD .

SNAP .

4 1180

FLASH VERB/NOUN .

TO REDDEST LOAD .

Of OCTAL IDENTI- .

FIER IN MACHINE .

ADDRESS SPECIFI- .

ED IN R3 AND
display:

• • «

• •

• •

• •

.. MONITOR OSKY:

. OBSERVE VERB/NOUN

. FLASH TO REQUEST

. LOAD OF OCTAL lOENT-

. IFIER.
• •

...MONITOR DOWN-
V21 N02 .. LINK: OBSERVE
Rl BLANK . VERB/NOJN FLASH
R2 BLANK . TO REQUEST LOAD
R3 UPTEMP . OF OCTAL IDENTI-

ADDRESS . FIER.

#530

#540

UPTEMP -

AN ERASABLE
LOCATION FOR
OCTAL IDENTIFIER

#550

DO I RISH TO
TERMINATE?

DO I RISH TO
TERMINATE?

Y N. Y N.

00 I WISH TO
CORRECT ANY

OU I WISH TO
CORRECT ANY

#560

17B
P27/LUMINARY



DATA? DATA?

WAIT FC« KEY-
BOARD
ENTRY

Y N

TRANS-
MIT
TERMIN-
ATE
V34E

Y N

GO TO
"A"

BELOW

KEY IN

TERMIN-
ATE
V34E

TRANSMIT
OCTAL
IDENTI-
FIER

GO TO
“A"

BELOW

KEY IN
OCTAL
lOENT I-

FIER.

TRANSMIT
PROCEED

V33E

17;

185
P27/LUM1NARY

#570

#580

#590

#600

#610

P27/LUMINARY



GO TO
"A"

BELOW

IS
OCTAL
I DENT-
I FIER
GREAT-
ER THAN
ZERO
AND
EQUAL
TO OR
LESS
THAN
CCMP-

186
P27/LUMINARY

*620

*630

«&AC

*650

*660

P2T/LOMINARY
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NUMB?

Y N.

*670

CALCULATE
ADDRESS OF
COMPONENT
TO BE COR-
RECTED.
(UPBUFF
ADDRESS +

OCTAL
I DENT IFIER
MINUS ONE)

«&80

#690

INVERT VERIFLAG

IS THIS AN OCTAL
TIME INCREMENT
(V73)?

N Y.

#70C

rtOULO THE INCRE-
MENT CAUSE THE
LGC CLOCK TO
OVERFLOW?

N Y
#710

P27/LUMINARY
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TURN GN QPERA-
TJR ERROR
LIGHT

MONITOR OSKY:
IF OPERATOR ERROR

LIGHT OCCURS UPDATE
WAS NOT COMPLETED
DUE TO POSSIBLE LGC
CLOCK OVERFLOW #720

INCREMENT LGC
. CLOCK
•

• •

• •

• •

• • • •

•

•

•

• • •

• •

. GC TO "A"
•

•

BELOW

IS ORBITAL INTEGRA-
TION IN PROCESS?

• Y N.

• •

• •

DELAY TRANSFER •

OF DATA LOADS •

UNTIL INTEGRA- •

TION COMPLETE. •

•

• •

• •

• •

STALL INTEGRATION
UNTIL DATA TRANS-
FER

#730

#740

#750

C6

1180
+

*
*

*

*
*

*

*

+

180
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+

+ *760

IS THIS A L IFTUFF
TIME UFJATE (V70)?

N Y.

WOJLJ UPCATE
CAJSE THE LGC
CLOCK TO QVER-
FLOm?

#77C

i9 Y.

TJKN CN OPERA-
TOR ERROR
LIGHT

#780

INCREMENT T E-
PHEM AND
OECREMENT
STATE VECTOR
TIME TAGS AND
LGC oLOCK

IS THIS AN OCTAL
TIME INCREMENT IV73)
OR LIFTOFF TIME
UPDATE IV70I?

Y N

GO TO
"A"

BELOW

#790

GC TO "A" BELOW

#800

WHICH LPDATE
VERB INITIATED THIS
PROGRAM?

V . V

7 . 7

P27/LUMI NARY
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1

*810

<

C6

*• 1180

IS UP- IS COMP-
BUFF+1 NUMB
A LEG- AN ODD
AL AO- NUMBER?
DRESS? ——
(NOTE .Y N.

*i;
ALL A-
OORES-
SES IN •

BLOCK •

MUST •

BE IN • •

THE •

SAME •

EBANK.

1

#820

*830

Y N.

TURN • monitor nSKY:
PN IF PERATUR ERRJ^
OPER- . • OCCURS upoat e was
ATQR not completed due to
ER- ILLEGAL ADDRESSES.
ROK
LIGHT . •

#840

GO
TO
"A"

*850

182
P27/LUMINARY
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BELUW

<•

+ C6

t

+

U80
t +

TURN ON
OPERATUR
ERROR
L IGHT

*860

GO TO
"A"
BELOW

#870

TRANS-
FER
DATA
TO
SPECI-
FIED
BLOCK.

#880

TRAN-
jFER
DATA
TO
SPEC-
IFIED
ADD-
RESS-
ES.

#890

#900

P27/LUHINARY
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+

C6

f

H 18 C
+

WAS THIS A

STATE VECTOR
UPDATE?

N . Y

ZERO CHAN-
NEL 77

"A"
FRCM
ABOVE

TURN OFF UPTL
ACTIVITY LIGHT

" A " " A '•

FROM FRCM
ABOVE ABOVE

monitor OSKY:
OBSERVE UPTL ACTIVI-
TY L IGHT OUT

#910

#920

#930

..MONITOR DOWN-

. LINK.: OBSERVE
UPTL ACTIVITY
LIGHT OUT

#940

CHANGE DOWN- ...
LINK LIST TO
ORIGINAL (I.E.
COAST AID
ALIGN)

#950

RESET EXTENDED
VERB ACTIVE

184
PZ7/LUMINARY
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FLAG AAJ NO
MARKS ALLOWED
FLAG.

«96r

TERMINATE MONITOR DSKY:
P27 AND . . OBSERVE TERMINATION
GO TO PTO . OF P27 AND DISPLAY

. OF POO (UR BLANK

. DSKY IF STARTED FROM

. FRESH START CONFIuJ-

. R AT I ON )

#970

. MUNI TOR. DOWN-
...LINK: observe

. TERMINATION OF
P27, THE RETURN
TO POO (OR BLANK
DSKY IF STARTED
FROM FRESH START
CONFIGURATION!

,

AND REVERSION TO
original II. E.:

COAST AND ALIGN)
DOWNLINK
FORMAT.

#98C

EXIT P27 EXIT P27

i99C

CHANGE CCNTROL NOTES

REV ri PCR 417
REV <2 EDITORIAL
REV C3 EDITORIAL
REV CAI[LOW ID) PCR 302.2
REV C5I;LUM IE) PCN 1145
REV 06 PCN 1180

P27/LUMINARY





EXTERNAL DELTA V PROGRAM IPO") REV C4 12/01/71

PURPOSE: 111 TO ACCEPT TARGETING PARAMETERS GdTAINEO FROM A SUUKCEISI EXTERNAL TO THE LGC AND COMPUTE THEREFROM THE REQUIRED
velocity and OTHER INITIAL CONDITIONS REQUIRED BY THE LGC FUR EXECUTIQV OF THE DESIRED MANEUVER. THE TARGETING
PARAMETERS INSERTED INTO THE LGC ARE THE TIME OF IGNITION (TIGI AND THE IMPULSIVE DELTA V ALONG LM LOCAL VERTICAL
AX £j AT TIG.

12) TO DISPLAY TO THE ASTRONAUT AND THE GROUND CERTAIN SPECIFIC DEPENDENT VARIABLES ASSOCIATED WITH THE DESIRED
MANEUVER FOR APPROVAL BY THE ASTRONAUI/GROUND.

ASSUMPTIONS: 11) THE TARGET PARAMETERS ITIG AND DELTA ViLV)) MAY HAVE BEEN LOADED FROM THE GROUND DURING A PRIOR EXECUTION OF P27.

12) THE EXTERNAL DELTA V FLAv, IS SET DURING THIS PROGRAM TO DESIGNATE TO THE THRUSTING PROGRAM THAT EXTERNAL DELTA V

STEcRING is to be USED.

(3 ) THE ISS NEED NUT BE ON.

lA) THE RENDEZVOUS RADAR MAY OR MAY NUT BE USED TO UPDATE THE LM OR CSM STATE VECTORS FOR THIS PROGRAM. IF RADAR
USE IS DESIRED, THE ISS SHOULD BE IN OPERATION AND THE RADAR SHOULD HAVE BEEN TURNED ON ANO LOCKED ON THE CSM BY
PREVIOUS SELECTICN OF P2D. RACAR SIGHTING MARKS WILL BE MADE AUTOMATICALLY APPROXIMATELY ONCE A MINUTE WHEN ENABLED
BY THE TRACK AND UPDATE FLAGS.

15) THIS PROGRAM IS APPLICABLE IN EITHER EARTH OR LUNAR ORBIT.

161 THIS PROGRAM IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY.

PROG LGC GROUND CREW
CONT

.CREW

. PROGRAM

.SELECT ION

START external DELTA . KEY IN EXTERNAL
V PROGRAM IP30I DELTA V PRJGRAMIPBD) #10
DISPLAY P30 . V37E 30E

P3P/LUMINARY



MQiMITJR DSKY:
OBSERVE DISPLAY OF

P30

SET UPCATE FLAG.

SET TRACK FLAG.

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY STORED TIG:

VC6 NJ3
HOLD . Rl-TIG-HRS

R2-TIG-RIN
SNAP . R3-TIG-SEC

MONITOR DSKY:
OBSERVE VERB-NOUN
FLASH TO REQUEST
RESPONSE AND DISPLAY
OF STORED TIG.

TIG-TIME OF
IGNITION (GET).
IN HRS, MIN, SEC
TC NEAREST .01 SEC.

AM I SATISFIED WITH
THIS VALUE?

Y. . N

RECORD this
VALUE

196
P3n/LUMINARY
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HCLO .

S NAP .

taAI r FOR KE Y60ARD
entry

K.EY IN PROCEED

#70

TERRINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR NEW
DATA

KEY IN V23E AND
LOAD THE DESIRED
TIC.

P

R

0

c

E

E

D

T .NEW
E .DATA
R

I STCRE DATA
N

A

T

E

#8C

GC TU
„

BELOW

#°r

FLASH VERB-NOUN TO . . MONITOR OSKY:
REQUEST RESPONSE AND OBSERVE VERB-NOUN
DISPLAY THREE STORED . . FLASH TO REQUEST . #inr
CCMPONEVTS OF DELTA . RESPONSE AND DISPLAY .

V (LV): . OF THREE STORED
V06N81 . COMPONENTS OF
Rl-DELTA VX (LV) . IMPULSIVE DELTA V

RE-DELTA VY (LV) . ALONG LM LOCAL
R3-0ELTA VZ (LVI . VERTICAL AXES AT

. TIG.
DELTA V< (LVI : . .

COMPONENT OF . . .

IMPULSIVE DELTA V AT . . . mO

P3n/LUM INARY



TIG ALCi^G ( RXVl XR. IN
FPS TO nearest . 1

FPS. AM I SATISFIED »JITH

THESE VALUES?
delta VV (LV):
COMPONENT OF
IMPULSIVE DELTA V AT
T IG ALONG VXR, IN FPS
TO NEAREST .1 FPS.

Y N

DELTA VZ (LV) :

COMPONEiJT OF
IMPULSIVE DELTA V AT
TIG ALONG -R. IN FPS
TO NEAREST . 1 FPS

WHERE R IS LM GEO-
CENTRIC! EAR TH ORBIT)
OR SELENOCENTRIC
(LUNAR ORBIT) RADIUS
vector AND V I S L 1

inertial velocity
VECTOR AT TIG.

WAIT FOR KEYBOARD
ENTRY

KFY IN PROCEED

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR NEW
DATA

KEY IN V25E AND
LOAD THE DESIRED
COMPONENTS OF
DELTA V

198
PBO/LUMINART

*120

fl30

#140

#15C

190
P30/LOMINARV
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199
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#16P

GC TO
"

BELOW

RESET LPDATE FLAG
#17C

BASED C T THE STORED
target parameters
COMPUTE NECESSARY
DEPENDENT VARIABLES
FCR EVAlJAT ICN OF THE
THRUST ING MANEUVER
INCLUDING PER ALT,
APO ALT AND DELTA V

REIUIKED ISEE SECT-
ION P.3 OF R597)

#l8r

#iap

SET EXTERNAL DELTA
V FLAG

SET UPCATE flag

*200

HOLD .

. FIA'iH uFR/l-NdllN TO --**-*-*
•

• Ml)^ I TGK D SK Y :

S NAP . REjUEST RESPONSE AND . UBSERVE VERB-NOUN
DISPLAY CALCULATED FLASH TO KEOLEST

P30/LUM1NARY
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THRUST I'JG PARAMETERS:
V06 TAZ
Rl-APO ALT
R2-PER ALT
R3-DELTA V

RESPQr>iSE AND DISPLAY
OF CALCULATED
THRUSTING PARAMETERS

APO ALT - ALTITUDE
OR APOGEE ABOVE THE
LAUNCH PAD RADIUS
( EARTH JRBI T) OR
ALTITUDE OF THE
APOLUNE ABOVE THE
LUNAR RADIUS AT THE
MCST RECENTLY DE-
FINED LANDING SITE
(LUNAR ORBIT). IN

NAUTICAL MILES TO
NEAREST .1 NM.
(NOTE: 0999.° HILL
BE DISPLAYED FOR
VALUES GREATER THAN
9999.9 NM.)

«220

*230

PER ALT - ALTITUDE
OF PERIGEE ABOVE THE
LAUNCH PAD RADIUS
( EARTH DRBI T) OR
ALTITUDE OF THE
PERILUNE ABOVE THE
LUNAR RADIUS AT THE
MCST RECENTLY DE-
FINED LANDING SITE
(LUNAR JRBI T). IN
nautical MILES TO
NEAREST .1 NM.
(NOTE: 9999.9 HILL
BE DISPLAYED FOR
VALUES GREATER THAN
9999.9 NM. )

*240

*250

DELTA V - MAGNITUDE
OF IMPULSIVE DELTA V

VECTOR AT T IG. IN FPS
TO NEAREST .1 FPS

I S A GROUND STATION
AVAILABLE FUR CON-
FIRMATION OF THESE
PARAMETERS?

Y N *260

192 P3n/LUMINARY
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MONirjK LiiC COORDINATE
DOWNLINK . . EVALUATION OF
TELEMETRY OF . THE LUC COMPU-
APO Alt, per . TED PARAMETERS
ALT AND DEL- . . WITH THE . #270
TA V REUUIR- GROUND
ED. COORDIN-
ATE EVALUA-
TION OF LGC
COMPUTED
PARAMETERS
WITH ASTRO-
NAUT

^,280

SELECT ONE OF THE
FOLLOWING FIVE
ALTERNAT I VES

:

(II IF THE CALCU-
LATED DATA IS
SATI SFACTORY,
PERFORM THE THRU-
STING MANEUVER
USING the LGC #290
CALCULATED PARA-
METERS WITHOUT
GROUND CONFIRMA-
TION.
(2) IF THE CALCU-
LATED DATA I S NOT
SATISFACTORY AD-
JUST THE CALCULA-
TED PARAMETERS.
TERMINATE POO AND #300
THEN RESELECT P3C
AS NECESSARY AND
CHANGE THE
LOADED AIM PARA-
METERS UNTIL LGC
COMPUTED paramet-
ers ARE SATISFAC-
TORY. THEN

P30/LUMINARY
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PERFiJRM THE THRU-
STING MANEUi/ER. f310
(3) REMAIN AT
This point in the
LGC PROGRAM UNTIL
GROUND CO-ORDINA-
TION IS AVAILAdLE
lAI TERMINATE P3C
ANU THEN SELECT
A NEW PROGRAM AS
DEGIREO UNTIL
GROUND CO-OROINA- #320
TUN IS available
THEN REoELECT
P30, LEAVE AIM
PARAMETERS
UNCHANGEO ETC.
151 TERMINATE P3C
ANU SELECT A NE«
PROGRAM AS DE-
SIRED AND PERFORM
THRUST IiVG MANEU- #330
VER USING BACKUP
PROCEDURE.

ARE THESE
PARAMETERS
SAT I SFACTORY
FOR USE BY THE
LGC FOR THE
THRUSTING
MANEUVER?

#3A0

SELECT ONE OF
THE FOLLOWING

#350

191
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FOUi< ALTERNA-
TIVES:

11) ADJUST THE
CALCULATED PARA-
METERS. TERMIN-
ATE P30 AND THEN
RESELECT P30 AS

NECESSARY AND
CHANGE THE
LOADED AIM PARA-
METERS until LuC
COMPUTED PARA-
METERS ARE
SATI SFACTQRY.
(2) TERMINATE
P33 AND
OBTAIN NER
AIM PARAMETERS
FROM THE GROUND
BY VOICE LINK,
RESELECT P 3G,
KEY IN NEW DATA,
ETC.
13) TERMINATE
P30 AND SELECT
THE LGC UPDATE
PROGRAM 1P27).
LOAD NEW AIM
parameters from
THE GROUND VIA
THE LGC UPLINK,
OR BY CREW
DSKY INPUT.
OBSERVE NEW AIM
PARAMETERS, ETC.
14) TERMINATE
P30 and perform
THRUSTING
MANEUVER
USING BACKUP
PROCEDURES.

203
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#36C

*370

#380

#390

*400

P30/LUMINARY



WAIT F0« KE YBOARO
ENTRY.

KEY IN TERMIN-
ATE IViNEI

GO TJ
"A"
BELOW

C4

1180

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR
RECYCLE.

.p . T .R

.R . E .E

. . R .C

.C .M .Y

.E . I .C

.E .N .L

.0 • A • E

• . T •

•

•

.E
•

• • • •

•

•

•

• • •

•

• GO TO

• "A"
•

•

•

9ELQW

SET THE
FINAL FLAG

KEY IN
PROCEED

204
P30/LUMINARY

«410

»A20

•430

•440

•450

196 P30/LUMI NARY
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*460

RESET UPDATE
FLAU

#470

I S KEF SMMAT FLAG
SET?

.Y N

COMPUTE IMU MID-
DLE GIMBAL ANGLE
AT TIG FOR THE
PRESENT IMU OR-
IENTATION WITH
THE LM fX AXIS
ALIGNED WITH THE
INITIAL thrust
VECTOR.

#480

#490

SET MGA DISPLAY
IN R3 (BELOW) =

-0CC02.

#500

HCLD .

MON

FLASH VERB-NOUN TO
REWUEST RESPONSE AND
DISPLAY MANEUVER
DATA:

MONITOR OSKY:
OBSERVE VERB-NOUN
flash TO KEJUEST
RESPONSE AND DISPLAY

P3D/LUMINARY
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V16 N4!)

Rl-M
R2-TFI
R3-MGA

OF MANEUVER DATA

#5ir

M-THE NUMBER OF
MARKS MADE SINCE
THE RR TRACKING MARK
COUNTER WAS ZEROED
(SEE ASSUMPTION 6

OF P20).

TFI - TIME FROM
T IG. IN MIN AND SEC
TC NEAREST SEC.
MAXIMUM READING IS
59B50. 1- 3EFORE
+ AFTER TIG.

I

#520

MGA-MICJLE GIMBAL
ANGLE AT TIG IF

+X LM AXIS IS
ALIGNED WITH INITIAL
THRUST DIRECTION.
SIGN I S ALWAYS +

EXCEPT WHEN THE IMU
IS NOT ALIGNED THE
VALUE IS -CC002. IN
DEGREES TO NEAREST
.Ci DEGREE

#530

#540

WAIT FOR KEYBOARD
ENTRY

IF TIME AND
LOCATION
PERMIT
ASSIST
ASTRONAUT IN
SELECTION OF
PROPULSION

KEY IN PROCEED
(NOTE: CONSIDERING
VALUE OF DELTA V,
FUEL available,
STATUS JF PROPULSION
HARDWARE, AND TIME
AVAILABLE TO RE-AL-
IGN THE IMU TO AVUI

D

GIMBAL LOCK SELECT A

#550

198
P30/LUMINARY
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SYSTEi'^. AT . PROPULSION SYSTEM
THIS TIME, AND THE APPROPRIATE
OR EARLIER . THRUSTING PROGRAM
IF POSSIBLE IDPS-P40, APS-P42,
The astronaut rcs-pad to perform
MUST LEARN THE MANEUVER. COOR- #56P
OF THE DINATE RITH GROUND
SYSTEM USED IF REJUIREO.)
IN MCC COM-
PUTATIONS
OF DATA LOAD

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
RECYCLE, OR TERMINATE

.p . T • R •

•

.R . E .E •

. . K .C • •

.C . M .Y

.E . I .C •

.E • N • L • •

.0 . A • E • •

• . T • •

•

•

. E

•

• • • • •

•

•

•

• "A" . "A"
• FRCM . FROM
•

•

ABOVE
•

. ABOVE
•

•

•

•

•

• • •

•

•

• • • •

• •

DO FINAL AUTOMATIC • • DO FINAL AUTOMATIC
REQUEST TERMINATE REQUEST TERMINATE
ROUTINE (ROOI. • • ROUTINE (ROOI.

•

•

•

• • •

•

EXIT P30

•

•

•

• • •

EXIT P30

#570

#580

#590

#600

P30/LUMINARY
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CHANGE CONTROL '40TES

REV Cl PCR 604
REV C2(LUH lai PCR 812. 2t EDITORIAL
REV 03 EDITOR lAL
REV 04 PC.V use

200 P30/LUHINARy



PUBPCSE:

& SSUMPTIQNS:

PROG

201
211

CO-ELLIPTIC SEOUEN E INITlATiaN (CSII PROGRAM ( P J2

I

REV CA rq/03/7n

(II TO CALCULATE PARAMETERS ASSOCIATED «1TH THE FOLLOMIMG CONCENTRIC FLIGHT PLAN MANEUVERS! THE CO-ELLIPTIC SEQUENCE
INITIATION ICSIl AND THE CONSTANT DELTA ALTITUDE MANEUVER (CDHI, FOR DELTA V BURNS.

121 TO CALCULATE THtSE PARAMETERS BASED UPON MANEUVER DATA APPROVED AND KEYED INTO THE LGC BY THE ASTRONAUT.

(31 TU DISPLAY TO THE ASTRONAUT AND THE GROUND DEPENDENT VARIABLES ASSOCIATED WITH THE CONCENTRIC FLIGHT PLAN
MANEUVERS FOR APPROVAL BY TH£ AS TRONAUT /GROUND.

(<^1 TU STORE the CSl TARGET PARAMETERS FOR USE BY THE DESIRED THRUSTING PROGRAM.

(II AT A selected TPI TIME THE LINE OF SIGHT BETWEEN THE LM AND THE CSM IS SELECTED TO BE A PRESCRIBED ANGLE (El

FRCM THE HORIZONTAL PLANE DEFINED AT THE ACTIVE POSITION.

(21 THE TIME BETWEEN CSX IGNITION AND COH IGNITION MUST BE COMPUTED TO BE GREATER THAN 1' MINUTES FOR SUCCESSFUL
COMPLETION OF THE PROGRAM.

(31 THE TIME BETWEEN COH IGNITION AND TPI IGNITION MUST BE COMPUTED TJ BE GREATER THAN IP MINUTES FOR SUCCESSFUL
COMPLETION OF THE PROGRAM.

1<»I COH DELTA V IS SELECTED TO MINIMIZE THE VARIATION OF THE ALTITUDE DIFFERENCE BETWEEN THE ORBITS.

ISI CSl BURN IS defined SUCH THAT THE IMPULSIVE DELTA V IS IN THE LM HORIZONTAL PLANE AT CSI IGNITION.

(61 the PERICENTFR altitude of the ORBIT FOLLOWING CSI AND CDH MUST BE GREATER THAN 35,000 FT (LUNAR ORBITI OR 85 NM
(EARTH ORBITI FOR SUCCESiFUL COMPLETION OF THIS PROGRAM.

(71 THE CSI AND CDH MANEUVERS ARE ORIGINALLY ASSUMED TO BE PARALLEL T3 THE PLANE OF THE CSM DRBIT. HOWEVER CREW
MODIFICATION OF DELTA V (LVI COMPONENTS MAY RESULT IN AN CjUT-OF-PLANE CSl MANEUVER.

(81 LGC COMPUTED VARIABLES MAY BE STORED FOR LATER VERIFICATION BY THE GROUND. THESE STORAGE CAPABILITIES ARE
NORMALLY LIMITED ONLY TO THE PARAMETERS FOR ONE THRUSTINj MANEUVER AT A TIME EXCEPT FOR CONCENTRIC FLIGHT PLAN
MANEUVER SEQUENCES.

(Q| THE RENDEZVOUS RADAR MAY OR MAY NUT BE USED TO UPDATE THE LM OR CSM STATE VECTORS FOR THIS PROGRAM. IF RADAR
USE IS DESIRED THE RADAR SHOULD BE TURNED ON AND LOCKED UN THE CSM BY PREVIOUS SELECTION OF PZP. RADAR SIGHTING MARKS
WILL BE MADE AUTOMATICALLY APPROXIMATELY ONCE A MINUTE WHEN ENABLED BY THE TRACK AND UPDATE FLAGS. THE RENDEZVOUS
TRACKING MARK COUNTER IS ZEROED BY THE SELECTION OF P20 AND AFTER EACH THRUSTING MANEUVER.

1101 THE ISS NEED NOT BE ON TO COMPLETE THIS PROGRAM UNLESS THE RENDEZVOUS RADAR IS TO BE USED FOR AUTOMATIC STATE
VECTOR UPDATING BY THE RENDEZVOUS NAVIGATION PROGRAM ( PZD I . P20 WILL DEFINE THE STATUS OF THE ISS.

(Ill THIS PROGRAM IS SELECTED BY THE ASTRONAUT BY CSKY ENTRY.

LGC GROUND CREW

P3Z'I iiminARY



CONT

• CRE M

. PROGRAM

. SELECTION

START CJ-ELLIPTIC
SEQUENCE INITIATION
(CSII PROGRAM {P32I
DISPLAY P32

KEY IN CO-ELLIPTIC
SEQUENCE INITIATION
ICSII PROGRAM IP32)
V37E J2E

MONITOR DSKY:
OBSERVE DISPLAY OF
P32

SET ACTIVE VEHICLE
FLAG

DEFINE CENTANG =

00000 FOR DISPLAY
BELOW.

212
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*10

#20

#30

#40

202.

P32/LUMINARY



SET UPCATE FLAG

SET TRACK FLAG

SET TIG ICSK TO:
oocoa
000 03

+00003

FLASH VERB-NOUN TO
HCLD . REQUEST RESPONSE AND

DISPLAY STORED TIG
SNAP . (CSIt:

V06 Nil
Rl-TlGICSn-HRS
R2-TIGICS II-MINS
R3-TIGtCSn-SECS

TIG(CSl) - TIME OF
CSI IGNITION (GET)
IN HRS. MINS. SECS.
TO NEAREST .01 SEC

MONITOR DSKY:
OBSERVE VERB-NOUN
FLASH TO request
RESPONSE AND DISPLAY
OF STORED TIG (CSI)
(NOTE: INITIALLY
THIS value rill BE:
00000
00000
00000 )

DO I WISH TO DISPLAY
TIME OF AP0APSIS7
( I.E. : IS THIS AN

P32/LUMINABY



abort FkCR lunar
LANDING?)
(NOTE: IF THIS OP-
TION IS LHOjEN for
THE NORMAL MISSION,
T IGI CS 11 WILL BE
TARGETED TO CCCUR AT
AP3APSIS unless the
APOAPS iS TIME IS RE-
PLACED BY SOME OTHER
T IME. )

.Y N

IS THE VALUE OF
TIGICSI) =

+00003
ooroo
+OOCOO

OR IS TIGICSI) A

NEGATIVE NUMBER?

.Y .N

SATISFIED
W ITH THI S

VALUE?

.N .Y

WAIT FOR KEYBOARD
ENTRY

KEY IN

V25E AND
LOAD 0£- RECORD
SIRED THIS
TIGICSI) VALUE

21 A

P32/LUMINAPY

• 10 ''

• 110

• 120

• 130

• lAO

20^
P32/LUM INARY
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TERMINAIE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR NEM
DATA

KEY IN PROCEED

P
R

0
C
E

E

0

T

E

R
H
I

N

A
T

E

.NEU
• DATA

STORE DATA

«150

•16C

GC TO
A»

BELOW

IS THE YALUE OF TIG
ICSI » NOW STORED =

4^00000

00000
COOOO

OR IS TIGICSU A

NEGATIVE NUMBER?

N Y.

HAS A CALL BEEN MADE
FOR COMPUTATION OF
TIAPOAPSISI?
(NOTE: THE LGC WILL
RESPOND TO A NEGA-
TIVE LOAD IN THE
SAME FASHION THAT IT
WOULD RESPOND TO A
ZERO LOAD.)

• 170

N Y •180

CCNPJTE
TIAPOAPSISI
AND STORE IN

TIGICSIi

• I9r

P32/LUMINARY



HCLO FLASH VERB-NOUN TU
REQUEST RESPONSE ANO

SNAP . DISPLAY STORED N, E

AND CENTANG.
V06 N55
Rl-N
R2-E
R3-CE.TTANG

MUNITUR DSKY:
OBSERVE VERB-NOUN
FLASH TO REQUEST
RESPONSE AND DISPLAY
OF N, E, and CENTANG

N - THE FUTURE
APSIOAL CROSSING
lAPOGEE OR PERIGEE
lAPQLUNE OR PERI-
LUNEd UF THE
ACTIVE VEHICLE AT
WHICH TIGICDHI
SHOULD OCCUR.
C0001=FIRST,
00002=SECONO, ETC.

E - ELEVATION ANGLE.
THE ANGLE BETWEEN
THE LM/CSM LOS AND
THE LM local HORIZ-
ONTAL PLANE AT TIG
ITPII REFERENCED TO
THE DIRECTION OF
FLIGHT ISEE SECTION
5.4 OF R567
FOR DETAILED DE-
SCRIPTION). IN

DEGREES TO NEAREST
.01 DEG.

API I SATISFIED WITH
these VALUES?
INOTE: R3 WILL BE
ORIGINALLY DISPLAYED
AS 00000. IF THE
CREW WISHES TO EXER-
CISE THE N( 180 DEG-
REES) OPTION FOR CDH
MANEUVER DEFINITION,
LOAD ANY NUMBER
OTHER THAN 00000 IN
R3. REFER SECTION
5.4 OF R567. )

.Y .N

RECORD THESE
VALUES

CENTANG - THE 0R8I T-
AL CENTRAL ANGLE OF
THE PASSIVE VEHICLE
DURING TRANSFER FRCM
TIG(TPI) TO TIME OF
INTERCEPT. IN DEGREES
TO NEAREST .01
DEGREE.
INOTE: IN THIS CASE

216
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*200

*210

#220

#230

206
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HOLD ,

SNAP .

CENTANG iR3 » IS USEO
GNLY AS AN OPTION
CODE BY THE LGC. FOK
ANY VALJE OF CENTANG
OTHER THAN COOOO THE
LGC HILL CALCULATE
THE CDH PARAHETER
FOR A TIGICDHI AT
NIIBO DEGREES I FROM
THE CSI MANEUVER
WHERE N IS SPECIFIED
IN Rl. REFER SECTION
3. A OF RS67.I

•

•

•

WAIT FOR KEYBOARD
ENTRY

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR NEW
DATA

.P .T .NEW
• R .E .DATA
.0 .R
.C .M .

.E . I

.E .N

.0 .A STORE DATA
•

• .E
• • •

• • • •

•

• GO TO
• "A"
•

•

•

•

BELOW
•

•

»

=LASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY STORED TIG
ITPI I :

KEY IN PROCEED

KEY IN V2SE
AND LOAD THE
DESIRED PARAMET-
ERS

MONITOR DSKY:
OBSERVE FLAShINo
VERB-NOUN TO REgJEST
RESPONSE AND DISPLAY

•2A0

•2S0

#260

•270

•280

•290

P32/LUMINARY



OF STORED TIGITPIJ
J TIME OF TP I

IGNITION)

.

VOi •17

RI-T I j( TP I )-HRS
R2-TI^ITP II-MINS
R3-T101TP n-SECS

TIG (TP I) - TIME OF
TPI IGNITION (GET).
IN HRS, MINS, SECS,
TO NEAREST .01 SEC

AM I SATISFIED
WITH THIS value?

RECORD THIS
VALUE

WAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED

TERMINATE FLASH UPON
RECEIPT OF PROCEED, ...
TERMINATE, OR NEW
DATA

• P .T .NEW
.R . E • DATA
.0 .R •

.C • M •

.E . I
—

.E .N STORE DATA

.D • A—
• . T •

•

•

•

•

.E
•

•

• • •

•

•

•

•

GC TO
• "A" •

•

•

•

BELOW •

•

•

RESET FINAL
FLAG

KEY IN V25E
AND LOAD THE
DESIRED TIG (TPI

I

218
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*300

*310

*320

*330

*340

208
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#350

RESET UPCATE
FLAG.

SET EXTERNAL
DELTA V FLAG

#360

BASED ON THE STO-
RED TARGET PARA-
METERS, COMPUTE
THE PARAMETERS
ASSOCIATED MITH
CSI AND CDH AS
DESCRIBED IN SEC-
TION 5.4 OF R567.

ESTABLISH ALARM
IF;

#37f'

(A) ON FIRST
ITERATION THERE
IS NO INTER-
SECTION OF
THE DESIRED LOS
AT TPI WITH THE
CIRCLE DESCRI-
BED IN SECTION
5.4 OF R56T.
(ALARM CODE
00600)

<B) ON ANY TWO
CONSECUTIVE
ITERATIONS THE
MAGNITUDE OF
DELTA VICSIl IS

#380

•390

P32/LUMINARY



GREATER THAN
1000 EPS.
1 ALARM CODE
0C606)

(C) THE ITERA-
TION COUNTER
EXCEEDS 15
WITHOUT ARRI-
VING AT A PRO-
BLEM SOLUTION.
I ALARM CODE
0C605I

(Cl PERICENTER
ALT IPOST CSII
IS LESS THAN
35,CC0 FT.
ILUNAR 0R8ITI
OR 85 NM lEARTH
ORBI Tl

.

I ALARM CODE
006011

lEI PERICENTER
ALT (POST CDHI
IS LESS THAN
35,000 FT
(LUNAR ORBIT)
OR 85 NM ( EARTH
ORJITl (ALARM
CCJE 006C2)

(F) TIG(CDH) -

TIG(CSI) IS

LESS THAN 10
MIN. (ALARM
CCJE 00603)

(G) T1G(TP1 )
-

Tl^(CDH) IS
LEiS THAN 10
MIN OR COM-
PUTED CDH
TIME IS
GREATER
THAN INPUT

220
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#600

#610

#620

#63(T

#660

210
P32/LUMINARY
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TPl TIME.
I ALARM CODE
OCuOA)

PCSS
HELD .

SNAP .

• N . A

.0 .L
• . A

.A . R

.L . M

.A •

.R •

.M • • • • •

• • •

•

• FLASH VERB-
• NOUN TO RE-
• JUEST RESPON-
• SE AND DIS-
• PLAY ALARM
• CODE:
• VOS N09
• Rl-XKXXX
• R2-XXX<X
• R3-XXXXX
•

• THE EXPECTED
• ALARM CODES
• AT THIS TIME

• ARE 00600
• THROUGH 00606
•

• «

• •

• •

•

• WAIT FOR
• KEYBOARD
• ENTRY
•

• TERMINATE
• UPON RECEIPT
• JF PROCEED,
• RECYCLE, OR

• TERMINATE.
•

.T R. .P

•

•

•

•

•

•

•

• E E • • R

• • •

• • •

• • •

• • •

• •

• • •

« • •

• • •

• •

• • •

MONITOR DSKY:
DUES ALARM CODE

display indicate
COMPUTATIONAL
DIFFICULTY?

.Y N.

RETURN TO
START OF PRO-
GRAM AND
ADJUST INPUT
PARAMETERS.
KEY IN recycle
V32E.

fAsr

•A6C

l*A70

*480

*490

P32/LUMINARY



HOLD .

SNAP .

• • • • • • • • • • • • 222
• • • •

• • • •

• •

•

•

•

•

•

•

•

• •

• •

•

•

P32/LUMINARY

• • • •

• • R C • *0
•

•

•

•

•

•

•

•

• • •

. .« Y. .C • • • • • • • «

. .1 C. .E • • • • • • • •

. .N L. .E • • • • • • • •

• • A E • *0 • • • • • • • •

• « T • • • • • • • • • •

• •£ • ••••
• • •

• • •

•

•

•

•

•

•

•

• •

• •

•

•

• • •

• • • •

•

• • •

•

•

•

• <

•

• • • «

• • •

• #500
• • • • • • • •

. GJ TO • •

•

• •

. "A" • • • •

. BELOW
• •

•

•

•

•

•

•

IS FINAL FLAG
•

•

•

•

•

• •

SET? • • « • #510

. N V. • • • •

• •

• •

•

•

•

•

•

•

•

•

SET UPDATE
•

• •

•

•

•

FLAG •

•

•

•

•

• •

• •

• •

• •

•

•

•

•

•

•

•

•

•

•

•

•

•

«

•

#520

• •

• •

• • • • • • • •

• •

•

•

•

•

• • • •

•

• •

•

FLASH VERB-NOUN •

•

• MONITOR OSRY:
•

TO REQUEST RES- • • • • • • • • • • OBSERVE VERB- • »53C
PONSE ANO DISPLAY • • • • NOUN FLASH TO RE- •

DELTA ALT (COHI

,

« • QUEST RESPONSE •

DELTA TtCSI/CDHI, • ANO DISPLAY OF •

ANO DELTA TICDH/ • • DELTA ALT (COH) •

TPI 1

;

• * « DELTA T (CSI/COH) •

V06 N7 5 • • AND DELTA T (CDH/ •

Rl-DELTA ALT • • • TPI 1 . •

( CDH) • • • •

R2-DELTA T(CSI/ • •

CDH) •

•

•

•

•

•

•

•

•

•

•

•

•

#540

•

•

•

•

•

• •

•

• P32/LUMINARY
• •

•

•

•

•

•

212



R3-DELTA TICDH/
TPl I

DELTA ALTICDH) -

THE ALTITUDE BE-
THEE^ THE ACT IVE
AND PASSIVE VE-
HICLE ORBITS AT
TIGICDHI. SIGN IS

WHEN THE ACTIVE
VEHICLE IS BELOW
THE PASSIVE
VEHICLE. IN NAUT-
ICAL MILES TO
NEAREST .1 NM.

DELTA TICSI/CDHl-
TIGICDH) MINUS
TIG (CSI I.

COMPUTED IN HRS,
MINS, SECS OF
WHICH ONLY THE
MINS AND SECS
ARE DISPLAYED. TO
NEAREST SEC.

DELTA TICOH/TPK-
TIGITPI) MINUS
TIG (CDH).
COMPUTED IN HRS,
MINS, SECS, OF
WHICH ONLY THE
MINS AND SECS ARE
DISPLAYED. TO
NEAREST SEC.
INOTc: R2 AND R3
ARE MODULARIZED
TO THE HOUR, I. E.,
63 MINS 22 SECS
IS DISPLAYED AS

03B22)

(NOTE: TIGICDHI
IS AVAILABLE BY
KEY IMG IN V06N13.

I

RECORD THESE
VALUES

223
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#550

#56C

#570

#58C
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aiT FOR KEYBOARD
ENTRY KEY IN PRCCEEO

TERMINATE ElASH
UPON RECEIPT OF
PROCEED, TERMIN-
ATE, OR RECYCLE

.p . T R.

. E E.

.0 • R C.

.c • M Y.

• E . I C.

• E • N L.

.0 . A E.

•

•

•

.T

. E

•

• • •

•

GO TO

"A"
BELOW

HCLD . . FLASH VERB-NOUN
TO REQUEST RES-

SNAP . . PJNSE and DISPLAY
. CALCULATED COM-
. PONEHTS OF DELTA
. V (LVi FOR CS I :

. VC6 N8 1

. Rl-OELTA VXILV)

. R2-OELTA VYILVI

. R3-0ELTA VZILV)

MONITOR uSKY;
OBSERVE VERB-

NOUN FLASH TU RE
QUEST RESPONSE
AND DISPLAY OF
DELTA VILV) FOR
CSl

DELTA VXILVI -

COMPONENT OF IM-
PULSIVE DELTA V

AT TIGICSI) ALONG
(RXVIXR. IN FPS
TO NEARE ST . 1

AM I SATISFIED
WITH THESE
VALUES?
(NOTE: CREW HAS
THE OPTION AT

22A
P32/LUMINARY

»600

IK610

l*62C

»63C

#540

214
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FPS

DELTA VY(LV) -

COMPaNE'JT OF IM-
PULSIVE DELTA V

AT TIGICSII ALONG
VXR. IN FPS TO
NEAREST .1 FPS.

DELTA VZILVI -

COMPONENT OF IM-
PULSIVE DELTA V

AT TlGICSIt ALONG
-R. IN FPS TO
NEAREST .1 FPS

MHERE R IS LM
GEOCENTRIC I EARTH
ORBIT! OR SELENO-
CENTRIC (LUNAR
ORBIT! RADIUS
VECTOR AND V IS

LM INERTIAL VELO-
CITY VECTOR AT
TIGICSII

.

THIS TIME TO RE-
DEFINE THE DELTA
V(LV! COMPONENTS
FOR THE SUBSEQ-
UENT THRUSTING
MANEUVER. THIS
CAPABILITY RILL
NORMALLY BE
EXERCISED TO
CORRECT OUT-OF-
planeness by
FIRST SELECTING
THE RENDEZVOUS
OUT-OF-PLANE DIS-
PLAY ROUTINE
(R36! (V90E! AND
THEN MODIFYING
DELTA VYILV!!.

.Y .N

RAIT FOR KEYBOARD
ENTRY

KEY IN V25E
AND LOAD DE-
SIRED DELTA V

(LV! COMPONENT
VALUES

RECORD THESE
VALUES

225
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f6S0

#660

#670

#680

#690

P32/LUMINARY



KE/ IN PKOCEEO
TERMINATE FLASH
UPON RECEIPT OF
PROCEED, TERMIN-
ATE, OR NEW DATA.

P .T .NEW
R .E .DATA
Q . R
C .M STORE DATA
E .1

E .N
0 . A

.T

. E

GO TO
"A"

9ELOW

HOLD . .

FLASH VERB-NOUN
SNAP . . TO REQUEST RES-

. PCNSE AND DISPLAY

. CALCULATED COM-

. PQNENTS OF DELTA

. VILV) FOR CDH;

. VC6 N82

. Rl-DELTA VXILV)

. R2-DELTA VYILV)
R3-DELTA VZILV)

•

. DELTA VXILVI -

. CGMFJNENT OF IM-

. PULSIVE DELTA V

. AT TIG(CDH) ALONG

. IRXVIXR. IN FPS

. TO NEAREST .1

. FPS.

MONITOR DSKY:
OBSERVE VERB-

NOUN FLASH TO RE-
QUEST RESPONSE
AND DISPLAY OF
DELTA VILVI FOR
CDH.
(NOTE:
IF THE DELTA V

(LV) FOR CSl ISEE
ABOVE) HAS BEEN
MODIFIED BY THE
CREW, THE MODIF-
ICATION WILL NOT
BE REFLECTED IN

THE LGC COMPUTED
VALUES FOR DELTA
V ILV) FOR CDH
DISPLAYED HERE.)

DELTA VYILV) -

COMPONENT OF IM-

226
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#700

#710

#720

#730

#740

'
• P32/LUMINARY
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PULSIVE DELTA V

AT TLG(CDHt ALONG
VXR. IN EPS TO
NEAREST .1 EPS.

DELTA VZILVI -

COMPONENT OP IM-
PULSIVE DELTA V

AT TIG(CDH) ALONG
-R. IN EPS TO
NEAREST .1 EPS

RECORD THESE
VALUES.
(NOTE: UNLIKE
DELTA VILVt POR
CSI ABOVE, THESE
VALUES CANNOT BE
NRl TTEN OVER.

I

WHERt R IS LH
GEOCENTRIC lEARTH
ORB IT I OR SELENO-
CENTRIC (LUNAR
ORBIT) RADIUS
VECTOR AND V IS

LM INERTIAL VELO-
CITY VECTOR AT
TIG(CDHI

.

MAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED

TERMINATE FLASH
UPON RECEIPT OF
PROCEED, RECYCLE,
OR TERMINATE

GO TO

217
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»750

*760

#770

#780

#790
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"A"
dELOW

IS THE FINAL FLAG
SET?

• N Y

SET MGA DISPLAY
IN R3 (BELOW) =

-COOOl.

IS REFSHMAT FLAG
SET?

. Y N.

COMPUTE IMU
MIDDLE GIMBAL
ANGLE AT TIG
(CSI) FOR THE
PRESENT IMU
ORIENTATION
WITH THE LM
+X AXIS ALIG-
NED WITH THE
INIT 1 AL
THRUST VECTOR

SET MGA DIS-
PLAY IN R3
(BELOW) =

- 00002 .

228
P32/LUMINARY

#80P

*81P

#820

#830

#8A0

21&
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HCLD FLASH VER3-N0UN TO
REUUEST RESPONSE AND
DISPLAY H, TFI AND
MGA;

V16N45
Rl-N
R2-TFI
R3-HGA

MONITOR DSKY:
observe verb-nojn

FLASH TO REaUEST
RESPONSE and DISPLAY
OF M, TFI AND MGA.

M - THE NUMBER OF
HARKS MADE SINCE THE
RR TRACKING MARK
COUNTER yAS ZEROED
ISEE ASSUMPTION 6

OF P20I.

TFI - TIME FROM TIG
tCSI). IN MIN AND
SEC TO NEAREST SEC.
MAX READING IS 59B59.
SIGN IS - BEFORE,
AFTER TIGtCSn.

MGA - PIDDLE GIMBAL
ANGLE AT TIGICSIl
IF LM AXIS IS

ALIGNED WITH INITIAL
THRUST DIRECTION.
IN DEGREES TO NEAR-
EST .01 DEGREE.
SIGN IS ALWAYS
EXCEPT:

(A) WHEN DISPLAY-
ED AT ANY TIME
OTHER THAN THE
LAST PASS THROUGH
THE PROGRAM THE
VALLE IS -00001

IB) ON THE LAST
PASS WHEN THE IMU
IS SOT ALIGNED
THE VALUE IS

-0OCO2.

WAS THIS THE LAST
PASS THROUGH THE
PROGRAM?

Y N.

DO I WISH TO
TERMINATE THE
MARK PROCESS AND
DO THE FINAL PASS
THROUGH THE
program?

Y N,

WAIT FCR keyboard
ENTRY

KEY IN PROCEED,

229
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f850

i860

•870

•BBC

• 890
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•900

•910

• “20

•“30

•94C

•950

220
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EXIT P32 EXIT P32

CHANGE CONTROL NOTES

REV 01 PCR 25A,5A0,623
REV OCILOH lAI PCR 6S5, 752
REV 02 EDITORIAL
REV 03 EDITORIAL
REV OA PCN 1009

221
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CONSTANT DELTA ALTITUDE ICDHI PROGRAM (P331 REV DA IZ/ri/Tl

PURPOSE: in TO CALCULATE PARAMETERS ASSOCIATED WITH THE CONSTANT DELTA ALTITUDE MANEUVER ICDHI, FDR DELTA V BURNS.

121 TO CALCULATE THESE PARAMETERS EASED UPON MANEUVER DATA APPROVED AND KEYED INTO THE LGC BY THE ASTRONAUT.

13) TO DISPLAY TO THE ASTRONAUT AND THE GROUND DEPENDENT VARIABLES ASSOCIATED WITH THE CDH MANEUVER FOR APPROVAL BY

THE ASTRONAUT/GROUNO.

lAI TO STORE THE CDH TARGET PARAMETERS FOR USE BY THE DESIRED THRUSTING PROGRAM.

ASSUMPTIONS: 111 THIS PROGRAM IS BASED UPCN PREVIOUS COMPLETION JF THE CO-ELLIPTIC SEQUENCE INITIATION (CSI) PROGRAM tP32l.
THEREFORE:

(A) AT A SELECTED TPI TIME (NOW IN STORAGE! THE LINE UF SIGHT BETWEEN THE LM AND THE CSM WAS SELECTED TO BE A

PRESCRIBED ANGLE lEI I NOh IN STORAGE) FRCM THE HORIZONTAL PLANE DEFINED AT THE ACTIVE VEHICLE POSITION.

IB) THE TIME BETWEEN CSI IGNITION AND CDH IGNITION WAS COMPUTED TO BE GREATER THAN 10 MINUTES.

ICI THE TIME BETWEEN CDH IGNITION AND TPI IGNITION WAS COMPUTED TO BE GREATER THAN 10 MINUTES.

ID) THE VARIATION OF THE ALTITUDE DIFFERENCE BETWEEN THE ORBITS WAS MINIMIZED.

IE) CSI BURN WAS DEFINED SUCH THAT THE IMPULSIVE DELTA V WAS IN THE LM HORIZONTAL PLANE AT CSI IGNITION.

(FI THE PERICENTER ALTITUDES OF THE ORBITS FOLLOWING CSI AND CDH WERE COMPUTED TO BE GREATER THAN 35,000 FT
(LUNAR ORBIT) OR 85 NM FOR EARTH ORBIT.

(Gl THE CSI AND CDH MANEUVERS WERE ASSUMED TC BE PARALLEL TO THE PLANE OF THE CSM ORBIT. HOWEVER, CREW MODIFICA-
TION OF DELTA V ( LV ) COMPONENTS MAY HAVE RESULTED IN AN OUT-OF-PLANE CSI MANEUVER.

(21 LGC COMPUTED VARIABLES MAY BE STORED FOR LATER VERIFICATION BY THE GROUND. THESE STORAGE CAPABILITIES ARE
NORMALLY LIMITED ONLY TU THE PARAMETERS FOR ONE THRUSTING MANEUVER AT A TIME EXCEPT FOR CONCENTRIC FLIGHT PLAN
MANEUVER SEQUENCES.

(3) the RENDEZVOUS RADAR MAY OR MAY NOT BE USED TO UPDATE THE LM OR CSM STATE VECTORS FDR THIS PROGRAM. IF RADAR
USE IS DESIRED THE RADAR WAS TURNED ON AND LOCKED ON THE CSM BY PREVIOUS SELECTION OF P20. RADAR SIGHTING MARKS WILL
BE MADE automatically APPROXIMATELY ONCE A MINUTE WHEN ENABLED BY THE TRACK AND UPDATE FLAGS (SEE RZC*). THE RENDEZVOUS
TRACKING MARK COUNTER IS ZEROED BY THE SELECTION OF P20 AND AFTER EACH THRUSTING MANEUVER.

(A) THERE IS NU REQUIREMENT FOR I SS OPERATION DURING THIS PROGRAM UNLESS AUTOMATIC STATE VECTOR UPDATING IS DESIRED
BY THE RENDEZVOUS NAVIGATION PROGRAM (P20I. IF SELECTED, P20 WILL DEFINE THE STATUS OF THE I SS.

(51 THIS PROGRAM IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY.

PROG LGC GROUND CREW

P33/LUMINARY



CQNT
CREh
PRO&ftAH
SELECTIUN

STAKE CUNSTANT DELTA
ALTITUDE PROGRAM
IP33I
DISPLAY P33

KEY IN CONSTANT
DELTA altitude ( COH
PRUGRAM (P33)

V37E 33E

MONITOR DSKY;
OBSERVE DISPLAY OF
P33

SET ACTIVE VEHICLE
FLAG

SET UPDATE FLAG

SET TRACK FLAG

23A
P33/LUMINARY

flC

*20

130

•40

224
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HCLO .

SNAP .

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY STORED TIG
(CDHI:

VOs N13
Rl-TIG(COH)-HRS
R2-TIG1CDHI-M1N
R3-TIG(COH|-SECS

TIGICOHI - TIME OF
CCH IGNITION (GET).
IN HRS. MINS, SECS
TO NEAREST .01 SEC.

MONITOR DSRY:
OBSERVE VERB-NOUN
FLASH TO REQUEST
RESPONSE AND CISPLAV
OF STORED TIG
(CDH).

AM I SATISFIED MITH
THIS VALUE?

.Y

RECORD this
VALUE

•60

•70

•60

•90

• 100

P33/LUMINARY
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^A1 T FOH KE ^RUAR3
ENTRY

TERMINar E FLASH JPUx
RECEIPT OF PROCEEu,
TERMINATE, OR NER
E/-TA

P .T .NER
k .E .DATA
0 .R
X .M
E . I

£ .N STORE DATA

. T

.E

KEY IN PROCEED

KEt In V23E
ANO LOAD
OESUcO TIC
(COHI

#110

• 12C

&C TO
“A"

BELCR

RESET FINAL FLAG

RESET UPDATE FLAG.

il30

014C

SET cXTERNAL
DELTA V FLAG

#15C

226 P33/LUMINARY



227
237

P33/LI;HINARY

BASED ON THE STO-
RED TARGET PARA-
HETERS, COMPUTE
THE PARAMETERS
ASSOCIATED wlTH
CDH, AS DES-
CRIBED IN SEC-
TION 5. A OF R567.
ESTABLISH ALARM
IF NO SOLUTION
CAN BE REACHED

il60

N

A

L

A

R

M

A

L

A

R

M

•170

POSS
HOLD .

• ••••••
SNAP .

FLASH verb-
noun TO RE-
JUEST RESPON-
SE AND DIS-
PLAY ALARM
CODE 006il;

V0 5N09
Rl-XXXXX
R2-XXXXX
R3-XXXXX

MONITOR DSKY;
DOES ALARM

CODE DISPLAY IN-
DICATE THAT NU
SOLUTION CAN BE
REACHED?

N Y

• 180

•190

IS IT POSSIBLE
that readjust-
ment OF TIG

P33/LUMINARY



(COH) Miour
PROVIDE A sol-
ution? DO I

.ilSH TO ATT-
EMPT TO read-
just TIG(COH)?

N Y.

WAIT FOR KEY-
dOARD ENTRY

TERMINATE
FLASH UPON
RECEIPT OF
PROCEED, RE-
CYCL E OR FER-
MI NATE

P .T .R
R .E .E
0 .R .C

KEY IN RE-
CYCLE

V32E

DU I WISH TO
ATTEMPT TO DE-
FINE CDH
MANEUVER ANY-
WAY, REALIZING
THAT DELTA T

(COH/TPII AND
DELTA T (TPI/
TPI » ARE NOT
ACCURATE?

• Y N.

•

•

KEY IN
PROCEED

KEY IN
TERMINATE

V3AE

P33/LUMINAPY

#210

#220

#230

#240

228
P33/LUMINARY



229 239
P33/LUMINARY

HOLD .

SNAP !

GO TJ
"A"

aELOM

•25P

GO TO
A"
BELOM

«26C

IS FINAL
SET?

FLAG

.N
•

•

•

•

•

•

•

Y.

•

•

•

•

•

•

•

•

SET UPDATE
FLAG. •

•

•

•

•

•

•

•

•

•

•

• • • •

• • •

MONITOR OSKY:
OBSERVE VERB-

MOJN FLASH TO RE-
QUEST RESPONSE
ANU DISPLAY OF
DELTA ALT (COHI

FLASH VERB-NOUN
TO REQUEST RES-
PONSE AND DISPLAY
DELTA ALT ICDHI,
DELTA TtCDH/TPIl
AND DELTA TITPI/

#270

•280

•29C

P33/LUMINARY



240
P33/LUMI NARY

T PI I

;

VCP NTS
DELTA T (CDH/TPl

)

AND DELTA T ( TPI

/

Rl-DEL TA

ICOHI
ALT T PI 1 .

R2-0EL TA

TPI 1

T ICDH/
•

R3-0EL TA

TPI 1

TITPI/
:

•

•

it30C-

DELTA ALTICDH) -

the alti tdde be-
tween THE ACT IVE
AND PASSWE ve-
hicle DKBITS AT
TIG(CDH) . SIGN IS

<IH£N THE ACTIVE
VEHICLE IS BELOW
THE PASS IVE

VEHICLE. IN NAUT-
ICAL NILES TO THE
NEAREST .1 NM

*310

DELTA TICDH/TPII-
TIGITPII AS DE-
FINED BY THIS
PROGRAM MINUS
TIGICDHI . COM-
PUTED IN HRS,
MINS, AND SECS OF
WHICH ONLY THE
MINS AND SECS ARE
displayed.

»320

t

CA

DELTA TITPI/TPD-
TIGITPI) AS DE-
FINED BY THIS
PROGRAM MINUS
TIGIIPII AS DE-
FINED EARLIER BY
P32. COMPUTED IN
HRS, MINS, and
SECS OF WHICH
ONLY THE MINS AND
SECS ARE DIS-
PLAYED.
NOTE; R2 IS COM-
PUTED '.ODuLJ JNE

i»33C

*34P

230
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HOUR IF IT IS
POSITIVE, I.E.,
63 MINUTES 22
SECONDS IS DIS-
PLAYED AS 03B22.
IF IT IS NEGATIVE,
IT IS LIMITED
INSTEAD, I.E. -63
MINUTES 22 SEC-
ONDS IS DISPLAYED
AS -J9B5P.
R3 IS ALWAYS
MODULO ONE HOUR.

RECORD THESE
VALUES

WAIT FOR KEYBOARD
ENTRY

TERMINATE FLASH
UPON RECEIPT OF
PROCEED, TERMIN-
ATE, OR RECYCLE

• P • T R •

•R .E E.

.0 • R C

.

• C .M Y.

. E .1 C

.

.E .N L.
«D .A E...
. . T

. . E

KEY IN PROCEED

GO TO
“A«
BELOW

231
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#350

#360

#370

#380

P33/LUMINARY



HCLO , . FLASH VERB-NOUN . . . . MONITOR DSKV:
TO REJOEST RES- OBSERVE VERB-

SNAP , . PONSE AND DISPLAY . . . . NOON FLASF TO
. CALCULATED COM- . . . RlOUEST «E-
. PQNENTS of delta . . . SPONSE AND JIS-
. VILV) FOR CDH; . . . PLAY OF DELTA
. VOS N8 I . . .V (LV) FOR CDH
. Rl-DELTA VXILVI . . .

. R2-OELTA VY(LV)

. R3-0ELTA VZILVI . .

DELTA VXILVI -

COMPONENT OF I
M-

PULSI VE DELTA V

AT TIUlCCH)
ALONU (RXVMR.
IN FPS TO NEAR-
EST .1 FPS

DELTA VYILVI -

COMPONENT OF
IMPULSIVE DELTA
V AT TIGICDHI
ALGNii VXR. IN
FPS TO NEAREST
.1 FPS

DELTA VZILVI -

COMPONENT OF IM-
PULSIVE DELTA V

AT TIGICDHI
ALONG -R.
WHERE R IS LM
GEOCENTRIC I EARTH
ORBITI OR SELENO-
CENTRIC ILUNAR
ORBITI RADIOS
vector and V IS

LM MERTIAL VELO-
CITY VECTOR AT
TIGICDHI. IN FPS
TO NEAREST . 1 FPS

AM I SATISFIED
WITH These
VALUES?
I NOTE: Ck^R HAS
THE OPTION AT
THIS TIME tq

REDEFINE THE
DELIA V ILVI
COMPONENTS FOR
THE SUBSFCOENT
thrusting MAN-
lUVER. Tills

CAPABILITY RILL
NORMALLY BE
EXERCISED TO
CORRECT OOT-OF-
PLANENESS BY
FIRST SELECTING
THE kENDEZVOUo
OUT-OF-PL ANE
OISPLAY ROUT INE
IRiSI (V°C£I
AND THEN MODIF-
YING DELTA VY
I LVn .

.Y . .

242
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«30C'

*400

*4ir

f42C

«43r
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•440

•450

•4«r

•470

•480
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S' T MGA r IS ''LAV

I R i ( lit i >*"(

)

^ GOO 1.

«49r

I S KcF , M FLAG
?

. V N

«50C

CCMPJTE I“U

4IDQLE G1H3AL
ANGLE AT TIG
(COFI FO'< the
PRESENT IMU

ORI ENTAT 13N

xITH THE L*1 *X
AXIS ALI SNED
«ITh THE
INITIAL THRUST
VECTOR

#5in

SET MGA DIS-
PLAY IN R3
(iELORl
-00002.

#520

HOLD .

Flash vERa-vnuN ru

MON . REJUEST RE3PCNSE ANJ
"I SPLAY H , TF I -T .)

MGA;
V16N.

^

R 1-"

R2-Tr

1

R3-MjA

MONITOR DSKY:
observe VERB-NOJN

FLAiH TJ REJUEST
RESPOVSc AnO display
OF M, TFI AND MGA.

#530

234
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M - THE NUMBER OF
MARKS MADE SINCE
THE RR TRACKING MARK
COUNTER WAS ZEROED
(SEE ASSUMPTION 5

OF P20)

TFI - TIME FROM TIG
(CDHI. IN MIN AND
SEC TO NEAREST SEC.
MAX READING IS 59B59.
SIGN IS - BEFORE
AFTER TIGICOHI.

MCA - MIDDLE GIMBAL
ANCLE AT GETKCDH)
IF LH «X AXIS IS

ALIGNED WITH INITIAL
THRUST DIRECTION. IN
DEGREES TO NEAREST
.01 DEGREE
SIGN IS ALWAYS *

EXCEPT;

(At WHEN DISPLAY-
ED AT ANY TIME
OTHER THAN THE
LAST PASS THROUGH
THE PROGRAM THE
VALUE IS -00001

IBI JN THE LAST
PASS WHEN THE IMU
IS NOT ALIGNED
THE VALUE IS
-0000 2.

WAS THIS The last
PASS through the
PROGRAM?

.Y N.

DO I WISH TO
TERMINATE THE
MARK PROCESS AND
DO THE FINAL PASS
THROUGH THE
PROGRAM?

Y N,

WAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED.

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR
RECYCLE

KEY IN RECYCLE
V32E

P

R

T

E

R

E

235
245

P33/LUMINARY

#54P

•550

•560

•570

•580

P33/LUMINAPY



KAS THIi THE LAST
PASS THROUGH THE
PROGRAM?

0 . R .C
C .M .Y
E .1 .C
E .N .L
D .A .E

• T

. E

GO TO
• "A"
. BELOW
• •

• r

•

• N
•

•

IS THE FINAL FLAG

•

•

•

•

•

•

•

•

•

SHT? • • • • • •

. Y N.
•

•

•

•

• •

• •

•

•

•

•

. SET THE FINAL
•

•

•

•

. FLAG • •

• •

•

•

•

• • • •

•

«

•

•

• ’*A"

•

"A"
. FROM FROM
. ABOVE
• • •

ABOVE
•

• •

• • • •

• •

•

•

•

•

• • •

•

DO FINAL AUTOMATIC • • DO FINAL AUTCMATIC
REQUEST TERMINATE • • • • REQUEST TERMINATE
ROUTINE (ROO) • • ROUTINE IROOI.

EXIT P13 EXI I P3i

246
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•590

Mao

•610

•620

236
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CHANGE CGNTROL NOTES

REV 01 PCR 540,623
REV 02 PCR 752, EDITORIAL
REV 03 EDITORIAL
REV 04 PCN 1180
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PURPOSE:

ASSUMPTIONS:

05
1180

PROG

TRANSFER PHASE INITIATION (TPI» PROGRAM (P34) REV 05 12/01/71

(II TO CALCULATE THE REOJIRED DELTA V AND OTHER INITIAL CONDITIONS REQUIRED BY THE LGC FOR LM EXECUTION OF TNE
TRANSFER PHASE INITIATION ITPII MANEUVER, GIVEN:

(At TIME OF IGNITION TIGITPII OR THE ELEVATION ANCLE (El OF THE LM/CSM LOS AT TIGITPII

(8) CENTRAL ANGLE OF TRANSFER (CENTANGI FROM TIGITPII TO INTERCEPT TIME ITIGITPFII.

(21 TO CALCULATE TIGITPII GIVEN E CR E GIVEN TIGITPII.

(31 TO CALCULATE THESE PARAMETERS BASED UPON MANEUVER DATA APPROVED AND KEYED INTO THE LGC BY THE ASTRONAUT.

(41 TO DISPLAY TO THE ASTRONAUT AND THE GROUND CERTAIN DEPENDENT VARIABLES ASSOCIATED WITH THE MANEUVER FOR
APPROVAL BY THE ASTRONAUT /GROUND

.

(51 TO STORE THE TPI TARGET PARAMETERS FOR USE BY TFE DESIRED THRUSTING PROGRAM.

Ill LGC COMPUTED VARIABLES MAY BE STORED FOR LATER VERIFICATION BY THE GROUND. THESE STORAGE CAPABILITIES ARE LIMITED
ONLY TO THE PARAMETERS FOR ONE THRUSTING MANEUVER AT A TIME, EXCEPT FOR CONCENTRIC FLIGHT PLAN MANEUVER SEQUENCES.

(21 THE RENDEZVOUS RADAR MAY OR MAY NOT BE USED TO UPDATE THE LM OR CSM STATE VECTORS FOR THIS PROGRAM. IF RADAR
USE IS DESIRED THE RADAR SHOULD BE TURNED ON AND LOCKED ON THE CSM BY PREVIOUS SELECTION 0= P2C. RADAR SIGHTING MARKS
HILL BE MADE AUTOMATICALLY APPROXIMATELY ONCE A MINUTE HHEN ENABLED BY THE TRACK AND UPDATE FLAGS. THE
RENDEZVOUS TRACKING MARK COUNTER IS ZEROED BY THE SELECTION OF P20 AND AFTER EACH THRUSTING MANEUVER.

131 THERE IS NO REQUIREMENT FOR ISS OPERATION DURING THIS PROGRAM UNLESS AUTOMATIC STATE VECTOR UPDATING IS DESIRED
BY THE RENDEZVOUS NAVIGATION PROGRAM (P20I. IF SELECTED, P20 MILL DEFINE THE STATUS OF THE ISS.

(41 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 MILL BE AVAILABLE FOR DISPLAY TO THE
ASTRONAUT THROUGH THE USE OF V06N52.

THE ASTRONAUT MOULD CALL THIS DISPLAY TO VERIFY THAT THE CENTRAL ANGLE OF TRANSFER OF THE ACTIVE VEHICLE IS NOT
MITHIN 170 TO 190 DEGREES. IF THE ANGLE IS MITHIN THIS ZONE THE ASTRONAUT SHOULD REASSESS THE INPUT TARGETING
PARAMETERS BASED UPON DELTA V AND EXPECTED MANEUVER TIME.

(51 THIS PROGRAM IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY.

161 THE DELTA V IN LDS COORDINATES (N59I IS AVAILABLE AT FL V16 N45 AFTER EACH COMPUTATION CYCLE.

LGC GROUNO CREW

P34/LUMINARY



CONT
CREki
PROGRAM
SEE ECT ION

START transfer PHASE
INITIATION PROGRAM
(P3AI
DISPLAY P3A

KEY IN TRANSFER
PHASE INITIATION
PROGRAM IP3A)

V37E 3AE

MONITOR OSKY:
OBSERVE DISPLAY OF

P3A

SBT ACTIVE VEHICLE
FLAG

SBT OPCATE FLAG

SET TRACK FLAG

HELD FLASH VER3-NOUN tj MONITOR OSKY:

250
P34/LUniNA«(V

flO

f20

•30

•40

• 50

240
P34/LUMINARY



REQUEST RESFONSE AND

I
SNAP . DISPLAY STORED TIG

iTPi) Calculated
FROM PREVIOUS
PROGRAMS:

V06 NS7
Rl-TIGITPII-HRS
R2-T1G(TP n-MlN
R3-TlGlTPn-SEC

OBSERVE VERB-NOUN
FLASH TU REQUEST
RESPONSE and DISPLAY
OF TIG(TPl)
STORED FROM PREVIOUS
PROGRAMS.

TIGITPII-TIME OF TPI
iCNITICN (GETI.
IN HRS, MIN, SEC
TO NEAREST .01 SEC.

AM I SATISFIED QITH
THIS VALUE?
(NOTE: THIS PROGRAM
ALMAYS REQUIRES AN
INITIAL VALUE OF
TIG(TPI) WHICH IS

WITHIN 30 MINUTES
OF THE ACTUAL VALUE
EVEN IF TIG(TPI) IS
TO BE CALCULATED
FROM A SPECIFIED E.

I

WAIT FOR KEYBOARD
entry

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE,
OR NEW DATA

. Y

•

•

N.

•

•

RECORD this •

VALUE. •

•

•

•

• •

• •

KEY IN PROCEED
•

•

•

•

•

•

•

•

•

KEY IN V23E AND
load the desired
TIG

P

R

T

E

NEW
DATA

241 P3A/LUMINARY

*60

*70

*90

*100

*110
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HOLD .

SNAP .

C

E

E

0

»

I STORE DATA
^

A

T

E

GO TO
"A"

BELJM

»120

DEFINE CENTANG =

130 DEGREES FOR
DISPLAY 8EL0N.

• 130

SET N=C

• lAD

SET E=0

FLASH YERB-NOUN
TO REQUEST RESP-
ONSE AND DISPLAY
OF N, STORED E,

AND CENTANG:
V06 N55
Rl-N
R2-t
R3-CENTANG

MONITOR OSKY:
OBSERVE VERB-NOUN
FLASH TO REJUEST
RESPONSE AND DISPLAY
OF N, STORED E, AND
CENTANG.

• 150

242 P3A/LUMINARY



N-THE FUTURE AP-
SICAL CROSSING
(APOCcNTER OR
PERICENTER) OF
THE ACTIVE
VEHICLE AT
WHICH TIG (CDH)
SHOULD OCCUR.

OOOOl=FIRST
00002=SECOND
ETC.

• NOTE:
IN THIS CASE. N IS

THE NUHSER OF TAR-
GET OFFSETS. WHEN
N IS ZERO, USE CO-
NIC INTEGRATION TO

DETERMINE THE IN-
ITIAL POSITION AND
VELOCITY OF THE
TARGET AT INTER-
CEPT TIME. WHEN N

IS NCN-ZERO, USE
PRECISION INTEGRA-
TION AND THE INDI-
CATED NUMBER OF
OFFSETS.

COOOO-K.EPLER CO-
NIC INTE-
GRATION
WITH NO
TARGET
OFFSET

GOOD 1-PRECISION
INTEGRA-
TION WITH
ONE TARGET
OFFSET

00002-PRECISION
INTEGRA-

243
253
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*160

•170

• 180

•190

•200
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TION WITH
TWO TARGET
OFFSETS

E-ELE^ATIQN ANGLE
BETWEEN THE LM/
CSM LJS AND THE
LM LXAL hori-
zontal AT TIG
(TPI ) REFERENCED
TO THE DIRECTION
OF FLIGHT ISEE
SECTION 5.4 OF
R567 FOR
DETAILED DESCRIPT-
ION). IN DEGREES
TO NEAREST .01
DEGREE.

CENTAOG-THE ORBIT-
AL CENTRAL ANGLE
OF THE PASSIVE
VEHICLE DURING
TRANSFER FROM
TIG(TPI) TO TIME
OF INTERCEPT. IN

DEGREES TO NEAREST
.01 DEGREE.

DO I WISH THE LGC TO
CALCULATE E7

.N .Y

have I SPECIFIED
N AS DESIRED, E

TO BE K'OOOO,
ANO CENTANG AS
OES IRED7

.Y .N

RECORD TFE
VALUES OF N

ANO CENTANG.

WAIT FOR KEYBOARD
ENTRY

KEY IN
PROCEED

GO TO

254
P34/LUMINARY

#210

#220

#240

#250

244
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• 6 "

8EL0M

245
255

P34/LUHINARr

•260

•2TC

•280

•290

*300

P34/LUHINARY
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TERMINATE FLASH UPON
RECEIPT ar PROCEED,
terminate

,

OR NER DATA

.P .T .NEW
• R • c . DATA
• 0 * rt •

.C .iT -—

.E .1 STORE DATA

• D *4 •

. . r •

. .E •

• •

• •

• • • •

• •

. 00 TO

. "A"
• BELJW
•

•

RESET CJMP E FLAG

•

•

•

IS E SPECIFIED TO
BE *00030?

,Y N.
•

. SET COMP E FLAG

• •

• •

• •

RESET FINAL FLAG

KEY IN PROCEED

•310

•330

•3AP

• 3S0

246
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RESET UPDATE FLAG

IS COMP E FLAG
SET?

V N.

COMPUTE E FOR
SPECI FIEO
TIGITPI

)

PCSS
HOLD .

• ••••••
SNAP .

FLASH VERB-
NOUN TO RE-
eUEST RESPONSE
AND DISPLAY
CALCULATED E:

V06 N55
Rl-N
R2-E
RB-CENTANG

(NOTfc : FOR DE-

247
257
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#360

DID I SPECIFY E

TO BE tOCCOO?

Y N

monitor DSKY:
OBSERVE

VERB-NOUN
FLASH TO RE-
UUESr RESPON-
SE AND DIS-
PLAY OF CAL-
CULATED E.

#370

#380

#390

#400

P34/LUMINARY
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FINIT ION Stt
AJOVE I.

RECUKO THIS
VAL JE

kAlT FOR KEY-
BOARD ENTRY

KEY IN PRO-
CEED.

TERMINATE
flash upon
RECEIPT OF
PROCEED,
RECYCLE, OR
TERMINATE

. T . P • R

.E .R .E

• K .0 • C

• M .C . Y

.1 • E .c

.N .E .L

• A .0 .E
.T •

.E • •

• • • • •

• • • •

•

GO TO
•

•

"A" •

BELOW •

• • • • • • •

M2A

Mie

M4P

COMPOTE TIG
ITPII FOR THE
SPECIFIED E.
ESTAJLISH
ALARM IF NO

•45C

246
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SOLUTION CAN
BE HEACHEO

BOSS
HOLD .

SNAP .

flash VERB-
NOUN TO
REQUEST RE-
SPONSE AND
DISPLAY
ALARM CODE
00611

:

V05N09
Rl-XXXXX
R2-XXXXX
R3-XXXXX

bAIT FOR
KEYBOARD
ENT RY

TERHI NATE
FLASH UPON
RECEIPT OF
PROCEED.
RECYCLE, OR
TERMINATE

T

E

P

R

R
E

249
259
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•660

MONITOR DSKY:
DOES ALARM

CODE DISPLAY
INDICATE THAT
NO SOLUTION
CAN BE
REACHED?

•Arc

Y N

•480

RETURN TO
START OF
PROGRAM
AND ADJUST
INPUT PARA-
METERS.
KEY IN
PROCEED.

•490

•SCO

P34/LUMINARY



R

M

1

N

A
T

E

0
c

E

E

D

liC TO
"A"

BELOW

PCSS
HOLD .

SNAP .

FLASH VERB-
NOUN TO RE-
QUEST RESPONSE
AND JI SPLAY
CALCJLAT EO
TIS(TPl) :

V06N37
Rl-TIGITPI 1

-HR S

R2-TIGITP1I
-MI NS

R3-TIG(TPn
-SECS.

MONIIUR USK.Y

CBSERVE
VERB-NOUN
FLASH TO RE-
QUEST RE-
SPONSE AND
DISPLAY OF
CALCULATED
TIGITPI).

INOTE: FOR DE-
FINITION SEE
ABOVE).

RECORD This
VALUE

260
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•510

*520

•530

#550

#550

250
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WAIT FOR KEY-
• • • • •

• • KEY IN
BOARD ENTRY • • • • • • PROCEED

TERMINATE • • • • • •

FLASH UPON • • • • • •

RECEIPT OF • • • • • •

PROCEEOt RE- • • • • • • •560
CYCLE, OR • • • • • •

TERMINATE. • • • • • •— • • • • • •

.T • P .R • • • •

.E . R .E • • • • •

.R .0 .C • • • • •

.M .C .Y • • • • •

. I . E .C • • • • •

.N .E .L • • • • •

.A . 0 .E • • • • • •570

.T • • • • • • •

.E
•

•

•

•

• • •

•

• • •

•

•

•

•

•

•

•

• • •

•

•

•

•

•

•

•

•

•

•

GO TO • • • • •

"A" • • • • •

BELOW • • • • •

i58P

BASEO ON STORED
TARGET PARAMETERS
COMPUTE THE PARA-
METERS ASSOCIATED
WITH TPI AND TPF
AS DESCRIBED IN

SECTION 5.

A

OF R567.

•590

RESET EXTERNAL
DELTA V FLAG

•600

P3A/LUMINARY
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HOLD .

SNAP .

FLASH YERB-NUUN
TO REQUEST RE-
SPONSE AND DIS-
PLAY calculated
PcK AL Ti DEL T A

V(TPI), AND DELTA
VI TPF I :

VCsNSa
Rl-PER ALT
R2-DELTA VITPII
R3-DELTA VITPFI

. MJHlTjrL DsKY:

... OBSERVE VERi>-

. NjjN Flash ij
REOUES r response
AND display JF

CALLULATEI PER
AL I , JEL r A

VI TPi I , AND
DELTA VI TPFI .

•610

PER ALT-ALTITUDE
OF POST TPI PERI-
GEE ABOVE
THE LAUNCH PAD
RADIUS I EARTH
ORBIT) OR ALTI-
TUDE OF PERILUNE
ABOVE the lunar
RADIUS AT THE
MOST RECENTLY DE-
FINED LANDING
SITE ILUNAR
URS III. IN NAUT I-
CAL RILE S TO
Nt ARc S T . 1 NM.

DEL TA V( TP I l-RE-
JUI RED I MPULSI VE
DEL TA V TO ACCOM-
PLI SH TP I MANEU-
VER AT T IG 1 TPI ) .

IN FPS T 3 NEAREST
. I FPS.

DEL TA VI TP F)-RE-
RJI RED I MPULSI VE
DEL TA V TO ACCOM-
PLI SH TP F MA.NEU-
VER AT T I ME OF
INT ERCEP T. IN FPS
TO NEARE ST .1 FPS

RECORD These
values

•62C

•630

•6AC

•650

252
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WAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED

**
05

1180

TERMINATE FLASH
UPON RECEIPT OF
PROCEED, RECYCLE,
OR TERMINATE

.T . P .R

.E .R .E

• R .0 • C
.M .C • Y

.1 .E .C
• N .E .L

.A .0 .E

• T • •

.E
•

•

•

•

• • • «

•

• • •

•

•

GO TO
A"

BELOW

•

•

•

•

•

IS THE
SET?

FINAL FLAG

.N Y.

• •

• •

SET UPDATE •

FLAG •

• •

• •

• •

• •

• •

RESET NEW
TARGET FLAG.

i660

•670

•680

•690

•700

P3A/LUMINARY



264

MOLD .

SNAP .

FLASH VEKB-
NJUN TO RE-
CJEST RESPONSE
A^D DISPLAY
CALCULATED
CONPONENTS OF
DELTA VILVI
FUR TPI

:

V06NB1
RI-DELTA

VXI LV)
R2-OELTA

VYILVI
R3-DELTA

VZILVI

DELTA VXILVI-
CJMPONENT OF
IMPULSIVE
DELTA V AT
TIGlTPIt ALOND
(RXV) XR. IN
FPS TO NEAREST
.1 FPS.

DELTA VYILVI-
CJMPQNENT OF
I.XPULSIVE
DELTA V AT
riGlTPl) ALONG
VXR. IN FPS TO
NEAREST .1 FPS

DELTA VZILVI-
CUNPONENT OF
IMPULSIVE
DELTA V AT
TIGITPII ALONG
-R. IN FPS TO

MONITOR DSKY:
OBSERVE

VERB-NOUN
FLASH TO RE-
JUEST RES-
PONSE AND
DISPLAY OF
DELTA VILVI
FUR TPI

AM I SATIS-
FIED RITH
THESE VALUES?
(NOTE: CRER
HAS The op-
tion AT THIS
TIME TO re-
define TFE
DELTA VILVI
COMPONENTS
FOR THE SUd-
SEROENI THRU-
STING MANEU-
VER. this
CAPABILITY
WILL NORMALLY
BE EXERCISED
TO CORRECT
OOT-OF-PLANE-
NESS 3Y first
SELECTING THE
RENJEZVOOS
OUT-OF-PLANE
DISPLAY ROU-
TINE (R36I

•ttr

•720

• TJO

•TAC

•750

254
P3A/LUMINARV
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NEAREST .1 FPS

where r is the
LH GEOCENTRIC
lEARTH ORBIT!
CR SELENOCEN-
TRIC ILUNAR
ORBIT! RADIUS
VECTOR AND V

IS THE LM IN-
ERTIAL VELO-
cirr VECTOR at
TIGITPI I.

(V90E!, AND
THEN MODIFY-
ING delta
VYILV!).

Y N

•760

MAIT FOR KEY-
BOARD ENTRY

KEY IN V25E
AND LOAD
THE DESIRED
DELTA V

VALUES.

•770

•780

RECORD THESE
VALUES

TERMINATE
FLASH UPON RE-
CEIPT OF PRO-
CEED. TERMIN-
ATE. OR NEW
DATA

KEY IN
PROCEED.

•790

P

R
0

T

E

R

NEM
DATA

P34/LUMINARY



C .M
E .1

E .N
0 .A

.T

.E

GO TO
A"

BE LOW

. O

STORE DATA

HAS NEW DATA
BEEN LOADED?
IIS THE SUM OF
ALL CHANGES TO
ALL CCMPONENTSt
TREATING MOST
SIGNIFICANT
AND LEAST SIG-
NIFICANT
HALVES AS SEP-
ARATE aUANTIT-
IcS. NOT EQUAL
T3 0"7»

N V.

SET NEW
TARGET FLAG

266
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•800

•810

•«20

•830

• 8«r

256
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267

P34/LUMJNARY
•

•

•

•

•

•

•

•

«

•

•

• IS NEW TARGET
• FLAG SET?
•

• • N Y,

• • •

• • •

•

•

•

• CALCULATE
• • NEW TAR-
• • GET VEC-
• • TOR 3ASED
• • CN NEWLY
• • LOADED
• • DELTA
• • VILVI FOR
• • TPI.

• • •

• • •

• •

• • •

• • •

• • •

IS THE FINAL FLAG
SET?

.N Y.

•

•

SET MGA DISPLAY
IN R3IBELDW) •

= -00001. •

•

• •

• •

•

. IS REFSMMAT FLAG

. SET?

Y N

«850

*860

#87r

#880

»89C

P34/LUMINARY
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COMPJTE IMU
middle GIMBAL
ANGLE AT TIG
(TPU FOR THE
PRESENT IMU
RIE'JTATIQN

WITH THE LH
X AXIS ALIGN-

ED WITH THE
INI TI AL
THRUST VECTOR

•900

•910

SET MGA DIS-
PLAY IN R3
I9EL0UI >

-0000 2.

FROM
ABOVE

•920

HOLD . FLASH VERB-NOUN TO
REQUEST RESPONSE AND

MON . DISPLAY OF M, TFI
AND MGA;

V16N45
R1 - M

R2 - TFI
R3 - MGA

MONI TOR OSRY :

OBSERVE VERB-NOJN
FLASH TO REQUEST
RESPONSE AND DISPLAY
OF M, TFI AND MGA.

M-THE NUMBER OF
MARKS MADE SINCE THE
RH TRACKING MARK
COUNTER WAS ZEROED
(SEE ASSUMPTION 6

OF P20I.

• 93f'

TFI-TIME FRCM
TIGITPK. IN MIN AND
SEC TO NEAREST SEC.
MAX READING IS
59B5a. SIGN IS
- BEFORE, ^ AFTER
TIGITPII.

WAS THIS THE LAST
PASS THROUGH THE
PROGRAM?

.Y N

•940

258
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MGA-MIDJLE GIMBAL
ANGLE AT TIGITPII IF

LM *X AXIS IS ALIGN-
ED WITH INITIAL
THRUST DIRECTION.
IN DEGREES TO NEAR-
EST .01 DEGREE.
SIGN IS ALWAYS *

EXCEPT:
lAI WHEN DISPLAY-
ED AT ANY TIME
OTHER THAN THE
LAST PASS THROUGH
THE PROGRAM THE
VALUE IS -00001

DO I WISH TO
TERMINATE THE
MARK PROCESS AND
DO THE FINAL PASS
THROUGH THE
PROGRAM?

.Y N.

(B) ON THE LAST
PASS WHEN THE IMU
IS NOT ALIGNED
THE VALUE IS

-00C02.

WAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED.

TERMINATE FLASH
UPON RECEIPT OF
PHOCEEC, TERMINATE.
OR RECYCLE

KEY IN RECYCLE
V32E

259 260
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#950

•960

#970

#980

#990

P34/LUMINARY



E

GQ TO
"A"

BELOW

WAS THIS THE LAST
PASS THROUGH THE
PROGRAM?

IS THE FINAL FLAG
SET?

• Y

•

•

•

N.

•

•

•

. SET THE FINAL

. FLAG

•

«

•

•

•

•

•

•

•

•

•

•

•

•

"A"
FROM

•

•

ABOVE
•

•

•

•

•

• • •

•

DO FINAL AUTOMAT IC

REQUEST TERMINATE
ROUTINE IROO)

Y . H

DO FINAL AUTCMAT IC

REgUEST TERMINATE
ROUTINE (ROO).

270
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#1000

#1010

#1020

• 1030

• lOAO

260
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EXIT P34 EXIT P34

CHANGE CONTROL 1QTES

REV 01 PCR 627
REV OCI LUM lAI PCR 268.,
REV OK LUN IB) PCR 812.
REV 02 EDITORIAL
REV 031 LUH 101 PCR 1C43
REV 041 LOH lEI PCR 1066
REV 05 PCN 1180

P34/LUM1NARV
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273

transfer phase HIDCOURSE (TPHI program (P35) REV 06 12/01/71

PURPOSE: (1» TO CALCULATE THE REUJIRED DELTA V AND OTHER INITIAL CONDITIONS REDUIREO BY THE LGC FOR LM EXECUTION OF THE NEXT
MIDCOURSE CORRECTION OF THE TRANSFER PHASE OF AN ACTIVE LM RENDEZVOUS.

ASSUMPTIONS: III THERE IS NO REDUIREMENT FOR ISS OPERATION DURING THIS PROGRAM UNLESS AUTOMATIC STATE VECTOR UPDATING IS DESIRED
BY THE RENDEZVOUS NAVIGATION PROGRAM IP20). IF SELECTED, P20 WILL DEFINE THE STATUS OF THE ISS.

121 THE RENDEZVOUS RADAR IS ON AND IS LOCKED ON THE C SM. THIS WAS DONE DURING PREVIOUS SELECTION OF P20. RADAR
SIGHTING MARKS WILL BE MADE AUTOMATICALLY APPROXIMATELY ONCE A MINUTE WHEN ENABLED BY THE TRACK AND UPDATE FLAGS.
THE RENDEZVOUS TRACKING MARK COUNTER IS ZEROED BY THE SELECTION OF P2G AND AFTER EACH THRUSTING MANEUVER.

13) THE TIME OF INTERCEPT (TIINT)I WAS DEFINED BY PREVIOUS COMPLETIDN OF THE TRANSFER PHASE INITIATION (TPII PROGRAM
(P34) AND IS PRESENTLY AVAILABLE IN LGC STORAGE.

14) ONCE the parameters REUUIREO 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 V06N52.

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 PARA-
METERS BASED UPON DELTA V AND EXPECTED MANEUVER TIME.

(5) THE PROGRAM IS SELECTED BY THE ASTRONAUT BY OSKY ENTRY PRIOR TO ANY ANTICIPATED RENDEZVOUS MIDCOURSE CORRECTION.
06
1180 (6) THE DELTA V IN LOS COORDINATES (Nb9) IS AVAILABLE AT FL V16 N45 AFTER EACH COMPUTATION CYCLE.

PROG LGC GROUND CREW
CONT

.CREW

.Program

.SELECT ION

START transfer PHASE . KEY IN TRANSFER
MIDCOURSE (TPM) PHASE MIOCUURSE
PROGRAM IP35). . (TPM) PROGRAM (P3S) ilC
DISPLAY P35. V37E BSE

P35/LUMI NARY
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HQNITOR DSKY:
OBSERVE OISPCAV OF
P35

g20

SET ACTIVE VEHICLE
FLAG

*30

SET UPCATE FLAG

SET TRACK FLAG

«40

RESET FINAL FLAG
• 50

RESET jPCATE FLAG
• 40

264
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DEFI.'iE TIG«MIO) =

T "ATIGINC"
MIN.
(NOTE: TEE VALUE
"ATIGINC" IS IN
ERASABLE STORAGE,
HAVING BEEN LOAD-
ED PRIOR TO
LAUNCH OR BY P27.I

•70

EXTRAPOLATE LM
STATE VECTOR TO
TlG(MIO»

•80

EXTRAPOLATE CSM
STATE VECTOR TO
TdNTI (NOTE:
REFER ASSUMPTION
(3) ABOVE).

•90

DO LAMBERT ROUT-
INE TO CALCULATE
THE REQUIRED VEL-
OCITY FOR THE
MIDCOURSE COR-
RECTION.

•

•

•

RESET
DELTA

EXTERNAL
V FLAG

• ICP

• lie

P35/LUMINARY



»06

llflO

IS THE FINAL FLAG
SET?

• N Y.

SET JPDATE
FLAG

275
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*120

fl30

fl50

fl50

266
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ALONG (RXV)XR
IN FPS TO
NEAREST .1
FPS.

JELTA VY(LV|-
COMPONENT OF
IMPULSIVE
OELTA V AT
TIGI TPMI
ALONG VXK. IN

FPS TO NEAR-
EST .1 FPS

OELTA V2ILVI-
COMPONENT OF
IMPULSIVE
OELTA V AT
TIG(TPM)
ALONG -R. IN

FPS TO NEAR-
EST .1 FPS

WHERE R IS

THE LM GEO-
CENTRIC
(EARTH ORBITI
JR SELENO-
CENTRIC
(LUNAR ORBIT)
RADIUS VECTOR
AND V IS THE
LM INERTIAL
VELOCITY
VECTOR AT
TIGI TPM).

TION AT
THIS TIME
TO REDEFINE
THE DELTA V

(LV) COM-
PONENTS FOR
THE SUBSE-
UUENT
THRUST ING
MANEUVER.
THIS CAPA-
BILITY WILL
NORMALLY BE
EXERCISED
TO CORRECT
OUT-OF-
PLANENESS
BY FIRST SE-
LECTING THE
RENDEZVOUS
QUT-UF-
PLANE DIS-
PLAY ROU-
TINE (R36)
(V90E), AND
THEN MODI-
FYING OELTA
VY(LV).)

Y N,

#160

#170

#180

#190

WAIT FOR KEY- ... . . KEY IN
board entry V2SE

A NO
LOAD
THE DE-
SIRED

#200

P35/LUMINARY
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JdLTA V

VALUES.

«Z10

RECORD
THESE
VALUES

•22P

TERMINATE
FLASH UPON
RECEIPT OF
PROCEED. TER-
MINATE. OR
NEM DATA

P .T .NEW
R .E .CATA
Q . R .

C .M .

E .1

E .N STORE
0 .A DATA

.T

.E .

GO TO
"A"
BELOW

HAS NEW DATA
BEEN LOADED?
(IS THE SUM
JF ALL CHAN-

KET IN
PROCEED.

t2 10

•2«0

•250

266
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iES TO ALL
COMPONENTS,
TREATING MOST
SIGNIFICANT
AND LEAST
SIGNIFICANT
HALVES AS
SEPARATE
4UANTITIES,
NOT EQUAL
TO “0"?)

*260

SET NEW
TARGET
FLAG

#270

IS NEW TARGET
FLAG SET?

N .Y
#280

CALCULATE
NEW TAR-
GET VEC-
TOR BASED
CN NEWLY
LOADED
DELTA V

(LVI FOR
TPM.

#290

#300

P35/LUHINARY
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15 '-lE rlNM FLAu
SFT ;

• N Y »3ir

SET MSA DISPLAY
IN K3l6cLJH( =

-rr 301.

IS kefsmmat flag
SET?

• Y N.
•

•

CJMPJTE IMU •

MIDDLE GIMBAL
ANGLc AT TIG
(TPP) FOR THE
PRESENT IMU
ORi entat ion •

rith the LM •

YX AXIS ALIG-
NEO RITH the •

INI TI AL •

rHRb-.T VECTOR

•

jET MGA DIS-
PLAY IN PJ

1 3EL )w I
=

*32C

033C

*34r.

270
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-0C002

HCLO .

FLASH VERB-NOUN TO
MON . REQUEST RESPONSE ANO

DISPLAY OF M, TFi
ANO MGA;

V16N45
Rl-M
R2-TF

1

R3-MGA

M-THE NUMBER OF
MARKS MADE SINCE THE

RR TRACKING MARK
COUNTER WAS ZEROED
(SEE ASSUMPTION 6

OF P20».

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE and DISPLAY
OF M, TFI ANO MGA,
NOTE: ON FIRST PASS
THROUGH, TFI HILL BE
TIME FROM PREVIOUS
TIG IF PAl WAS PER-
FORMED, OR TIME FROM
PREVIOUS CUTCFF IF

P40 OR P42 WAS PER-
FORMED.

t TFI- T IME FROM TIG
06 ITPMI IN MIN. ANO

SEC. TO NEAREST SEC.

MAX reading is

5SB59. SIGN IS -

BEFORE AND AFTER
TIG ITPMI. NOTE: ON
FIRST PASS THROUGH,
TFI IS TIME FROM
PREVIOUS IGNITION,
IF P41 HAD BEEN
PERFCRMED, OR TIME
FROM PREVIOUS CUT-

1180 OFF, IF P40/42 HAD
BEEN PERFORMED.

WAS This the last
PASS THROUGH THE

PROGRAM?

Y iN

MGA-MICJLE GIMBAL
ANGLE AT TIGITPMI IF

LM X AXIS IS ALIG-
NED WITH INITIAL
THRUST direction.

DO I WISH TO
TERMINATE THE

<171
281
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#350

#360

#370

#380

#300

P35/LUMINARY



IN DEGREES TO NEAR-
EST .31 DECREES.
SIGN IS ALRAVS
EXCEPT:

HARK PROCESS AND
DO the final pass
THROUGH THE PRO-
GRAM?

(A) RHEN DISPLAY-
ED AI ANY TIME
OTHER than THE
LAST PASS THROUGH
THE PROGRAM THE
VALUE IS -00001

Y N,

IB) ON the LAST
PASS WHEN THE IMU
IS NOT ALIGNED
THE VALUE IS
-00C32.

WAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED.

TERMINATE FLASH UPON ...
RECEIPT OF PROCEED,
TERMINATE, OR RECYCLE

KEY IN RECYCLE
V32E

P .T .R
R .E .E
0 .R .C
C .M . Y

E .1 .C
E .N .L
D .A .E

.T

.E

WAS THIS THE LAST
PASS THROUGH THE
PROGRAM?

Y .N

SO TO

282
P)S/LUMINARV

fAOO

fAlC

•A2r

•ASP

272
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"A"
dELO'.<

1 S THE FINAL FLAG
SET?

. Y

•

•

N.

•

•

•

. SET THE FINAL

. FLAG

• •

• •

•

•

•

•

•

• "A"

• FROM
• ABOVE

•

• •

• • • •

• •

DO FINAL AUTOMATIC
REaUEST TERMINATE
ROUTINE IROO)

DO FINAL AUTCMATIC
REQUEST TERMINATE
ROUTINE (RUOI.

*450

•460

•470

•480

EXIT P35 EXIT P35

CHANGE CONTROL NOTES

REV 01 PCR 502,627
REV 02ILUMiB) PCR 812.2
REV 03 EDITORIAL
REV 04 PCN 1009
REV 05(LUM IE) PCR 1066
REV 06 PCN 1180

P35/LUMINARY
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PURPOSE:

ASSUHPT IONS:

05
+

1180

UPS PROGRAM IPAOl RE^/ 05 12/01/71

111 TO COMPUTE A PREFERRED IMU DRIENTATION AND A VEHICLE ATTITUDE FOR A LM DPS THRUSTING MANEUVER.

(2) TO DO THE VEHICLE MANEUVER TO THE THRUSTING ATTITUDE.

(31 TU CONTROL THE PGNCS DURING COUNTDOWN. IGNITION, THRUSTING, AND THRUST TERMINATION OF A PGNCS CONTROLLED DPS
MANEUVER.

Ill THE TARGET PARAMETERS HAVE BEEN CALCULATED AND STORED IN THE LGC BV PRIOR EXECUTION OF A PR E-T HRU ST ING PROGRAM.

(2) THE REQUIRED STEERING EQUATIONS ARE IDENTIFIED BY THE PRIOR PRE-THRUST PROGRAM, WHICH EITHER RESET ("ASTEER"! OR
SET lEXT DELTA V) THE EXTERNAL DELTA V FLAG. FOR EXTERNAL DELTA V STEERING, VG IS CALCULATED ONCE FDR THE SPECIFIED
TIME OF IGNITION. THEREAFTER BOTH CURING OPS THRUSTING AND UNTIL THE CREW NOTIFIES THE LGC THAT RCS TRIM THRUSTING
HAS BEEN COMPLETED, THE LGC UPDATES VG ONLY AS A RESULT JF ACCELEROMETER INPUTS.

FOR STEERING CONTROL WHEN USING "ASTEER", THE VELOCITY REQUIRED IS CALCULATED FROM FIGURE 3.3-13A IN SECTION 5

OF R-557. THE LAMBERT ROUTINE PERIODICALLY RE-COMPUTES THE INTERCEPT TRAJECTORY SEMI-MAJOR AXIS FOR THE "ASTEER"
CALCULATIONS. THE INTERVAL BETWEEN LAMBERT SOLUTIONS IS CONTROLLED BY AN ERASABLE LOADED VALUE ( UT )

.

(31 THE IMU IS CN AND MUST BE AT A KNOWN ORIENTATION BEFORE THIS PROGRAM MAY BE COMPLETED. IT IS NORMALLY REQUIRED
THAT THE ISS BE ON FOR A MINIMUM OF 15 MINUTES PRIOR TO A THRUSTING MANEUVER.

(4) THE EVENT TIMER IS SET TO COUNT TO ZERO AT TIG.

(51 ENGINE IGNITION MAY BE SLIPPED BEYOND THE ESTABLISHED TIG IF DESIRED BY THE CREW, OR IF STATE VECTOR
INTEGRATION CANNOT BE COMPLETED IN TIME.

(61 IF A THRUSTING MANEUVER IS PERFORMED WITH THE GUIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH IN

AUTO, THE PGNCS WILL CONTROL THE TCTAL VEHICLE ATTITUDE AND GENERATE EITHER MODE I OR MODE II ATTITUDE ERRORS AND
VEHICLE ATTITUDE RATES ISEE ASSUMPTION (711 FOR DISPLAY ON THE FOAI. THE CREW MAY EXERCISE CONTROL AROUND THE YAW
AXIS ONLY WITH THE ACA (X-AXIS OVERRIOEI IF THE X-AXIS OVERRIDE CAPABILITY IS PERMITTED BY THE PROGRAM IN PROCESS.
THIS MANUAL CONTROL WILL BE IN THE RATE COMMAND/ ATT ITUDE HOLD MODE.

IF A THRUSTING MANEUVER IS PERFORMED WITH THE GUIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH
IN ATTITUDE HOLD THE PGNCS WILL HOLD THE VEHICLE ATTITUDE AND WILL GENERATE EITHER MODE I OR MODE II ATTITUDE ERRORS
FOR DISPLAY ON THE FDAI. THE CREW MAY EXERCISE MANUAL ATTITUDE CONTROL ABOUT ALL VEHICLE AXES WITH THE ACA IN

EITHER THE RATE COMMAND 3R MINIMUM IMPULSE MODE DEPENDING UPON THE STATUS OF THE PULSES FLAG. HOWEVER, IT IS

STRONGLY RECOMMENDED THAT POWERED FLIGHT NOT BE ATTEMPTED IN THE MINIMUM IMPULSE MODE. THE PULSES FLAG IS SET OR
RESET BY EXTENDED VERBS 76 (MINIMUM IMPULSEI AND 77 (RATE CQMMANOI RESPECTIVELY. THE PULSES FLAG IS ALSO RESET BY
P12,P40,P41,P42,P63,P70,P71, AND R40 AT MAIN ENGINE IGNITION; WITH THE EXCEPTION OF THESE CASES, MODE SELECTION IS

ALWAYS BASED UPON THE LAiT ENTRY MADE IN THE DSKY. DURING A THRUSTING MANEUVER IN THE PGNS/ATTI TUDE HOLD MODE THE
PGNCS WILL NOT BE RESPONSIBLE IF REGISTER OVERFLOWS OCCUR WITHIN THE LGC. IN THE EVENT THAT THE GUIDANCE CONTROL
SWITCH IS CHANGED FROM PGNS TO AGS DURING A THRUSTING MANEUVER, THE LGG WILL CONTINUE COMPUTATION OF POSITION,
VELOCITY, THE DESIRED THRUST VECTOR, AND THE FDAI ATTITUDE ERROR NEEDLE DISPLAY. HOWEVER, THE PGNCS WILL NOT BE
RESPONSIBLE IF REGISTER OVERFLOWS OCCUR WITHIN THE LGC.

(7) THE PGNCS CAN GENERATE TWO TYPES OF ATTITUDE ERRORS FOR DISPLAY ON THE FDAI;
MODE I - SELECTED BY EXTENDED VERB 61. AUTOPILOT FOLLOWING ERRORS USED AS A MONITOR OF THE DAP'S

ABILITY TO TRACK AUTOMATIC STEERING COMMANDS.
MODE II - selected BY EXTENDED VERB 62. TOTAL ATTITUDE ERRORS USED TO ASSIST CREW IN MANUALLY

MANEUVERING THE VEHICLE.
PGNCS-DERI VED VEHICLE ATTITUDE RATES MAY ALSO BE DISPLAYED VIA SELECTION BY EXTENDED VERB 60.

DISPLAY SELECTION IS ALWAYS BASED UPON THE LAST ENTRY MADE IN THE DSKY, WITH THE EXCEPTION THAT MODE II ATTITUDE

P40/LUMINARY
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ERROR DISPLAYS ARE AUTOMATICALLY SELECTED AT THE BEUINNING OF K60.
FOR A MORE DETAILED DESCRIPTION OF THESE DISPLAYS REFER TO SECTICN 3 OF R5iT, PARA, 3.2.6

181 the X-AXIS OVERRIDE OPTION PRCVIDES THE CREM WITH THE ABILITY TO EXERCISE MANUAL CONTROL ABOUT THE LN X AXIS MITM
THE ATTITUDE CONTROLLER EVEN THOUGH THE PGNCS ATTITUDE CUNTKOL MODE IS AUTO. WHEN THE CONTROLLER IS RETURNED TO KfEMT
THE PGNCS DAMPS THE YAH RATEi STORES THE YAH ATTITUDE HHEN THE YAM RATE IS OAMPEO, ANO THEN MAINTAINS THAT ATTITUDE.

THE X-AXIS OVERRIDE OPTION IS ALHAYS AVAILABLE TO THE CREH, HOHEVER IT SHOULD NOT RE EXERCISED MHEN THE LCC
IS SPECIFYING A DESIRED YAH ATTITUDE, I.E.: DURING THE ATTITUDE MANEUVER TO THE THRUSTING ATTITUDE ISEE R6CI.

(91 HHEN THE THRUST/ TRANSLAT I ON CCNTROLLER IS SET TO MINIMUM THRUST POSITION AND THE L GC THROTTLE COHMAHD IS ZERO
THE DPS MILL START AT ID PER CENT THRUST.

1101 THE DAP DATA LOAD ROUTINE 1R03I HAS BEEN PERFORHEO PRIOR TO SELECTION OF THIS PRDGRAN ANO THE DPS EN6INE CIHDAt.
HAS BEEN PREVIOUSLY DRIVEN TO THE CORRECT TRIN POSITION. IF THIS BURN IS OF SUFFICIENT DURATION THAT VEHICLE
TRANSIENTS AT IGNITION OJE TO CG/THRUST DOES NOT AFFECT ACCOMPLISHMENT OF MANEUVER AIM CONDITIONS, THEN CIMBAL
DRIVE TO TRIM POSITION NEED NOT BE DONE BEFORE TIG. GIMBAL DRIVE TO TRIM POSITION IN HDRST CASE CDULO REQUIRE
2 MINUTES.

till DURING OPS BURNS ONLY, THE PITCH-ROLL KCS JET AUTOPILOT lU ANO V JETSI MAY BE DISABLED I V6S I OR ENABLED IVTSI BV
EXTENDED VERB AS SHOUN. THIS CAPABILITY IS INTENDED TO BE USED TO PREVENT LN AND DESCENT STAGE THERMAL CONSTRAINT
VICLATICNS DURING CSM-DOCKEO DPS BURNS IPAOI. THE CAPABILITY EXISTS DUX ING P63 ANO P70 ALSO. PERFORNANCE OF FRESH
START IV36EI MILL ALMAYS ENABLE THE PITCH-ROLL JETS.

1121 FOR EACH BURN AN IGNITION TOTAL ALLOMABLE TIME DELAY MILL BE SPECIFIED IN THE MISSION RULES. THIS DELAY TINE IS
THE TOTAL TIME MHICH THE THRUSTING MANEUVER HAY BE DELAYED BEYOND THE L GC CALCULATED TIME OF IGNITION. IF ENGINE
RESTARTS ARE INVOLVED, THE ACCOUNTING OF THIS TOTAL TIME DELAY I S UP T3 THE CREM.

(13) LGC and CREM PRDCEDURES IN CASES OF LGC-ASSUMEO THRUST FAILURE ARE DEFINED BY THE OPS/APS THRUST FAIL ROUTINE
IRAJ). THIS ROUTINE IS CALLED AT DPS IGNITION BY THIS PROGRAM.

IIAI THE LGC HILL NEITHEX DESIGNATE NOR READ THE RENDEZVOUS RADAR IRR) DURING THIS PROGRAM.

1151 THIS PROGRAM SHOULD BE SELECTED BY THE ASTRONAUT BY DSKY ENTRY AT LEAST 5 MIN. BEFORE THF ESTIMATED TINE OF
IGNITION.

1161 THIS PROGRAM IS SELECTED MANUALLY BY DSKY ENTRY.

LGC GROUND CREW

.CREM

.PROGRAM

. selection

START OPS KEY IN OPS BIO
PROGRAM (PAD) . PROGRAM IPAD)
DISPLAY PAD V37E AOE

PROG
CONT

05
1180

276 PAD/LUMINARV



M-JNITJR DSKY:
JBiE’<VE DISPLAY OF

P43

POSS
HOLD .

SNAP .

IS the APS FLAG SET?

N .Y

FLASH VERB-NOUN
TO REQUEST RE-
SPONSE AND DIS-
PLAY ALARM CUDE
01706 TO INDICA-
TE THAT APS FLAG
SHCNS THAT DPS
HAS BEEN STAGED;

V05ND9
R1-X<XX<
R2-XXXXX
R3-XXXXX

DOES VERB-NUUN FLASH
TO REQUEST RESPONSE
AND DISPLAY OF ALARM
CODE INDICATE THAT
APS FLAG SHO;«S

THAT OPS HAS BEEN
STAGED?
(NOTE:

THIS ALARM CODE
MAY BE displayed IN
EITHER Rl. R2, JR
R3i DEPENDING UN
THE presence or
ABSENCE OF OThEK
ALARM CODES.

I

KEY IN TERMINATE
V34E

TERMINATE FLASH
UPOX RECEIPT OF

TERMINATE OR
PROCEED

QAIT FOR KEY-
BOARD ENTRY

T

E

P

R,

277 PAD/LUMIMARY
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»30

iAO

»5r

*60
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R 0
» C

I E

N E

A 0

r

. E . .

• • •

• • •

• • •

•

•

•

•

•

•

•

•

rro

IV) F1M4I AUTO- «

•

NATIC REQUEST . ..
TERMINATE . .

ROUTINE IROOl . .

. NATIC REQUEST
TERMINATE
ROUTINE IROOt

•

•

•

• • •

• • •

•

•

•

•

•

•so

• • •

• • • • •

•

• • •

•

•

EXIT PAO . .

• •

• •

EXIT PAO •

•

•

• •

IS THE PRESENT
PRODRAN PA27

•

•

•

•

•

•90

.Y N.

OG INU iTATtS CHECK UO INJ STATUS CHECK itOO
ROUTINE (R02I . . ROUTINE IR02t

SET APPROPRIATE DPS
DELTA V THRESHOLD

FOR USE BY RAO BASED
ON CSN DOCKED BIT •110

278
PAO/LUMINARY



279
289

P40/LUMINARY

IN OAP.

SET DELTA V

COUNTER=4 FOR USE
BY R40

#120

RESET NO THROTTLE
FLAG

#139

COMPUTE INITIAL
thrust direction
AND INITIAL VALUE OF
VG VECTOR AND STOKE
VGILVI IN NSl AND
N86 FOR POSSIBLE
MANUAL selection;

Rl-VGXILV

I

R2-VGY(LVI
R3-VG2ILVI

#140

VGXILVt-COMfCNENT OF

VG AT TIG ALONG
IRXVIXR. IN FPS TO
NEAREST .1 FPS.

VGY (LV (-COMPONENT OF
VG AT TIG ALONG VXR. . #150
IN FPS TO NEAREST
.1 FPS.

VGZILVI-COMPONENT OF

VG AT TIG ALONG -R.
IN FPS TO NEAREST
.1 FPS.

P40/LUMINARY



29 "

P9n/LUKINARY

WHERE R IS GEO-
CENTRIC (EARTH
ORBIT) JR SELENO-
CENTRIC (LUNAR
ORBIT) RADIOS VECTOR
AND V IS VEHICLE
inertial velocity
VECTOR AT TIG.
(NOTE: H81 WILL NOW
OIFEER FROM N81 DIS-
PLAY OF P30f P32,
AND P33 BECAUSE OF
ROTATION 3F VG
VECTOR).

»16D

1*170

COMPUTE PREFERRED
IMU orientation: #180

X = UNI T IT)

-SM -

Y = UNIT IT X R)

-SM - -

Z =: UNIT (X X Y

-SM -SM -SM

WHERE:

T = THE INITIAL
THRUST VECTOR
AT TIG

R = the geocentric
(EARTH ORBIT)
OR SELENO-
CENTRIC (LUNAR
ORBIT) RADIUS
VECTOR AT TIG.

( NOTE: (F T X R IS

SMALL (REFER SECTION

280
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5.3 OF R567 I,

THEN Y
- SM

UNIT IT X V)

WHERE V = VEHICLE

INERTIAL VELOCITY
VECTOR AT TIG. I

STORE DESIRED ATTI-
TUDE SPECIFICATION
FOR USE BY ATTITUDE
MANEUVER ROUTINE
(R60). THE FINAL
ATTITUDE MILL BE
COMPUTED DURING R60
AND MILL POINT THE
LM *X AXIS IN THE
INITIAL THRUST
DIRECTION. HOWEVER.
IN ORDER TO CONSERVE
RCS FUEL AND NOT
CONSTRAIN THE NON-
CRITICAL ATTITUDE
ABOUT THE THRUST
VECTOR, MINGS MAY
NOT BE LEVEL IN THE
COMPUTED FINAL
ATTITUDE.

SET PREFERRED-ATTI-
TUOE-COMPUTED FLAG

COMMAND ZERO ATTI
TUDE ERRORS

281
291

P90/LUMINARY

*210

*220

#23C

*240

f250

P40/LUMINARV
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SFT 1 OE(iREE
OEACtJANJ.

«260

RESET 3-AXl S FLAG

#27P

DC ATTITUDE MANEUVER
ROUTINE IR60)

DO ATTITUDE MANEUVER
ROUTINE 1R60)

f5
f

HAVE ?GNS CONTROL
AND AUTO ATTITUDE
CONTROL MOOES 3EEN
SELECTED?

. Y N

IS THE APS FLAG
SET?

N.

IS AUTO THROTTLE
DISCRETE BACKUP SET,

#280

#290

#3CC

282
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I. E. BIT 4
CHAN8KUP=17

HAS THE AUTO
THROTTLE MODE
BEEN SELECTED?

.Y N.

POSS
HOLD .

SNAP .

FLASH VERB-NOUN
TO REQUEST PLEASE
PERFORM PGNS
CONTROL, AUTO
ATTITUDE CONTROL,
AND AUTO THROTTLE
MODE SELECTION:

V50 N25
Rl - 00203
R2 - BLANK
R3 - BLANK

MONITOR OSKY:
DOES VERB-NOUN
FLASH TO REQUEST
PLEASE PERFORM
PGNS CONTROL, AUTO
ATTITUDE CONTROL,
AND AUTO THROTTLE
MODE SELECTION?

.Y .N

HAVE REQUESTED
MODES BEEN
SELECTED?

N .Y

DO I WISH TO
HAVE THESE
MODES SELECT-
ED DURING THE
thrusting
MANEUVER?

Y .N

SET GUIDANCE
CONTROL SRITCH

283 293
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*310

#320

#330

#340

#350

#360

P40/LUMINARY



HAir FOR KEY-
aCARO ENTRY

TO PGNS, ATT I-
TUDE CONTROL
SWITCH TO
AUTO, AND
THROTTLE Swi-
tch TO AUTO

TERMINATE FLASH
UPON RECEIPT OF
PROCEED OR
ENTER

.E .P

.N .R

.T .0

. E .C

• R • E

. .E

. .D

KEY IH PROCEED

KEY IN ENTER

• • • •

C5 ——
H1180 RESET EiGlNE ON FLAG

CCMMAND DPS CpH

204
PAD/LUMINARY

#370

#380

#300

#400

# 41 ''
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ZERO OPS AUTO
throttle

TEMP . . .

HOLD .

......... DISPLAY ON DSKY: . MONITOR DSKY: §i,20

MON . V06 N40 OBSERVE DISPLAY OF
Rl-TFI . TFI. VG, AND DELTA
R2-VG VM.
R3-DELTA VM

TFI - TIME FROM
DPS IGNITION. IN

MIN, SEC TO NEAR-
EST SEC. MAX UPDATE EVENT TIMER
READING IS 59B59. IF DESIRED. #430
SIGN IS - BEFORE
NOMINAL TIG,
THEREAFTER.

VG - MAGNITUDE OF
THE VELOCITY TO BE

GAINED BY THRUST-
ING MANEUVER. IN
FPS TO NEAREST .1

FPS *440

DELTA VM-MEASUREO
DELTA V MAGNITUDE.
IN FPS TO NEAREST
.1 FPS. THIS DIS-
PLAY RILL BE OPOOO
UNTIL TIG-30 SEC
AND THEN SHOULD
CHANGE ONLY DUE TO
PIPA BIAS UNTIL
ULLAGE IS STARTED.

•45C

.

05
SET TOECl = tig

-29.9 SECONDS
1180

•460

P40/LUMINARY
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DC STATE VECTOR
INTESRATION IMIO TO
AVEI KOJTINE (RAD.
(NOTE: ENTER K41 AT
"A". I

NC TIG
TIG SLIP
SL IP

GO S T A T t vector
INTEGRATION I Rl U TJ
AVE) ROUTINE (RAD
OBSERVE THAT THE
COMPUTER ACTIVITY
LIGHT IS ON UNTIL
COMPLETION OF RAl.

#A7r

*Aen

VERIFY/SET THRUST/
translaticn cc strol-
ler TJ MINIMUM
THRUST POSITION.

KAOH

ARM OPS (AUTO
throttle signal is

ENABLED TO UPS ANU
THRUST INOICATOR.)

*500

CHECK, thrust INOICA-
TOR (RIGHT SIDEI TJ
ENSURE AUTU THROTTLE
CTMMANO IS ZERJEJ (C
percent INUICATIJN).

Y .N *510

286
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GC TO
BACKUP
PROCED-
URES.

#520

CHECK STATUS OF
C/H LAMPS

05

1180

(NOTE: RAl MILL
DEFINE TIG TO BE
THE TIME TO WHICH
RAl DIO INTEGRATE
THE LM STATE VEC-
TOR PLUS 29.9
SECONDS)

#530

WAIT UNTIL TIG -35
SBC.

#540

BLANK THE DSKY OIS- MONITOR DSKY:
PliAY (V, N, Rl. R2. . AT TFl = -00B35
AND R3I. OBSERVE DSKY DISPLAY *550

GU BLANK FOR 5

. SECONDS.

WAIT UNTIL TIG -30

SEC.

#560

P40/LUMINARY



RETUKN yC6N40
DISPLAVi

IS THE PRESENT
PROGRAH P427

• Y N

MONITOR OSKY:
AT TFI = -00B29

OBSERVE RETURN OF
VO6NA0 DISPLAY^ TO
INUICATE that
AVERAGE G INTEGRA-
TION HAS STARTED.
INOTE: IF TIG HAS
BEEN SLIPPED BY K41,
THE TFI DISPLAY IRl)
AT THIS TIME HILL BE
REFERRED TO THE NEH
TIG) .

SET APS FLAG

START AVERAGE G
IKTEGRAT ION

MONITOR DSRY:
IN THE PERIOD FROM
TFI =-00830 UNTIL
TFI =-OOBlS
DOES DELTA VM BECOME
GREATER THAN .3 FPS
INDICATING EXCESSIVE
PIPA BIAS ERROR?

N . Y

1,0 TO BACKUP
PROCEDURES

AT TFI =-7. 5 SEC
SET ULLAGE
FLAG

AT TFI =-T0BC7
MONITOR START OF +X
T RANSLAT 1 ON.

298
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#57C

• 580

•590

•600

• 610

f 288 PAO/LUMINARY
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WAIT UNT IL

TIG -5 SEC.

#620

"F"
FROM
R4D

•630

RESET IGNITION FLAG

RESET ASTRONAUT FLAG •640

CALCULATE DURATION
OF BURN

•650

RESET NO throttle
FLAG

RESET IMPULSE FLAG • 660

IS TG LESS THAN 6

SECONDS, BASED ON

P4n/LUMINARY
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ASSUMEC 101 DPS
THRUST?

N Y.
»67P

SET IMPULSE FLAG

IS TG LESS THAN
95 SECONDS, BASED
CN ASSUMED 1C«
CPS THRUST?

«6BC

N Y

*690

SET NO THROTTLE
FLAG TO INHIBIT
THROTTLE COMMAND
TO MAXIMUM AT

TIG * "ZOOMTIHE"
SEC.
(NOTE: TEE VALUE
"ZOO.MTIME" IS IN
ERASABLE STORAGE
HAVING BEEN
LOADED PRIOR TO
LAUNCH DR BY
P2T I.

*70P

#7ir

CALL VERB 99 DISPLAY
(SEE "A" BELOW)

WAIT UNTIL TIG-0
#72C

290
P4P/LUM1NARY
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SET [GMTION FLAG

IS ASTRJNAUT FLAG
SET?

#730

Y N.

• •

GO TO EXIT
"B" (NOTE: THIS
BELOR IS NOT A P40

EXIT. REFER
01 SPLAY RES-
PONSE AT "A"
BELOW.

)

«74C

"A" •F”
FROM
ABOVE

FROM
RAO #75C

MONITOR DSKY:
CHANGE VERB BUT . AT TFl = -C08CS

HOLD . RETAIN PRESENT NOUN OBSERVE VERB-NOUN
AND DISPLAYS IN Rl, . FLASH TO REJLEST «76C

HON . R2, R3, FLASH VERB- PLEASE PERFORM
NOUN TO REQUEST ENGINE ON ENABLE
PLEASE PERFORM
ENGINE ON ENABLE:

VS9N43

monitor OSKY:
AIT FOR INCREASE OF

PAO/LUMINARY



WAIT FQft KEYBOARD
ENTRY

DELTA VM INDICATING
SUFFICIENT ULLAGE.
REQUIRED ULLAGE
DELTA V IS A
FUNCTION QF VEHICLE
HEIGHT.

SHALL I ATTEHPT TO
COMPLETE THE
THRUSTING MANEUVER
HITH THE RCS7

KEY IN ENTER

GO TO
"A”
BELOM

SHALL I PERMIT
IGNITION?

N .Y

KEY IN PROCEED

302
P4C/LUNINARY

•780

•790

• 80P

•810

*820

292
P4C/LUMINARY
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terminate flash UPON
receipt OF ENTER I • TERMINATE
proceed OR TERMINATE. V34E

• P .T .E •

.R . E .N •

.0 .R .T •

.c • H .E •

.E . I • R •

• E .N • •

.0 .A • •

• . T • •

•

•

•

•

. E

•

•

•

•

•

•

•

•

•

•

•

#830

#840

RESET
ULLAGE
FLAG

f8»0

GU TO

"C"
BELOR •880

DO FINAL AUTO-
MATIC REQUEST
TERMINATE ROU-
TINE IROO).

DO FINAL AUTO-
MATIC REQUEST
TERMINATE ROU-
TINE (ROOI.

#870

P4n/LUMINARY
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+ C5
* 1180

EXIT P40 EXIT P^'tO

SET ASTRONAUT FLAG
#880

IS IGNITION FLAG
SET?

Y .N

MONITOR OSKY:
IS R1 JISPLAY OF TFI
NEGATIVE AND
NON-ZERO?

.Y N #890

RESUME STATIC . MONITOR DSXY:
DISPLAY OF OBSERVE RE-
V06NA0 . TURN OF STATIC

VER8-N0UN
. (V06N40I

#900

EXI T

(NOTE: THIS IS
NOT A P40 EXIT.
REFER TIG-0
LOGIC ABOVE.)

STANDBY FOR
THRUST ON
WHEN TFI= -OOBOO

••B"

FROM
ABOVE STANDBY FOR

THRUST ON
IMMEDIATELY

#910

SET ENGINE ON FLAG «92r

294 P4C/LUMI NARY



COHMANO OPS ON

RESET PULSES FLAG

TEMP
HOLD .

CHANGE TFI DISPLAY
NON . TO TFC IN Rl:

V06 N40
Rl - TFC
R2 - VG
R3 - DELTA VM

TFC - TIME FROM
ENGINE CUTOFF. IN

MIN AND SEC TO NEAR-
EST SEC, SIGN IS -

» BEFORE, AND AFTER
C5 CUTOFF.

1180

MONITOR DSKY:
OBSERVE change OF
TFI DISPLAY TO TFC
IN Rl. (NOTE: TFC IS
INITIALLY CALCULATED
ONCE AND DISPLAYED
BASED ON 10* DPS
THRUST. THIS DISPLAY
WILL COUNT DOWN WITH
ELAPSED time UNT IL

Tvc steering is in-
itiated (WHEN STEER
FLAG IS SET BY RAO.

I

AT WHICH TIME TFC IS
RECALCULATED EVERY 2

SECONDS BY THE GUID-
ANCE EWUATIONS. »

05 1 S TFC LESS THAN 6

SECONDS BASED ON
ASSUMED 10* DPS
THRUST?

N Y

GO TO

295

305
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•930

•940

•950

•960

•970

P40/LUMINARY
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+

118C

IS THE JO THROTTLE
FLAG SET?

y N.

IS TFC LESS THAN 9>
SECONDS BASED ON
ASSUMED 10< DPS
THRUST?

CALL FOR MAXIMUM
THRCTTLE COMMAND
IN "ZOOMTIME"
SECONDS FROM NOW.
(SEE "D" BELOW)
(NOTE: THE VALUE
"ZOCMTIHE" IS IN

ERASABLE STORAGE,
HAVING BEEN LOAD-
ED PRIOR TO LAU-
NCH OR BY P27).

GO TO
"G"

BELOW

IS IMPULSE FLAG SET?

306
P6n/LUMINARy

#980

#990

#1000

#1C10

296
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CALL FOR ENGINE
OFF command at
CALCJLATEC CUTOFF
TIME (SEE "H"
BELQiO (NOTE:
PGNCS LL COMMAND
INERTIAL VEHICLE
ATTITUDE HOLD
THROUGHOUT THRUST-
ING MANEUVER}.

»l02r'

• 1030

*

«

RESET IGNITION
FLAG

ilOAC

RESET ASTRONAUT
FLAG

• 1050

RESET IMPULSE
FLAG

• 1060

WAIT 0.5 SECONDS

* 1070

PAO/LUMINARY
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RESET ULLAGE
FLAG

EXIT
(note: this is

NOT A PAO EXIT.
SEE "H" BELOW.

)

• 1080

RESET IGNITION FLAG

• 1090

RESET ASTRONAUT ELAG

• 1100

RESET
IDLE ELAG

#1110

CALL FCR RESET
OF ULLAGE FLAG IN
0.5 SECONDS.
<SEE "D"
BELOW. )

• 1120

EXIT

298 PAO/LUMINARV
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(NOTE: THIS IS

NO I A P40 EXIT.
SEE "D" BELOW).

"D"
FROM
ABOVE

#1130

AT ACTUAL TIG PLUS "ZOOMTIME" SECONDS
"ZOOMTIME" SEC AFTER ACTUAL TIG illAO
COMMAND THROTTLE . OBSERVE THRUST
TO MAXIMUM. INDICATOR TO INDI-

CATE XX PERCENT
AUTO THROTTLE COM-
MAND (RIGHT SIDE)
AND 100 PERCENT
CHAMBER PRESSURE
ILEFT SIDE).
(NOTE: THE VALUE
"ZOOMTIME" IS IN #1150
ERASABLE STORAGE
HAVING BEEN LOADED
PRIOR TO LAUNCH
OR BY P27).

"G" #1160
FROM
ABOVE

MAXIMUM THROTTLE
WILL NOT BE #1170
COMMANDED.

PAO/LUHINARY
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If g n

FRGM
ABOVE #1180

THIS MANEUVER
IS AN IMPULSE
MANEUVER AND
WILL BE DCNE
AT AN INERTI-
ALLV FIXED
VEHICLE
ATTITUDE.

#1190

MONITOR OPS #1200
THRUSTING:
1. DSKY:

Rl-TFC
SHOULD BE
DECREASING

R2-VG SHOULD BE
DECREASING

R3-DELTA VM #1210
SHOULD INCREASE

2. FDAI-ATT. ERRORS
SHOULD BE LESS THAN
OR EQUAL TO XX
DEGREE.

ATT RATES SHOULD BE
LESS THAN OR EQUAL
TO XX DEGREE/SEC. #1220

300
PAO/LUM INARY



3. thrust indicator
LEFT SIDE: XX PER-
CENT MAX CHAMBER
PRESSURE, RIGHT
SUE: LGC THROTTLE
COMMAND XX PERCENT
FULL THRUST.

IDENTIFY EARLY,
NORMAL, OR LATE
ENGINE CUTOFF FROM
ASSESSMENT OF DSKY
DISPLAYS.

E .N .L
A .0 .A
R .R . T

L .M .E
Y .

. C . C

C .0 .u
U .T .T
T .0 .0
0 .F .F
F .F .F
F .

PUSH ENGINE
STOP PUSH-
BUTTON

GO TO
BACKUP
PROCEDURES.

IS TG LESS THAN A

sees?

Y

301
311

PAO/LUMINARY

fl230

11240

• 12S0

il260

• 1270

P40/LUMINARY
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„ CONTINUE GUIDANCE
, CONTROL

#1280

CALL ENGINE OFF COM- SEE OPS/APS
MAND AT COMPUTED THRUST FAIL
REgUIREJ TIME. ROUTINE— IRAQI FOR

• REJUIRED
• RESPONSE

COMMAND ZERO ATTI-
TUDE RATES »1300

SET IDLE FLAG

#1310

WAIT JMIL COMPUTED
TIME OF CUTOFF.

302
PAO/LUMINARY



303
313

P40/LUMINARV

C5
118P

H"
FROM
ABOVE

*1320

RESET E.4GINE ON FLAG

*1330

COMMAND ENGINE OFF

ZERO OPS AUTO
THROTTLE

*1340

COMMAND ZERO ATTI-
TUDE RATES

*1350

SBT DEADBAND
TO PREVIOUS VALUE
DEFINED BV R03.

*1360

MAINTAIN VG
COMPUTATIONS AFTER
CUTOFF FOR POSSIBLE

P40/LUMINARV
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NULLI.’^G BY RCS
TRIMMING MANEUVER
(NOTE: SEE ASSUMP-
TION (21 ABOVE.

#1370

DISARM OPS

<*C"

FROM
ABOVE

A"
FROM
ABOVE

*1380

COMMAND
ZERO
ATTITUDE
RATES

#1390

SET DEAD-
BAND
TO
PREVIOUS
VALUE
DEFINED
BY ROB.

#1400

RESET
ULLAGE

• 1410

304
P40/LUMINARY
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MGN

31S
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FLAG

• •

• •

• •

• • • • • 4

• • •

• • •

FLASH VERB-NOUN TO
REQUEST PROCEED.
HOLD DliPLAY OF TFC
AT ITS FINAL value:

V16 NAD
R1 - TFC
R2 - VG
R3 - DELTA VM

NOTE: SEE ASSUMP-
TION (21 ABOVE.

MONITOR DSKY:
OBSERVE VERB-NOUN
FLASH TO REQUEST
PROCEED AND DISPLAY
OF TFC, VG AND DELTA
VM.

*1420

• 1430

RECORD THESE VALUES
AS DESIRED. #1440

WAIT FOR KEYBOARD
ENTRY
TERMINATE FLASH UPON
RECEIPT OF PROCEED,
RECYCLE, OR TERMIN-
ATE.

KEY IN PROCEED

• 1450

P

R
0
C

E

E

0

T .R

E .E
R .C

M .Y

I .C

N .L

A .E

PAO/LUMINARY
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T

E

GO TO
"D"
BELOW

CQMHANC ZERO ATTI-
TUDE ERRORS

#1A60

#1470

SET .3 DEGREE
DEACBANO

*1480

HCLO . FLASH VERB- NOUN TO
REQUEST RESPONSE AND

NON . DISPLAY COMPONENTS
OF VGILN):

V16 N8S
Rl-VGXILMI
R2-VGY(LMI
R3-VGZ1LMI

MONITOR DSKY:
OBSERVE VERB-NOUN
FLASH TO REQUEST
RESPONSE ANO DISPLAY
COMPONENTS OF VGtLMI

• 149C

COMPONENTS OF THE
PRESENT VG VECTOR
RESOLVED ALONG THE
LM X, Y, ANO I AXES.
THE VG VECTOR HILL
BE UPDATED BY THE
STEERING LOOPS
OURING EACH COMPUTA-
TION CYCLE. IN FPS
TO NEAREST .1 FPS.
(NOTE: SEE ASSUMP-
TION (21 ABOVEI.

TO NULL OUT VG
COMPONENTS COMMAND
manual TRANSLATIONS
ANO ROTATIONS.
(NOTE: THIS MANEUVER
IS AT THE OPTION OF
THE CREH.)

*1500

#1510
THE ORBITAL PARA-
METER DISPLAY

306
P40/LUMINARV
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ROUTINE (R30) MAT BE
SELECTED AT THIS
TIHE (V82E» TO
MONITOR CONTINUOUSLY
UPDATED VALUES OF
APQ ALT, PER ALT,
AND TFF.

*1520

WAIT FOR KEYBOARD
ENTRY
TERMINATE FLASH UPON
RECEIPT OF PROCEED,
RECYCLE, OR TERMIN-
ATE.

.p . T .R

.K . E .E

.0 • R .C

.C • M .Y

. E . I .C

.E . N .L

.D . A .E

• . T •

• . E

•

•

•

• "D"
• • FROM
•

•

•

•

ABOVE
•

•

•

•

•

•

•

•

• • •

•

ZERO RENDEZVOUS
TRACKINU MARK
COUNTER.

KEY IN PROCEED

*1530

«15A0

*1550

P'fO/LUMINARY



SET OE/IOBANO
TO PREVIOUS VALUE
DEFINEC BY R03.

. DO FINAL AUTOMATIC

... REQUEST TERMINATE

. ROUTINE (ROO»

EXIT P40 EXIT P40

CHANGE CONTROL NOTES

REV 00 PCR 30,31
REV 01 PCR 85,86,144,164,186,401,419,539,609,637
REV OOILUM lA) PCR 647,648
REV CKLUM IB) PCR 838, 841 , EOI TORI AL
REV 02 EDITORIAL
REV 03 PCN 1009
REV C4(LUM IE) PCR 1109, PCN 1126,1145
REV 05 PCN 1180

DO FINAL AUTOMATIC
REQUEST terminate
ROUTINE IROO)

318
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*1560

#1570

*1580

308
P40/LUMINARy
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PURPOSE:

ASSUMPT IONS:

+

+

*

1180
+

RCS PROGRAM (PAU REV 04 12/01/71

(11 TO COMPUTE A PREFERRED IMU ORIENTATION AND A VEHICLE ATTITUDE FOR AN RCS THRUSTING MANEUVER.

(21 TO PERFORM THE VEHICLE MANEUVER TO THE THRUSTING ATTITUDE.

(3) TO PROVIDE SUITABLE DISPLAYS FOR MANUAL EXECUTION OF THE THRUSTING MANEUVER IN THE ATTITUDE HOLD MODE.

(1) THE TARGET PARAMETERS HAVE BEEN CALCULATED AND STORED IN THE LGC BY PRIOR EXECUTION OF A PRE-THRUSTING PROGRAM.

(21 THE REJUIREO STEERING EJUATIONS ARE IDENTIFIED BY THE PRIOR PRE-THRUST PROGRAM, WHICH EITHER RESET ("ASTEER"! OR
SET (EXT DELTA VI THE EXTERNAL DELTA V FLAG. FOR EXTERNAL DELTA V STEERING, VG IS CALCULATED ONCE FOR THE SPECIFIED
TIME OF IGNITION. THEREAFTER UNTIL THE CREW NOTIFIES THE LGC THAT RCS THRUSTING HAS BEEN
COMPLETED, THE LGC UPDATES VG ONLY AS A RESULT OF ACCELEROMETER INPUTS.

FOR STEERING CONTROL WHEN USING "ASTEER", THE VELOCITY REQUIRED IS CALCULATED FROM FIGURE 3.3-13A IN SECTION
5 OF R-567. THE LAMBERT ROUTINE PERIODICALLY RE-COMPUTES THE INTERCEPT TRAJECTORY SEMI-MAJOR AXIS FOR THE "ASTEER"
CALCULATIONS. THE INTERVAL BETWEEN LAMBERT SOLUTIONS IS CONTROLLED BY AN ERASABLE LOADED VALUE ( UT I

.

131 WITH THE GUIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH IN ATTITUDE HOLD THE PGNCS WILL HOLD THE
VEHICLE ATTITUDE AND WILL GENERATE EITHER MODE I OR MODE II ATTITUDE ERRORS AND VEHICLE ATTITUDE RATES I SEE
ASSUMPTION (411 FOR DISPLAY ON THE FDA I . THE CREW MAY EXERCISE MANUAL ATTITUDE CONTROL ABOUT ALL VEHICLE AXES WITH THE
ACA IN EITHER THE RATE COMMAND OR MINIMUM IMPULSE MODE DEPENDING UPON THE STATUS OF THE PULSES FLAG. HOWEVER, IT IS

STRONGLY RECOMMENDED THAT POWERED FLIGHT NOT BE ATTEMPTED IN THE MINIMUM IMPULSE MODE. THE PULSES FLAG IS SET OR RESET
BY EXTENDED VERBS 76 (MINIMUM IMPULSEl AND 77 (RATE COMMAND) RESPECTIVELY. THE PULSES FLAG IS ALSO RESET BY P12,
P40, P41, P42, P63, P70, P71, AND R40 AT MAIN ENGINE IGNITION; WITH THE EXCEPTION OF THESE CASES, MODE SELECTION IS
ALWAYS BASED UPON THE LAST.ENTRY MADE IN THE DSKY. DURING A THRUSTING MANEUVER IN THE P GNS/ ATTI TUDE HOLD MODE THE
PGNCS WILL NOT BE RESPONSIBLE IF REGISTER OVERFLOWS OCCUR WITHIN THE LGC.

(41 THE PGNCS CAN GENERATE TWO TYPES OF ATTITUDE ERRORS FOR DISPLAY ON THE FDAI;
MODE I - SELECTED BY EXTENDED VERB 61. AUTOPILOT FOLLOWING ERRORS USED AS A MONITOR OF THE DAP'S

ABILITY TO TRACK AUTOMATIC STEERING COMMANDS.
MODE II - selected BY EXTENDED VERS 62. TOTAL ATTITUDE ERR3RS USED TO ASSIST CREW ITTMANUALLY

MANEUVERING THE VEHICLE.
PGNCS-DERIVED VEHICLE ATTITUDE RATES MAY ALSO BE DISPLAYED VIA SELECTION BY EXTENDED VERB 60.

DISPLAY SELECTION IS ALWAYS BASED UPON THE LAST ENTRY MADE IN THE DSKY, WITH THE EXCEPTION THAT MODE II ATTITUDE
ERROR DISPLAYS ARE AUTOMATICALLY SELECTED AT THE BEGINNING OF R60. FOR A MORE DETAILED DESCRIPTION OF THESE DISPLAYS
REFER TO SECTION 3 OF R-567, PARA 3.2.6.

(5) THE IMU IS ON AND MUST BE AT A KNOWN ORIENTATION BEFORE THIS PROGRAM MAY BE COMPLETED. IT IS NORMALLY REQUIRED
THAT THE ISS BE ON FOR A MINIMUM OF 15 MINUTES PRIOR TO A THRUSTING MANEUVER.

(6) THE EVENT TIMER IS SET TO COUNT TO ZERO AT TIG.

(7) RCS IGNITION MAY BE SLIPPED BEYOND THE ESTABLISHED TIG IF DESIRED BY THE CREW, OR IF STATE VECTOR INTEGRATION
CANNOT BE COMPLETED ON TIME.

(81 THE X - AXIS OVERRIDE OPTION PROVIDES THE CREW WITH THE ABILITY TO EXERCISE MANUAL CONTROL ABOUT THE LM X AXIS
WITH THE ATTITUDE CONTROLLER EVEN THOUGH THE PGNCS ATTITUDE CONTROL MOOE IS AUTO. WHEN THE CONTROLLER IS RETURNED TO
DETENT THE PGNCS DAMPS THE YAW RATE, STORES THE YAW ATTITUDE WHEN THE YAW RATE IS DAMPED, AND THEN MAINTAINS THAT
ATTITUDE.

THE X - AXIS OVERRIDE OPTION IS ALWAYS AVAILABLE TO THE CREW, HOWEVER IT SHOULD NOT BE EXERCISED WHEN THE LGC IS
SPECIFYING A DESIRED YAW ATTITUDE, I.E.: DURING THE ATTITUDE MANEUVER TO THE THRUSTING ATTITUDE (SEE R60».

P41/LUMINARY
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PROG
CONT

19 ) THE DAP DATA LOAD ROUTINE IR03) HAS BEEN PERFORMED PRIOR TO SELECTION OF THIS PROGRAM.

IlO) THE LGC WILL NEITHER DESIGNATE NOR READ THE RENDEZVOUS RADAR IRRI DURING THIS PROGRAM.

till THE ASTRONAUT MAY OBSERVE THE FOLLOWING ADDITIONAL PARAMETERS DJRING THIS PROGRAM lAFTER THE IMU STATUS CHECK
ROUTINE (R02) AND PRIOR TO TIG-35 SECONDS) BY KEYING IN V06 N40:

(A) V06 N40
R1 - TFI
R2 - VG
R3 - DELTA VM

TFI - TIME FROM DPS IGNITION. IN MIN, SEC TO NEAREST SEC. MAXIMUM READING IS 59B59. SIGN IS - BEFORE
NOMINAL TIG, + THEREAFTER.

VG - MAGNITUDE OF THE VELOCITY TO BE GAINED BY THRUSTING MANEUVER. IN FPS TO NEAREST .1 FPS.

DELTA VM - MEASURED DELTA V MAGNITUDE. IN FPS TO NEAREST .1 FPS. (THIS DISPLAY WILL BE OPOOO UNTIL TIG-30
SECONDS AND THEN SHOULD CHANGE ONLY DUE TO PIPA BIAS UNTIL ULLAGE IS STARTED).

112) THIS PROGRAM IS SELECTED MANUALLY BY DSKY ENTRY.

LGC GROUND CREW

CREW
PROGRAM
SELECT ION

START RCS PROGRAM . KEY IN RC S PROGRAM
(P41) (P41) flO
DISPLAY P41 . V37E 41E

MONITOR OSKY:
OBSERVE DISPLAY OF

P41

3i0
P41/LUHINAIIV



311
323

P41/LUMINARY

OC I MU jTATUS check
RCUT l.NE (R02)

UU IMJ STATUS CHECK
ROUTINE (K02)

#3P

CCMPUTE TIME FROM
RCS lUNlTIQN ITFI)

,

MAGNITCJE OF VELO-
CITY TO BE GAINED
BY THE THRUSTING
MANEUVER IVGI,
AND TEASUREO
DELTA V MAGNITUDE
IDELTA VM) AND STORE
IN N40 FUR POSSIBLE
MANUAL SELECTION.

#40

#50

CCMPUTE INITIAL
THRUST DIRECTION
AND INITIAL VALUE
OF VG VcCTOR AND
STORE VvjILVI in N8 1

AND N86 FOR POSSIBLE
MANUAL selection:

R1-VGX(LVI
R2-VGr ILV )

R3-VG2ILV)

#60

VGX (LV l-COMPONENT OF
VG AT TIG ALONG
IRXVIXR. IN FPS TO

NEAREST .1 FPS.

VGYILVI-CUMPONENT OF

P41/LUMI NARY
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VG AT TIG ALONG VXR.
IN RPS TO NEAREST
. 1 EPS.

VGZILVI-COMfCNENT OF
VG AT TIG ALONG -R.
IN FPS TO NEAREST
. 1 FPS.

#70

WHERE R IS GEOCENT- . #80
RIG lEARTH ORBIT) OR
SELENQCENTRIC (LUNAR
ORBIT) RADIUS VECTOR
AND V IS VEHICLE
inertial VELOCITY
VECTOR AT TIG.
(NOTE: N81 WILL NOW
DIFFER FROM N8 1 DIS-
PLAY OF P30, P32,
AND P33 BECAUSE OF . #90
RCTATICN OF VG
VECTOR).

COMPUTE PREFERRED
IMU ORIENTATION:

.X = UNIT (T)

-SM

Y = UNIT (T X R)

-SM

Z = UNI T ( X X Y )

-SM -SM -SM

where:

T = THE INITIAL

THRUST VECTOR.

R = THE GEOCENTRIC

#100

#110

312
P41/LUMINARY
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(EARTH ORB IT) OR
SELENCCENT RIC
(LUNAR ORB IT)

RADIUS VEC TOR AT
TIG.
(NOTE: IF T X R IS

•120

SHALL (KEFER SECTION
5.3 OF R567I,
THEN Y

-SN
UNIT (T X VI

WHERE V = VEHICLE
•130

INERTIAL VELOCITY
VECTOR AT TIG.)

STORE DESIRED ATTI-
TUDE SPECIFICATION
FCR USE BY ATTITUDE
MANEUVER ROUTINE
(R60). THE FINAL
ATTITUDE WILL BE
COMPUTED DURING R60
AND WILL POINT THE
LM +X AXIS IN THE
INITIAL THRUST DI-
RECTION.
HOWEVER. IN ORDER TO
CONSERVE RCS FUEL
AND NCT CONSTRAIN
THE NCN-CRITICAL
ATTITUDE ABOUT THE
THRUST VECTOR, WINGS
MAY NOT BE LEVEL IN

THE COMPUTED FINAL
ATTITUDE.

•lAO

• ISO

•IM

SET PREFERRED-ATT-
ITUDE-CJMPUTED FLAG.

•170

P41/LUNINARV
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COMHANO ZERO ATTI-
TUDE ERRORS

SET 0.3 DEGREE
deadband

iieo

reset 3-axis flag

#190

DO ATTITUDE MANEUVER DO ATTITUDE MANEUVER
ROUTINE (R60I . . ROUTINE IR60i

*200

TEMP .

HOLD .

DISPLAY ON OSKY: . MONITOR OSKY

:

MCN . V16 N35 OBSERVE DISPLAY OF
Rl-VGXILNI . VG COMPONENTS.
R2-VGY(LMI
R3-VGZILMI

•

VGXILMI, VGYILM).
VGZILMI - COMPON-
ENTS OF THE VG
VECTOR AT TIG RESOL-
VED ALONG LM X, Y,
AND Z AXES RESPEC-

•210

314
PAl/LUMINARY
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TIVELY. UPDATES
W.R.T. VEHICLE ATTI-
TUDE EVERY 1 SECOND.
IN EPS TO NEAREST
. I EPS. (NOTE: SEE
ASSUMPTION (21

ABOVE.

)

#220

.

tCA
+ SET TDECl = TIG

-29.9 SEC.
+ 1180 —
+ .

#230

DO STATE VECTOR . . DO STATE VECTOR
INTEGRATION (MID TO INTEGRATION (MID TO
AVE( ROUTINE (R41). . . AVEI ROUTINE (R41). #240
(NOTE: ENTER R41
AT "A".)

NO TIG
TIG SLIP
SLIP

+ C4

#250

+ . (NOTE: R41 WILL
+ . DEEINE TIG TO BE

. THE TIME TO WHICH

. R41 JID INTEGRATE
+ . THE LM STATE VEC-

. TOR PLUS 29.9
+ . SECCNDS.

t

#260

1180

P41/LUMINARY



WAIT UNTIL TIG
~3S SEC.

BLANK THE DSKY OIS- . MONITOR DSKY:
PLAY lV,N.Rl,R2f AND AT TIG-35 SEC OB-
R3I . SERVE DSKY DISPLAY

TO GO BLANK FOR 5

. SECONDS

WAIT UNTIL TIG-30
SEC.

RETURN V16N85 OIS- . MONITOR DSKY:
PLAYS AT T1G-3C SEC OB-

. SERVE RETURN OF
. V16N85 DISPLAYS
. TO INDICATE THAT
. AVERAGE G INTEGRAT-
. ION HAS STARTED.
. OBSERVE COMPUTER AC-
. TIVITY LIGHT BLINKS
. ON EVERY 2 SECONDS
. DURING AVERAGE G.

START AVERAGE G
INTEGRAL ION

WAIT UNTIL TIG-5 SEC

RESET IGNITION FLAG.

328
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#270

#280

•290

•300

•310

•320

316
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RESET ASTRONAUT FLAG

WAIT UNTIL TIG-0 SEC

#33C

SET IGMTION FLAG

IS ASTRONAUT FLAG
SET?
(NOTE: IN PAl THE
ANSWER IS ALWAYS NO
BECAUSE ASTRONAUT
HAS NO V90 TO RE-
SPOND TJI.

#340

N.

#350

RESET PULSES FLAG

CCMMANC ZERO ATTI-
TUDE ERRORS #360

SET .3 DEGREE
DEACBANJ

#370

P41/LUMINARY



HCLD FLASH PRESENT VERB-
NOUN (V16N85) TO RE-

MCN . QUEST RESPONSE.
MAINTAIN 01 SPLAY OF
VG (LMI COMPONENTS.
(NOTE: SEE ASSUMP-
TION (2) ABOVE).

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE AT LGC
ASSUMED TIG.

COMMAND MANUAL
ROTATIONS AND
TRANSLATIONS TO NULL
VG COMPONENTS

THE ORBITAL PARAMET-
ER DISPLAY ROUTINE
(R30I MAY BE SELECT-
ED AT THIS TIME
(VS2E) TO MONITOR
CONTINUOUSLY UPDATED
VALUES OF APC ALT,
PER ALT, AND TFF.

WAIT FOR KEYBOARD
ENTRY

TERMINATE VERB-NOUN

WHEN MANEUVER IS

COMPLETE KEY IN
PROCEED

330
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«3S0

§390

§400

§410
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FLASH UPOM RECEIPT
OF PROCEED, RECYCLE,
OR TERMNATE

P . T .R

R . E . F

L) • R • C

C . M . Y

E .1 .C
E .N .L

0 .A .E

. T

.6

ZERO RE.TDEZVOUS
TRACKING MARK
COUNTER

#42f'

*43C

#440

SET DEADBAND
TO PREVIOUS VALUE
DEFINED BY R03.

*450

DC F INAL automat IC

REUUEST TERMINATE
ROUTINE IROO).

DO FINAL AUTOMATIC
REgUEST TERMINATE
ROUTINE (ROUI.

EXIT P41 EXIT P41
#460

CHANGE CONTROL NOTES

REV 01 PGR 85,86,164,401,609,637
REV rOILUM lAt PCR 647
REV CllLUM lai PCR 838 , 841 , ED IT OR 1 AL

REV C2 EDITORIAL
REV 03(LUM IDI PCR 872.2, PCN 1009,1040
REV P4 PGN 1 180

P41/LUMINARY
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PURPOSE :

iSSUMPTIQNS:

t *

C5
use

APS PROGRAM (PA2) REV f5 12/01/71

(11 ro COMPUTE A PREEERRED IMU ORIENTATION AND A VEHICLE ATTITUDE EOT A LM APS THRUSTING MANEUVER.

121 TO DO THE VEHICLE MANEUVER TO THE THRUSTING ATTITUDE.

(3) TO CCNTROL THE PGNCS DURING COUNTDOWN. IGNITION, THRUSTING, AND THRUST TERMINATION OF A PGNCS CONTROLLED APS
MANEUVER.

(1) THE TARGET PARAMETERS HAVE SEEN CALCULATEU AND jTORED IN THE LGC BV PRIUR EXECUTION OF A PRE-THRUST I NG PROGRAM.

(2) the REJUIRED STEERING EJUATIQNS ARE IDENTIFIED SY HE PRIOR PRE-THRUST PROGRAM, WHICH EITHER RESET ("ASTEER“I OR
SET (EXT DELTA VI THE EXTERNAL DELTA V FLAG. FOR EXTERNAL DELTA V STEERING, VG IS CALCULATED ONCE FOR THE
SPECIFIED TIME OF IGNITION. THEREAFTER BOTH DURING APS THRUSTING AND UNTIL THE CREW NOTIFIES THE LGC THAT PCS
TRIM THRUSTING HAS BEEN COMPLETED, THE LGC UPDATES VG ONLY AS A RESULT OF ACCELEROMETER INPUTS.

FOR STEERING CONTROL WHEN USING "ASTEER", THE VELOCITY REUUIREO IS CALCULATED FROM FIGURE 3.3-13A IN SECTION
p CF R-567. THE LAMBERT ROUTINE PERIODICALLY RE-CJMPUTbS THE INTERCEPT TRAUECTORY SEMI-MAJOR AXIS
FOR THE "ASTEER" CALCULATIONS. THE INTERVAL BETWEEN LAMBERT SOLUTIONS IS CONTPOLLEO BY AN ERASABLE LOADED VALUE lUT).

131 THE IMU IS ON AND MUST BE AT A KNOWN ORIENTATICN BEFORE THIS PROGRAM MAY BE COMPLETED. IT IS NORMALLY REQUIRED
THAT THE ISS BE ON FOR A MINIMUM OF 15 MINUTES PkIGR TO A THRUSTING MANEUVER.

(41 THE EVENT TIMER IS SET TO COUNT TO ZERO AT TIu.

151 ENGINE IGNITION MAY BE SLIPPED BEYOND THE ESTABLISHED TIG IF DESIRED BY THE CREW UR IF STATE VECTOR INTEGRATION
CANNOT BE COMPLETED IN TIME.

(61 IF A THRUSTING MANEUVER IS PERFORMED WITH THE GUIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH
IN AUTO, THE PGNCS WILL CONTROL THE TOTAL VEHICLE ATTITUDE AND GENERATE EITHER MODE I OR MODE II ATTITUDE ERRORS
AND VEHICLE ATTITUDE RATES (SEE ASSUMPTION (711 FUR DISPLAY ON THE FDAI. THE CREW MAY EXERCISE CONTROL AROUND THE YAW
AXIS ONLY WITH THE ACA (X-AXIS OVERRIOEI IF THE X-AXIS OVERRIDE CAPABILITY IS PERMITTED BY THE PROGRAM IN PROCESS.
THIj manual CONTROL WILL HE IN THE RATE CO MM AND / A TT I TUUE HOLD MODE.

IF A THRUSTING MANEUVER IS PERFORMED WITH THE GUIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH IN
ATTITUDE HOLD THE PGNCS WILL HOLD THE VEHICLE ATTITUDE AND WILL GENERATE EITHER MODE I OR MODE II ATTITUDE ERRORS
FDR DISPLAY ON THE FDAI. THE CREW MAY EXERCISE MANUAL ATTITUDE CCNTROL ABOUT ALL VEHICLE AXES WITH THE ACA IN

EITHER THE RATE COMMAND OR MINIMUM IMPULSE MODE DEPENDING UPON THE STATUS OF THE PULSES FLAG. HOWEVER
IT IS strongly RECOMMENDED THAT POwEkED FLIGHT NOT BE ATTEMPTED IN THE MINIMUM IMPULSE MODE. THE PULSES FLAG IS SET OR
RESET BY EXTENDED VERBS 76 (MINIMUM IMPULSEI AND 77 (RATE CCMMANOI RESPECTIVELY. THE PULSES FLAG IS ALSO RESET BY P12,
PAG, P41, P42, P63, P70, P71, AND RAO AT MAIN ENGINE IGNITION. WITH THE EXCEPTION OF THESE CASES, MODE SELECTION
IS ALWAYS BASED UPON THE LAST ENTRY MADE IN THE DSKY. DURING A THRUSTING MANEUVER IN THE PGNS/ ATT I T UDE HOLD MODE
THE PGNCS WILL NOT BE RESPONSIBLE IF REGISTER OVERFLOWS OCCUR WITHIN THE LGC.

IN THE EVENT THAT THE GUIDANCE CCNTROL SWITCH IS CHANGEC FROM PGNS TO AGS DURING A THRUSTING MANEUVER, THE
LGC WILL CONTINUE COMPUTATION OF POSITION AND VELOCITY, THE DESIRED THRUST VECTOR, AND THE FDAI ATTITUDE ERROR NEEDLE
DISPLAY, HOWEVER, THE PGNCS WILL NCT BE RESPONSIBLE IF REGISTER OVERFLOWS OCCUR WITHIN THE LGC.

(71 THE PGNCS CAN GENERATE TWO TYPES UF ATTITUDE ERRORS FUR DISPLAY ON THE FDAI;

MODE I - SELECTED BY EXTENDED VERB ol. AUTOPILOT FOLLOWING ERRORS USED AS A MONITOR OF THE DAP'S ABILITY
TO TRACK AUTOMATIC STEERlNs COMMANDS.

MODE II - selected BY EXTEnDED VERB 62. TOTAL ATTITUDE ERRORS USED TO ASSIST CREW IN MANUALLY MANEUVERING
THE VEHICLE.

PGNCS-DERI VEU VEHICLE ATTITUDE RATES MAY ALiO BE DISPLAYED VIA SELECTION BY EXTENDED VERB 60.

PA2/LUMINARY
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+ *

*C5
1180
+

05
1180
+

PROG
CONT

DISPLAY SELECTION IS ALWAYS SASED UPON THE LAST ENTRY HADE IN THE DS<Y, WITH THE EXCEPTION THAT MODE II ATTITUDE
ERROR DISPLAYS ARE AUTOMATICALLY SELECTED AT THE dEGINNING OF R60. FOR A MORE DETAILED DESCRIPTION OF THESE DISPLAYS
REFER TO SECTION 3 OF RSsT, PARA. 3.2.6.

(8) THE X-AXIS OVERRIDE OPTION PROVIDES THE CREW WITH THE ABILITY TO EXERCISE MANUAL CONTROL ABOUT THE LM X AXIS
WITH THE ATTITUDE CONTROLLER EVEN THOUGH THE PGNCS ATTITUDE CONTROL MODE IS AUTO. WHEN THE CONTROLLER IS RETURNED TO
DETENT THE PGNCS DAMPS THE YAW RATE, STORES THE YAW ATTITUDE WHEN THE YAW RATE IS DAMPED, AND THEN MAINTAINS THAT
ATTITUDE.

THE X-AXIS OVERRIDE OPTION IS ALWAYS AVAILABLE TO THE CREW, HOWEVER IT SHOULD NOT BE EXERCISED WHEN THE LGC IS
SPECIFYING A DESIRED YAH ATTITUDE, I.E.: DURING THE ATTITUDE MANEUVER TO THE THRUSTING ATTITUDE (SEE R60I.

(91 FOR EACH BURN AN IGNITION TOTAL ALLOWABLE TIME DELAY WILL BE SPECIFIED IN THE MISSION RULES. THIS DELAY TIME IS
THE TOTAL TIME WHICH THE THRUSTING MANEUVER MAY BE DELAYED BEYOND THE LGC CALCULATED TIME OF IGNITION. IF ENGINE RE-
STARTS ARE INVOLVED, THE ACCOUNTING OF THIS TOTAL TIME DELAY IS UP TO THE CREW.

(1C) THE DAP DATA LOAD ROUTINE (R03) MAY HAVE BEEN PERFORMED PRIOR TO SELECTION OF THIS PROGRAM. 4JET X-TRANSLAT ION
FOR ULLAGE IS ASSUMED. 2 JET OR 4 JET ULLAGE IS INITIALIZED BY DAP DATA LOAD ROUTINE (R03I. PRIME FLIGHT CREW WILL
BE USING 4 JET X-TRANSLATI ON FOR ULLAGE IN CASE (1) APS DOESN'T SHUTDOWN OR (2) APS DOESN'T IGNITE AT ALL, THE DELTA
V WILL BE EASIER TO NULL THAN WITH 2 JETS.

(Ill LGC AND CREW PROCEDURES IN CASES OF LGC-ASSUMED THRUST FAILURE ARE DEFINED BY THE DPS/APS THRUST FAIL ROUTINE
(R40I. THIS ROUTINE IS CALLED AT APS IGNITION BY THIS PROGRAM.

(121 THE LGC WILL NEITHER DESIGNATE NOR READ THE RENDEZVOUS RADAR (RRI DURING THIS PROGRAM.

113) THIS PROGRAM SHOULD BE SELECTED BY THE ASTRONAUT BY DSKY ENTRY AT LEAST 5 MINUTES BEFORE THE ESTIMATED TIME OF
IGNITION.

(14) THIS PROGRAM IS SELECTED MANUALLY BY DSKY ENTRY.

LGC GROUND CREW

CREW
PROGRAM
SELECTION

START APS PROGRAM KEY IN APS
(P42) DISPLAY . PROGRAM ( P42 ) #10
P42 V37E 42E

322
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MONITOR nSKY:
OBSERVE DISPLAY OF

020

IS THE APS FLAG
SET?

Y N

POSS
HOLD .

SNAP .

flash verb-noun
TO REQUEST RES-
PONSE AND DISPLAY
ALARM CODE 01706
TO INDICATE THAT
APS FLAG SHOWS
THAT THE DPS
HAS NOT BEEN
STAGED:

VC5 Nn9
Rl-XXXXX
R2-XXXXX
R3-XXXXX

DOES VERB-NOUN FLASH
TO REQUEST RESPONSE
AND DISPLAY OF ALARM
CODE INDICATE THAT
APS FLAG SHOWS
THAT THE DPS HAS NOT
BEEN STAGED?
INUTE:

This alarm code
MAY BE displayed IN
EITHER Rl, R2, OR
R3. DEPENDING ON THE
PRESENCE OR ABSENCE
OF OTHER ALARM
CODES. I

• Y N

(30

(40

(SO

DO I WISH TO
CONTINUE WITH
P42 ALTHOUGH THE
DPS HAS NOT BEEN
STAGED?
(NOTE: IF CJNTI-
NUATION IS

(60

P42/LUMINARY



•

•WAIT FOR KEYBOARD
•ENTRY
•

•

•

•

•

•

.TERMINATE FLASH

.UPON RECEIPT

.TERMINATE OR

.PROCEED

OF

. . P T.

. .R E.

. .0 R.

. .C M.

. .E I.

. .E N.

. .0 A.
• • T.

• •

• •

• •

E.
•

•

• •

•IS the PRESENT .

.PROGRAM PA27 •

. .N .Y •

• • • •

• • •

• • • • •

•

•

•

•

•

•

•

•

•

DO FINAL AUTOMA-
TIC REQUEST TER-
MINATE ROUTINE
(ROO)

SELECTED,
STAGING MUST BE
PERFORMED AFTER
TIG -30 SECONDS
AND BEFORE
IGNITION.

I

.N
•

•

Y,

•

•

KEY IN
•

•

TERMINATE •

V34E •

• •

• •

• •

• •

KEY IN
PROCEED

DO FINAL AUTO-,
MATIC REQUEST
TERMINATE
ROUTINE (ROO)

338
PA2/LUMINARY

#70

•80

•90

• 100

•110

324
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«120

EXIT P42 EXIT P42

. • il30
DO IMU iTATUS CHECK DO 1 MU STATUS CHECK
ROUTINE (R02) . . ROUTINE (R02I

SET APS DELTA V

THRESHCCD FOR USE
BY RAO. flAO

SET DELTA V

COUNTER = 4 FOR USE
BY R40

*150

COMPUTE INITIAL
thrust direction and
INITIAL VALUE OF VG
VECTOR AND STORE
VG(LV) IN N8l AND
N86 FOR POSSIBLE
MANUAL SELECTION:

R1-VGX(LVI
R2-VGY(LV I

R3-VGZILV )

*160

P42/LUMINARY
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VGX(LVI-CaMPC^JE^iI UF

VG AT TIG ALONG
{PXVIXR. IN FPS TO
nearest .1 FPS.

• #170

VGYILV (-COMPONENT OF
VG AT TIG ALONG VXR,
IN FPS TO NEAREST
. I FPS.

•

VGZILVI-CQMPCNENT OF
VC AT TIG ALONG -R

.

IN FPS TO NEAREST
. 1 FPS. . gieo

WHERE R IS GEOCENT-
RIC lEARTH ORBIT)
OR SELENOCENTRIC
(LUNAR JRBI T) RADIUS
VECTOR, AND V IS
VEHICLE INERTIAL
VELOCITr VECTOR AT
T IG.
(NOTE: N81 WILL NOW
DIFFER FROM N8l
DISPLAY OF P30, P3Z,
AND P33 BECAUSE OF
ROTATION OF VG
VECTOR).

«190

•200

COMPUTE PREFERRED
IMU URIENTATION:

X = UN I T ( T )

-SM

Y = UNITIT X R)

-SM

I ^ UNI TI X X Y )

•210

326 P42/LUMI NARY
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-SM -SM -SM

WHERE:
•

T = THE INITIAL
THRUST VECTOR
AT IGNITION

R = THE GEOCENTRIC . *220
lEARTH ORBIT)
CR SELENOCENT-
RIC (LUNAR
ORBIT) RADIUS
VECTOR AT TIG.

(NOTE: IE T X R IS

SMALL (REFER SECTION
5.3 OF R5o7),
THEN Y = . *230

-SM
UNIT (T X V).

WHERE V = VEHICLE

inertial VELOCITY AT
TIG.)

*240

STORE DESIRED ATTI-
TUDE SPECIFICATION
FOR USE BY ATTITUDE
MANEUVER ROUTINE
IR60). THE FINAL
ATTITUDE WILL BE
COMPUTED DURING R60

AND WILL POINT THE

LM HX AXIS IN THE
INITIAL THRUST
DIRECTION. HOWEVER,
IN ORDER TO CONSERVE
RCS FUEL AND NOT
CONSTRAIN THE NON-

#250

P42/LUMINARY
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CRITICAL ATTITUDE
ABOUT THE THRUST
VECTOR, WINGS MAY
NOT BE level IN THE
COMPUTED FINAL
ATTITUDE.

#260

SBT PREFERRED-
ATT ITUCE-COMPUTED
FLAG

#270

COMMAND ZERO
TUDE ERRORS

ATTI-

•

•

•

SET 1 DEGREE
BAND

DEAD-

•

•

•

RESET 3-AXIS FLAG

#200

#290

#300

DO ATTITUDE MANEUVER DO ATTITUDE MANEUVER
ROUTINE IR60I . . ROUTINE (R60)

#310

328
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#320

HAVE PGHS CGNTKaL
AND AUTJ ATTITUDE
CONTROL MODES BEEN
SELECT EJ7

• Y N

#330

IS THE APS FLAG
SET?

Y N

^

05

+ 1180
+

PCSS
HOLD .

SNAP .

IS AUTO
THROTTLE DIS-
CRETE BACKUP
SET, I.E. IS

BIT 4 OF
CHANBKUP= 1?

. Y N.

•

•

.HAS THE AUTO

. THROTTLE MODE

.BEEN SELECTED?

. . Y

• •

• •

• •

• •

• •

N.

•

•

•

•

•

Flash verb-
NJUN TO RE-
ttJEST PLEASE
PERFORM PGNS
CUNTRCL AND

MONITOR DSKY:
DOES VERB-NOUN

FLASH TO REQUEST
PLEASE PERFORM PGNS
CONTROL AND AUTO

#340

#350

#360

P42/LUMINARV



AJTQ ATTITUDE
CJNTRQL MODE
SELECTION:
V50N25
Rl- 00203
R2- BLANK
R3- BLANK

ATI ITUDE CONTROL
MODE SELECTION?
(NOTE; VERfl-NCUN
FLASH MAY ALSO R E-

OUEST AUTO THROTTLE
MODE IF DPS HAS NOT
BEEN STAGED.

I

• Y N

HAVE requested
MODES BEEN
SELECTED?

N .Y

DO I WISH TO
HAVE THESE
MODES SELECTED
DURING THE
THRUSTING
MANEUVER?

SET GUIDANCE
CONTROL SWITCH
TO PGNS AND
ATTITUDE CON-
TROL SWITCH TC
AUTO. SET
THRUST CONTROL
TO AUTO IF DPS
NOT STAGED.

WAIT FOR KEY-
BOARD ENTRY

KEY IN PROCEED

BAA
PA2/LUMINARY

#370

#380

#390

#AOC

«A1C

#A20

330
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TERMINATE . . .

FLASH UPON RE- KEY IN ENTER
CeiPT CF PRO- . . . #430
CtED OR ENTER

E

N

T

E

R

.P

.R

.

.C

.E

.E

• D

l»440

+

+ C5
* 118C
+

RESET ENGINE ON FLAG

CCMMAND APS OFF #450

TEMP

DISPLAY ON CSKY: . MONITOR DSKY:
MCN . V06 N40 OSSERVE DISPLAY OF

Rl - TFI . TFI, VG and DELTA VM
R2 - VG
R3 - DELTA VM

TFI - TIME FROM
APS IGNITION. IN

MIN, SEC TO NEAR-
EST SEC. MAX
READING IS 59B59.
SIGN IS - BEFORE
NOMINAL TIG,
THEREAFTER.

UPDATE EVENT TIMER
IF DESIRED

•470

P42/LUMINARY



VG - MAGNITUDE OF THE
VELOCITY TO BE
GAINED BY THRUSTING
MANEUVER. IN FPS
TO NEAREST .1 FPS

DELTA VM-HEASUREO
DELTA V MAGNITUDE
IN FPS TO NEAREST
.1 FPS. THIS
DISPLAY MILL BE
OCOOO UNTIL TIG-30
SEC and then
SHOULD CHANGE ONLY
DUE TO PIPA BIAS
UNTIL ULLAGE IS

STARTED.

.

05
+ SET TOECl = TIG

-29.9 SECONDS
1180

.

DC STATE VECTOR
INTEGRATION IMID TO
AVEI ROUTINE IR41)
(NOTE: ENTER R41
AT "A".

I

.NO TIG.

.TIG SLIP.

.SLIP

DO STATE VECTOR
INTEGRATION IMID TO
AVEI ROUTINE IR41I
OBSERVE THAT THE
COMPUTER ACTIVITY
LIGHT IS ON UNTIL
COMPLETION OF R41.

(NOTE; R41 HILL
DEFINE TIG TO BE
THE TIME TO HHICH
R41 DID INTEGRATE

ARM APS

346
P42/LUMII«ARy

•460

•490

•MO

•310

•520
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WAIT UNI IL TIG
-30 SEC.

RETURN V06N4C DIS-
PLAYS MONITOR OSKY:

AT TFI = - 00B29
OBSERVE RETURN OF
V06N43 DISPLAYS TO
INDICATE That aver-
age G INTEGRATION
HAS STARTED.
(NOTE: IF TIG HAS
BEEN SLIPPED BY R41,
THE TFI DISPLAY (Rl)
AT THIS TIME WILL BE

N Y

333
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»530

«540

#550

*560

#570
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#S80

#590

«4<M

•610

334
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«620

WAIT UNTIL TIG
-5 SEC.

np II

FROM
K^O

i630

RESET UNIT ION FLAG
*640

RESET ASTRONAUT FLAG

RESET IMPULSE FLAG
*650

WILL ACTIVE STEERING
BE ATTEMPTED DURING
THIS MANEUVER?
IREFER PARA. 5.3
OF SECTION 5 OF
R567)

«660

Y N

P42/LUMINARY
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SET IMPULSE FLAG

#670

CALL VEi<a 99 DIS-
PLAYS ISEE "A"
BELUm

WAIT UNTIL TIG -0

#680

SFT IGM TION FLAG #690

IS ASTRONAUT FLAG
SET?

Y .N
#700

GC TO EXIT
"8" (NOTE: THIS

BELOW IS NOT A

PA2 EXIT.
REFER DIS-
PLAY RE-
SPONSE AT

#710

336 P42/LUHINARY



"A" BELOW)

•

•

•

•

•

•

•

•

•

•

•

•

•

. "F"
"A” . FROM
FRCM . RAO

ABOVE • •

• •

•

•

• •

• • • •

• •

•

• • • MONITOR DSKY:
• AT TFI = - 00BO5

OBSERVE VERB-NOUN
ChANliE VERB BUT RE- . FLASH TO REQUEST

HELD . TAIN PRESENT NOUN PLEASE PERFORM
AND DISPLAYS IN Rl, . ENGINE ON ENABLE

MON . R2, R3, FLASH VERB-
NOUN TC REQUEST
PLEASE PERFORM ENG-
INE ON ENABLE:
V99N40

WAIT FOR KEYBOARD
ENTRY

MONITOR DSKY:
WAIT FOR INCREASE OF

337
351
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#720

#73C

#740

#750

•760
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DELTA VM INDICATING
SUFFICIENT ULLAGE.
REQUIRED ULLAGE
DELTA VISA
FUNCTIUN OF VEHICLE
WEIGHT.

#770

SHALL I ATTEMPT
TO COMPLETE THE
THRUSTING MANEUV-
ER WITH THE RCS7

#780

N

KEY IN ENTER

#790

GO TO
"A"

BELOW

SHALL I PERMIT #800
IGNITION?

N . Y

KEY IN PROCEED

#810

338 PA2/LUMINARY
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TBRHINAIE FLASH UPON
RECEIPT OF ENTER,
PROCEEC OR TERMI-
NATE.

KEY IN
TERMINATE
V3AE

P

R

C

E

E

D

. T .E

.E .N

. R .T

.M .E

• I . R

.N

.A

. T

. E

#82P

*830

RESET
ullage
FLAG

•

•

•

•

•

•

• •

• •

• •

• •

• •

• •

•

•

•

•

•

•

•

•

•

•

•

•

8840

•

•

• •

• •

•

•

•

•

C5 • • • •

«- • • • • •

118C • • • • •

• • • • •

• • • • • • •

•

• . GO TO • • •850
• . "C" • •

•

•

•

. BELOM
•

•

•

•

•

•

•

•

•

•

•

•

00 FINAL AUTO- • •

•

00 final auto-

•

•

•

• MATIC REOUEST MATIC REQUEST •

• TERMINATE • • TERMINATE •

• ROUTINE IROOl ROUTINE IROOl • •860

PA2/LUMINARY



EXIT P^2 EXIT P42

SET ASTRONAUT FLAG

IS IGNITION FLAG
SET?

MONITOR DSKY:
IS Rl DISPLAY OF TFI
NEGATIVE AND

.Y .N NON-ZERO?

. Y .N

RESUriE STATIC 01- MONITOR DSKY
SPLAY OF V06NA0 . OBSERVE RETURN

OF STATIC VER8-
. NOUN DISPLAY
. <y06N40l

EXIT
• NOTE: THIS
I S NOT A
PA2 EXIT,
REFER TIG
-0 LOGIC
ABOVE. I

STANDBY FOR
THRUST ON
WHEN TFI = -COBOO

STANDBY FOR
THRUST ON

35A
PA2/LUMINARY

•670

«8B0

#a«o

•900

•910

340
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+

»05
+ 1180
» +

TEMP
HOLD .

MON

*

05

1180

05

immediately

• • • #92C
. "B" • •

. FROM • •

. ABOVE
• •

• •

• > •

• •

• •

• •

• • • •

• •

SET ENGINE ON FLAG

•

• •

• •

• •

• •

• •

• •

1930

•

COMMAND APS ON

• •

• •

• •

• •

•

•

• •

• • A940

RESET PULSES FLAG

•

•

•

• •

• •

« •

• •

• •

CHANGE TFI DISPLAY • MONITOR DSKY;
TO TFC IN R1 OBSERVE change OF
VC6 N40 • TFI DISPLAY TO TFC •950
R1 - TFC IN RI
R2 - VG (NOTE: TFC IS IN-
R3 - DELTA VM ITIALLY CALCULATED

ONCE AND DISPLAYED.
TFC - TIME FROM THIS DISPLAY WILL
ENGINE CUTOFF. COUNT DOWN WITH
IN MIN AND SEC TO ELAPSED TIME UNTIL
NEAREST SEC. SIGN IS TVC STEERING IS
- BEFORE AND AFTER INITIATED (STEER
CUTOFF. FLAG IS SET BY R40I •960— AT WHICH TIME TFC IS

• RECALCULATED EVERY 2

• SECONDS BY THE
• GUIDANCE EQUATIONS.

)

WILL ACTIVE STEERING
BE ATTEMPTED DURING

P42/LUHINARV
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+

+ 1180
•»

THl S MANEUVER?
(IS TFC AT IGNITION
LESS THAN 6
SECONDS?)

N Y

i9BC

#990

IS IMPULSE FLAG SET?

N Y.

CALL FOR ENGINE
OFF COMMAND AT
CALCULATED CUTOFF
TIME. (SEE "D“
BELOR )

(NOTE: PGNCS HILL
COMMAND INERTIAL
VEHICLE ATTITUDE
HOLD THRCUGHOUT
THRUSTING MAN-
EUVER.)

#1000

#1010

RESET IGNITION
FLAG

#102C

RESET ASTRONAUT
FLAG

342 P42/LUMINARY
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P«2/LUMINARY

RESET IMPULSE
FLAG

#1030

WAIT 0.5 SECONDS

#1040

RESET ULLAGE
FLAG

#1050

EXIT
(NOTE: THIS IS
NOT A P42 EXIT,
SEE "D" BELOy).

#1060

RESET IGNIT ION FLAG

RESET ASTRONAUT FLAG

*1070

P42/LUMINARV
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•

•

•

• •

• •

• •

RESET Il»LE flag • •

• •

•

•

•

•

• •

• •

• •

• «

f 1080

•

•

•

• •

•

. THIS BURN IS A

CALL FCR RESET OF . MINIMUM IMPULSE
ULLAGE FLAG IN 0.5 . MANEUVER AND
SEC. . WILL BE DONE AT— . AN INERT lALLY #1090

• . FIXED VEHICLE
•

•

•

•

. ATTITUDE
•

• •

• •

•

•

•

•

• •

• •

• •

• • #1100
•

• MONITOR APS

• THRUST ING:

• 1. DSKY:
• Rl-TFC
• SHOULD BE

• DECREASING.
•

• R2-VG SHOULD BE

• DECREASING. #1110
•

• R3-0ELTA VM

« SHOULD INCREASE.
•

• 2. FDAI-ATT. ERROR
• SHOULD BE LESS THAN

• OR EQUAL TO XX

• DEGREE.
•

ATT RATES SHCULU BE #1120
• LESS THAN OR EQUAL

• TO XX DEGREE/SEC.

344
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P42/LUMINARV

IS TG LESS
SECONDS?

.Y

CONTINUE

3. APS chamber PRES-
SURE (PC) SHCULD BE
NORMAL.

IDENTIFY EARLY,
NORMAL, OR LATE EN-
GINE CUTOFF FROM AS- #1130
SESSMENT OF DSKY
DISPLAYS.

#1140

PUSH ENGINE
STOP PUSH- #1150
BUTTON

GO TO aAC4- #1160
UP PROCE-
DURES

THAN 4

SEE DPS/APS
THRUST FAIL
ROUTINE tR40t
FOR REQUIRED
RESPONSE

#1170

N.

guidance

P42/LUMINARY



360
P42/LUMINARY

CONTROL *1180

#1190

CALL ENGINE OFF COM-
MAND AT COMPUTED
RegUIREO TIME

COMMAND ZERO ATTI-
TUDE RATES

*1200

SET IDLE FLAG

*1210

MAIT UNTIL COMPUTED
TIME OF CUTOFF

• 1220

D"
FROM
ABOVE

346
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COMMAND ZERO ATTI-
TUDE RATES

SET DEADBAND
TO PREVIOUS VALUE
OBFINEO 8V R03.

MAINTAIN VG
COMPUTATIONS AFTER
CUTOFF FOR POSSIBLE
NULLING 8V RCS
TRIMMING MANEUVER
•NOTE: GEE ASSUMP-
TION 121 ABOVE).

"C"
FROM

ABOVE
DISARM APS

347
361
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«1230

#1240

#1250

#1260

#1270

P42/LUMINARV
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f 1280

CCMMANO
ZERO ATT-
ITUDE
RATES

SET DEAJ-
BANO TO
PREVIOUS
VALUE DE-
FINED er
RC3

1*1290

#1300

RESET
ULLAuE
FLAG

4-

4C5
4 1180
4 4

"A"
FROM
ABOVE

#1310

HELD .

• • • •

• • • •

•

• •

MONITOR 0SK,Y:

#1320

MON FLASH VERB-NOUN TO OBSERVE VERB-NOUN
REQUEST PROCEED.
HOLD DISPLAY OF TFC .

•

• FLASH TO request
PROCEED AND DISPLAY

348
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AT ITS final VALUE:

•

•

•

•

VI6 T40 •

R1 - TFC •

R2 - VG •

R3 - DELTA VM •

(NOTE: SEE ASSUMP-
•

•

TIQN (2) ABOVE).

•

•

•

•

•

•

•

•

•

•

•

WAIT FOR KEYBOARD

•

•

•

• •

ENTRY • •

TERMINATE FLASH UPON •

RECEIPT OF PROCEED, •

RECYCLE , OR •

TERMINAL E •

.P . T .R •

.R . E .E •

.0 . R .C •

.C . M .Y •

.E .1 .C •

.E . N .L •

.0 • A • E •

• .T •

•

•

• E • • •

•

• •

•

•

•

• • •

•

• GO TO

•

•

•

•

BELOW

•

•

OF TFC, VG, ANO
DtLTA VM

RECORD THESE VALUES
AS DESIRED.

KEY IH PROCEED

COMMAND ZERO ATT-
ITUDE ERRORS

#1330

#1360

11350

#1360

#1370

SET 0.3 DEGREES
DEADBAND

#1380

P62/LUMINARY



HOLD FLASH VERS- NOUN TO
REQUEST RESPONSE ANO

HCN . DISPLAY COMPONENTS
OF VGILNI:

Vlo Nd5
R1-VGX(LMI
R2-VGY (LM

I

R3-VGZ(LM»

MONITOR DSKY:
OBSERVE VERS-iNOUN
FLASH TO REQUEST
RESPONSE AND DISPLAY
OF VGILMI COMPONENTS

COMPONEiYTS OF THE
PRESENT VG VECTOR
RESOLVED ALONG THE
LM X,Y, AND Z AXES.
The VG VECTOR WILL
BE OPCATEO BY THE
STEERINo LOOPS
DURING EACH COMPUTA-
TION CYCLE. IN FPS
TC NEAREST .1 FPS.
(NOTE: SEE ASSUMP-
TION (2) ABOVE).

TO NULL OUT VG
COMPONENTS COMMAND
manual translations
AND ROTATIONS.
(NOTE: THIS MANEUVER
IS AT THE OPTION OF
THE CREW.)

THE ORBITAL PARAME-
TER DISPLAY ROUTINE
(R30) MAY BE SELECT-
ED AT THIS TIME
(V82E) TO MONITOR
CONTINUOUSLY UPDATED
VALUES OF APO ALT,
PER ALT, AND TFF.

WAIT FOR KEYBOARD
ENTRY
TERMINATE FLASH UPON
RECEIPT OF PROCEED,

KEY IN PROCEED

364
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#139D

ii4or

#1410

(1420

#1430

350
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RECYCLE. OR
TERMINATE

.p . T .R
• R . E .E

.0 • R .C
• c . M .Y
.E . I .C

• E . N • L

.D . A .E

• • T •

•

•

•

.E

•

• • • •

•

•

•

•

•

•
H

• • FROM
•

•

•

•

ABOVE
•

•

•

•

•

•

•

•

• • •

•

ZERO RENDEZVOUS
TRACKI NG MARK
COUNTER

•

•

•

•

•

•

•

•

•

SET DEADBAND
TO PREVIOUS VALUE
DEFINED BY R03,

fl440

#1450

#1460

#1470

P42/LUMINARY



DO FINAL AorCMATIC
REUJEST TERMINATE
ROUTINE (ROOl

EXIT P42 EXIT PA2

CHANGE CONTROL NOTES

PEV CO PCR 31

REV 01 PCR 85,86,114,144,164,186,401,419,609,637
PEV OQILUM lA) PCR 647,648
REV CKLUM IBI PCR 838,841, EDITORIAL
REV 02 EDITORIAL
REV 03 PCN 1009
REV 04ILUM IE) PCN 1145
REV 05 PCN 1180

DO FINAL AUTOMATIC
REUUEST terminate
ROUTINE (ROD)

366
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«1460

*1490

352
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THRUST MONITOR PROGRAM (P47) 02 C8/07/69

PURPOSE: (II TO MONITOR VEHICLE ACCELERATION DURING A NON-PGNCS CONTROLLED THRUSTING MANEUVER.

(21 TO DISPLAY THE DELTA V APPLIED TO THE VEHICLE 8Y THIS THRUSTING MANEUVER.

ASSUMPTIONS: (11 THE IMU IS ON AND MUST BE AT A KNOMN ORIENTATION BEFORE THIS PROGRAM HAY BE COMPLETED. IT IS NORMALLY REQUIRED
THAT THE ISS BE ON FOR A MINIMUM OF 15 MINUTES PRIOR TO A THRUSTING MANEUVER.

(2) THE RESPONSIBILITY OF AVOIDING GIMBAL LOCK DURING EXECUTION OF THIS PROGRAM IS UPON THE ASTRONAUT.

(31 THIS PROGRAM IS NORMALLY USED DURING RENDEZVOUS FINAL PHASE. IF THE CREW DESIRES TO DO ANY FINAL PHASE THRUSTING
MANEUVERS AUTOMATICALLY UNDER PGNCS CONTROL THEY MUST BE ACCOMPLISHED VIA SELECTION OF TRANSFER PHASE INITIATION I TPI

)

PROGRAM IP3A1 AND THEN THE OPS THRUSTING PROGRAM IP40) OR THE APS THRUSTING PROGRAM (P42».

(4) RANGE, RANGE RATE, AND THETA MAY BE DISPLAYED DURING THIS PROGRAM BY CALLING THE RENDEZVOUS PARAMETER DISPLAY
ROUTINE (R311.

(51 this PROGRAM IS SELECTED BY THE ASTRONAUT BY CSKY ENTRY. THE PROGRAM SHOULD BE TURNED ON JUST PRIOR TO THE
PLANNED THRUSTING MANEUVER AND TERMINATED AS SOON AS POSSIBLE AFTER THE MANEUVER IN ORDER TO KEEP ERRORS ASSOCIATED
WITH AVERAGE G INTEGRATION AT A MINIMUM.

PROG LGC GROUND
CONT

CREW

CREW
PROGRAM
SELECT ION

START THRUST . KEY IN THRUST
MONITOR PROGRAM MONITOR PROGRAM
(P47I. . IPA7I 110
DISPLAY P47. V37E47E

MONITOR DSKY:
OBSERVE DISPLAY

OF P47.

fZO

P47ZLUMINARV



DQ IMU STATUS
CHECK RJUTINE
(R02)

DO I MU STATUS
CHECK ROUTINE
(R32I

DO STATE VECTOR INT-
EGRATION (MID TO
AVEI ROUTINE tR41)
( NOTE: ENTER R41 AT
"B« )

DO STATE VECTOR INT-
EGRATION (MID TO
AVEI ROUTINE IR41).
OBSERVE THAT THE
COMPUTER ACTIVITY
LIGHT IS ON UNTIL
COMPLETION OF R41.

START AVERAGE G
INTEGRAT ION

HCLD .

• ••••••
MON

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY DELTA V

(LMl;
V16N83
Rl-JELTA VXILMI
R2-DELTA VY(LM)
R3-DELTA V2(LM)

MONITOR DSKY:
OBSERVE FLASHING

VERB-NOUN TO REQUEST
RESPONSE AND DISPLAY
OF EACH COMPONENT UF
DELTA VILMl,

DELTA VXILM) - COM-
PONENT OF INTEGRATED
ACCELERATION ALONG
LM X AXIS. IN FPS
TO NEAREST .1 FPS.

370
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•30

•40

•SO

•60

354
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WAIT Few KEYBOARD
ENTRY

SHALL I TERMINATE
THIS PROGRAM?

Y .N

SHALL I ZERO
THE DISPLAY IN
ORDER TO MONIT-
OR ANOTHER
BURN?

Y .N

KEY IN RECY-
CLE IV32E)

355
371

P47ZLUMINARY

•TO

<60

•90

•100

• 110

•120

PAT/LUMINARV



terminate flash upon
receipt of proceed,
terminate or recycle

KEY IN PROCEED OR
TERMINATE (V34EI

.R P.

.E R.

.C 0.

. Y C.

.c E.

.L E.

. E D.
• /.
• T.

• E.

• R.

• M.

• I.

• N.
• A.

• T.

•

•

•

E.

•

•

REINITIALIZE •

ACCELEROMETER •

INTEGRATION •

• •

• •

•

•

•

DO FINAL AUTOMATIC
REQUEST TERMINATE
ROUTINE (ROOl

DO FINAL AUTOMATIC
REQUEST TERMINATE
ROUTINE (ROOl

EXI T P47 EXIT P47

372
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• 130

• 140

•160

•170

356
P4T/LUMINAIIV
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P47/LUMINARV

CHANGE CONTROL NOTES

LOGIC REV 01
REV 02

PCR 401,437
EJITORIAL

P47/LUMINARV
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IMU ORIENTATION DETERMINATION PROGRAM (P51I REV 02 C8/07/69

PURPOSE: (1) TO DETERMINE THE INERTIAL ORIENTATION OF THE INU USING SIGHTINGS ON TWO CELESTIAL BODIES WITH THE AOT
OR A BACKUP OPTICAL SYSTEM.

ASSUMPTIONS: 111 THIS PROGRAM MAY ONLY BE PERFORMED WHILE THE LM IS IN FLIGHT.

(21 THE ISS MAY BE:

(A1 OFF (STAND3YI

IB) ON, AND ALIGNED OR NOT ALIGNED SINCE TURN ON.

IF lA) IS TRUE, THE IMO MUST BE TURNED ON BEFORE THIS PROGRAM CAN BE PERFORMED.
IF IB) IS TRUE this PROGRAM CAN BE COMPLETED.

13) THERE ARE NO RESTRAINTS UPON THE LM ATTITUDE CONTROL MODES UNTIL THE CREW WISHES TO
MANUALLY MANEUVER THE VEHICLE.

(A) 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 LGC PROGRAMS.

(51 EXTENDED VERBS SHOULD NOT BE EXERCISED DURING THIS PROGRAM BECAUSE OF POSSIBLE INTERFERENCE WITH R53.

(61 THE PROGRAM li SELECTED BY THE ASTRONAUT BY DSKY ENTRY.

prog LGC GROUND CREW
CONT

CREW
PROGRAM
SELECTION

START IMU ORIENTATION
DETERMINATION
PROGRAM (P51I
DISPLAY P51

KEY IN IMU
ORIENTATION DETERMI-
NATION PROGRAM (P51I

V37E 51E

•10

P51/LUNINARY



MONITOR OSKY:
OBSERVE DISPLAY OF
P51

IS THE ISS ON?

• Y .N

SET IMUSE FLAG

TURN ON PROGRAM
ALARM LIGHT AND
STORE ALARM CODE.
(NOTE: IF CALLED,
ALARM CODE MILL
BE 00210.

I

MONITOR OSKY:
DOES PROGRAM ALARM
LIGHT COME ON INDIC
ATING THAT THE I MU
IS NOT ON?

.Y .N

TURN ON I MU
AND RESELECT
P51 VIA ROO

DO FINAL AUTOMATIC . . DO FINAL
REQUEST TERMINATE AUTOMATIC
ROUTINE (ROO). . . REQUEST TER-

MINATE ROU-
. TINE (ROO).

376
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i20

•30

•60

•60

360
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HCLD .

S NAP .

EXIT
PPl

EXIT
P51

#70

FLASH VEKB-NOUN TO . . MONITOR DSKT:
REQUEST PLEASE PER- OBSERVE VERB-NOUN
FORM celestial BODY . . FLASH TO REQUEST
ACQUISITIUN: . PLEASE PERFORM . #80

VSO N2S . CELESTIAL BOUT
RI-0CO15 . ACQUISITION
R2-BLANK .

R3-eLANK ...
SHALL I MANEUVER UR
CONTINUE TO MANEU-
VER) the LM to POSI-
TION the imu inner
GIMBAL AXIS IN A

PREFERRED DIRECTION?

#90

N . Y

WITH THE ROTATION
CONTROL ROTATE
THE LM UNTIL THE
PITCH AXIS IS IN

THE PREFERRED
DIRECTION

flOO

ARE 2 CELESTIAL
BODIES VISIBLE IN

flio

P51/LUMINARY
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THE OPTICAL STS-
TEM FIELD OF
VIEW ?

Y .N

*120

WITH The rota-
tion CONTROL
ORIENT THE LM
UNTIL 2 CELES-
TIAL BODIES
ARE VISIBLE IN
THE OPTICAL

. SYSTEM

•

•

•

•

•

•

•

•

•

•

SHALL I COARSE
•

•

ALIGN IMU TO •

0.0,0 GIMBAL •

ANGLES? •

N. .Y
• «

• •

•

•

•

•

MONITOR FDAI BALL
IS GIMBAL LOCK
IMPENDING?

• 130

• 140

•150

Y .N

WAIT FOR KEYBOARD
ENTRY

KEY IN ENTER
• 160

362 P51/LUMINARY
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T EMP
HOLD .

SNAP .

TERHINAFE FLASH UPON
RECEIPT OF PROCEED
OR ENTER

KEY IN PROCElu

.p . E

.R . N

.0 . T

.C . E

• E « R

• E

.0
•

•

•

•

#i7r

*180
01 SPLAY ON DSKY: . . MONITOR DSKY;

V'tl N22 . . OBSERVE DISPLAY
R 1 -nmor
R2-oncc> • • VERB ICl)J

R3-C00P0
•

. ANGLES (ALL

. 000001 FOR COARjE
HHERE Rl, R2,
AND R3 REPRESENT .

ICDJ/GIMBAL AND- .

LES TO BE COARSE .

ALIENED TO (OG, .

IG, MG, RESPEC- .

TIVELYI.
IN DEGREES TO
nearest .01 OE- .

GREE

. ALIGNMENT
•

• •

• •

• •

• •

• •

• •

• •

*190

• •

• •

• •

• •

• •

• • f20C

CQRHANO ISS TO

COARSE ALIGN
• •

• •

MODE

• •

• •

• •

• •

• •

• •

• •

• •

TURN ON "NO ATT" . . . OBSERVE "NO ATT" 1210
I r r;F^T

. . THAT I MU IS IN

. COARSE ALIGN MODE

• •

• •

• •

• •

• •

• •

• •

• •

DISABLE CAP • •

• • *220

P51/LUMINARY
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KESET TRACK FLAG

RESET DRIFT FLAG
*230

RESET REFSMMAT
FLAG

#240

COARSE ALIGN ISS

(NOTE: IF, AT
THE END OF COAR-
SE ALIGNMENT,
THE GIMBALS ARE
NOT WITHIN 2 DE-
GREES DF 0,0,0,
THE LGC HILL
TURN ON THE PRO-
GRAM ALARM LIGHT
AND STORE ALARM
COOES 00211 AND
00217. I

(note: if AT THE
END OF COARSE
ALIGNMENT, THE
GIMBALS ARE NOT
HITHIN 2 DEGREES
OF 0,0,0, THE LGC
HILL TURN ON THE
PROGRAM ALARM
LIGHT AND STORE
ALARM CODES
00211 AND 00217.)

#250

#260

TERMINATE COARSE
ALIGN MODE IN

364
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ISS

ENAiLE CAP.
KESJME ATTITUDE
HOLD OF VEHICLE.

TURIV OFF "NO
ATT" LIGHT

SET DRIFT FLAG

OBSERVE TERHINA-
TION OF "NO ATT"
LIGHT TO INDICATE
THAT IMU IS NOW
INERTIAL.

DO AOT NARK ROUTINE
(R53I FOR CELESTIAL
BODY #1

DO AOT NARK ROUTINE
(R53) FOR CELESTIAL
BODY «1

365
381

P51/LUHINARY

#270

#280

#290

#300

#310

P51/LUMINARY



DC CELESTIAL BODY
definition ROUTINE
{R58) FOR CELESTIAL
BCDY USED.

•

•

•

DC AOT MARK ROUTINE
(R53I FUR CELESTIAL
BCDY #2

•

•

•

•

DO CELESTIAL BODY
DEF INITION ROUTINE
IR58) FOR C

BODY USED.
ELESTIAL

•

•

•

DO SIGHTING DATA
DISPLAY ROUTINE
(R5A)

.E .E

. X . X

.1 . I

. T .T
•

."A"
•

•

•

•

."B"

CALCULATE I MU INERTIAL
ORIENTATION W.R.T.
CELESTIAL CCOROIN-
ATES AS DEFINED BY
CELESTIAL BODIES * I

DO CELESTIAL BODY
DEFINITION ROUTINE
(R58) FOR CELESTIAL
BODY USED.

DU AOT MARK ROUTINE
(R53) FOR CELESTIAL
BODY »Z

DO CELESTIAL BODY
DEFINITION ROUTINE
IR58( FOR celestial
BODY USED.

DO SIGHTING DATA
DISPLAY ROUTINE
IR54)

382
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#320

#330

#340

#350

#360

366
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AND # 2 . STORE AS

PRESENT PLATFORM
OR I ENT AT ION
(REFSMPATI

SET REFSMMAT FLAG

DO FINAL AUTOMATIC . . DO FINAL AUTOMATIC
REQUEST TERMINATE REQUEST TERMINATE
ROUTINE (ROD). . . ROUTINE (ROD),

CHANGE CONTROL NOTES

LOGIC REV CO PCR 7

REV Cl EDITORIAL
REV C2 EDITORIAL

367
383
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#370

#380
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IMU REALIGN PROGRAM IP52) REV 03 09/03/70

PURPOSE: in TO ALIGN THE IMU FR3M A "KNOWN" I SEE ASSUMPTION 5) ORIENTATION TO CNE OF FOUR ORIENTATIONS SELECTED BY THE
ASTRONAUT USING SIGHTINGS ON TWO CELESTIAL BODIES WITH THE AOT OR A BACKUP OPTICAL SYSTEM.

(Al PREFERRED ORIENTATION (OPTION OCCOll

AN OPTIMUM ORIENTATION FCR A PREVIOUSLY CALCULATED MANEUVER. THIS ORIENTATION MOST BE CALCULATED AND
STORED BY A PREVIOUSLY SELECTED PROGRAM.

(Bl LANDING SITE ORIENTATION lOPTION OOOOAI

X = UNIT IR I

-SM -LS

Y = UNIT IZ XX I

-SM -SM -SM

Z = UNIT IH X X I

-SM -CSM -SM

WHERE:

THE ORIGIN IS THE CENTER OF THE MOON.

R = THE POSITION VECTOR OF THE LM ON THE LUNAR SURFACE AT A LANDING SITE AND A TIME
-LS
TIALIGNI SELECTED BY THE CREW.

H = THE ANGULAR MOMENTUM VECTOR OF THE CSM IR XV I.

-CSM -CSM -CSM

A SPECIA. CASE OF THE LANDING SITE ORIENTATION OCCURS WHEN TIALIGNI IS DEFINED AS THE TIME OF LUNAR
LANDING KLANOI. THIS CASE OCCURS CNLY IF TILANDI HAS BEEN DEFINED BY THE MSFN, TRANSMITTED TO THE
CREW, AND THE CREW HAS THEN DEFINED TIALIGNI TO BE TILANDI IN THIS PROGRAM.

(Cl NOMINAL ORIENTATION (OPTION 00002)

X =

-SM
UNIT (RI

Y =

-SM
UNIKV X RI

Z =

-SM
UNIT (X X Y

-SM -

WHERE:

R = the geocentric (EARTH ORBIT) OR SE LENOCENT RI C (LUNAR ORBIT! RADIUS VECTOR AT TIME TIALIGNI

SELECTED BY THE ASTRONAUT.

P52/LUMINARY
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V = THE INERTIAL VELOCITY VECTOR AT TINE TIALIGNI SELECTED BY THE ASTRONAUT.

(01 REFSHMAT (OPTION C0003I

SEE ASSUMPTION (5)

ASSUMPTIONS: (II THIS PROGRAM MAY ONLY BE PEREORMEO WHILE THE LM IS IN FLIGHT.

(21 THE CONFIGURATION MAY BE DOCKEC (LM/CSM) OR UNCOCKED I LM ALONEI. THE PRESENT CONFIGURATION SHOULD HAVE BEEN
ENTERED INTO THE LGC BY COMPLETION OF THE DAP DATA LOAD ROUTINE (R03I.

(31 THERE ARE NO RESTRAINTS UPON THE LM ATTITUDE CONTROL MODES UNTIL A PGNCS CONTROLLED MANEUVER IS CALLED BY A PRO-
GRAM OR THE CREW WISHES TO MANUALLY MANEUVER THE VEHICLE. THE GUIDANCE CONTROL SWITCH MAY BE AT PGNS OR AGS AMD IF
AT PGNS, THE MODE MAY BE AUTO OR ATTITUDE HOLD. PRIOR TO PGNCS CONTROLLED MANEUVERS THE LGC WILL REQUEST THE CORRECT
MODE IF IT IS NOT IN EFFECT. FOR MANUALLY CONTROLLED MANEUVERS THE CREW MUST SELECT THE CORRECT MODES.

(4) THIS PROGRAM MAKES NO PROVISION FOR AN ATTITUDE MANEUVER TO RETURN THE VEHICLE TO A SPECIFIC ATTITUDE. SUCH A MAN-
EUVER, IF DESIRED, MUST 3E DONE MANUALLY. AN OPTION IS PROVIDED HOWEVER TO ALLOW POINTING OF THE AOT AT ASTRONAUT
OR LGC SELECTED STARS EITHER MANUALLY BY THE CREW OR AUTOMATICALLY BY AN LGC CONTROLLED ATTITUDE MANEUVER.

151 THE ISS IS ON AND HAS BEEN ALIGNED TO A "KNOWN" ORIENTATION WHICH IS STORED IN THE LGC (REFSMMATI. THE PRESENT
IMU ORIENTATION DIFFERS FROM THAT TO WHICH IT WAS LAST ALIGNED ONLY DUE TO GYRO DRIFT (I.E. NEITHER GIMBAL LOCK NOR
IMU POWER INTERRUPTION HAS OCCURRED SINCE THE LAST ALIGNMENT).

(6) AN OPTION IS PROVIDED TO REALIGN THE IMU TO THE PREFERRED, NOMINAL, UR LANDING SITE ORIENTATIONS WITHOUT MAKING
CELESTIAL BODY SIGHTINGS (SEE LOGIC FLOW).

(71 EXTENDED VERBS SHOULD NOT BE EXERCISED DURING THIS PROGRAM BECAUSE OF POSSIBLE INTERFERENCE WITH R53.

(31 THE PROGRAM IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY.

PROG LGC GROUND CREW
CONT

.CREW

.PROGRAM

.SELECTION

START IMU REALIGN
PROGRAM (P52I
DISPLAY P52

KEY IN IMU REALIGN
PROGRAM (P52I

V37E 52E • 10

370
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HCLD .

SNAP .

MONITOR OSKY:
OBSERVE DISPLAY OF
P52

«20

DO IMU STATUS CHECK . . DO IMO STATUS CHECK
ROUTINE (R02I ROUTINE (R02t

• 30

IS THE PREFERRED-
ATTITUDE-COMPUTED
FLAG SET?

.Y N

SET LGC ASSUMED
OPTION TO 00001.

•^0

SET LGC ASSUMED
OPTION TO 00003.

•60

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY OPTION CODE
FOR ASSUMED IMU OR-
IENTATION SELECTION:

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE AND DISPLAY
OF OPTION CODE FOR

P52/LUMINARY
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V04 NO

6

Rl-OOOOl
R2-OQOOX
R3-8LANK

ASSUH£D IMU ORIEN-
TIQN SELECTION «70

Rl IS THE
OPTION CODE
FOR ASSJMED
IMU ORIENTATION
SELECTION. IS THIS THE IMU ORI-

ENTATION I DESIRE?
R2 IS THE .

LGC ASSUMED OPTION: . .? .M
00001-PREFERRED . . .

00002- NOMINAL . .

00003-REFSMMAT . . .

00004-LANOING SITE

«eo

WAIT FOR KEYBOARD .. KEY IN

ENTRY PROCEED
#90

•100

TERMINATE FLASH UPON
RECEIPT OF PROCEED
OR NEW DATA

.P .NEW

.R .CODE

.0

.C

.E

.E STORE CODE
,

KEY IN V22E
AND LOAD THE
DESIRED ORIEN-
TATION CODE IN
R2

•110

372
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CHECK SrOREO OPTION
CODE

.0 .0 .0 .0

.0 .0 .0 ,0

.0 .0 .0 .0

.0 .0 . 0 .0

.2 .0 . I .3
• • • •

• .0 • •

• .0 • •

• .0 • •

• .0 • •

• .A • •

• • • • • • • •

• • • •

• • GO TO GO TO
• • "A" "8"

• « BELOW BELOW
• •

• •

•

.STORE TILANO) IN

• T(ALIGN)
•

• •

• •

• •

• •

WAS NOMINAL OR LAN-
DING SITE ORIENTA-
TION SELECTED?
(NOTE: AN ORIENTA-
TION CODE OF 00003
WILL BE INTERPRETED
AS LANDING SITE
OPTION BY THE LGC).

WAS THE PREFERRED
ORIENTATION SELE-
CTED?

GO TO GO TO
"A" "B"
BELOW BELOW

STORE 00000

t

00000, COOOO FOR
DISPLAY AS
T(ALIGN)

373
389
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*120

*130

*140

*150

*160
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PCSS
HOLD . FLASH VERB-NOUN TO

REQUEST RESPONSE ANO
SNAP . DISPLAY T(ALIGNI;

V06Ni4
Rl- riAL IGNI-HRS
R2- riAL IGNI-MENS
R3- riAL IGN)-SECS

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE AND DISPLAY
OF TIALIGNI.

• 170

TIALIGNI- TIMEIGETI
AT WHICH LM POSITION
AND VELOCITY VECTORS
ARE TO BE DEFINED
FOR A NOMINAL OR
LANDING SITE I MU
ORIEinATION. IN
HRSt MINSi SECS, TO
NEAREST .01 SEC.

• 160

FOR OPTION 2

TIALIGNI WILL APPEAR
HERE AS 00000,
00000, 00000, WHICH
IF ACCEPTED WILL
INDICATE that THE
NOMINAL OR LANDING
SITE ORIENTATION
WILL BE DEFINED FOR
A TIALIGNI AUTOMAT-
ICALLY SELECTED AS
THE PRESENT TIME.
FOR OPTION 4,
TIALIGNI WILL BE
DEFINED AS T ILANDI.

• 190

•200

DO I WISH TO ALIGN
THE IMU TO AN

•210

374
P52/LUMINARV
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WAIT FOR KEYBOARD
ENTRY

TERMINATE FLASH UPON
RECEIPT OF PROCEED
OR NEW DATA

PROCEED .NEW
• DATA

orientation CEFINED
BY THE T(ALIGN(
PRESENTLY DISPLAYED?

• Y .N
• •

• •

KEY IN PROCEED
•

•

•

•

•

•

•

•

•

KEY IN V25E AND
LOAD THE DESIRED
T(ALIGN) IN Kl.
R2, and R3.

f220

mo

STORE DATA

•240

IS TIALIGNI DEFINED
TO BE ZERO OR NEGA-
TIVE?

• Y N

DEFINE TIALIGNI
= T PRESENT

•no

PS2/LUMINA«V
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IS STURcO ORIEMTAT
CODE OOD027

QN

.N . Y

. (L.S.I . (NCM)
•

•

STORE THE

VALUE CF

TIALIuM IN

THE TILANDI
LCCATICN.

•

•

•

•

•

• •

• •

CQMPJTE SEMINAL
ORIENTATION FUR
THE RREV lOUSLY
defined T(ALISN).
SELECT THIS ORI-
ENTATION FOR
GIM8AL ANGLE
COMPJTAT IONS.
(NOTE: AT THIS
TIME ANY PREFERR-
ED ORIENTATION
STORED I N THE LGC
I S LOST!

.

WAS NOMINAL I MO
orientation Selec-
ted?

N . Y

IL.S. I

V^O TO
11 A"

BELOW

•260

#270

#280

•290

GO TO
"A"

BELOW

•300

COMPOTE LAT, LONG/2.
AND ALT FROM

376
P52/LUMINARY



POSS
HOLD .

SNAP .

377
39}
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STORED L AND ING SITE
VECTOR I IN "PRIMARY"
STORAGEI AN D SPEC-
IFIED T( ALI GN).
INOTE: T HE "PRIMARY"
STORAGE OF THE LAN-
DING SIT E C AN BE
MODIFIED ONLY BY
PRELAUNCH ERASABLE
LOAD. P27, P57, OR
P68. SHOULD THE CREW
WRITE OYER THE
FOLLOWING DISPLAY,
THE NEWLY DEFINED
LANDING SITE IS
EFFECT lYE ONLY TO

DEFINE A LANDING
SITE ORIENTATION FOR
THE IMU. I

•310

• 320

#330

FLASH VERB-NOUN TO MONITOR OSKY:
REQUEST RESPONSE AND . . OBSERVE VERB-NOON .

DISPLAY THE LGC- . FLASH TO REQUEST
STORED JR THE NEWLY- . RESPONSE AND DISPLAY .

DEFINED LANDING SITE . OF THE LGC-STORED OR . #340
COORDINATES. . THE NEWLY-DEFINED .

V06N89 . LANDING SITE COOR-
RI-LAT . DINATES.
R2-LONG/2 . .

R3-ALT

LAT-SELENOGRAPHIC
LATITUDE OF THE
DESIGNATED LANDING
SITE. POLARITY
INDICATES NQRTHI + )

OR SOUTHI-I . IN

DEGREES TO NEAREST
.001 DEGREES.

ARE THESE THE
DESIRED LANDING SITE
coordinates?

Y N<

•350

P52/LUMINARY
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LCNL./2-iELENCGRAPhI c
longituje divided By
TWU OF IHE LGC-STO-
RED UR THE NEWLY-
OFF I <EC LANDING SITE.
POLARITY INDICATES
EASTi+l JR WEST(-).
IN DEvjRCES TO NEAR-
EST .OOi DEGREE.

«360

ALT-THE ALT ITUDE UF
THE LGC-STQRED OR
THE NEWLY-DEFINED
LANDING SITE ABOVE
TEE RADIUS AT THE
DE j IGNATED
LANDING SITE. IN

nautical RILES TO
NEAREST .01 NM.

•

•

WAIT F OR
ENTRY

KE YBOARO

TERMINATE FLASH UPON
RECEIPT OF PROCEED
OR NEW DATA

.PROCEED
•

•

.NEW

.DATA

STORE DATA

• •

• •

•

•

COMPUTE LANDING SITE
ORIENTATION FOR THE

KEY IN PROCEED

KEY IN V25E AND
LOAD THE CORRECT
COORDINATES.

*370

*380

*390

i*00

37b P52/LUMINARY
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HCLD .

SNAP .

LGC-STQKED OR THE
NEWLY-OEFINEO
LANDING SITE COOR-
DINATES AND TIALIGNI.
SELECT THIS ORIENTA-
TION FCR GIMBAL
ANGLE COMPUTATION.
INOTE: AT THIS TIME
ANY PREFERRED ORIEN-
TATION PREVIOUSLY
STORED IN THE LGC
IS LOST)

««10

"A"
FROM
ABOVE

«420

READ PRESENT VEHICLE
ATTITUDE FRCM THE
PRESENT GIMBAL
ANGLES

COMPUTE GIMBAL
ANGLES AT DESIRED
IMU ORIENTATION AND
PRESENT VEHICLE
ATTITUDE

"A"
FROM
ABOVE

«4SO

FLASH VERB-NOUN TO

RBOUEST RESPONSE AND
DISPLAY THE RESULT-
ING ICOJ/GIMBAL
ANGLES:

MONITOR DSKY:
OBSERVE VERB-NOUN
FLASH TO REQUEST
RESPONSE and DISPLAY
OF ICDU/GIMBAL

P52/LUMINARY



V06 N^2
Kl-UG
R2-IG
R3-MG

ALL GIHdAL ANGLES IN
DEGREES ID NEAREST
01 DEGREE

ANGLES after PRO-
POSED LM/IMO align-
ment

WAIT FOR KEYBOARD
ENTRY

DO 1 WISH TO
MANEUVER VEHICLE
TO AN ATTITUDE
WHICH WILL PRO-
VIDE A MCRE
SUITABLE MGA7

N .Y

maneuver veh-
icle WITH
ROTATION
controller

UPDATE THE
DISPLAY OF

396
PS2/LUMINARY

f4T0

•480

•490

•soo

•910

380
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RESULTI.Nii
GI MdAL
ANGLES:
KEY IN
RECYCLE

Y J2E

#520

TERMINATE FLASH UPON .

RECEIPT OF PROCEED KEY IN PROCEED
OR RECYCLE . #530

R . P

E .R

C .0
Y .C
C .E
L .E
E .0

#540

HOLD .

FLASH VERS NOUN TO

SNAP . REQUEST PLEASE PER-
FCRM NORMAL OR GYRO
TORQUE COARSE ALIGN;

V50N25
Rl-00013
R2-BLANK
R3-BLANK

MONITOR OSKY:
OBSERVE VERB NOUN
FLASH TO REQUEST
PLEASE PERFORM
NORMAL OR GYRO TOR-
QUE COARSE ALIGN #550

THE NORMAL METHOD
OF ACHIEVING IMU
REALIGNMENT IS TO
ACCEPT THIS REQUEST
BY KEYING IN PROCEED #560

P52/LUMINARY



WAIT FC:< KEYBOARD
ENTRY

WHICH WILL CAUSE THE
LGC TJ COARSE ALIGN
THE STABLE MEMBER TO
THE GIMBAL ANGLES
APPROXIMATING THE
NEW ORIENTATION AND
IHEN TO PROCEED
THROUGH OPTICAL
SIGHTINGS AND PULSE
TORQUING TU ACHIEVE
PRECISE ALIGNMENT.
AN ALTERNATE METHOD
OF ACHIEVING IMU
REALIGNMENT IS TO
KEY IN ENTER WHICH
WILL CAUSE THE LGC
TO COMPUTE Tee num-
ber OF TORyUING
PULSES REJUIRED BY
EACH IRIG IX,Y,Z(
IN ORDER TO ACHIEVE
PRECISE ALIGNMENT,
AND ISSUE THESE
PULSES. THIS ALTER-
NATE METHOD INTRO-
DUCES A PREDICTABLE
ERROR INTO THE LGC S

KNOWLEDGE OF THE
stable member orien-
tation AND TAKES A

PREDICTABLE PERIOD
OF TIME FOR COMPLET-
ION.
AN APPROXIMATION OF
THIS ERROR ANC THE
TIME TO TORUUE CAN
BE MADE BY CALCULA-
TING THE SUM OF THE
GIMBAL ANGLE CHAN-
GES, MULTIPLYING BY
2 FOR TIME TC TORQUE
IN SECONDS, AND MUL-
TIPLYING BY .002 FOR
ERROR IN DEGREES.
SHALL I REALIGN IN
THE NORMAL WAY?

398
P52/LUMINARY

•57P

iseo

«S90

f600

»61P

382 P52/LUMINARY



KEY IN PKOCEEC

TERMINATE FLASH UPON
RECEIPT OF PROCEED
OR ENTER

KEY IN ENTER

P

R

0

C

E

E

D

enter

CCMPDTE TORQUING
ANGLES RECUIRED
TO ACHIEVE NEW
QRI ENT AT ION.

RESET REFSMMAT
FLAG

RESET DRIFT FLAG

PULSE IRIGS
THROUGH TORQUING
ANGLES AND DIS-
PLAY PRESENT ICDU
ANGLES UNTIL

MONITOR DSKY:
OBSERVE VERB-NOUN
DISPLAY OF PRE-
SENT GIM8AL
ANGLES UNTIL COM-

383
399
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•620

<630

<640

<650
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PCSS . COMPlETI
T EMP . V loN20
HCLD . . Rl-OG

• R 2" 1 L7

MCN . R3-MG

ALL jIMBAL angles
IN CcGREES TO
NEAREST .01
DEGREE.

PLETICN of PULSE
TORJUI NG.
(NOTE: UNLESS THE
DAP IS OFF ("MODE
CONTRQL-PGNS"
SWITCH TO "OFF"!
OR IN A MODE
WHERE IT DOES NOT
MAINTAIN ATTITUDE
(I.E.: MINIMUM
IMPULSE MODE VIA
V76E) THERE IS A

HIGH PROBABILITY
THAT RCa jets
WILL BE FIRED AS
THE INERTIAL RE-
FERENCE IS CHANG-
ED (GYRUS TOR-
QUEOl. HOWEVER.
THE GYRUS MAY BE
TORgUED SC AS TO
DRIVE THE GIMBALS
INTO GIMBAL LOCK.
THEREFORE THE
CREW SHOULD MAN-
UALLY MANEUVER
THE SPACECRAFT IN
THE MINIMUM IM-
PULSE MODE OR
UNDER CONTROL OF
THE AGS TC AVOIO
GIMBAL LOCK.

I

*660

#670

#680

*690

DEFINE REFSMMAT
TO EE THE DESIRED
IMU JRIENTATIUN

#70C

RESET PREFERRED-
ATT iruOE-COMPUTED
FLAG.

384
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SET REFSMMAT FLAG #710

SET JRIFT FLAG

•720

POSS
HOLD .

SNAP .

FLASH VERB-NOUN
TO REQUEST PLEASE
PERFORM FINE
AL I GV

:

V50 N2 5

R1-0C014
R 2- BLANK
R3-BLANK

MONITOR DSKT:
OBSERVE VERB-NOUN
FLASH TO REQUEST
PLEASE PERFORM
fine ALIGN

#730

WAIT FOR KEYBOARD
ENTRY

DO I WISH TO AT-
TEMPT TO FINE
ALIGN THE IMU7

.Y N

TERMINATE FLASH
UPON RECEIPT OF
PROCEED OR ENTER

KEY IN PROCEED

KEY IN ENTER

#740

P

R

,0

C

E

E

N
T

E

R GO TO GO TO

#750

P52/LUMINARV
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E . , "ii" •C”
0 . . BELOW BELOW

00 TO GO TO
tijjil hqh

BELOW BELOW

#760

OC COAROE ALIGN UO COARSE ALIGN
ROUTINE (R50I . . ROUTINE ( RbO

)

#770

SET REFSMMAT FLAG

#780

RESET PREFERRED-
ATTITOOE-CUMPUTED
FLAG

"B”
FRCN
ABO ,/E

#790
ngii

FROM
ABCVE

OC FINE ALIGN DO FINE ALIGN fSOO
ROUTINE 1R51) . . ROUTINE IR51(

386
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"C"
FRCM
AdJVE

"C"
FROM
ABOVE

iSlO

DO final automatic
REQUEST TERMINATE
ROUTINE (ROO)

00 FINAL AUTOMATIC
REQUEST TERMINATE
ROUTINE (ROO

I

«820

EXI T P52 EXIT P52

CHANGE CONTROL VOTES

REV 01 PCR 134,439
REV CO(LUM lA) PCR 740
REV OllLUM IBI PCR 825.2
REV C2 EDITORIAL
REV 03 PCN 1009

P52/LUMINARY
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P URPOSE:

LUNAR SURFACE ALIGN PROGRAM IP57I REV CG

(1) WHILE ON the surface OF THE MOON TO ALIGN OK REALIGN THE IMU TO ONE OF

12/01/71

THREE TYPES OF ORIENTATIONS:

(A) LANDING SITE ORIENTATION

X = UNIT IR )

-SM -LS

Y = UNIT U XX I

-SM -SM -SM

Z = UNIT (H XX)
-SM -CSM -SM

WHERE:

111 THE ORIGIN IS THE CENTER OF THE MOON

121 R = THE POSITION VECTOR OF THE LM ON THE LUNAR SURFACE AT THE MOST RECENTLY DESIGNATED LANDING
-LS
SITE AND A TIME TIALIGN) SELECTED BY THE CREW.

(3) H = THE ANGULAR MOMENTUM VECTOR OF THE CSM IR XV ).

-CSM -CSM -CSM

18) PREFERRED ORIENTATION

AN IMU ORIENTATION SPECIFIED BY THE GROUND AND LOADED INTO THE LGC BY THE LGC UPDATE PROGRAM (P27I.

ICI PRESENT REFSMMAT

ASSUMPTIONS: III THERE ARE SEVERAL TECHNIQUES AVAILABLE TO THE CREW FOR COMPLETING AN IMU ALIGNMENT. THE RESULTANT ACCURACY OF
THE IMU TO The specified desired ORIENTATION (I.E. THAT ORIENTATION DEFINED BY THE FINAL REFSMMATI IS DEPENDENT
UPON THE alignment TECHNIQUE WHICH THE CREW SELECTS. THIS SELECTION WILL BE DICTATED BY THE CIRCUMSTANCES AT THE
TIME OF ALIGNMENT.

(2) THE LM HAS LANDED ON THE LUNAR SURFACE. THE LM YAW ANGLE WITH RESPECT TO THE INERTIAL ORIENTATION OF THE IMU AT
LANDING WAS NOT CONSTRAINED DURING LANDING.

(3) ALL POSSIBLE EFFORTS HAVE BEEN MADE BY THE CREW TO ENSURE THAT THE LM HILL NOT SHIFT ITS POSITION WITH RESPECT
T3 THE LUNAR SURFACE. NO PROVISION HAS BEEN MADE TO INCORPORATE IN THE LGC ANY MEASUREMENT OF LM SETTLING DN THE
lunar surface, however a SHIFTING OF THE LM WILL RESULT IN A MISALIGNED IMU ONLY IN THE CASE WHERE AN ALIGNMENT
IS MADE FROM A STORED LM ATTITUDE WITH RESPECT TO THE LUNAR SURFACE (OPTION COOES 00000 AND 00001; SEE LOGIC
BELOW), AND THE IMU IS NOT SUBSEQUENTLY ALIGNED BY REFERENCE TO CELESTIAL BODIES AND/OR LUNAR GRAVITY.

(4) THE ISS IS ON AND MAY BE:

(A) AT AN INERTIAL ORIENTATION "UNKNOWN” TO THE LGC; I.E.: IT MAY HAVE BEEN SHUT DOWN AND RESTARTED SINCE

P57/LUMINARY
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landing .without subsequent orientation ueterminatiqn.

(B) AT AN INERTIAL ORIENTATION "KNOWN" BY THE LGC; I.E.: NEITHER GIMBAL LOCK NOR I MU POWER INTERRUPTION HAS
OCCURRED SINCE THE LAST 1 MU ALIGNMENT OR ORIENTATION DETERMINATION. THEREFORE THE PRESENT ORIENTATION
DIFFERS from THAT STORED IN REFSMMAT ONLY BECAUSE OF GYRO DRIFT AND/OR THE INITIAL MISALIGNMENT OF THE
IMU TO THE STORED RE'^SMMAT.

(51 NO MONITOR OR CONTROL OF THE RENDEZVOUS RADAR IRRI WILL BE EXERCISED BY THE LGC DURING THIS PROGRAM EXCEPT
AS DEFINED BY THE RR MONITOR ROUTINE (R25I.

(6) THE LM ATTITUDE WITH RESPECT TO THE LUNAR SURFACE 'IS AVAILABLE IN LGC STORAGE, I.F.: IT WILL HAVE BEEN STORED
BY THE LANDING CONFIRMATION PROGRAM (P68). JNCE THIS ATTITUDE HAS BEEN STORED IT WILL BE PRESERVED BY THE LGC
UNTIL IT IS REPLACED BY A MORE RECENT VALUE.

(71 EXTENDED VERBS SHOULD NOT BE EXERCISED DURING THE RhP PORTION OF THIS PROGRAM BECAUSE OF POSSIBLE INTERFERENCE
WITH R53.

(3) THE DAP SHOULD BE OFF OR IN MINIMUM IMPULSE ("MODE CONT ROL-PGNS" SWITCH TO "OFF" DR "ATT HOLD" WITH V76E)
DURING GYRO TURQUING BY THIS PROGRAM TO PRECLUDE RC S JET FIRINGS DUE TO REALIGNMENT OF THE IMU CAUSING ATTITUDE
ERRORS EXCEEDING THE ATTITUDE DEADBAND.

(a) THIS PROGRAM IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY. IT WILL NORMALLY BE SELECTED TO PERFORM AN ALIGNMENT
OF THE IMU IMMEDIATELY AFTER LANDING ON THE LUNAR SURFACE, PRIOR TO SELECTION OF THE RR LUNAR SURFACE NAVIGATION
PROGRAM (P22I, PRIOR TO AGS INITIALIZATION AND APPROXIMATELY 15 MINUTES PRIOR TO ASCENT. THIS PROGRAM MAY ALSO
BE USED TO PROVIDE AN IMU ALIGNMENT IN TIME-CRITICAL EMERGENCIES PRIOR TO ASCENT.

(ICJ A DETERMINATION OF THE LM POSITION VECTOR WHILE ON THE LUNAR SURFACE (R ) CAN BE ACCDMPLISHED ONLY IN
-LS

CONJUNCTICN WITH IMU ALIGNMENT TECHNIQUE OPTION #2 (USING AOT SIGHTINGS TO TWO CELESTIAL BODIES). IT IS VALID
ONLY IF THE LUNAR GRAVITY VECTOR HAS BEEN PREVIOUSLY DEFINED, DURING P57, USING MU ALIGNMENT TECHNIQUE OPTION

(USING REFSMMAT OR STORED LM ATTITUDE AND DETERMINATION OF LUNAR GRAVITY VECTOR) OR OPTION #3 (USING SINGLE
CELESTIAL BODY SIGHTING AND DETERMINATION OF LUNAR GRAVITY VECTOR).

PROG LGC GROUND CREW
CONT

.CREW

. PROGRAM

. SELECTION

. KEY IN LUNAR SURFACE
START LUNAR SURFACE ALIGN PROGRAM IP57)

ALIGN PROGRAM (P57). . V37E57E ilO
DISPLAY P57

390
P57/LUMINARY
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MONITOR DSKY:
OBSERVE DISPLAY

OF P57.

*20

IS THE ISS CN7

• Y .N

SET IMUSE FLAG *30

TURN ON PROGRAM
ALARM LIGHT BUT
OQ NUT CHANGE
PRESENT DISPLAY
I PROGRAM ALARM
DISPLAY IF called
IS 00210):
V05N09
Rl-XXXXX
R 2- XXX XX
R3-XXXXX

MONITOR DSKY:
DOES PROGRAM

alarm light indicate
THAT IMU IS NOT ON?
(NOTE: ALARM CODE
MAY BE DISPLAYED
IN Rl, R2, OR R3,
DEPENDING ON PRE-
SENCE OR ABSENCE UF
OTHER ALARM CODES.

)

Y N

*40

«S0

CALL PROGRAM
ALARM DISPLAY
IV05N09) TO ID-
ENTIFY ABNORMAL-
ITY. WHEN FIMSH- *60

P57/LUNINARV
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fcO PUSH KEY
RELEASE.

PRESS ALARM RESET
TJ RESET PROGRAM
ALARM. K7C

DQ FINAL AUTO-
MATIC REQUEST
TERMINATE ROUTINE
( RCOI

DO FINAL AUTO-
MATIC REQUEST
TERMINATE ROUTINE
(R33 1

#80

«+ ...
+06 RESET
+ FLIGHT i9 EXIT
+ 1180 FLAG P57

EXI T

P57

#90

SET LGC ASSUMED
OPTION CODE FOR
IMU ORIENTATION
TO = 0CD03
(REFSMMAT I

#100

HOLD . FLASH VERB-NOUN TO
REQUEST RESPONSE AND

SNAP . DISPLAY OPTION CODE
FOR ASSUMED IMU OR-

MONITOR DSKV:
OBSERVE VERU-NOUN

FLASH TO REQUEST
RESPONSE AND DISPLAY

#110

392
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#130

#140

#150

#160
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IS THE LGC ASSUMED
OPTIUN = CT002?

IS THE LGC ASSUMED HAS THE REFSMMAT
OPTION = 00003? OPTION SELECTED?

• Y

•

•

N.
•

•

. Y N.

•

•

DEF INE THE OESIR - ,

• • •

•

•

•

ED IMU JRIENTA- • GO TO •

TICN TO BE • **£**
•

REFSMMAT. • BELOW •

• •

•

•

• • •

• •

• • • • •

• • •

GO TO
Ilf It

BELOW

•

•

•

•

•

•

•

•

•

•

•

IS THE LGC ASSUMED WAS THE PREFERRED
OPTION = COOOl? OPTION SELECTED?

.Y

•

N.
•

. Y

•

N

•

• • •

•

•

•

• • NOTE: IF CREW
GO TO • SELECTS ALIGNMENT
**E

**
• TO A PREFERRED

410
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#170

#180

#190

#200

•210
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HCLO .

SNAP .

395
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QRIENIAT lOtM

lOrOOUf AND NONE
HAS BEEN DEE INEO,
ND ALARM RILL
RESULT, BUI THE
RESULTING ALIGN-
MENT RILL BE
RURTHLESS.

f220

GO TO
"E"

BELOR

OBTAIN CONTENTS OF

T IG REGISTER FROM
storage for display
AS T(ALIGN)
NOTE: IF P12 WAS
PARTIALLY PERFORMED
IMMEDIATELY AFTER
THE LUNAR LANDING,
TIG RILL CONTAIN
TIGI AS».

«230

•240

•250

FLASH VERB-NOUN IQ

REQUEST RESPONSE AND
DISPLAY TIALIGNI:

V06N34
R1-T(ALIGN>-HRS
R2-T(ALIGN»-MINS

MONITOR DSRY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE AND DISPLAY
OF TIALIGNI WHICH IS
EQUAL TO THE PRES-

PS7/LUNINARY
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R3-T (ALIGMI-SECS

T(AL1GM-T1ME(GET)
AT WrilCr) LM POSITIUN
VECTOR iS DEFINED
FCR A LANDING SITE
ORIENTATION. IN HRS
MINS AND SECS TO
NEAREST .01 SEC.

ENTLY defined TIG
I AS) .

(NOTE: IT IS ASSUMED
THAT P12 NAS PAR-
TIALLY PERFORMED
IMMEDIATELY AFTER
THE LUNAR LANDING.
AT THAT TIME TIGIAS)
kas defined.

I

1260

•270

RAIT FCR KEYBOARD
ENTRY

•280

•290

IF TIALIGNI IS
DEFINED TO BE
00000, COOOO,
00000, THE LAND-
ING SITE
ORIENT ATICN
RILL BE DE-
FINED FOR A

•300

396 P57/LUHINARY
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T(ALIGN)
AUrUMATICALLY
SELECTED 8Y
THE LGC AS THE
PRESENT TIME. #310

DO 1 WISH TO
ALIGN THE IMU TO
A LANDING SITE
ORIENTATION DE-
FINED BY THE T

(ALIGN! PRESENTLY
DISPLAYED?

#320

Y . N

KEY IN V2SE
AND LOAD THE
DESIRED T

lALIGNI IN Rl,
R2 AND R3

#330

*340

TERMINATE FLASH UPON
RECEIPT OF PROCEED
OR NEW DATA

.P .NEW

.R .DATA

.0

.C

.E STORE DATA

.0

KEY IN PROCEED

#350

P57/LUMINARY



IS TIALIGN) DE-
FINED TJ BE = 0?

.N Y.

« •

• •

. DEFINE T

. (ALIGN! = PRE-

. SENT TINE

IS TIALIGN)
DEFINED TO BE
GREATER THAN
THE PREj
TIME?

ENT

.N Y.

• •

• •

STORE
TIALIGN)
IN TIG
REGISTER
FOR POSSI-

A14
P57/LUMINARY

*36C

#370

*380

#390

*400

398 P57/LUHINARY



399
41!i

P57/LUMI NARY

HCLO .

SNAP .

8LE JSE 3Y

P12 AS
Tlb(AS).

COMPUTE LANDING
SITE ORIENTATION
FOR DEFINED T

(ALIGN).
(NOTE: aT THIS
TIME ANY PRE-
FERRED JklENTA-
TICN PREVIOUSLY
STORED IN the LGC
I S LUST. )

»Air

1*420

"E"
FROM
ABOVE

#430

SET LGC ASSUMED
ALIGNMENT TECHNIwUE
OPTION CODE TO
00000 (GEE BELOW).

Mgn

. FROM

. ABOVE

#440

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY OPT ION CODE
FOR ASSUMED ALIGN-

MONITOR DSKY;
OBSERVE FLASHING

VERB-NOUN TO REQUEST
RESPONSE AND DISPLAY

P57/LUMINARY
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M6NT TECHNIQUE TQ SE
ERPLUYEJ, AND SIOREO
DATCJDE:

VOSNCo
Rl-00310
R2-CC00X
R3-POCOO

OF OPTION CODE FOR
ASSUMED ALIGNMENT
TECHNIOUE TO SE
EMPLOYED, AND STORED
CATCODE.

#450

R1 IS THE OPTION
CCDE FCR ASSUMED
ALIGNMENT TECHNIUUE
TO 8E EMPLOYED.

R2 IS The lgc-assum-
ED ALIGNMENT TECHNI-
QUE OPTION CODE:

CCOOC: TIME CRIT-
ICAL ANYT IME ALIGN
TO THc DESIRED
ORIENT ATI ON
PREVIOUSLY SEL-
ECTED USING
STORED LM ATTITUDE
WITH RESPECT TQ
THE LUNAR SURFACE
OR PRESENT REFS-
MMAT.

00001-ALIGN TO
THE DESIRED
ORIENTATION
PREVIOUSLY SEL-
ECTED USING
PRESENT REFSMMAT
lOR A STORED LM
ATTITUDE WITH
RESPECT TO
THE LUNAR SURFACEI
AND DETERMINATION
OF THE LUNAR
GRAVITY VECTOR.

00002-ALIGN TO
THE DESIRED
ORIENTATION
PREVIOUSLY SEL-

THE prerequisites
FOR SELECTION OF AN
ALIGNMENT TECHNIQUE
OPTION CODE (R2I ARE
AS FOLLOWS:

OOOCO-I Al

00001-1 Ai

00002-18)
00003-10

WHERE:

(A) A LM ATTITUDE
WITH RESPECT TO
THE LUNAR SURFACE
OR REFSMMAT IS DE-
FINED. (REFER TO
ASSUMPTION (41 I d)

ABOVE.

I

(8) TWO CELESTIAL
BODIES ARE VISIBLE
FOR SIGHTING I TWO
NAV STARS/PLANETS,
OR ONE NAV STAR/
PLANET AND THE
SUN) .

(C) ONE celestial
BODY IS VISIBLE
FOR SIGHTING I NAV
STAR/PLANET OR
SUN) .

#460

#470

#48C

#490

400 P57/LUMINARY
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ECTEC USING AUT
SIGHTINGS TO TWO
CELESTIAL BODIES.

C0003-ALIGN TO
THE OESIRED
ORIENTATION
PREVIOUSLY SEL-
ECTED USING AOT
SIGHTINGS TO ONE
CELESTIAL BODY AND
DETERMINATION OF
THE LUNAR GRAVITY
VECTOR.

R3 IS DATCOOE-A
TWO DIGIT CODE. R3

WILL CONTAIN A "1"

IN THE "C" DIGIT IF

A REFSMMAT IS

DEFINED, OR
A "0" IF NO REFSMMAT
IS DEFINED.

R3 WILL CONTAIN A
"1" IN THE "D"
DIGIT TO INDICATE
THAT A STORED LM
ATTITUDE IS AVAIL-
ABLE, OR A "0" IF IT

IS NOT AVAILABLE.
OPTIMALLY DATCODE

SHOULD THEREFORE
READ OOilO.

IS THE LGC-ASSUMED
ALIGNMENT TECHNIOUE
OPTION CODE CORRECT
(R2)?

#50C

#510

#520

#530

Y. #54P

WAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED

P57/LUMINARY



KEY IN V22E AND
LJAO THE DESIRED
LGC-ASSUMED ALI-
GNMENT TECHNIQUE '

OPTION CODE IN
R2.

TERMINATE FLASH UPON
RECEIPT OF PROCEED
OR NEW DATA

P

R
0
C
E

E

D

NEM
DATA

STORE DATA

IS REFSMMAT FLAG
SET?

IS REFSMMAT FLAG
SET?

Y .N Y . N

IS ATTITUDE FLAG . IS ATTITUDE FLAG
SET? • . SET?

.Y N.

• •

•

. Y.

• •

.N

A18
P57/LUMINARV

*550

*560

#570

#580

#590



GO ro
"B"
BELJW

IS ALIGNMENT
TECHNIQUE OPTION
COOE = 00002
OR 0000 3?

IS ALIGNMENT
TECHNIQUE OPTION
CODE = 00002
OR 00003?

y .Y N

GO TO
"B"
BELOM

PCSS .

• ••••••
HOLD .

SNAP

FLASH VERB-NOUN
TO REQUEST RE-
SPONSE AND DIS-
PLAY ALARM CODE
00701:

V05N09
Rl-XXXXX
R2-XXXXX
R3-XXXXX

(NOTE: ALARM CODE
MAY BE DISPLAYED
IN Ri, R2, OR R3,
DEPENDING ON PRE-
SENCE OR ABSENCE
OF CTHER ALARM
CODES. I

WAIT FOR KEYBOARD
ENTRY

MONITOR DSKY:
DISPLAY CF

ALARM CODE INDIC-
ATES THAT OPTION
00000 OR 00001
HAS BEEN SELECTED
BUT THE LGC CAN-
NOT CONTINUE
BECAUSE NEITHER
PRESENT REFSMMAT
NOR A STORED LM
ATTITUDE ARE
available.
DO 1 WISH TO SEL-
ECT ANOTHER
OPTION?

•

•

•

•

• •

• N .r
• •

• •

• • . RECYCLE
• . V32E
•

•

•

•

•

•

•

•

•

•

• •

• •

• •

• •

• •

• •

• •

• •

403 P57/LUMINARY

#500

#610

#620

#630

#640

#550

P57/LUMINARY



TERMINATE FLASH
UPON RECEIPT OF
RECYCLE OR KEY IN TERMINATE
TERMINATE .. . Y3AE

T* • R • • •

E« • E • • •

Ra • C • • •

M* • Y * • a

la a C a a a

Na a L a a a

Aa a E a a a

Ta a a a a

Ea a a a a

DO FINAL AUTO-
MATIC REQUEST
TERMINATE ROUTINE
(ROOl

DO FINAL AUTO-
MATIC REQUEST
TERMINATE ROUTINE
(ROO)

EXIT P57 EXIT P57

COMPUTE AND STORE
LM ATTITUDE IN MOON-
FIXED COORDINATES
USING REFSMMAT

A20
P57/LUMI NARY

(1660

#670

i*68C

P57/LUMI NARY
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»70C

SET ATTITUDE FLAG

B"
FROM

ABOVE *710

SET INITIAL ALIGN
FLAG

#720

IS ALIGNMENT TECH-
NIJUE CPTION CODE =

00001 OR OCOC3?

.N
•

, Y

•

•

• • •

•

•

•

GO TO
"C"

BELOW

•

•

•

•

•

•

•

•

•

•

• • • •

•

•

SET DESIRED GIMBAL
ANGLES AS FOLLOWS:

IS ALIGNMENT TECH-
NIQUE OPTION CODE =

COOOl OR 0C0037

Y .N

GO TO
"C"

BELOW

#730

#740

P57/LUMINARY



»06

422
PS7/LUMINARV

•75P

f7&0

i770

#780

40S
P57/LUMINARY



THE OESIREO VALUES,
THE LGC HILL TURN ON
THE PROGRAM ALARM
LIGHT AND STORE
ALARM CODES 00211
AND 00217).

THE DESIRED VALUES,
THE LGC HILL TURN ON
THE PROGRAM ALARM
LIGHT AND STORE
ALARM COOES 00211
AND 00217).

TERMINATE COARSE
ALIGN MODE IN I SS.

TURN OFF “NO ATT"
L IGHT

OBSERVE termination
OF "NO ATT" LIGHT TO
INDICATE that IMU IS
NOH inertial.

DETERMINE GRAVITY
VECTOR, G, BY READ-

ING ACCELEROMETER
OUTPUTS

STORE 1/2 UNIT (G)

IN NAV BASE
COORDINATES AS G1

4Q7
423

P57/LUMINARY

*800

*810

*820

*830

*840

P57/LUMINARY



CALCULATE DESIRED
ICDU/GIMBAL ANGLES
TO ROTATE I MU STABLE
MEMBER 180 DEGREES
ABOUT G

CCMMANC ISS TO
COARSE ALIGN MODE.

TURN ON "NO ATT"
L IGHT

RESET TRACK FLAG

OBSERVE "NO ATT"
LIGHT TO INDICATE
THAT IMU IS IN
COARSE ALIGN MODE,
FOR ALIGNMENT TO THE
SECOND POSITION FOR
LUNAR GRAVITY DETER-
MINATION.

RESET DRIFT FLAG

RESET REFSMMAT FLAG

424
P57/LUMINARY

*850

#85C

#870

#880

#89 ^



(NOTE: IF AT THE ENO
OF COARSE ALIGNMENT,
THE GIMGALS ARE NOT
MITHIN 2 DEGREES OF
THE DESIRED VALUES,
THE LGC WILL TURN ON
THE PROGRAM ALARM
LIGHT AND STORE
ALARM COOES 002U
AND 00217).

TERMINATE COARSE
ALIGN MODE IN ISS.

INOTE: IF AT THE END
OF COARSE alignment,
THE GIMBALS ARE NOT
WITHIN 2 DEGREES OF
THE DESIRED VALUES,
THE LGC WILL TURN ON
THE PROGRAM ALARM
LIGHT AND STORE
ALARM COOES 00211
AND 002171.

TURN OFF "NO ATT"
LIGHT

OBSERVE TERMINATION
OF "NO ATT" LIGHT TO
INDICATE THAT IMU IS
NOW inertial.

DETERMINE NEW GRA-
VITV VECTOR G BV

READING ACCELERO-
METER OUTPUTS

STORE 1/2 UNIT IG)

A25
P57/LUMINARYm

#900

#910

#920

#930

#9V0

P57/LUMINARY



IN NAV (iASE

CDORalNATES AS (i2

DEFINE THE 1/2 UNIT
LUNAR GRAVITY VECTOR
TO BE THE UNITIZED
SUM OF G1 AND G2

POSS
HOLD . FLASH VERB-NOUN TO

REQUEST RESPONSE
SNAP . AND DISPLAY GRAV ERR

ANGLE:
V06 N04
Rl-GRAV ERR ANGLE
R2- BLANK
R3-BLANK

GRAV ERR ANGLE - THE
ANGULAR DIFFERENCE
BETWEEN PRESENT AND
ANY PREVIOUSLY DE-
FINED GRAVITY VECTOR.
POLARITY IS ALWAYS +.
IN DEGREES TO NEAR-
EST .01 DEGREES
(NOTE: P68 DEFINES
THE ACTUAL LANDING
SITE VECTOR REACHED
AS THE GRAV ITY VEC-
TOR. THEN V06NOA IN
P57, WHEN DISPLAYED
FOR the first time,
SHOWS THE ANGLE BE-
TWEEN THE ACTUAL
LANDING SITE AND THE

«+ GRAVITY VECTOR. IF

+C6 P68 WAS NOT PRE-

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE AND DISPLAY
OF GRAV ERR ANGLE.
(NOTE: P68 DEFINES
THE ACTUAL LANDING
SITE VECTOR REACHED
AS THE GRAVITY VEC-
TOR. THEN V06N04 IN
P57, WHEN DISPLAYED
FOR THE FIRST TIME,
SHOWS THE ANGLE BE-
TWEEN THE ACTUAL
LANDING SITE AND THE
GRAVITY VECTOR.

)

+

+

426
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#950

#960

#970

#980

410 P57/LUM1NARY



427
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*

*

IIBC

VIOUSLY COMPLETED,
THIS DISPLAY IS
MEANINGLESS ON THE
FIRST PASS. A PRE-
VIOUSLY DEFINED
GRAVITY VECTOR HAS
ONLY RETAINED FOR
COMPARISON IF THIS
DISPLAY HAS NOT
TERMINATED AT THAT
TIME BY V34E.I

411

»990

#100P

DO I HISH TO COM-
PLETE alignment NOH?

.N Y

flOlO

DO I HISH TO
REMEASURE THE
LUNAR GRAVITY
VECTOR?

•

•

•

•

•

•

. .Y
• •

• •

H.

•

•

•

•

•

#1020
HAIT FOR
ENTRY

KEYBOARD
• •

•

. RECYCLE

. V32E
•

•

•

•

#1030

KEY IN
TERMINATE
V34E

P57/LUM1NARY



KEY IN PRGCEEJ
TERMINATE FLASH UPUN
RECEIPT OF PROCEEDt
RECYCLE, OR
TERMINATE

DO FINAL AUTO-
MATIC REQUEST
TERMINATE ROUTINE
(Root

DO FINAL AUTO-
MATIC REQUEST
TERMINATE ROUTINE
(ROOI

"C"
FROM
ABOVE ...

EXIT P57 EXIT P57

"C"
FROM ABOVE

IS the ATTITUDE FLAG
SET?

CONSIDER THIS TO BE
THE FIRST PASS
THROUGH THE ALIGN-
MENT PROGRAM.
WAS A stored LM
ATTITUDE OR REFSMMAT
AVAILABLE AT THE
START OF This
PROGRAM?

A28
P57/LUMINARY

VIOAD

1*1050

#1060

#1070

#1080

412 P57/LUMINARY



CHECK THE TECHNI-
QUE OPTICN CODE

CHECK THE TECHNl
QUE OPTION CODE

.00000 .0 .0

.00001 .0 .0

. INOTE: .0 .0

.CN THE .0 .0

.FIRST .2 .3

.PASS • •

.THIS • •

.LJGIC • •

. PATH • •

.EXISTS • •

.IN THE • •

. PROGRAM • •

.AS SHO- • •

.WN. • •

.IT IS • •

.NEVER • •

• U j ED • •

.HOWEVER • •

.AS IT • •

.HAS BEEN • •

.PRECLU- • •

.DEO BY • •

.PREVIOUS • •

• LJG I C • • •

.SEE • •

.ABOVE).
•

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

00002 OCOOO
00003 00001

(NOTE: ON
THE FIRST
PASS THIS
LOGIC PATH
EXISTS IN
THE PROGRAM
AS SHOWN.
IT IS NEVER
USED HOWEVER
AS IT HAS
BEEN PRE-
CLUDED BY
PREVIOUS
LOGIC. SEE
ABOVE ).

429
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#1090

#1100

#1110

#1120

#1130

P57/LUMINARY



• • • •

DEFINE JNIT
LOS VECTORS AS
DBSCRIBEO IN
SECTION
5.6 OF R567.

SET STAR INDI-
CATOR = 0.

SET STAR INDI-
CATOR = 1

DO LJNAR SURFACE
SIGHTING MARK
ROUTINE (R59)

DO LUNAR SURFACE
SIGHTING MARK
ROUTINE IR59) FOR
CELESTIAL BODY #1

DO CELESTIAL BODY
DEFINITION ROU-
TINE (R58I FOR
CELESTIAL BODY

DO CELESTIAL BODY
DEFINITION ROUTINE
(R58) FOR CELES-
TIAL BODY ACTUALLY

430
P57/LUMI NARY

#ii4r

#1150

*1160

#1170

#1180

414
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ACTUALLY USED USED

IS STAR INDICATOR
GREATER THAN
ZERO?

. Y .N

IS TECHNIQUE OP-
TION CODE
= 00002 ?

Y N

DEFINE UNIT LOS
VECTOR AS DESCRI-
BED IN SECTION
5. 6. 2. 2 OF R567

... DO R59 FOR
. CELESTIAL BODY

#2

TRANSFORM LOS VEC-
TORS IN REFERENCE
COORDINATES TO DE-
SIRED IMU COOR-
DINATES

. DU R58 FOR CELE-

.. STIAL BODY #2

. ACTUALLY USED.

IS INITIAL ALIGN
FLAG SET?

IS THIS THE FIRST
PASS THROUGH THE
ALIGNMENT PROGRAM?

Y N
N Y

415 P57/LUMINARY

#1190

#1200

#1210

#1220

#1230

#1240

P57/LUMINARY



DO SIGHTING DATA
•

• •

•

• . DO SIGHTING CATA
nr QDI AV QOMT IMP

(R5A) • • • . (R54I

.E .E
•

• • • E E

• X • X • • .X X

.1 . I • • . I I

.T . T • • .T T

•

fl

•

II

• •

•
If If

•

.A . B • • .B A
•

•

^
ft

•

•

•

•

•

II fl

•

•

•

•

• • •

•

•

•

•

•

• • •

•

•

•

GO TO • • GO TO
• "0" • •

•

•

•

•

•

•

BELOW •

•

•

•

•

•

•

•

•

•

•

•

BELOW

COMPUTE DESIRED GYRO
TORQUING ANGLES.

IS INITIAL ALIGN
FUAG SET?

Y N.

IS THIS THE FIRST
PASS THROUGH THE
ALIGNMENT PROGRAM?

.N Y

POSS
HOLD .

SNAP .

FLASH VERB-NOUN
TO REQUEST RESPO-
NSE AND DISPLAY
GYRC TORQUING

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE AND OIS-

432
PST^LUNINARY

#1250

#1260

#1270

# 1280

P57/LUMINARY



•

•

•

•

•

. angles:

•

•

•

•

•

•

•

•

•

•

• PLAY OF GYRO TOR-
. V0uN93 • • QUING ANGLES.
. Rl-X GYRO • • THESE ANGLES WILL
. R2-Y GYRO • • BE APPLIED TO THE
. R3-Z GYRO
•

•

•

•

•

IMU UNLESS I RECY-
CLE. DO I WI SH TO

. IN DEGREES TO • • PERMIT GYRO TOR-

. NEAREST .001 UEG- • • QU1NG7

. REE. • •

•

• • • • • •

• • • • •

• • • • •

, WAIT FOR KFYrtdARD -

• •

••• KEY IN PROCEED •

. ENTRY

•

•

• •

•

•

•

•

•

•

•

•

• •

• •

« •

•

•

•

•

•

•

•

•

. KEY IN RECYCLE,

. V32E
•

. TERMINATE FLASH

. UPON RECEIPT OF

. PROCEED OR RE-

. CYCLE

•

•

•

•

•

•

• •

• •

• •

• •

. .P .R

. .R .E

. .0 .C

. .C .Y

. . E . C

. .E .L

. .D .E

« • •

•

•

•

•

•

•

•

•

•

•

• •

• •

• •

• •

• •

• •

• •

• •

• • •

• • • • •

•

•

• •

• • • •

• • •

. . GO TO
•

•

•

• . GO TO

. . "D" • . "D"

. . BELOW
• •

• •

•

•

•

•

•

. BELOW

IS ANY GYRO TORUUING
•

•

•

• WAS ANY GYRO TQRQU
ANGLE GREATER THAN • ING ANGLE GREATER

417 43 3

P57/LUMINARY

#1290

#1300

#1310

#1320

#1330

P57/LUMINARY
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5 DEGREES? THAN 5 DEGREES?

N Y Y N

#1340

CALCULATE DESIRED
ICDU/GIMBAL ANG-
LES TO ALIGN THE
IMU TO THE DESI-
RED ORIENTATION

#1350

PQSS
HOLD .

S NAP .

IS THE INITIAL
ALIGN FLAG SET?

.N Y

FLASH VERB-NOUN
TO REQUEST RE-
SPONSE AND DIS-
PLAY THE RESUL-
T ING ICOU GIMB-
AL ANGLES:

V06 N22
Rl - OG
R2 - IG
R3 - MG

IS THIS THE FIRST
PASS THROUGH THE
ALIGNMENT PRO-
GRAM?

.Y N.

MONITOR DSKY:
OBSERVE VERB-

NOUN FLASH TO
REQUEST RESPONSE
and display of
ICDU GIMBAL AN-
GLES AFTER PRO-
POSED LM IMU
ALIGNMENT

*1360

#1370

ALL GIMBAL AN-
GLES IN DEGREES
TO NEAREST .01

#1380

P57/LUMINARY



DECREE

RAIT FOR KEY-
BCARD ENTRY

KEY IN PROCEED

TERMINATE FLASH
UPON RECEIPT OF
PROCEED

.P

. R

. 0

.C

. E

. E

.0

COMMAND ISS TO
COARSE ALIGN MODE

TURN ON "NO ATT"
LIGHT

UflSERYE "NO ATT"
LIGHT TO INDICATE
THAT IMU IS IN

COARSE ALIGN MODE

RESET TRACK FLAG.

RESET DRIFT FLAG

A35

419 P57/LUMINARY

#139C

#1APC

«1A1P

#1A2C

#1A30

P57/LUMINARY



RESET REFSMMAT
FLAG.

CUARSE ALIGN ISS

(NOTE; IF AT END
OF COARSE ALIGN-
MENT THE GIMBALS
ARE NOT WITHIN 2

DEGREES OF THE
DESIRED VALUES,
THE LGC WILL TURN
ON THE PROGRAM
ALARM LIGHT AND
STORE ALARM CODES
00211 AND 00217).

INOTE: IF AT END
OF COARSE AL IGN-
MENT THE GIMBALS
ARE NOT WITHIN 2

DEGREES OF THE
DESIRED VALUES,
THE LGC WILL TURN
ON THE PROGRAM
ALARM LIGHT AND
STORE ALARM CJDES
00211 AND 00217).

TERMINATE COARSE
ALIGN MODE IN ISS

TORN OFF "NO ATT"
LIGHT

OBSERVE TERMINA-
T ION OF "NO ATT"
LIGHT TO INDICATE
THAT I MU IS NOW
INERTIAL

<,36

P57/LUMINARY

*1440

il450

*1460

*1470

#1480

426
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421
437

P57/LUMINARY

COHPJTE DESIRED . . . . .

’

GYRC TDRQUING .... (

ANGLES. ....
#1490

PULSE GYROS THROUGH
DESIRED ANGLES TO
ALIGN INU.

SET THE REFSMMAT
FLAG

#1500

DEFINE REFSMMAT TO

BB THE DESIRED IMU

ORIENTATION.

#1510

IS TECHNIQUE OPTION
CODE = COCCO?

IS TECHNIQUE OPTION
CODE = 000007

#1520

GO TO
"D"

BELOW

GO TO
" 0 "

BELOW
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#1530

13 INITIAL ALIGN • • MAS THIS THE FIRST
FLAG SET? • • PASS THROUGH THE

.N Y.

• •

• •

• • ALIGNMENT PROGRAM?
^

•

•

•

•

•

•

•

•

•

•

•

•

. Y

•

•

•

N.

•

•

•

• #1540

• •

• •

• •

•

•

•

•

•

• THE NEXT PASS IS .

•

•

•

•

• THE SECOND PASS. .

COMPUTE AND STORE • • •

PRESENT LM ATTITUDE
IN MOON FIXED COOR-
DINATES.

• » •

• #1550

SET ATTITUDE FLAG.

«Q.I

FROM
ABOVE

"D"
FROM ABOVE

#1560

HOLD . FLASH VERB-NOUN TO
......... REQUEST PLEASE PER-
SNAP . FORM FINE ALIGNMENT:

V50N25
R1 - 000 14

R2 - BLANK
R3 - BLANK

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
PLEASE PERFORM FINE
ALIGNMENT

#1570

#1580

00 I WANT TO TRY THE
ALIGNMENT AGAIN OR

42J>
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CHECK THE FI NE
ALIGNMENT?

. Y N,

WAIT FOrl KEYBOARD
ENTRY

KEY IN PROCEED
#1590

#1600

DO I WISH TO DETER-
MINE THE LM LUNAR
SURFACE POSITION
VECTOR?
(NOTE: THIS IS ONLY
APPLICABLE IF IN
OPTION #2, AND THIS
PROGRAM (P57) HAS #1610
BEEN PREVIOUSLY COM-
PLETED USING EITHER
OPTION #1 UR OPTION
#3. )

N Y.

KEY IN ENTER #1620

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
ENTER, JR TERMINATE.

KEY IN TERM-
INATE, V34E

E . T .P

N . E .R #1630
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OJ FINAL AUTO- . . DO FINAL AUTO-
MATIC REQUEST MATIC REQUEST
TERMINATE ROUTINE . . TERMINATE
(ROO) routine iROOl

EXIT P57 EXIT P57

IS TECHNIQUE OPTION IS TECHNIQUE OPT ION
CODE = 00002? CODE = 00002?

.N Y.

• •

• N

•

Y.

•

• •

• • • •

•

• • •

•

•

GO TO GO TO
**A" • ”A'* •

BELOW
•

•

BELOW •

•

•

CALCULATE THE PRES-
ENT LM LUNAR SURFACE
PGSITICN VECTOR IN
REFERENCE COORDI-
NATES FROM THE
STORED LUNAR GRAVITY
VECTOR, LATEST R

-LS

4AO
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*164r

#1650

#1660

# I67r

42^
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MAGNITUJE, AND THE
JUST-CONPUTEO
REFSMMAr

HOLD .

FLASH VERB-NOUN
SNAP . TO REJUEST RES-

PONSE AND DIS-
PLAY STORED
LANDING SIT E

COORDINATES.
V06Ni9
R1 - LAT
R2 - LONG/2
R3 - ALT

monitor DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE AND DISPLAY
OF COMPUTED LANDING
SITE COORDINATES.

LAT-SELENOGRA-
PHIC LATITUDE
OF THE LM LUNAR
SURFACE POSI-
T ION VECTDR.
POLARITY INDIC-
ATES NORTH ()
OR SOUTH (-1.
IN DEGREES TO

NEAREST .001
DEGREE.

MONITOR LGC
DOWNLINK
telemetry of
LAT, LONG/2,
AND ALT. CO-
ORDINATE
EVALUATIONS
OF LGC-COM-
PUTED PARA-
METERS WITH
THE CREW.

COORDINATE EVALU-
ATION OF THE LGC-
COMPUTED PARAMETERS
WITH THE GROUND.

LONG/2-SELENO-
GRAPHIC LONGI-
TUDE (DIVIDED
BY TWO) OF THE
LP LUNAR SUR-
FACE POSITION
VECTOR.
POLARITY INDIC-
ATES EAST (),
OR WEST (-). IN

IS THE DISPLAYED
DATA ACCEPTABLE?

Y N.

DO I HAVE BETTER
DATA FROM ANOTHER

4A1
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#1580

#1690

#1700

#1710

#1720
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degrees to

nearest .001
degree.

SOURCE?

N Y

alt-the alt I-

TUDE OF THE LM
LUNAR SURFACE
PCSITICN VECTOR
ABOVE THE RAD-
IUS AT THE MOST
RECENTLY DEFIN-
ED LANDING
SITE. IN NAUT-
ICAL MILES TO
NEAREST .01 NM.

WAIT FOR KEY-
BOARD ENTRY

KEY IN V25E
AND LOAD THE
CORRECT CO-
ORDINATES

TERMINATE FLASH
UPON RECEIPT OF
PROCEEC, TERM-
INATE, JR NEW
DATA

KEY IN TERMINATE,
V3AE

42
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#1730

#1740

#1750

#1760

# 1770
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0
C
E

E

D

R

M

N STORE
A DATA

E

11(1780

#1790

DO FINAL AUTO-
MATIC REQUEST
TERMINATE ROUTINE
IROOI

DO FINAL AUTO-
MATIC request
TERMINATE ROUTINE
IROO)

#1800

EXIT
P57

EXIT
P57

CALCULATE ( BASED ON
CREW-APPROVED N89I
AND STORE NEW VALUE
OF PRESENT R IN

-LS
MOON-FIXED COORDI-
NATES IN PLACE OF

PREVIOUS R .

-L S

TRANSFORM R TO
-LS

BASIC REFERENCE
COORDINATES AND

#1810
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STORE FOR THE DOWN-
LINK IN THE "LM
STATE VECTOR"
LOCATION, WITH TIME
OF TRANSFORMATION.

•

•

•

•

•

•

•

•

#1820

•

•

. "A"

•

•

•

. "A"
. FROM , FROM *1830
. ABOVE
• •

. ABOVE
• •

• •

• • • •

• •

• • • •

• •

00 FINAL AUTOMATIC . . DO FINAL AUTOMATIC
REQUEST TERMINATE REQUEST TERMINATE
ROUTINE IROOl . . ROUTINE IROO) #1840

00 FINAL AUTOMATIC . . DO FINAL AUTOMATIC
REQUEST TERMINATE REQUEST TERMINATE
ROUTINE IROOl . . ROUTINE IROO) #1840

EXIT
P57

EXIT
P57

#1850

CHANGE CONTROL NOTES

REV 01 PCR 106,138,234,439,469,489,608
REV OOILUM lA) PCR 696, 698
REV OlILUM lA) PCR 754, 755
REV 02 EDITORIAL
REV 03 EDITORIAL
REV 04(LUM 10) PCR 296, PCN 1009
REV 05(LUM IE) PCN 1145
REV 06 PCN 1180
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BRAKING PHASE PROGRAM (PS3I REV 06 12/01/71

PURPOSE:

A SSUMPTIONS:

06

1180

til TO CALCULATE THE REUJIRED TIME OF OPS IGNITION ITIG) ANO OTHER INITIAL CONOITIONS REQUIRED BT THE LGC FOR A
PGNCS-CCNTROLLEO, DPS-EXECUTE 0. BRAKING PHASE OF THE POWERED LANDING MANEUVER,

121 TO ALIGN THE LM TO THE THRUSTING IGNITION ATTITUDE.

(31 TO CONTROL THE PGNCS DURING COUNTDOWN, IGNITION, AND THRUSTING OF THE POWERED LANDING MANEUVER UNTIL HI GATE.

14) TO INDICATE THAT HI GATE HAS BEEN REACHED ITGO LESS THAN TENOBRAKI BY AUTOMATIC SELECTION OF THE APPROACH
PHASE PROGRAM tP64).

Ill THE LM IS ON A DESCENT COAST ORBIT IHOHMANN TRANSFER) APPROACHING THE BRAKING IGNITION POINT WHICH IS NOMINALLY
50.000 FT. ABOVE THE LUNAR RADIUS AT THE DESIGNATED LANDING SITE. THE DESCENT COAST ORBIT IS APPROXIMATELY COPLANAR
WITH THE CSM ORBITAL PLANE. IF THE DESIGNATED LANOIiNG SITE IS NOT IN THE DESCENT COAST PLANE AT THE NOMINAL TIME OF
LANDING THE PLANE CHANGE WILL BE ACCOMPLISHED BY THE POWERED LANDING MANEUVER IBRAKING PROGRAM IP63) AND APPROACH
PROGRAM IP64)I.

121 IF CIRCULARIZATION HAS NOT OCCURRED, THE CSM IS IN A 9X60 INM) ORBIT AROUND THE MOON. THE CSM IS MAINTAINING A

PREFERRED TRACKING ATTITUDE FOR OPTICAL TRACKING OF THE L M.

13) THE IMU IS ON AND ALIGNED TO A LANDING SITE ORIENTATION DEFINED FOR THE DESIGNATED LANDING SITE AND THE NOMINAL
TIME OF LANDING ITILANDII. THE LM HAS NOT YET BEEN ALIGNED TO THE CORRECT ATTITUDE FOR IGNITION FOR THE POWERED
LANDING MANEUVER.

14) THE LANDING RADAR IlR) WAS ENERGIZED AND CHECKED OUT, AND MADE READY AT LR POSITION #1 PRIOR TO
SELECTION OF THIS PROGRAM. RADAR DATA WILL NOT BE INCORPORATED INTO THE LM STATE VECTOR UNTIL THE ASTRONAUT SETS THE
LR PERMIT FLAG VIA V57E INDICATING HE IS SATISFIED WITH THE QUALITY OF THE DATA ITHE LR PERMIT FLAG IS RESET
BY ROD, OR BY EXTENDED VERB V58I .

151 THE LGC WILL NEITHER DESIGNATE NOR READ THE RENDEZVOUS RADAR IRR) DURING THIS PROGRAM.

16) THE LANDING ANALOG DISPLAYS ROUTINE IRIOI IS ENABLED AT THE START OF AVERAGE G AND IS TERMINATED UPON TERMINATION
OF AVERAGE G.

17) THE ENTIRE POWERED LANDING MANEUVER IBRAKING, APPROACH, AND LANDING) WILL BE ACCOMPLISHED USING THE DPS ENGINE.

181 THE AIM CONDITIONS FOR THE BRAKING PHASE ARE STORED IN THE LGC.

19) THE FOLLOWING PARAMETERS REQUIRED 3Y THIS PROGRAM HAVE BEEN STORED BY THE LGC SINCE LGC INITIALIZATION BY
ERASABLE REGISTER LOAD.

lA) THE LM AND CSM STATE VECTORS. THE LGC HAS UPDATED THESE AS REQUIRED. NO FURTHER STATE VECTOR UPDATES
FROM ANY EXTERNAL SOURCE OTHER THAN THE LR WILL BE ACCEPTED BY THIS PROGRAM.

(8) THE NOMINAL LANDING TIME AT THE DEilGNATED LANDING SITE ITILAND)) AND THE POSITION (RLSI

(101 THE DPS IS NOT THROTTLABLE OVER THE WHOLE RANGE FROM 0 TO MAXIMUM. IT MUST BE OPERATED EITHER AT MAXIMUM
THROTTLE OR OVER A SPECIFIC THROTTLE RANGE OF LOWER SETTINGS. THESE THROTTLE SETTINGS ARE SPECIFIED IN SECTION 5.3
OF R567 AND ARE TOTAL THROTTLE SETTINGS, I.E.: THE SUM OF THE MANUAL SETTING IWHOSE MINIMUM IS ABOUT ID PERCENT) AND
THE PGNCS COMMANDED SETTING.

THIS PROGRAM ASSUMES THE THROTTLE CONTROL TO BE IN "AUTO" ITHE DPS RECEIVES THE SUM OF THE MANUAL AND PGNCS
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* 06
H180

COMMANDED SETTINGSI AND THE MANUAL THROTTLE TO BE SET AT MINIMUM FOR "Z33MT1ME" SECONDS OF THRUSTINGt AND THEREAFTER
AT A LEVEL LESS THAN THAT REQUIRED BY THE LoC. THE VALUE "ZOQMTIME" IS IN ERASABLE STORAGE, HAVING BEEN LOADED PRIOR
TO launch or by P27.

DUE TO THE REGION OF FORBIDDEN THROTTLING, THRUiT COMMAND LJGIC IN CONJUNCTION WITH THE INTERIM TERMINAL CONDI-
TIONS (SEE ASSUMPTION (8)1 ASSURE THAT THE COMMANDED THROTTLE REMAINS AT MAXIMUM UNTIL THE GUIDANCE EQUATIONS
FIRST RECUIRE IT TO BE WITHIN THE ALLOWABLE THROTTLE RANGE. THEREAFTER IT SHOULD REMAIN WITHIN THE ALLOWABLE
THROTTLE RANGE. THIS PRINCIPLE IS DESCRIBED IN MORE DETAIL IN SECTION 5.3.4 OF R567. THE RESULT IS A SMOOTH
AND EFFICIENT THRUST ATTITUDE PROFILE THROUGHOUT THE BRAKlNa PHASE.

FURTHERMORE THE DPS MUST BE STARTED IN THE FOLLOWING SEQUENCE: hX AXIS ULLAGE FOR 7.5 SEC; IGNITION AT
MINIMUM THROTTLE! ULLAGE OFF 0.5 SECONDS AFTER IGNITION: MINIMUM THRUST UNTIL TIGIAS DEFINED BY R41) "ZOOMTIME"!
AND THEN MAXIMUM THROTTLE. THE THROTTLE SETTING THEN BECOMES CONTROLLED BY THE GUIDANCF EQUATIONS.

Ill) DURING the powered LANDING MANEUVER, THE LGC mILL MONITOR THE PRESENCE OR ABSENCE OF THE "NON-ATT I T JDE HOLD”
DISCRETE. THIS DISCRETE IS ISSUED TO THE LGC WHEN THE ATTITUDE MODE CONTROL SWITCH IS IN THE AUTO POSITION.

SHOULD THIS DISCRETE APPEAR DURING THE POWERED LANDING MANEUVER, THE LGC ASSUMES THAT IT NO LONGER HAS COMPLETE
AUTOMATIC CONTROL OF THE S/C ATTITUDE.

THE MONITOR AND THE ASSOCIATED LGC LOGIC IS INCLUDED IN THE LANDING AUTO MODES MONITOR ROUTINE (R13) WHICH WILL
BE CALLED BY THIS PROGRAM.

(12) THE X-AXIS OVERRIDE OPTION PROVIDES THE CREW WITH THE ABILITY TO EXERCISE MANUAL CONTROL ABOUT THE LM X AXIS
WITH THE ATTITUDE CONTROLLER EVEN THOUGH THE PGNCS ATTITUDE CONTROL MODE IS AUTO. WHEN THE CONTROLLER IS RETURNED
TO DETENT THE PGNCS DAMPS THE YAW RATE, STORES THE YAW ATTITUDE WHEN THE YAW RATE IS DAMPED, AND THEN MAINTAINS THAT
ATTITUDE.

THE X-AXIS OVERRIDE OPTION IS AVAILABLE TO THE CREW (UNTIL THE ESTIMATED ALTITUDE IS BELOW 30,000 FEET), HOWEVER
IT SHOULD NOT BE EXERCISED WHEN THE LGC IS SPECIFYING A DESIRED YAW ATTITUDE, I.E.: DURING THE ATTITUDE MANEUVER TO
THE THRUSTING ATTITUDE ISEE R60 ) . THE OPTION IS INHIBITED BY THIS PROGRAM FROM MIDWAY IN THE PROGRAM (SEE ASSUMPTION
113) BELOW) TO THE END.

(13) THE LGC SPECIFIES LM ATTITUDE DURING THE POWERED LANDING MANEUVER BASED UPON THE REQUIREMENTS OF THRUST
VECTOR CONTROL, LANDING SITE VISIBILITY, AND LR ORIENTATION. AFTER DPS IGNITION, THRUST VECTOR CONTROL IS REQUIRED
THROUGH THE REMAINDER OF THIS PROGRAM. THE LANDING SITE BECOMES VISIBLE AT THE BEGINNING OF THE APPROACH PHASE.

THRUST VECTOR CONTROL DOES NOT CONSTRAIN THE LM ORIENTATION ABOUT THE THRUST AXIS (YAW ATTITUDE). ROTATION
ABOUT THE LM Y AND LM Z AXES IS USED TO POINT THE MEASURED THRUST VECTOR ALONG THE DESIRED THRUST VECTOR.

THE FIRST RESTRAINT. UPON, THE LM YAW ATTITUDE TO OCCUR IS THAT OF LR ORIENTATION. AUTOMATIC X-AXIS OVERRIDE
LOCKOUT IDONE BY R12) ANO YAW ATTITUDE SPECIFICATION BY THE LGC WILL NOT OCCUR UNTIL THE LGC ESTIMATED ALTITUDE IS
30,000 FT. BEFORE THIS TIME, THE ASTRONAUT MUST MANEUVER TO A ROUGHLY-W I NDOW-UP YAW ORIENTATION TO PREVENT SUBSEQUENT
LOSS OF S-BAND LOCK ON. THE LGC WILL THEN COMMAND THE VEHICLE TO THE L GC- SP EC I F I ED YAW ATTITUDE.

SUBSEQUENT TO X-AXIS OVERRIDE LOCKOUT, CONTROL OF THE VEHICLE ABOUT THE LM X AXIS IS GOVERNED BY LR ORIENTATION
REQUIREMENTS DURING THIS PROGRAM. THE LANDING SITE BECOMES VISIBLE TO THE COMMAND PILOT IF THE LOOK ANGLE (THE ANGLE
BETWEEN THE LM -X AXIS AND THE LOS TO THE LANDING SITE) IS GREATER THAN 25 DEGREES AND THE LOS IS IN OR NEAR THE
LM </Z PLANE.

AT ANY TIME DURING P63 OR P64, THE MAGNITUDE OF THE LOOK A.NGLE ANO THE ORIENTATION OF THE LOOK ANGLE PLANE
(THAT PLANE CONTAINING THE LOS AND THE LM X AXIS) ARE DEFINED BY THE HERTIAL ORIENTATION OF THE LM X AXIS AND THE
POSITION OF THE LM WITH RESPECT TO THE LANDING SITE.

114) THE CREW HAS THE CAPABILITY TO DISPLAY LGC CALCULATED VALUES OF FORWARD VELOCITY, LATERAL VELOCITY, ALTITUDE AND
ALTITUDE RATE ON CERTAIN LM METERS DURING THIS PROGRAM. THE CALCULATION OF THESE PARAMETERS IS UNDER THE CONTROL OF
THE LANDING ANALOG DISPLAYS ROUTINE (RIO).

(15) THE RATE OF DESCENT (ROD) MODE (S NOT ENABLED DURINo THIS PROGRAM (SEE LANDING PHASE PROGRAM (P66), ASSUMPTION
12 FOR DEFINITION OF ROD MODE).

(16) AN ABORT FROM THE LUNAR DESCENT MAY BE REQUIRED AT ANY TIME DURING THE CESCENT ORBIT INJECTION, THE DESCENT
COAiT, OR THE POWERED DESCENT (P63), (P64), OR (P66).

FOR ABORTS FROM THE DESCENT ORBIT INJECTION OR THE DESCENT COAST IT IS ASSUMED THAT SUFFICIENT TIME EXISTS TO
PERFORM A TPI MANEUVER (SEE TRANSFER PHASE INITIATION (TPI) PROGRAM (P34)) TO INTERCEPT THE CSM DIRECTLY.

FOR ABORTS AFTER OPS IGNITION FUR THE POWERED LANDING MANEUVER, TIME IS CRITICAL. DURING THIS PERIOD AN ABORT IS

43P
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NOMINALLY COMMANDED BY PUSHING ONE OF TWO BUTTONS IN THE LM. THE ABORT MAY BE COMMANDED TO USE THE DESCENT STAGE
(ABORT BUTTON) OR THE ASCENT STAGE (ABORT STAGE BUTTON). IF THE DESCENT STAGE IS SELECTED, AND THE DPS PROPELLANT
APPROACHES EXHAUSTION, CONTROL MUST BE SWITCHED TO THE ASCENT STAGE BY THE CREW BY ASCENT STAGE SELECTION (ABORT STAGE
BUTTON)

.

DURING THE POWERED LANDING MANEUVER THE LGC WILL CONTINUOUSLY MONITOR THE ABORT AND ABORT STAGE DISCRETES, AND
UPON RECEIPT OF EITHER WILL TERMINATE THE PROGRAM IN PROCESS AND CALL THE APPROPRIATE ABORT PROGRAM (DPS ABORT PROGRAM
IP73) OR APS ABORT PROGRAM (P7l)) UNLESS DIRECTED TO IGNORE THESE DISCRETES BY THE DAP DATA LOAD ROUTINE (ROB).
BOTH ABORT PROGRAMS WILL GUIDE THE LM TO AN ORBIT AS SPECIFIED IN SECTION 5.4 OF R5b7.

THE MONITOR OF THE ABORT AND ABORT STAuE PUSHBUTTONS IS CONTROLLED BY THE ABORT DISCRETES MONITOR ROUTINE (RID
WHICH WILL BE ENABLED BY THIS PROGRAM.

(17) IF A THRUSTINu MANEUVER IS PERFORMED WITH THE GUIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL S)NITCH IN
AUTJ, THE PGNCS WILL CONTROL THE TCTAL VEHICLE ATTITUDE AND GENERATE EITHER MODE I OR MODE II ATTITUDE ERRORS AND
VEHICLE ATTITUDE RATES (SEE ASSUMPTION (19)) FOR DISPLAY ON THE FOAl. THE CREW MAY EXERCISE CONTROL AROUND THE YAW
AXIS ONLY WITH THE ACA (X-AXIS OVERRIDE) IF THE X-AXIS OVERRIDE CAPABILITY IS PERMITTED BY THE PROGRAM IN PROCESS.
THIS MANUAL CONTROL WILL BE IN RATE COMMAND/ ATT ITU DE HOLD MODE.

IF A thrusting maneuver IS PERFORMED WITH THE GUIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH IN

ATTITUDE HOLD THE PGNCS WILL HOLD THE VEHICLE ATTITUDE AND WILL GENERATE EITHER MODE I OR MODE II ATTITUDE ERRORS
FOR DISPLAY ON THE FDAI. THE CREW MAY EXERCISE MANUAL ATTITUDE CONTROL ABOUT ALL VEHICLE AXES WITH THE ACA IN EITHER
THE RATE COMMAND OR MINIMUM IMPULSE MODE DEPENDING UPON THE STATUS OF THE PULSES FLAG. THIS FLAG IS RESET BY P12,
P4C,P41,P42,P63,P70,P7l AND R40 AT MAIN ENGINE IGNITION. IT IS STRONGLY RECOMMENDED THAT POWERED FLIGHT NOT BE

ATTEMPTED IN THE MINIMUM IMPULSE MODE. THE PULSES FLAG IS ALSO SET OR RESET BY EXTENDED VERBS 76 (MINIMUM IMPULSE)
AND 77 (RATE COMMAND) RESPECTIVELY. DURING A THRUiTiNG MANEUVER IN THE PGN S/ ATT I TUDE HOLD MODE THE ASTRONAUT IS

RESPONSIBLE FOR MAINTAINING SMALL ENOUGH ATTITUDE ERRORS TO ACHIEVE GUIDANCE OBJECTIVES.

(18) CONTROL UF THE LM DPS, RCS AND APS IS TRANSFERRED FROM THE PGNCS TO THE ABORT GUIDANCE SYSTEM (AGS) BY PLACING
THE GUIO CONT SWITCH FROM PGNS TO AGS.

THE AGS WILL BE CAPABLE OF TAKING OVER CONTROL OF THE LM DURING ANY PORTION OF THE LUNAR DESCENT OR ASCENT OR
DURING EITHER OF THE ABORT PROGRAMS (P7C OR P71). THE AGS WILL GUIDE THE LM TO A SAFE ORBIT.

THE AGS MAY BE INITIALIZED BY THE LGC AT ANY TIME BY MANUAL SELECTION OF THE AGS INITIALIZATION ROUTINE (R47).
IN THE EVENT THAT THE GUIDANCE CONTROL SWITCH IS CHANGED FROM PGNS TO AGS DURING A THRUSTING MANEUVER, THE LGC

WILL CONTINUE COMPUTATION OF POSITION AND VELOCITY, THE DESIRED THRUST VECTOR, AND THE FDAI ATTITUDE ERROR NEEDLE
DISPLAY.
HOWEVER The PGNCS WILL NOT BE RESPONSIBLE IF REGISTER OVERFLOWS OCCUR WITHIN THE LGC.

(1°) THE PGNCS CAN GENERATE TWO TYPES OF ATTITUDE ERRORS FOR DISPLAY ON THE FCAI;

MODE 1 - SELECTED BY EXTENDED VERB 61. AUTUPILUT FOLLOWING ERRORS USED AS A MONITOR OF THE DAP'S ABILITY
TO TRACK automatic STEERING COMMANDS.

MODE II - SELECTED BY EXTENDED VERB 62. TCTAL ATTITUDE ERRORS USED TO ASSIST CREW IN MANUALLY MANEUVERING
THE VEHICLE.

PGNCS - DERIVED VEHICLE ATTITUDE RATES MAY ALSO BE DISPLAYED VIA SELECTION BY EXTENDED VERB 60.
DISPLAY SELECTION IS ALWAYS BASED UPON THE LAST ENTRY MADE IN THE DSKY, WITH THE EXCEPTION THAT MODE II ATTITUDE
ERRORS are AUTOMATICALLY SELECTED AT THE BEGINNING CF R60.

FOR A MORE DETAILED DESCRIPTION OF THESE DISPLAYS REFER TO SECTION 3 OF R567, PARA. 3.2.6

(20) THE EVENT TIMER WAS SET PRIOR TO SELECTION OF THIS PROGRAM TO COUNT TO ZERO AT T BRAK BASED ON A TIME FROM
IGNITION PROVIDED JY THE GROUND.

(21) THE CAP DATA LOAD ROUTINE (ROJ) HAS BEEN PERFORMED PRIOR TO SELECTION OF THIS PROGRAM. AT THAT TIME THE DPS
ENGINE GlMBAL SHOULD HAVE BEEN DRIVEN TO THE CORRECT TRIM POSITION.

(22) DURING DPS BURNS ON.Y, THE PITCH-ROLL RCS JET AUTOPILOT (U AND V JETS) MAY BE DISABLED {V65) OR

ENAILED (V75) BY EXTENDED VERB AS SHJwN. THIS CAPABILITY IS INTENDED TO BE USED TO PREVENT LM AND DESCENT STAGE
THERMAL CONSTRAINT VIOLATIONS DURlNu CSM-DOCKED DPS BURNS (P4C). THE CAPABILITY EXISTS DURING P63 AND P 70 ALSO.
PERFORMANCE OF FREGH START (VJ6E) WILL ALWAYS ENABLE THE PITCH-ROLL JfTS.
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(2JI THE ASTRONAUT MAY MONITOR THE FULLU«INi, AUOITICNAL PARAMETERS DUklNO THIS PROGRAM (AFTER COMPLETION OF THE
IGMTION ALGORITHM) BY KEYING IN VI6N68E:

VI6 N68
Rl-HOR RANGE
R2-TG
R3-VI

HOR RANGE - HOT RANGE FRO FROM THE LM TO THE DESIGNATED LANDING SITE. IN NAUTICAL MILES TO NEAREST .1 NM.

TG - THE ESTIMATED TIME GF FLIGHT FROM THE PRESENT TIME TO THE ACCOMPLISHMENT OF THE CURRENT
AIM CONDITIONS. IN MINS AND SECS TO NEAREST SEC. MAX READING IS 59B59. SIGN IS -.

VI - MAGNITUDE OF LM INERTIAL VELOCITY R I TH RESPECT TO THE REFERENCE COORDINATE SYSTEM. IN FP S TO NEAREST
.1 FPS.

(24) LGC AND CRER PROCEDURES IN CASES OF LGC-ASSUMED THRUST FAILURE ARE DEFINED BY THE DPS/APS THRUST FAIL ROUTINE
{R40). THIS ROUTINE IS ENABLED AT DPS IGNITION BY THIS PROGRAM.

125) THIS PROGRAM IS SELECTED BY THE ASTRONAUT BY CSKY ENTRY. IT SHOULD BE SELECTED AT LEAST 2C MINUTES BEFORE THE
NOMINAL TIME OF IGNITION FOR THE POWERED LANDING MANEUVER IT 8RAK).

126) IT IS NORMALLY REQUIRED THAT IHt I SS BE ON FOR A MINIMUM CF 15 MINUTES PRIOR TO A THRUSTING MANEUVER.

(27) ENGINE IGMTION MAY BE SLIPPED BEYOND THE ESTABLISHED TIG IF DESIRED BY THE CREW DR IF STATE VECTOR INTEGRATION
CANIQT BE completed IN TIME. FOR A SUCCESSFUL LANDING. NO SLIP SHOULD BE PERMITTED.

128) THREE ALARM CONDITIONS MAY BE ORIGINATED BY TEE PGNCS POWERED LANDING EQUATIONS:

(A) IF SUBROUTINE ROOTPSRS IN THE Ro/V^ CALCULATION FAILS TO CONVERGE IN 8 PASSES THE LGC WILL TURN ON THE
PROGRAM ALARM lIGHT, STORE PROGRAM ALARM 01406, STOP ALL VEHICLE ATTITUDE RATES, AND CONTINUE.
THIS ALARM COULD ONLY OCCUR IN P63 OR P64. (NOTE: IF THIS CONDITION OCCURS BEFORE IGNITION DURING THE
IGNITION ALGORITHM, THE RESULT WILL BE A POODOO ALARM, 21406).

(B) IF AN OVERFLOW OCCURS ANYWHERE IN THE LANDING GUIDANCE EQUATIONS THE LGC WILL TURN ON THE PROGRAM ALARM
LIGHT, STORE ALARM CODE 014L0, STOP ALL VEHICLE ATTITUDE RATES AND CONTINUE. THIS ALARM COULD OCCUR IN
P63,P64, OR P66.

(C) IF THERE ARE TOO FEW THROTTLINGS SINCE THE LAST P66 OMISSION, THE LGC WILL TURN ON THE PROGRAM
ALARM light, STORE ALARM CODE 01466, AND BRANCH T3 THE V06 N6r DISPLAY. THIS ALARM COULD ONLY OCCUR IN P66.

(29) THIS PROGRAM ALLOWS MANUAL CONTROL OF LM ATTITUDE AND THE SELECTION OF P66.
DURING P63 (AND P64) THE ASTRONAUl CAN DISPLAY THE PGNCS TOTAL GUIDANCE ERROR UN THE FOAI ERROR NEEDLES

(ATTITUDE MON SWITCH IN PGNCS) BY HAVING KEYED IN Vb2 THRU THE DSKY. HE CAN THEN STEER OUT THE PGNCS P63 ATTITUDE
ERRORS WITH THE AGS MANUALLY (GUIO CQNT IN AGS AND AGS MODE CONTROL IN ATT HOLD): OR WITH THE PGNCS MANUALLY (GUIO
CONT IN PGNCS AND PGNCS MUDE CONTROL IN ATT HOLD) OR AUTOMATICALLY (PGNCS MODE CONTROL IN AUTO). THUS THERE ARE THREE
ATTITUDE CONTROL SUBMODES IN P63 (AND P64): AGS MANUAL; PGNCS MANUAL: OR PGNCS AUTO.

A CAUTIONARY NOTE: IF THE ASTRONAUT HITS THE ROD ( R AT E-OF-OE SCE N T ) SWITCH WHILE HE IS IN PGNCS ATT HOLD, THE LGC
WILL IRREVOCABLY TRANSFER HIM INTO THE LANDING PHASE PROGRAM, P66.

(30) THE ASTRONAUT MAY MONITOR THE FOLLOWING PARAMETERS BY KEYING IN V16 N92E:

(A) V16 N92
Rl- THRCMD
R2- HOOT
R3- H

432
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CONT

451
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THRCMD- THE PERCENT THROTTLE DESIRED BY THE LGC . BASED ON THE DPS RATED THRUST OF 10,500 POUNDS. IN PERCENT
TO NEAREST PERCENT. INOTE: IN P63 MURE THRUST IS DESIRED THA*! CAN BE DELIVERED BY THE DPS; THEREFORE, R1 MAY
SHOW MORE THAN 100 PERCENT IWHILE THROTTLE IS AT 100 PERCENT DELIVEREDI. AT THROTTLE RECOVERY I THROTTLE
DOWN) R1 WILL DISPLAY +00057; AT HALF-TH ROT TLE , R1 WILL DISPLAY +C0C50).

HOOT - THE PRESENT RATE OF CHANGE OF ALTITUDE IH). IN FPS TO NEAREST .1 FPS.

H- THE PRESENT ALTITUDE OF THE LM ABOVE THE LUNAR RADIUS AT THE DESIGNATED LANDING SITE. IN FEET TO
NEAREST FOOT.

LGC GROUND CREW

CREW
PROGRAM
SELECT ION

START BRAKING PHASE KEY IN BRAKING PHASE
PROGRAM IP63) . PROGRAM IP63)
DISPLAY P63 V37E 63E

MONITOR DSKY:
OBSERVE DISPLAY 3F

P63

#20

DC IMU STATUS . . DO I MU STATUS
CHECK ROUTINE (R02I CHECK ROUTINE IR02)

#30

P63/LUMINARY



SET OPS DELTA V

THRESHOLD FOR USE BY
RAO

SET DELTA V COUNTER
= 4 FUR USE BY RAO

REMOVE RR TRACK
ENABLE DISCRETE FRCM
THE RR.

RESET TERRAIN MODEL
INHIBIT FLAG

RESET NJ THROTTLE
FLAG

RESET BEDES IGNATION
FLAG

RESET LR BYPASS FLAG

A52
P63/LUMINARY

«AO

#50

#60

#70

#80

434
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SET HUNFLAG

RESET P25 FLAG
#90

RESET RENDEZVOUS
FLAG

#100

CALL IGNITICN ALGO-
RITHM TO DEFINE
NOMINAL TIME OF
IGNITION ITIG) FOR
THE POWERED LANDING
MANEUVER, T I PE TO GO
(TGI FROM DPS FULL
THRUST (NOMINAL TIG
"ZOQMTIME" SECI TO
THE AIM CONDITIONS
(HI GATEI, AND THE
THRUST VECTOR ALIGN-
MENT AT TIG.
(REFER SECT (ON
5.3 OF R567I
(NOTE: IF THE IGNI-
TION ALGORI THM does
NOT CONVERGE, A PRO-
GRAM ALARM (01412)
WILL RESULT.)

.GOOD ALARM.

.EXIT EXIT.

N69 PROVIDES THREE-
COMPONENT CORREC-
TIONS TO THE LANDING
SITE VECTOR IN

stable member coor-
dinates. IF THE NOUN
IS LOADED BEFORE THE
IGNITION ALGORITHM,
THE CHANGE W ILL BE
INCORPORATED IN THE
IGNITION ALGORITHM,
THUS INFLUENCING
LIGHT-UP TIME; IF
THE NOUN IS LOADED
BETWEEN THE IGNITION
algorithm and the
START OF GUIDANCE,
THE CORRECTION WILL
BE INCORPORATED AT
THE START OF GUI-
DANCE; IF THE NOUN
IS LOADED AFTER THE
START OF GUICANCE

#110

#120

P63/LUM1NARY



( AT THKUI TLE-UP ) ,

THE CURKECr ICf4 ILL
BE INCORPOkATED
IM'TEOIATELY.
(iTUTE: SINCE RLS IS

NOT CHANGED, RESEL-
ECT ION OF Pi>3 WILL
DESTROY ANY CHANGES
MADE JSlNu THIS
TECHNI JOE.

)

TURN ON PROGRAM
ALARM LIGHT AND
STORE ALARM
CODE 0 1412

DOES PROGRAM ALARM
LIGHT INDICATE PRO-
GRAM ABNORMALI TY?

Y N,

STORE THE DESIRED
ATTITUDE SPECIFI-
CATION FOR LISE

BY THE ATTITUDE
MANEUVER ROUTINE
(R60).
THE FINAL ATTITUDE
WILL BE COMPUTED TO
POINT THE LM tX AXIS
IN THE INITIAL
THRUST DIRECTION.
HOWEVER, IN ORDER TO
CONSERVE RCS FUEL
AND NUT CONSTRAIN
THE NCN-CRITICAL
ATTITUDE ABOUT THE
THRLST VECTOR, WINGS
MAY NUT BE LEVEL
IN THE COMPUTED

KEY IN VO5N0S
and identify
ALARM CODE. CODE
01412 INDICATES
THAT THE IGNI-
TION ALGORITHM
WILL NUT CON-
VERGE. CREW MUsT
RESPOND WITH
V96E OR NEW PRO-
GRAM SELECTICN
IV37EXXE). CCN-
SULT BACKUP PRO-
CEDURES.

P63/LUMINARV

»13C

l»14C

»15C

#16C

#170
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FINAL ATTITUDE

HOLD . FLASH VERB-NOUN TO

REQUEST RESPONSE AND
MEN . DISPLAY MANEUVER

PARAMETERS COMPUTED
FOR IGNITION TIME:

V06N6I
Rl-TG
R2-TF I

R3-CR0SSRANGE

MONITOR DSRY:
OBSERVE VERB-

NOUN FLASH TO
REQUEST RESPONSE
AND DISPLAY OF
TG, TFI, AND CROSS
RANGE.

TG-THE ESTIMATED
TIME OF FLIGHT TO
THE ACCOMPLISHMENT
OF THE AIM CONDI-
TIONS IHI GATE*. IN

MINS AND SECS TO
NEAREST SEC. MAY
READING IS 59859.
SIGN -.

THIS VALUE WILL INI-
TIALLY BE THE TIME
FROM FULL THRUST TO

HI GATEi AND WILL
REMAIN UNCHANGED
UNTIL FULL THRUST
IS CCMMANDED.

TFI-TIME FROM
NOMINAL DPS IGNITION
I TIG). IN MINS AND
SECS TO
NEAREST SEC. MAX
READING IS 59B59.
SIGN IS - BEFORE
NCMINAL TIGt +

THEREAFTER.

RESET EVENT TIMER
WITH TFI.

A55
P63/LUMINARY437

#180

#190

#200

#210

#220
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CROSSRA.'JGE-

THE QUT-OF-PLANE
distance between the
INITIAL LM 3RBITAL
PLANE AND TEE PRE-
SENTLY DESIGNATED
LANDING SITE. POLAR-
ITY INDICATES THE
DESIGNATED SITE
IS NORTH (*1

DR SOUTH (-1 OF THE
ORBITAL PLANE. IN
NAUTICAL MILES TO
THE NEAREST .1 NM.

*230

»2Ar

WAIT FOR KEYBOARD KEY IN PROCEED
ENTRY .

TERMINATE FLASH UPON
RECEIPT OF PROCEED.

#25C

l*26C

COMMAND ZERO ATTI-
TUDE ERRORS

438.
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SET 1 DEGREE DEAD-
BAND.

»27r

*280

DO ATTITUDE MANEUVER , » DO ATTITUDE MANEUVER
ROUTINE 1R50I • • ROUTINE 1R60)
(NOTE: THE 3-AXIS
FLAG HAS ASSUMED TO

BE RESET BY ROD AND
HILL NOT BE RESET
AGAIN AT THIS TIME
FOR THIS MANEUVER).

•

•

•

•

•

#290

IS THE LANDING RADAR
POSITION *1 DISCRETE
PRESENT?

*300

POSS
HCLD .

SNAP .

FLASH VERB-NOUN
TO REQUEST
PLEASE PERFORM
LR DESCENT POS-
ITION SELEC-
T UN:

V50 N25
Rl-nC500
R2-BLANK

MONITOR DSKY:
DOES VERB-NOUN

FLASH TO REQUEST
PLEASE PERFORM LR
DESCENT POSITION
SELECTION?

Y .N

#310

P63/LUMINARY



R3- BLANK

HAS LR BEEN
MANUALLY CUMMAN-
UEO TU UESCENT
POSl TI UN?

N .Y

MQMENfARILY
PUT LDG ANT
SWITCH TO
"OES" THEN
PUT IN ••AUTO"
POSl TION

WAIT FOR KEY-
BCARD ENTRY

KEY IN
PROCEED

TERMINATE FLASH
UPON RECEIPT OF
PROCEED OR
ENTER

KEY IN ENTER

«sa
M3/LUNINUnr

•320

•330

•340

•350

• 360

440 P63/LUHINARY
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E C

E

E

0

«37C

SET STIL8ADH
AND STILBADV

+ REGISTERS = 2

06 FOR USE 8Y
R20

1180
.

*380

SET L.M.Ri
AND S COUNT-
ERS = 0 FOR
USE BY R12

(*39P

SET 511CTR
TO 4

11(400

HAVE PGNS CONTROL
AND AUTO ATTITUDE
CONTROL MOOES BEEN
SELECTED? #410

Y N

P63/LUHINARY



IS THE APS FLAG
SET?

• Y N

06

«•

1180
+

IS AUTG THROTTLE
DISCRETE BACKUP
SET?
ICHANBKJP BIT
A = 1?)

Y . M

HAS THE AUTO
THROTTLE MODE
BEEN SELECTED?

.Y N.

POSS
HELD .

SNAP .

FLASH VER8-
NJUN TO RE-
CUEST PLEASE
PERFORM PGNS
CONTROL, AUTO
ATTITUDE CON-
TROL, AND AUTO
THROTTLE MODE
selection:

V50 N25
RI-DC203
R2-BLANK
R3-9LANK

MONITOR DSKY:
DOES VERB-NOUN
FLASH TO REDDEST
PLEASE PERFORM
PGNS CONTROL, AUTO
ATTITUDE CONTROL,
AND AUTO THROTTLE
MODE SELECTION?

HAVE REDUESTED
MODES BEEN SELE-

660
P63/LUMINARY

#620

#A3r

#640

#650

#660

44 '^
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CTED7

.N

DO I WISH TO
HAVE THESE
MODES SELECTED
DURING THE
THRUSTING
MANEUVER?

. Y .N

SET GUIDANCE
CONTROL SWITCH
TO PGNS, ATT-
ITUDE CONTROL
SWITCH TO
AUTO, AND
THROTTLE
SWITCH TO AUTO

WAIT FOR KEY-
BOARD ENTRY

KEY IN PROCEEC

TERMINATE
FLASH UPON
RECEIPT OF
PROCEED OR
ENTER

KEY IN ENTER

E

N

P

R
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T .0
E .C
R .E

.E

.0

• . . .

* RESET ENGINE ON FLAG

+ use
+ +

CCMMAND DPS OFF

ZERO DPS AUTO
THROTTLE

+

06 SET TDECl = TIG
+ -29.9 SEC.

+ 1180

INTEGRATE CSM STATE
VECTOR TO TDECl

A62
P53/LUMINARY

#520

#530

#540

#550

#560
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DO STATE VECTUR IN-
TEGRAT ION (MID TO
AVEI ROOTIME IRAl)
( NOTE: ENTER R41 AT

"A")

.NO TIG.

.TIG SLIP.

.SLIP

DO STATE VECTOR IN-
TEGRATION IMID TO
AVEI ROUTINE IRAll.
OBSERVE THAT THE
COMPUTER ACTIVITY
LIGHT IS ON UNTIL
COMPLETION OF R4l

06
«

1180

(NOTE: RAl WILL
DEFINE TIG TO BE

THE TIME TO WHICH
R41 DID INTEGRATE
THE LM STATE
VECTOR PLUS 29.9
SECOIOS. )

CALL BLANKING OF
OSKY AT TIG-35
SBC. (SEE "A"
BELOW)

TEMP
HOLD .

DISPLAY ON DSKY:
MON . V06 N62

R1 - VI

R2 - TFI
R3 - DELTA VM

VI - MAGNITUDE OF LM
inertial velocity

MONITOR DSKY:
OBSERVE DISPLAY OF
VI , TFI , AND DELTA
VM.
(NOTE: IF T IG HAS
BEEN SLIPPED BY R41 ,

THE TFI DISPLAY (R2)
AT THIS TIME WILL BE

445
463
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#580

#590

»6or

#61C
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WITH RESPECT TO THE REFERRED TO THE NEW
REFERENCE COORDINATE TIG.

I

SYSTEM. IN FPS TO
NEAREST .1 FPS.
(NOTE: THIS DISPLAY
(Rl» REMAINS CON-
STANT AT THE VALUE
APPROPRIATE TO AVER- UPDATE EVENT TIMER
AGE-G INITIATION, IF DESIRED.
UNTIL TIG-30 THE
VALUE IS AN EXTRA-
POLATED VALUE GOOD
AT TIG-30.1

i62C

*630

TFI-SEE DEF INITION
ABOVE

DELTA VM-MEASURED
DELTA V MAGNITUDE.
IN FPS TO NEAREST
.1 FPS. THIS DIS-
PLAY WILL BE 00000
UNTIL TIG-30 SEC AND
THEN SHOULD CHANGE
ONLY DUE TO PIPA
BIAS UNTIL ULLAGE IS
STARTED.

*640

EXIT
(NCTE: THIS IS

NOT A P£3 EXIT.
SEE "A" BELOW. I

#650

VEKIFY/SET THRUST/
translation ccntrql-
LER TO MINIMUM
THRUST POSITION. #660

ARM OPS. (AUTO
THROTTLE SIGNAL IS

44B P63/LUMINARY
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ENAdLtD TO DPS AND
THRUST INOICATGR).

CHECK THRUST INDICA-
TOR (RIGHT SI DEI TO
ENSURE AUTO THROTTLE
COMMAND IS ZEROED
ID PERCENT INCICA-
TIONI. 1680

Y .N

GO TO
BACKUP
PRDC£>
URES> A6°0

CHECK STATUS OF C/R
LAMPS

*700

"A"
FROM
ABOVE

.

BLANK THE D SKY DIS- MONITOR OSKY:
PLAY (V, N, Rl, R2 . AT TFl = -00635
AND R3), OBSERVE DSkY DISPLAY

TO GO BLANK FOR 5

• SECONDS*

P63/LUMINARY



WAIT UNTIL TIG -30
SEC.

RETURN V06N62 MQNITUR DSKY:
DISPLAYS . AT TFI = -00B29

OBSERVE RETURN OF
. V06N62 DISPLAYS TJ
. INDICATE that
. AVERAGE G INTEGRA-
. t iun has started.

start average G
INTEGRATION INOTE:
THE R10/RII/R12
SERVICE ROUTINE
(R09) AND THE DE-
SCENT STATE VECTOR
UPDATE ROUTINE (R12)
WILL BE CALLED ONCE
EVERY 2 SECONDS BY
AVERAGE G DURING
P63, PC'S AND P66.
RIO ALSO BEGINS
IMMEDIATELY.
HOWEVER THE OPERA-
TION OF Rll IS NOT
ENABLED UNT IL

IGNITION.

)

466
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V72C

#73C

M74C

#750

#76C
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*770

i780

#79C

#800

#810

#820

P63/LUM1NARY



CALL VErLS °° DISPLAY
I SEE "B" BELOW)

WAIT UNTIL TIG - 0

SET IGNITION FLAG

I S ASTRONAUT FLAG
SET?

GO TO EXIT
"C" (NOTE: THIS

BELOW IS NOT A

P63 EXIT.
REFER
DISPLAY
RESPONSE
AT "3"

BELOW )

.

"B"
FROM

ABOVE

A6a
P63/LUM1NARY

«83C

#840

#850

«SfcO

ftp It

FROM RAO
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#070

CHANGE VERB BUT MA-
HQLD . INTAIN PRESENT NOUN

ANO DISPLAY IN Rlt
NON . R2> AND R3, FLASH

VERB-NOUN TO REOUEST
PLEASE PERFORM ENG-
INE ON ENABLE:
V99N62

MONITOR DSKY:
AT TFI = -00B05
OBSERVE VERB-NOUN
FLASH TO REQUEST
PLEASE PERFORM
ENGINE ON ENABLE

#880

#000

MONITOR DSKY:
WAIT FOR INCREASE IN
DELTA VM INDICATING
SUFFICIENT ULLAGE.
REQUIRED ULLAGE
DELTA V IS A

FUNCTION OF VEHICLE #900
WEIGHT.

WAIT FOR KEYBOARD
ENTRY

SHALL I PERMIT
IGNITION? #910

N

KEY IN PROCEED

P63/LUHINARY



TERMINATE FLASH UPON
RECEIPT OF PROCEED,
ENTER, JR terminate

KEY IN
TERM INATE
V34E

.p .T • E

• R . E .N
. • R • T •

• C • M .E •

• E . I .R • •

.E .N « •

.0 . A • •

, T

•

•

•

•

. E

•

•

•

•

•

•

•

• RESET ULLAGE
•

•

• FLAG •

•

• •

•

•

• • •

• • •

DO FINAL AUTO-
• •

DO F INAL AUTO-
• MATIC REQUEST • • MATIC REQUEST
• TERMINATE RQU- TERMINATE ROU-
• TINE (ROC) TINE (ROO)

•

•

•

•

•

•

•

•

•

•

• • •

•

•

EX IT P63 EXIT P63

SET ASTRONAUT FLAG

470
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#920

#930

#°4f

#950

#96f'

452 P63/LUMINARV



453 P63/ LUMINARY

•970

•980

•990

• 1000

• lOlC

• loao
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CCMMAMC OPS CM

RESET PJLSES FLAG

IS LR PERMIT FLAG
SET?

Y .N

FLASH DISPLAY
BELOW

ChAlMGE VERB-NOJN AND
HCN . CHANGE DISPLAY Or

Vl IN R1 TO DELTA H,

TFl IN R2 TO H DOT
AND DELTA VM IN R3
1 0 h:

V06Nj 3

Rl-DELTA H
R2-H DOT
R3-H

DELTA H-THE PRESENT
LR INDICATED ALTI-
TUDE MUUS THE LGC
CALCULATED ALT 1 TOOL
QF THE LM ABOVE THE
LUNAR RADIUS AT THE

MONITOR DSKY;
OBSERVE verb-noon

CHANG c AND CHANGE OF
VI IN R1 TO DELTA H,
TFI IN R2 TO H DOT,
AND DELTA VM IN R3
TO H. VERB-NOUN
FLASHES TO RECOEST
LR UPDATE ENABLE BY
V57E DSKY ENTRY.
INOTE: DELTA H IS
INITIALLY SET TO
•99999 WHERE IT WILL
REMAIN UNTIL R12
CALCULATES A VALUc
BASED ON LR AND A

PRIORI TFRkAIN MOUcL

472
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Rir3C

# ifac

i> irsr

« irec
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DESIGNATED LANDING
SITE. IN FEET TO
NEAREST FOOT.

H OOT-THE PRESENT
RATE OF CHANGE OF
ALTITUDE IH). POL-
ARITY INDICATES DES-
CENT I-I OR ASCENT
(I. IN FPS TO NEAR-
EST .1 FPS.

DATA. Y57E WILL SET
THE LR PERMIT FLAG
ANQ VERti-NOUN WILL
NO LONGER FLASH.
V58E RESETS THE LR
PERMIT FLAG AND
WILL CAUSE VER8-NOJN
TO FLASH AGAIN.

I

*1070

#1080

H - THE PRESENT AL-
TITUDE OF THE LM
ABOVE THE LUNAR
RADIUS AT THE DESIG-
NATED LANDING SITE.
POLARITY IS + FOR
ALTITUDES GREATER
THAN THE ABOVE
RADIUS. IN FEET TO
NEAREST FOOT.

#1090

SET abort ENABLE
FLAG

#1100

RESET IDLE FLAG
#iiir

IS IMPULSE FLAG SET?

(NOTE: ANSWER WILL

P63/LUMINARY
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always se no for
P63)

Allan

.N

RESET UNITIQN FLAG

A 113C

RESET ASTRONAUT FLAG

CALL FOR RESET OF
ULLAGE FLAG
IN 0.5 SEC.

A1140

Aiisr

START MONITOR OF
BRAKING PHASE OF
POWERED LANDING
MANEUVER AS INDI-
CATED BY LM AND
DSKY DISPLAYS

A116C

START MONITOR OF THE
LGC/LR OPERATION AS
DESCRIBED IN THE
DESCENT STATE VECTOR

P63/LUMINARV



UPDATE ROUTINE IRl-il

AT TIG IAS DEFINED
BY RAII "ZQOMTIME"
SEC COMMAND THROTTLE
TO MAXIMUM.
INOTE: THE VALUE
"ZOOMTIME" IS IN
ERASABLE STORAGE,
HAVING BEEN LOADED
PRIOR TO LAUNCH OR
BY P27.»

CALL LANDING AUTO
MCOES MONITOR
ROUTINE (RIB)

"ZOOMTIME" SECONDS
AFTER TIG I AS DEFIN-
ED BY R41) OB-
SERVE THRUST IN-
DICATOR TO INCICATE
XX PERCENT AUTO
THROTTLE COMMAND
(RIGHT SIDE) and LOO
PERCENT CHAMBER
PRESSURE (LEFT SIDE)
(NOTE: THE VALUE
"ZUOMTIME" IS IN
ERASABLE STORAGE
HAVING BEEN
LOADED PRIOR TO
LAUNCH OR BY P27).
(NOTE: IF IGNITION
HAS NOT BEEN AUTHOR-
IZED BY The crew
UNTIL AFTER IIG (AS
DEFINED BY RAH

"ZOUMTIME", THE
ENGINE WILL THROTTLE
UP AT IGNITION).

COMMENCE POWERED
LANDING GUIDANCE .

TO ATTAIN BRAKING
PHASE AIM CON-
DITIONS. —

SOMETIME BEFORE
. ALIITUOE REACHES
. 30,000 FEET, YAW THE
. LM TO A ROUGHLY
. WINOOW-UP ORIENTA-
. TION TAKING THE
. ROUTE ABOUT THE

457
475
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#1170

#1180

#1190

#1200

#1210
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X-AXIS THAI DLltS NJT
RESULT IN LOSS UF
S-SAND LOCK-CN

A122C

WHEN rt IS EUUAL
TO + JOOOO THE
X-AXIS OVERRIDE
option is removed
BY R12. THE LOG WILL
AUTOMATICALLY COM-
MAND THE LM TC AN
ATTITUDE AROUND THE
LM X AXIS AS SPECIF— #1230
I ED BY THE GUIDANCE
EQUATIONS. THE CREW
NO LONGER HAS ANY
MANUAL ATTITUDE
CONTROL OF THE LM
WHILE IN THE AUTO
ATTITUDE CONTROL
MODE.

#1240

IS TG LESS THAN
"TENDBHAK"?
(NOTE: THE VALUE
"TENDBRAK" IS IN
ERASABLE STORAGE
HAVING BEEN LOADED
PRIOR TJ LAUNCH OR
BY P27).

IS TG LESS THAN
"TENDBRAK"?
(NOTE: THE VALUE
"TENDBRAK" I S IN
ERASABLE STORAGE
HAVING BEEN LOADED
PRIOR TO LAUNCH OR
BY P27).

#1250

N Y N Y

#1260

458
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MON .

TEMP
HOLD .

MON .

• • • •

• • • •

• • • •

• • • •

• • • •

IS LR PERMIT !

•

. IS LR PERMIT
FLAG SET? . FLAG SET?

.N . Y . . .N .Y

• • • • • •

• • • • • •

• •

FLASH VERB- . .. MONITOR DSKY:.
NfllJN (IN nSKY:.

V06 N63 .. VERB-NOUN
Rl-OELTA H . . FLASH AND
R2-H DOT . DISPLAY OF
R3-H

• •

. DELTA H,

. H DOT AND H. .

• • • • • •

• • •

4 •

• •

• • •

• « •

• • •

• • •

DISPLAY VERB-NOUN .

•

.. MONITOR DSKY:
HNn^iKY; .

V06 N63 .. VERB-NOUN AND
R1 - DELTA H . DISPLAY OF delta
R2 - H DOT . H, H DOT AND H.

R3 - H •

• « • •

• • • •

• • • •

477
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#l27r

«1290

GC TO APPROACH PHASE GO TO APPROACH PHASE
PROGRAM (P64I PROGRAM 1P64)

EXI T P63 EXIT P61
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(I131C

CHArjGE CONTROL NOTES

REV PO PCR 13,30,31
REV 01 PCR 8 5, 86, 118, 14N, 164,186 ,234, 2-^6, 4!53, 401 ,419,43 7,

497, 539,, 542,868,637
REV OOILUM lA) PCR 670,737,751
REVS 01,02(LUM IB) PCR 814,833,841,854, EDITORIAL
REV 03( LOM ICI PCR 285, editorial
REV C4tL0M ID) PCR 892,988,1013, PCN ICCa, 1035
REV 05 (LOP IE) PCR 334,335,1109, PCN 1145
REV C6 PC N 1 180
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APPROACH PHASE PROGRAM IP54» lEV CS 12/01/71

PURPOSE: (1) TO CONTROL THE PGNCS DURING THE THRUSTING OE THE PORERED LANDING MANEUVER BETWEEN HI GATE AND LO GATE.

12) TO CONTROL THE DPS THRUST AND ATTITUDE BETWEEN HI GATE AND LO GATE.

(3)

TO PROVIDE THE CREW WITH THE CAPABILITY OF REDESIGNATING THE LANDING SITE TO WHICH THE PGNCS IS GUIDING THE LM.

141 TO SELECT P66 AUTOMATICALLY WHEN TG IS LESS THAN TENDAPPR ( T I ME-TO-END- APPROACH-PHASE )

.

ASSUMPTIONS: (1) THE LM IS ON THE POWERED LANDING DESCENT BETWEN HI GATE AND LO GATE (SEE BRAKING PHASE PROGRAM (P63), AND
SECTION 5.3.4 OF R567).

(2) IF CIRCULARIZATION HAS NOT OCCURRED, THE CSM IS IN A OXSO (MILES) ORBIT AROUND THE MOON. THE CSM IS MAINTAINING
A PREFERRED TRACKING ATTITUDE FOR OPTICAL TRACKING OF THE LM.

(3) THE IMU IS CN AND ACCURATELY ALIGNED TO A LANDING SITE ORIENTATION DEFINED FOR THE DESIGNATED LANDING SITE
AND THE NOMINAL TIME OF LANDING (T(LAND)).

(4) THE LANDING RADAR (LR) IS ON, CHECKED OUT, ANC SHOULD HAVE BEEN PROVIDING TO THE L GC VELOCITY AND RANGE
INFORMATION WITH RESPECT TO THE MOON. THIS INFORMATION SHOULD HAVE BEEN INCORPORATED INTO THE LM STATE VECTOR. THE
LGC/LR OPERATION IS UNDER THE CONTROL OF THE DESCENT STATE VECTOR UPDATE ROUTINE (R12) WHICH IS ALREADY IN PROCESS.

(5) THE LGC WILL NEITHER DESIGNATE NOR READ THE RENDEZVOUS RADAR (RR) DURING THIS PROGRAM.

(6) THE ENTIRE POWERED LANDING MANEUVER (BRAKING, APPROACH AND LANDING) WILL BE ACCOMPLISHED USING THE DPS ENGINE.

(7) THE AIM conditions (LO GATE) FOR THE APPROACH PHASE ARE STORED IN THE LGC.

(8) THE FOLLOWING PARAMETERS REQUIRED BY THIS PROGRAM HAVE BEEN STORED IN THE LGC SINCE LGC INITIALIZATION BY
ERASABLE REGISTER LOAD.

(A) THE LM STATE VECTOR. THE LGC HAS UPDATED THIS AS REQUIRED DURING THRUSTING. NO FURTHER STATE VECTOR
UPDATES FROM ANY SOURCE OTHER THAN THE LR WILL BE ACCEPTED BY THIS PROGRAM.

(9) THE DPS IS NOT THROTTLABLE OVER THE WHOLE RANGE FROM 0 TO MAXIMUM. IT MUST BE OPERATED EITHER AT MAXIMUM
THROTTLE OR OVER A SPECIFIC THROTTLE RANGE OF LOWER SETTINGS. THESE THROTTLE SETTINGS ARE SPECIFIED IN SECTION 5.3.4
OF R557 AND ARE TOTAL THROTTLE SETTINGS, I.E.: THE SUM OF THE MANUAL SETTING (WHOSE MINIMUM IS ABOUT 10 PERCENT) AND
THE PGNCS COMMANDED SETTING.

THE THROTTLE CONTROL MAY BE SET TO AUTO (THE CPS RECEIVES THE SUM OF THE MANUAL AND PGNCS COMMANDED SETTINGS)
OR MANUAL.

)«MINALLY, IF THE APPROACH PHASE PROGRAM IS COMPLETED WITHOUT ANY REDES I GNAT I ON OF THE LANDING SITE (SEE ASSUMP-
TION (12)), THE throttle WILL REMAIN WITHIN THE ALLOWABLE THROTTLE RANGE THROUGHOUT THE PHASE. EXCESSIVE TARGET REOES-
IGSATIONS DURING THIS PROGRAM HOWEVER MAY RESULT IN REQUIRED THROTTLE EXCURSIONS OUTSIDE THE ALLOWABLE RANGE. IN SUCH
CASES THE LGC WILL COMMAND MAXIMUM THROTTLE FOR AT LEAST 2 SEC, AND UNTIL THE REQUIRED THROTTLE SETTING RETURNS TO THE
PERMITTED THROTTLE REGION.

(10) DURING THE POWERED LANDING MANEUVER, THE LGC WILL MONITOR THE PRESENCE CR ABSENCE OF THE "NON-ATTITUDE HOLD"
DISCRETE. THIS DISCRETE IS ISSUED TO THE LGC WHEN THE ATTITUDE MODE CONTROL SWITCH IS IN THE AUTO POSITION.

SHOULD THIS DISCRETE APPEAR OCRING THE POWERED LANDING MANEUVER, THE LGC ASSUMES THAT IT NO LONGER
HAS COMPLETE AUTOMATIC CONTROL OF THE ATTITUDE OF THE SPACECRAFT.

THE MONITOR AND THE ASSOCIATED LGC LOGIC IS INCLUDED IN THE LANDING AUTO MOOES MONITOR ROUTINE (R13) WHICH IS
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ALRtADY IN PRUCfcSS.

(lit the X-AXIS UVEHRIDE OPTION IS NOT PROVIDED THE CRE« WHENEVER THE L GC-E ST I M AT E 0 ALTITJOE IS LESS THAN 30, OCT FT.
(REFER R12 AND ASSUMPTION 13 OF P63).

(12) DURING MOST OF THE APPROACH PHASE, THE LOG PROVIDES THE CREW THE OPTION TO REDESIGNATE T HF LANDING SITE
TO WHICH THE PGNCS IS GUIDING THE LM. THIS OPTION IS CALLED THE LANDING POINT DESIGNATOR (LPD) MODE. IT IS WORTH
.IQTING that the PGNCS MODE CONTROL SWITCH MOST 3E IN AUTo FOR THE ACA TO FUNCTION AS A LANDING SITE R E- DE S I GNATOR

.

IF THIS SWITCH IS IN ATT HOLD THE ACA FUNCTIONS AS A RATE COMMAND/ AT T I TUDE HOLD STICK.
THE LANDING POINT RE DES 1 GNAT I CN, IF EXERCISED, IS BASED UPON VISUAL ASSESSMENT OF THE LUNAR TERRAIN WITH RESPECT

TO THE PRESENTLY DESIGNATED LANDING SITE. DURING THE LPD MODE THE PRESENT LANDING SITE IS DISPLAYED ON THE DSKY IN
TERMS DF COORDINATES ON THE LPD SIGHTING GRID ON THE LEFT HAND LM WINDOW (LPD ANGLE). LANDING SITE REDESIGNATIONS ARE
MANUALLY PUT INTO THE COMPUTER VIA THE ATTITUDE CONTROLLER ON AN INCREMENTAL BASIS, I.F.: A LIMIT SWITCH ACTUATION IN
THE ATTITUDE CONTROLLER CAUSES THE LGC TU REDESIGNATE THE LANDING SITE A FIXED ANGULAR INCREMENT (1 DEGREE IN
ELEVATION, 1 DEGREE IN AZIMUTH) FROM THE PRESENT LM/LANDING SITE LOS. THE APPLICABLE ATTITUDE CONTROLLER POLARITIES
ARE:

(A) - PITCH ROTATION GIVES - LPD ELEVATION (NEW SITE BEYOND PRESENT SITE)
(8) PITCH ROTATION GIVES * LPD ELEVATION INEW SITE SHORT OF PRESENT SITE)
(C) H ROLL ROTATION GIVES + LPD AZIMUTH (NEW SITE TO RIGHT OF PRESENT SITE)
(D) - ROLL ROTATION GIVES - LPD AZIMUTH INEW SITE TO LEFT OF PRESENT SITE)

THE LPD MODE IS MORE COMPLETELY DESCRIBED IN SECTION 5.3.4 OF R567.

113) THE INITIAL MANEUVER OF THE APPROACH PHASE IS THE LM ATTITUDE TRANSITION FROM THE LM ATTITUDE AT THE START OF
P64 TO A satisfactory ATTITUDE FOR LANDING SITE VISIBILITY. AFTER THC COMPLETION OF THIS MANEUVER THE LM ATTITUDE IS
CONSTRAINED BY THRUST POINTING REQUIREMENTS AND IS CONTROLLED ABOUT THE THRUST AXIS SO AS TO MAINTAIN THE CURRENT
LANDING site IN THE LM X/Z PLANE. THE CONDITIONS ACHIEVED BY THE START OF P64 SHOULD BE SUCH THAT THE THRUST POINTING
REQUIREMENTS OF THE APPROACH PHASE WILL YIELD SATISFACTORY VISIBILITY AND RADAR ORIENTATIONS.

THE LANDING SITE BECOMES VISIBLE TO THE COMMAND PILOT IF THE LOOK ANGLE (THE ANGLE BETWEEN THE LM -X AXIS AND
THE LOS TO THE LANDING SITE) IS GREATER THAN 25 DEGREES AND THE LOS IS IN OR NEAR THE LM X/Z PLANE.

AT ANYTIME DURING PS3 OR P64, THE MAGNITUDE OF THE LOOK ANGLE AND THE ORIENTATION OF THE LOOK ANGLE
PLANE (THAT PLANE CONTAINING THE LOS AND THE LM X AXIS) ARE DEFINED BY THE INERTIAL ORIENTATION OF THE LM X AXIS
ANE THE POSITION OF THE LM WITH RESPECT TO THE LANDING SITE.

THE INERTIAL ORIENTATION OF THE LM X AXIS IS CCNTROlLED BY REQUIREMENTS OF THRUST VECTOR CONTROL. THE ORIENTATION
OF THE LM WINDOWS WITH RESPECT TO THE LOOK ANGLE PLANE IS CONTROLLED BY ROTATION OF THE VEHICLE ABOUT THE
LM X AXIS, this control IS EXERCISED AS SHOWN IN SECTION 5.3.4 OF R5b7.

(14) THE CREW HAS THE CAPABILITY TO DISPLAY LGC CALCULATED VALUES OF FORWARD VELOCITY, LATERAL VELOCITY,
ALTITUDE AND ALTITUDE RATE ON CERTAIN LM METERS DURING THIS PROGRAM. THE CALCULATION OF THESE PARAMETERS IS UNDER THE
CONTROL OF THE LANDING ANALOG DISPLAYS ROUTINE IRIO) WHICH IS ALREADY IN PROCESS.

115) THE RATE OF DESCENT (ROD) MODE IS NOT ENABLED DURING THIS PROGRAM (SEE LANDING PHASE PROGRAM (P66I,
ASSUMPTION (12) FOR DEFINITION OF ROD MODE).

(16) AN ABORT FROM THE LJNAR DESCENT MAY BE REQUIRED AT ANY TIME DURING THE DESCENT ORBIT INJECTION, THE DESCENT
COAST, OR THE POWERED DESCENT (P63),(P64), JR ( P66 )

.

FUR ABORTS FROM THE DESCENT ORBIT INJECTION OR THE DESCENT COAST IT IS ASSUMED THAT SUFFICIENT TIME EXISTS TO
PERFORM A TPI MANEUVER (SEE TRANSFER PHASE INITIATION (TPI) PROGRAM (PJ4)) TO INTERCEPT THE CSM DIRECTLY.

FDR ABORTS AFTER DPS IGNITION FUR THE POWERED LANDING MANEUVER, TIME IS CRITICAL. DURING THIS PERIOD AN ABORT IS
NOMINALLY COMMANDED BY PUSHING ONE OF TWO BUTTONS IN THE LM. THE ABORT MAY BE COMMANDED TO USE THE DESCENT STAGE
(ABORT BUTTON) OR THE ASCENT STAGE (ABORT STAGE BUTTON). IF THE DESCENT STAGE IS SELECTED, AND THE DPS PROPELLANT
APPROACHES EXHAUSTION, CuNTRJL MUST BE SWITCHED TO THE AiCENT STAGE BY THE CREW BY ASCENT STAGE SELECTION (ABORT
STA^E BUTTON).

+ DURING THE POWtREO LANDING MANEUVER THE LGC WILL CONTINUOUSLY MONITOR THE ABORT AND THE ABORT STAGE DISCRETES,
»05 AND UPON RECEIPT OF EITHER WILL TERMINATE THE PROGRAM IN PROCESS AND CALL THE APPROPRIATE ABORT PROGRAM (DPS ABORT
1180 PRCv,RA,M (P70) OR APS ABORT PROGRAM (P71)l, UNLESS DIRECTED TO IGNORE THESE DISCRETES BY THE DAP DATA LOAD ROUTINE
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lHOi). BOTH ABORT PROGRAMS WILL GUIDE THE LM TO AH ORBIT AS SPECIFIED IN SECTION 5.4.3 OF R567.

THE MONITOR OF THE ABORT AND ABORT STAGE PUSHBUTTONS IS CONTROLLED BY THE ABORT DISCRETES MONITOR ROUTINE (Rll)

WHICH IS ALREADY IN PROCESS.

117) IF A THRUSTING MANEUVER IS PERFORMED WITH THE GUIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH IN

AUTO, THE PGNCS WILL CONTROL THE TOTAL VEHICLE ATTITUDE AND GENERATE EITHER MODE I OR MODE II ATTITUDE ERRORS AND
VEHICLE ATTITUDE RATES ISEE ASSUMPTION 119)) FOR DISPLAY ON THE FDAI. THE CREW HAY EXERCISE CONTROL AROUND THE YAW
AXIS ONLY WITH THE ACA IX-AXIS OVERRIDE) IF THE X-AXIS OVERRIDE CAPABILITY IS PERMITTED BY THE PROGRAM IN PROCESS.
THIS MANUAL CONTROL HILL BE IN THE RATE COHMAND/ATTI TUDE HOLD MODE.

IE A THRUSTING MANEUVER IS PERFORMED WITH THE GUIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH IN
ATTITUDE HOLD THE PGNCS WILL HOLD THE VEHICLE ATTITUDE AND WILL GENERATE EITHER MODE I OR MODE II ATTITUDE ERRORS
FOR DISPLAY ON THE FDAI. THE CREW MAY EXERCISE MANUAL ATTITUDE CONTROL ABOUT ALL VEHICLE AXES WITH THE ACA IN EITHER
THE RATE COMMAND OR MINIMUM IMPULSE MODE DEPENDING UPON THE STATUS OF THE PULSES ELAG. IT IS STRONGLY RECOMMENDED
THAT POWERED ELIGHT NOT 3E ATTEMPTED IN THE MINIMUM IMPULSE MODE. THE PULSES FLAG IS SET DR RESET BY EXTENDED VERBS
76 (MINIMUM IMPULSE) AND 77 (RATE COMMAND) RESPECTIVELY. THE PULSES FLAG IS ALSO RESET BY P 12 ,P4P , P41 , P42 , P63 , P7D , P7

1

AND R40 AT MAIN ENGINE IGNITION. WITH THE EXCEPTION OF THESE CASES, MODE SELECTION IS ALWAYS BASED UPON THE LAST
ENTRY MADE IN THE DSKY. DURING A THRUSTING MANEUVER iN THE PGN S/ AT T I TUDE HOLD MODE THE PGNCS WILL NOT BE RESPONSIBLE
IF REGISTER OVERFLOWS OCCUR WITHIN THE LGC EXCEPT DURING THE DESCENT THRUSTING MANEUVER. IN THIS MANEUVER, WHEN
OVERFLOW IS DETECTED, CALCULATIONS ARE HALTED AND THE NEXT CALCULATION CYCLE IS BEGUN WITH UPDATED DATA.

(18) CONTROL OF THE LM OPS, RCS, AND APS IS TRANSFERRED FROM THE PGNCS TO THE ABORT GUIDANCE SYSTEM (AGS) BY PLACING
THE GJIO CONT SWITCH FROM PGNS TO AGS.

THE AGS WILL BE CAPABLE OF TAKING OVER CONTROL OF THE LM DURING ANY PORTION OF THE LUNAR DESCENT OR ASCENT
OR DURING EITHER OF THE ABORT PROGRAMS (P70 OR P71). THE AGS WILL GUIDE THE LM TO A SAFE ORBIT.

THE AGS MAY BE INITIALIZED BY THE LGC AT ANY TIME DURING THIS PROGRAM BY MANUAL SELECTION OF THE AGS INITIALIZA-
TION ROUTINE (R47).

IN THE EVENT THAT THE GUIDANCE CONTROL SWITCH IS CHANGED FROM PGNS TO AGS DURING A THRUSTING MANEUVER, THE LGC
WILL CONTINUE COMPUTATION OF POSITION AND VELOCITY, THE DESIRED THRUST VECTOR AND THE FDAI ATTITUDE ERROR NEEDLE
DISPLAY, HOWEVER THE PGNCS WILL NOT BE RESPONSIBLE IF REGISTER OVERFLOWS OCCUR WITHIN THE LGC.

(IS) THE PGNCS CAN GENERATE TWO TYPES OF ATTITUDE ERRORS FOR DISPLAY ON THE FDAI;

MODE I - SELECTED BY EXTENDED VERB 61. AUTOPILOT FOLLOWING ERRORS USED AS A MONITOR OF THE DAP'S
ABILITY TO TRACK AUTOMATIC STEERING COMMANDS.

MODE II - SELECTED BY EXTENDED VERB 62. TOTAL ATTITUDE ERRORS USED TO ASSIST CREW IN MANUALLY
MANEUVERING THE VEHICLE.

PGNCS-DERIVED VEHICLE ATTITUDE RATES MAY ALSO BE DISPLAYED VIA SELECTION BY EXTENDED VERB 60.
DISPLAY SELECTION IS ALWAYS BASED UPON THE LAST ENTRY MADE IN THE DSKY, WITH THE EXCEPTION THAT MODE II ATTITUDE
ERROR DISPLAYS ARE AUTOMATICALLY SELECTED AT THE BEGINNING OF R6C. FOR A MORE DETAILED DESCRIPTION OF THESE
DISPLAYS refer TO SECTION 3 OF R567, PARA. 3.2.6.

(20 THE DAP DATA LOAD ROUTINE IR03) HAS BEEN PERFORMED PRIOR TO THE START OF THE POWERED LANDING MANEUVER AND SHOULD
NOT BE REQUIRED DURING THIS PROGRAM.

(21) LGC AND CREW PROCEDURES IN CASES OF LGC-ASSUMEO THRUST FAILURE ARE DEFINED BY THE DPS/APS THRUST FAIL ROUTINE
(R4J). THIS ROUTINE IS IN EFFECT DURING THIS PROGRAM, HAVING BEEN ENABLED BY P63.

(22) this program IS AUTOMATICALLY SELECTED BY ThE BRAKING PHASE PROGRAM (P63) WHEN TG DURING THE PHASE BECOMES
LESS THAN TENDBRAK ( T 1 ME-T O-END-BR AKI NG-PHAS E I .

(23) THREE ALARM CONDITIONS MAY BE ORIGINATED BY THE PGNCS POWERED LANDING EQUATIONS:

(A) IF SUBROUTINE ROOTPSRS IN THE TIME-TO-GU CALCULATION FAILS TO CONVERGE IN 8 PASSES THE LGC WILL TURN ON

P64/LUMI NARY



-^84

P64/LUMINARr

THE PROGRAM ALARM LIGHT, STORE PROGRAM ALARM 0L406, STOP ALL VEHICLE ATTITJDE RATES, AND CONTINUE. THIS
ALARM COULD OCCUR ONLY IN P63 AND P64.

(B) IF AN OVERFLOW OCCURS ANYWHERE IN THE LANDING GUIDANCE EQUATIONS THE LGC WILL TURN ON THE PROGRAM ALARM
LIGHT, STORE ALARM CODE CIRIO, STOP ALL VEHICLE RATES ANO CONTINUE. THIS ALARM COULD OCCUR IN P63, P6A,
OR P66.

(Cl IF THERE ARE TOO FEW THROTTLINGS SINCE THE LAST Pi>6 OMISSION, THE LGC WILL TORN ON THE PROGRAM ALARM
LIGHT, STORE ALARM CODE 01A66, ANO BRANCH TO THE V06 N60 DISPLAY. THIS ALARM COULD ONLY OCCUR IN P66.

(24) THIS PROGRAM ALLOWS MANUAL CONTROL OF THE LM ATTITUDE. IF MANUAL CONTROL IS DESIRED, PUT THE MODE CONTROL
SWITCH IN ATT HOLD AND USE THE ACA TO CONTROL THE LM ATTITUDE.

IF P66 IS DESIRED, CLICK THE ROD SWITCH WHILE THE MODE CONTROL SWITCH IS IN ATT HOLD. THE ACA DOES NOT
RE-DESIGNATE THE LANDING SITE WHILE THE MODE CONTROL SWITCH IS IN ATT HOLD. TO USE THE ACA TO RE-DESIGNATE THE
LANDING SITE, PUT THE MODE CONTROL SWITCH IN AUTO AND ROTATE THE ACA IN THE DESIRED DIRECTION. ONCE CONTROL IS
TRAISFERREO FROM P64 TO PS6, P64 CANNOT BE RE-ENTERED.

(25J THE ASTRONAUT MAY MONITOR THE FOLLOWING ADOITICNAL PARAMETERS DURING THIS PROGRAM BY KEYING IN V16 N68E OR
V16 N92E:

(A) VI6 N68
Rl-HOR RANGE
R2-TG
R3-VI

HOR RANGE - HOR RANGE FROM THE LM TO THE DESIGNATED LANDINJ SITE. IN NAUTICAL MILES TO NEAREST .1 NM.

TG - THE ESTIMATED TIME OF FLIGHT FROM THE PRESENT TIME TO THE ACCOMPLISHMENT OF THE CURRENT AIM CONDITIONS.
IN MINS AND SECS TO NEAREST SEC. MAX READING IS 59B59. SIGN IS -.

VI - MAGNITUDE OF LM INERTIAL VELOCITY WITH RESPECT TO THE REFERENCE COORDINATE SYSTEM. IN FP S TO NEAREST
.1 FPS.

( Bl V16 N92
R1 - THRCMD
R2 - HDOT
R3 - H

THRCMD - THE PERCENT THROTTLE DESIRED BY THE LGC, BASED ON THE OPS RATED THRUST OF 10, SOD POUNDS. IN PERCENT
TO NEAREST PERCENT.

HOOT - THE PRESENT RATE OF CHANGE OF ALTITUDE |H). IN FPS TO NEAREST .1 FPS.

H - THE PRESENT ALTITUDE OF THE LM ABOVE THE LUNAR RADIUS AT THE DESIGNATED LANDING SITE. IN FEET TO NEAREST
FOOT.

PROG LGC GROUND CREW
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CONT

LGC
PROGRAM
SELECTION

• • •

START APPROACH PHASE . MONITOR DSKY:
PROGRAM (P64I. OBSERVE DISPLAY tlO
DISPLAY P64 . OF P64

SET 0.3 DEGREE
DEADBAND

»2P

RESET REDESIGNATION
FLAG

SELECT APPROACH
PHASE LR ALTITUDE
WEIGHTING FUNCTION

130

COMMENCE POWERED
LANDING GUICANCE
USING P64 AIM
CONDITIONS.
(TG WILL BE COM-
PUTEO TO BE THE TIME
TO GO TO ACCOMPLISH-
MENT OF THE P64 AIM

#40
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CONDITIJNS ARE
refekkej ra the
DE iiaNATED LANDING
SITE).

CALCULATE L PD FDR
THE DESIGNATED
LANDING SITE.

FLASH VERB-NOUN TO
MON . REQUEST RESPONSE AND

DISPLAY PRESENT
VALUE OF TR/LPD, H
DOT AND H:

VO 6 N0 A
Rl-TR/LPO
R2-H DOT
R3-H

MONITOR OSKY:
OBSERVE VERB-NOUN
FLASH TO REQUEST
RESPONSE AND DISPLAY
OF TR/LPO, H DDT
AND H.

TR/LPD - A SPLIT
DISPLAY WITH TR IN
THE LEFT TWO DIGITS,
THE MIDDLE DIGIT
ALWAYS BLANK, AND
LPD IN THE RIGHT TWO
DIGITS.

WHERE:

TR-THE ESTIMATED
TIME REMAINING
UNT IL END OF
REDEjIGNAT ION
CAPABILITY. IN
SECONDS TO near-

monitor FDAI AND OUT
THE window:

OBSERVE ATTITUDE
TRANSIENT TO BRING
LM TO A SATI SFACTDRY
ATT ITJDE FOR LANDING
SITE VISIBILITY
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+ . MAXIMUM
READING IS oo,

FOR EXAMPLE:
130 SECONDS IS
DISPLAYED AS 99.
(NOTE: TR IS A

POSITIVE NUMBER
EJUAL TO:
-TG-ITCGFAPPR*AI

,

WHERE TCGFAPPR IS

THE TIME-TO-GQ AT

WHICH ERECTION OF
THE GUIDANCE CO-
ORDINATE FRAME IS

SUSPENDED. I

LPD-THE ANGLE BE-
LOW THE LM
AXIS TO THE LOS
TO THE PRESENTLY
DES UNAT ED LAND-
ING SITE. IN DE-
GREES TO NEAREST
DEGREE.

(NOTE: THE DISPLAY
IN R1 APPEARS AS
XXBYY where: XX IS

TR AND YY IS LPD).

H DOT - THE PRESENT
RATE OF CHANGE OF
ALTITUDE (H). POLAR-
ITY INDICATES DES-
CENT 1-) OR ASCENT
(I. IN FT/SEC TO
NEAREST .1 FT/SEC.

H - THE PRESENT
ALTITUDE OF THE LM

ABOVE THE LUNAR
RADIUS AT THE
DESIGNATED LANDING
SITE. POLARITY IS
FOR ALTITUDES
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GREATER THAN THE
ABOVE RADIUS. IN
FEET TO NEAREST
FOOT.

•ISO

DO I MISH TO
EXERCISE THE LPO
CAPABILITV?

•T .N «160

WAIT FOR KEYBOARD .

ENTRY OR FOR TR=0 KEY IN

. PROCEED

TERMINATE FLASH
UPON RECEIPT OF
PROCEEC OR CHANGE TO
NON-FLASHING DISPLAY
IF TR=0

• 170

P

R
0
,C

E

E

D

TR=0

fieo

CONTINUE
POWERED
LANDING
GUICANCE
USING Pu4
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AIM
CONOIT IONS
REFERREO
TO THE
PRESEf^TLY
DESIGNATED
LANDING
SITE.

CALCULATE
LPD FOR
THE PRE-
SENTLY JE-
S IGNAT EJ

LANDING
SITE.

TEHP
HOLD .

NON
DISPLAY UN
DSKY:

VOpNG-N
Rl-TR/LPD
R2-H JOT
R3-H

NOTE: FJR
DEFINITIONS
SEE ABOVE

USING LPD
IRII AND THE LPD
SCALE ON THE CJM-
MANJ PILOT'S NlN-
DUw OBSERVE THE
PRESENTLY
DESIGNATED
LANDING SITE.

USING THE ATTI-
TUDE CONTROLLER
REDESIGNATE THE
LANDING SITE.
THIS RILL INCRE-
MENT THE APPRO-
PRIATE REQESIGNA-
TIUN COUNTER IN

THE LuC.
OBSERVE THE
FOLLORING GROUND
RULES:
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*200
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#220

#230
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(A) SITE RtDESIS-
NATIOT TQi^ARDS
THE LM ( PITCH
ROTATION! «<1 LL
REDUCE THIS SITE
VISIBILITY CLEAR-
ANCE WHICH I

S

ORIGINALLY ONLY
10 DEGREES.

C5

+ 1180

IS REOE-
SIGNAT ION
FLAG SET?

Y. .N

IS TR = 0?

Id) LARGE REDES-
IGNATIONS SHOULD
BE MADE AS EARLY
IN THE APPROACH
PHASE AS POSS-
IBLE TO CONSERVE
FUEL AND MINIMIZE
ATTITUDE TRANS-
IENTS.

(C) WHEN TK IS

EQUAL TO 0

SEC THE LGC
WILL NO LONGER
RESPOND TO LPD
REDESIGNATIONS.

(NOTE: DISPLAYED
LPD ANGLES AND
VEHICLE YAW MAY BE
BIASED TO MAKE UP
FOR ERRORS IN THE
ALIGNMENT OF
THE LPD RETICLE
AND FOR WINDOW
BENDING WHEN THE
LM IS PRESSURIZED.
THAT PART OF
WINDOW ERROR
WHICH CANNOT BE
RESOLVED INTO
ROTATIONS ABOUT
THE BODY Y AND X

AXES WILL REMAIN
UNCCMPENSATEC,
EXCEPT AT A CHOSEN,
SPOT ALONG THE

A90
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#25C

nzbc

#270

#280
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RETICLE- THE MEAN
LPD ANGLE OF THE
APPROACH PHASEt.

ZERO AZI-
MUTH AND
ELEVATION
REDESIG-
NATIQN REG-
ISTERS

*290

#300

SET REOES-
IGNATIDN
FLAG

#310

HAVE ANT MANU-
AL LPD COMMANDS
BEEN ISSUED
SINCE THE LAST
PASS?

.N Y #320

WAIT 2 SEC

#330

USING PERTUR-
BATION EaUA-
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TIONS 4.^0 LPD
CCMHANOi ACCU-
MULArEC SINCE
last pass,
CCMPUTE POSIT-
ICN QF iJEI, aim
POINT. IREFER
TO SECTION
5.3 OF R567
FOR DETAILED
DESCRIPTION I

i3Ar

TRANSFER AIM
CONDITIONS TO
NEW AIM POINT.

ZERO THE
REOESIGNATION
COUNTER

»36C

WAIT 2 SEC

«37C

RESUME DISPLAY MONITOR DSKY:
OF V36N6A . UBSERVE RETURN JF
INON-FLASHING) NON-FLASHING VER8-

NOUN DISPLAY
. (V0bN6A).
^ jjgg
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RESET REDES IGNATIQN
FLAG

#390

WAIT FOR TG TO BE
LESS THAN TENDAPPR

*400

GO TO LAND NG PHASE
PROGRAM
VIA R13

IP66I
GO TO LANDING PHASE
PROGRAM (Poo)

EXIT P64 EXIT P64

#410

CHANGE CONTROL NOTES

REV CO PCR 31
REV 01 PC R 85, 164,,246, 5 42

REV 00 (LUM lA) PCR 670, m, 751
REV OKLUM IB) PCR 838 , 840 , 841, EDI TORI AL

REV 02ILUM 1C) PCR 285, 968, EDITORI AL

REV C 3 ( LU M ID) PCR 988, 1013 , 1028 , P CN 1C09
REV CAILOM IE) PCR 334, 338 , PCN 114 5

REV 05 ILLM IE) PCN 1180
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LANJING PHASE PROGRAM (Pb6l REV 05 12/01/71

PURPOSE: (II TO MODIFY THE RATE 3F DESCENT OF THE LM (WITH RESPECT TO THE LUNAR SURFACEI IN RESPONSE T3 ASTRONAUT ORIGINATED
INPUTS TO THE LGC VIA THE LM RATE OF DESCENT SWITCH.

(2) TO MODIFY THE INERTIAL ATTITUDE OF THE LM IN RESPONSE TO ASTRONAUT ORIGINATED INPUTS VIA THE ATTITUDE CONTROLLER
ONLY IF THE ATTITUDE CONTROL SWITCH IS IN ATTITUDE HOLD, AND TO CONTROL ATTITUDE SO AS TO NULL LM VELOCITY RELATIVE
TO THE SURFACE WHEN THE ATTITUDE CCNTROL SWITCH IS IN AUTO.

(31 TO MAINTAIN A CONSTANT RATE OF DESCENT AND LI INERTIAL ATTITUDE IN THE ABSENCE OF MANUAL CONTROL INPUTS.

U) TO UPDATE THE LM STATE VECTOR WITH VEHICLE ACCELERATION AND LANDING RADAR (LRI DATA.

ASSUMPTIONS: III THE LM IS IN THE LATE STAGES OF LANDING, WITH A RELATIVELY LOW INERTIAL VELOCITY.

(21 THE IMU IS ON AND ACCURATELY ALIGNED TO A LANCING SITE ORIENTATION DEFINED FOR THE DESIGNATED LANDING SITE
AND THE NOMINAL TIME OF LANDING ITILANDI).

(31 THE LANDING RADAR (LRI IS ON, CHECREO OUT, AND SHOULD HAVE BEEN PROVIDING TO THE LGC VELOCITY AND RANGE
INFORMATION WITH RESPECT TO THE MOON. THIS INFORMATION SHOULD HAVE BEEN INCORPORATED INTO THE LM STATE VECTOR. THE
LGC/LR OPERATION IS UNDER THE CONTROL OF THE DESCENT STATE VECTOR UPDATE ROUTINE (R12I WHICH IS ALREADY IN PROCESS.

(4) THE LGC WILL NEITHER DESIGNATE NOR READ THE RENDEZVOUS RADAR (RR) DURING THIS PROGRAM.

(51 THE ENTIRE POWERED LANDING MANEUVER (BRAKING, APPROACH AND LANDING) WILL BE ACCOMPLISHED USING THE DPS ENGINE.

(6) THE FOLLOWING PARAMETERS REQUIRED BY THIS PROGRAM HAVE BEEN STORED IN THE LGC SINCE LGC INITIALIZATION BY
ERASABLE REGISTER LOAD.

(A) THE LM STATE VECTOR. THE LGC HAS UPDATED THIS AS REQUIRED DURING THRUSTING. NO FURTHER STATE VECTOR
UPDATES FROM ANY SOURCE OTHER THAN THE LR WILL BE ACCEPTED BY THIS PROGRAM.

(7) THE DPS IS NOT THROTTLABLE OVER THE WHOLE RANGE FROM 0 PERCENT TO MAXIMUM. IT MUST BE OPERATED EITHER AT MAXIMUM
THROTTLE OR OVER A SPECIFIC THROTTLE RANGE OF LOWER SETTINGS. THESE THROTTLE SETTINGS ARE SPECIFIED IN SECTION 5.3.4
OF R567 AND ARE TOTAL THROTTLE SETTINGS, I.E.: THE SUM OF THE MANUAL SETTING (WHOSE MINIMUM IS ID PERCENT), AND THE
PGNCS COMMANDED SETTING.

THE THROTTLE CONTROL MAY BE SET TO AUTO (THE DPS RECEIVES THE SUM OF THE MANUAL AND PGNCS COMMANDED SETTINGS)
OR MANUAL.

NOMINALLY THE THROTTLE WILL REMAIN WITHIN THE ALLOWABLE THROTTLE RANGE THROUGHOUT THIS PROGRAM.

(8) DURING THE POWERED LANDING MANEUVER, THE LGC WILL MONITOR THE PRESENCE OR ABSENCE OF THE "NON-ATTITUDE HOLD"
DISCRETE, this DISCRETE IS ISSUED TO THE LGC WHEN THE ATTITUDE MODE CONTROL SWITCH IS IN THE AUTO POSITION.

SHOULD THIS DISCRETE APPEAR DURING THE POWERED LANDING MANEUVER, THE LGC ASSUMES THAT IT NO
LONGER HAS COMPLETE AUTOMATIC CONTROL OF THE ATTITUDE OF THE SPACECRAFT.

THE MONITOR AND THE ASSOCIATED LGC LOGIC IS INCLUDED IN THE LANDING AUTO MOOES MONITOR ROUTINE (R13I WHICH IS
ALREADY IN PROCESS.

(9) THE LPO OPTION IS NOT PROVIDED THE CREW DURING THIS PROGRAM.

(101 THE ATTITUDE HULD MODE OR THE AUTO MODE IS RECOGNIZED BY THE LGC THROUGHOUT THIS PROGRAM. IN ATTITUDE HOLD THE
LGC WILL HOLD INERTIAL ATTITUDE UNLESS IT IS CHANGED BY MANUAL CCNTROL VIA THE ATTITUDE CONTROL ASSEMBLY. THE
ATTITUDE ERRORS ARE DISPLAYED ON THE FCAI NEEDLES WHEN THE LGC IS IN TME ATTITUDE HOLD MODE. IN AUTO MODE THE LGC

P66/LUMINARV
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CaSfKOLS HORIZONTAL VELOCITY NULLINO VIA THE ISSUANCE OF COMMANDS TO THE DIGITAL AUTOPILOT,

1111 THE CREW HAS THE CAPABILITY TO DISPLAY LGC CALCULATED VALUES CF FORWARD VELOCITY, LATERAL VELOCITY, ALTITUDE
AND ALTITUDE RATE ON CERTAIN LM METERS DURING THIS PRUGRAM. THE CALCULATION OF THESE PARAMETERS IS UNDER THE CONTROL
OF THE LANDING ANALOG DISPLAYS ROUTINE (RIOI WHICH IS ALREADY IN PROCESS.

1121 DURING this PROGRAM THE LGC MONITORS THE OUTPUT OF THE RATE OF DESCENT (RODI SWITCH IN THE LM. THIS SWITCH IS
OPERATED BY THE ASTRONAUT IN RESPONSE TO HIS ASSESSMENT JF THE PRESENT LM RATE OF DESCENT BASED ON OUT-THE- Wl NDO

W

REFERENCES AND LM/DSKY DISPLAYS.
SWITCH OPERATION IS ON AN INCREMENTAL BASIS, EITHER - I INCREASE RODI OR (DECREASE ROOI. EACH COMMAND RESULTS

IN AN LGC-COMMANDED CHANGE OF "RODSCALE" FT/SEC IN THE LM RATE OF DESCENT. ("RODSCALE" IS A VALUE LOADED INTO
ERASABLE STORAGE PRIOR TO FLIGHT 1

(13) AN ABORT FROM THE LUNAR DESCENT MAY BE REDUIRED AT ANY TIME DURING THE POWERED DESCENT IP63I, (P6AI, OR IP66).
FOR ABORTS AFTER DPS IGNITION FOR THE POWERED LANDING MANEUVER, TIME IS CRITICAL. DURING THIS PERIOD AN ABORT IS

COMMANDED BY PUSHING ONE OF TWO BUTTONS IN THE LM. THE ABORT MAY BE COMMANDED TO USE THE DESCENT STAGE (ABORT BUTTON)
OR THE ASCENT STAGE (ABORT STAGE BUTTON). IF THE DESCENT STAGE IS SELECTED, AND THE DPS PROPELLANT APPROACHES EXHAUS-
TION, CONTROL MUST BE SWITCHED TO THE ASCENT STAGE BY THE CREW BY ASCENT STAGE SELECTION (ABORT STAGE BUTTON).

DURING THE POWERED LANDING MANEUVER, THE LGC WILL CONTINUOUSLY MONITOR THE ABORT AND ABORT STAGE DISCRETES,
AND UPON RECEIPT OF EITHER WILL TERMINATE THE PROGRAM IN PROCESS AND CALL THE APPROPRIATE ABORT PROGRAM (OPS ABORT
PROGRAM (P70) OR APS ABORT PROGRAM (P71I) UNLESS DIRECTED TO IGNORE THESE DISCRETES BY THE DAP DATA LOAD ROUTINE
(R03). BOTH ABORT PROGRAMS WILL GUIDE THE LM TO AN ORBIT AS SPECIFIED IN SECTION 5.4 OF R567.

THE MONITOR OF THE ABORT AND ABORT STAGE PUSHBUTTONS IS CONTROLLED BY THE ABORT DISCRETES MONITOR ROUTINE (Rll)
WHICH IS ALREADY IN PROCESS.

(141 IF A thrusting MANEUVER IS PERFORMED WITH THE GUIDANCE CONTROL SWITCH AT PGNS AND THE MODE CONTROL SWITCH
AT ATTITUDE HOLD THE PGNCS WILL HOLD THE VEHICLE ATTITUDE AND WILL GENERATE EITHER MODE I OR MODE II ATTITUDE
ERRORS AND VEHICLE ATTITUDE RATES FOR DISPLAY ON THE FOAI. THE CREW MAY EXERCISE MANUAL ATTITUDE CONTROL ABOUT ALL
VEHICLE AXES WITH THE ACA IN EITHER THE RATE COMMAND OR MINIMUM IMPULSE MODE DEPENDING UPON THE STATUS OF THE
PULSES FLAG. IT IS STRONGLY RECOMMENDED THAT POWERED FLIGHT NOT BE ATTEMPTED IN THE MINIMUM IMPULSE MODE. THE PULSES
FLAG IS SET OR RESET BY EXTENDED VERBS 76 (MINIMUM IMPULSE) AND 77 (RATE COMMAND) RESPECTIVELY. THE PULSES FLAG IS
ALSO RESET BY P 12 , P4D , P41 , P42 , P63, P70 , P71 AND R40 AT MAIN ENGINE IGNITION. WITH THE EXCEPTION OF THESE CASES, MODE
SELECTION IS ALWAYS BASED UPON THE LAST ENTRY MADE IN THE OSKY. DURING A THRUSTING MANEUVER IN THE PGNS/ ATT I TUOE HOLD
MODE, THE PGNCS WILL NOT BE RESPONSIBLE IF REGISTER OVERFLCWS OCCUR WITHIN THE LGC, EXCEPT DURING THE DESCENT
THRUSTING MANUEVER. IN THIS MANEUVER, WHEN OVERFLOW IS DETECTED, CALCULATIONS ARE HALTED AND THE NEXT CALCULATION
CYCLE IS BEGUN WITH UPDATED DATA.

05 (151 CONTROL OF THE LM DPS, RCS, AND APS IS TRANSFERRED FROM THE PGNCS TO THE ABORT GUIDANCE SYSTEM (AGS) BY
'

PLACING THE GUID CUNT SWITCH FROM PGNS TO AGS.
THE AGS WILL BE CAPABLE OF TAKING OVER CONTROL OF THE LH DURING ANY PORTION OF THE LUNAR DESCENT OR ASCENT OR

DURING EITHER OF THE ABORT PROGRAMS ( P70 OR P71I. THE AGS WILL GUIDE THE LM TO A SAFE ORBIT.
THE AGS MAY BE INITIALIZED BY THE LGC AT ANY TIME BY MANUAL SELECTION OF THE AGS INITIALIZATION ROUTINE IR47I.
IN THE EVENT THAT THE GUIDANCE CONTROL SWITCH IS CHANGED FROM PGNS TO AGS DURING A THRUSTING MANEUVER, THE LGC

WILL CONTINUE COMPUTATION OF POSITION AND VELOCITY, THE DESIRED THRUST VECTOR, AND THE FDAI ATTITUDE ERROR NEEDLE DIS-
118P PLAY; HOWEVER THE PGNCS WILL NOT BE RESPONSIBLE IF REGISTER OVERFLOWS OCCUR WITHIN THE LGC BECAUSE THE AGS IS NOT

MAINTAINING REASONABLE ATTITUDE CONTROL.

(161 THE DAP DATA LOAD ROUTINE (R03) HAS BEEN PERFORMED PRIOR TO THE START OF THE POWERED LANDING MANEUVER AND
SHOULD NOT BE REQUIRED DURING THIS PRUGRAM.

(17) LGC AND CREW PROCEDURES IN CASES OF LGC-ASSUMED THRUST FAILURE ARE DEFINED BY THE DPS/APS THRUST FAIL ROUTINE
(R40). this ROUTINE IS IN EFFECT DURING THIS PROGRAM UNTIL SELECTION (VIA RCC) OF THE LANDING CONEIRMATION PROGRAM
IP6BI, HAVING BEEN ENABLED BY Po3.

(181 THIS PROGRAM IS AUTOMATICALLY SELECTED BY THE LANDING AUTO MODES MONITOR ROUTINE IR13) DURING THE POWERED LANDING
MANEUVER WHEN:

476
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PROG
CONT

(A) ATTITUDE CONTROL IS FIRST TRANSFERRED TO MANUAL (ATTITUDE CONTROL SWITCH TO ATTITUDE HOLD! AND THE
ASTRONAUT COMMANDS A NET CHANGE IN THE RATE OF DESCENT BY MEANS OF THE ROD SWITCH.

(81 LGC TARGETED LOGAT E CONDITIONS WARRANT CHANGE FROM APPROACH PHASE TO VERTICAL LANDING PHASE.

<191 THE ASTRONAUT MAY MONITOR THE FOLLOWING PARAMETERS BY KEYING IN V16 N92E:

(A) V16 N92
Rl-THRCMD
R2-HDaT
R3-H

THRCMD-THE percent THROTTLE DESIRED BY THE LGC BASED ON THE DPS RATED THRUST OF 10, SCO POUNDS. IN PERCENT
TO NEAREST PERCENT.

HDOT-THE PRESENT RATE OF CHANGE OF ALTITUDE (HI. IN FPS TO NEAREST .1 FPS.

H-THE PRESENT ALTITUDE OF THE LM ABOVE THE LUNAR RADIUS AT THE DESIGNATED LANDING SITE. IN FEET TO NEAREST
FOOT.

(20) THREE ALARM CONDITIONS MAY BE ORIGINATED BY THE PGNCS POWERED LANDING EQUATIONS:

(Al IF SUBROUTINE ROQTPSRS IN THE RG/VG CALCULATION FAILS TO CONVERGE IN 8 PASSES THE LGC WILL TURN ON THE
PROGRAM ALARM ^IGHT, STORE PROGRAM ALARM 01*06, STOP ALL VEHICLE ATTITUDE RATES, AND CONTINUE.
THIS ALARM COULD ONLY OCCUR IN P63 UR P6*. (NOTE: IF THIS CONDITION OCCURS BEFORE IGNITION DURING THE
IGNITION ALGORITHM, THE RESULT WILL BE A POOOOO ALARM, 21*061.

(81 IF AN OVERFLOW OCCURS IN THE LANDING GUIDANCE AND CONTROL EQUATIONS THE LGC WILL TURN ON THE PROGRAM
ALARM LIGHT, STORE ALARM CODE 01*10, STOP ALL VEHICLE ATTITUDE RATES AND CONTINUE. THIS ALARM COULD
OCCUR IN P63, P6*, OR P66.

(Cl IF THERE ARE TOO FEW THROTTLINGS SINCE THE LAST P66 OMISSION, THE LGC WILL TURN ON THE PROGRAM ALARM
LIGHT, store Alarm code 01*66, and branch TO THE V06 N60 DISPLAY, THIS ALARM COULD ONLY OCCUR IN P66.

LGC GROUND CREW

.LGC

. PROGRAM

. SELECTION

START landing PHASE . MONITOR DSKY: *10
PROGRAM (P66I. OBSERVE DISPLAY
DISPLAY P66 . OF P66

P66/LUMINARY



IS THEKE TIME FOK
Pb6?

Y N.

HAVE THERE dEEN
TOO FEU THROTTLE
PASSES SINCE LAST
LiRIS:>10N OF P66?

y N.

05

1180

CCMPANU ZERO
ATTITUDE RATES

TURN ON PROURAM
ALART AND STOKE
ALARM CODE

“8
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#20

#30

»A0

#50

«bO
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P66
HORIZONTAL
CHANNEL
SEiilNS HERE

#70

COMPUTE COMMANDED
ACCELERATION VEC-
TOR FOR HORIZONTAL
VELOCITT NULLING

#80

DIO OVERFLOW OCCUR
IN GUIDANCE
EQUATIONS? #90

N .Y

» *

05
TURN ON PROGRAM
ALARM AND STORE
ALARM CODE 01410

#100

1180
+ +

COMMAND
ZERO ATTITUDE
RATES

#110

IS ENGUE ARM
SWITCH UN?

Y N
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• •

*12C

. HAi THE ASTkG-

. NAUT PERFORMED • •

. A "PROCEED" • «

. AFTER LUNAR « •

. TOUCHDOWN? • «

. .N Y. • •

• •

i*i3r

ISSUE COMMANDS • •

FOR HORIZONTAL • •

velocity nulling .

•

• •

• •

• •

« •

• «

• •

«

. STOP RCS JET

• •

• •

• •

• • »i*r
. FIRINGS.

• •

• •

• •

• •

• •

• • • •

• • •

• •

• • •

•

• • • •

SET UP A P66 VER- • *i5r
TICAL CHANNEL JOB •

TO OCCUR IN 1 SEC.

•

•

•

•

¥ ¥

•

•

. P66
•

•

+ C5 . VERTICAL. •

•f .CHANNEL .

¥ .BEGINS . • II16C
¥ .HERE •

¥ • • •

¥ " B . •

¥ • • • •

¥ • • • •

¥ • • •

*1180 •••••• • •

¥ ¥ • • • •

SET DESIRED H DOT • *170
EQUAL TJ DESIRED •

•

•

•

•

•

•
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H DOT PLUS JROO-
SCALEI FT/SEC
times rudcount

05 ZERO ROD COUNTER
1180

•

05 IS AUTO THROTTLE
DISCRETE BACKUP
SBT?

D118C (IS ICHANBKUPI BIT
4 = 1 ?)

N .Y

I S THRCTTLE
CONTROL AUTO?

N .Y

SET DESIRED
H DOT EJUAL TO
H DOT

UPDATE H DOT AND H

FOR N6C

• 180

• 190

•200

#210

•220
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C5

1180

HOLD .

MON

COMPUTE REUUIREO
CHANUE IN THROTTLE
SETTING FOR CUR-
RENTLY JESIRED
H DOT

•230

CCMMANO REQUIRED
THROTTLE SETTING

COUNT ONE THROTTLE
PASS

•2«0

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY ON OSKY:

V06 N60
Rl-FJRVEL
R2-H DOT
R3-H

FCRVEL-THE FORHARO
COMPONENT OF THE
HORIZONTAL VELOCITY
OF THE VEHICLE MITM
RESPECT TO THE MOON
MMICH IS ESSENTIALLY
PARALLEL TO THE X-Z
PLANE OF THE VEHICLE
IFOR SMALL PITCH
DISPLACEMENTS!

.

IN FPS TO NEAREST .1

MONITOR OSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST RE-
SPONSE AND OISPLAV
OF FORVEL, H COT
AND H.
(NOTEJ THIS DISPLAY
HILL CONTINUE FLASH-
ING TO ALLOM THE
ASTRONAUT TO STOP
RCS JET FIRINGS ON
THE LUNAR SURFACE
BY PERFORMING A

PROCEED" AND
SNITCHING OFF THE
ENGINE ARM SMITCHI

•250

•260
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FPS

H DQT-THE PRESENT
RATE OF CHANGE OF
ALTITUDE (HI. POLA-
RITY INDICATES DES-
CENT (-1, OR ASCENT
(). POLARITY IS
NOMINALLY - DURING
THIS PROGRAM. IN FPS
TO NEAREST .1 FPS

H-THE PRESENT RADAR
UPDATED ALTITUDE OF
THE LM ABOVE THE
LUNAR SURFACE.
POLARITY IS
FOR ALTITUDES
GREATER THAN THE
ABOVE RADIUS. IN
FEET TO NEAREST
FOOT.

#270

• 280

#290

NOTE: THE N60 DIS-
PLAY IS PERIODICALLY
UPDATED, AND P66
CHANNELS ARE BEGUN
AT DIFFERENT TIME
INTERVALS. THESE
ARE:
Al DIRECT GUIDANCE
FLOW FROM SERVICER
TO "A" ABOVE.

#300

Bl SCHEDULED GUID-
ANCE FLOW FROM FIRST
P66 PASS TO -B"
ABOVE.

#310

MONITOR PROGRESS OF
POWERED LANDING
maneuver USING LM
DISPLAYS, DSKY DIS-

P66/LUMINARY
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PLAYS AND i^lNODW.
USING RATE UF

DESCENT S<<irCH,
CUMHAND DESIRED RATE
OF DESCENT. #32P

IF MANUAL ATTIT-
UDE CONTROL IS DE-
SIRED USE ATTITUDE
CONTROLLER.

MONITOR THRUST
INDICATOR (RIGHT
SIDE) TO ENSURE THAT
LGC throttle COMMAND
DOES NOT EXCEED XX
PERCENT. (NOTE: THE »33P
LGC MILL NOT INTEN-
TIONALLY COMMAND A
THRUST LEVEL LARGER
THAN THAT SPECIFIED
BY A PAD-LOADED
LIMIT (NOMINALLY 60
PERCENT I NO MATTER
WHAT THE CIRCUM-
STANCES ARE. I

IF MANUAL THROTT- •3A0
LE CONTROL IS DESIR-
ED. ADVANCE THRUST/
TRANSLATION CCNTROL-
LER UNTIL LGC CON-
TRIBUTION TO TOTAL
THRUST IS ZERO
(THRUST INDICATOR-
RIGHT SIOEI, AND PUT
THROTTLE SWITCH TO
MANUAL. THE LGC WILL §350
MAINTAIN THE PRESENT
LM INERTIAL ATTIT-
UDE. THROTTLE CON-
TROL WILL REVERT TD
THE LEVEL COMMANDED
BY THE THRUST/TRANS-
LATION CONTROLLER.

RATE OF DESCENT
MAY THEN BE MODIFIED
BY MANUAL THROTTLE *360
CONTROL. LM ATTITUDE
WILL REMAIN INER-

484
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TIALLY FIXED UNLESS
MANUAL ATTITUDE CON-
TROL IS EXERCISED,
HOWEVER MANUAL
ATTITUDE control
CANNOT BE EXERCISED
UNLESS THE ATTITUDE
CONTROL MODE SWITCH #370
IS IN ATTITUDE HOLD.
IN EVENT OF AUTO
THROTTLE DISCRETE
FAILURE:

KEY V04 N46E
R2 OOOCX

. V22E IXE
05 . V04 N46E

. R2 OOOIX
1180 . #380

. .

MONI tor DSKY :

WHEN H IS
APPROXIMATELY 50 FT
OBSERVE THAT LR UP-
DATINC HAS BEEN
TURNED OFF AUTO- #390
MATICALLY.

MONI TOR DSKY :

WHEN ACTUAL ALTI-
TUDE IS APPROXI-
MATELY 4.4 FT, #400
OBSERVE LUNAR
CONTACT LIGHT TO
COME ON INDICATING
THAT THE PROBEIS) ON
THE LM LANDING GEAR
HAVE MADE CONTACT
WITH THE LUNAR SUR-
FACE.

#410

P66/LUHINARY
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PUSH fcHGINE STUP
SWITCH TO TERMINATE
DPS THRUST

#420

REY IN PROCEED AND
SWITCH OFF ENGINE
ARM SWITCH.
this will prevent
RCS JET FIRINGS ON
THE LUNAR SURFACE.

#43C

CHECK thrust indica-
tor (LEFT SIDE) TO
INDICATE 0 PERCENT
CHAMBER PRESSURE.

#440

STANDBY ABORT STAGE
PUSHBUTTON IN CASE
LM STARTS TO TIP
OVER WHILE LANDING.

#450

WAIT FCR KEYBOARD
ENTRY

48& P66/LUMINARY



GO TO PKOGRAM SELEC-
TED VIA ROO

GO TO PROGRAM
selected

5C7
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•460

•470

• 480

•490

•500
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EXIT P66 EXIT P66

CHANGE CONTROL .JUTES

REV 00 PCR 31
REV 01 PCR 85,210,470,54^
REV 00(LUH lA) PCR 700,737
REV OlILUR IBI PCR 838,341, EOITURIAL
REV C2(LUM 1C) PCR 2 85 , 882 , ED I T OR I AL
REV 03(LUH ID) PCR 942,988,1013, PCN 1037,1009
REV C4(LUR IE) PCR 1107,1109, PCN 1145
REV 05 PCN 1 180

508
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LANDING CONFIRMATION PROGRAM (P58I REV C5 02/17/71

PURPOSE: (11

12 )

(3)

ASSUMPTIONS: III

TO TERMINATE LANDING PROGRAM AND CAP FUNCTIONS.

TO INITIALIZE THE L GC FOR LUNAR SURFACE OPERATION.

TO PERMIT THE ASTRONAUT TO PREVENT RCS JET FIRINGS ON THE LUNAR SURFACE.

THE FOLLOWING DISPLAT IS AVAILABLE DURING THE PROGRAM BY KEYING IN V85E (SEE EXTENDED VERBS).

V16N56
R1 - RR LOS AZIMUTH
R2 - RR LOS ELEVATION
R3 - BLANK

WHERE: RR LOS AZIMUTH - THE ANGLE BETWEEN THE LM X/Z PLANE AND THE RR LDS VECTOR. POSITIVE ROTATION
IS FROM THE LM Z AXIS TO THE LM tY AXIS. IN DEGREES TO THE NEAREST .31 DEGREE.

RR LOS ELEVATION - THE ANGLE BETWEEN THE LM Z AXIS AND THE PROJECTION OF THE RR LDS VECTOR ON
THE LM X/Z plane. POSITIVE ROTATION IS POSITIVE ROTATION ABOUT THE LM tY AXIS.

PROG
CONT

(2) THIS PROGRAM IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY. IT IS TO BE SELECTED ONLY AFTER THE LM HAS LANDED ON
THE LUNAR SURFACE.

(3) V37E68E SELECTION OF P68 WILL TERMINATE AVERAGE G AND COMMAND THE ENGINE OFF (REFER TO RPP).

(4) THE SELECTION OF THIS PROGRAM PLACES THE DAP IN, THE MINIMUM IMPULSE COM)<AND MODE. AS LONG AS THE ASTRONAUT KEEPS
THE MODE CONT SWITCH IN ATT HOLD, RCS JET FIRINGS WILL NOT OCCUR, EVEN WHILE THE PLATFORM IS BEING GYRO TORQUED
(IN P57).

LGC GROUND CREW

.cRew

.PROGRAM

.SELECTION

START LANDING . KEY IN LANDING
CCNF IRPATION .................... CONFIRMATION PROGRAM
PROGRAM (P68) . (P68) ilO
DISPLAY P68 V37E68E

MONITOR DSKY

PGB/LUMINARV



DISPLAY OF P68

CCMMANU ZERO
ATTITUDE ERRORS

SET PULSES (AT THIS TIME THE
FLAG DAP IS PLACED IN THE

minimum impulse
. COMMAND MODE).
. PLACE THE MODE CONT
. SNITCH IN ATT HOLD
. AND the dap will NDT
. FIRE RCS JETS. P 12

. WILL automatically

. PLACE THE JAP SACK

. INTO KATE COMMAND/

. ATTITUDE HOLD MODE

. AT MAIN ENGINE

. IGNITION.

SET SURFACE FLAG

RESET AdORT ENABLE
FLAG

SET APS FLAG

STORE PRESENT POSI-
TION VECTOR AS LAND-

512
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*20

•30

•40

• 50

*60

#70

490
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ING SITE IN LUNAR
FIXED CJORDINATES
IREFER TO SECTION
5.3 OF R567I.

#80

HOLD
. .. ..

SNAP
FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY LGC CALCUL-
ATED landing site
coordinates:

V06N43
Rl-LAT
R2-LONG
R3-ALT

OBSERVE VERB-NOUN
FLASH TO REQUEST
RESPONSE and DISPLAY
OF LGC CALCULATED
LANDING SITE COORDI-
NATES.

#90

LAT-SELENOGRAPHIC
LATITUDE OF THE LGC-
ASSUMEC PRESENT
LANDING SITE. POLA-
RITY INDICATES NORTH
I+l OR SOUTH I-l.
IN DEGREES TO NEAR-
EST .01 DEGREES.

LONG-SELENOGRAPHIC
LONGITUDE OF THE
LGC-ASSUMED PRESENT
LANDING SITE. POLA-
RITY INDICATES EAST
() OR REST (-). IN

DEGREES TO NEAREST
.01 DEGREES.

ALT-THE PRESENT
ALTITUDE OF THE LT

ABOVE THE LUNAR
RADIUS AT THE
DESIGNATED LANDING
S ITE I IF RESTART
OCCURS-ABOVE THE
LUNAR RADIUS AT
THE LGC-ASSUMED
PRESENT LANDING

RECORD these VALUES.

#100

#110

#120
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SITE, l.E. = 0).
this value should
NOMINALLY BE OOOC'O
EXCEPT FOR ACCRUED
ERRORS FROM THE LR
IN THE LAST PHASES
OF THE LANDING. IN
nautical MILES TO
NEAREST .1 NM.

ENSURE THAT THE EM
IS stabilized upon
THE SURFACE CF THE
MOON AS WELL AS
POSSIBLE.

WAIT FOR KEYBOARD KEY IN PROCEED
ENTRY .

TERMINATE FLASH UPON
RECEIPT OF PROCEED

.P
• R •

. 0

• C •

. E

. E

.0

FRCM LGC CALCULATED
LANDING SITE COORDI-
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#13P

* 14 ''

#150

#16P
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NATES AND THE PRE-
SENT ICDU/GIMBAL
ANGLES COMPUTE AND
STORE THE PRESENT
LM ATTITUDE WITH RE-
SPECT IJ THE LUNAR
SURFACE.
DEFINE LUNAR GRAVITY
VECTOR TO BE
PARALLEL TO THE
LGC LANDING SITE
RADIUS VECTOR FOR
USE BY P57.

NOTE: the ASTRONAUT
MUST SWITCH ATTITUDE
CONTROL FROM AUTO
TO ATT HOLD TC TURN
OFF THE DAP IN ORDER
TO PREVENT SPURIOUS
JET FIRINGS

SET ATTITUDE FLAG

DO FINAL AUTOMATIC DO FINAL AUTCMATIC
REQUEST TERMINATE . . REgUEST TERMINATE
ROUTINE (RCI) ROUTINE ( ROD I

EXIT P63 EXIT P68

493
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#17C

*18D

#190

#200

# 21 '-'

#220
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CHANGE CONTRUL ^lOTES

LOGIC REV 00 PGR 570
REV 01 PGR 99 ,519 ,556, 557,623
REV C2(LUM IBI PCR 838, EDITORIAL
REV 03(LUM ICI PCK 285, EDI TORIAL
REV 05(LUM ID) PCR 296, PCN 1039
REV OSILUM lEI PCN 1155
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PURPOSE:

ASSUMPTIONS:

06
1180

DPS ABORT PROGRAM (P70I REV 06 12/01/71

III TO CONTROL A PGNCS CDNTROLLEO DPS ABORT FROM THE POWERED LANDING MANEUVER iP63.6At OR 66» WHEN REQUIRED.
(SEE ASSUMPTION III).

(It THIS PROGRAM MILL CONTROL A DPS ABORT IN ONE OF TWO WAVS:

(At IF THE ALTITUDE IS GREATER THAN 25.000 FT, THIS PROGRAM WILL COMMAND MAXIMUM DPS THROTTLE, CONTINUE DPS
THRUSTING, PERF3RM AN ATTITUDE MANEUVER (USING THE RCSI TO THE CORRECT ATTITUDE TO CONTINUE THE ABORT
ASCENT, AND COMPLETE THE ABORT ASCENT TO INSERT THE LM ON AN ABORT ORBIT.

(B) IF THE ALTITUDE IS LESS THAN 25,000 FT, THIS PROGRAM HILL COMMAND MAXIMUM DPS THROTTLE AND ENTER A

VERTICAL RISE PHASE WHICH WILL TERMINATE EITHER WHEN THE LM ALTITUDE EXCEEDS 25,000 FT. DR WHEN
THE LM VERTICAL VELOCITY IS GREATER THAN AO FT/SEC.

DURING THE VERTICAL RISE PHASE, THE VEHICLE IS MANEUVERED TO ALIGN THE LM X AXIS WITH THE
LOCAL VERTICAL (USING THE RCSI, AND THE LM AXIS NORMAL TO THE ANTICIPATED PITCH MANEUVER PLANE. THE
PROGRAM WILL THEN PITCH THE LM TO THE CORRECT ATTITUDE FOR ASCENT, AND COMPLETE THE ABORT ASCENT TO
INSERT THE LM ON AN ABORT ORBIT.

(2) THE ABORT ORBIT IS DEFINED IN SECTION 5.A.3 OF R567.

(3) THE LM IS ON THE POWERED LANDING DESCENT SOMEWHERE BETWEEN DPS IGNITION FOR THE MANEUVER tP63) AND DPS SHUTDOWN
ON THE LUNAR SURFACE (P6S).

(At IF CIRCULARIZATION NAS NOT OCCURRED, THE CSM IS IN A 9X60 I NM I 3RBIT AROUND THE MOON. THE C SM IS MAINTAINING
A PREFERRED TRACKING ATTITUDE FOR OPTICAL TRACKING OF THE LM.

(51 THE IMU IS ON AND ACCURATELY ALIGNED TO THE LANDING SITE ORIENTATION.

(6) THE LANDING RADAR (lR) IS ON AND WAS CHECKED OUT WHEN IN POSITION «1. THE LGC/LR OPERATION IS UNDER THE CONTROL
OF THE DESCENT STATE VECTOR UPDATE ROUTINE (R12I.

(71 THE LANDING ANALOG DISPLAYS ROUTINE (RIO) IS ENABLED UPON ENTRY TO THIS PROGRAM, HAVING BEEN ENABLED BY P63.
RIC IS TERMINATED UPON TERMINATION OF AVERAGE G. DURING THIS MODE ALTITUDE AND ALTITUDE-RATE ARE DISPLAYED ON THE
TAPE METERS AND INERTIAL CROSS-RANGE VELOCITY ON THE CROSS POINTERS.

(3) THE DPS IS NOT THROTTLABLE OVER THE WHOLE RANGE FROM ZERO TO MAXIMUM. IT MUST BE OPERATED EITHER AT MAXIMUM
THROTTLE OR OVER A SPECIFIC THROTTLE RANGE OF LOWER SETTINGS. THESE THROTTLE SETTINGS ARE SPECIFIED IN SECTION 5 OF
R567 ANC ARE TOTAL THROTTLE SETTINGS, I.E.: THE SUM OF THE MANUAL SETTING (WHOSE MINIMUM IS 10 PERCENT) AND THE
PGNCS COMMANDED SETTING.

THIS PROGRAM ASSUMES THE THROTTLE CONTROL TO BE IN AUTO (THE DPS RECEIVES THE SUM OF THE MANUAL AND PGNCS
commanded SETTINGS) AND THE MANUAL THROTTLE TO BE SET AT A LEVEL LESS THAN THAT REQUIRED BY THE LGC. THE LGC WILL
COMMAND MAXIMUM THROTTLE FOR ALL OPS THRUSTING CONTROLLED BY THIS PROGRAM.

(9) THE X-AXIS OVERRIDE OPTION PROVIDES THE CREW WITH THE ABILITY TO EXERCISE MANUAL CONTROL ABOUT THE LM X AXIS
with the ATTITUDE CONTROLLER EVEN THOUGH THE PGNCS ATTITUDE CONTROL MODE IS AUTO. WHEN THE CONTROLLER IS RETURNED
TO DETENT THE PGNCS DAMPS THE YAW RATE, STORES THE YAW ATTITUDE WHEN THE YAW RATE IS DAMPED, AND THEN MAINTAINS THAT
ATTITUDE.

THE X-AXIS OVERRIDE OPTION IS ALWAYS AVAILABLE TO THE CREW EXCEPT WHEN THE LGC IS SPECIFYING A DESIRED YAW
ATTITUDE. THUS THE OPTION IS INHIBITED BY THIS PROGRAM ONLY IN THE CASE OF ASSUMPTION I1)(B) ABOVE, UNTIL THE
completion OF THE PITCH MANEUVER TO THE ATTITUDE FOR THE ASCENT MANEUVER.

P70/LUMINARY
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(10) IF A thrusting MANEUVfcK IS PERFORMED WITH THE GJlUANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH
IN auto, the PGNCS will control the total VEHiCLt ATTITUDE AND GENERATE EITHER MODE I OR MODE II ATTITUDE ERRORS
AND VEHICLE ATTITUDE RATES (SEE ASSUMPTION (12)1 FCR DISPLAY ON THE FDAl. THE CkEW MAY EXERCISF CONTROL AROUND THE
YAW AXIS ONLY WITH THE ACA (X-AXIS OVEI^RIDE) IF THE X-AXIS OVERRIDE CAPABILITY IS PERMITTED BY THE PROGRAM IN PROCESS.
THIj manual control WILL BE IN THE RATE COMM AND / AT T 1 TU JE HOLD MODE.

IF A THRUSTINb MANEUVER IS PERFORMED WITH THE GUIJAXCE CONTROL SWITCH IN PGNS AND THE MOCF CONTROL SWITCH IN
ATTITUDE HOLD THE PoNCS WILL HOLD THE VEHICLE ATTITUDE AND WILL GENERATE EITHER MODE I OP MODE II ATTITUDE ERRORS
FOR DISPLAY ON THE FDAl. THE CREw MAY EXERCISE MANUAL ATTITUDE CONTROL ABOUT ALL VEHICLE AXES WITH THE ACA IN

EITHER THE RATE COMMAND JR MINIMUM IMPULSE MODE DEPENDING UPON THE STATUS UE THE PULSES FLAG. IT IS STRONGLY
RECJMMENDEO THAT PUwEREO FLIGHT NOT BE ATTEMPTED IN THE MINIMUM IMPULSE MODE. THE PULSES FLAG IS SET OR RESET BY
EXTENDED VERBS 76 (MINIMUM IMPULSE) AND 77 (RATE CCM MA wD ) RESPECTIVELY. THE PULSES FLAG IS ALSO PESET BY P12, PAD,
PAl, PA2, P63, P70, P71 AND RAO AT MAIN ENGINE IGNITION. WITH THE EXCEPTION OF THESE CASES, MDOE SELECTION IS ALWAYS
BASED UPON THE LAST ENTRY MAJE IN THE USKY. DURING A THRUSTING MANEUVER IN PGNS/A TT 1 TUD E HOLD NUDE THE PGNCS WILL
NOT BE RESPONSIBLE IE REGISTER OVERFLOWS OCCUR WITHIN THE LGC.

111) CONTROL OF THE LI DPS, RCS, AND APS IS TRANSFERRED FROM THE PGNCS TO THE ABORT GUIDANCE SYSTEM lAGS) BY PLACING
THE GUID CQNT SWITCH FROM PGNS TO AGS.

THE AGS WILL BE CAPABLE OF TAKING OVER CUNTROL UF THE LM DURING ANY PORTION OF THE LUNAR DESCENT OR ASCENT OR
DURING either OF THE ABORT PROGRAMS (P70 OR P7l). THE AGS WILL GUIDE THE LM TO A SAFE ORBIT.

THE AGS MAY BE INITIALIZED BY THE LGC AT ANY TIME BY MANUAL SELECTION OF THE AGS INITIALIZATION ROUTINE (R47).
+ IN THE EVENT THAT THE GUIDANCE CONTROL SWITCH IS CHANGED FROM PGNS TO AGS DURING A THRUSTING MANEUVER, THE LGC
+06 will CONTINUE COMPUTATION OF POSITION AND VELOCITY, THE JESIRED THRUST VECTOR, AND THE FDAl ATTITUDE ERROR NEEDLE DIS-
+1180 play; however the PGNCS WILL NOT BE RESPONSIBLE IF REGISTER OVERFLOWS OCCUR WITHIN THE LGC.
+ +

112) THE PGNCS CAN GENERATE TWO TYPES OF ATTITUDE ERRORS FOR DISPLAY ON THE FDAl:
MODE I - SELECTED BY EXTENDED VERB 61. AUTJP 1 LOT FOLLOWING ERRORS USED AS A MONITOR DF THE DAP'S ABILITY

TO TRACK AUTOMATIC STEERING COMMANDS.
MODE II- SELECTED BY EXTENDED VERB 62. TOTAL ATTITUDE ERRORS USED TO ASSIST CREW IN MANUALLY MANEUVERING

THE VEHICLE.
PGNCS-OERIVED VEHICLE ATTITUDE RATES MAY ALSO BE DISPLAYED VIA SELECTION BY EXTENDED VERB 60.

++ DISPLAY SELECTION IS ALWAYS BASED UPON THE LAST ENTRY MADE IN THE DSKY, WITH THE EXCEPTION THAT MODE II ATTITUDE
+06 ERROR DISPLAYS ARE AUTOMATICALLY SELECTED AT THE BEGINNING OF R60. FOR A MORE DETAILED DESCRIPTION OF THESE
+1180 DISPLAYS REFER TO SECTION 3 OF R567 (PARA, i.2.6. ).

+ +

(13) THE DAP DATA LOAD ROUTINE (ROJI WAS COMPLETED PRIOR TO OPS IGNITION FOR THE POWERED LANDING MANEUVER AND SHOULD
NOT BE SELECTED DURING THIS MANEUVER.

(14) DURING DPS BURINS ONLY, THE PITCH-ROLL RCS JET AUTOPILOT (U AND V JETS) MAY BE DISABLED ( V65 ) OR ENABLED (V75)
BY EXTENDED VERB AS SHOWN. THIS CAPABILITY IS INTENDED T3 BE USED TO PREVENT LM AND DESCENT STAGE THERMAL CONSTRAINT
VICLATICNS DURING CSM-DOCKED OPS BURNS (P40). THE CAPABILITY EXISTS DURING P63 AND P70 ALSO. PERFORMANCE OF FRESH
start (V35E) WILL ALWAYS ENABLE THE PITCH-ROLL JETS.

+ 1151 THIS PROGRAM MAY BE CALLED IN TWO WAYS:
+ 06
+ (A) ABORT PUSHBUTTON - IF THE ABORT PUSHBUTTON IS USED DURING THE POWERED DESCENT IT WILL BE DETECTED BY

+1180 THE ABORT DISCRETES MONITOR ROUTINE IRll), UNLESS DIRECTED TO IGNORE THIS DISCRETE BY THE JAP DATA LOAD ROUTINE (R03).
++ Rll WILL THEN CALL THIS PROGRAM.

(B) V37E70E - THIS PROGRAM MAY BE CALLED BY THE SAME PROCEDURE AS OTHER PROGRAMS ARE MANUALLY CALLED.

(16) THE LGC WILL NOT AUTOMATICALLY SELECT THE APS ABORT PROGRAM (P71) IF DPS FUEL EXHAUSTION OCCURS DURING
EXECUTION OF P70. THE CREW MUST ANTICIPATE DPS FUEL EXHAUSTION AND SELECT P71 BY THE ABORT STAGE PUSHBUTTON OR

BY V37E71E.

(17) the ASTRONAUT MAY MONITOR THE FOLLOWING AOOITICNAL PARAMETERS DURING THIS PROGRAM BY KEYING IN V16N77E:

496
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V15N77
Rl-TG
R2-VGY(LM»
R3-VI

WHERE:
TG - THE ESTIHATEO TIME OF FLIGHT FROM THE PRESENT TIME TO THE ACCOMPLISHMENT OF THE ASCENT

INJECTION CONDITIONS. POLARITY IS IN MINS AND SECS TO NEAREST SEC. MAX READING IS 59B59.

VGYILMI - COMPONENT OF THE PRESENT VG VECTOR ALONG LM Y AXIS. IN FPS TO NEAREST .1 FPS.

VI - THE MAGNITUDE OF THE LM INERTIAL VELOCITY WITH RESPECT TO THE REFERENCE COORDINATE SYSTEM.
IN FPS TO THE NEAREST .1 FPS.

(18) THE ASTRONAUT MAY MONITOR THE FOLLOWING ADDITIONAL PARAMETERS AT ANY TIME DURING THIS PROGRAM AFTER TIG BY
KEYING IN V16N85E:

V16Na5
Rl-VGX(LM)
R2-VGY(LM»
R3-VGZILN)

FOR DEFINITIONS, SEE LOGIC BELOW.

(19) THE ASTRONAUT MAY OBSERVE THE FOLLOWING ADDITIONAL PARAMETERS DURING THIS PROGRAM BY KEYING IN V06N76E:

V06N76
Rl-DOWNRANGE VELOCITY IVHF)
R2-RAOIAL VELOCITY (H DOT F)

R3-CROSSRANGE

where: DOWNRANGE VELOCITY - THE HORIZONTAL OOWNRANGE VELOCITY AT INJECTION IN FPS TO NEAREST .1 FPS.

RADIAL VELOCITY - THE RADIAL VELOCITY AT INJECTION (THIS VALUE WILL BE DRAWN FROM PAD-LOADED
ERASABLE STORAGE LOCATION) IN FPS TO NEAREST .1 FPS.

crossrange - THE DISTANCE BETWEEN THE LM ORBITAL PLANE AFTER INJECTION AND THE LM POSITION
VECTUR AT TIG. (FOR THIS PROGRAM, THE CROSSRANGE VALUE IS RESTRICTED IN MAGNITUDE TO PAD-LOADED VALUE.
PRESENTLY THE MAXIMUM ALLOWABLE VALUE IS CONSTRAINED TO BE C.5 DEGREE (APPROXIMATELY 8 N.M.)) IN
AM TU NEAREST .1 NM.

LGC GROUND CREW
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INUTE: ALL LOGIC IN
the lgc column des-
cribes BOTH THE OPS
ABORT PROGRAM, P70,
AND THE APS ABORT
PROGRAM, P71. ONLY
THAT LC.,IC ASSOCIAT-
ED WITH P70 IS PERT-
INENT HERE HOWEVER.

I

INOTE: ALL LOGIC IN
THE CREW COLUMN IS
ONLY THAT ASSOCIATED
WITH THE DPS ABORT
PROGRAM, P70.I

CREW
PROGRAM
SELECTION

#1D

WAIT FOR KEYBOARD
ENTRY.

NEW
PROGRAM

DO I WISH TO SELECT
P70 BY ABORT PUSH-
BUTTON OR DSKY
ENTRY?

.DSKY
•

.POSH-

. BUTTON

•

•

• • •

•

•

•

•

•

•

•

•

•

•

GO TO
ABORT
DI SCRETES
MCNITQR
ROUTINE
(RID

•

•

DPS ABORT
IP70t• PKOGRAM

V37E70E

*20

#30

#*0
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IS THE PROGRAM SE-
LECTED ALREADY IN
PROCESS?

.N Y

IS ABORT ENABLE
FLAG SET?

.y N,

IS AVERAGE G

FLAG SET?

.Y N.

DOES OPERATOR ERROR
LIGHT INDICATE THAT
THIS PROGRAM HAS
INCORRECTLY SELE-
CTED?

• •

EXIT EXIT

TURN CN OPER-
ATOR ERROR
LIGHT

"A"
FROM ABORT

"A”
FROM ABORT

. . 523
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fSO

•60

*90
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•

•

•

•

•

• DISCRETES DI SCRE TES
• MONITOR MONITOR
•

•

•

ROUTINE (RIU
•

•

ROUTINE (Rli)

•

•

•

•

•

•

•

• • •

•

•

•

• • •

•

START DPS ABORT PRO- monitor DSKY:
GRAM IP70I OR APS OBSERVE DISPLAY
ABORT PROGRAM (P71) . P70.
AS DEFI.TED BY V37 OR
Rll SELECTION. DIS-
PLAY P7J OR P71 AS
APPROPRI ATE.

IS THE present
PROGRAM P71?

N Y.

SET APS FLAG

BESET ULLAGE FLAG

RESET X-AXI S OVER-
RIDE INHIBIT FLAG

524
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#11C

AI20

#140
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RESET PJLSES FLAG #15C

SET 1.0 DEGREE
DEADBAND

11150

* *

»06
1180

SET ENGINE ON FLAG

CCHMAND ENGINE ON.
INOTE: IF TOTAL
THRUST FAILURE HAS
OCCURRED. MANUAL
TRANSLATION MUST BE
APPLIED PRIOR TO
P70/n SELECTION
UNTIL P70/71 AUTOMA-
TICALLY COMMANDS
ENGINE UN. I

#170

#iec

SET LR BYPASS FLAG

06 RESET FOLLOWING
FLAGS ASSOCIATED
WITH R12: VX INHIBIT,
HIGATE, NO LR READ,

#19C

P70/LUMINARY
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+ •

f •

f •

+ R12 X-AXIS OVERRIDt,
^ LR PERMIT, VELOCITY
+ DATA, RANGE DATA, V

+ FLASH, H FLASH, V

+ FAIL, F FAIL, AND
+ R12 DELAY
•1180 • »20r
+ » •

SET KIO FLAG, REMOVE
DISPLAY INERTIAL
DATA DISCRETE FROM
THE CDUS, AND RE-
START RiO.

#210

TERMINATE THRUST
VECTOR CONTROL AND
HOLD INERTIAL VEHI-
CLE ATTITUDE.

#220

SET THE DELTA V

COUNTER = 4 FOR USE
BY RAO

#230

ENABLE CURRENT GUID-
ANCE DISPLAYS.

RESET IDLE FLAG
#240

502
'

P70/LUMINARY



503
527

P7^/LUM1NARY

RESET RCS FLAG

#25P

SET 4- JET TRANS-
LATION FLAG.

#260

SET P7CP71 FLAG

#270

INITIALIZE FINOCDUW

IS PRESENT PROGRAM
P70?

• N Y.

#280

DEFINE INITIAL
TGO FOR ABORT
BURN TO BE

PRESENT TIME
MINUS ACTUAL TIG

#290

P7C/LUMINARY
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FUR THE POWERED
DESCENT.

INITIALIZE DPS
ENGINE DATA #300

+

+ 06

+ 1180

SET 1X0=0

#310

INITIALIZE TARGET
DATA

#320

RESET A30RT ENABLE
FLAG

SET DELTA V MONI-
TOR THRESHOLD TO
ASCENT STAGE
VALUES.

#330

INITIALIZE APS
ENGINE DATA

#340
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GO TO
"B"

BELOW

INITIALIZE
TARGET DATA

DEFINE INITIAL TGO
FOR THE ABORT BURN

• •

5U5 P70/LUMINARY

»35r

*360

#370

#380

#390
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TO 8E PRESENT TIME
MINUS a>;tual TIU
FCR POWERED DES-
CENT.

#AOr

SET THE DES IRED
RADIAL VELOCITY
EQUAL TJ
PAD-LOAJEO VALUE

#41C

COMPUTE CROSSRANGE
DISTANCE USING
PAD-LOAJEO VALUE
RESTRICTION. I.E.I
COMPUTE
OUT-OF-PLANE (Y)
IF |Y| <0.5 DEG.,
XRANGE = -Y
IE |Y| >0.5 DEG.,
XRANGE = 0.5 DEG.
SGN (-Y)

SET VERTICAL RISE
FLAG

HAVE PGNS CONTROL
AND AUTO THRCTTLE
MODES BEEN SELECTED?

#43C

Y N.

COMPUTE THETA ( LM TO
CSM PHASE ANGLEI

#44C
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IS THETA > theta

SET OI>S ENGINE
THROTTLE TO MAXIMUM

OBSERVE OPS TO
COME TO FULL
THRUST:
THRUST INOICATUR-
LEFT SIDE: <X

507
531
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«450

#A60

#470

#480

#490
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PSKCENT OF MAX-
IMU'X CHAM3EK
PKESSJKE, RIGHT
SIDE: LGC
THROTTLE CC.-IFANU

XX PERCENT FULL
THRUST.

SET APS ABORT
CONTINUATION FLAG

FROM
ABOVE

HAVE PGNS CCNTROL
AND AUTO ATTITUDE
CCNTROL MODES BEEN
SELECTED?

• Y N

IS THE APS FLAG
SET?

«•

C6
F

F

F

F

IS AUTO
THROTTLE DIS-
CRETE BACKUP
SET, I.E. BIT

F

532
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#50C

#51C

#520

#530

#540
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+

4 CH1NBKUP=1?

POSS
HOLD .

SNAP .

. Y .N
•

•

.HAS THE AUTO

.THROTTLE MODE

.BEEN SELECTED?
•

. .Y N.

• • •

• • •

FLASH VER9-
NUUN TO RE-
CJEST PLEASE
PERFORM PGNS
CONTROL, AUTO
ATTITUDE CON-
TROL, AND AUTO
THROTTLE (DPS
CHLYI MODE SE-
LECTION:

V50N25
RI-C0203
R2-BLANK
R3-BLANK

MONITOR DSKY:
DOES VERB-NOUN

FLASH TO REJCEST
PLEASE PERFORM PGNS
CONTROL, AUTC ATTI-
TUDE CONTROL, and
AUTO THROTTLE (OPS
ONLY) MODE SELECTION
INDICATE that MODE
SELECTION IS INCOR-
RECT?

Y N.

HAVE REQUESTED
MODES BEEN SELEC-
TED?

.N Y,

DO I WISH TO
HAVE THESE MODES
SELECTED DURING
THE thrusting
MANEUVER?

Y N

509 PT'^/LUMINARY

»55C

*560

#57C

058C

#59P
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SET GUIDANCE
CONTROL SRITCH
TO PGNS, ATTI-
TUDE CONTROL
5»JITCH TO
AUTO, AND
throttle
SWITCH TO AUTO.

BOARD ENTRY . • • . • #61C

TERMINATE . . « #62P
FLASH UPON KEY IN ENTER
RECEIPT OF . . .

PROCEED OR . . .

ENTER

E .P . . .

N .R . . .

T • 0 • . .

E . C . • .

R .E • . . |I(63H

• E . * •

* D . . .

SET DPS ENGINE . OBSERVE DPS TO
throttle TO MAXIMUM COME TO FULL

. thrustj Thrust . #640
. INDICATOR-LEFT
. SIDE: XX PERCENT

510 P7r/LUMINARY



OF MAXIMUM CHAM-
BER PRESSURE.
RIGHT SIDE: LGC
THROTTLE COMMA,MO
XX PERCENT FULL
thrust.

CALCULATE THE PRE-
SENT DESIRED THRUST
VECTOR TO ACCOMPLISH
THE A3CRT ASCENT
CONDITIONS IREFER
SECTION 5.4 OF
R567)

IS the vertical rise
FLAG SET?

.N Y.

IS H GREATER THAN
25,030 FT?

Y N.

SET X-AXIS
CVERRIDE IN-
HIBIT FLAG

1j H DOT
GREATER

511 PTF/LUMINARY

»65C

*660

#670

#680

#69C
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T^AN Ar

FPS (JP)?

. Y . N

REStT
RJTAT ION
flag

RESET VERTICAL
RISE FLAG

IS RJTAT ION
FLAG SET?

SET Txn
EJUAL TO PRE-
SENT TIME +10
SECONDS.

IS T PRESENT
GREATER THAN
TXO?

N Y

536
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#7PP

#71P

#720

#73r

#7AP
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IS Tr)E ROTATION
FLAG SET?

N Y.

IS THE LM
X-AXI S WITH-
IN 90 DEG-
REES OF THE
DESIRED LM
X-AXI S?

#750

Y N.

IS THE
PRESENT
LM X-AXIS
WITHIN 30
DEGREES
OF LOCAL
VERTICAL
(UPt?

N.

#760

#770

RESET THE
RJTAT ION
FLAG

#78C

RESET X-AXIS
OVERRIDE

P70/LUMINARY
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IMriljlT FLA^
*79C

CALCULATE THE RE-
QUIRED ICDU/GIMHAL
ANGLES AND DRIVE
THE ICOJS (USING
FINDCDURI TO
ALIGN T,IE L3 +X
AXIS illTH THE
DESIRED thrust
VECTOR TO ACC-
CRPLISH THE
ABORT ASCENT,
THE LN +Y AXl

S

HCRIZQNTAL, AND
THE LM AXIS
DOWN.

»80D

#8ir

CALCULATE THE
REQUIRED ICDU/
GIMBAL ANGLES
AND DRIVE THE
ICDUS (USING
FINOCOUW) TO
ALIGN THE LN
X AX IS WITH

THE PRESENT
LOCAL VERTICAL
(UP) , THE LN
Y AXIS NORMAL
TJ THE ANTI-
CIPATED PITCH
MANEUVER PLANE
FUR THE ASCENT
AID THE LM +Z
AXIS DOWN-
RANGE.

*820

*83C
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TEMP
HOLD .

1 • • • 1, DISPLAY ON DSKY: • • MONITOR DSKY: #840
MCN • V06N9A » • • • <, OBSERVE DISPLAY

Rl-VGX(LM) • • • OF VGXILM), H DOT,
R2-H DOT • • AND H.
R3-H

VGXILMI - COMPONENT
OF THE PRESENT VG
VECTOR ALONG LH
X AXIS. IN FPS TO
NEAREST .1 FPS.

H DOT - THE PRESENT
RATE OF CHANGE OF
ALTITUDE (H). POLA-
RITY INDICATES DES-
CENT (-) OR ASCENT
(*l. IN FT/SEC TO
NEAREST .1 FT/SEC.

#850

H - THE PRESENT
ALTITUDE OF THE LM
ABOVE THE LM POSI-
TION VECTOR AT THE
DESIGNAIEO LANDING
SITE. POLARITY IS +

FOR ALTITUDES
GREATER THAN THE
ABOVE RADIUS. IN

FEET TO NEAREST
FOOT.

#860

#870

MONITOR DSKY, FDAI ,

AND OUT THE klNOOw;

(AJ IF H IS
GREATER THAN ,^080
+25000 THE
PGNCS WILL MANEU-
VER THE LM TO THE

P70/LUMINABY



COKRECT ATTITUDE
TO PERFORM THE
ASCENT AbCRT •

(B), IF H IS LESS
THAN +25000 THE
X-AXIS OVERRIDE
OPTION IS INHI-
BITED. the PGNCS
WILL MANEUVER THE
LM TO LOCAL VER-
TICAL (LM +X AXIS
UP I AND YA W THE
LM SO WINDOWS ARE
DOWNRANOE. THE
LOCAL VERTICAL
ATTITUDE WILL BE
MAINTAINED UNTIL
H IS GREATER THAN
+25000 OR H DOT
IS GREATER THAN
+00400 AT WHICH
TIME THE PGNCS
WILL MANEUVER
tPITCH) THE LM TO
THE CORRECT ATTI-
TUDE TO PERFORM
THE ASCENT ABORT
AND THEN THE
X-AXIS OVERRIDE
OPTION IS

RESTORED.

THE ABOVE MANEUVERS
WILL BE DONE WITH
THE RCS WITH THE DPS
AT FULL THRUST.

MONITOR DPS
THRUSTING:
1. DSKY:

Rl-VGX

540
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#89C

#90 C

#9 1C

#92C

#93C
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SHOULD BE
DECREAS INli

R2- H DOT
SHOULD REMAIN

R3-H SHOULD
INCREASE

2. FDAI-ATT. ERRORS #940
SHOULD BE LESS THAN
OR EaUAL TO XX
DEGREE

ATT RATES SHOULD BE
LESS THAN OR EOUAL
TO XX DEGREE/SEC.

3. THRUST INDICATOR
LEFT SIDE: XX PER- #950
CENT MAX CHAMBER
PRESSURE,
RIGHT SIDE: LGC
throttle command XX
PERCENT FULL THRUST.

IDENTIFY EARLY,
NORMAL, OR LATE
ENGINE CUTOFF FROM
ASSESSMENT OF OSKY #950
DISPLAYS.

.E .L .N

.A .A .0

.R .T .R

.L .E .M

. Y • •

• .C .C
.C .u .U
.U .T . T #970
.T .0 .0
.0 .F .F
.F .F .F
.F • •

• • •

• • •

• • • • •

• • •

SEE DPS/APS • •

P70/LUMINARY



54,;

Pyr/LUK I ^ARY

THRusr fail
r<jjri,\t 1R40)
F UK Rb^Ul K£J
RF:jPUMSfc

PUSH ENtilME STOP
PUoH dUTTJN

tfQQC'

CiU TO bACKUP
PRQCEOUKES.

IS TG LESS THAN
4 SEC?

(»1C0C

CALL ENGINE OFF COM-
MAND AT COMPUTED
REGUIREJ TI ME.

#1010

SET IDLE FLAG

#1020

WAIT UNTIL COMPUTED
T IME OF CUTOFF

518
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C6 RESET E.4GINE ON FLAG
+1180
+ + •

#1030

COMMAND ENGINE OFF

#1CA0

ZERO DPS AUTO
THROTTLE

COMMAND ZERO ATTI-
TUDE RATES

SET DEADBAND
TO PREVIOUS VALUE
DEFINED BY R03

#1060

MAINTAH VG
CCMPUTATIQNS AFTER
CUTOFF FOR POSSIBLE
NULLING BY RC5
TRIMMINv, MANEUVER

#1070

P70ZLUMINARY
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DISARM DPS
ftli'BO

"D"
FPCM R4J

CCMMAND ZERO
ATTITUDE RATES

#1090

SET DEADBAND
TO PREVIOUS
VALUE DEFINED
BY R03

#1100

RESET ULLAGE
FLAG

#1110

SET RCS FLAG

#112C

HOLD .

MON . FLASH VERB-NOUN TO
REQUEST PROCEED
AND MAINTAIN DISPLAY

MONITOR DSKY:
OBSERVE VERB-NOUN
FLASH TO REQUEST
PROCEED AND DISPLAY

520
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VGXI LM) , H DOT OF VOX LMI ,

H. • AND H.

V16 194 .
——

R1 - VGX(LM) •

R2 - H DOT •

R3 - H • •

H OUT, #113P

IK1140

RECORD THESE VALUES
AS DESIRED.

WAIT FOR KEYBOARD
ENTRY
TERMINATE FLASH UPON
RECEIPT OF PROCEED,
RECYCLE, OR
TERMINATE

• P .T .R
• R . E .E
.0 . R • C

.C . M . Y

• E . I .C
.E . N .L
.0 . A .E
• • T •

•

•

. E

•

•

• • •

•

•

•

• • •

•

•

•

GO TO
• *'C

”

•

•

•

BEL QW

COMMAND ZERO ATTI-
TUDE ERRORS

KEY IN PROCEED #1150

#1160

#1170

#1180

P7^/LUMI NARY



SET .3 JEGREE DEAD-
BAND

HOLD . FLASH VERB-NOUN TO
REQUEST RESPONSE AND

MCN . DISPLAY: COMPONENTS
OF VG(LM):

Vlo N35
Rl-VGXILMI
R2-VGY (LM

I

R3-VGZ<LMI

MONITOR DSKY:
OBSERVE VERB-NOUN
FLASH TO REQUEST
RESPONSE and DISPLAY
COMPONENTS OF VGILMI

CCMFCNENTS OF THE
PRESENT VG VECTOR
RESOLVED ALONG THE LM
X, Y, AND I AXES.
THE VG VECTOR WILL
BE UPDATED BY THE
STEERING LOOPS
DURING EACH COMPUTA-
TION CYCLE. IN FPS
TC NEAREST .1 FPS.

TO NULL OUT VG
COMPONENTS, COMMAND
MANUAL TRANSLATIONS
AND ROTATIONS.
INOTE: THIS MANEUVER
IS AT THE OPTION OF
THE CREW.)
(NOTE: TRANSLATION
WILL BE 4 JET UNLESS
ROB IS PERFORMED TO
SPECIFY 2 JET.)

THE ORBITAL PARA-
METER DISPLAY ROUT-
INE IR30) MAY BE
SELECTED AT THIS
TIME IV32E) TO
MONITOR CONTINUOUSLY
UPDATED VALUES OF
APO ALT, PER ALT,
AND TFF.

34 6
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#1190

#120C

#1210

#1220

#1230

522
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•

•

•

•

•

•

•

•

•

•

WAIT FOR KEYBOARD
ENTRY • •

TERMINATE FLASH UPON •

RECEIPT OF PROCEED, •

RECYCLE, OR •

TERMINATE •

.P .T .R •

• R . E .E •

.0 • R .C •

.C .M .Y •

.E . I .C •

.E .N .L •

.0 . A .E •

• . T • •

•

•

• E

•

• •

• • •

•

•

•

•

•

• «C"
• • FROM
•

•

•

•

ABOVE
•

•

•

•

•

•

• • •

KEY IN PRJCEED

SET DEAQBAND
TO PREVIOUS VALUE
DEFINED BY ROB

#1240

*1250

*1250

RESET ABORT ENABLE
FLAG

#1270

P7n/LUPINARY
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DG FINAL AUrUMAriC . . OU FINAL AUTCNATIC
REQUEST TERMINATE REQUEST TERMINATE
ROUTINE (ROOl . . ROUTINE (ROD)

• • «I29C
• • • • • •

EXIT P70/P71 EXIT P70

CHANGE CONTROL NOTES

REV CO PCR 13, 31
REV Cl PCR 70, 85, 86,164 ,234,258,259,419 ,472,475,476,536,539,542,568,613,617
REV CO ILUM lA) PCR 26C, 270,697,708,757
REV OKLUP IB) PCR 279, 338,840,841,845, 847, editorial
REV C2(LUM 1C) PCR 285, 893, EDITORIAL
REV 03 PCN 100 9

REV C4(LUM ID) PCR 1058 , PCN 1039
REV OSILUM IE) PCR 334, 1109, PCN 1145,1 147
REV 06 PCN1 11 80

524
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APS ABORT PROGRAM (P71) REV C5 12/01/71

P URPOSE;

ASSUMPTIONS:

+ C5
<1180
< +

(1) TO CONTROL A PGNCS CONTROLLED APS ABORT EROM THE PORERED LANDING MANEUVER (P63, 6A , DR 66) OR A DPS
ABORT IP70) WHEN REQUIRED (SEE ASSUMPTION (D).

11) THE PROGRAM WILL CONTROL AN APS ABORT IN ONE OF TWO WAYS:

(A) IF the altitude IS GREATER THAN 25,000 FT, THIS PROGRAM WILL IGNITE THE APS, CONTINUE APS THRUSTING,
PERFORM an attitude MANEUVER (USING THE RCS) TO THE CORRECT ATTITUDE TO CONTINUE THE ABORT ASCENT, AND
COMPLETE THE ABORT ASCENT TO INSERT THE LM ON AN ABORT ORBIT.

(8) IF THE altitude IS LESS THAN 25,000 FT, THIS PROGRAM WILL IGNITE THE APS, CONTINUE APS THRUSTING,
ENTER A VERTICAL RISE PHASE WHICH WILL TERMINATE EITHER WHEN THE LM ALTITUDE EXCEEDS 25,000 FT. OR

WHEN THE LM VERTICAL VELOCITY IS GREATER THAN 40 FT/SEC.
DURING THE VERTICAL RISE PHASE THE VEHICLE IS MANEUVERED IN ORDER TO ALIGN THE LM <-X AXIS WITH THE
LOCAL vertical (USING THE RCS) AND THE LM -fY AXIS NORMAL TO THE ANTICIPATED PITCH MANEUVER PLANE. THE
PROGRAM WILL THEN PITCH THE LM TO THE CORRECT ATTITUDE FOR ASCENT, AND THEN COMPLETE THE ABORT ASCENT
TO INSERT THE LM ON AN ABORT ORBIT.

12) THIS PROGRAM DOES NOT CHECK TO SEE IF THE OPS HAS BEEN STAGED. THJS IF P71 IS SELECTED VIA V37 AND THE DESCENT
STAGE HAS NOT BEEN MANUALLY STAGED THIS PROGRAM MAY COMMAND ENGINE ON (ASSUMPTION 1 A OR IB ABOVE). IN SUCH CASES THE
COMMAND WILL GO TO THE OPS.

(3) THE ABORT ORBIT IS DEFINED IN SECTION 5.4 OF R567.

14) IF CIRCULARIZATION HAS NOT OCCURRED, THE CSM IS IN A 9X60 (MILES) ORBIT AROUND THE MOON. THE CSM IS MAINTAINING
A PREFERRED TRACKING ATTITUDE FOR OPTICAL TRACKING CF THE LM.

(5) THE IMU IS ON AND ACCURATELY ALIGNED TO THE LANDING SITE ORIENTATION.

(6) THE LANDING RADAR I.R) IS ON ANO WAS CHECKED OUT WHEN IN POSITION #1. THE LGC/LR OPERATION IS UNDER THE
CONTROL OF THE DESCENT STATE VECTOR UPDATE ROUTINE (R12).

17) THE LANDING ANALOG DISPLAYS ROUTINE IRIO) IS ENABLED UPON ENTRY TO THIS PROGRAM, HAVING BEEN ENABLED BY P63.
RIO IS TERMINATED UPON TERMINATION OF AVERAGE G. DURING THIS MODE ALTITUDE AND ALTITUDE-RATE ARE DISPLAYED ON THE
TAPE METERS AND INERTIAL CROSS-RANGE VELOCITY ON THE CROSS POINTERS.

(3) THE X-AXIS OVERRIDE OPTION PROVIDES THE CREW WITH THE ABILITY TO EXERCISE MANUAL CONTROL ABOUT THE LM X AXIS
WITH THE ATTITUDE CONTROLLER EVEN THOUGH THE PGNCS ATTITUDE CONTROL MODE IS AUTO. WHEN THE CONTROLLER IS RETURNED TO
DETENT THE PGNCS DAMPS THE YAW RATE, STORES THE YAW ATTITUDE WHEN THE YAW IS DAMPED, AND THEN MAINTAINS THAT
ATT! TUDE.

THE X-AXIS OVERRIDE OPTION IS ALWAYS AVAILABLE TO THE CREW EXCEPT WHEN THE LGC IS SPECIFYING A DESIRED YAW
ATTITUDE. THUS THE OPTION IS INHIBITED BY THIS PROGRAM ONLY IN THE CASE OF ASSUMPTION (1) (B) ABOVE, UNTIL THE
CORPLETICN OF THE PITCH MANEUVER TO THE ATTITUDE FUR THE ASCENT MANEUVER.

(9) IF A THRUSTING MANEUVER IS PERFORMED WITH THE GUIDANCE CCNTROL SWITCH IN PGNS AND THE MODF CONTROL SWITCH IN
AUTJ, THE PGNCS WILL CONTROL THE TOTAL VEHICLE ATTITUDE AND GENERATE EITHER MODE I OR MODE II ATTITUDE ERRORS
ANC VEHICLE ATTITUDE RATES (SEE ASSUMPTION (ID) FCR DISPLAY ON THE F DA I . THE CREW MAY EXERCISE CONTROL AROUND THE YAW
AXD ONLY WITH THE ACA (<-AXIS OVERRIDE) IF THE X-AXIS OVERRIDE CAPABILITY IS PERMITTED BY THE PROGRAM IN PROCESS.

P71/LUMINARY
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*

+ 05
+ 1180
+

+ +

+ C5
+ 1180
+ +

+ +

+ 05
+ 1180

IHIj MANUAL control WILL BE IN THE RATE COMM AN 0/ AT T I Tu Jc HOLD MODE.
IE A thrusting maneuver IS PCKFOkMEO WiTiI THE GUIDANCE CONTROL SWITCH SET AT PGNS AND THE MODE CONTROL SWITCH IN

ATTITUDE HOLD THE RGNCS «ILL HOLD THE VEHICLE ATTITUDE AND WILL GENERATE EITHER MODE I OR MODE II ATTITUDE ERRORS
FOR DISPLAY ON THE FDAI. THE CREW MAY EXERCISE MANUAL ATTITUDE CONTROL ABOUT ALL VEHICLE AXES WITH THE ACA IN EITHER
THE RATE COMMAND UR MINIMUM IMPULSE MODE DEPENDING UPON THE STATUS UF THE PULSES PLAG. IT IS STRONGLY RECOMMENDED THAT
PUWLRED FLIGHT NOT BE ATTEMPTED IN THE MINIMUM IMPULSE MODE. THE PULSES FLAG IS SET OR RESET BY EXTENDED VERBS 76
(MUIMUM IMPULSE) AND 77 (RATE COMMAND) RESPECTIVELY. THE PjLSES FLAG IS ALSO RESET BY P12, PAP, PAl, P42 , P63, P7P,
P71, AND RAO AT MAIN ENGINE IGNITION. WITH THE EXCEPTION OF THESE CASES, MODE SELECTION IS ALWAYS BASED UPON THE
LAST ENTRY MADE IN THE DSKY. DURING A IHRUSTING MANEDVEK IN THE PGNS/ATTI TUDE HOLD MODE THE PGNCS WILL NOT BE
RESPONSIBLE IF REGISTER OVERFLOWS OCCUR WITHIN THE LGC.

(10) CONTROL OF THE LM UPS, RCS, AND APS IS TRANSFERRED FROM THE PGNCS TO THE ABORT GUIDANCE SYSTEM (AGS) BY PLACING
THE GUIO CGNT SWITCH FROM PGNS TO AGS.

THE AGS WILL BE CAPABLE OF TAKING OVER CONTROL OF THE LM DURING ANY PORTION OF THE LUNAR DLSCENT OR ASOENT OR
DURING EITHER OF THE ABORT PROGRAMS ( P TO UR P71). THE AGS WILL GUIDE THE LM TO A SAFE ORBIT.

THE AGS MAY BE INITIALIZED BY THE LGO AT ANY TIME BY MANUAL SELECTION OF THE AGS INITIALIZATION ROUTINE (RAT).
IN the event THAT THE GUIDANCE CONTROL SWITCH IS CHANGED FROM PGNS TO AGS DURING A THRUSTING MANEUVER, THE LGC

WILL CONTINUE COMPUTATION OF POSITION AND VELOCITY, THE DESIRED THRUST VECTOR, AND THE FDAI ATTITUDE ERROR NEEDLE DIS-
PLAY, HOWEVER THE PGNCS WILL NOT BE RESPONSIBLE IF REGISTER OVERFLOWS OCCUP WITHIN THE LGC.

(11) THE PGNCS CAN GENERATE TWO TYPES OF ATTITUDE ERRORS FOR DISPLAY ON THE FDAI;
MODE I - SELECTED BY EXTENDED VERB 61. AUTOPILOT FOLLOWING ERRORS USED AS A MONITOR OF THE DAP'S ABILITY

TO TRACK AUTOMATIC STEERING COMMANDS.
MODE II - SELECTED BY EXTENDED VERB 6Z. TOTAL ATTITUDE ERRORS USED TO ASSIST CREW IN MANUALLY MANEUVERING

THE VEHICLE.

PGNCS-DERIVED VEHICLE ATTITUDE RATES MAY ALSU BE DISPLAYED VIA SELECTION BY EXTENDED VERB 60.
DISPLAY SELECTION IS ALWAYS BASED UPON THE LAST ENTRY MAOL IN THE DSXY, WITH THE EXCEPTION THAT MODE II ATTITUDE
ERROR DISPLAYS ARE AUTOMATICALLY SELECTED AT THE BEGINNING OF R6C.

FOR A MORE DETAILED DESCRIPTION OF THESE DISPLAYS REFER TO SECTION 3 OF R567, PARA. 3.2.6.

(12) THE CAP DATA LOAD ROUTINE (R03) WAS COMPLETED PRIOR TO OPS IGNITION FOR THE POWERED LANDING MANEUVER AND SHOULD
NUT BE SELECTED DURING THIS MANEUVER.

(13) THIS PROGRAM MAY BE CALLED IN TWO WAYS:

(A) ABORT STAGE PUSHBUTTON - IF THE ABURT STAGE PUSHBUTTON 15 USED DURING THE POWERED DESCENT OR THE DPS
ABORT PROGRAM (P70), IT WILL BE DETECTED BY THE ABORT DISCRETES MONITOR ROUTINE IRll) UNLESS DIRECTED
TO IGNORE THIS DISCRETE BY THE DAP DATA LOAD ROUTINE (303). Rll WILL THEN CA.L THIS PROGRAM.

(B) V37E71E - THIS PROGRAM MAY BE CALLED 3Y THE SAME PROCEOURE AS OTHER PROGRAMS ARE MANUALLY CALLED.

(lA) THE ASTRONAUT MAY MUNITQR THE FOLLOWING AOOITICNAL PARAMETERS DURING THIS PROGRAM BY KEYING IN V16N77E:

(A) V16N77
Rl-TG
R2-VGY(LM)
R3-VI

WHERE: TG - THE ESTIMATED TIME OF FLIGHT FROM THE PRESENT TIME TO THE ACCOMPLISHMENT OF THE ASCENT
INJECTION CONDITIONS. POLARITY IS -. IN MINS AND SECS TU NEAREST SEC. MAX READING IS 50B59.

VGY(LM) - COMPONENT OF THE PRESENT VG VECTOR ALONG LM Y AXIS. IN EPS TO NEAREST 9.1 EPS.

VI - THE MAGNITUDE UF THE LM INERTIAL VELOCITY WITH RESPECT TO THE REFERENCE COORDINATE SYSTEM.
IN EPS TO THE NEAREST .1 EPS.

526
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115) THE ASTRONAUT MAY MONITOR THE FOLLQRING ADOITIONAL PARAMETERS AT ANY TIME DURING THIS PROGRAM AFTER TIG BY KEY-
ING IN V16N85E;

V16N85
Rl-VGKILM)
R2-VGY(LM)
R3-VGZCLM)

FOR DEFINITION SEE LOGIC BELOW.

116) THE ASTRONAUT MAY OBSERVE THE FOLLOWING ADDITIONAL PARAMETERS DURING THIS PROGRAM BY KEYING IN V06N76E

:

V06N76
Rl-DOWNRANGE VELOCITY IVHF)
R2-RADIAL VELOSITY IH DOT F)

R3-CROSSRANGE

WHERE:

DOWNRANGE VELOCITY - THE HORIZONTAL DOWNRANGE VELOCITY AT INJECTION IN FPS TO NEAREST .1 FPS.

RADIAL VELOCITY - THE RADIAL VELOCITY AT INJECTION (THIS VALUE WILL BE STORED IN A PAD-LOADED
ERASABLE LOCATION) IN FPS TO NEAREST .1 FPS.

CROSSRANGE - THE DISTANCE BETWEEN THE LM ORBITAL PLANE AFTER INJECTION AND THE LM POSITION
VECTOR AT TIG. (FOR THIS PROGRAM, THE CROSSRANGE VALUE IS RESTRICTED IN MAGNITUDE TO PAD-LOADED VALUE.
PRESENTLY THE MAXIMUM ALLOWABLE VALUE IS CONSTRAINED TO BE 0.5 DEGREE (APPROXIMATELY 8 N.M. )) IN NM TO
NEAREST .1 NM.

PROG LGC GROUND
CONT

(note: all LOGIC IN
THE LGC COLUMN DES-
CRIBES BOTH THE DPS
ABORT PROGRAM, P70,
AND THE APS ABORT
PROGRAM, P71. ONLY
THAT LOGIC ASSOCIAT-
ED WITF P71 IS PERT-
INENT HERE HOWEVER.)

CREW

(NOTE: ALL LOGIC IN
THE CREW COLUMN IS
ONLY THAT ASSOCIATED
WITH THE APS ABORT
PROGRAM, P71.)

lie
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CRE
PkJGRA!^
Sll Ecr ion

DU I iJISH ru SELECT
P7l ST ABURT STAGE
PUSHBUTTON UR DSKY
ENTRY?

.OSKY
•

. PUSHBUTTUV
•

•

•

•

• • •

•

•

GO TO ABORT
• DISCRETES
• MONITOR

•

•

ROUTINE IRll)

WAIT FOR KEYBOARD KEY IN APS ABURT
ENTRY. . PROGRAM (P71»

V37E71E
• NEW
. PROG

IS THE PROGRAM
SELECTED ALREADY IN
PROCESS?

IS ABORT ENABLE
FLAG SET?

IS AVERAGE G
FLAG SET?

Y N

528
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• • t •

• • • •

• • • •

• • • •

•

• #7C

. TiJRN HN HPFRATnH ........
•

• DOES OPERATOR ERROR
. ERROR LIGHT

• •

• •

• •

• •

• LIGHT INDICATE THAI
THIS PROGRAM WAS IN-
CORRECTLY SELECTED?

. Y .N
• •

• •

• • • • • • • • «BC

. EXIT
•

•

•

EXIT
•

•

•

•

•

•

. "A"

. FROM ABORT

. DISCRETES

. MONITOR

. ROUTINE

. IRll)
• •

•

•

•

"A"
FROM ABORT
DISCRETES
MONITOR .

ROUTINE
IRLIt

• •

l»9C

• •

• • • •

• •

• •

• • • •

• •

STAKT OPS ABORT PRO-
ORAM (P70I HR APS

• MONITOR OSKY;
» OBSERVE DISPLAY OE

ABORT PROGRAM IP71I
AS DEFINED BY V37

• P71

OR Rll SELECTION.
DISPLAY P70 OR P71
AS APPROPRIATE

*110

IS THE PRESENT
PROGRAM P71?

N Y.

SET APS FLAG *120

P71/LUMI NARY
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RESET ULLAGE FLAG

»13!5

RESET X-AXIS OVER-
RIDE INrllBI T FLAG

RESET POLSES FLAG
*140

SET 1.0 DEGREE
DEADBAND

•ISO

A

05
1180

S6T ENGINE CN FLAG

COMNANC ENGINE ON.
INOTE: if total
THRUST FAILURE HAS
OCCURRED. MANUAL
TRANSLATION MUST BE
APPLIED PRIOR TO
P70/T1 SELECTION
UNTIL P70/71 AUTO-
MATICALLY COMMANDS
ENGINE UNI.

• 160

• 170

SET LR BYPASS FLAG
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*190

#2PD

#210

#220

#230

P71/LUMINARY
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PTl/LUf'INAKY

KESET IJLE FLAG

RESET RCS FLAG
#2^0

SET 4-JeT TRANS-
LATICN FLAG

#25C

SET P70R71 FLAG

#260

INITIALIZE FINUCOUW

IS PRESENT PROGRAM
P707

N
#27P

DEFINE IN ITIAL TGU
FOR AiORT
BURN TO BE
PRESENT T IME MINUS
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ACTUAL TIG FOR THE
PO»JEREO DESCENT. HZer

INITIALIZE DPS
ENGINE DATA

HZaO

C5
1180
+

SET TXO=0

INITIALIZE TARGET
DATA

#300

RESET A3QRT ENABLE
FLAG

11(310

SET DELTA V MON-
ITOR THRESHOLD TO
ASCENT STAGE
VALUES.

#32C

P71/LUMINARY
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«

r5
+ 1180
+

INITIALIZE APS
ENuINE JATA

11330

SET TXC = 0

IS APS ABORT
CONTINLATION FLAG
SET?

• N Y.

DEFINE INITIAL
TGQ FOR ABORT
BURN TO BE
TWICE the TGO
MOST RECENTLY
COMPUTED.

GO TO
"B"
BELOW

INITIALIZE TARGET
DATA

#340

#350

#36C

#37C
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define initial
TGO FOR THE ABORT
BURN TO BE PRES-
ENT TIME MINUS
ACTUAL TIG FOR
POWERED DESCENT.

#38r

SET THE DESIRED
RADIAL VELOCITY
EQUAL TJ PAD-LOADED
VALUE

#39C

COMPUTE CROSS-RANGE
DISTANCE USING
PAD-LOADED VALUE
RESTRICTION.
I.E.:
COMPUTE
OUT-OF-PLANE lYl

IF; lYl < 0.5 DEG.,
XRANGE = -Y
IF 1Y| > 0.5 DEG.,
XRANGE = 0. 5 DEG.
SGN (-Y»

#400

#410

SET VERTICAL RISE
FLAG

#420

P71/LUMINABY
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CUMRUTE THETA ( LM TU
CSM PHAiE ANGLE)

IS theta > THETA #430

CRITICAL?
( IS THE ANGLE OF
ABORT 1 IITI ATION TOO
LARGE?)

.N Y

SELECT TRO-
ORBIT RENDEZVOUS
PARAMETERS
( JliKl) •

•

•

•

•

•

. SELECT ONE-

. ORBIT RENDEZVOUS

. PARAMETERS

. IJ2,K2)

•

• •

• •

. SET ABORT

. TARoETING

. FLAj

• •

• •

• •

SET THE rotation
FLAG

#440

#450

#460

#47C

536
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*48 ?

#490

#500

#510

#520

P71/LUMINARY



+ 1180
» +

HAS the AUTU
THRCTTLE MODE
BEEN SELECTED?

.Y N.

PCSS
HCLD .

SNAP .

FLASH VER3-NQUN
TO REQUEST
PLEASE PERFORM
PGAS CCNTKOL,
AUrO ATTITUDE
CCNTROL AND
AUTO THROTTLE
(OPS ONLY)
MCJE SELECTION:

V50N25
Rl-n0203
R2-BLANK
R3- BLANK

+ +

05
+

1180
+

9

564
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#530

MONITOR DSKY:
DOES YERB-NCON

FLASH TO REQUEST
PLEASE PERFORM PGNS
CONTROL, AUTC
ATTITUDE CONTROL
AND AUTO THRCTTLE #540
IDPS ONLY) MCDE SEL-
ECTION INDICATE THAT
MODE SELECTION IS

INCORRECT?

HAVE REQUESTED
MODES BEEN
SELECTED?

#550

.N Y

DU I NISH TO
HAVE THESE
MODES SELECTED
DURING THE
THRUSTING
MANEUVER?

Y. .N

SET GUIDANCE
CONTROL SWITCH

#560

#570

536
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TO PGNS AND
ATT ITUOt
CONTROL SHiTCri
TO AUTO.

»58P

WAIT FOR
KEYBOARD ENTRY KEY IN PROCEED

#590

TERMINATE FLASH . .

UPON RECEIPT OF ,

PROCEED OR ENTER.

KEY IN ENTER

#600

SET OPS ENGINE
THROTTLE TO MAXIMUM.

#610

CALCULATE THE PRESENT
DESIRED THRCST VEC-

#620

P71/LUM1NARY



TCR ra ACCO'^PL ISH

THe AdCRf ASCENT
CONDITIONS (REFER
SECT UN 5.4
OF R567)

I S THE 7EKT ICAL RISE
FLA(i SET?

N Y.

IS H GREATER THAN
25,000 FT?

Y N.

SET X-AXIS
OVERRIDE IN-
HIGIT FLAG.

IS H DOT
GREATER THAN
4C FPS (UP)?

V .N

RESET THE
RCTATIGN FLAG

566
P71/LUMINARY

V63f

#640

#650

#66 0

#67 0

540
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KESEf VERTICAL
RISE FLAG

IS THE ROTATION
FLAG SET?

.Y N.

SET TXO
EGOAL TO PRE-
SENT TIME +10
SECONDS.

IS T PRESENT
GREATER THAN TXO?

.N .Y

• •

• •

•

. IS THE ROTATION
, FLAG SET?

. .N Y.

• • •

• •

• •

•

IS THE LM
X-AXIS WITHIN
90 JEGREES OF
THE DES IRED
LM X-AXIS?

Y N

541
567
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#680

*690

#7C0

*710
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1j the
PrTESENT LM
X-AXI S

KITHIN 30
DEGREES OF
LOCAL VER-
TICAL (UP»?

• Y .N.

RESET THE RO-
TATION FLAG

RESET
X-AXIS
OVERRIDE
INHIJI

T

FLAG

CALCULATE THE
REUUIREJ ICDU/
GIMBAL ANGLES AND
DRIVE THE ICDUS
(USING FINDCDUWI
TO ALIGN THE LM
X AXIS WITH THE

DESIRED THRUST
VECTOR TO ACCOM-
PLISH THE ABORT
ASCENT, THE LM <-Y

AXIS HCRIZONTAL
AND THE LM *l

568
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W72C

#730

#740

#750

#760

54^
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AXIS DO»IN.

#77r

CALCJLATE THE RE-
QUIRED ICDU/lilMBAL
ANGLES AND DRIVE
THE ICDUS lUSING
FINDCDUWI TO
ALIGN THE LM
AXIS WITH THE
PRESENT LOCAL
VERTICAL lUP),
THE LM +Y AXIS
NORMAL TO THE
ANTICIPATED PITCH
MANEUVER PLANE
FOR THE ASCENT,
AND THE LM +Z
AXIS DOWNRANGE.

»78C

#79C

TEMP
HOLD .

• • • • •

» DISPLAY ON DSKY: MONITOR DSKY:
MON . V06N9A

Rl-VGXILMI
. OBSERVE DISPLAY #800

• • • OF VGXILMI , H DOT,
R2-H DOT
R3-H

•

•

•

•

AND H.

VGXILM) - COMPONENT
OF THE PRESENT VG
VECTOR ALONG LM
X AXIS. IN FPS TO
NEAREST .1 FPS.

H DOT - THE PRESENT
RATE OF CHANGE OF
ALTITUDE IH). PQLA-

#810

P7I/LUM INARY



RITY INJICATES DES-
CENT (-) DR ASCENT
( +) . IN FT/SEC TO
NEAREST . 1 FT/SeC.

H - THE PRESENT
ALTITUDE OF THE LM
ABOVE THE LM POSI-
TION VECTOR AT THE
DESIGNATED LANDING
SITE. POLARITY IS

FOR ALTITUDES
GREATER THAN THE
ABOVE RADIUS. IN
FEET TO NEAREST
FOOT.

MONITOR DSRY, FDAI
AND OUT THE WINDOW:

(A) I F H IS

GREATER THAN
25000 THE
PGNCS WILL maneu-
ver THE LM TO THE
CORRECT ATTITUDE
TO PERFORM THE
ASCENT ABORT.

IB) IF H IS

LESS THAN
+25000, THE
X-AXIS OVERRIDE
OPTION IS INHI-
BITED. THE PGNCS
WILL MANEUVER THE
LM TO LOCAL VER-
TICAL (LM X AXIS
UP) AND YAW THE
LM SU WINDOWS ARE
DOWNRANGE. THE
LOCAL VERTICAL
ATTITUDE WILL BE

570
P71/LUMINAPY

#820

#830

#840

#850

#860

544
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MAINTAIMEC UNTIL
H IS GREATER THAN
+23000 UR H OUT
IS GREATER THAN
+004C0 AT WHICH
TIME THE PGNCS
WILL MANEUVER
tPITCHI THE LM TO
THE CORRECT ATTI-
TUDE TO PERFORM
THE ASCENT ABORT
AND then the
X-AXIS OVERRIDE
OPTION IS
RESTORED.

THE ABOVE MANEUVERS
WILL BE DONE WITH
THE RCS.

MONITOR APS
THRUSTING:
1. OSKV:
Rl-VGX
SHOULD BE
DECREASING

R2- H DOT
SHOULD REMAIN +.

R3-H SHOULD
INCREASE

545
571

P71/LUMINARY

#870

#880

#890

#9C0

P71/LUMINARY
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2. FDAI-ATT. ERRJRS
SH3ULJ BE LESS THA'J #917
UR equal ru XX
LIES RE £

ATT RATES SHOULD BE
LESS THAN OR EQUAL
TO XX DEGREE/SEC.

3. APS CHAMBER PRES-
SURE, PC, SHOULD BE
NORMAL, #Q20

IDENTIFY EARLY,
NORMAL, OR LATE
ENGINE CUTOFF FROM
ASSESSMENT OF DSKY
DISPLAYS.

E

A

R

L

Y

C

U

T

0
F

F

#93r

#9AP

SEE DPS/APS
THRUST fail
ROUTINE (RAD)
FOR REQUIRED
RESPONSE

#95r

PUSH ENGINE STOP
PUSH BUTTON

546
P7I/LUMINARY



IS TG LESS THAN 4
SeCCNDS?

Y N.

CALL ENGINE OFF COM-
MAND AT COMPUTED
REQUIRED TIME.

SET IDLE FLAG

WAIT UNTIL COMPUTED
TIME OF CUTOFF.

•f +
+ C5

H1180
+

RESET ENGINE ON FLAG

547 P7l/LUMINAkY

*960

#970

#980

#09P

#1000
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CCMMAMC ENGINE OFF

#1010

ZERO DPS AUTO
THROTTLE

CCMMAND ZERO
ATTITUDE KATES #1020

SET DEADBAND TO
PREVIOUS VALUE
DEFINED BY R03

#1030

MAINTAIN VG
COMPUTAIIONS AFTER
CUTOFF FOR POSSIBLE
NULLING BY RCS
TRIMMING MANEUVER

#1040

#1050

548
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DISARM APS

"D"
FROM
R^O

#ir6r

COMMAND
ZERO
ATTITUDE
RATES

»IP70

SET DEAD-
BAND TO
PREVIOUS
VALUE DE-
FINED BY

R03

*1080

#1090

RESET
ULLAGE
FLAG

P71/LUMINARY
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SET RCS FLAG

HELD .

FLASH VERB-NOUN TO
MON . REJUESr PROCEEO

AND MAINTAIN DISPLAY
OF VGXIlM) , H DOT ,

AND H.

V16 N9A
R1 - VGXILM

I

R2 - H DOT
R3 - H

MONITOR DSXY:
OBSERVE VERB-NOUN
FLASH TO REJUEST
PROCEEO and display
OF VGXILM) , h DOT,
AND H.

#llir

»ll2r

RECORD THESE VALUES
AS DESIRED.

KllBP

WAIT FOR KEYBOARD
ENTRY
TERMINATE FLASH UPON
RECEIPT OF PROCEED,
RECYCLE, OR
terminate

KEY IN PROCEEO

P . T R

R .E .E

0 . R .C
C . M . Y

E .1 .C
E . N .L

550
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0 A

T

E

551

#1150

GO TO

"C "

BELOW

COMMAND ZERO
ATTITUDE ERRORS

#1160

SET .3 DEGREE OEAO-
BAND

#1170

#1180

HOLD .

MCN

FLASH VERB-NOUN TO
REQUEST RESPONSE ANO
DISPLAY COMPONENTS
OF VUILMI:

V16 N85
R1-VG< (LM I

R2-VGY(LMI
R3-VGZILM )

MONITOR DSKY:
OBSERVE VERB-NOUN
FLASH TO REQUEST
RESPONSE and DISPLAY
components UF VGILM)

#119P

CCMPCNENTS of THE
PRESENT VG VECTOR
RESOLVED ALONG THE
LM X, Y, AND Z AXES.

TO NULL OUT VG
COMPONENTS CCMMANU

P71/LUMI NARY
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THE YJ VECTOR W ILL
BE UPCATED 3Y THE
STEERING LOOPS
DURING EACH COMPUTA-
TION CYCLE. IN EPS
TO NEAREST .1 EPS.

MANUAL translations
AND RJTATIONS.
(NOTE: THIS MANEUVER
IS AT THE OPTION OF
THE CREW.

I

(NOTE: TRANSLATION
HILL BE 4 JET UNLESS
R03 IS PERFORMED TO
SPECIFY 2 JET.)

#i2Pr

01210
THE ORBITAL PARA-
METER DISPLAY ROUT-
INE (R30) MAY BE
SELECTED AT THIS
TIME (V82E) TO
MCNITUR CONTINUOUSLY
UPDATED VALUES OF
APO ALT, PER ALT AND
TFF.

#1220

WAIT FOR KEYBOARD
ENTRY
TERMINATE FLASH UPON
RECEIPT OF PROCEED,
RECYCLE, OR
TERMINATE

KEY IN PROCEED

#1230

P

R

0
C

E

E

D

T

E

R
M
1

N
A
T

E

R

E

C
Y

C
L

E

#1240

55 ':^
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C"
FROM

ABOVE
#125f'

SET DEAOBAND TO
PREVIOUS VALUE
DEFINED BY ROB #1260

RESET ABORT ENABLE
FLAG

#1270

DO FINAL AUTOMATIC • • 00 FINAL AUTOMATIC
#1280

REQUEST TERMINATE , REQUEST TERMINATE
ROUTINE (ROOl • • ROUTINE IROOl

EXIT P70/P71 EXI T P71 #1290

P71/LUMINARY
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CHANGE CCNTRUL NUrES

REV or PCR 13,

n

REV 01 PCR 70, 85, 86, 164, 234, 253, 259, 419, A72, ^75,
476, 536, 542, 568,613, 617

REV OCILUM lA) PCR 26C , 270, 697 ,708

,

,757
REV 0 1 ( L U« IB) PCR 279, 338, 840,841 ,345, 847, EDITORIAL
REV 021LUrt 1C) PCR 285, 893, EOirURlAL
REV 03(HJM ID) PCR 1058 , PCN 1039
REV 04(LUM IE) PCR 334, 1109 , PC') 1.145,1 147
REV 05( LUM IE) PCN 1180

P71/LUMINARY
554
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purpose:

ASSUMPTIONS:

PROG

583

CSM CO-ELLIPTIC SEQUENCE INITIATION (CSII TARGETING REV (3 02/17/71
PROGRAM (P72I

(1) TO calculate parameters ASSOCIATED WITH THE FOLLOWING CONCENTRIC FLIGHT PLAN MANEUVERS FOR CSM EXECUTION OF THE
MANEUVERS UNDER THE CONTROL OF THE CMC; THE CO-ELLIPTIC SEQUENCE INITIATION (CSM AND THE CONSTANT DELTA ALTITUDE
MANEUVER ICDH).

(2) TO CALCULATE THESE PARAMETERS BASED UPON MANEUVER DATA APPROVED AND KEYED INTO THE LGC BY THE ASTRONAUT.

(3) TO DISPLAY TO THE ASTRONAUT AND THE GROUND DEPENDENT VARIABLES ASSOCIATED WITH THE CONCENTRIC FLIGHT PLAN
MANEUVERS FOR APPROVAL BY THE AS TRONAUT /GROUND.

(II AT A SELECTED TP I TIME THE LINE OF SIGHT BETWEEN THE CSM AND THE LM IS SELECTED TD BE A PRESCRIBED ANGLE (El FROM
THE HORIZONTAL PLANE DEFINED AT THE CSM POSITION.

(21 THE TIME BETWEEN CSI IGNITION AND COH IGNITION MUST BE COMPUTED TD BE GREATER THAN 1? MINUTES FDR SUCCESSFUL
COMPLETION OF THE PROGRAM.

(31 THE TIME BETWEEN CDH IGNITION AND TP I IGNITION MUST BE COMPUTED TD BE GREATER THAN 10 MINUTES FOR SUCCESSFUL
COMPLETION OF THE PROGRAM.

(4)

CDH DELTA V IS SELECTED TO MINIMIZE THE VARIATION OF THE ALTITODE DIFFERENCE BETWEEN THE ORBITS.

(51 CSI BURN IS defined SUCH THAT THE IMPULSIVE DELTA V IS IN THE CSM HORIZONTAL PLANE AT CSI IGNITION.

(61 THE PERICENTER ALTIIUOE OF THE ORBIT FOLLOWING CSI AND CDH MUST BE GREATER THAN 35,000 FT (LUNAR ORBIT! OR 85 NM
(EARTH ORBIT) FOR SUCCESSFUL COMPLETION OF THIS PROGRAM.

(7) THE CSI AND CDH MANEUVERS ARE ASSUMED TO BE PARALLEL TO THE PLANE OF THE LM ORBIT, HOWEVER CREW MODIFICATION
OF DELTA V(LVI COMPONENTS MAY RESULT IN AN OUT-OF-PLANE CSI MANEUVER.

(8) LGC COMPUTED VARIABLES MAY BE STORED FOR LATER VERIFICATION BY THE GROUND. THESE STORAGE CAPABILITIES ARE
NORMALLY LIMITED ONLY TO THE PARAMETERS FOR ONE THRUSTING MANEUVER AT A TIME EXCEPT FOR CONCENTRIC FLIGHT PLAN
MANEUVER SEQUENCES.

(9)

THE RENDEZVOUS RADAR MAY OR MAY NOT BE USED TO UPDATE THE LM OR CSM STATE VECTORS FOR THIS PROGRAM. IF RADAR
USE IS DESIRED THE RADAR WAS TURNED UN AND LOCKED ON THE CSM BY PREVIOUS SELECTION OF P20. RADAR
SIGHTING MARKS WILL BE MADE AUTOMATICALLY APPROXIMATELY ONCE A MINUTE WHEN ENABLED BY THE TRACK AND UPDATE FLAGS.
THE RENDEZVOUS TRACKING MARK COUNTER IS ZEROED BY THE SELECTION OF P20 AND AFTER EACH THRUSTING MANEUVER.

(101 THERE IS NO REQUIREMENT FOR ISS OPERATION DURING THIS PROGRAM UNLESS AUTOMATIC STATE VECTOR UPDATING IS DESIRED
BY THE RENDEZVOUS NAVIGATION PROGRAM (P2D). IF SELECTED, P2D WILL DEFINE THE STATUS OF THE ISS.

(Ill THIS PROGRAM IS SELECTED BY THE ASTRONAUT BY OSKY ENTRY.

LGC GROUND CREW

P72/LUMINARY



CONT

CKew
PRUGi^AM
SELECT lUiS

START CSM CO-
ELLIPTIC SEQUENCE
INITIATION ICSIt
TARGETING PROGRAM
(P72)
DISPLAY P72

KEY IN CSM CO-
ELLIPTIC SEQUENCE
INITIATION (CSII
TARGETING PROGRAM
(P72I

V37E 72E

MONITOR DSKY:
OBSERVE DISPLAY OF
P72

RESET ACT IV E VEHICLE
FLAG

DEFINE CENTANG
= COOOO FOR DI SPLAY
BELOR

SET UPDATE FLAG

5BA
P72/LUMINARY

#10

#2C

#3C

#AC

556 P72/LUMI NARY



HOLD .

SNAP .

557
585

P72/LUMINARY

#50

SET TRACK FLAG

SET TIG tCSIl to:
+COOOO
00000
00000

#60

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY STORED TIG
ICSI )

:

V06 Nil
Rl-TIGICS II-HRS
R2-TIG(CSn-MINS
R3-TIG(CSn-SECS

TIG(CSI) - TIME OF
CSI IGNITION (GETI
IN HRS, MINS, SECS,
TO NEAREST .01 SEC

MONITOR DSKY:
OBSERVE VERB-NOUN
FLASH TO REQUEST
RESPONSE AND DISPLAY
OF STORED TIG tCSIt
(NOTE: INITIALLY
THI S VALUE W ILL BE:
OCOOO
OCOOO
00000 )

#70

#80

DO I QISH TO DISPLAY .

TIME OF AP0APSIS7
(I.E.: IS THIS AN . #9C
ABORT FROM LUNAR
LANDING?) .

(NOTE: IF THIS OP-
TION IS CHOSEN FOR
THE NORMAL MISSION, .

TIG(CSI) WILL BE

P72/LUMINARY



TARGETED TO OCCUR
AT APOAPSii UNLESS
THE APOAPSIS TIME
IS REPLACED BY SOME
OTHER TIME. )

.Y .N

IS THE VALUE CF
TIGICSU =

+00000
+00000
+00000

OR IS TIGICSU A

NEGATIVE NUMBER?

Y. .N

AM 1 SATISFIED
WITH THIS VALUE?

• Y .N

RECORD THIS
VALUE FDR FU-
TURE TRANS-
MISSION TO THE
CSM.

WAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED

5S6
P72/LUM INARY

mic

#120

#130

#140

f 558 P72/LUMINARY
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TERMINAIE FLASH UPON
RECEIPT OF PROCEED,
TBRMINATE, OR NEW
DATA

KEY IN V25E
AND LOAD DESIRED
TIGICSn.

»15C

p

R

0
C

E

E

D

T .NEW
E .DATA
R
M

N STORE DATA
A

T

E

GO TO
"A"

BELOW

HAS A CALL BEEN MADE
FOR COMPUTATION OF
TIAPOAPSI SI ?

(NOTE: THE LGC WILL
RESPOND TO A NEGA-
TIVE LOAD IN THE
SAME FASHION THAT IT
WOULD RESPOND TO A

ZERO LUAO.I

#16C

N Y *170

IS THE VALUE OF TIG
(CSI) NOW STORED =

cooro
•COOOO
OCOOC

OR IS TIG (CSI) A

NEGATIVE NUMBER? #180

N Y

COMPUTE
r(APOAPSIS)
AND STORE IN
TIG (CSI)

#190

P72/LUM1NARY



HCLD
FLASH VERB-NOUN TO

SNAP . REQUEST RESPONSE AND
DISPLAY STORED N, E,

AND CENTANG.
V06 N5S
Rl-N
R2-E
R3-CENTANG

monitor DSKY:
OBSERVE VERB-NOUN
FLASH TO REQUEST
RESPONSE AND DISPLAY
OF STORED Nt Ei

AND CENTANG.

N - THE FUTURE APSI-
DAL CROSSING
(APOGEE OR PERIGEE
(APOLJNE OR PERI-
LUNE) I OF THE ACTIVE
VEHICLE AT WHICH
TIG(CDH) SHOULD
OCCUR.
00C01 = FIRST ,

00C02=SEC0ND, ETC.

E - ELEVATION ANGLE
THE ANaE BETWEEN
THE CSM/LM LOS AND
THE CSM LXAL HORIZ-
ONTAL PLANE AT TIG
ITPI 1 REFERENCED TO
THE DIRECTION OF
FLIGHT ISEE SECTION
5.4 OF R567 FOR
DETAILED DES-
CRIPTION) IN DEGREES
TO NEAREST .01
DEGREE.

CENTANG - THE ORBI-
TAL CENTRAL ANGLE OF
THE PASSIVE VEHICLE

AM I SATISFIED WITH
THESE VALUES?
(NOTE: R3 WILL ORI-
GINALLY BE DISPLAYED
AS 00000. IF THE
CREW WISHES TO EXER-
CISE THE N( 180 DEG-
REES) OPTION FOR CDH
MANEUVER DEFINITION,
LOAD ANY NUMBER
OTHER THAN COOOO IN
R3. REFER SECTION
5.4 OF R567. )

. Y .N

RECORD THESE
VALUES FOR FUTURE
TRANSMISSION TO
the CSM.

588
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#2or

i»2ir

#220

#230

560
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DURING TRANSFER FROM
TIGITPII TO TIME OF
INTERCEPT. IN DEG-
REES TO NEAREST .01
DEGREE.
INOTE: IN THIS CASE
CENTANG (R3 I IS USED
ONLY AS AN OPTION
COOE BY THE LGC. FOR
ANY VALUE OF CENTANG
OTHER THAN COOOO THE
LGC WILL CALCULATE
THE COH PARAMETERS
FOR A TIGICOHI AT

NI180 EEGREES) FROM
THE CSI MANEUVER
WHERE N IS SPECIFIED
IN Rl. REFER SECTION
5.4 OF R567.)

#240

#250

#26C

WAIT FOR KEYBOARD
ENTRY KEY IN PROCEED

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR NEW
DATA

.p .T .NEW

.R .E .DATA

.0 .R •

.C .M •

.E . I •

.E .N—

.D .A STORE DATA
.T

•

•

•

•

•

.E

•

•

• • •

•

•

GO TO

KEY IN V25E
AND LOAD THE
DESIRED PARA-
METERS

#270

#280

P72/LUMINARY
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"4 "

3ELOW 0290

HCLD .

FLASH VcRB-NQU'J TO
SNAP . REaueST RESPONSE AND

DISPLAY STORED TIG
(TPI I :

V06 NJ7
Rl-TIG(TPn-HRS
S2-TIG(TPI)-MINS
R3-TIGITP I)-SECS

TIGITPII - TIME OF
TPI IGNITION (GET).
IN HRS, MINS, SECS,
TO NEAREST .01 SEC

MONITOR 9SRY:
OBSERVE FLASHING
VERB-NOUN 10 REOOEST
RESPONSE AND DISPLAY
OF STORED TIG (TPI)

•

•

•

AM I SATI SFl ED
W ITH THIS VALUE?

. Y .N

#300

#310

RECORD THIS VA-
LUE FOR FUTURE
TRANSMISSION
TO THE CSM.

#320

WAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR NEW
DATA

KEY IN V25E
AND LOAD THE
DESIRED TIG (TPI )

#330

P .T .NEW
R .E .DATA

562
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GC TO
"A"

aELOW

RESET FINAL
FLAG

RESET UPDATE FLAG.

SET EXTERNAL
DELTA V FLAG.

BASED UN THE STO-
RED TARGET PARA-
METERS, COMPUTE
the PARAMETERS
ASSOCIATED WITH
CSl AND COH AS
DESCRIBED IN SEC-
TION 5.4 OF

f 563
5?1

P72/LUMINARY

#340

#350

#36C

#370

#380
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R567.
ESTABLISH ALARM

IF;

(A) ON FIRST
ITERATION THERE
I S NO INTER-
SECTION OF
THE DESIRED LDS
AT TPI WITH THE
CIRCLE DESCRIB-
ED IN SECTION
5.4 OF R567.
I alarm CODE
C0600I

#39P

(Bl ON ANY TWO
CCNSECUTIVE
IIERATIONS THE
MAGNITUDE OF
DELTA VICSIl IS

GREATER THAN
1000 FPS.
I alarm code
006061

»40r

(Cl THE ITERA-
TION COUNTER
EXCEEDS 15
WITHOUT ARRI-
VHG AT A PRO-
BLEM SOLUTION.
(ALARM CODE
00o05l

«410

(Dl PERICENTER
ALT (POST CSI)
IS LESS THAN
35,000 FT.
(LUNAR ORBIT)
OR 85 NM ( EARTH
ORBIT) .

(ALARM CODE
OCoOll

#420

(El PERICENTER
ALT (POST CDH) *430

564
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IS LESS THAN
35,000 FT
(LJNAR 0R8IT)
OR 85 NM (EARTH
0R8ITI (ALARM
COJE 006021

(F» TIG(CDHI
TIv,(CSU IS

LESS THAN 10

MIN. (ALARM
CQOE 00603)

#A40

(G) TIGITPI* -

TIG(CDHI IS

LESS THAN 10

MIN. OR COMP-
UTED CDH TIME
IS GREATER THAN
INPUT TPI TIME.
(Alarm code
00604).

»45C

N

0

A

L

A

R

M

A

L

A

R

M

#460

POSS
HCLD .

SNAP .

FLASH verb-
noun TO RE-
QUEST RESPON-
SE AND DIS-
PLAY ALARM
CODE:

VOS N09
R1-XXX<X
R2-XXXXX
R3-XXXXX

MONITOR DSKY:
DOES alarm CODE

DISPLAY INDICATE
COMPUTATIONAL
DIFFICULTY?

Y N
#470

THE EXPECTED
ALARM COOES

P72/LUMI NARY
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AT THIS TIME
ARE 00600
THROUGH
00606.

#480

^AIT FOR
KEYBOARD
ENTRY

TERM INATE
FLASH UPON
RECEIPT OF
PROCEED, RE-
CYCLE, OR
TERM INATE

RETURN TO
START OF PRO-
GRAM AND
ADJUST INPUT
PARAMETERS.
KEY IN RECYCLE

V32E.

T

E

R

M

I

N
A

T

E

GJ TO
"A”
BELOM

R .P
E .R
C .0
Y .C
C .E
L .E
E .D

#490

#500

#51C

IS THE FINAL
FLAG SET?

#520

.N Y

SET UPDATE
FLAG

#530

566 P72/LUMINARY
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HCLD .

SNAP .

FLASH VERB-NOUN
TO REQUEST RES-
PONSE AND DISPLAY
DELTA ALT ICDHt

,

DELTA T(CSI/COH»
AND DELTA TICUH/
TPI I;

VOi N75
Rl-OELTA ALT

(CDHI
R2-DELTA TICS!/

CDHI
R3-0ELTA TICDH/

TPI I

MONITOR USKY:
OBSERVE VERB-

NOUN FLASH TO RE-
QUEST RESPONSE
AND display of
DELTA ALT CCDH)
DELTA r (CSI/CDH)
AND DELTA T ( CDH/
TPII.

054P

#550

DELTA ALTICDH) -

THE ALTITUDE BE-
TWEEN THE ACTIVE
AND passive ve-
hicle orbits at
TIGICDH). SIGN IS

PLUS WHEN THE AC-
TIVE VEHICLE IS
BELOW THE PASSIVE
VEHICLE. IN NAUT-
ICAL MILES TO
NEAREST .1 NM.

#560

DELTA TICSI/CDHI-
TIG(COH) MINUS
TIG (CSI I. COM-
PUTED IN HRS. MINS
AND SECS OF WHICH
ONLY THE MINS AND
SECS ARE DISPLAY-
ED. TO NEAREST
SEC.

#570

DELTA TICDH/TPII-
TIGITPII MINUS #580

P72/LUMINARY
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TIG (CDHI.
CQMPJTEO IN HRS,
MINS AND SECS OF
mhich only the
MINS AND SECS ARE
DISPLAYED.
TO NEAREST SEC.
(NOTE: R2 AND R3
ARE MODULARIZED TO
THE HOUR , I.E. ,

63 MINS 22 SECS
IS DISPLAYED AS
03822)
(NOTE: TIG(CDH)
IS AVAILABLE BY
KEYING IN
V06NI3.)

#590

#600

RECORD THESE
VALUES FOR FUTURE
TRANSMISSION TO
THE CSM.

#610

#A1T FOR KEYBOARD
ENT RY KEY IN PROCEED

TERMINATE FLASH
UPON RECEIPT OF
PROCEED, RECYCLE,
OR TERMINATE

#620

568 P72/LUMINARY



HOLD . . FLAS.l VERB-MOUN
TO REQUEST RES-

SNAP . . PONSE AND DISPLAY
. CALCULATED COM-
. PQNEi'ITS OF DELTA
. V(LV) FOR CSI;
. VC6 N8 1

. Rl-DELTA VX(LV)

. R2-DELTA VY(LV)

. R3-DELTA VZILVI

MONITOR DSKY:
OBSERVE VERB-

NOUN FLASH TO RE-
QUEST RESPONSE
ANO DISPLAY OF
DELTA VILVI FOR
CSI

DELTA VXILV) -

COMPONENT OF IM-
PULSIVE DELTA V

AT TIG(CSI) ALONG
IRXVIXR. IN FPS
TO NEAREST .1
FPS.

DELTA VYILVI -

COMPONENT OF IM-
PULSIVE DELTA V

AT TIGICSII ALONG
VXR. IN FPS TO
NEAREST .1 FPS.

DELTA VZILV) -

COMPONENT OF IM-
PULSIVE DELTA V

AT TIGICSII ALONG

AM I SATISFIED
WITH THESE
values?
(NOTE: CREW HAS
THE OPTION AT
THIS TIME TO RE-
DEFINE THE DELTA
VILVI COMPONENTS
FOR the subseq-
uent THRUSTING
MANEUVER. THIS
CAPABILITY WILL
NORMALLY BE EXER-
CISED ro CORRECT
OUT-OF-PL ANENESS
BY FIRST SELECT-
ING THE RENDEZ-
VOUS OUT-OF-PLANE

/ 569
597
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#63C

#65C

*660

#670

P72/LUMINAPY



-K. IN FPS TO
NEARcST .1 FPS

503
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#68C

#690

#7CC

#710

#720

570
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• • •

GO TO
"A"

BELOW

HOLD . . FLASH VERB-NOON
TO REQUEST RES-

SNAP . . PQNSE AND DISPLAY
. CALCULATED COM-
. PQNENTS OF DELTA
. VILVI FOR CDH;
. VC6 NB2
. Rl-DELTA VXILV)
. R2-0ELTA VY(LV)
. R3-DELTA VZ(LV)

DELTA VXILV) -

COMPONENT OF IM-
PULSIVE DELTA V

AT TIGICDH) ALONG
IRXVI XR. IN FPS
TO NEAREST .1

FPS.

monitor DSKY:
OBSERVE VERB-

NOUN FLASH TO RE-
QUEST RESPONSE
AND DISPLAY OF
DELTA VILV) FOR
CDH. (NOTE: IF
THE DELTA VILV)
FOR CSI (SEE
ABOVE) HAS BEEN
MODIFIED BY THE
CREW THIS MODIFI-
CATION WILL NOT
BE REFLECTED IN

THE LGC COMPUTED
VALUES FOR DELTA
VILV) FOR CDH
DISPLAYED HERE)

DELTA VYILV) -

COMPONENT OF IM-
PULSIVE DELTA V

AT TIGICDH) ALONG
VXR. IN FPS TO
NEAREST .1 FPS.

DELTA VZILV) -

COMPONENT OF IM-
PULSIVE DELTA V

AT TIGICDH) ALONG
-R. IN FPS TO
NEAREST .1 FPS

RECORD THESE
VALUES FOR FUTURE
TRANSMISSION TO
THE CSM.
(NOTE; UNLIKE
DELTA VILV) FOR
CSI ABOVE. THESE
VALUES CANNOT BE
WRITTEN OVER. )

WHERE R IS CSM
GEOCENTRIC (EARTH

571
599
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#73C

#74C

#750

#760

#770
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CRdlD OR SELENU-
CENTRIC (LUNAR
ORBin RADIUS
VECTOR AND V IS

CSM INERTIAL VEL-
OCITr VECTOR AT
TIGICDH)

.

WAIT FOR KEV80AR0
ENTRT

KEV IN PROCEED

TERMINATE FLASH
UPON RECEIPT OF
PROCEED, RECYCLE,
OR TERMINATE

GO TO
"A"

8 EL OH

IS THE FINAL FLAG
SET?

.N Y

SET MGA DISPLAY
IN R3 (3ELOHI =

6^3
P72/LUM1 NARY

#780

#79r

#800

#810

#820

572
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-roooi.

•

•

•

•

• SET MGA
• DISPLAY IN

• R3 IBELOWI
• = -00002.
•

• •

• •

• •

HOLD . FLASH VERB-NOUN TO
REQUEST RESPONSE AND

MCN . DISPLAY M, TF I AND
MGA;

V16N-.5
Rl-M
R2-TFI
R3-MQA

MONITOR DSKY:
OBSERVE verb-noun

FLASH TO RtQUEST
RESPONSE And ci splay
OF M, TFl AND MGA.

#830

#840

M - THE NUMBER OF
HARKS MADE SINCE THE
RR TRACKING MARK
COUNTER WAS ZEROED
ISEE ASSUMPTION 6

OF P20I

TFI - TIME FROM TIG
ICS I). IN MIN AND
SEC TO NEAREST SEC.
MAX READING IS 59B59
SIGN IS - BEFORE
AFTER TIGICSII.

MGA-THE MIOCLE GIM-
BAL ANGLE DISPLAY
IS NOT pertinent TO
THIS PROGRAM.
THEREFORE:

(A) WHEN DISPLAY-
ED AT ANY TIME
OTHER than THE
LAST PASS THROUGH
THE PROGRAM THE

WAS THIS THE LAST
PASS THROUGH THE
PROGRAM?

. Y N.

DO 1 WISH TO
TERMINATE THE
MARK PROCESS AND
DO THE FINAL PASS
THROUGH THE
PROGRAM?

Y N

#850

#860

#870

P72/LUMINARY



VALUi IS -mooi

(b) JN THE LAST
PASS THE VALUE IS

-00CT2.

WAIT FOb KEYBOARD
entry

KEY IN PRUCEEJ.

TERMINATE FLASH UPON
RECEIPT OF PROCEED, ...
TERMINATE, OR RECYCLE .

KEY IN RECYCLE
VJ2E

P .T .R
R .E .E
0 .R .C
C .M . Y

E .1 .C
E .N .L
D .A .E

.T

.E

SO TO
"A"
BELOW

WAS this the last
PASS THROUGH THE
PROGRAM?

IS THE FINAL FLAG
SET?

.N

Y N.

SET THE FINAL
FLAG

TRANSMIT ALL MAN-
EUVER PARAMETERS TJ

6r 2

P72/LUMINARY

#880

#890

#900

#910

#920

574
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THt CSM.

"A"
FROM
AaOVE

#93r

DO FINAL AUTOMATIC . . DO FINAL AUTOMATIC )*9A0

REOUEST TERMINATE REQUEST TERMINATE
ROUTINE (ROO) . . ROUTINE (ROO).

EXIT P72 EXI T P72
#950

CHANGE CONTROL lOTES

REV 01 PCR 25A, 540,623
REV OOILUM lA) PCR 695,752
REV 01 EDITORIAL
REV 02 EDITORIAL
REV P3(LUM IE» PCN 1145

P72/LUMINARY
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CSM CONSTANT DELTA ALTITJDE ICON) REV (5 12/01/71
TARGETING PROGRAM (P73)

PURPOSE: (1» TO CALCULATE PARAMETERS ASSOCIATED WITH THE CONCENTRIC FLIGHT PLAN MANEUVERS WITH THE EXCEPTION OF CO-ELLIPTIC
SEQUENCE INITIATION ICSI) FOR CSM EXECUTION OF THE MANEUVERS UNDER CONTROL OF THE CMC. THE CONCENTRIC FLIGHT PLAN
MANEUVERS ARE THE CO-ELLIPTIC SEQUENCE INITIATION ICSI), THE CONSTANT DELTA ALTITUDE MANEUVER (CDH), THE TRANSFER
PHAaE initiation (TPI), AND THE TRANSFER PHASE FINAL ITPF) OR BRAKING MANEUVER.

(2) TO CALCULATE THESE PARAMETERS BASED UPON MANEUVER DATA APPROVED ANO KEYED INTO THE LGC BY THE ASTRONAUT.

13) TO DISPLAY TO THE ASTRONAUT ANO THE GROUND DEPENDENT VARIABLES ASSOCIATED WITH THE CONCENTRIC FLIGHT PLAN
MANEUVERS FOR APPROVAL BY THE AS TRONA UT /GROUND.

ASSUMPTIONS: ID THIS PROGRAM IS BASED UPON PREVIOUS COMPLETION OF THE CO-ELLIPTIC SEQUENCE INITIATION ICSI) TARGETING PROGRAM
IP72). therefore:

lA) AT A SELECTED TPI TIME THE LINE OF SIGHT BETWEEN THE CSM AND THE LM WAS SELECTED TO BE A PRESCRIBED ANGLE IE)

FROM THE HORIZONTAL PLANE DEFINED AT THE CSM POSITION.

IB) THE TIME BETWEEN CSI IGNITION AND CDH IGNITION WAS COMPUTED TO BE GREATER THAN 10 MINUTES.

IC) THE TIME BETWEEN CDH IGNITION AND TPI IGNITION WAS COMPUTED TO BE GREATER THAN 10 MINUTES.

ID) THE VARIATION OF THE ALTITUDE DIFFERENCE BETWEEN THE ORBITS WAS MINIMIZED.

IE) CSI BURN WAS DEFINED SUCH THAT THE IMPULSIVE DELTA V WAS IN THE CSM HORIZONTAL PLANE AT CSI IGNITION.

IF) THE PERICENTER ALTITUDES OF THE ORBITS FOLLOWING CSI AND CDH WERE COMPUTED TO BE GREATER THAN 35,000 FT.
ILUNAR ORBIT) OR 85 NM I EARTH ORBIT).

IG) THE CSI AND CDH MANEUVERS WERE ASSUMED TO BE PARALLEL TO THE PLANE OF THE LM ORBIT, HOWEVER CREW
MODIFICATION OF DELTA V I LV ) COMPONENTS MAY HAVE RESULTED IN AN OUT-OF-^LANE CSI MANEUVER.

UNLESS The INPUTS TO THIS PROGRAM ARE CHANGED FROM THOSE VALUES INSERTED IN P72 , THE CALCULATED PARAMETERS FOR THE
REMAINING MANEUVERS OF THE CONCENTRIC FLIGHT PLAN WILL VARY FROM THOSE ORIGINALLY CALCULATED AND DISPLAYED ONLY DUE
TO THE CONTINUCUS RADAR UPDATING OF THE LM OR CSM ORBIT.

12) LGC COMPUTED VARIABLES MAY BE STORED FOR LATER VERIFICATION BY THE GROUND. THESE STORAGE CAPABILITIES ARE NORMALLY
LIMITED ONLY TO THE PARAMETERS FOR ONE THRUSTING MANEUVER AT A TIME EXCEPT FOR CONCENTRIC FLIGHT PLAN MANEUVER
SEQUENCES.

13) THE RENDEZVOUS RADAR MAY OR MAY NOT BE USED TO UPDATE THE LM OR CSM STATE VECTORS FDR THIS PROGRAM. IF RADAR
USE IS DESIRED THE RADAR SHOULD HAVE BEEN TURNED UN ANO LOCKED UN THE CSM BY PREVIOUS SELECTION OF P2D. RADAR
SIGHTING MARKS WILL BE MADE AUTOMATICALLY APPROXIMATELY ONCE A MINUTE WHEN ENABLED BY THE TRACK AND UPDATE FLAGS.
THE RENDEZVOUS TRACKING MARK COUNTER IS ZEROED BY THE SELECTION OF P2C AND AFTER EACH THRUSTING MANEUVER.

lA) THERE IS NO REQUIREMENT FOR ISS OPERATION DURING THIS PROGRAM UNLESS AUTOMATIC STATE VECTOR UPDATING IS DESIRED
BY THE RENDEZVOUS NAVIGATION PROGRAM I P20 ) . IF ^ELECTED, P23 WILL DEFINE THE STATUS OF THE ISS.

(5) THIS PROGRAM IS SELECTED BY TEE ASTRONAUT BY DSKY ENTRY.

P73/LUMINARY



PRCG
CONT

6^6
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LGC G3JUNJ CREW

CREW
PRJGRAM
SELECTION

START CSM CONSTANT
DELTA ALTITUDE ICUHI
TARGETING PROGRAM
(P73(
DISPLAY P73

KEY IN CSM CONSTANT
DELTA ALTITUDE ( COH

)

target ing program
IP73) V37E 73E

#10

. MONITOR DSKY:

... OBSERVE DISPLAY OF

. P73 #20

RESET ACTIVE VEHICLE
FLAG

#30

SET UPDATE FLAG

#AC

SET TRACK FLAG

578
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HOLD .

SNAP .

1*50

FLASH VERB-NOUN TO . . MONITOR DSKY: . .

REQUEST RESPONSE AND . . . OBSERVE VERB-NOUN . .

DISPLAY STORED TIG FLASH TO REQUEST . . #60
ICDHI: . . . RESPONSE ANO DISPLAY . .

VC6 N13 . . OF STORED TIG . .

RI-TIG(CDH)-HRS . . (CDH). . .

R2-TIG(CDHI-MIN . . . .

R3-TIG(CQH|-SECS

TIG(CDH) - TIME OF
CDH IGNITION (GET) .

IN HRS, MINS, SECS
TO NEAREST .01 SEC.

AM I SATISFIED HITH
THIS VALUE? #70

.Y N

RECORD TIG(CDH)
FOR FUTURE
TRANSMISSION
TO THE CSM

#80

WAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR NEW
DATA

P .T

R ,E

0 .R

NEW
DATA

KEY IN V25E
AND LOAD
DESIRED TIG
(CDH)

#90

#100

P73/LUM INARY



C .A

E .1

E .! STORE DATA
0 .A

.T

GO TO
II A «

BELOW

RESET FINAL FLAG

RESET UPCATE FLAG.

SET EXTERNAL
DELTA V FLAG

BASED ON THE STO-
RED TARGET PARA-
METERS, COMPUTE
THE PARAMETERS
ASSOCIATED WITH
CDH, AS DES-
CRIBED IN SEC-
TION 5.4 OF
R567.

60 8

P73/LUMINARY

#120

#130

#140

#150

580
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ESTABLISH ALARM
IF NJ SOLUTiaN
CAN iE REACHED

+ +

+ 05
POSS
HOLD .

• ••••••••
SNAP .

+

+

+

+

+

+

+ 1180
+ +

FLASH VERB-
NOUN TO RE-
QUEST RESPON-
SE AND OIS-
PLAV ALARM
CODE C0611;

VO 5N09
Rl-XXXXX
R2-XXXXX
R3-XXXXX

MONITOR DSKY:
DOES ALARM

CODE DISPLAY IN-
DICATE THAT NO
SOLUTION CAN BE
REACHED?

N Y

IS IT POSSIBLE
THAT READJUST-
MENT OF TIG
(CDHl MIGHT
PROVIDE A SOL-
UTION? DO I

WISH rO ATT-
EMPT TO READ-
JUST TIGICDHI?

WAIT FOR key-
board ENTRY

KEY IN RE-
CYCLE

V32E

581 60 °

P73/LUMINARY

#160

#170

#180

#190

#200

P73/LUMI NARY



ao 1 .^ISH TO
ATTEMPT TO DE-
FINE CDH
maneuver ANY-
iIAY, REALIZING
THAT DELTA T

ICDH/TPI) AND
DELTA T ITPI/
TPI I ARE NOT
ACCURATE?
(NOTE: SEE DE-
FINITION OF
THE DELTA
TIMES IN LGC
LOGIC COLUMN
DISPLAY OF
N75 SELCrtl.

.Y N

61 "'

P73/LUMINARY

#2ir

#220

#23C

#240

#250

P73/LUMINARY
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HOLD .

SNAP .

"A"
8ELOW

IS FINAL FLAG
SET?

.N Y

*260

SET JPDATE
FLAG

#270

FLASH VERB-NOUN . . . . MONITOR OSKY:
TO REQUEST RES- OBSERVE VERB-
PONSE AND DISPLAY . . . . NOUN FLASH TO RE- . #280
DELTA ALT (CDHI, . . . QUEST RESPONSE
DELTA T(CDH/TPI» . . . AND DISPLAY OF
AND DELTA TITPI/ . . . DELTA ALT (COH)
TPI Ij . . . DELTA r (CDH/TPI ) .

VOu N75 . . . AND DELTA T (TPI/ .

Rl-DELTA ALT . . . TPI).
(CDHi . . * — .

R2-DELTA T(CDH/ . . . .

TPI ) . . . .

R3-DELTA T(TPI/ . . . . . #290
TPI) . . . .

DELTA ALT(CDH) -

THE ALTI TUDE BE-
TWEEN THE ACTIVE
AND PASS IVE VE-
HICLE ORBITS AT
TIG(CDH). SIGN IS

+ WHEN THE ACTIVE

P73/LUMINARY



VEHICLE IS -iELOW

THE PASSIVE
VEHICLE. IN nau-
tical MILES TO
NEAREST .1 NM.

delta TICDH/TPD-
TIUITPII AS OE-
finej by this
PROGRAM MINUS
TIG(CDH). COM-
PUTED IN HRS,
MINS, ANO SECS OF
WHICH ONLY THE
MINS AND SECS
ARE JISPLAYEO. TO
NEAREST SEC.

»05

4-

4

delta TI TPI/TPI I-

TIGITPI) AS DE-
FINED BY THIS
PROGRAM MINUS TIG
(TPII AS DEFINED
EARLIER BY P72.
CCMPUTEO IN HRS,
MINS, ANO SECS OF
WHICH ONLY THE
MINS AND SECS ARE
displayed, to
NEAREST SEC.
NOTE: R2 IS
COMPUTED MODULO
ONE HOUR IF IT IS

POSITIVE, I.E.,
63 MINUTES 22
SECONDS IS DIS-
PLAYED AS 03B22.
IF IT IS NEG-
ATIVE, IT IS LIM-
ITED INSTEAD,
I.E., -63 MINUTES
22 SECONDS IS
DISPLAYED AS
-59B59.
R3 IS ALWAYS
CCMPUTEO MODULO
ONE HOUR.

+ 1180
+ +

612
P73/LUMI NARY

#310

#320

#330

#3A0

584
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RECORD THESE
values for future
TRA. 1VSMISSICN TU
THE CSH.

#350

HOLD .

SNAP .

MAI T FOR KEYBOARD
ENTRY

TERMINATE FLASH
UPON RECEIPT OF
PROCEED, RECYCLE,
OR TERMINATE

.P .T .R
• R . E .E
.0 . R .C
• C . M .Y
.E . I .C
.E .N .L

.D . A • E

• . T •

•

•

. E

•

• • • •

•

•

•

• • •

• GO TO

• "A"
•

•

•

BELOW

•

•

•

• • • •

•

• •

FLASH VERS-NQUN
TO REQUEST RES-
PONSE AND DISPLAY
CALCULATED COM-
PONENTS OF DELTA

KEY IN PROCEED

MONITOR DSKY:
OBSERVE VERB-

NOUN flash TU
REQUEST RE-
SPONSE AND DIS-

#360

#370
.

#380

#3°0

P73/LUMINARY
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V(LV) FO R CJH;
VCs N8 1

Rl-DEL TA VXILV)
R2-DEL TA VYILV)
R3-DEL TA VZILV)

DELTA VX (LV) -

CCMPJNEN T OF IM-
POLSI VE DELTA V

AT TIG(C OH) ALONG
(RXV) XR. IN FPS
TO NEARE ST .1
FPS.

DELTA VY (LV) -

COMPDNEN T OF IM-
PULSI VE DELTA V

AT TIGIC DH) ALONG
VXR. IN FPS TO
NEAREST .1 FPS.

DELTA VZ (LV) -

CCMPJNEN T OF IM-
PULSI VE DELTA V

AT TIGIC CH) ALONG
-R. IN F PS TO
NEAREST .1 FPS

WHERE R IS CSM
GEOCENTR IC (EARTH
ORBIT) 0 R SELENO-
CENTRIC (LUNAR
ORBIT) R ADIUS
VECTOR A ND V IS
CSM INER TIAL VEL-
OCITY VE CTOR AT
TIG(CDH)

•

•

•

•

WAIT FDR KEYBOARD
ENTRY

PLAY OF OFLTA
Y {LVI FOR CJH

AM I SAriSFIED
WITH THESE
VALUES?
(NJTE: CRER HAS
THE OPTION AT
THIS TIME TO
REUEFINE The
DELTA V (LV)
COMPONENTS FOR
THE SUBSEQUENT
thrusting man-
euver. THIS
CAPABILITY HILL
NORMALLY BE

EXERCISED TO
CORRECT JUT-OF-
PLANENESS 3Y
first SELECTING
THE RENDEZVOUS
OUT-OF-PLANE
DISPLAY ROUTINE
(R36I(V90EI AND
THEN MODIFYING
DELTA VY (LV).
HOREVER IT MUST
3E REMEMBERED
THAT THE R36
CALCULATICN IS
BASED UPUN AN
ACTIVE LM.)

.Y .N

KEY IN V2SE
AND LOAD DE-
SIRED DELTA
V VALUES

#400

#4ir

#420

#430

#440

586
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RECORD THESE
VALUES FOR FUTURE
TRANSMISSION TO
THE CSM.

#450

TERMINATE FLASH
•

•

•

UPON RECEIPT OF
PROCEED, TERMIN-
ATE, OR NEW DATA

• .P .T .NEW
• • R .E .DATA
• .0 .R
• • c .M STORE DATA
• .E .1

• .E .N
• .D • A •

• • .T
• • .E
• • •

• • •

• • • • •

• • •

• . GO TO
• • "A"
•

•

•

•

. BELOW
•

•

•

IS final flag set?

.N . Y

• •

• •

SET MGA DISPLAY .

IN R3 (3ELDW)
= -00001.

•

KEY IN PROCEED *460

#470

#480

#490

P73/LUMINARY
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set .AGA DISPLAY
IN Ri (BELOW) =

-00CD2.

»500

HCLD . FLASH VERB-NOUN TO
REQUEST RESPONSE AND

MON . DISPLAY M, TF I AND
MGA;

VlbN-fS
Rl-R
R2-TFI
R3-RGA

MONITOR OSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE and DISPLAY
OF M, TFI AND MGA.

M - THE NUMBER OF
MARKS MADE SINCE THE
RR TRACKING MARK
COUNTER WAS ZEROED
ISEE ASSUMPTION 6
OF P20)

TFI - TIME FROM TIG
(COH). IN MIN AND
SEC TO NEAREST SEC.
MAX READING IS 59B59
SIGN IS- BEFORE. +

AFTER TIGICDH).

WAS THIS THE LAST
PASS THROUGH THE
PROGRAM?

Y N,

#51C

#52P

#530

THE MIDDLE GIMBAL
ANGLE DISPLAY IS NOT
PERTINENT TO THIS
PROGRAM. THEREFORE:

(A) WHEN DISPLAY-
ED AT ANY TIME
OTHER than THE
LAST PASS THROUGH
THE PROGRAM THE
VALUE IS -CC'OOl

DO I WISH TO
TERMINATE THE
MARK PROCESS AND
DO THE FINAL PASS
THROUGH TFE
PROGRAM?

Y N

#54C

588 P73/LUMINARY



(3) UN THE LAST
PASS THE VALUE IS
-00032.

WAIT FOiL KEYBOARD
ENTRY

KEY IN PRQCEEO.

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR
RECYCLE

• P .T .R
.R .E .E
.0 .R .C
.C .M .Y
.E . I .C
.E .N .L

.0 • A .E
• .T •

•

•

.E
•

•

•

•

• • •

• GJ TO
• «A«
•

•

•

BELOW

IS THE FINAL FLAG
SET?

KEY IN RECYCLE
V32E

WAS THIS the LAST
PASS THROUGH THE
PROGRAM?

SET THE FINAL
FLAG

589
617
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#550

#56C

#570

#580

#590
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:

TRANSMIT ALL MANEU-
VER PARAMETERS TU
THE CSM.

"A"
FRUM
ABOVE

"A"
FROM
ABOVE #610

DO FINAL AUTOMATIC . . DO FINAL AUTOMATIC
REQUEST TERMINATE REQUEST TERMINATE
ROUTINE (R30) . . ROUTINE ( ROO »

.

EXI T P73 EXIT P73

CHANGE CONTROL NOTES

LOGIC REV Cl PCR 540,623
REV 02 PCR 752, EDITORIAL
REV C3 EDITORIAL
REV C4I[LUM ID) PCN 1009
REV C5(ILUPIE) PCN 1180

590
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purpose:

ASSUMPTIONS:

«• +

+ 05
+ 1180
+ +

PROG

CSM TRANSFER PHASE INITIATION (TPI) TARGETING REV C5 12/C1/71
PROGRAM 1P7A)

11) TO CALCULATE THE REJUIREO DELTA V AND OTHER INITIAL CONDITIONS REaUlREO BY THE CMC FOR CSM EXECUTION OF THE
TRANSFER PHASE INITIATION (TPI) MANEUVERi GIVEN:

(A) TIME OF IGNITION TIG (TPI) OR THE ELEVATION ANGLE (E) OF THE CSM/LM LOS AT TIGITPII.

IB) CENTRAL ANGLE OF TRANSFER (CENTANG) FROM TIGITPI) TO INTERCEPT TIME.

(2) TO CALCULATE TIG (TPI) GIVEN E OR E GIVEN TIG (TPI).

(3) TO CALCULATE THESE PARAMETERS BASED UPON MANEUVER DATA APPROVED AND KEYED INTO THE LGC BY THE ASTRONAUT.

(4) TO DISPLAY TO THE ASTRONAUT AND THE GROUND CERTAIN DEPENDENT VARIABLES ASSOCIATED WITH THE MANEUVER FOR
APPROVAL BY THE ASTRONAUT /GROUND

.

11) LGC COMPUTED VARIABLES MAY BE STORED FOR LATER VERIFICATION BY THE GROUND. THESE STORAGE CAPABILITIES ARE
LIMITED ONLY TO THE PARAMETERS FOR ONE THRUSTING MANEUVER AT A TIME EXCEPT FOR CONCENTRIC FLIGHT PLAN MANEUVER
SECJENCES.

(2) THE RENDEZVOUS RADAR MAY OR MAY NOT BE USED TO UPDATE THE LM OR CSM STATE VECTORS FOR THIS PROGRAM. IF RADAR
USE IS DESIRED THE RADAR SHOULD BE TURNED ON AND LOCKED ON THE CSM BY PREVIOUS SELECTION OF P20. RADAR SIGHTING MARKS
WILL BE MADE AUTOMATICALLY APPROXIMATELY ONCE A MINUTE WHEN ENABLED BY THE TRACK AND UPDATE FLAGS (SEE P20). THE
RENDEZVOUS TRACKING MARK COUNTER IS ZEROED BY THE SELECTION OF P20 AND AFTER EACH THRUSTING MANEUVER.

(3) THERE IS NO REQUIREMENT FOR I SS OPERATION DURING THIS PROGRAM UNLESS AUTOMATIC STATE VECTOR UPDATING IS DESIRED
BY THE RENDEZVOUS NAVIGATION PROGRAM (P20). IF SELECTED, P2D WILL DEFINE THE STATUS OF THE ISS.

(4) ONCE THE PARAMETERS REQUIRED FOR COMPUTATION OF THE MANEUVER HAVE BEEN COMPLETELY SPECIFIED, THE VALUE OF THE
ACTIVE VEHICLE CENTRAL ANGLE OF TRANSFER IS COMPUTED AND STORED. THIS NUMBER WILL BE AVAILABLE FOR DISPLAY TO THE
ASTRONAUT THROUGH THE USE OF V06N52.

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.

(5) THIS PROGRAM IS SELECTED BY TEE ASTRONAUT BY DSKY ENTRY.

(6) THE DELTA V IN LOS COORDINATES 1N59) IS AVAILABLE AT FL V16 N45 AFTER EACH COMPUTATION CYCLE.

LGC GROUND CREW

P74/LUMINARY



CONT
CKE U

PROGRAM
SELECr iUN

START CjM transfer
PHASE HIT I AT ION
(TPI) TARGETING
PROGRAM (P74)
DISPLAY P74

KEY IN GSM TRANSFER
PHASE INITIATION
(TPII TARGETING
PROGRAM (P74I

V37E 74E

MONITOR OSKY:
OBSERVE DISPLAY OF
P74

RESET ACTIVE VEHICLE
FLAG

SET UPCATE FLAG

SET TRACK FLAG

622
P74/LUM1NARY

#ir

#2C

#40

#50
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HOLD .

SNAP .

59a
623

P74/LUMlNARy

FLASH VcRB-NOUN TO . . . MONITOR OSKY :

REQUfcST RESPONSE AND . . .. OBSERVE VERB-NOUN
DISPLAY STORED TIG FLASH TO REOUEST
ITPl) CALCULATED . . .. RESPONSE AND DISPLAY .

FRCM PREVIOUS . . .OF TIG ITPI)
PROGRAMS: . . . STORED FROM PREVIOUS . #60

V06 N37 . . . PROGRAMS.
Rl-TIG ITPD-HRS . . . .

R2-TIG (TPI)-MIN . .

R3-TIG (TPII-SEC . . . .

TIGITPU-TIME OF TPl
IGNITION IGET),
IN HRS, MIN, SEC
TO NEAREST .01 SEC.

AM I SATISFIED WITH
THIS VALUE?
INDTE: THIS PROGRAM
ALWAYS REOUIRES AN
INITIAL VALUE OF
TIGITPI) WHICH IS
WITHIN 30 MINUTES
OF THE ACTUAL VALUE
EVEN IF TIG ITPI) IS
TO BE CALCULATED
FROM A SPECIFIED E. )

#70

#80

RECORD THIS
VALUE FOR FUTURE
transmission to
THE CSM.

#90

WAIT FOR KEYBOARD KEY IN PROCEED
ENTRY ... . . . #100

P74/LUMINARY



HCLD .

SNAP .

• • • • • • 624
•

•

•

•

•

•

•

•

•

• •

• •

• •

•

•

•

P74/LUW1NARY

TERMINATE FLASH UPON

•

•

• •

•

•

•

•

•

•

• •

•

. KEY IN V25E AND
•

•

RECEIPT UF PROCEEOi • • • .... LOAD THE DESIRED •

TERMINATE! OR NEW • • • • . TIG •

DATA • • • • •

.P .T .NEW • • • • • • #11C
• R • c • DA T A • • • • • •

• 0 *1^ • • • » • • •

.C .M • • • • • •

.E .1 STORE DATA • • • • • •

.E .N • • • • • •

• D • A • • • • • • •

. .T • • • • • •

. .E 1 • • •

• • • • •

• • • • • • • #120

. GO TO • • •

. "A" • • •

. BELOW
•

•

•

•

•

•

•

•

DEFINE CENTANG = 130
•

•

•

•

•

•

DEGREES FDR DISPLAY • • •

BELOW •

•

•

•

•

•

#130

•

•

•

•

•

•

•

•

SET N=0 • • •

• • • •

• • • • #140
• • • •

SET E=C

•

•

•

•

•

•

•

•

•

•

•

• •

•

•

•

•

•

•

•

•

• •

•

•

• • • • • • • #150

FLASH VERB-NOUN
•

•

•

•

•

• • MONITOR OSKY: •

TO REJUEST RES- • • OBSERVE VERB-NOUN •

PONSE AND DISPLAY • • • • FLASH TO REQUEST •

OF N, STORED E, AND •

•

•

•

•

•

•

•

RESPONSE AND DISPLAY •

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

594 P74/LUMINARY



OF iN, STOKED E AND
CENT ArjG:

CENTANG:
V06 N55
Rl-T
R2-E
R3-CENTANG

N-THE FUTURE AP-
SIOAL CROSSING
(APOCENTER OR
PERICENTER) OF THE
ACTIVE VEHICLE AT
WHICH TIGICOHI
SHOULD OCCUR.
OOC31=FIRST
OCO02=SECOND
ETC.

I NOTE:
IN THIS CASE, N IS
THE NUMBER OF TAR-
GET OFFSETS. WHEN
N IS ZERO, USE
CONIC INTEGRATION
TO DETERMINE THE
INITIAL POSITION
AND VELOCITY OF
THE TARGET AT IN-
TERCEPT TIME. WHEN
N IS NON-ZERO, USE
PRECISION INTEGRA-
TION AND the in-
dicated NUMBER OF
OFFSETS.

00000-KEPLER
CONIC IN-
TEGRATION
WITH NO
TARGET
OFFSET

OOOOl-PRECISION
INTEGRA-
TION WITH
ONE TARGET
OFFSET

OCOJ2-PRECISION
I NTEGRAT ION

595 P74/LUMINARY

#160

#170

#180

#190

#200

P74/LUMINARY



626
P76/LUMINAKY

M ITH TWO
TARGET
OFFSETS

ETC. I

E-ELE/ATION ANGLE
BETWEEN THE CSM/
LM LOS AND THE
CSM LOCAL HORI-
ZONTAL AT TIG
(TPII REFERENCED
TO THE DIRECT ION

OF FLIGHT ISEE
SECTION 5.4 OF
R567 FOR DETAILED
DESCRIPTION). IN
DEGREES TO NEAREST
.01 DEGREE.

DO I WISH THE LGC TO
CALCULATE E?

N .Y

W210

#220

CENTANG-THE ORBIT-
AL CENTRAL ANGLE
OF THE PASSIVE
VEHICLE DURING
TRANSFER FROM
TIGITPI ) TO TIME
OF INTERCEPT. IN

DEGREES TO NEAREST
.01 DEGREE.

#230

WAIT FDR KEYBOARD
ENTRY

KEY IN V21E AND
LOAD N AS DE-
SIRED IN Rl, and
KEY IN V22E AND
LOAD +C0000 IN

R2, AND KEY IN
V23E AND LOAD
CENTANG AS
DESIRED IN
R3.

#240

#250

596
P74/LUM INARY



597
627

P74/LUMINARY

AM I SATISFIED
WITH THE PRESENT
VALUE OF E? #260

Y

KEY IN V21E
and LOAD N AS
DESIRED IN

Rl. AND
KEY IN V22E
AND LOAD
E AS DESIRED
IN R2i AND
KEY IN V2JE
AND LOAD
CENTANG
AS DESIRED
IN R3.

#270

#280

RECORD THIS VALUE
FOR FUTURE TRANS-
MISSION TO THE CSM.

^290

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR NEW
DATA

KEY IN PROCEED

P .T .NEW
R .E .DATA #300

P7A/LUMINARY



628
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0 .K

C .,1

E .1 STORE DATA
E .,T

D • A •

.T

.E

GO ro

"A"
bELJW

#310

RESET COMP E FLAG

#320

IS E SPECIFIED TO
BE +000007

Y . N

SET COMP E FLAG #330

RESET FINAL FLAG

DIO I SPECIFY £

TO 3E +000007

RESET UPCATE FLAG
Y N

#340

#350

598
P74/LUMINARY



IS CJMP E FLAG
SET?

V .N

COMPUTE E FOR
SPECl FIED
TIGITPII

POSS
HOLD .

SNAP .

FLASH VERB-
NJUN TO RE-
QUEST RESPONSE
AND DISPLAY
CALCULATED E;

Y06 N55
Rl-N
R2-E
R3-CENTANG

. MONITOR DSKY:

.. OBSERVE

. VERB-NOUN
FLASH TO RE-
QUEST RESPON-
SE AND DIS-
PLAY OF CAL-
CULATED E.

(NOTE: FOR DE-
FINITION SEE
ABOVE ).

RECORD THIS
VALUE FOR FU
TORE TRANS-
MISSION TO
THE CSM.

WAIT FOR KEY-
BOARD ENTRY

KEY IN PRO-
CEED.

TERMI NATE
FLASH UPON

599
629
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#36C

*370

#380

#390

#400
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RECEIPT OF
PROCEED, RECY-
CLE, OR TERMI-
NATE

T .P R.
E .R E.
R *0 C •

M .C Y.
1 .E C.
N .E L.
A .0 E.
T

E

GO TO
"A"
BELOW

COMPUTE TIG
ITPII FOR THE
SPECIFIED E.

ESTABL ISH
ALARM IF NO
SOLUTION CAN
BE REACHED

PCSS
HOLD .

SNAP .

N . A

0 .L
. A

A . R

L .M
A

R

M Flash verb-
noun TO
REQUEST RE-
SPONSE AND
DISPLAY
JLARM CODE:
V05N09
Rl-
R2-
R3-

63 '’

P7A/LUMI NARY

#4ir

«A2r

#430

#440

MONITOR DSKY:
DOES ALARM

CODE DISPLAY
indicate that
NO SOLUTION
CAN BE
REACHED?

Y N. . #450

600
P74/LUMINARY



S NAP

601
631

P74/LUM1 NARY

#46C

return to
START OF
PROURA.'I

AND ADJUST
INPUT PARA-
METERS,
KEY IN
PROCEED.

#480

#4°0

MONITOR DSKY:
CdSERVE

YERd-NQUN
FLASH TO RE-

P74/LUMINARY



•

•

•

•

•

CALCJLATED

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

• QUEST RE-
TIGITPI ) : • • • SPUNSE AND
V06N37 • • • DISPLAY OF
Rl-TIGITPI) . • • • CALCULATED

-HRS • • TIGITPI).
R2-TIG(TPII . • • •

—
-MINS • • • •

R3-TIG(TPII . • • • •

-SECS. • • • •

•

(note: for DE-.
•

• • • RECORD THIS
FINITIQN SEE . • • • VALUE FOR
ABOVE). • • • FUTURE TRANS-

, • • • MISSION
• • • • • TO THE CSM.

• • • • • •

• • • •

• • • • • •

WAIT FOR KEY- .

• • •

• • KEY IN

BOARD ENTRY • • • • PROCEED

TERMINATE • • • •

FLASH UPON • • • •

RECEIPT OF • • • •

PROCEED. RE- . • • • •

CYCLE. OR • • • •

TERMINATE • • • •

.P .T .R . • • • •

• R *6 • E • • • • •

• 0 • R • C • • • • •

.C .M .Y . • • • •

.E .1 .C . • • • •

.E .N .L . • • • •

• 0 • A • E • • • • •

• • T • • • • • •

• • E • • • • • • • •

• • • • • • • •

. GO TO • • • •

. "A" • • • •

. BELOW
•

•

•

•

•

•

•

/ ,

•

• • • • •

BASEJ ON STORED
TARGET PARAMETERS

632
P74/LUM1NARY

#5cr

#510

#520

#530

#5A0

602
P7A/LUMINARY



603
633

PT-t/LUM INARY

CCMPJTE the PARA-
MtTERS ASSOCIATEO
WITH TPI AND
TPF AS DESCRIBED
IN SECTION
5. A. 2 OF R567.

<*55r

RESET EXTERNAL
DELTA V FLAG

#56C

HOLD .

SNAP .

FLASH VERB-NOUN
TO BEQUEST RE-
SPONSE AND DIS-
PLAY CALCULATED
PER ALT, DELTA
VI TPII , AND DELTA
V i T PF ) :

V0uN58
Rl-PER ALT
R2-UELTA VITP I )

R3-0ELTA VITPF)

PER ALT-ALTUUUE
OF POST TPI PERI-
GEE ABOVE THE
LAUNCH PAD
RADIUS I EARTH
QRain OR ALTI-
TUDE OF PERILUNE
ABOVE the lunar
RADIUS AT THE
MOST recently DE-
FINED LANDING
SITE (LUNAR
ORBIT I. IN NAUT I-

CAL TILES TO

MONITOR DSRY:
observe verb-

noun FLASH TO
REQUEST RESPONSE
AND DISPLAY OF
CALCULAT ED PER
ALT, DELTA
VITPI), AND
DELTA VITPF)

.

#570

#580

#590

P74/LUMINARY



NEAREST .1 NM

DELTA VI TPI 1-RE-
aUIREU IMPULSIVE
DELTA V TO ACCOM-
PLISH TPI MANEU-
VER AT TIGITPII.
IN FPS TO NEAREST
.1 FPS.

DELTA Vt TPF)-RE-
QUIRED IMPULSIVE
DELTA V TO ACCOM-
PLISH TPF MANEU-
VER AT TIME OF
INTERCEPT. IN FPS
TO NEAREST .1 FPS.

WAIT FOR KEYBOARD
ENTRY

+

»05

U8C

TERMINATE FLASH
UPON RECEIPT OF
PROCEED, RECYCLE,
OR TERMINATE

.p .T .R

.R . E .E

.0 . R .C

.C .M .Y

.E . I .C

.E .N .L
. A .E

• . T •

• . E • • • •

• • • •

•

•

GO TO
• "A"
•

•

•

BELOW

IS THE FINAL FLAG
SET 1

N Y

+

+

*•

634
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•

•

•

•

•

•

•

•

•

•

•

«600

•

•

•

RECORD THESE
VALUES FOR FUT- «610
URE TRANSMISSION
TO THE CSM.

•

•

KEY IN PROCEED

•

•

•

•

•

»62C

•

•

•

•

•

•

•

•

•

#630

•

•

•

•

/
•

•

•

•

•

•

•

#64C

•

•

•

•

•

•

•

•

•

'604 P74/LUMI NARY



RESET NEH
TARGET FLAG

HELD . . FLASH VERB-
. NJUN TO RE-
SNAP . , gjEST RESPONSE

. AND DISPLAY

. CALCULATED

. COMPONENTS OF

. DELTA V(LV)

. FOR TPI:

. V06N81

. Rl-DELTA

. VXILVI

. R2-OELTA

. VY(LV)

. R3-DELTA

. VZILV)

DELTA VXILVI-
COMPONENT OF
IMPULSIVE
DELTA V AT

. MONITOR DSKY:

.. OBSERVE

. VERB-NOUN
FLASH TO RE-
QUEST RES-
PONSE AND
display of
DELTA V(LV)
FUR TPI

AM I satis-
fied WITH
THESE VALUES?
(NOTE: CREW
HAS THE OP-
TION AT THIS

605

635
P74/LUMINARY

#650

#660

#670

#680

#690

P7A/L URINARY



536
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TlGdPIl ALONG
(RXVIXR. IN

FPS TO NEAREST
.1 FPS.

DELTA VYILVl-
COMPONENT OF
IMPULSIVE
DELTA V AT
TIGITPI) ALONG
VXR. IN FPS TO
NEAREST . 1 FPS

DELTA VZILVI-
COMPONENT OF
IMPULSIVE
DELTA V AT
TIGITPM ALONG
-R. IN FPS TO
NEAREST .1 FPS

WHERE R IS THE
CSM GEOCENTRIC
lEARTH ORBIT)
CR SELENOCEN-
TRIC (LUNAR
ORBIT) RADIUS
VECTOR ANO V

IS THE CSM IN-
ERTIAL VELO-
CITY VECTOR AT
TIGITPI).

WAIT FOR KEY-
BOARD ENTRY

TIME TO RE-
DEFINE THE
DELTA V(LV)
COMPONENTS
FOR THE SUB-
SEQUENT THRU-
STING MANEU-
VER. this
capability
WILL NORMALLY
BE EXERCISED
TO CORRECT
OUT-OF-PLANE-
NESS BY FIRST
SELECTING THE
RENDEZVOUS
OUT-OF-PLANE
DISPLAY ROU-
TINE (R36)
(V90E), ANO
THEN MODIFY-
ING DELTA
VY(LV).
HOWEVER IT
MUST BE RE-
MEMBERED THAT
THE R36
CALCULATION
IS BASED UPON
AN ACTIVE LM).

. Y

•

•

•

•

N.
•

•

•

•

. KEY IN V25E
w . ANO LOAD

DESIRED. THE
. DELTA V

. VALUES.
•

• •
/

• •

•

•

•

•

•

RECORD these
VALUES FOR FU-

*700

#710

#720

#730

#740

606
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607
637

PV't/LUMINARY

TUKE TRANSMIS-
SION TO THE
CSM. #75C

TERMINATE
FLASH UPON RE-
CEIPT OF PRO-
CEED, TERMIN-
ATE, OR NEW
DATA

.P .T .NEW
• R .E .DATA
.0 • R •

.c • M

.E .1 STORE

.E .N DATA

.D .A

• .T .

• .E .

• • •

• • •• •••••

. GO TO
• "A"
. BELOW
•

•

HAS NEW DATA
BEEN LOADED?
(IS THE SUM OF
ALL CHANGES TO
All CCMPON-
ENTS , TREATING
MOST SIGNIF-
ICANT AND
LEAST SIGNIF-
ICANT HALVES
AS SEPARATE
QUANTITIES, NO
EQUAL TO "0"7)

N Y

KEY IN
PROCEED.

#760

#770

#780

#790

P74/LUMINARY



SET NEW
TARGET
FLAG

IS NEW TARGET
FLAG SET?

• N Y.

CALCULATE
NEW TAR-
GET VEC-
TOR BASED
CN NEWLY
LOADED
DELTA
VILVJ FOR
TP I.

IS THE FINAL FLAG
SET?

• N .Y

SET MGA DISPLAY
IN RilBELOWl

633
PT4/LUMINARY

#80P

#81C

*820

*830

#8A0

608
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609
639
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HOLD .

MON

= -OOCOl.

#850

SET HGA DIS-
PLAY IN R3
(3EL0WI =

-00C02.

" 8"

FROM
AdOVE

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY OF M, TFI
AND MGA;

V15N45
Rl - M

R2 - TFI
R3 - MGA

MONITOR OSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE AND DISPLAY
OF M, TFI AND MGA,

#860

M-THE NUMBER OF
MARKS MADE SINCE THE
RR TRACKING MARK
COUNTER WAS ZEROED
(SEE ASSUMPTION 6

OF P20.)

#870

TFI-TIME FRCM
TIGI TP I) . I N MIN AND
SEC TO NEAREST SEC.
MAX READING IS

5GB59. SIGN IS
- before *- AFTER
TIG(TPI).

WAS THIS the last
PASS THROUGH THE
PROGRAM?

Y N

#880

MGA-THE MIDDLE GIMBAL
ANGLE IS NOT PERTIN-
ENT TO THIS PROGRAM.
THEREFORE:

(Al WHEN DISPLAY-
ED AT ANY TIME
OTHER THAN THE
LAST PASS THROUGH
THE PROGRAM THE

00 I WISH TO
TERMINATE THE
MARK PROCESS AND
DO THE FINAL PASS
THROUGH THE
PROGRAM?

. Y N.

#890

P7A/LUMIMARY



VALUt IS -COOOl

(d) JN THE LAST
PASS THE VALUE IS
-00002 .

WAIT FOi< KEYBOARD
ENTRY

KEY IN PROCEED.

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR RE-
CYCLE

.P .T .R
• R .E .E
.0 .R .C
.c • M .Y
.E . I .C
.E .N .L
.0 .A .E
• .T •

• .E

• • • •

• GO TO
• "A"
•

•

dELOM

IS THE FINAL FLAG
SET?

.Y N.
• •

• •

. SET THE FINAL

. FLAG

• •

• •

•

•

•

•

•

•

•

•

•

•

•

•

FROM

KEY IN RECYCLE
V32E

MAS THIS THE LAST
PASS THROUGH THE
PROGRAM?

Y .N

TRANSMIT ALL MANEU
VER PARAMETERS TO
THE CSM.

6A0
P7A/LUMINARY

*900

*910

#920

#930

#940

#950

610
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ABOVE

DO FINAL AUTOMATIC . .DO FINAL AUTOMATIC
REQUEST TERMINATE REQUEST TERMINATE
ROUTINE (ROOl . . ROUTINE (ROOI.

CHANGE CONTROL NOTES

REV 01 PCR 627
REV OOILUM lAI PCR 268
REV OKLUM IB) PCR 812.2
REV 02 EJITORIAL
REV 03(LUM ID) PCR 1048, PCN 1009
REV 04(LUM IE) PCR 1066
REV 05 PCN 1180

611
641

P74/LUMINARY

#960

P74/LUM INARY





61J
6^3

CSM TRANSFER PHASE MIDCQJRSE (TPM) TARGETING PROGRAM 1P75) REV C6 12/01/71

PURPOSE: (1) TO CALCULATE THE REJUIREO DELTA V AND OTHER INITIAL CONDITIONS REQUIRED BY THE CMC FOR CSM EXECUTION OF THE NEXT
MIDCUURSE CORRECTION OF THE TRANSFER PHASE OF AN ACTIVE CSM RENDEZVOUS.

ASSUMPTIONS: (1) THERE IS NO REQUIREMENT FOR ISS OPERATION DURING THIS PROGRAM UNLESS AUTOMATIC STATE VECTOR UPDATING IS DESIRED
BY THE RENDEZVOUS NAVIGATION PROGRAM tP20). IF SELECTED, P23 WILL DEFINE THE STATUS OF THE ISS.

(2) THE RENDEZVOUS RADAR IS ON AND IS LOCKED ON THE CSM. THIS WAS DONE DURING PREVIOUS SELECTION OF P20. RADAR
SIGHTING MARKS WILL BE MADE AUTOMATICALLY APPROXIMATELY ONCE A MINUTE WHEN ENABLED BY THE TRACK AND UPDATE FLAGS.
THE RENDEZVOUS TRACKING MARK COUNTER IS ZEROED BY THE SELECTION OF PZC AND AFTER EACH THRUSTING MANEUVER.

(3) THE TIME OF INTERCEPT (TIINTI) WAS DEFINED BY PREVIOUS COMPLETION OF THE TRANSFER PHASE INITIATION (TPI)
TARGETING PROGRAM (P74I AND IS PRESENTLY AVAILABLE IN LGC STORAGE.

(A) 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 V06N52.

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.

(5) THE PROGRAM IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY PRIOR TO ANY ANTICIPATED CMC RENDEZVOUS MIOCOURSE
CORRECTION REQUIRING LM PARAMETER COMPUTATION.

+ 06
+1180 (6) The delta V in LOS coordinates (N59) is available at FL V16 N45 AFTER EACH COMPUTATION CYCLE.
+ +

PROG LGC GROUND CREW
CONT

.CREW

. PROGRAM

. SELECTION

START CSM TRANSFER
PHASE MIDCOURSEITPM)
TARGETING PROGRAM
(P75) DISPLAY P75

KEY IN CSM TRANSFER
PHASE MIDCOURSEITPM)
TARGETING PROGRAM
(P75 I

#1C

P75/LUMINARY



V37E75E

MONITOR DSKY
OBSERVE DISPLAY OF
P75

RESET ACTIVE VEHICLE
FLAG

SET UPDATE FLAG

SET TRACK FLAG

RESET FINAL FLAG

RESET UPCATE FLAG

644
P75/LUMINARY

*20

#3C

*40

*50

611 P75/LUMINARY



DEFL'IE TIG(MID) =

T "PTIGINC"
MIN.
(NOTE: TEE VALUE
"PTIGINC" IS IN
ERASABLE STORAGE,
HAVING BEEN LOAD-
ED PRIOR TO
LAUNCH OR BV P27)

EXTRAPOLATE CSM
STATE VECTOR TO
TIGIMIDI

EXTRAPOLATE LM
STATE VECTOR TO
T(INT) (note:
REFER ASSUMPTION
(3) ABOVE).

DO LAMBERT ROUT-
INE TO CALCULATE
THE REQUIRED VEL-
OCITV FOR THE
MIOCJURSE COR-
RECTION.

RESET EXTERNAL
DELTA V FLAG

615
645

P75/LUMINARY

#6C

#70

#80

#90

#100

P75/LUMINARY
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#110

#120

#130

#140

#150

61B
P75/LUM INARY



617
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P75/LUMINARY

riG( TPM)
ALONG IRXV)XR
IN FPS TO
NEAREST .1
FPS.

dELTA VY(LV)-
COMPCNENT OF
IMPULSIVE
OELTA V AT
riGI TPM)
ALONG VXR. IN
FPS TO NEAR-
EST .1 FPS

DELTA VZILV)-
COMPCNENT OF
IMPULSIVE
DELTA V AT
TIGI TPM)

ALONG -R, IN
FPS TO NEAR-
EST .1 FPS

WHERE R IS
THE CSM GEO-
CENTRIC
1 EARTH ORBIT)
OR SELENO-
CENTRIC
(LUNAR ORBIT)
RADIUS VECTOR
AND V IS THE
CSM INERTIAL
VELOCITY
VECTOR AT
riG( TPM).

HAS THE OP-
TION AT
THIS TIME
TO REDEFINE
THE. DELTA V

(LV) COM-
PONENTS FOR
THE SUBSE-
QUENT
THRUSTING
MANEUVER.
THIS CAPA-
BILITY WILL
NORMALLY BE
EXERCISED
TO CORRECT
OUT-OF-
PLANENESS
BY FIRST SE-
LECTING THE
RENDEZVOUS
OUT-QF-
PLANE DIS-
PLAY ROU-
TINE IR36)
( V90E) , AND
then MODI-
FYING DELTA
VYILV).
HOWEVER IT
MUST BE RE-
MEMBERED
THAT THE
R36 CALCU-
LATION IS
BASED UPON
AN ACTIVE
LM. )

# 16 r;

#17C

#18P

#190

Y N.

WAIT FOR KEY- ... . . KEY IN
BOARD ENTRY VZ5F

... . . AND

. . . . LOAD

#200

P75/LUM1 NARY



THE DE-
SIRED
DELTA V

VALUES.

RECORD
THESE
VALUES FOR
FUTURE
TRANSMISS-
ION TO THE
CSM.

TERM INATE
FLASH UPON
RECEIPT OF
PROCEED,
TERMINATE,
NEW DATA

OR

KEY IN
PROCEED

P .T .NEW
R .E .DATA
0 .R .

C .M .

E .1

E .N STORE
D .A DATA

.T

.E .

6A8
P75/LUMI NARY

#21C

#220

#230

#240

618
P75/LUMINARY



HAS NEK DATA
SEEN LOADED?
(IS THE SUM
OF ALL CHANG-
ES TD ALL
COMPONENTSf
TREATING MOST
SIGNIFICANT
AND LEAST
SIGNIFICANT
HALVES AS
SEPARATE
JUANTITIES,
NOT EQUAL TO
" 0"?)

• N Y.

SET NEW
TARGET
FLAG

IS NEW TARGET
FLAG SET?

N . Y

CALCULATE
NEW TAR-
GET VEC-
TOR BASED
CN NEWLY
LOADED
DELTA V

ILVI FOR

619
6A9

P75/LUMINARY

#250

#260

#270

#280

#290

P75/LUMI NARY
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TPM.

#300

#310

IS THE FINAL FLAG
SET?

.N Y

SET MGA DISPLAY
IN R3(8£LOM) =
-00001 .

#320

SET MGA DIS-
PLAY IN R3
IBELQM)=
-00002 . #330

HELD . FLASH VERB-NOUN TO
REQUEST RESPONSE AND

MON . DISPLAY OF M, TFl
AND MGA;

V16NA5
Rl-M
R2-TFI
R3-MGA

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE AND DISPLAY
OF M, TFl AND MGA.
(NOTE: ON FIRST PASS
THROUGH, TFl hlLL BE
TIME FROM PREVIOUS

#340

620 P75/LUMINARY
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P75/LUMINARY

M-THE NUMBER OF
MARKS MADE SINCE THE
RR TRACKING MARK
COUNTER HAS ZEROED
(SEE ASSUMPTION 6 OF
P20. I

TFI-TIME FROM TIG
ITPMI IN MIN AND SEC
TO NEAREST SEC. MAX
READING IS 59B59.
SIGN IS - BEFORE,
AFTER TIGITPM).

TIG COMPUTED BY
P74(.

HAS THIS THE LAST
PASS THROUGH THE
PROGRAM?

Y N

+ NOTE: ON FIRST PASS
+ 06 THROUGH, TF I HILL BE
+ TIME FROM PREVIOUS

TIG COMPUTED BY

1180 P74.

MGA-THE MIDDLE GIM-
BAL ANGLE DISPLAY IS

NOT PERTINENT TO
THIS PROGRAM.
THEREFORE:

(Al HHEN DISPLAY-
ED AT ANY TIME
OTHER THAN THE
LAST PASS THROUGH
THE PROGRAM THE
THE VALUE IS

-00001

DO I HISH TO
TERMINATE THE
MARK PROCESS AND
DO THE FINAL PASS
THROUGH THE PRO-
GRAM?

Y N

(Bl ON THE LAST
PASS THE VALUE IS
-00002 .

#350

#360

#370

#380

HAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED.

#390

P75/LUM1NARY



KEY IN RECYCLE
V32ETERMINATE FLASH UPON

RECEIPT OF PROCEED,
TERMINATE, OR RECY-
CLE

.p .T .R

.R . E .E
• a .R .C
.C • M • Y

• E . I • C

.E • N .L

.0 . A .E
• . T

•

•

. E

• • • • •

•

•

•

• • •

•

• GO TO
• "A”
•

•

•

BELOW

IS THE FINAL FLAG
SET?

Y N.

WAS THIS THE LAST
PASS THROUGH THE
PROGRAM?

Y .N

SET THE FINAL
FLAG

TRANSMIT ALL MANEU
VER PARAMETERS TO

652
P752LUMINARY

#400

#410

#420

#430

622
P75/LUMINARY
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P75/LUMINARY

ABOVE THE CSM.

DO FINAL AUTOMATIC • • DO FINAL AUTOMATIC
REQUEST TERMINATE . REQUEST TERMINATE
ROUTINE (ROO) • • ROUTINE IROO),

#450

EXIT P75 EXIT P75

CHANGE CONTROL NOTES

REV Cl PCN 502,627
REV 02(LUM IB) PCR 812.2, EDITORIAL
REV 03 EDITORIAL
REV 04 PCN 1009
REV 051LUM IE) PCR IC66
REV 06 PCN 1180

P75/LUMINARY
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TARGET DELTA V PROGRAM (P76I REV CA 11/02/7C

PURPOSE: 111 TO PROVIDE A MEANS DF NOTIFYING THE LGC THAT THE CSM HAS CHANGED ITS ORBITAL PARAMETERS BY THE EXECUTION OF A

THRUSTING MANEUVER.

121 TO PROVIDE TO THE LGC THE DELTA V APPLIED TO THE CSM TO ENABLE AN UPDATING OF THE CSM STATE VECTOR.

ASSUMPTIONS: 111 THE LM CREW HAS THE DELTA V TO BE APPLIED TO THE CSM IN LOCAL VERTICAL AXES AT A SPECIFIED TIG. THESE VALUES ARE
DISPLAYED PRIOR TO TIG BY THE THRUSTING PROGRAMS I PAD AND P41 IN THE CMC I . NO PROVISION IS MADE IN THESE THRUSTING
PROGRAMS TO DISPLAY THE RESULTS OF THE MANEUVER IN A FORM USABLE BY THIS PROGRAM. IF THE BURN IS NOT NOMINAL AND THIS
DELTA V IS NOT AS SPECIFIED OR IF TIG IS NOT AS ORIGINALLY SPECIFIED, CONSULT BACKUP PROCEDURES.

(21 IF THE RENDEZVOUS NAVIGATION PROGRAM IP20I OR THE LUNAR SURFACE NAVIGATION PROGRAM (P22I IS IN PROCESS THIS
PROGRAM MUST BE SELECTED PRIOR TO THE CSM THRUSTING MANEUVER. THIS CAN BE ASSURED BY VOICE COMMUNICATION BETWEEN
THE LM AND CSM.

(31 THIS PROGRAM IS SELECTED BY THE ASTRONAUT BY OSKY ENTRY.

(41 THE CONTENTS OF NOUN 84 ARE INITIALIZED WITH THE VALUE OF NOUN 81 AT ENTRANCE TO P76.

PROG LGC GROUND CREW
CONT

CREW
PROGRAM
SELECTION

START TARGET . KEY IN TARGET DELTA
DELTA V PROGRAM V PROGRAM (P76I.
(P76I. . V37E76E
DISPLAY P76

»IP

SET TRACK FLAG

#20

P76/LUMINARY
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HCLD .

SNAP .

FLASH VERB-NOUN
TO REQUEST RESPONSE
AND DISPLAY STORED
TIGIOVI:

V06N33
Rl-TI>,(OV )-HRS
R2-TIG(OV )-MINS
R3-TIG(0V)-SECS

TIGIOVI-TIME OF
IGNITION (GET) FOR
DELTA VIOV) . IN HRSt
MINS, SEC TO NEAREST
.01 SEC.

WAIT FOR KEYBOARD
ENTRY.

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR NEW
DATA

P . T

R .E
0 . R

C .M
E . I

E .N

D . A

• T

.E

NEW .

DATA.

STORE DATA

MONITOR DSKY
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE AND DISPLAY
OF STORED TIGIOV ).

IS THE VALUE
DISPLAYED THE
CORRECT TIME AT
WHICH THE CSM EXECU-
TED THE MANEUVER?

N

KEY IN PROCEED

KEY IN V25E
AND LOAD THE
CORRECT TIGIOV).

#30

#40

#50

#60

#70

626
PY6/LUMINARY



HCLD .

SNAP .

GO TO
"A"

BELO)^

627
657

P76/LUMINARY

#80

FLASH VERB-NOUN
TO REQUEST RESPONSE
AND DISPLAY THREE
STORED COMPONENTS OF
DELTA VIOVt.

V06N84
Rl-DELTA VX(OV)
R2-DELTA VYIOVI
R3-DELTA VZIOVI

DELTA VX(OV)-
COMPONENT OF DELTA V

APPLIED TO THE OTHER
VEHICLE AT TIG(OV)
ALONG IRXVIXR. IN

FPS TO NEAREST .1
FPS.

DELTA VY(OV|-
COMPQNENT OF DELTA V

APPLIED TO the OTHER
VEHICLE AT TIG(OV)
ALONG V<R. IN FPS TO
NEAREST .1 FPS.

DELTA VZ(OV )-

component OF DELTA V

APPLIED TO THE OTHER
VEHICLE AT TIGIOVI
ALONG -R. IN FPS TO
NEAREST .1 FPS.

WHERE R IS GEOCEN-
TRIC (EARTH ORBIT!
OR SELENOCENTRIC

MONITOR DSKY
OBSERVE VERB-NOUN
FLASH TO REQUEST
RESPONSE AND DISPLAY
OF THREE STORED
COMPONENTS OF DELTA
V APPLIED TO THE
OTHER VEHICLE lOVI
ALONG LOCAL VERTICAL
AXES AT TIG(OV).

WAIT UNTIL THE CSM
CREW HAS TRANSMITTED
THE VALUES OF THE
DELTA V TO BE AP-
PLIED AND THE TIME
OF IGNITION and
THE THRUSTING MAN-
EUVER HAS BEEN
SUCCESSFULLY COM-
PLETED.

#9C

#10C'

*110

#120

P76/LUMINARY
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(LUNAR URBIT) RADIUS
VECTOR AND V IS THE
CSM INERTIAL VEL-
OCITY VECTOR AT
TIGIOVI.

«fl3P

WAIT FOR KEYBOARD
ENTRY

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR NEW
DATA

ARE THE VALUES
DISPLAYED THE
CORRECT ONES
EXECUTED BY THE CSM?

.Y .N
• •

• •

KEY IN
•

•

PROCEED •

•

•

•

•

•

•

•

•

. KEY IN V25E
AND LOAD THE
CORRECT DELTA
VIOV).

#140

#150

P .T NEW .

R .E DATA.
0 .R
X .M
E .1

E .N STORE DATA

.T

.E

#160

GO TO
IIA" #170

628
P76/LUMINARY
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BELOrJ

SET NO JO VERB 37
FLAG

iniec

UPDATE CSM STATE
VECTOR TO REFLECT
THE DELTA V ADDED.

#190

RESET NO DO VERB 37
FLAG #200

"A"
FROM
ABOVE

#210

ZERO RR TRACKING
MARK COUNTER

P76/LUMINARY
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P76/LUMINARY

DO final automatic
REQUEST TERMINATE
ROUTINE IROOI.

DO FINAL AUTOMATIC
request terminate
ROUTINE IRUO).

*220

EXIT P76 EXIT P76 *230

CHANGE CONTROL NOTES

LOGIC REV ni PCR 468
REV r2lLUR IBI PCR 826.2
REV C3ILUN ICt PCR 863.2
REV 04 PCN 1009

630 P76/LUMINARY
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* *

02
1180

purpose:

ASSUMPTIONS:

IMPULSIVE DELTA V PROGRAM (P77I REV 02 12/01/71

(II TO PROVIDE A MEANS OF NOTIFYING THE LGC THAT THE LM HAS CHANGED (DR HILL CHANGE) ITS ORBITAL PARAMETERS BY THE
EXECUTION OF A THRUSTING MANEUVER HHEN AVERAGE G I S NOT RUNNING.

(21 TO PROVIDE TO THE LGC THE DELTA V APPLIED TO THE LM TO ENABLE AN UPDATING OF THE LM STATE VECTOR.

(1) THE LM CREH HAS THE DELTA V APPLIED TO THE LM IN LOCAL VERTICAL AXES AT A SPECIFIED TIG.

(2) R03 SHOULD BE PERFORMED AFTER P77 TO UPDATE LEMMASS.

(31 THIS PROGRAM IS SELECTED BY THE ASTRONAUT BY CSKY ENTRY.

(4) THE CONTENTS OF NOUN 81 IS THE SAME AS THE PREVIOUS VALUE OF NOUN 81 AT ENTRANCE TO P77.

PROG LGC GROUND CREH
CONT

CREH
PROGRAM
SELECTION

START IMPULSIVE
DELTA V PROGRAM
(P77).
DISPLAY P77

KEY IN IMPULSIVE
DELTA V PROGRAM
(P77I.

V37E77E

#10

SET TRACK FLAG #20

P77/LUMINARY



HOLD .

SNAP .

664
P77/LUMINARY

• • • • •

• •

•

• • • • • •

FLASH VERB-NOUN
TO REyUEST RESPONSE
AND nl S?l AY STORFD ...

MONITOR OSKY:
. OBSERVE VERB-NOUN

•

•

• #30

TIG:
V06N33

. RESPONSE AND DISPLAY
OF STORED TIG.

•

•

R2-TI>, - MINS
R3-TIG - SECS

•

•

•

•

TIG - TIME OF
IGNITION (GET) FOR
DELTA V. IN HRSf .

MINS, SEC TO NEAREST
.01 SEC.

•

•

•

•

•

•

•

•

•

•

•

#4P

• •

• •

• •

•

•

•

•

•

•

•

•

WAIT FDR KEYBOARD .

ENTRY.
•

•

•

IS THE VALUE
DISPLAYED THE
CORRECT TIME AT
WHICH THE LM EXECU-
TED OR WILL EXECUTE
THE MANEUVER?

•

•

•

•

•

•

•

#50

• .Y .N
•

•

•

•

• •

• •

•

•

• • •

#6C
•

•

•

TERMINATE FLASH UPON
RECEIPT OF PROCEED, . .

TFRMINATF. OR NFW

• •

• •

• •

•

•

•

•

. K£y IH V25E
•

•

DATA . . . CORRECT TIG. •

.P .T NEW .

.R .E DATA.
• • • •

• • • •

• • • •

• • • •

• • • •

•

• •

• •

• •

• •

• •

• •

• •

•

•

•

•

•

•

•

•

#7C

• • • •

• • • •

• • • •

• • • •

• • • •

• • • •

• • • •

• • • •

• •

• •

• •

« •

• •

• •

• •

• •

•

•

•

•

•

•

•

•

632
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HOLD .

SNAP .

0
C

E

E

R

M

I

N

A

T

E

STORE DATA

633
665

P77/LUMINARY

GO TO
"A"

BELO/J

#80

FLASH VERB-NOUN
TO REQUEST RESPONSE
AND DISPLAY THREE
STORED COMPONENTS OF
DELTA VI LV)

.

VC6N81
Rl-DELTA VXILVI
R2-DELTA VYILV)
R3-DELTA VZILVI

DELTA VXILVI-
COMPONENT OF DELTA V

APPLIED AT TIG ALONG
(RXV)XR. IN FPS TO
NEAREST .1 FPS.

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE AND DISPLAY
OF THREE STORED
COMPONENTS OF DELTA
V APPLIED OR TO BE
APPLIED ALONG LOCAL
VERTICAL AXES AT
TIG.

#90

#100

DELTA VYILVI-
COMPONENT OF DELTA V

APPLIED AT TIG ALONG
VXR. IN FPS TO
NEAREST .1 FPS.

DELTA VZILVI-
CCMPONENT OF DELTA V

APPLIED AT TIG ALONG
-R. IN FPS TO NEAR-
EST .1 FPS.

P77/LUM1NARY



WHERE R IS GEOCEN-
TRIC (EARTH ORBITl
OR SELEIOCENTRIC
(LUNAR JRBI T) RADIUS
VECTOR AND V IS THE
LM INERTIAL VELOCITY
VECTOR AT T IG.

WAIT FOR KEYBOARD
ENTRY

ARE THE VALUES
DISPLAYED CORRECT?

.Y .N

KEY IN
PROCEED

TERMINATE FLASH UPON
RECEIPT OF PROCEED
TERMINATE, OR NEW
DATA

P .T NEW .

R .E DATA.
0 .R
C .M
E . I

E .N STORE DATA

.T

.E

KEY IN V25E
AND LOAD THE
CORRECT DELTA
V.

GO TJ

"A"

666
P77/LUMINARY

#120

#130

#140

#150

#160

P77/LUMINARY
634
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P77/LUMINARY

BELOW

SET NO JO VERB 37
FLAG #17P

UPDATE LM STATE
VECTOR ro REFLECT
THE DELTA V ADDED.

•

•

•

RESET NO DO VERB 37
FLAG

• "A"
• FROM
•

•

ABOVE
•

•

•

•

•

• • •

•

ZERO RR TRACKING
MARK CCJNTER

#180

#190

#200

no FINAL AUTOMATIC . . DO FINAL AUTCMATIC
REQUEST TERMINATE REQUEST TERMINATE #210
ROUTINE (ROO). . . ROUTINE ( ROD I

.

P77/LUMINARY



• 663

•

•

• P77/LUHINARY

•

•

• • •

•

• • •

EXIT P77
•

EXIT P77

#22C

CHANGE CCNTRUL NOTES

REV OllLUM lEI PCR 348
REV C2 PCN 1180

636
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FINAL AUTOMATIC REQUEST TERMINATE REV C6 12/01/71
ROUTINE IROO)

PURPOSE:

ASSUMPT ICNS :

IK TO PROVIDE A STANDARD EXIT FOR PROGRAMSt AND AN OPTION TO SELECT ANY PROGRAM DESIRED.

(2) TO PROVIDE A GENERAL DESCRIPTION OF THE COMPUTER ACTIVITY FOLLOWING ANY V37EXXE.

in THE CALLING PROGRAM HAS SUCCESSFULLY COMPLETED ALL ITS FUNCTIONS OR THE OPERATOR HAS PREMATURELY TERMINATED THE
PROGRAM.

PROG
CONT

LGC GROUND CREW

LGC
ROUTINE
SELECTION

CREW.
ROUTINE,

SELECTION

RESET X-AXIS OVER-
RIDE INHIBI T FLAG

#ir

RESET ULLAGE FLAG

FLASH VERB 37 TO
REQUEST PLEASE PER-
FORM CHANGE OF
PROGRAM:

V37 .1 BLANK
Rl-ELANK
R2- BLANK
R 3- BLANK

MONITOR DSKY:
OBSERVE VERB
37 FLASH TO RE-
WUEST PLEASE
PERFORM CHANGE
OF PROGRAM.

#20

#30

RrC'/LUMINARY



biz
ROO/LUMINARY

WAIT fQi< KEYBOARD
ENTRY «

• KEY IN DESIRED

TERMINATE FLASH UPON
RECEIPT OF XXE

•

•

•

•

• XXE
•

• •

• •

• •

• • • • •

• • •

, HFTFTVF M'MPXXF
•

. TO REQUEST NEW

. PROGRAM.
• . PROGRAM

. V37EXXE
•

• •

• •.

• •

. "A" .

. ENTRY FROM .

. V96 MITH

. PROGRAM POO.

. SPECIFIED .

• • •

• •

• •

• •

» •

• •

• •

• •

• •

• •

• • •

• • • • •

• • •

• •

• •

• •

IS THE IHU BEING
INITIALIZED?

#40

#50

#60

.N Y

06 IS IMU ZERO IN
+ PROGRESS OTHER

THAN IPU TURN ON
+ SEQUENCE?

N. .Y

#70

+

+

+ 640
ROO/LUMINARY



f

<

+

+ 1180
+

IS THE HEW PRO-
GRAM P707

.N Y,

GO TO DPS
ABORT PROGRAM
(P70)

EXIT ROO

IS THE HEW PRO-
GRAM P717

N Y.

GO TO APS
ABORT PROGRAM
(P71)

EXIT ROO

IS THE lEW PRO-
GRAM PQ07

• Y N.

IS TitE HO-DO-
VeR3-37 FLAG

641
673

ROO/LUMINARY

#8C

#90

#100

#110

#120

#130

RT/LUMINARY



SET?

674
RCO/LUMINARY

»14C

*150

#160

#170

#180

64?

ROC/LUM[NARY



+

U80
+ +

DOES THE NEW
PROGRAM EXIST?

IN PROGRESS

Y N,

EXIT
ROO

IS THE DESIRED PRO
GRAM P70 OR P7l?

• Y N,

GO TO DESIRED
PROGRAM.

EXIT ROO

TORN ON
OPERATOR
ERROR LIGHT

MONITOR DSKY;
DOES OPERATOR

ERROR LIGHT COME
ON INDICATING THAT
I HAVE SELECTED A

PROGRAM THAT DOES
NUT EXIST?

EXIT
ROO

IS V37 FLAG SET?

N Y.

SET IDLE FLAG

643
675

ROO/LUMINARY

#X90

#2CO

#210

#22f

#230

ROn/LUMINAPY



RESET ULLAGE FLAG

RESET ENGINE ON
FLAG

TURN OFF ENGINE
(APS OR DPS)

OISASLE TRIM
GIMBAL

ZERO THROTTLE
COMMAND AND DIS-
ARM ENGI NE

RESET AVERAGE G

FLAG

TERMINATE CALL
FOR SET OF ULLAGE
FLAG IF CALL NOT

•f

»•

«

F

F

F

676
ROO/LUMINARY

(KZAP

»25P

#260

#270

#280

644
ROO/LUMINARY



+

4-

f

+ 1180
4* 4

YET JONE

645
677

RrO/LUMINARV

WAIT FOR AVERAGE
G TO TERMINATE

#290

SET DRIFT FLAG
RESET LANDING
ANALOG DISPLAYS
FLAGt MUNFLAG
AND V37 FLAG

#300

WAIT FOR ANY INTE-
GRATION IN PROCESS
TO FINISH

#310

RESET 3-AXIS FLAG

RESET PDOHFLAG
#320

+ 06
+ RESET FLIGHT 59 FLAG
+ 1180

#330

R^''/LUM1NARY
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SBT LR BYPASS FLAG

RESET FOLLOWING
FLAGS ASSOCIATED
WITH R12;
VX INHiaiT, HIGATEi
NO LR REAOt R12
X-AXIS OVERRIDE, LR
PERMIT, VELOCITY
DATA, RANGE DATA,
V FLASH, H FLASH,
V FAIL, H FAIL, AND
R12 DELAY.

#34C

«350

RESET R04 FLAG

RESET GIM8AL
LOCK FLAG

«360

RESET PONFLAG

#370

RESET ABORT TARGET-
ING FLAG

646
RDC/LUM INARY
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RPO/LUMINARY

«38r

RESET X-AXIS OVER-
RIDE INHIBIT FLAG

IS NEM PROGRAM POO?

• Y N.

#390

RESET CONTINU-
OUS DESIGNATE
FLAG AND
DESIGNATE FLAG

#400

RESET NO DO VERB-
37 FLAG.

#410

RESET RENDEZVOUS,
P25, AND IMUSE
FLAGS.

#420

IS THE RENDEZ-
VOUS OR P25 FLAG
SET?

Y N

#43 ^

R^O/LUHINARY



keset imuse
FLAG

COMMAND ZERO ATTI-
TUDE RATES

SET DEADBAND
TO PREVIOUS VALUE
DEFINED BY ROB.

RESET THE TRACK FLAG

RESET THE UPDATE
FLAG.

IS NEV PROGRAM P007

N . Y

IS THE NEW PROGRAM
POO?

.N Y.

GO TO GO TO

68 "

RPO/LUMINARY

#440

#450

*460

#470
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RCO/LUHINARY

. "8" •
fig II

. BELOW
•

•

•

BELOW

•

IS THE PRESENT PRO- •

GRAM P227 •

.N Y. •

• • •

• • •

«

IS THE NEW PRO- IS THE NEW PROGRAM
GRAM P22? P227

.N Y. .

• • •

• • •

.N
•

•

Y.

•

•

• • •

• • •

. RESET RENDEZVOUS!

•

•

•

•

•

•

•

. P25, AND IMUSE • •

. FLAGS
•

•

•

•

•

• •

• •

•

•

•

•

• • • •

. RESET CONTINUOUS • •

. DESIGNATE FLAG • •

. AND DESIGNATE • •

. FLAG

• •

• •

• •

•

•

•

•

•

•

•

•

•

•

IS THE NEW PROGRAM . IS THE NEW PROGRAM .

P20 OR P25? P20 OR P257 •

.Y N. . . Y . N. .

• • • • • •

• • • • • •

#48C

»A9r

#5Pf'

#510

#520

IS EITHER P20
OR P25 PRESENT-

IS either P20
OR P25 PRESENT-

RPO/LUMINARY



LY I.Y PROCESS
(EITHER IN FORE-
GROUND OR BACK-
GROUND! ?

LY RUNNING
either in the
FOREGROUND OR
THE BACKGROUND?

Y .N

GO TO
"A"
BEL ON

Y .N

GO TO
"A"
BELOW

IS EITHER P20 OR
P25 PRESENTLY
RUNNING IN THE
FOREGROUND?

IS EITHER P20 OR
P25 PRESENTLY
RUNNING IN THE
FOREGROUND?

N .Y

IS EITHER P20 OR
P25 PRESENTLY
RUNNING IN THE
BACKGROUND?

IS EITHER P20 OR
P25 PRESENTLY
RUNNING IN THE
BACKGROUND?

Y

SET TRACK FLAG

SET UPCATE FLAG
"A"

FROM
ABOVE

682
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#530

#540

•550

•560

#570

#580

ROQ/LUMINARY

650



EXIT ROO

651
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RPO/LUMINARY

#590

#600

#610

#620

#630

ROO/LUMINARY



CHANGE CCNTROL NOTES

REV 01 - PCR 80,86, I18f 137,214,453
REV C2(LUM 181 PCR 798.2, EDITORIAL
REV 03(LUM 1C) PCR 893, EDITORIAL
REV 04ILUM ID) PCR 892,898, PCV 1009
REV OSILUM IE) PCN 1145
REV 06 PCN 1180

684
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653
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PURPOSE;

ASSUMPTIONS:

DESCRIPTION:

653
687

ERASABLE AND CHANNEL MODIFICATION REV 04 02/17/71
ROUTINE (ROD

(II TO PROVIDE MANUAL CAPABILITY OF CHANGING FLAGWORD BITS OR CHANNEL BITS.

(II THIS PROCEDURE CAN BE PERFORMED AT ANY TIME.

(21 THIS PROCEDURE IS NOT RESTRICTED TO FLAGWOROS OR CHANNELS BUT CAN MODIFY ANY LEGITIMATE ERASABLE LOCATION > 30.

(II NOUN 07 MUST BE LOADED BY V25N07E.

(21 NOUN 07 IS A THREE COMPONENT OCTAL NOUN WITH THE FOLLOWING DEFINITION:

R1 = AN ADDRESS SPECIFYING EITHER THE ECADR OF AN ERASABLE LOCATION OR THE NUMBER OF A CHANNEL;
IF Rl>30, THE ADDRESS IS ASSUMED TO BE AN ECADR:
IF Rl<30, THE ADDRESS IS ASSUMED TO BE A CHANNEL NUMBER.

AS IN ALL ATTEMPTS TO MODIFY CHANNEL 7, THE REQUEST IS IGNORED IF Rl=7.

R2 = UP TO FIVE OCTAL DIGITS SPECIFYING BITS IN THE WORD TO BE SET (E.G.: 200 IS BIT 81.

R3 = POSITIVE YON-ZERO INDICATES A "I" I S TO BE SET INTO BIT POSITIONS SPECIFIED IN R2. ZERO, NEGATIVE,
OR BLANK INDICATES A "0".

(31 AS AN EXAMPLE, SETTING OF BITS 1, 3 AND 13 TO "1“ IN FLAGWORD 8 RE(3UIRES THE FOLLOWING SEQUENCE:
V25N07E

104E
10005E

IE

RESETTING THE SAME BITS TO "0" REQUIRES THE SEQUENCE:
V25N07E

104E
10005E

OE

(41 SETTING OF BIT 10 OF CHANNEL 12 TO "1" REQUIRES THE FOLLOWING SEQUENCE:
V25N07E

12E
ICOOE

IE

RESETTING THE SAME BIT TO "0" REQUIRES THE SEQUENCE:
V25N07E

12E
lOOOE

OE

RCI/LUMINARY



688
RCl/LUMINARV

CHANGE CONTROL NOTES

LOGIC REV
REV
REV
REV
REV

CO PCR 7?
01 EOITORIAL
C2ILUM 1C)
03ILUM ID)
04(LUR IE)

PCR 806.2,
PCR 302.2,
PCN 1145

EDITORIAL
PCN 1009

6S4
ROl/LUMINARY
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IMU STATUS CHECK ROUTINE lR02t REV 03 12/03/69

PURPOSE:

ASSUMPTIONS:

III TO CHECK WHETHER IMJ IS ON ANO, IF ON, WHETHER IT IS

(2) TO ESTABLISH A PROGRAM ALARM ANO STORE AN ALARM CODE
BY THE LGC.

ID THE ROUTINE IS AUTOMATICALLY SELECTED BY THE PROGRAM

ALIGNED TO AN ORIENTATION KNOWN BY THE LGC.

IF THE IMU IS OFF OR NOT ALIGNED TO AN ORIENTATION KNOWN

IN PROCESS.

PROG LGC GROUND CREW
CONT

LGC
ROUTINE
SELECTION

START IMU STATUS #10
CHECK ROUTINE (R02I

IS THE REFSMMAT
FLAG SET?

Y .N #20

IS THE ISS ON?

Y .N

TURN ON PROGRAM
ALARM LIGHT BUT
00 NOT CHANGE
PRESENT OIS-

MONITOR DSKY:
DOES PROGRAM

ALARM LIGHT INDICATE
THAT EITHER IMU IS

#30

RD2/LUMINARY
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PLAY. PROGRAM NUT ON OR NOT
ALARM DISPLAY ALIGNED?
IF CALLED IS:

VC5N09
Rl-XXXXX
R2-XXXXX
R3-XXXXX #60

EXPECTED ALARM
CODE IS 00210

TURN ON PROGRAM
ALARM LIGHT BUT
DO NOT CHANGE
PRESENT DISPLAY.
PROGRAM ALARM
DISPLAY IF
CALLED IS:

V05N09
Rl-XXXXX
R2-XXXXX
R3-XXXXX

EXPECTED ALARM
CODE AT THIS
TIME IS 00220

#50

#60

CALL PROGRAM ALARM
DISPLAY IV05N09)
TO IDENTIFY ABNOR-
MALITY. WHEN FIN-
ISHED PUSH KEY
RELEASE.

#70

PRESS ALARM RESET
TO RESET PROGRAM
ALARM. #80

65B
R02/LUMINARY
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Rr'2/LUMINARY

30 FINAL AUTO-
MATIC REQUEST
TERMINATE ROU-
TINE (ROO I

DO FINAL AUTOMATIC
REQUEST TERMINATE
ROUTIN.E(ROO)

#9P

SET IMUSE
FLAG

• • • • • • • • • • • •

• • • • #ior
EXIT EXIT R02 EXIT R02 EXIT
R02 AND P— AND P

—

R02

CHANGE CONTROL NOTES

REV OX PCR 413
REV 02 EDITORIAL
REV 03 EDITORIAL

RC2/LUMINARY





DAP DATA LOAD ROUTINE (R03I TEV 06 12/C1/71

PURPOSE: m TO PROVIDE THE CREW WITH A MEANS OF DISPLAYING AND SPECIFYING:
(A) THE SPACECRAFT CONFIGURATION AND CERTAIN AUTOPILOT RESPONSE PARAMETERS (R1 3F N46I
(B) THE DESIRED CONFIGURATION FOR AUTO THROTTLE AND ABORT/ABORT STAGE CHANNEL BIT PROTECTION
(Cl THE MASSES OF THE LM AND CSM IN47)
(Dl THE DESIRED DPS ENGINE GIMBAL TRIM ANGLES (N48)

12) TO PERFORM OPS ENGINE GIMBAL TRIM.

ASSUMPTIONS: III THIS ROUTINE IS MANUALLY SELECTED BY THE CREW. IT SHOULD NOT BE SELECTED AT TIMES WHEN IT WOULD OVERWRITE AN
ATTITUDE DEADBAND THAT WAS SELECTED AUTOMATICALLY BY THE LGC. THIS RDUTINE SHOULD NOT BE SELECTED DURING POWERED
FLIGHT IN ORDER TO AVOID DIFFICULTIES ASSOCIATED WITH THE SETTING OF THE ATTITUDE DEADBAND AND THE MASSES.

(21 IN GENERAL, A l.O DEGREE CEACBANO IS DESIRABLE FOR POWERED FLIGHT. THEREFORE, IF THE ASTRONAUT SELECTS ROB AFTER
THE LGC SETS A 1.0 DEGREE DEADBAND (THIS HAPPENS WHEN R6D IS CALLED) HE SHOULD EXERCISE CARE THAT THE CORRECT POWERED
FLIGHT DEADBAND IS SET BY ROB.

(3) R2 OF N46 CAN BE LOADED BY DSKY ENTRY V22N46E , WITHOUT ACTUALLY SELECTING R03. REVIEW OF THIS REGISTER IS
ACCOMPLISHED BY DSKY ENTRY V04N46E.

PROG LGC GROUND CREW
CONT

.CREW

.ROUTINE

.SELECTION

• ^

START DAP DATA LOAD KEY IN V4BE
ROUTINE I ROB) .

.

DO EXTENDED VERB
INTERLOCK ROUTINE
(R76)

DO EXTENDED VERB
INTERLOCK ROUTINE
(R76)

#2C

ROB/LUMINARY
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SET N46 DISPLAY
REGISTER IN ACCORD-
ANCE WITH PRESENT
DAP FLAGBITS AND APS
FLAG

#3r

IF Rl INTEGER A OF
THE N46 DISPLAY IS

0, CHANGE IT TO 1.

i4n

+ 06 ERASE ANY DISPLAY
BITS NOT DEFINED
BELOW FOR Rl OF N46

+ 1180
+ +

DISPLAY BELOW

#5P

HCLD .

SNAP .

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY DAP CONFIG-
URATION/RESPONSE
DATA CODE AND
CHANBKGP code:

V04 N46
Rl-ABCDE
R2-0D0DE
R3- BLANK

MONITOR OSKY:
OBSERVE VERB-NOUN
FLASH TO REQUEST
RESPONSE AND DISPLAY
OF DAP DATA CODE AND
CHANBKUP CODE

#6C

Rl DATA CODE: . AM I SATISFIED WITH .

A=1 ASCENT STAGE . THE DATA?
CNLY . .

A=2 ASCENT AND DE- . .Y .N .

SCENT STAGES . . . .

660
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+

+ 1180

661
697

Rr'3/LUMINARY

A=3 ASCENT AND DE-
SCENT STAGES
COCKED WITH CSM

B=0 2 JET TRANSLA-
TION, RCS SYS-
TEM A

8=1 2 JET TRANSLA-
TION, RCS SYS-
TEM B

B=2 A JET TRANS-
LATION

B=3 A JET TRANS-
LATION

C=0 FINE SCALING
ACA (A DEG/SEC)

C = 1 NORMAL SCALING
ACA (20 DEG/SEC)

D=0 ATT DEADBAND,
(3.3 DEGREES

D=1 ATT DEADBAND,
1.0 DEGREE

C=2 ATI DEADBAND,
5.0 DEGREES.

E= KALCMANU RATE
0= .2 DEG/SEC
1= .5 OEG/SEC
2= 2 DEG/ SEC
3= 10 DEG/SEC

NCTE: ACA SCALING
AS SHOWN IS FOR LH
ALONE.
IF THE LH IS DOCKED
WITH THE CSH THESE
VALUES ARE 10 TIHES
LESS.
B=2 OR 3 DO NOT
DIFFER EXCEPT FOR
MINIMUM IMPULSE JET
SELECTION.
R2 DATA CODE:
D=0 ACCEPT AUTO/

MAN THROTTLE
DISCRETE
(CHANNEL 30
BIT 5 »

D=1 ASSUME AUTO
THROTTLE

#80

#90

#100

#110

Rr3/LUHINARY



E=0 ACCEPT ABORT/
ABORT STAGE
DISCRETE
(CHANNEL 30
BITS 1 AND A)

E=I IGNORE ABORT/
ABORT STAGE
DISCRETE

WAIT FOR KEYBOARD
ENTRY

KEY IN PRO-
CEED

KEY IN V21E OR
V24E AND LOAD
DESIRED DATA

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR NEW
DATA

P

R
0
C

E

E

,D

T

E

R
,M

I

N
.A

T

E

.NEW DATA

STORE DATA

GO TO

693
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#120

#130

#1AC

#150

«16C

#170

662
Rr3/LUMINARY



+ 06
+

+

+

+ 1180

HCLD .

SNAP •

699

663 Rr3/LUMINARY

"A"
BELJW

SET APS FLAG AND
VARIOUS DAP PARA-
METERS AND SWITCHES
CN BASIS OF DISPLAY
REGISTER Rl.

#180

#190

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY STORED LM
WEIGHT AND CSM
WEIGHT;

V06 N47
Rl- THIS VEHICLE

ILH> WEIGHT
R2- OTHER VEHICLE

(CSMI WEIGHT
R3- BLANK

WEIGHTS IN POUNDS TO
NEAREST POUND.

MONITOR DSKY:
OBSERVE VERB-NOUN
FLASH TO REQUEST RE
SPONSE AND DISPLAY
OF VEHICLE WEIGHTS.

AM I SATISFIED WITH
THESE VALUES?

. Y .N

#200

#210

WAIT FOR KEYBOARD
ENTRY KEY IN PROCEED

(NDTE: IF L

3

WEIGHT (AND/GR
CSM WEIGHT IF

RP3/LUMINARY
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CSM HAS BEEN
DEFINED ABOVE
TO BE DOCKEOI
DOES
NOT EXCEED
EMPTY WEIGHT
OF THE RESPEC-
TIVE VEHICLE
THIS DISPLAY
WILL NOT TERM-
INATE!.
(NOTE: IF ATT-
ITUDE DEADBAND
IS PRESENTLY
SPECIFIED BY
A PROGRAM,
THAT DEADBAND
WILL NOW BE
OVERRIDDEN BY
THE CREW-SPEC-
IFIED VALUE.)

#230

#240

TERMINATE FLASH UPON
RECEIPT OF PROCEED, ... . . #250
TERMINATE. OR NEW KEY IN V24E .

DATA. ... . AND LOAD
. . . THE DESIRED .

.P .T .NEW . . . PARAMETERS. .

• R •£ •DATA • • • —

^

• 0 * R ——————— ^ ^ •

•C .K STORE CATA • • • • •

• E • I
——— ^ , • • •

•E«N ••• • ••
•D*A ••• • ••••••• #260
••T •••••••• •

• • E • •

SET 0EAD8AND TO
VALUE SELECTED

664
RC3/LUMINARY
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ABOVE. CALL
l/ACCS ROUTINE TO
POSITION THE
SWITCH CURVES IN
THE LM-ALONE RC

S

CONTROL LOGIC.

#270

GO TO
"A"

BELOW

#280

IS LM WEIGHT GREATER
THAN THE MINIMUM
WeiGHT? .

(NOTE; THE LGC WILL
CHECK THE APS FLAG . .

TO SELECT THE MINI-
MUM WEIGHT CRITERIA. 1 .

#290

.Y .N

•

•

• • •

• • •

•

•

•

• •

• •

• • #300

IS THE CSM ATTACHED? . .

.N . Y .

IS THE CSM WEI-
GHT GREATER THAN
THE MINIMUM
WEIGHT?

Y .N

R03/LUMINARY
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Rr 3/LUMINARY

#320

TRANSFER DATA TO DAP

SET DEADBAND TO VAL-
UE SELECTED ABOVE.
CALL 1/ACCS ROUTINE
TO RECOMPUTE THE
FUNCTIONS OF MASS ON
THE BASIS OF THE NEW
VALUES AND TO REPO-
SITION THE SWITCH
CURVES FOR THE LM-
ALQNE RCS CONTROL
LOGIC CN THE BASIS
OF THE NEW DEADBAND.

#330

#340

IS APS FLAG SET?

V. .N

GO TO
"A"
BELOW

IS THE DESCENT
STAGE ATTACHED?

N .Y

EXIT
R0 3

#350

#360

666
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PCSS . .

HOLD .

FLASH VERB-NOUN
SNAP . TO REOUEST RESPONSE

AND DISPLAY DPS
ENGINE GIMBAL TRIM
PARAMETERS:

V06 N48
Rl P-TRIM
R2 R-TRIM
R3 ELANR

MONITOR DSKY:
OBS.ERVE VERB-NOJN

FLASH TO REOOEST
RESPONSE AND DISPLAY
OF OPS ENGINE GIMBAL
TRIM PARAMETERS.

#370

P-TRIM; R-TRIH-
DPS ENGINE PITCH AND
ROLL GIMBAL TRIM
ANGLES FROM THE LOCK
POSITION (FULL PITCH
/ROLL) TO PUT
THRUST AXIS THROUGH
VEHICLE CENTER OF
GRAVITY. IN DEGREES
TO THE NEAREST .01
DEGREE.

AM I SATISFIED WITH
THESE VALUES?

Y N
#380

#390

SHALL I ENABLE
GIMBAL DRIVE
TO TRIM POSI-
TION?
(NOTE: IF TIME
TO TIG IS
LIMITED, AND
BURN IS OF
SUFFICIENT
DURATION THAT
VEHICLE TRANS-
IENTS AT IGNI-
TION DUE TO
CG/THRUST OFF-
SET DOES NOT
AFFECT ACCOM-
PLISHMENT OF
MANEUVER AIM

#400

R03/LUMINARY



704
Rf 3/LUMINARY

CONOI TIONSt
THEN (ilMBAL

• •

• •

• •

• •

• •

• •

• •

• •

• •

DRIVE TO TRIM
POSITION NEED
NOT BE DONE
BEFORE TIG.
GIMBAL DRIVE
TO TRIM POSI-
TION IN WORST
CASE COULD
REQUIRE 2

MINUTES. 1

• •

• •

• •

.Y N.
• •

• •

WAIT FOR
ENTRY.

KFYRflArtn -----
• •

•

•

PROCEED

• •

•

• •

• •

• • . MINATE V34E

#410

#420

#430

EXIT R03
#440

+ *

*06
*

+ 1180
+ +

TERMINATE FLASH UPON
RECEIPT OF PROCEEDt
TERMINATE OR NEW
DATA

P

R

0

C

E

E

D

T .NEW
E .DATA
R

M

N STORE
A DATA
T

E

KEY IN V24E
AND LOAD THE
DESIRED
PARAMETERS.

#450

668
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#460

GO TO
"A"

BELOW

#470

PERFORM GIM8AL
DRIVE TO TRIM
POSITIOM.
(NOTE: THIS DRIVE
WILL NOT CONTINUE IF

MODE CONTROL SWITCH
IS OFF, GOID CONTROL
SWITCH IS AGS, THE
I MU CDUS ARE NOT
USABLE, OR DURING A

FRESH START OR
RESTART. I

#480

#490

pass
HOLD .

SNAP .

FLASH VERB-NOUN
TO REQUEST PLEASE
PERFORM CONTINUATION
OF INTERRUPTED PRO-
GRAM ANO DISPLAY DPS
ENGINE GIMBAL TRIM
PARAMETERS:

V50 N48
R1 P-TRIM
R2 R-TRIM
R3 BLANK

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
PLEASE PERFORM CONT-
INUATIUN OF INTER-
RUPTED PROGRAM:
(NOTE: THIS DISPLAY
WILL INDICATE THAT
THE GIMBAL TRIM PRO-
CESS HAS BEEN COM-
PLETED. IF THIS
DISPLAY DOES NOT
APPEAR AND THE DSKY
RESTART LIGHT OR

#500

RCB/LUMINARY
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ALARM LIGHT IS OM
AN LGC RESTART HAS #510
OCCURRED AND THE
GIM8AL TRIM PROCESS
HAS BEEN PERMANENTLY
INTERRUPTED. IF SU
THl S ROUTINE MUST BE
RECALLED AND TRIM
PROCESS REPEATED)

#52C

#530

WAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED,
. ENTER, OR TERMINATE.

#54C

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TBRMINATE, OR ENTER

P

R
0

c

E

E

0

E .T
N .E
T .R
E .M
R . I

.N

.A

.T

.E

#550

670
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"A"
paoM
ABOVE

exit
RESET EXTENDED VERB R03
ACTIVE FLAG AND NO
MARKS ALLOWED FLAG

EXIT
R03

CHANGE CONTROL NOTES

REV 01 PCR 184f A19f 4S2t 618
REV 02ILUM 18) PCR 816, EDITORIAL
REV 03 EDITORIAL
REV OA PCN 1009
REV 05ILUH IE) PCR 1107,1109, PCN 1145
REV 06 PCN 1180

671
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Rr3/LUMINARY

#560

#570

R03/LUMINARY
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PURPOSE:

KR/LR SELF TEST

(II TO PROVIDE
RADAR (RRI

ROUTINE (R04I REV 06 12/01/71

SUITABLE DSKY DISPLAYS AND LGC DONNLINK INFORMATION TO SUPPORT THE SELF TESTS OF THE RENDEZVOUS
OR THE LANDING RADAR (LRI.

ASSUMPTIONS: (1) THIS ROUTINE IS MANUALLY SELECTED BY THE ASTRONAUT BY DSKY ENTRY (V63E) IN CONJUNSTIDN WITH MANUAL SELECTION
OF THE APPROPRIATE RADAR SELF TEST AT THE LM CONSOLE (RADAR TEST SWI TCH-RNDZ/OFF/ LDG I

.

+

<06 (2) THE ROUTINE CANNOT 3E CALLED IF SOME OTHER PROGRAM OR ROUTINE IS USING THE RR OR LR, OR IF THE TRACK FLAG IS
1180 SET (WHICH IS DONE BY P2D . P 22 t P2 5. P30 i P32-35, P72-75, P76 AND P77).
+ +

PROG LGC GROUND CREW
CONT

CREW
ROUTINE
SELECTION

START RR/LR SELF KEY IN V63E
TEST ROUTINE (R04) .

IS THE R77 FLAG
SET?

.N
•

•

Y.

•

•

IS THE V37 •

FLAG SET? •

.N
•

•

•

•

•

•

•

•

Y. .

• •

• •

• •

• •

• •

• •

• •

• •

#20

#30

R04/LUMINARY
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IS THE LR BY-
PASS FLAG
SET?

.Y N

IS THE TRACK
FLAG SET?

#40

#50

TURN ON OPERATOR MONITOR OSKY: #60
ERROR LIGHT . DOES OPERATOR

ERROR LIGHT INDICATE
. THAT THIS ROUTINE
. CANNOT BE SELECTED
. AT THIS TIME?

EXIT
R04

#70

TERMINATE PROGRAM
UR ROUTINE WHICH
IS PREVENTING THE
SELECTION OF R04,
THEN RESELECT

674 Rr4/LUMINARY
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THIS ROUTINE BY
KEYING IN V63E.

#80

#90

DO EXTENDED VERB DO EXTENDED VERB
INTERLOCK ROUTINE . . INTERLOCK ROUTINE
IR76I. (R76I

SET ROA FLAG
#100

ZERO RADAR FAIL
COUNTER

#110

UPDATE THE LR POSI-
TION FLAG TO AGREE
WITH THE PRESENT
LR POSITION

#120

UPDATE THE LGC-
ASSUHED LR AND RR

ROA/LUMINARY
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RAMGE SCALES TO AGREE
WITH THE LR AND RR.

#130

SET LGC ASSUMED
OPTION = 00001

HOLD .

FLASH VERB-NOUN TO
SNAP . REgUEST RESPONSE

AND DISPLAY OPTION
CODE FOR ASSUMED
RADAR

V04 112
Rl-00004
R2-OOOOX
R3- BLANK

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REOUEST
RESPONSE And DISPLAY
OF OPTION CODE FOR
RADAR

R1 IS THE OPTION
CODE FOR ASSUMED
RADAR

IS THE RADAR
ASSUMPTION CORRECT?

R2 IS THE LGC
ASSUMED option:

00001-RR
00002-LR

Y N

#140

#150

#160

WAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR NEW
CODE

KEY IN V22E AND
LOAD THE DESIR-
ED RADAR CODE
IN R2

#17C

P .T

R .E
NEW
CODE

676
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.0 .R

.C .M

.E . I

•

•

•

.0 .A

. . T

STORE NEW
CODE

• • •

• • •

• • •

• •

• •

« • • •

. GO TO

. "A"

. BELOW
•

•

•

•

IS RADAR
00002?

OPTION CODE

.Y
•

.N
•

•

• • •

•

•

GO TO
"B"
BELOW

•

•

•

•

•

•

•

•

• • •

• • •

• • •

• • •

• • •

• • •

IS RR OiITO MODE
DISCRETE PRESENT?

DIO I SPECIFY RR OR
LR?

RR LR

Y N

GC TO
" 8 "

BELOR

677
713
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«180

»19C

#200

#210

#220

#230

Rr4/LUMINARY



POSS
HOLD .

SNAP .

• •

• •

• •

• •

• •

• •

•

•

•

•

•

•

•

•

•

•

•

•

714
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SEND RR AUTO
TRACK ENABLE 0 1 S- .

CRETE TJ THE RR. .

•

•

•

•

•

• •

• •

• •

•

•

•

•

•

•

»240
• • • • • • • •

. FLASH VERB-NOUN

. TO REOUEST PLEASE

. PERFORM SELECTION

. OF RR AUTO mode:

. ViON25

. Rl-00201

. R2- BLANK

. R3-BLANK

•

•

•

•

•

•

•

•

. . IS VERB-NOUN
. FLASHING TO REOUEST
. SELECTION OF RR AUTO
. MODE?

. . Y N.

•

•

•

•

•

•

• #250

• •

• •

• •

• •

• •

• •

• •

•

•

•

•

•

•

•

• •

. PUT RR MODE

. SWITCH TO LGC
• •

• • •

• • •

• • •

•

•

•

•

•

•

•

. WAIT FDR KEYBOARD

. ENTRY.
•

• • •

#26P
• •

• • • •

•

•

•

. TERMINATE FLASH

. UPON RECEIPT OF

. PROCEED OR TERMI-

. NATE

•

•

•

•

•

• • •

•

•

•

•

•

•

•

•

. .T .P

. .E .R

. . R .0

. . M . C

. .1 .E

. . N • E

. .A .0

. .r

. .F .......

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

#27P

• •

• •

• • • •

•

•

•

•

•

•

#280

. GO TO • •

R04/LUM1 NARY

678
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715

RC4/LUMINARY

"A"
BELJM

#290

READ RR RANGE
AND RANGE RATE
EVERY SECOND.
TRANSMIT THESE
QUANTITIES ON THE
DOWNLINK
(NOTE: WHENEVER A

RANGE OR RANGE RATE
MEASUREMENT IS OB-
TAINED FROM THE RR.
THE RR DATA GOOD
DISCRETE IS ALSO
CHECKED. IF IT IS

HISSING, THE TRACKER
FAIL ALARM IS

ACTUATED.

I

#300

#31C

POSS
HOLD .

MON

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
MONITOR RR CDU
ANGLES:

V16 N72
Rl-TRUNNION
R2- SHAFT
R3-aLANK

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE AND MONITOR
OF RR CDU ANGLES. #320

TRUNNiaiN-360 MINUS
RR TRUNNION CDU
VALUE.
IN DEGREES TO NEAR-
EST .01 DEGREE.
(PLUS IS DEFINED AS #330

RC4./LUM1NARY



716
Rr^/LUMINARY

A NEGATIVE ROTATIUN
ABOUT LiT X AXIS.)

SHAFT-RK SHAFT
ANGLE. IN DEGREES
TO NEAREST .01
DEGREE.

DO I WISH TO MONITOR
RANGE AND RANGE
RATE?

#340

WAIT FOR KEYBOARD
ENTRY.

KEY IN PROCEED

#350

DO I WISH
TERMINATE
ROUTINE?

TO
THIS

Y. .N
• •

•

•

•

•

• • • •

•

KEY IN TERMINATE
V34E

#360

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
OR TERMINATE

#370

P . T

R .E
C . R

EXIT
R04

680
R'’4/LUMINARY
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POSS
NOLO .

5 ON

•

•

•

•

•

.c

•

•

•

•

•

. M

•

•

•

•

•

•

•

•

•

•

•

•

.E . I • •

.E .N • •

.0 . A • •

• . T •

•

•

.E
•

•

•

•

•

•

•

•

• • •

•

•

•

•

•

•

•

•

•

•

•

GO TO
"A"

BELOW

•

•

•

•

•

•

•

•

•

•

•

•

• • •

• •

• • • •

FLASH VERB-NOUN TO • MONITOR DSKY:
REQUEST RESPONSE AND • • OBSERVE VERB-NOUN
MONITOR RR RANGE, FLASH TO REQUEST
RANGE RATE, AND TFI:

V16 N78
R 1-RANGE
R2-RANGE RATE
R3-TFI

RESPONSE and MONITOR
OF RR RANGE,
RANGE RATE, AND TFI.

681

*380

#390

#400

RANGE - RANGE
tSIHULATEDI TO CSM
IN NAUTICAL MILES
TO NEAREST .01 NM.

RANGE RATE - RANGE
RATE (SIMULATED!
BETWEEN LM AND CSM.
IN FPS TO NEAREST
.1 FPS.

#410

+

*06
*

*

+ 1180
+ +

TFI - TIME FROM TIG
IN MIN AND SEC TO
NEAREST SEC. MAXIMUM
READING IS 59859.
(-BEFORE, AFTER
TIG) (NOTE: THE
VALUE DISPLAYED IS

NOT MEANINGFUL IN
RC4 EXCEPT IN P41
PRIOR TO TI&-35
SEC.)

DO I WISH TO term-
inate RADAR SELF
testing?

Y N

#420

#430

Rn4/LUMINARY



WAIT FC< KEYSOARU
ENTRY

KEY IN TERMINATE
V34E

EXIT
R04

00 I WISH TO PERFORM
LR SELF TEST?

Y .N

DO I WISH TO
MONITOR SHAFT
AND TRUNNION
ANGLES?

718
RC4/LUMI NARY

#440

#450

#460

#470

682
Rr4/LUMINARY
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719

R04/LUMINARY

TERMINATE ELASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR RE-
CYCLE.

• P .T .R
.R .E .E
.0 . R .C
.C . M .Y
.E . I • C

.E .N .L

.D .A .E
• .T •

•

•

. E

*

•

•

•

• • •

•

• GO TO

• "A"
•

•

BELOM

•

• "B"
• FROM
•

•

ABOVE
•

•

•

•

•

• • •

O

READ LR PARAMETERS
(RANGE, VUI, VIY) ,

AND VIZI) EACH SEC-
ONO AND TRANSMIT ON
OCHNLINK
(NOTE: -JHEN EACH
PARAMETER IS
OBTAINED FRCM THE
LR, THE APPLICABLE
DATA GCJD DISCRETE
IS ALSC CHECKEO. IF
IT IS MISSING, THE
ALT OR VEL LIGHT

KEY IN PROCEED
#480

#490

#500

#510

#520

RP4/LUMINARY



I S ENERJIZEO.

I

DOES PRESENT LR
PCSITICN AGREE WITh
LR POSITION FLAG?

"3”

FROM
ABOVE

TURN ON PROGRAM
alarm and STORE
ALARM CODE 00522.

MONITOR DSKY:
DURING THE LR

READ CYCLE, PROG-
RAM ALARM 03522
MAY OCCUR INDICA-
TING THAT AN LR
POSITION CHANGE
HAS OCCURRED.

PRESS ALARM RESET
TO RESET PROGRAM
ALARM.

POSS
HOLD .

MON

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
MONITOR THE LR
RANGE AND ANTENNA
PCSI TIGN:

VI6 N66
Rl-RANGE
R2-P0SIT ION
R 3- Blank

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE AND MONITOR
THE LR RANGE AND
ANTENNA POSITION.

720
POA/LUMINARY

#530

«540

#55C

#560

#570

68<1
ROWLUM INARY
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721

R''4/LUM1NARY

RANGE - SIMULATED
SLANT RANGE. IN FEET
TO NEAREST FOOT

PQSITIGN - PRESENT
LANDING RADAR AN-
TENNA POSITION
lOOOOl OR C0002)

WAIT FOR KEYBOARD
ENTRY.

TERMINATE FLASH UPON
RECEIPT OF PROCEED
OR TERMINATE

P

R

0

C

E

E

D

T

E

R

M

I

N
A

T

E

DO I WISH TO MONITOR
VI X) , VIY) , AND
VIZ)?

.Y .N

KEY IN PROCEED

DO I WISH TO
TERMINATE THIS
ROUTINE?

Y .N

KEY IN TERMI-
NATE

V3AE

EXIT
R04

#580

#5°r

#60C

#61C

#620

GO TO

R04/LUMINARY
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"A"
BELOW

#63C

POSS
HOLD

•

• • PLASH VERB-NOON TO .. MONITOR OSKY:
RFSPn/MSF AND ••••••••••

MON • • MONITOR LR .. PLASH TO REQUEST
•

•

•

V(XI, VIYt, AND VIZ): .

V16 N67
Rl-VlX)
R2-V(Y)
R3-V(Z)

. RESPONSE AND MONITOR

. OP LR VIX), VIY) ,

. AND VIZ)

•

•

•
- 1 .

• •

#640

V(X), VlYl, AND V(Z»-
SIMULATEO VELOCIT-
IES. IN EPS TO NEAR-
EST EPS

#650

DO I WISH TO TERM-
INATE RADAR SELE
TESTING?

Y. N

WAIT ECR KEYBOARD
ENTRY

KEY IN TERMINATE
V34E

#660

EXIT
R04 #670

686 RC4/L0MINARY
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DO I WISH TO PERFORM
RR SELF TEST?

#680

00 I WISH TO
MONITOR RANGE?

#690

KEY IN RECYCLE
V32E

#700

TERMINATE FLASH UPON

PROCEED, OR TERMI- ..

NATE • • . #710

•P*T«R« • •

•R •E«E« • ••0*R*C« • •

•C .M .Y .

•E •! *0 • ••••••••••••••••
.E .N .L .

• D •A • E •

RC4/LUMINARY
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T

E i*72r

l*73C

"A"
FROM
ABOVE

TERMINATE RR/LR DATA
SAMPLING

WAIT 1.28 SECONDS

#750

REMOVE «R AUTO TRACK
ENABLE DISCRETE FROM
RR.

. #760

RESET R04 FLAG.

688
RC4/LUMINARY



689
725

R''4/LUMINARy

RESET EXTENDED VERB
ACT IVE FLAG AND NO
MARKS ALLOWED FLAG «770

EXIT
ROA

»78r

CHANGE CCNTROL NOTES

REV Cl PCR 95,406,420, A90t 615
REV 02(LUM IBI PCR 780 , B 17 , ED I TOR I AL
REV 03 EDITORIAL
REV 04(L0M IDt PCR 892, PCN 1039
REV OSILUM IE) PCR 317.2, PCN 1145
REV 06 PCN 1180

R94/LUHINARY
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S-BANO ANTENNA KUUTINE tR05l AEV 0 3 12/03/69

PURPOSE; 11) TO COMPUTE AND DISPLAY THE TWO STEERABLE S-BANO ANTENNA GIMBAL ANGLES WHICH WILL POINT THE ANTENNA TOWARD THE
CENTER OF THE EARTH.

ASSUMPTIONS; ID THE IMU IS ON AND ALIGNED.

13) THIS ROUTINE IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY.

PROG LGC
CONT

GROUND CREW

.CREW

.ROUTINE

.SELECTION

START S-BANC ANTEN- KEY IN V64E
NA ROUTINE (R05) .

#1C

DO EXTENDED VERB . . DO EXTENDED VERB
INTERLOCK ROUTINE INTERLOCK ROUTINE #2C
IR76) . . 1R76)

#30

R05/LUMINARY



723
R05/LUMINARV

extrapolate lm state
VECTOR TO present
TIME USING CONIC
EQUATIONS

#4C

CALCULATE VECTOR
FROM LM TO EARTH
CENTER IN LM BODY
AXIS CQJRDINATE
SYSTEM

#50

CALCULATE S-BAND
ANTENNA PITCH
AND YAM GIMBAL
ANGLES.

•60

IS EXTENDED VERB
ACTIVE FLAG SET?

Y N.

RESET NO MARKS
ALLOWED FLAG

#70

EXIT

ROS/LUMINARY
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729

R''5/LUMINARY

R05 #80

HOLD .. FLASH VERB-NOUN TO
REQUEST RESPONSE AND

MCN .. MONITOR OF THE S-
. BAND ANTENNA GIMBAL
. ANGLES
. V06 N51
. Rl-ALPHA
. R2-BETA
. R3- BLANK

ALPHA-PITCH ANGLE.
S-BAND ANTENNA PITCH
GIMBAL ROTATION ABOUT
THE BISECTOR OF THE
ANGLE BETWEEN THE
Y AND-X AXIS. (-90

< ALPHA < 270),

MONITOR DSKY:
OBSERVE VERB-NUJN

FLASH TO REQUEST
RESPONSE and MONITOR
OF THE S-BAND
ANTENNA PITCH AND
YAW GIMBAL ANGLES
REQUIRED TO POINT
THE ANTENNA AT EARTH
CENTER WITH THE LM
AT ITS PRESENT POSI-
TION AND ATTITUDE.

#9P

#100

IN DEGREES TO
NEAREST .01 DEGREE. .

• •

BBTA-YAW ANGLE. S - .

BAND ANTENNA YAW .

GIMBAL ROTATION .

ABOUT THE YAW GIM- . .

BAL AXIS (FIXED TO
THE ANTENNA),
(-90 < BETA < 90). .

IN DEGREES TO
NEAREST .01 DEGREE.

(NOTE: DISPLAY
LIMITS ARE ANGLE
CONVENTIONS RATHER
THAN HARDWARE LIMITS
( SEE SECTION 5.6
OF R567) ) .

A

U

R05/LUM INARY



T

a

M

A

T

1

C

R

E

C

Y

C

L

E

WAIT FOR KEYBOARD
ENTRY

CONSIDERING THE PRE-
SENT POSITION AND
ATTITDDEt DO THESE
ANGLES YIELD AN UN-
OBSTRUCTED ANTENNA
LOS TO THE EARTH
CENTER?

Y. .N

SET AN- DO I WISH
TENNA TO TO HAN-
THESE EUVER THE
ANGLES VEHICLE

AND MUN-
. I TOR the
. display
. TO ACH-
. I EVE AN
. UNOBSTRJ-
. CTED VIEW
. OF THE
. EARTH?

. .N .Y

730
RCS/LUMINARY

#13C

#140

#150

#160

#170

694 RrS/LUMINARY



695
731

RC5/LUMINARY
•

•

•

•

•

•

•

•

•

•

•

•

USING
• THE ACA
• MANEU-
• VER THE
• VEHICLE
• UNTIL
• SAT IS-
• FACTORY
• S-flAND

• GIMBAL
• ANGLES
• ARE
• ACHIE-
• VED.

• •

•

•

•

•

•

• • •

KEY IiM PROCEED

#l8r

#19C

#230

EXIT
R05

TERMINATE THE FLASH-
ING DISPLAY UPON
RECEIPT OF PROCEED,
RECYCLE, OR
TERMINATE

#21C

P .T .R
R .E .E
0 .R .C
C .M .Y
E .1 .C
E .N .L

*220

RFS/LUMINARY



D A

T

E

E

RESET EXTENDED VERB
ACTIVE FLAG

R05

CHANGE CONTROL NOTES

LOGIC REV 01 PCR 15
LOGIC REV 02 (LOW IB) PCR 802.2

REV 03 EDITORIAL

732
R^52LUMINARY

#230

#240

698
ROS/LUMINARY
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735

K10/R11/R12 SERVICE ROUTINE I R09 I REV C6 12/01/71

PURPOSE:

ASSUMPTIONS:

III TO UPDATE THE LR VEL3CITY FAIL AND ALTITUDE FAIL LIGHTS.

12) TO CALL THE A30RT DISCRETES MONITOR ROUTINE (Rll) APPROXIMATELY EVERY .25 SECONDS.

(1) THIS ROUTINE IS CALLED EVERY 2 SECONDS BY SERVICER (AVERAGE G), BJT ONLY DURING PI 2 , 63 , 6A, 56, 70 , OR 71.

(2) AFTER BEING CALLED BY SERVICER THIS ROUTINE RECALLS ITSELF 7 TIMES, ONCE EVERY .25 SECONDS.

(3) PIP COUNTER IS SET TO 7 EACH TIME SERVICER CALLS THIS ROUTINE.

PROG LGC GROUND CREW
CONT

.LGC

.ROUTINE

.SELECTION

START R10/R11/R12
SERVICE ROUTINE
(R09) #10

CHECK PIP COUNTER

.>0 0 .

DECREMENT PIP
COUNTER BY 1

SET UP TASK TO
RECALL THIS ROU-

#20

#30

RC9/LUMINARY



TINE IN .25 SEC

C6

1180
+ CHECK V FLASH

FLAu AND H FLASH
FLAS AND
UPDATE VELO-
CITY FAIL LIGHT
AND ALTITUDE
FAIL LIGHT
ACCJRDI NGLY
(ON FLASHING
OR OFF)
INCTE: CREW
MONITOR OF THESE
LIGHTS IS SHOWN
IN R12)

.

CALL AEJRT DISCRETES
MONITOR ROUTINE

698
R09/LUMINARY
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737

PTQ/lUMINARY

(R.11)

#9r

EXl T R09

CHANGE CONTROL NOTES

REV 01 PCR 214
REV 02 EJITQRIAL
REV 03 PCR 265, EDITORIAL
REV 04(LUM ID) PCR 988
REV 05(L0H IE) PCN 1145
REV 06 PCN 1180

RC9/LUMINARY
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701
739

LANJING ANALJG JISt'LAYS KGuTINE IK17| ;<EV C 6 12/'' I /Yl

PUPPOSE: 11) TO CALCULATE THE EOlLU-^IiNG PARAMETEKS AND IRANj.AIT T MET TO THE LY METERS FOR OISP.AY 3Y CREW SELECTION:

U) FORWARD /ELJCITY - SEE SECTION 3 JF R3o7 FjR DEFINITION.

(3) LATERAL VEuJCITY - SEt SECTION 5 OF R5u7 FOP DEFINITIJN.

(C) ALTITUDE - THE PRESENT ALTITUDE OF IhE LM AbOVE THE LUNAR RADIUS AT THE DESIGNATED LANDING SITE.

(0) ALTITUDE RATE - THE PREStNT RATE UF CHANGE OF ALTITUDE ((C) A30VE).

ASSUMPTIONS: (1) THIS RJU1 INE IS AUTOMATICALLY CALLED EVERY .23 iECuvDS bY THt: AbORT DISCRETES MONITOR ROUTINE (Rll), BUT ONLY
WHEJ AVERAGE G IS UN DURING P 1 2 , 63 , oA , bo, 7 0, OR 71. JURHG P12,P7r, vkj p 7 i FORWARD VELOCITY IS SFT TO ZFRO AND
lateral velocity is inertial VELOCITY IN THE CPOSSRANoE AXii.

PROG LGC GROUND CREW
CONT

. LGC

. ROUTINE
... SELECTION

START LANDING ANALOG
DISPLAYS ROUTINE
(RIO)

#1P

IS The LANDING «2f
ANALOG displays FLAG
SET?

N Y

RIO /LUMINARY



UPLJATE VELOCITY
vector to current
TIME

•
——————— —

C6 . CALCULATE ALTI- DO I WISH THE LGC TO
. TUDE AND ALTITUDE DISPLAY THE LANDING

* 1180
4-

. RATE analog DISPLAYS?

• Y N,

SET THE "MODE
SEL" SWITCH TO
"PGNS"

SET THE "MODE
SEL" SWITCH TO
"AGS" OR "LOG
RADAR"

740
RIO/LUMINARY

*3r

#40

#50

#60

#70

702 RlO/LUMINARY



703 Rl''/L JMINAf Y

I:> L'lO FLAo :)L T?

. N Y.

•

•

IS RIO
SET?

FLAG

.Y .rj .

F OK ^AKU
velq:ity^o

« 9 r

COMPUTE
FORWARD
AND LATERAL
yELGClTIES
RELATIVE TO
jJRFACE FUR
JESCENT

# 10 F

CCMPJTE
INERTI AL
LATERAL
VELOCITY
FOR
A uC e I

T

#UP

#12P

Pn/LUMINAFY



SET JID FLAS

SET THE DISPLAY
inertial data
DISCRETE

PERFJRM INIT-
IAL UATI ON FOR
FIRST DISPLAY
OF DATA.

ENABLE RR ERROR
COUNTER

SET INERTIAL
DATA DISCRETE
FLAG.

742
RIO/LUMI NARY

#130

«14F

*150

*160

704.

Rir/LUMINARY



AKE AK ERKOK
CnUNTEKS ENABLED?

. Y .N

TRANSMIT ALTITUDE UBSERYE ALTITUDE
RATE . . AND ALTITUDE RATE

, Civj TAPE meters
. . RHICH WILL BE
. . . UPDATED A TIMES
. . PER SECOND.

WAIT . 120 SEC.

TRANSMIT ALTITUDE

IS THE RIO FLAG
SET? .

IS THE LM UN THE
DESCENT TRAJECTORY?

.Y N. .

• • •

. Y N

• • •

• •

FORWARD VELO- . .

CITY =0

COMPUTE FOR-
WARD VELOCITY

7A3
RIC/LUMINARY705

#i7r

# 18 ^'

#i9r

#2cr

#210

RI'^/LUMINARY



7‘t‘t

R1C/LUMIN4RY

A,JO LATERAL
VELOCITIES
RELATIVE TO
SURFACE FOR
DESCENT

i*22P

COMPOTE
INERTIAL
LATERAL VELO-
CITY FOR
ASCENT

i»23r

TRANSMIT FOR-
WARD VELOCITY
AND LATERAL
VELOCITY TO
COOS.

OBSERVE FQKWARO
VELOCITY AND LAT-
ERAL VELOCITY
crosspointers
WHICH WILL BE
UPDATED A TIMES
PER SECOND.

«24C

#25r

OBSERVE inertial
LATERAL VELOCITY
ON CROSSPGINTER
WHICH WILL BE
UPDATED A TIMES
PER SECOND.

EXIT
RIO

#260

706
rip/luminary



IS RID FLAG SET?

. Y .N
• •

• •

FORkiARO COMPUTE
VELGCITY=n FGRWARC AND

LATERAL
. VELOCITIES
. RELATIVE TO
. surface for
. DESCENT

COMPUTE INERTIAL
LATERAL VELOCITY
FOR ASCENT

RESET DID FLAG

IS INERTIAL DATA
niSCRETc FLAG SET?

N Y

707
7A5

Rin/LUMI NARY

«27C

l»28C

#29r

«3or

RIP/LUMINAPY
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*320

#330

70B
rio/luminary



AaWT DISCRETES 'IC.NlTOR R3UTINE IRll) REV C4 12/01/71

RURPOSE: (II TO MONITOR THE AflORI AND AdORT STAGE DISCRETES TO THE LGC WHICH INDICATE WHETHER THE CREW DESIRES TO ABORT
THE POWERED LANDING MANEJVER AND IF SO THE TYPE OF ABORT (DPS UR APSI OESIRED.

(21 TO SELECT THE CORRECT LGC PROGRAM FOR THE TYPE OF AdORT COMMANDED BY THE CREW.

(31 TO CALL THE LANDING ANALOG DISPLAYS ROOTINE (RlO). (SEE ASSUMPTION (ill.

ASSUMPTIONS: (1) THIS ROUTINE Id CALLED EVERY C.25 SECONDS BY THE R1C/R11/R12 SERVICE ROUTINE IR09I, BUT ONLY DURING P12,63
64,66.70, OR 71 WHEN SERVICER (AVERAGE G) Id (N PROCESS. IN TURN IT CA.LS THE LANDING ANALOG DISPLAYS ROUTINE (I

+ +

+C4 (21 IF CHANBKUP BIT 1 IS PRESET TO PROTECT AGAINST A FAILURE OF EITHER THE ABORT OR ABORT STAGE CHANNEL BITS
+1180 (1 AND 4 OF CHANNEL 301, THE ABORT AND ABORT STAGE PUSH BUTTONS HAVE NO EFFECT ON THE LGC SOFTWARE.

PROG LGC GROUND CREW
CONT

LGC
ROUTINE
SELECTION

START ABORT DISCRE-
TES MONITOR ROUTINE
(Rill

IF ABORT BIT FAILS
ON, BEFORE PDI IG-
NITION DISABLE Rll:
KEY V04N46E R2 OODXC

V226 XIE
V04N46E R2 000X1

THE CREW DESIRES TO;

(II INI TIATE A PGNCS
CONTROLLED DPS ABORT

FROM

IH|.

#10

#20

Rll/LUMINARY



IS THE ABORT ENABLE
FLAG SET?

. N

•

y.

•

•

• • •

•

•

GC TO
"A"

BELOW

•

•

•

•

•

IS APS
(P7U

ABORT PROGRAM
IN PROCESS?

.Y N.
• •

• • • •

GO TO
"A"

BELOW

IS CHANBKUP
BI T 1 = 1

. Y N.
• •

• •

• • • •

GO TO
"A"
BELOW

•

•

IS THE ABORT STAGE
DISCRETE PRESENT?

FR3H THE POWERED
DESCENT MANEUVER.

OR
(2) INITIATE A PGNCS
CONTROLLED APS ABORT
FROM THE POWERED
DESCENT MANEUVER

OR
(3) initiate a PGNCS
CONTROLLED APS ABORT
DURING THE DFS ABORT
PROGRAM (P70I.

DO 1 WISH TO ABORT
USING THE DESCENT
STAGE OR THE ASCENT
STAGE?

APS .OPS

PUSH ABORT
STAGE BUTTON

?50
Rll/LUMINARY

#3P

KAO

*50

*60

#70

710 Rll/LUMINARY



751
Rll/LUMINARY

• •

• •

• •

• •

• •

• •

• • • •

•

•

•

•

•

•

• • •

•

•

. GO TO GO TO
•

•

. "A" "A”

. IN APS IN APS •

. ABORT ABORT •

. PRO- PROGRAM •

. GRAM

. 1P71I
•

•

(P71) •

•

•

•

I S OPS abort program
tP70) IN PROCESS?

•

•

•

• Y .N
• •

•

•

•

• •

• • • •

•

• •

GO TO
"A"

BELOW
•

•

•

•

•

•

•

TS THF ABORT BUTTON
DISCRETE PRESENT?

.N Y.
•

•

• •

• • •

•

. CALL OPS ABORT

. PROGRAM (P70).

•

•

•

711

#8C

#oC

»10C

#iin

GO TO
"A"

IN DPS
ABORT
PRO-

GO TO
It A 11

IN OPS ABORT
PROGRAM
(P70)

#120

Rll/LUMINARY



"A"
FROM
ABOVE

GRAM
(P70 I

CALL LA.^OING A.VALOG
displayj routine
IRIO)

EXIT Rll

CHANGE CONTROL NOTES

REV Cl NO PCR'S
REV C2(LUM ICI PCK 285
REV P3(LUM IE) PCR 1107
REV 04 PCN 1180

752
Rll/LUMINARY

#130

#140

712 Rll/LUMINARV



DESCENT STATE VECTOR UPDATE ROUTINE IR12) REV C7 12/01/71

PURPOSE: 1 1

)

TO OBTAIN VEHICLE RANGE AND VELOCl TY DATA relative TO THE LUNAR SURFACE FROM THE LR.

12) TO INCORPORATE THE LR RANGE AND VELOCITY DATA INTO the LM STATE VECTOR.

13 ) TO NOTIFY THE CREW 3F ABNORMALITIES IN THE PROCESS OF LGC Interrogation OF THE LR.

14) TO COMMAND THE LR TO POSITION #2.

ASSUMPTIONS: (1) THE NECESSARY PARAMETERS IAS OESCRIOED IN SECTION 5.3 OF R567) FOR CONVERSION OF THE LR DATA TO STATE VECTOR
UPDATES ARE STORED IN THE LGC.

121 THE FORMAT OF THE LR DATA AND THE TECHNIQUE OF ITS TRANSFER TO THE LGC ARE AS DESCRIBED IN SECTION 5.3 OF R567.

13) THE LR PERMIT FLAG HAS BEEN RESET PRIOR TO THE jTART OF THIS ROUTINE BY ROD. UNTIL THIS FLAG IS SET BY A
MANUAL DSKY ENTRY ISEE lA) BELQR ) , NO LR DATA WILL BE INCORPORATED INTO THE LM STATE VECTOR.

lA) THERE ARE 2 EXTENDED VERBS AVAILABLE TO THE CREW TO ALLOW MANUAL CONTROL OF THE USE OF LR DATA FOR STATE VECTOR
UPDATING: V57E ENABLES THE USE OF GOOD LR DATA; V58E PREVENTS THE USE DF ALL LR DATA.

15) THE L, R, M, AND S COUNTERS WERE ZEROED BY P63. THE LR BYPASS FLAG WAS SET BY ROD AND RESET BY P63. THE
FOLLOWING FLAGS WERE RESET BY RDO: VX INHIBIT, HIGATE, NJ LR READ, R12 X-AXIS OVERRIDE, LR PERMIT, VELOCITY DATA,
RANGE DATA, V FLASH, H FLASH, VFAIL, HFAIL, AND R12 DELAY. THE COUNTERS STILBADH AND STILBADV WERE SET TO TWO
BY P63, AND 511CTR WAS SET TO FOUR. HLROFF IS INITIALIZED TO 50 FEET IN P63.

+

+ C7 16) THIS ROUTINE IS CALLED EVERY 2 SECONDS BY SERVICER I AVERAGE G), BUT ONLY DURING P63, 64, 66, 70 OR 71.
mac HOWcVER the routine is IMMEDIATELY BYPASSED IF THE LR BYPASS FLAG IS SET. THIS FLAG IS ALWAYS SET BY RDO, P70 AND+ P71. IT IS RESET BY P63.

PROG LGC GROUND CREW
CCNT

. LGC

. ROUTINE

. SELECTION

#10

START DESCENT STATE
VECTOR UPDATE



756
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routine 1R12)

#2T

IS LR BYPASS FLA>j

SET?

N Y

EXIT R12
« 3 ''

I S THE R12 X-AXIS
OVERRIDE FLAG SET?

IS ALTITUDE LESS
THAN 30,000 FT
NOW?

Y N-

use

SET THE R12
X-AXIS OVER-
RIDE FLAG

#6r

714
R12/LUMINARY



SET X-AXIS
QVERXIOE IN-
Hltlir FLAG.

IS THE ALTITUDE
LESS THAN HLROFF7

N Y.

RESET LR PERMIT
FLAG

IS THE NOLRREAD
FLAG SET?

.N
•

Y.

•

•

•

•

• • •

•

•

•

•

•

•

•

GO TO
"A"

BELOW

TEST LANDING RADAR
POSITION DISCRETES

.POS 1

.OR

.POS 2

•

.NEITHER

. DISCRETE

.OR

. BOTH

MONITOR DSKY:
DISCREPANCIES IN

LR/LGC OPERATION
THAT ARE NOT PRIO-
RITY ALARMS RILL BE
ALARMED AS FOLLOWS:

757

715 R12/LUHINARY

«7C

»80

090

01OC

RI2/LUMINARY
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DI SCRfcTES

IS 5ilCTR POSI-
TIVE?

• N Y.

• •

• •

•

• DECREMENT
• 51 ICTR
•

•

•

•

•

•

•

•

• • •

•

• GO TO
• MA«

BELOW

IS 511CTR
ZERO?

. Y

•

. N

•

•

•

•

• • •

GO TO
"A"

BELOW

ISSUE PROGRAM
ALARM 511

SET jllCTR TO -0
TU BYPASS FUTURE

(A) PROGRAM ALARM
LIGHT A.MO STO-
RED ALARM
code:
(1) 00520-(SEE

R2C) NO
RADAR SAM-
PLING RE-
-jUESTEJ
FROM RADAR
AT THIS
T1 ME.

(2) 00511-
EI THER
UR BOTH
DISCRETES ;

LR POSI-
TION INDE-
TERMIN-
ABLE.

IBI ALTITUDE FAIL
LIGHT CN
STEADY :

III LR RANGE
DATA GQJD
DISCRETE
WAS NUT
PRESENT
BEFORE AND
AFTER LR
ALTITUDE
SAMPLING.

ICI VELJCI TY FAIL
LIGHT CN
STEADY :

(1) LR VELO-
CITY DATA
uODD DIS-
CRETE WAS
NUT PRE-
SENT BE-
FORE AND
AFTER LR
VELOCI TY

VI 10

V120

V130

*140

*150

716 R12/LUMINARY
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759

R12/LUMINARY

SAMPLING.— (SEE R20I

10) ALT ITUDE FAIL
• LIGHT

• • • FL ASHI NG:
• (1) LK ALTI-

GO TO TUDE REA-
"A" SONABILITY

BELOW TEST WAS
FAILED.

/*16C

STORE CJRREMT AiMTENNA
PCSITIOJ

SET 511CTR TO A.

(E) velocity fail
LIGHT
flashing:
(U LR VELO-

CI TY REA-
SONABILITY
TEST WAS
FA ILED.

#17r

I S CURRENT antenna
POSITION SAME AS
PREVIOUS POSITION?

. Y

•

N.

•

•

•

•

• • •

•

•

•

•

•

•

GU TO
"A"

BELOW

IS RANGE
SET?

DATA FLAG

.Y N.

#18C

#19r

#2or

R12/LUMINARY



GO TO
" 0 "

BELOW

COMPUTE THE ALTITUDE
DIFFERENCE (DELTA HI
BETWEEN THE ALTITUDE
AS INDICATED BY THE
LR RANGE DATA AiND

THAT DERIVED FROM
THE ESTIMATED STATE
VECTOR, INCLUDING
ANY EFFECTS OF A

PRIORI TERRAIN
ESTIMATE.
NOTE: THE A PRIORI
TERRAIN MODEL ESTI-
MATE NOT INCLUDED IF

Rl^ IS CALLED IN P66
OR IF ViS HAS BEEN+ ENTERED INTO THE

+ C7 DSKY, I.E. IF THE
+ TERRAIN MODEL INHI-
^ BIT FLAj is SET.
+ 118D
* +

760
R12/LUMINARY

W21C

#22r

#23r

i*24r

R12/LUM INARY



IS THE HAGNITUOE
OF oelfa h great-
er THAN "DELQFIX"

.25 (THE
MAGNITUJE OF H

FROM THE esti-
mated STATE
VECTOR!?
(NOTE: THE VALUE
"DELJF U" I S IN

ERASABLE STORAGE,
HAVING BEEN LOAD-
ED PRIOR TO

LAUNCH OR BY
P27. I

N Y.

*C7
*

+

HIBO
+

SET H FAIL
FLAG

IS THE R

COUNTER = 0?

• Y N.

IS L COUN-
TER MINUS R

COUNTER
LESS THAN
4 ?

.N Y

719
761

R12/LUMINARY

#25r

#260

#27C

#280

#29r

R12/LUMINARY



SET H

FLASH
FLAG
(NGTE:
RC9 WILL
MOMITOR
THIS
FLAG AND
FLASH
ALTITUDE
FA IL

LIGHT I.

SET R COUNTER^
L COUNTER.

GU TO
"D”

BELOW

+ +

+ C7

T 1180
RESET F: FAIL FLAG

RESET H FLASH
FLAG
INQTE: R09 WILL
MCNITOK THIS FLAG
AND TURN OFF
FLASH OF ALTITUDE

762
R12/LUMINARY

W300

#310

#320

#330

#3AC'

720
RI2/LUMINAKY
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763

R12/LUM1NARY

X35r

«36^

«370

«38r

tl39r

R12/LUNIN4RY



PRIURIT*’ JOBS
WAITING?

764
R12/LUMI NARY

#410

#420

#430

722 R12/LJMINARV
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723 R12/LUMINARY

VELOCITY WITH RE-
SPECT TJ THE MOON AS
INDICATED aY THE LR
VELOCITY DATA AND
THAT DERIVED FROM
THE EiTIMATED STATE
VECTOR.

INCREME IT M COUNTER «A5r
BY 1

IS THE MAGNITUDE OF #46C
DELTA V GREATER THAN
"VELBIAS" * .125
(THE MAv,NITUDE OF LM
VELOCITY WITH RE-
SPECT TJ THE MOON
FROM THE ESTIMATED
STATE VECTOR)?
(NOTE: THE VALUE
"VELBIAS" IS IN ERA-
SABLE STORAGE) #47r

.N Y.

«• + . .

yC7 .

Y . SET V FAIL flag
+ 118 '' .

+

. • #48f

IS S COUNTER
GREATER T)^AN

R12/LUMINARY



ZERO?

N Y.

Ij M CnUNTER
MINUS S COUN-
£R LESS THAN
A?

• N Y.

SET V FLASH
FLAG (NOTE:
RC)9 (IILL

MONITOR
THIS FLAG
AND FLASH
VELOCi TY
FAIL LIGHT)

SET S COUNTER = M

COUNTER

IS VELOCITY
SELECT = Z7

.N Y.

SET VX INHIBIT
flag

766
RIZZLUMINARY

0690

V5Cr

#510

05ZC

#530

724 R12/LUMINARY
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767

R12/LUM1N4PY

#54 ''

#55C

#56P

#570

#587

R12/LUM1N4PY



I S Lk PtRMI T FLAG
SET?

.Y N.

UPDATE THE
PRESENT LM
velocity vec-
tor USING L«
VELOCITY DATA.

II ^ M

FROM
AJOVE

IS HIGATE FLAG SET?

.N
•

Y.
•

•

•

•

• • •

• GO TO
• "A"
•

•

•

BELOW

IS TG GREATER THAN
"RPCRTHE"?
NCTE: THE VALUE
"RPCRTI1E" IS IN

763
R12/LUMINARY

«59r

»60r

#61C

#62''

726
R12/LUMINARY
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727 R12/LUMINARY

erasable storage
HAVliMG been loaded
PRIOR IJ LAUNCH OR
BY P27.
A V59E BAY ALSO
AFFECT KPCRTIME BY
setting it tq PUSMAX

• N

•

Y.

•

•

•

•

• • •

•

•

•

GO TO
• "A"
• BELOW

IS XSXP GREATER THAN
"QSW"?
NOTE: XdXP IS THE
X-COMPGNENT OF THE
X-VECTOR IN PLATFORM
COORDINATES. THE
VALUE "JSW" IS IN
ERASABLE STORAGE
HAVING BEEN LOADED
PRIOR TO LAUNCH OR
BY P27.
ALSO A V59E MAY SET
"QSW TJ -I

. Y .N
• •

• •

• • • •

• •

• GO TO
• "A”
•

•

•

BELOW

SET HIGATE FLAG

#63r

#6AC

#65C

#660

#67C

R12/LUMINARY
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SET NOLRREAD flag

•

•

•

CALL HI..ATE JOB
(SEE "E" SELOWt

•

•

•

•

• ”A"
•

•

•

FROM
ABOVE

•

•

•

•

•

• • •

•

RESET range data and
VELOCIir DATA FLAGS.

•

•

•

• • •

EXIT R12

"B"
FROM
ABOVE

•

•

• • •

•

START HIGATJOB

»68r

#690

#700

#710

#720

R12/LUMINAPV
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771

R12/LU^'INAKV

SET LR POSITION FLAG

*73 ^

IS LR ALREADY IN

POSITICN #2?

.Y

•

N.
•

#74C

•

• • •

•

•

GO TO
"H"

BELDiV

•

•

•

•

•

CCMRAND LR TO
POSITION (12.

•

•

WAIT

•

•

•

7 SECONDS. #760

•

•

•

•

SET S

LliRIT

AMPLE
= A

•

•

•

#77r

• • •

• • •

IS LR

#2?
IN POSITION

•

•

•

. Y

•

• #780

R12/LUMINARY



WAIT 2 SECUNDS

772
R12/LUMINARY

#79C

#800

#810

#82C

#830

R12/LUKINARY
730



73i
T73

R12/LUMINARY

"H"
FROM
ABOVE

#8^C

RESET NO LR READ
FLAG

. #850
EXI T

R12

CHANGE CONTROL NOTES

REV 00 PCR 13
REV 01 PCR 118 ,137,.214, 216, 226,234 ,244 ,,246,,248,,253, 568,632,63'
REVS 02 ,031 LUM 18) PCR 817, 820, 839 ,855,. EU1T0R1 AL
REV 041 LUM ICI PCR 285, 943, EOirORI AL

REV 05( LUM 101 PCR 298, 310, 802,896 ,898,,942,,98 3,,1021 ,1022,1025
1027 , PCN 1009

REV 061 LUP lEI PCR 319 , 341, PCN 1145
REV 07 PCI 1180

R12/LUHINARY
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73S
775

LANJINC, AUTO MUJE5 MONITOR ROUTINE (RU) REV C6 12/'n/71

PURPOSE: (1) TO MONITOR THt AUTO ST Ad 1 L I ZAT I ON DISCRETE DURING THE PQwERED LANDING MANEUVER IV ORDER TO DETECT IF AND WHEN THE
ATTITUDE MODE CONTROL SWITCH IS MOVED FROM AUTO TO ATTITUDE HOLD.

(21 TO INITIALIZE HORIZONTAL AND VERTICAL VELOCITIES FDR P66.

ASSUMPTICNS: ID THIS ROUTINE WILL OPERATE IDENTICALLY FOR EITHER PGNCS OR AGS GUIDANCE CONTROL SELECTION.

(21 THIS ROUTINE lu AUTOMATICALLY CALLED EVERY 2 SECONDS (DEPENDING ON TLOSS) BY THE LANDING GUIDANCE CALCULATION
CYCLE BETWEEN THROTTLE-UP IN P63 AND VU7E68E SELECTION OF Pb8.

(31 PLACING THE THROTTLE CONTROL SWITCH INTO MANUAL IN P63, R64 OR P6S WILL CUT OFF THE LGC (I.F. AUTO) THROTTLE
SIGIAL; THUS ENGINE THRUST LEVEL WILL IMMEDIATELY DROP TO THAT COMMANDED BY WHICHEVER HAND THROTTLE IS "LIVE".
THEREFORE A TRANSITION FROM AUTU-T HRUT T LE TO MANUAL THROTTLE CONTROL CANNOT BF SMOOTH: IF THF SWITCH IS PUT IN MANUAL
BEFORE THE MANUAL THROTTLE IS BROUGHT UP. THRUST WILL DROP; IF THE MANUAL THROTTLE IS BROUGHT UP BEFORE THE SWITCH
IS "SWITCHED", SINCE THE MANUAL AND AUT 0- T HROT TLE SUNALi ARE ADDED, THERE WILL BE IRREGULAR THROTTLING AS THE LGC
CORRECTS FOR THE EXCESSIVE THRUST.

PROG LGC GROUND CREW
CONT

LGC
ROUTINE
SELECTION

#1C
I S THE LANDING PHASE
PROGRAM (P66I IN

PROCESS?

.Y .N

IF A RESTART OR

P66 DELETION HAS

«2r

R13/LUMINARY
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QCCURREJ SINCE
LAST PASS THROUGH
R13, RE-INITIA-
LIZE P6u PARA-
METERS

#3P

IS THE NON-ATTI-
TUUE HOLD DIS-
CRETE PRESENT?

. Y

•

N.
•

•

• • •

•

•

•

GO TO
"A"

BELOW

•

•

•

•

•

•

•

IS THE ROD
COUNTER = 0?

• Y

•

N.
•

•

• • •

•

•

•

.,0 TO
"A"
JELOW

•

•

•

•

•

•

•

•

•

• • •

. .

• • •

«

SET JESIREO H DOT
EJUAl TO CURRENT

IF MANUAL ATTIT-
UDE CONTROL IS DESI-
RED, PUT ATTITUDE
CONTROL MODE SWITCH
IN ATTITUDE HOLD,
AND INITIATE MANUAL
ROD CONTROL INPUTS.
THE LGC WILL AUTO-
MATICALLY SELECT
LANDING PHASE
PROGRAM (P66) AND
maintain The present
RATE OF DESCENT MOD-
IFIED 8Y MANUAL CON-
TROL AND PRESENT LM
ATTITUDE. ATTITUDE
AND RATE OF DESCENT
ARE THEN UNDER CREW
CONTROL.

IF MANUAL thrott-
le CONTROL IS DESIR-
ED, ADVANCE THRUST/
TRANSLATION CONTROL-
LER UNTIL LGC CONTR-
IBUTION TO TOTAL
THRUST IS ZERO ITHR-
UST INDICATOR RIGHT
SIDEI AND THEN PUT
THROTTLE SWITCH TO
MANUAL. THE LGC WILL
MAINTAIN THE
PRESENT LM INERTIAL
ATTITUDE. THROTTLE
CONTROL WILL REVERT
TO THE LEVEL COM-
MANDED BY THE
THRUST/TRANSLATION
CONTROLLER.

ONCE P63 DR P64
HAVE BEEN EXITED
THEY MAY NUT BE RE-

#4C

wsr

#6C

#70

734
R13/LUMINARY



H DOT ENTERED FRUM P66

SET DESIRED HORI-
ZONTAL RATE (REL-
ATIVE TO LUNAR
SURFACE) EQUAL TO
ZERO

RESET X-AXIS OVER-
RIDE INHIBIT FLAG

SET TERRAIN MODEL
INHIBIT FLAG

• •

• •

• •

CALL LANDING PHASE
PROGRAM (P6&)

•

•

•

• • • "A"
• FROM

EXIT Rli ABOVE
•

•

• • •

•

ZERO ROD COUNTER

777
R13/LUHINARY735

#so

090

0100

illO

#120

R13/LUMI NARY



HAS LJGATE SEEN
PASSEC I.E. IS

TG < TENGAPPR?

+ 06 .N Y.
* • •

•f • •

1180 • • • •

4- 4- •

•

GO TO P63 (OR P64)
GUIDANCE EQUATIONS

EXI T R13

CHANGE CONTRUL NOTES

REV 01 EOITORIAL
REV COILUR lA) PCR 700,737
REV C2 EOITORIAL
REV C3(L0R IC) PCR 28 5 , ED I TOR I AL
REV C4(LUR ID) PCR <338, PCN 1309,1035,1037
REV C5ILUM IE) PCN 1145
REV 06 PCN 1180

773
R13/LUMINARY

#13r

#140

73B R13/LUHINARY



LR/i<R READ ROUTINE 1R20» REV C5 12/01/71

PURPOSE: U) READ THE LR/RR PARAMETER REJOESTEO 3T THE CALLING ROUTINE TO PERFORM VARIOUS CHECKS TO ENSURE THAT THE
SYSTEM IS OPERATING CORRECTLY, AND TO ISSUE AN ALARM IF NO RADAR SAMPLING REQUESTED.

ASSUMPTIONS: 111 THE NUMBER OF SAMPLES (NSAMPI IS SET TO ZERO BY ALL USERS EXCEPT R 12.

12) THE CALLING ROUTINE HAS THE APPROPRIATE CHANNEL 13 BIT SPECIFICATION IN RADUSE, AND HAS WRITTEN IT INTO
CHANNEL 13.

t +

+05 (31 THIS ROUTINE IS AUTOMATICALLY CALLED BY A RACARUPT (LGC INTERRUPT) CAUSED BY EXPIRATION OF A TIME DELAY
+ (QQ-ICO MS) AFTER BIT 4 OF CHANNEL 13 IS SET. THE ROUTINES THAT SET BIT 4 OF CHANNEL 13 ARE THE LR/RR SELF TEST
+ ROUTINE (R04I, THE DESCENT STATE VECTOR UPDATE ROUTINE (R12) (FOR THE INITIAL READ OF A SEQUENCE), THE RR DATA READ
+1180 ROUTINE (R22), THE LR SPURIOUS TEST ROUTINE (R77), AND THE FINE PREFERRED TRACKING ATTITUDE ROUTINE (R65I. THE BIT
+ + IS ALSO SET BY R20 ITSELF TO CONTINUE THE R12 LR READ SEQUENCE.

PROG LGC GROUND CREW
CONT

. LGC

. ROUTINE

.SELECTION

START LR/RR READ
ROUTINE (R20) #10

STORE RAW RADAR
DATA FOR DOWNLINK

#20

IS RADUSE ZERO?

N Y.

TURN ON PROGRAM . MONITOR DSKY:
ALARM BUT DO NOT DURING LR/RR SAMP- #30
CHANGE THE PRE- . LING THE FOLLOWING
SENT DISPLAY. ALARM MAY OCCUR:

R20/LUMINARY



EXIT a20

WHICH RADAR IS BEING
READ?

.LANDING .RENDEZ-

. RADAR .VOUS

. .RADAR

GO TO
"A"

BELOW

I S R77 FLAG SET?

ZERO RADUSE

EXI T R20

IS LR ALTITUDE BEING
READ?

7B2
K2'/LUHINARY

RROv,RA1 ALAR A

'J0520 -NU RADAR
SAHRLING REJUESTcU
FROM RADAR AT THIS
T 1 ME.

#40

#50

#7C

#80

738
R2"/LUMINARY



read anj accumu-
late VELQCI TV DATA

"B"
FRUM
BELOW

IS THE APPROPRIATE
DATA GGOD SIGNAL
PRESENT BEFORE AND

C5 AFTER THE READING?

STORE DATA FOR
CALLING ROUTINE

N

TURN OFF APPRO-
PRIATE JSKY

739
783

R2C/LUMINARY

#9C

«100

#110

#120

#130

R20/LUMINABY



L IGHTS

ZERO RAJOSE

EXIT R20

UPDATE APPROPRIATE
DATA FAIL B IT IN

RAOMOOEi

IS NSAPP ZERO?

GO TO
IQH

BELOR

TURN ON APPRO-
PRIATE JSKY LIGHT

ZERO RAJUSE

I

7P4
RZO/LUv INARY

#14C

Ilfisc

#160

#170

#180

740
RZn/LUMINARY



785
R20/LUMINARY

•

•

•

•

•

•

• • •

•

•

•

•

•

•

•

ERROR •

EXIT •

•

(LR ALTITUDE
•

•

OR RR RANGE •

REACI NG) •

•

«C«
•

•

FROM •

BELOW
•

•

•

•

• • •

•

•

•

•

DOES THE CURRENT
RANGE SCALE FACTOR
AGREE WITH PREVIOUS
SCALE FACTOR?

741

#190

#200

Y N.

#210

UPDATE LGC SCALE
FACTOR

IS NSAHP ZERO?

Y .N
(NOT .(R12)
R12)

#220

SET RANGE
SCALE

R20/LUMINARY



FLAG

•

•

•

•

•

•

• DECREMENT
• NSAMP
•

•

•

•

•

UPDATE • • •

DATA GOOD .

STATUS GO TO
BITS t1

•

•

BELOW

•

ZERO RAOLSE

EiLROR
EXIT

READ RADAR DATA
(SUBTRACT BIAS FOR
RR ROOT OR SCALE IF
LR OR RR RANGE)

GO TO
"B"

786
R2''/LUM1NARY

#230

#240

#25C

#260

#270

R20/LUMINARY
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ABOVE

"A"
FROM
ABOVE

*280

* +

C5

1180
+

... (RENDEZVOUS
. RACARI

STORE TTGO FOR R65

•

•

•

IS THE REPOSITION
FLAG SET?

.N .Y

• •

• •

•

• ZERO RAOUSE
•

•

•

•

•

•

•

•

• • •

•

•

•

•

•

ERROR
EXIT

IS THE
FAILED

RR COU NOT
FLAG SET?

.N .Y
• •

• •

ZERO RAJUSE

•29C

#300

#310

#320

RZO/LUMINARY
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•

• •

• •

• • • •

• •

ERROR •

EXIT •

•

•

IS THIS RANGE OR
RANGE RATE?

.RANGE .RANGE
• .RATE

• • •

GO TO
"C"

ABOVE

»D"
FROM
ABOVE

•

•

• • •

•

DECREMENT NSAMP

•

•

•

IS NSAMP ZERO?

N Y.

#330

#34P

#350

#360

IS LR VELOCITY
DATA FAIL BIT IN
RAOMJDES SET?

#370
.N . Y

744
R2C/LUMINARY



745
789

R20/LUMINARY

IS SET
STILSADV STILBADV
ZERO? TO TWO

.Y N. •

• • •

• • •

SET DECRE- TURN
VELO- MENT ON
CITY STIL- VELO-
DATA 8ADV CITY
FLAG — LIGHT

• ON
• • OSKY

• • •

TURN OFF •

VELXITY •

LIGHT ON DSKY •

#380

#390

#400
STORE R12 DOWNLINK
DATA

ZERO RAOUSE

#410

CLEAR R12 delay
FLAG

EXIT R20

#420

R20/LUMINARY



IS NSAMl> = 3?

N Y.

IS U POSITION
cata fail bit in
RADMJDES SET?

.N .Y

IS SET
stilbadh stilbadh
ZERO? TO TWO

.Y N.

SET DECRE- .

RANGE MENT
DATA STIL- TORN
FLAG BADH ON

OSKY
. . ALTI-
. . TODE
. . LIGHT

TORN OFF OSKY .

ALTITODE
LIGHT

II ^11

FROM
ABOVE

I S

NSAMP=A?

.Y .N

jar\

R20/LOMINARY

#430

#44P

#450

#46C

#470

746 RZO/LUMINARY



747
791

R20/LUMINARY

SET BITS
1-4 OF
CHANNEL 13
ON TO
CAOSE LR
ALTITUDE
TO BE READ.

SET BITS
1-4 OF
CHANNEL 13
ACCORDING
TO BITS
1-4 OF
RADUSE TO
CAUSE SAME
LR VELO-
CITY COM-
PONENT TO
BE READ

#480

#490

#500

EX T R20

CHANGE CONTROL lUTES

REV 01 PC R 214,457
REV C2( LUM IB) PCR 817, 820
REV 03 ( LUM ID) PCR 892,979
REV 041 LUM IE) PCN 1145
REV 05 PC N 1 180

R2C/LUMINARY





749
793

PURPOSE:

ASSUMPTIONS:

* +

+ 03

+

+

+ 1180
+

+ +

03

+

1180

PROG

RR 3ESIGNATE ROUTINE (R21I REi/ 03 12/01/71

111 TO POINT THE RENDEZVOUS RADAR (RRI AT THE CSM UNTIL AUTOMATIC ACQUISITION OF THE CSM IS ACCOMPLISHED BY THE
RACAR HHILE THE LM IS IN ORBIT OR ON THE LUNAR SURFACE.

Ill THE RR SERVOS MAY BE COMMANDED BY THE LGC AFTER THE LGC ISSUES THE TRACK ENABLE DISCRETE UNTIL RANGE RATE
LOCKON IS ACHIEVED 3Y THE RR.

(21 THE SELECTION AND TERMINATION OF P20 , P22 , AND P25 ARE SUBJECT TO SPECIAL OPERATING PROCEDURES DIFFERENT FROM
THOSE FOR ALL OTHER PROGRAMS:

(Al SELECTION
(1) ALWAYS BY V37EXXE.
(21 IF ANY OTHER PROGRAM IS RUNNING AT THE TIME OF P20/22/25 SELECTION THE NEW PROGRAM WILL

REPLACE THE OLD. THIS INCLUDES P20/22/25 SELECTION WHENEVER EITHER P20,22, OR 25 IS RUNNING.
(31 IF P20 OR P25 IS RUNNING, SELECTION OF ANY PROGRAM OTHER THAN POO, P22, OR P25 WILL RESULT

IN P20 OR P25 CONTINUING AND THE NEW PROGRAM ALSO OPERATING WITH ITS NUMBER DISPLAYED IN THE
DSKY PROG LIGHTS.

(41 IF R20 OR P25 IS RUNNING, SELECTION OF POO, P22, OR P25 WILL RESULT IN THE TERMINATION OF THE OLD
PROGRAM AND OPERATION OF THE NEW.

(Bl TERMINATION
(II BY SELECTION OF P(jC, V56E OR BY V34E.
(21 POO SELECTION WILL TERMINATE P20,22, AND 25 AND ANY OTHER PROGRAM IN PROCESS, AND ESTABLISH

POO.
(31 V56E SELECTION WILL SELECT THE TERMINATE TRACKING ROUTINE (R56I WHICH WILL TERMINATE ONLY

P20 OR P25 IF EITHER OF THESE PROGRAMS IS RUNNING IN CONJUNCTION WITH ANOTHER PROGRAM. IN ALL
OTHER CASES R56 WILL SELECT ROO. V56E MAY BE PERFORMED ANY TIME DURING P23,22, OR 25 OPERATION.

(41 THE LGC WILL ACT UPON V34E ONLY IN RESPONSE TO A ^LASHING VERB-NOUN. IF THIS DISPLAY WAS
ORIGINATED BY P20,22, OR 25, V34E WILL RESULT IN AN IDENTICAL LGC RESPONSE TO THAT OF V56E,
THAI IS, SELECTION OF R56 EXCEPT IN THE CASE OF A VC 6 N49 DISPLAY. IF THIS DISPLAY WAS NOT
ORIGINATED BY P20 , 22 , OR 25, (SUCH AS P32 WHILE RUNNING WITH R20I THE LGC WILL GO TO ROO,
HOWEVER THE PROGRAM IN THE BACKGROUND WILL CONTINUE. THE NEW PROGRAM SELECTED FOLLOWS THE
selection rules above, (Al.

(51 ALTHOUGH IT IS NOT CLEARLY SHOWN IN THE LOGIC BELOW A V34E RESPONSE TO A PRIORITY DISPLAY MUST
BE OELAYED 2 SECONDS FROM DISPLAY INITIATION WHEREAS THE DELAY IS NOT NECESSARY FOR A V56E
RESPONSE.

(31 THIS ROUTINE IS AUTOMATICALLY CALLED BY THE RENDEZVOUS NAVIGATION PROGRAM (P20I AND THE LUNAR SURFACE NAVIGA-
TION PROGRAM (P22I.

LGC GROUND CREW

R2I/LUMINARY



794
l/LUM NARY

#1C

«20

#40

750
R21/LUMINARY



751
795

R21/LUMINARY

(MODE 2)?

,Y «50

GO TO
" 8 "

BELO>(

»60
SET JESIRED RR
GIMCAL ANGLES
FOR MODE *2
CENTER

*70

SET DESIRED RR
GIMBAL ANGLES
FCR MODE #1
CENTER

«80

RESET LOCK-CN FLAG

»90

CCMMAND RR TO MODE
CENTER AS DEFINED BY

R217LUM1NARY



DES IKED RR GIMSAL
ANGLES

IIQH

03 FRCM
ABOVE OR

FROM LUIAR
SURFACE RR
PRE-DESIGNATE
ROUTINE (R26)

•f •

+ 1180 •

4- •

• • •

•

SET THE RR DESIGNATE
COUNTER TO ALLCiI 60
PASSES (APPROXl-
MATELT 45 SECONDS)
TO DESIGNATE AND
LCCK-CN. (SET K = 60)

•

•

•

SET LOSCM FLAG

"C"
FRCM
BELOW

•

•

•

•

•

•

•

•

•

•

•

• • •

•

•

•

•

•

•

7<=6

K21/LUMINARY

#110

#12C

#130

#140

R21/LUMINAP,Y



IS THE SURFACE FLAG
SET?

• N Y.

EXTRAPOLATE LM
STATE VECTOR TO
THE PRESENT TIME
PLUS 0.5 SECOND

EXTRAPOLATE THE CSM
STATE VECTOR TO
PRESENT TIME PLUS
0.5 SECOND

CALCULATE THE LOS
FROM LM TO CSM

RESET NO RR MONITOR
FLAG

SET LOCN-ON FLAG

797

75^ R21/LUMINARY

»15C

#150

#170

*180

#190

R21/LUMINARY



I S THE LOS WITHIN
THE LIMITS OF THE
PRESENT RR ANTENNA
MODE?

.T N

IS THE SURFACE
FLAG SET?

.N . Y

IS THE LOS
WITHIN THE
LIMITS OF
THE OTHER
RR ANTENNA
MOOE?

.N
•

Y.

•

•

• • •

•

•

GO TO •

N0II
•

IN P20 •

•

•

SET REMODE
FLAG

IS THE LM ON THE
LUNAR SURFACE?

.Y N,

IS the csm
WITHIN THE

7S8
R21/LUMINARY

1200

»210

#220

#230

#240

754
R21/LUMINARY



FIELD OF VIEW
OF THE RR7

N y.

GO TO LUNAR
SURFACE RR
PRE- DESIGNATE
ROUT INE
(R2&)

GO TO LUNAR
SURFACE RR
PRE-DESIGNATE
ROUTINE
IR26»

EXIT R21 EXIT R21

COMMAND RR COUS
TO PLACE ANTENNA
IN THE OTHER MODE

700

755 R21/LUMINARY

#250

#260

#270

#280

#290

R2I/LUMINARY



(REFER SECTION
5.2 OF R567)

reset remode flag

IS REPOSITION FLAG
SET?

.N

•

Y.

•

•

•

•

• • •

•

•

•

•

•

•

GO TO
"A"
BELOW

-•

IS THE RR DESIGNATE
COUNTER = 0 (K=OI?

.Y N.
• •

• •

DECREMENT K BY
ONE.

IS THE PRESENT
RR LJS WITHIN

800
R21/LUMINARY

#300

#310

#320

#330

755
R21/LUMINARY



757
801

R21/LUM1NARV

1/2 DEGREE OF
THE i>RESENT LOS
FROM THE LM TO
THE CSM?

#340

N Y.

SEND RR AUTO
TRACK ENABLE
DISCRETE TO
THE RR.

#350

IS DATA GOOD
DISCRETE RECEIVED
FROM THE RR?

N .Y

#360

RESET LOSCM
FLAG

#370

EXIT R21

ISSUE RATE COM-
MANDS TO THE RR
PROPORTIONAL TO
THE ANGULAR DIFF-
ERENCE BETWEEN
RR LOS AND THE
LOS TO THE CSM
ONE SECOND FROM
NOW.

#380

R21/LUMINARY



IS LOSCM
SET?

FLAG

.N Y.

• •

• •

. IS N = 0?

. .N
• •

Y.

•

• •

• •

•

• • •

• •

• •

• •

• •

• •

• •

GO TO
"C"

ABOVE

CECREMENT N
BY 1

WAIT .5 SECONDS.

TERMINATE PERIODIC
LOS OETERMI NATION
CALCULAT ION.

8^2
R21/LUMINARY

*390

*400

#410

*420

#430

758i
R217LUMINARY



PCSS
PRIO
HOLD .

SNAP .

759
' 8C3

R21/LUHINARV

REMOVE RR AUTO TRACK
ENABLE DISCRETE FROM
THE RR

*440

"A"
FROM

ABOVE #450

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY ALARM CODE
00503:

V05N09
Rl-XXXXX
R2-XXXXX
R3-XXXXX

MONITOR OSKY:
DOES alarm CODE DIS-
PLAY INDICATE that
RENDEZVOUS DESIGNATE
ROUTINE IR21) IS UN-
ABLE TO ACQUIRE THE
CSM?
INOTE:

THIS ALARM CODE
MAY BE DISPLAYED IN
Rli R2t OR R3, DE-
PENDING ON PRESENCE
OR ABSENCE OF OTHER
ALARM CODES.

I

.Y .N

*460

#470

WAIT 2 SECONDS WAIT 2 SECONDS

#4B0

PUSH ALARM
RESET TO RESET

R21/LUMI NARY



PROGRAM ALARM,

EXIT
R21

DO I MISH TO
INITIATE AN
AUTOMATIC SEARCH?

. Y .N

WAIT FOR KEYBOARD KEY IN PROCEED
ENTRY . .

GO TO RR SEARCH
ROUTINE (R24)

EXIT R2i

DO I WISH TO ATTEMPT
TO DESIGNATE THE RR
AGAIN?

.Y .N

KEY IN V32E

8C4
R21/LUMINARY

#490

1(1500

IdSlO

*520

*530

760
,

R21/LUMINARY



805
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TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE tV34EI,
V32E, OR V56E

.V . P .V

.3 . R . 3

.2 .0 .4

.E • C .E
• . E •

• • • . E .0
• . 0 • R

•

GO TO
•

• .V
"H" • .5
IN • . 6

P20/22 •

•

•

.E
•

•

GO TO RR SEARCH •

ROUTINE (R24I •

•

• •

• • • •

• •

EXIT R21 •

•

•

00 TERMINATE
TRACKING ROUTINE
(R56)

•

•

•

•

•

•

• • •

•

•

GO TO
"H"
IN

P20/22

KEY IN TERMINATE
(V34EI OR V56E

DO TERMINATE
TRACKING ROUTINE
(R56)

761

«540

#550

#560

#570

#580

R21/LUMINARY



8C6
R21/LUMINARy

EXIT R21 AND P20/22 EXIT R21 AND P20/22

#59C

CHANGE CONTROL NOTES

REV 01 PCR 226,432,451, 562, 6A0
REV OOCLUM lAI PCR 722
REV OllLUM IB) EDITORIAL
REV 02 EDITORIAL
REV 03 PCN 1180

762 R21/LUMINARY



RR DATA READ ROUTINE IR22) RElI 05 12/01/71

PURPOSE: (It TO PROCESS AUTOHATIC RR MARK DATA TO UPDATE THE STATE /ECTOR OF EITHER LM OR CSM AS DEFINED BY THE RENDEZVOUS
NAVIGATION PROGRAM IP20), OR THE LUNAR SURFACE NAVIGATION PROGRAM <P22t.

(21 TO MAINTAIN THE LM *l AXIS ALIGNED ALONG THE LOS FROM THE LM TO THE CSM WITHIN THE IMPULSE LIMIT CYCLE OFTHE DAP
WHEN P20 IS IN PROCESS.

ASSUMPTIONS: (1) THE ROUTINE IS AUTOMATICALLY CALLED BY THE RENDEZVOUS NAVIGATION PROGRAM (P20), OR THE LUNAR SURFACE NAVIGATION
PROGRAM IP22).

+

05

1180

05
+

+ 1180

(21 THE SELECTION AND TERMINATION OF P20,P22, AND P25 ARE SUBJECT TO SPECIAL OPERATING PROCEDURES DIFFERENT FROM
ALL OTHER PROGRAMS;

(A) SELECTION
ID ALWAYS BY V37EXXE.
(2) IF ANY OTHER PROGRAM IS RUNNING AT THE TIME OF P2D/22/25 SELECTION THE NEW PROGRAM WILL RE-

PLACE THE OLD. THIS INCLUDES P20/22/25 SELECTION WHENEVER EITHER P20,22. OR 25 IS RUNNING.
(3) IF P20 OR P25 IS RUNNING. SELECTION OF ANY PROGRAM OTHER THAN POO, P22, OR P25 WILL RESULT IN

P20 OR P25 CONTINUING AND THE NEW PROGRAM ALSO OPERATING WITH ITS NUMBER IN THE DSKY PROG
LIGHTS.

(A) IF P20 OR P25 IS RUNNING, SELECTION OF POO, P22, OR P25 WILL RESULT IN THE TERMINATION OF THE
OLD PROGRAM AND OPERATION OF THE NEW.

IB) TERMINATION
(1) BY SELECTION OF POO, V56E OR BY V34E.
(2) POO SELECTION WILL TERMINATE F20,22,AND 25 AND ANY OTHER PROGRAM IN PROCESS; AND ESTABLISH POO.
(3) V56E SELECTION WILL SELECT THE TERMINATE TRACKING ROUTINE IR56) WHICH WILL TERMINATE ONLY P20

OR P25 IF EITHER OF THESE PROGRAMS IS RUNNING IN CONJUNCTION WITH ANOTHER PROGRAM. IN ALL
OTHER CASES R56 WILL SELECT ROD. V56E MAY BE PERFORMED ANY TIME DURING P20,22, OR 25 OPERATION.

(A) THE LGC WILL ACT UPUN V3AE ONLY IN RESPONSE TO A FLASHING VERB-NOUN. IF THIS DISPLAY WAS
ORIGINATED BY P20,22, OR 25, V3AE WILL RESULT IN AN IDENTICAL LGC RESPONSE TO THAT OF V56E,
THAT IS, SELECTION OF R56 EXCEPT IN THE CASE OF A VC6 NA9 DISPLAY. IF THIS DISPLAY WAS NOT
ORIGINATED BY P2C,22, OR 25 (SUCH AS P32, WHILE RUNNING WITH P2PI THE LGC WILL GO TO ROD,
HOWEVER the PROGRAM IN THE BACKGROUND WILL CONTINUE. THE NEW PROGRAM SELECTED FOLLOWS THE
SELECTION RULES ABOVE, (At.

(5) ALTHOUGH IT IS NOT CLEARLY SHOWN IN THE LOGIC BELOW A V3AE RESPONSE TO A PRIORITY DISPLAY MUST
BE DELAYED 2 SECONDS FROM DISPLAY INITIATION WHEREAS THE DELAY IS NOT NECESSARY FOR A V56E
RESPONSE.

PROG LGC GROUND CREW
CONT

R22/LUMINARY



810
R22/LUMINARY

+ 05
+

+

+

1180
+

flO

"A"
FROM
BELOM

IS THE RENDEZVOUS
FLAG SETT

. Y

•

• N
•

•

•

•

• • •

•

• EXIT
• R22
• AND
•

•

•

•

•

•

•

•

•

•

P20/22

IS THE TRACK FLAG
SET?

Y .N

*20

i30

#40

764
' R22/LUMINARY



7&5 811
R22/LUMINARY

+

05

1180

GO TO
Ilf ti

IN P20/22

I S THE RR AUTO TRACK
ENABLE DISCRETE
ISSUED?

• Y

•

•

•

•

•

• N

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

• • •

•

•

•

•

•

•

GO TO "B"
IN P20/P22

IS RR AUTO MODE
DISCRETE PRESENT?

• Y N.

#50

HAS RR TRACK ENABLE
DISCRETE BEEN
REMOVED?
(NOTE: THIS DISCRETE
IS REMOVED BY A

HARDWARE RESTART AND
ALSO BY THE RR

GO TO "C"

#60

#70

MONITOR IR25) IF THE
RR GIMBAL ANGLES ARE
OUTSIDE THE ALLOW-
ABLE LIMITS)

•

•

•

•

. Y N.

• •

•

•

•

• •

• • • •

•

• #80

GO TO "B"
IN P20/P22

•

•

•

•

•

•

•

IS RR MODE SWITCH
IN LGC?

•

•

•

•

#90
• Y .N
• •

•

•

• •

• • • •

•

•

. GO TO "C"
•

•

R22/LUMINARY



812
R22/LUMINARY

IN PZ0/PZ2 IN P20/P22

«100

IS THE HR CDU
ZERO FLAG SET?

V N.

"B"
ENTER HERE

FROM P20/P22
OR FROM BELOW

*11C

* «•

05
1180

WAIT 2 SECONDS

#120

IS SURFACE
FLAG SET?

• N .Y

SET NZ = 2
#130

DO FINE
PREFERRED
TRACKING
ATTITUDE
ROUTINE
(R65).

#1A0

766
R22/LUMINARY



RESET RANGE SCALE
FLAG

•

•

•

STORE RR
RANGE SCALE

SET NS AMP = 0

FOR USE BY R20

STORE PRESENT STATUS
OF RR DATA GOODf LR
PCS IT I CN DATA GOOD,
AND LR VELOCITY DATA
GOOD DISCRETES.

767 R22/LUMINARY

#150

#160

#170

#180

#190

R22/LUMINARY



SET BITS 2 ANO 4 OF
CHANNEL 13 TO "i" TO
REQUEST RANGE RATE
READOUT FROM RR.
(NOTE: THIS HILL
ALSO AUTOMATICALLY
CALL THE LR/RR READ
ROUTINE IR20)).

•

•

•

HAIT FOR
TIQN

R20 COMPLE-

.GOOD ERROR.

.EXIT
•

EXIT .

•

•

•

•

• • •

•

• GO TO

•

•

•

•

IN P20/22

READ 3 ISS CDU
ANGLES

DO LR/RR READ ROU-
TINE (R20) FOR RR
RANGE RATE

.GOOD ERROR.

.EXIT
•

•

•

•

•

•

•

EXIT .

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

• • •

• GO T3
• *#11

• IN P20/22

READ PRESENT TIME
(TP)

READ 2 RR CDU ANGLES

814
R22/LUHINARV

»20D

#210

#22C

#230

#240

7B8
R22/LUMINARY



SET NSAUP = 0

FOR USE BY R20

STORE PRESENT STATUS
OF RR DATA GOOOt LR
POSITION DATA GOOD.
AND LR VELOCITY DATA
GOOD DISCRETES

SET BITS 1 AND ^ OF
CHANNEL 13 TO "1" TO
REQUEST RANGE READ-
OUT FROM RR.
(NOTE: THIS WILL
ALSO AUTOMATICALLY
CALL THE LR/RR READ
ROUTINE (R20H.

WAIT FOR R20 COMPLE-
TION

•GOOD ERROR.
.EXIT EXIT .

IS RANGE SCALE
FLAG SET?

. DO LR/RR READ ROU-

... TINE (R20I FOR RR

. RANGE

GOOD ERROR
EXIT EXIT

769
815

R22/LUMINARY

#250

#260

#270

#2SC

#290

R22/LUMINARY



816
R22/LUM1NARY

GC TO
"0 "

IN P20/ZZ
GO TO

•D"
IN PZO/ZZ U30C

HAS 50 SECONDS
ELAPSED SINCE LAST
SETTING OF AGSCOOE?

.N . Y

• •

• • •

•

•

IS RANGE LO SCALE
DISCRETE SET?

.N Y.
• •

• •

SET AGSCODE SET AGSCODE
= 57776 = 17776

• •

• •

•

UPDATE TIME OF
AGSCODE SETTING

*310

#320

#330

770 R22/LUMINARY



E.XTRAPCLATE LM AND
CSM STATE VECTORS
TO TIME CTP) AND
COMPUTE LOS TO CSM

IS RR INDICATED LOS
WITHIN 3 DEGREES OF
PRESENT STATE VECTOR
INDICATED LOS?

POSS
PRIO
HOLD .

SNAP .

FLASH VER8-NOUN
TO REQUEST RE-
SPONSE AND DIS-
PLAY ALARM CODE
00525;

V05 N09
Rl-XXXXX
R2-XXXXX
R3-XXXXX

MONITOR DSKY:
DOES ALARM CODE

DISPLAY IN-
DICATE THAT DELTA
THETA IS GREATER
THAN 3 DEGREES?

(NOTE:
THIS ALARM CODE

MAY BE DISPLAYED IN

Rl, R2f OR R3, DE-
PENDING ON the PRE-
SENCE OR ABSENCE OF
OTHER ALARM CODES.

)

. DELTA THETA - THE
DIFFERENCE BETWEEN

WAIT 2 SECONDS THE RR INDICATED LOS
AND THE STATE VECTOR

. INDICATED LOS.

.Y N

WAIT 2 SECONDS

817
R22/LUMINARY771

«340

*350

*360

•370

• 380

R22/LUMINARY



DO I MISH TO
TERMINATE fIQnil

Y N.

tiAIT FOR KEY-
BOARD ENTRY KEY IN PROCEED

PCSS
PBIO
HOLD .

SNAP .

TERMINATE FLASH
UPON RECEIPT OF
PROCEED, TERMIN-
ATE (V34EI, DR
V56E.

• P

.R

.0

.C

.E

.V34E

. OR

. V56E
•

•

.0 DO TERMINATE

. TRACKING

. ROUTINE

. tR56)

•

•

•

•

•

•

•

• • •

•

• EXIT
•

•

•

•

P20/22

FLASH VERB-NOUN
TO REQUEST RE-
SPONSE AND DIS-
PLAY DELTA theta:

V06N0 5

KEY IN TERM-
INATE (V34EI
OR V56E

DO TERMINATE
TRACKING ROU-
TINE IR56I

EXIT
P20/22

MONITOR DSKY.
OBSERVE VERB

NOUN FLASH TO RE-
QUEST RESPONSE AND
DISPLAY OF DELTA

819
R22/LUMINARY

#390

#400

#410

#420

#430

772 R22/LUMINARY



P.l-DELTA theta
R2-BL ANK
Ri-BLANK

THETA

DELTA TEETA-THE
DIFFERENCE
BET/JEEN THE RR
INDICATED LOS
AND THE STATE
VECTOR INDICATED
LOS, IN DEGREES
TO NEAREST .01
DEGREE

WAIT 2 SECONDS WAIT 2 SECONDS

CONSIDERING THE
MAGNITUDE OF DELTA
THETA DO I WISH TO
INCORPORATE MARK
DATA INTO iTATE
VECTOR UPDATE
ANYWAY?

WAIT FOR KEY- KEY IN PROCEED
BOARD ENTRY .

DO I WISH TO
TERMI NATE
P20/22?

Y N

773
819

R22/LUMINARY

#450

#460

#470

#480

R22/LUMINARY



VER IFY
THAT AC-

gUI SITION
HAS HOT
BEEN BY
SIDELOBE.

KEY IN
RECYCLE

Vi2E

GO TO "0"

IN P20/P22

TERMINATE FLASH
UPCH RECEIPT CF
PROCEED. RECYCLE,
TERMINATE IV34E),
OR Y56E

.p • R .V

.R . E .3

.0 .C . 4

.C . Y . E

.E . C •

.E . L .0
• D . E .R
•

•

•

• • •

•

.V
• • .5
. GO TO "D" . 6

. IN

•

•

P20/22 .E
•

•

. CJ TERMINATE

. TRACK ING ROU-

. TINE (R56)

KEY IN TERM-
INATE 1V34E)
OR V56E

.

00 TERMINATE
TRACKING
ROUTINE
(R56I

820
R22/LUMINARY

#490

#500

#510

#520

#530

#540

R22/L0MINARY



775
821

R22/LUMINARY

EXIT
P20/22

EXIT
?ZOJZZ

IS THE SURFACE
FLAG SET?

#550

.N Y

IS THE TRACK
FLAG SET?

.N
•

•

• Y

•

•

•

•

• • •

•

•

•

GO TO •

ft
•

IN P2J/22 •

•

•

IS RR LUS WITHIN
3C DEGREES OF
THE LM *l AXIS?

»56C

»57C

N Y

#58C

DO PREFERRED
TRACKING
ATTITUDE
ROUTINE
(R61)

#590

R22/LUMINARY



GU TJ
"E"
IN P20/22

IS THE NO UPDATE
FLAG SET?

.Y N,

IS THE UPDATE
FLAG SET?

.N Y

05
1180

822
R22/LUM1NARY

*600

«6in

*620

*630

77$ R22/LUMINARY



777
823

R22/LUMINARY

11640

BASED OH THE
RR INDICATED LOS
AT TIME (THI CAL-
CULATE THE
REQUIRED CORRECTION
TO UPDATE THE STATE
VECTOR DESIGNATED BY
THE STATE VECTOR
FLAG (SEE P20/P22).
(NOTE: (1) FOR
DESCRIPTION OF UP-
DATE PROCESS REFER
TO SECTION 5.2 OF
R567,
(21 DUE TO THE
LENGTH OF THIS
COMPUTATION A CALL
TO R65 (WITH N2=0I
WILL BE MADE WHILE
THIS IS IN PROGRESS
TO ENSURE THAT PRE-
FERRED TRACKING
ATTITUDE IS MAIN-
TAINED). HOWEVER,
R65 IS NOT CALLED
IF SURFACE FLAG
SET, I.E. P22.

#650

#660

#670

IS THE MAGNITUDE OF
EITHER STATE VECTOR
CORRECTION (DELTA R

OR DELTA V AS DE-
FINED BELOW) GREATER
THAN THE ALLOWABLE
LIMITS (AS DEFINED
IN SECTION 5.2
OF R567)7

#680

N . Y

PCSS
PRIO
HOLD .

SNAP .

FLASH VERB-NOUN TO
REQUEST RESPONSE
and display EXCES-
SIVE UPDATE
PARAMETERS:

MONITOR DSKY:
ODES A VERB-NOUN

FLASH TO REQUEST
RESPONSE AND A DIS-
PLAY OF EXCESSIVE

#69C

R22/LUMINARY



V06N49
lil-DELTA R

R2-0ELTA V

R3-SQURCE CODE

DELTA R-MAGNITUDE
F THE DIFFERENCE
BETMEEN THE POSI-
TION STATE VECTOR
BEFORE AND AFTER
INCORPORATION OF
THIS NARK DATA.
IN N.N. TO NEAREST
• 01 N# N*

DELTA V-NAGNITUDE
OF THE DIFFERENCE
BETWEEN THE VELO-
CITY STATE VECTOR
BEFORE AND AFTER
INCORPORATION OF
THIS NARK DATA. IN
FT/SEC TO NEAREST
. IFT/SEC.

(NOTE: BOTH PARA-
METERS ARE NOT
NECESSARILY
EXCESSIVE.)

SOURCE CODE -

ERROR SOURCE THAT
CAUSED THIS DIS-
PLAY WHERE
R3 = 0000

X

X=1 - RR RANGE
X=2 - RR RANGE

RATE
X=3 - RR SHAFT

ANGLE
X=4 - RR TRUNNION

ANGLE

UPDATE PARAMETERS
INDICATE THAT THE
MOST RECENTLY PRO-
CESSED RR MARK DATA
WILL RESULT IN AN
EXCESSIVE UPDATE?

Y .N

824
R22/LUMINARY

*700

*710

*720

#730

#740

778 R22/LUMINARY



riAIT 2 SECONDS WAIT 2 SECONDS

DO I WISH TO INCOR-
PORATE THIS UPDATE?

N V

WAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED

DO I WISH TO REJECT
THIS MEASUREMENT AND
INCORPORATE THE NEXT
MEASUREMENT?

. Y N

KEY IN RECYCLE
( V32EI

779
025

R22/LUM1NARY

#750

#760

#770

#780

#790

R22/LUMINARY



DO I rtlSH TO CEASE
RR TRACKING?

826
R22/LUMINARY

11800

»81P

#820

#830

780 R22/LUMINARy



781
827

R22/LUHINARY

#840

DO TERMIN- DO TERMINATE TRACK-
ATE TRACK- . . 1 NG ROUTINE (R56I
ING ROUTINE
(R56I

#850

... EXIT R22
. AND P20/22

EXIT R22
AND P20/22

#860

GC TO
"A"

ABOVE

#870
INCORPORATE STATE
VECTOR CORRECTION
INTO STATE VECTOR
DESIGNATED BY THE
STATE VECTOR UP-
DATE OPTION (SEE
P20/P22I.

#880

INCREMENT RR TRACK-
ING MARK COUNTER BY
ONE.

R22/LUMINARY



828
R22/LUMINARY

#890

13 SURFACE FLAG SET?

• Y .N
• •

• •

WAIT 2 •

SECGNOS •

• •

• •

• •

• • • •

• •

GO TO •

"A" •

ABOVE •

•

•

SET NZ=5 FOR USE
BY R65

#900

#910

#920

CALL FINE PREFERRED
TRACKIlii ATTITUDE
ROUTINE IR65I

#930

GO TO

R22/LUMINARY



783
829

R22/LUMINARY

"A”
ABOVE

#940

CHANGE CCNTRQL NOTES

REV f 1 PCR 39,226,400,451,,562
REV ro( LUM lA) PCR 736
REV ru LUM IB) PCR 818, EDITOR! AL
REV C2 EDITQRIAL
REV 03 PCN 1009
REV C4( LUM IE) PCR 317.2,324,347, PCN
REV 05 PCN 1180

R22/LUMINARY





785
831

RR flANUAL ACQUISITION ROUTINE IR23I RE\/ 03 12/01/71

PURPOSE: III TO ACQUIRE THE CSM BY MANUAL OPERATION OF THE RENDEZVOUS RADARIRR) WHILE THE LM IS IN FLIOHT.

A SSUMPTiONS: 11)
+

f 12)

1180
13)

03

+ 1180

+ +

+ 03
+

+

+ 1180
+ +

THE ROUTINE IS AUTOMATICALLY CALLED BY THE RENDEZVOUS NAVIGATION PROGRAM IP20I IN RESPONSE TO AN ASTRONAUT
REQUEST FOR A MANUAL ACQUISITION.

THE RR MANUAL ACQUISITION ROUTINE IR23» MAY ONLY BE SELECTED IF P20 IS NOT RUNNING IN CONJUNCTION WITH
ANOTHER PROGRAM.

THE SELECTION AND TERMINATION OF P20iP22, AND P25 ARE SUBJECT T3 SPECIAL OPERATING PROCEDURES DIFFERENT FROM
ALL OTHER PROGRAMS;

U) SELECTION
III ALWAYS BY V37EXXE.
121 IF ANY other PROGRAM IS RUNNING AT THE TIME OF P23/22/25 SELECTION THE NEW PROGRAM WILL

replace the old. this includes P20/22/25 SELECTION WHENEVER EITHER P23.22. OR 25 IS RUNNING.
131 IF P20 OR P25 IS RUNNINGi SELECTION OF ANY PROGRAM OTHER THAN POO, P22, DR P25 WILL RESULT

IN P20 OR P25 CONTINUING AND THE NEW PROGRAM ALSO OPERATING WITH ITS NUMBER IN THE DSXY
PROG LIGHTS.

Ul IF P20 OR P25 IS RUNNING, SELECTION OF POO, P22, DR P25 WILL RESULT IN THE TERMINATION OF THE OLD
PROGRAM AND OPERATION OF THE NEW.

(B» TERMINATION
III BY SELECTION OF POO, V56E OR BY V34E.
121 POO SELECTION WILL TERMINATE P20,22, AND 25 AND ANY OTHER PROGRAM IN PROCESS; AND ESTABLISH

POO.
131 V56E SELECTION WILL SELECT THE TERMINATE TRACKING ROUTINE IR56) WHICH WILL TERMINATE ONLY

P20 DR P25 IF EITHER OF THESE PROGRAMS IS RUNNING IN CONJUNCTION WITH ANOTHER PROGRAM. IN
ALL OTHER CASES R56 WILL SELECT ROO. V56E MAY BE PERFORMED ANY TIME DURING P20,22 OR 25
OPERATION.

141 THE LGC WILL ACT UPON V34E ONLY IN RESPONSE TO A FLASHING VERB-NOUN. IF THIS DISPLAY WAS
ORIGINATED BY P20,22, OR 25, V34E WILL RESULT IN AN IDENTICAL LGC RESPONSE TO THAT OF V56E,
THAI IS, SELECTION OF R56 EXCEPT IN THE CASE OF A V06 N49 DISPLAY. IF THIS DISPLAY WAS NOT
ORIGINATED BY P20,22, DR 25 I SUCH AS P32, WHILE RUNNING WITH P2P) THE LGC WILL GO TO ROO,
HOWEVER THE PROGRAM IN THE BACKGROUND WILL CONTINUE. THE NEW PROGRAM SELECTED FOLLOWS THE
SELECTION RULES ABOVE, lA).

(5) ALTHOUGH IT IS NOT CLEARLY SHOWN IN THE LOGIC BELDW A V34E RESPONSE TO A PRIORITY DISPLAY MUST
BE delayed 2 SECONDS FROM DISPLAY INITIATION WHEREAS THE DELAY IS NOT NECESSARY FOR A V55E
RESPONSE.

PROG LGC GROUND CREW
CONT

R23/LUMINARY



832
R23/LUMINARY

LGC
ROUTINE
SELECTION

START RR MANUAL
ACQUISITION ROUTINE
(n23)

SET NO RR MONITOR
FLAG

*20

SELECT 0.3 DEGREE
OEACBANO

*30

INITIAL
ENTRY

*40

DO PREFERRED
TRACKING
ATTITUDE
ROUTINE IR61)

DO PREFERRED
TRACKING ATTIT-
UDE ROUTINE
1R6II

#50

78ii: R23/LUMINARY



787
033

R23/LUMINARY

HOLD .

SNAP .

SEND KR AUTO TRACK
• • •

ENABLE DISCRETE
RR

TO • • •

• • •

•

•

•

• • •

• • • • •

• • •

#60

FLASH VERB-NOUN TO . . MONITOR DSKY:
REQUEST PLEASE
PERFORM MANUAL . . FLASH TO REQUEST
ACQUISITION OF

V50N25
Rl-30205

CSM. . PLEASE PERFORM
. MANUAL ACQUISITION
. OF THE CSM.

R2-BLANK
R3-JLANK

•

• •

#70

•

•

•

•

•

• •

• •

•

. PUT RR CONTROL

. SWITCH FROM LGC TO

. SLEW

#80

SfcARCH FOR CSM
MANUALLY

#90

HAS The CSM BEEN
ACQUIRED?

N .Y

R23/LUHINARY



VEKIFY THAT
ACJUISITICN HAS
NOT BEEN BY SIDE
LOBE

PUT RR MODE
SWITCH TO LGC.

WAIT FOR RR NO
TRACK LIGHT OFF.

WAIT FOR KEYBOARD
ENTRY.

KEY IN PROCEED

DO I WISH TO
HAVE LM MANE-
UVER AGAIN TO
THE PREFERRED
TRACKING ATT-
ITUDE AND
CONTINUE
MANUAL ACQUI-
SITION ATTEMPTS?

KEY IN
ENTER

83i
R23/LUHINARY

#10C

*110

#120

#130

#140

#150

78ii'
R23/LUMINARY



TERMINATE FLASH UPON
RECEIPT OF ENTER,
PROCEED, TERMINATE
(V34E), OR V56E.

.E .P .V

.N .R .3

.T .0 .4
• B • C .E
.R .E •

. .E .0

. .D .R
•

• .V

• .5
• .6
• .E

• • • •

•

• GO TO
• "A"
•

•

•

•

•

•

•

BELOW

ARE THE RR GIMBAL
ANGLES WITHIN PRE-
SENT MODE LIMITS?
(REFER FIGURE 2.4-3
OF R567 , SECTION 5).

N Y.

KEY IN
TERMINATE IV34E

UR V36EI

GO TO
"A"
BELOW

SET DEADBAND TO
PREVIOUS VALUE
DEFINED BY R03

RESET NO RR
MONITOR FLAG

835
R23/LUMINARY78J9

*160

#17P

*180

•190

•200

•210

R23/LUMINARY



EXIT R23

PCSS
PRIO
HCLD .

SNAP .

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAV ALARM CODE
00501;

V05N09
Rl-XXXXX
R2-XXXXX
R3-XXXXX

WAIT 2 SECONDS

MONITOR OSKY:
DOES VERB-NOUN

FLASH AND DI SPLAY
OF ALARM CODE INDI-
CATE THAT CSM IS
PRESENTLY OUTSIDE
ALLOWABLE LIMITS OF
THE PRESENT RR AN-
TENNA MODE?

. Y
•

N.

•

•

•

•

• • •

• EXIT
•

•

•

R23

WAIT 2 SECONDS

DO I WISH TO
MANEUVER AGAIN TO
THE PREFERRED
TRACKING ATTITUDE?
(THE CSM AND/OR LM
STATE VECTORS PROB-
ABLY ARE INCORRECT
IN THE LGC BECAUSE
THE PREFERRED
ATTITUDE ROUTINE
IR61I IS NOT POINT-
ING THE LM +2 AXIS
NEAR THE CSMI

Y N

835
R23/LUMINARY

#220

#230

#250

#250

#260

790
R23/LUMINARY



WAIT FOK KEYBOARD
ENTRY

KEY IN RECYCLE
V3 2E

TERMINATE FLASH UPON .

RECEIPT OF RECYCLE# KEY IN TERMINATE
TERMINATE ( V34E » , OR . (V34E) OR V56E
V56E.

.RECYCLE .V

. . 3

. .4

•

•

•

•

• • • • E •

• •

.0 "A" "A" .

. R FROM FROM
• ABOVE ABOVE .

. V • • •

. 5 • • •

.6 • • •

. E • • •

• • • • • •

• •

RESET NO RR MONITOR • •

FLAG • •

• • •

• • • • •

• • •

DO TERMINATE • . DO TERMINATE
ToAr.kiN.; liniiTiwp

(R56). • . (R56).

EXIT R23 AND P20 EXIT R23 AND P20

791
837

R23/LUMINARY

#27C

#280

#290

#300

#310

R23/LUMINARY



838
R23/LUMINARY

CHANGE CONTROL NOTES

LOGIC REV 01 PCR 86,226,409,^51,562
REV 02 EJITORIAL
REV 03 PCN 1180

R23/LUMINARY



793
841

RR SEARCH ROUTINE (R24» RS\I 03 12/01/71

PURPOSE: (1) TO ACQUIRE THE CSM 3Y A SEARCH PATTERN WHEN THE RENDEZVOUS RADAR HAS FAILED TO ACQUIRE THE CSM IN THE AUTOMATIC
TRACKING MODE.

ASSUMPTIONS:

121 TO ALLOW THE ASTRONAUT TO CONFIRM THAT RE ACQU I SI T ION HAS NOT BEEN BY SIDELDBE.

ID THE ROUTINE IS AUTOMATICALLY CALLED BY THE RR DESIGNATE ROUTINE (R2D IN RESPONSE TO AN ASTRONAUT REQUEST FOR A

SEARCH ACQUISITION.

»03

1180

*

03

1180

(2» THE SELECTION AND TERMINATION OF P 20 , P22. AND P23i ARE SUBJECT TO SPECIAL OPERATING PROCEDURES DIFFERENT FROM
ALL OTHER PROGRAMS:

lA) SELECTION
111 ALWAYS BY V37EXXE.
(2) IF ANY OTHER PROGRAM IS RUNNING AT THE TIME OF P20/22/25 SELECTION THE NEW PROGRAM WILL REPLACE THE

OLD. THIS INCLUDES P20/22/25 SELECTION WHENEVER EITHER P2C , 22, OR 25 IS RUNNING.
(31 IF P20 OR P25 IS RUNNING, SELECTION OF ANY PROGRAM OTHER THAN PCO, P22, OR P25 WILL RESULT IN P2C OR

P25 CONTINUING AND THE NEW PROGRAM ALSO OPERATING WITH ITS NUMBER IN THE DS<Y PROG LIGHTS.
(4) IF P20 OR P25 IS RUNNING, SELECTION OF POO, P22, OR P25 WILL RESULT IN THE TERMINATION OF THE OLD

PROGRAM AND OPERATION OF THE NEW.
(Bl TERMINATION

(II BY SELECTION OF POO, P22, V56E OR BY V34E.
(21 POO SELECTION WILL TERMINATE P20 , 22, AND 25 AND ANY OTHER PROGRAM IN PROCESS, AND ESTABLISH POO.
(3) V56E SELECTION WILL SELECT THE TERMINATE TRACKING ROUTINE (R56) WHICH WILL TERMINATE ONLY P 2C OR P25

IF EITHER OF THESE PROGRAMS ARE RUNNING IN CONJUNCTION WITH ANOTHER PROGRAM. IN ALL OTHER CASES R56
WILL SELECT ROO. V56E MAY BE PERFORMED ANY TIME DURING P2D, 22, OR 25 OPERATION.

(41 THE LGC WILL ACT UPON V34E ONLY IN RESPONSE TO A FLASHING VERB-NOUN. IF THIS DISPLAY WAS ORIGINATED BY
P20, 22, OR 25. V34E. WILL RESULT IN AN IDENTICAL LGC RESPONSE TO THAT OF V56E , THAT IS SELECTION OF R56
EXCEPT IN THE CASE OF A V06 N49 DISPLAY. IF THIS DISPLAY WAS NCT ORIGINATED BY P20, 22, OR 25 (SUCH
AS P32, WHILE RUNNING WITH P20) THE LGC WILL GO TO ROC, HOWEVER THE PROGRAM IN THE BACKGROUND WILL
CONTINUE. THE NEW PROGRAM SELECTED FOLLOWS THE SELECTION RULES ABOVE, (A).

(51 THE INITIALIZATION OF THE W MATRIX (SEE SECTION 5. 2. 4. 2 OF R567I IS ENABLED BY:
(A) A MANUAL DSKY ENTRY.
(SI COMPUTER FRESH START.
(Cl STATE VECTOR UPDATE FROM THE GROUND (P27I (EXCEPT FOR UPDATE OF LANDING SITE VECTOR WHEN THE LM IS

ON THE LUNAR SURFACE).
(D) THE POWERED ASCENT PROGRAM (P12I INVALIDATES THE W-MATRIX USED BY P22 AND CAUSES P20 TO RE-INITIAL-
IZE THE W-MATRIX WHEN SELECTED.

PROG LGC GROUND CREW
CONT

R24/LUMINARY



LGC
ROUTINE
SELECTION

START RR SEARCH START RR SEARCH
ROUTINE (R24) ROUTINE (R24)

SET SEARCH FLAG CONFIRM BY VOICE
THAT CSM IS IN

. PREFERRED ATTITUDE

. AND that its TRANS

. PONDER IS OPERABLE

RESET LOSCM FLAG .

ZERO DATA INDICATOR
(RI) AND OMEGA (R2)
DISPLAY REGISTERS.
Rl AND R2 W ILL READ
OOCOO INITIALLY.

CALL V16N80 PRIORITY
DISPLAY. ISEE "A"
BELOW).

842
R24/LUHINARY

#10

#20

#30

#50

794 R24/LUMINARY



795
843

R24/LUMINARY

SET N = 0

"C"
FROM
BELOW

#60

SEND RR AUTO TRACK
ENABLE DISCRETE TO
THE RR.

#70

IS SEARCH FLAG SET?

Y N,

#80

EXIT
R24

CALL CALLDGCH IN 6

SECONDS (SEE "B"
BELOW) #90

IS THE REMODE FLAG
SET?

N Y

#10C

EXIT

R24/LUMINARY



R24

EXTRAPOLATE LM AND
CSM STATE VECTORS TO
THE PRESENT TIME
PLUS 1.5 SECONDS

COMPUTE LOS VECTOR
FRCM LM TO CSM.

IS N=0?

N Y.

DEFINE TARGET
VECTOR TO BE LOS
FROM LM TO CSM

IS N=l?

N Y.

DEFINE TARGET
VECTOR TC BE
FIRST OFFSET
POINT IN SEARCH
PATTERN.

844
R24/LUMINARY

*110

*120

#130

#140

#150

796 R24/LUMINARY

^



REES TO NEXT
POINT IN SEARCH
PATTERN.

COMPUTE DESIRED RR
GIHBAL ANGLES FOR
PRESENT TARGET
VECTOR

ARE THESE GIMBAL
ANGLES WITHIN THE
LIMITS FOR THE PRE-
SENT MODE?

.Y N.

IS THE SURFACE
FLAG SET?

• N Y

ARE THE DESIRED
GIMBAL ANGLES
FOR THE PRESENT
TARGET VECTOR
USING THE OTHER
RR RUDE WITHIN
THE RR GIMBAL
ANGLE LIMITS?

Y N.

797 R2A/LUMINARY

*160

#170

«18C

#19P

#200

R24/LUMINARY



846
R24/LUMINARV

C3
«•

118C

TURN QN PRO-
GRAM ALARM BUT
OJ NOT CHANGE
THE PRESENT
DISPLAY.
STORE ALARM
CODE 0052T.

TERMINATE
WAITLIST CALL
FOR CALLDGCH
(SEE "8"

BELOW )

CLEAR CONTI-
NUOUS DESIG-
NATE AND DE-
SIGNATE FLAGS

. MONITOR DSKY!

... DOES THE PROGRAM

. ALARM LIGHT INDICATE
THAT:

III P20 - THE DE-
SIRED RR LOS
IS NOT WITHIN
THE LIMITS OF
EITHER RR MODE
AND THEREFORE
A VEHICLE MAN-
EUVER IS RE-
gUIREO.

12) P22 - the de-
sired LOS IS
NOT WITHIN THE
LIMITS OF MODE
#2 AND THERE-
FORE A SEARCH
CANNOT 8E CON-
DUCTED.

.Y N.

#21P

«22C

8230

EXIT R24
*240

CCMMAND RR CDUS
TO PLACE THE
ANTENNA IN THE
OTHER MODE.

IS THE PRESENT
PROGRAM P20 CR
P22?

.P20 .P22
#250

DESIGNATE THE RR TO
THE PRESENTLY DE- GO TO GO TO

798
R24/LUMINARY



FINED TARGET VECTOR "D"
BELOW BELOW

CALCULATE THE ANGLE
BETWEEN THE RR LOS
AND THE LM AXIS
(ONEGA! FOR DISPLAY
IN R2.

EXI T R2A

"A"
FROM ABOVE

PPIO
HOLD .

MCN

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY RR SEARCH
PARAMETERS:

V16NaO
Rl-DATA INDICATOR
R2-OMEGA
R3- BLANK

MONITOR OSKY:
OBSERVE flashing

VERB-NOUN TO REQUEST
RESPONSE and TO IN-
DICATE THAT AN LGC-
CONTROLLED SEARCH
PATTERN IS IN
PROCESS.

R1 WILL INITIALLY
DISPLAY OOCOO. R1
WILL DISPLAY 11111
IF THE RR DATA GOOD
DISCRETE IS RECEIVED
INDICATING THAT THE
SEARCH HAS BEEN
SUCCESSFUL

DOES 11111 IN R1
INDICATE THAT THE
CSM HAS BEEN
ACQUIRED?

R2 WILL INITIALLY
DISPLAY 00000. WHEN

N Y

799
847

R24/LUMINARY

»26V

*270

f28C

#290

#300

R24/LUMINARY



848
R24/LUMINARY

#310

#32C

#330

#34C

#350

8Q0
R24/LUHINARY



801
84 °

R24/LUf' INARY

If ^ It

FROM AdOVE

#360

KEY IN TERMI-
NATE (V34E) OR
V56E

HAS THE CSM #37C
BEEN ACCUIRED
BY SIDELOBE?

N Y.

REACJUIRE CSM
IN CENTER
LOBE HANO- #38f
ALLY.

SET RR MODE
SRI TCH TO LSC

#390

RAIT FOR NO
TRACK LIOHT
TO 00 OFF

#40C

R24/LUMINARY



"b '

K2'./'L \iRY

»4ir

#^2C

#43 n

#44r

#45r

#46C

8U2 R24/LUV INARY



803
851

R24/LUM1NAPY

EXIT R24
AND P20/22

EXIT (<24

AND P20/22

TERMINATE MAITLIST
CALL FOR CALLDGCH
I SEE "B" BELOW.) W47C

TERMINATE ANY RR
DESIGNATION IN

PROCESS.

IS THE PRESENT PRO-
GRAM P20 OK P22?

.P22 P20

I S THE SURFACE FLAG
SET?

*480

.Y N.

#490

DC PREFERRED TRACK-
ING ATTITUDE ROUTINE
IR61)

DO PREFERRED TRACK-
ING ATTITUDE ROUTINE
(R61)

#500

Mgn

FROM ABOVE

R24/LUMINARY



ST»«r CALLOGCH

•

•

•

IS RENDEZVOUS FLAG
SET?

. Y

•

N.
•

•

•

•

• • •

•

•

•

•

EXIT
R24

IS RR DATA
PRESENT?

GOOD

.N Y.
• •

• •

. STORE mil FOR

. DISPLAY IN R1

EXIT R24

I S N>5?

• N Y.

• •

. SET N=0

• •

•

•

INCREMENT N BY 1 .

804 R2'i/LUMINARY



GO TO "C" ABOVE

CHANGE CONTROL NOTES

REV CO PGR 12A
REV 01 PCR A09, 451, 562
REV COILUM lA) PCR 744
REV 02 EDITORIAL
REV 03 PCN 1180

805
853

R24/LUM1NARY

#570

R24/LUMINABY





KR MONITOR ROUTINE IR25I REV 02 / 17/71

PURPOSE: lit TO MONITOR THE RR STATUS WITH RESPECT TO MQUE CHANCES, RR CDU FAILURE, AND RR GIMBAL POSITIONS.

(2) TO COMMAND THE RR GIMBALS TO CNE OF TWO REFERENCE POSITIONS lOEPENDENT UPON RR ANTENNA MODE) IF THE RR GIMBAL
angles exceed predefined limits (AS DESCRIBED IN FIG 2.4-3 OF SECTION 5 OF R-567).

13) TO ZERO THE RR CDUS WHEN THE RR IS FIRST PUT IN AUTO MODE.

ASSUMPTIONS: (1) THE PREDEFINED LIMITS OF PURPOSE (2) ABOVE ALLOW THE ANGLE BETWEEN THE LM *l AXIS AND THE RR L3S TD BE GREATER
THAI 30 DEGREES DURING NORMAL RR TRACKING UNDER CONTROL OF THE RENDEZVOUS NAVIGATION PROGRAM 1 P2D ) OR THE LUNAR
SURFACE NAVIGATION PROGRAM (P22I.

WHILE IN FLIGHT, THE 3D DEGREE LIMIT DEFINED IN THE RR DATA READ ROUTINE (R22) WILL ACT TD KEEP THE RR LOS
WITHIN THIS LIMIT W.R.T. THE LM •Z AXIS. THIS WILL BE ACCOMPLISHED BY LM ATTITUDE MANEUVERS UNDER THE CONTROL OF THE
PREFERRED TRACKING ATTITUDE ROUTINE (R61). THEREFORE, IN FLIGHT, WHEN THE TRACK FLAG (SEE P20) IS SET, THE LIMITS
DEFINED BY THIS ROUTINE SHOULD NEVER BE EXCEEDED AND IT SHOULD ONLY BE NECESSARY FOR THIS ROUTINE TO CONTROL THE
RR ^IMBALS WHEN THE TRACK FLAG IS RESET (AS DURING MANEUVERS FOR THRUSTING, ETC).

WHILE ON THE LUNAR SURFACE RR DESIGNATION IS INHIBITED IF THE LOS TO THE CSM IS NOT WITHIN THE ALLOWABLE
RR GIMBAL LIMITS OF MODE H 2.

(2) THIS ROUTINE IS AUTOMATICALLY CALLED EVERY 0.48 SECONDS WHENEVER THE LGC IS ON.

(3) THIS ROUTINE WILL SET THE RR CDU ZERO DISCRETE IF THE RR MODE SWITCH IS NOT IN THE LGC POSITION.

PROG LGC GROUND CREW
CONT

LGC
ROUTINE
SELECTION

START RR MONITOR
ROUTINE IR25)

R25/LUMINARY



HAS THE RR AUTO NODE
DISCRETE CHANGED
STATuS?

» 2 f

• N Y.

UPDATE RR AUTO
MODE FLAG

• «3F

RESET CONTINUOUS
DESIGNATE FLAG,
REMODE FLAG, RE-
POSITION FLAG, KR
COU EERO FLAG,
AND RR TURN ON
FLAG

#40

IS THE RR AUTO
MODE DISCRETE
PRESENT?

.N Y

REMCEE RR
ERROR
COUNTER
enable

#50

#6f

808
R25/LUMI NAT

Y



SET RR CDU iE-
RJ FLAG AND RR
TJRN GN FLAG

ZERO RR COUS

WAIT 10
SECONDS

RESET RR CDU
ZERO FLAG

EXAMINE RR
TRUNN ION
ANGLE TO
DETERMINE RR
MODE

SET OR RESET
RR ANTENNA

809
857

R25/LUMINARY

#70

f8C

#90

#100

#110

R25/LUM1NARY



^?i/LUVi \Ar<y

MJDE FLAG AS
Ar'FRQPRl ATt

•

•

•

IS A OSKY LAMP
TEST IN

PKUGRESS?

. Y N.
• •

• •

•

. ARE RR CDUS

. BEING

. ZEROED?

. . Y N.

• • •

• • •

. . HAVE ANY

. . OF THE

. . CDUS

. . FAILED?

. . .N Y.
• • • •

• • • •

• • •

• • • IS

• • • THE
• « • RR
• • • AUTO
• • • MODE
• • • DIS-
• • • CRETE
• • • PRE-
• • • SENT?
• • •

• • • N. Y.

• • • • *

• • • • •

IS THE RR
DATA FAIL

» 12 r

»13r

#lAr

#150

8ip
R25/LURINAPY



FLAG SET?

TURN ON . DOES TRACKER FAIL
TRACKER LIGHT INDICATE
FAIL . ABNORMALITV?
LIGHT

TURN OFF
TRACKER
FAIL
LIGHT

• Y N,

CONSULT BACKUP
PROCEDURES

WAIT 1 SECOND

RESET RR TURN
ON FLAG

EXIT

811
859

R25/LUMINARY

#16C

#17C

#1BC

#190

#2or

R25/LUMINARY



HAS THE RR CDU FAIL
DISCRETE CHANGED
STATE?

Y.

•

•

IS IHE RK AUTO
MUOE DISCRETE
PRESENT ?

N.

•

Y,

•

•

• • •

•

•

•

bJ TO •

'*A"

3 ELJH

•

•

UPCATE RR cou
NOT FAILED FLAG

•

•

IS K.< CDU NOT
FAlLtO flag SET?

. Y N.
•

•

. I S THE RK CDU
• z

E

rg e lag SET?

. . Y .N

= (.

-. 2 S/LJ^ INAKV

»2ir

#220

#230

#240

#25 ^^

812
R23/LUMI NAf

Y



IS THE
tZVOUS
SET?

REND-
FLAG

.N . Y

• •

•

•
————

-

•

TURN ON . MONITOR OSKY:
PROGRAM DOES PROGRAM
ALARM LIGHT . ALARM LIGHT INDICATE
BUT 00 NOT ABNORMALITY?
CHANGE PRE-
SENT DIS- .Y .N
PLAY.
STORE
ALARM CODE
00515.

CALL PROGRAM
ALARM DISPLAY.
(V05N09I TO
IDENTIFY ABNORM-
ALITY. WHEN FIN-
ISHED, PUSH KEY
RELEASE TO RE-
CALL PREVIOUS
DISPLAY

PRESS ALARM RE-
SET TO RESET
PROGRAM ALARM.

IS A OSKY LAMP CONSULT BACKUP
TEST IN PROGRESS? PROCEDURES.

Y N

EXIT

813
861

R25/LUMINARY

#260

#27C

#28C

#290

#300

R25/LUMINARY



IS THE RR CDU
ZERO FLAG
jET?

• Y N.
• •

• •

• •

• •

. HAVE ANY

. OF THE

. CDUS

. FAILED?

. .N Y.

• • •

. . IS THE

. , RR AUTO

. . MODE

. . DIS-

. . CRETE

. . PRE-

. . SENT?

. . .N Y.

• • • •

IS THE RR .

DATA FAIL .

FLAG SET? .

• N Y. .

• • •

• • •

. TURN ON DOES TRACKER FAIL

. TRACKER LIGHT INDICATE

. FAIL LIGHT • ASNJRHAL I TY?

TLJRN OFF
TRACKER
FAIL LIGHT

"* 6

RT’-J/LUVI MAT Y

*3ir

#32C

«34r

#350

#36r

81^ R25/LUMINARY



CONSULT BACKUP
PROCEDURES

IS THE NO RR
MONITOR FLAG SET?

.Y N

GO TO
"A"

BELOW

IS THE AVERAGE G

FLAG SET?

• Y N

IS THE MUNFLAG
SET?

.Y N

GO TO
"A"

BELOW

815
863

R25/LUMINARY

#370

#380

III39C

#600

#410

R25/LUM INARY



1 S THE .<EMUDE FLAG
SET ?

. Y

• • • •

• •

GO TO •

"A" •

BELOW •

•

•

•

IS THE DR ecu ZERO
FLAG SET?

.Y N.

• •• •

• •

GG TO •

*'A" •

BELOW •

1 S THE DEPOSITION
FLAG SET?

864
k25/LUMINARY

«42C

(I43C

#44r

#45r

#46r

81 b
R25/LUMINARY



IS THE -tR AUTO MODE
DISCRETE PRESENT?

.N , Y

• • • •

• •

GO TO •

"A" •

BELOM •

ARE THE RR GIMBAL
ANGLES (ilITHIN PRESENT
MODE LIMITS (REFER
FIGURE 2.4-3 OF
R567)?

. Y

•

. N

•

•

• • •

•

•

GO TO •

"A" •

BELOW •

REMOVE KR AUTO TRACK
ENABLE OISCRETE FROM
THE RR AND RESET THE
RR ERRCR COUNTER.

SET REPJSITION FLAG

817

#47C

#480

#490

#500

R25/LUM INARY



COMMAND HR GIMBALS
TO REFE.<ENCE PUSI-
TICN FCR THE PRESENT
RR antenna mode.

RESET REPOSITION
FLAG

"A"
FROM ABOVE

• • •

IS THE RR MODE
SWITCH IN THE LGC
POSI TIO I?

V .N

. SET RR CDU
EXIT R25 ZERO DIS-

CRETE

e6s
R25/LUMNARY

#5ir

#52P

#530

#5Ar

#550

818
R25/LUM INARY



PURPOSE:

ASSUMPTIONS:

04
4-

4-1180
4^

4- 4-

4-C4

+

1180
* 4-

PROG

869

819

LUNAR SURFACE RR PRE-DES I GNAT E ROUTINE (R26) REV CA 12/01/71

11) TO DETERMINE THE RR LOS TO THE CSM AT THE TIME RHEN THE CSM ENTERS THE RR FIELD OF VIER.

12) TO DESIGNATE THE RR, BEFORE ARRIVAL OF THE CSM IN THE FIELD OF VIEW, TO AN ORIENTATION THAT WILL PERMIT THE

ACQUISITION OF THE CSM IMMEDIATELY UPON ITS ENTRY INTO THE FIELD OF VIEW.

11) P22 WILL NOT BE INITIATED 3Y THE CREW UNTIL LESS THAN 10 MINUTES BEFORE THE CSM IS EYPECTED TO ARRIVE WITHIN
THE RR FIELD OF VIEW.

12) THE SELECTION AND TERMINATION OF P20, P22, AND P25 ARE SUBJECT TO SPECIAL OPERATING PROCEDURES WHICH DIFFER
FROM THOSE FOR ALL OTHER PROGRAMS:

(A) SELECTION
(1) ALWAYS BY V37EXXE.
12) IF ANY other PROGRAM IS RUNNING AT THE TIME OF P20/22/25 SELECTION, THE NEW PROGRAM WILL REPLACE

THE old. this includes P20/22/25 SELECTION WHEN EITHER P20 OR P22 OR P25 IS RUNNING.
13) IF P2D OR P25 IS RUNNING, SELECTION OF /\NY PROGRAM OTHER THAN POO, P22, OR P25 WILL RESULT IN

P20 OR P25 CONTINUING AND THE NEW PROGRAM ALSO OPERATING WITH ITS NUMBER DISPLAYED IN THE OSKY
PROG lights.

(4) IF P2D OR P2i IS RUNNING, SELECTION OF POO, P22, OR P25 WILL RESULT IN THE TERMINATION OF THE OLD
PROGRAM AND OPERATION OF THE NEW.

IB) TERMINATION
(1) BY SELECTION OF POO, V56E, OR V34E.
12) SELECTION OF POO WILL TERMINATE P20, P22, P25, AND ANY OTHER PROGRAM IN PROCESS, AND ESTABLISH POO.
13) SELECTION OF V56E CALLS THE TERMINATE TRACKING ROUTINE (R56) TO TERMINATE ONLY P20 OR P25, IF

EITHER OF THESE PROGRAMS IS RUNNING IN CONJUNCTION WITH ANOTHER PROGRAM. IN ALL OTHER CASES, R56
WILL SELECT ROO. V56E MAY BE PERFORMED AT ANY TIME DURING P20, P22, OR P25 OPERATION.

14) THE LGC WILL RECOGNIZE V34E ONLY IN RESPONSE TO A FLASHING VERB-NOUN. IF THE FLASHING VERB-NOUN
display was ORIGINATED BY P20, P22, DR P25. V34E WILL PRODUCE AN LGC RESPONSE IDENTICAL TO THAT
OF V56E, THAT IS, SELECTION OF R36 EXCEPT IN THE CASE OF A V06 N49 DISPLAY. IF THIS DISPLAY WAS
NOT ORIGINATED BY P20, P22, OR P25 (FDR EXAMPLE, BY P32 WHILE RUNNING IN CONJUNCTION WITH P2P)
THE LGC WILL GO TO ROD, BUT THE PROGRAM IN THE BACKGROUND WILL CONTINUE. THE NEW PROGRAM SELECTED
FOLLOWS THE SELECTION RULES ABOVE, (A).

(3) THIS ROUTINE IS CALLED AUTOMATICALLY BY THE RR DESIi,NATE ROUTINE (R21) DURING THE LUNAR SURFACE NAVIGATION
PROGRAM 1P22) IF THE CSM HAS NOT YET ARRIVED IN THE RR MODE 2 FIELD OF VIEW.

LGC GROUND CREW

R26/LUMINARY



CONT

R7':

R?6/LUMINARY

LGC
ROUTINE
SELECTION

START LUNAR SURFACE
RR PRE-JESI GNATE
ROUTINE (R26I

+ +

+ 04 CLEAR CONTINUOUS
DESIGNATE AND

f

1180
OES IGNATE FLAGS

* + •

SET THE PRE-DESIG-
NATE COUNTER TO
ALLOW 60 PASSES 110
MINUTES OF FUTURE
TIME) TO COMPUTE LOS
TO CSM ISET L = 60)

SET FIRST T IME FLAG

#40

SET T(LJS) = PRESENT
TIME PLUS 10 SECONDS

820
R26/LUMINARY



821
871

R26/LUMINARY

#50

UPDATE THE LM STATE
VECTOR TO T(LOS)
USING THE PLANETARY
INERTIAL ORIENTATION
SUBROUTINE AND UP-
DATE THE CSM STATE
VECTOR TO T ILOS)
USING THE KEPLER
SUBROUTINE

#60

COMPUTE THE LOS FROM
THE LM TO THE CSM AT
TILOSI #70

IS THE COMPUTED LOS
AT T(LOS) WITHIN THE
LIMITS OF THE PRES-
ENT RR MODE FIELD OF
VIEW? #80

N Y.

IS THE FIRST TIME
FLAG SET?

N

#90

INCREMENT
T(LOS) BY 10
SECONDS

R26/LUMINARY



372
R26/LUMN4RY

KcSbT FIRST
TIME FLAG

UPJATE THE STATE
VECTJR FOR THE LM
ANO THE CSM TO
T(LOi) USING PRE-
CISION INTEGRA-
TICN. RE-COMPUTE
THE LOS FROM LI
TO CSM.

«10f

#iir

#120

SET NO HR MONITOR
FLAG

#130

SET CONTINUOUS
DESIGNATE FLAG

RESET LOCK-QN
FLAG

#IAC

PERFORM CONTIN-
UOUS DES IGNATE OF

822
R26/LUMINARy



873

823 R26/LUMINARY

THE RR ALONG THE
CCMPUTED LOS
UNTIL THE
PRESENT TIME
EQUALS TILOSI

#150

RESET CONTINUOUS
DESIGNATE FLAG

#160

+ +

«

1180

• • •

•

EXI T

R26
RETURN
TO "B"
IN R21

#17C

IS L = 07 (WOULD
MORE THAN 10 MINUTES
HAVE ELAPSED SINCE
CALLING P227I

#180

Y N.

DECREMENT L BY
1

#190

INCREMENT T(LOS»
BY 10 SECONDS

R26/LUM1NARY



•6T‘>

K26/LUMINARY

PCSS
PRIQ
HCLO .

SNAP .

«2C'r-

MQNIIQK USKY:
DOES VEKJ-.'4JJN

FLASH ro KEQUESr
REiPONSE AND DISPLAY
OF ALARM I.jDICATE
THAT P22 RAS CALLED
MORE THAN iO MINUTES
BEFORE ARRIVAL OF
THE CSM IN TEE RR
MODE 2 FIELD OF
VIEW?

•

• .Y

• •

• • •

“ • • •

i»22r

WAIT 2 SECONDS WAIT 2 •— SECONDS EXIT
• K 26
• • so TD
• • MQM

• • IN P22

WAIT EOR KEYBOARD
#23''

PERFORM TIME CHECK
ENTRY TO DETERMINE

RECALL P22
WHEN TO

FLASH VERB-NOUN TO
REQUEST RESPONSE ANO
DISPLAY ALARM CODE
Of 530:

VOS N09
R1 - XXXXX
R2 - XXXXX
R3 - XXXXX

TERMINAIE FLASH jPON .

RECEIPT OF PROCEED KEY IN PROCEED

. P .

. R

. 0

• C

. E

. E

^ 824
R26/LUMINAFY



825
875

R26/LUMINARY

D

GO TU FINAL AUTO-
MATIC REQUEST TERM-
INATE ROUTINE (ROOI
VIA R56

GO TO FINAL AUTO-
MATIC REQUEST TERM-
INATE ROUTINE IROO)
VIA R56

#250

EXIT EXIT
R26,R21, fl P22 R26tR2i, C P22

#26C

CHANGE CONTROL NOTES

REV OOILUM lA) PCR 722 IQRIGINATED)
REV 01 EDITORIAL
REV 02 EDITORIAL
REV 03(LUM IE) PCN 1145
REV 04 PCN 1180

R26/LUMINARV





827
877

ORBITAL PARAMETERS DISPLAY ROUTINE (K30I RE\I C5 02/ 17/71

PURPOSE: (1) TO PROVIDE THE ASTRONAUT PERTINENT ORBITAL PARAMETERS COMPUTED BY THE LGC TO SUPPLEMENT ORBITAL INFORMATION
PROVIDED HIM BY THE GROUND.

ASSUMPTIONS: (11 THE COMPUTATIONS MADE DURING THIS ROUTINE ARE UPDATED ABOUT EVERY TWO SECONDS ONLY IF THE AVERAGE G ROUTINE IS ON
WHEN THIS ROUTINE IS CALlED.

121 THE VALUE OF TFF OR TF PER WILL BE MADE TO COUNT DOWN IF THE AVERAGE G ROUTINE IS NOT ON WHEN THIS ROUTINE IS
CALLED.

(3) IF TFF IS NOT COMPUTABLE (PER ALT IS GREATER THAN 30C,DO0 FT IN BARTH ORBIT OR GREATER THAN 35.300 FT IN LUNAR
ORBIT) THE LGC WILL SET TFF EUUAL TO -59B59 AND COMPUTE TF PER AND STORE IT IN N32. THE ASTRONAUT MAY CALL IT BY
KEYING IN V16N32E.

(4) TO MONITOR THE PROGRESS OF STATE VECTOR INTEGRATION, THE TIME ASSOCIATED WITH THE ADVANCING
(REPRESSING) STATE IS AVAILABLE BY KEYING IN V06N38E:

V06N38
Rl-TET-HRS
R2-TET-MINS
R3-TET-SECS.

TET-THE TIME (GET) TO WHICH THE STATE VECTOR INTEGRATION PROCESS HAS PRESENTLY CALCULATED THE STATE
VECTOR. IN HRS, MINS, AND SECS TO NEAREST .01 SEC.

(5) THIS ROUTINE MAY BE SELECTED WHILE THE LM IS EITHER IN EARTH OR LJNAR ORBIT.

(6) THIS ROUTINE IS MANUALLY SELECTED BY THE ASTRONAUT BY DSKY ENTRY.

CREW

.CREW

.ROUTINE

.SELECTION

key in V82E

#1C

DU EKTENDED VERB IN-
TERLOCK ROUTINE
(R76).

PROG LGC GROUND
CONT

START ORBITAL PARA-
METERS DISPLAY
ROUTINE (R30)

DO EXTENDED VERB IN-
TERLOCK ROUTINE
(R76).

R3P/LUMINARY



hT-.

R3^/LUMINAky

PCSS
HCLD .

SNAP .

»2r

IS AVERAGE G FLAG SET?

Y N.

GO TO
"A"

BELOW

SET LGC ASSUMED
OPTION TO rconi.

IS AVERAGE G ROUTINE
ON?

Y .N

GO TO
"A”

BELOW

#3(

#4r

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY OPTION CODE
FOR ASSUMED VEHICLE;

VGA N12
Rl-C C002
R2-OOOOX
R3-BLANK

MONITOR DSKY:
OBSERVE VERB-NOUN
FLASH TO request
RESPONSE AND DISPLAY
OF OPTION CODE FOR
ASSUMED VEHICLE (LM
OR CSM)

«50

RI IS THE OPTION
CODE FCR ASSUMED
VEHICLE.

R2 IS THE LGC ASSUM-
ED CPTIUN:
OCfOI-THIS VEHICLE

(LM)
0rr02-CTHER VEHICLE

ICSM)

IS the vehicle ILM
JR CSMI ASSUMPTION

R3D/LUM INARY



CORRECT?

GO TO
"B"

BELOW

EXTRAPOLATE SELECTED
VEHICLE STATE VECTOR
TO PRESENT TIME
USING PRECISION
INTEGRATION

829
879

R30/LUMINARY

#8P

#90

#100

#110

RBf'/LUMINARY



"A"
FRCM
ABOVE

COMPUTE APO
PER ALT.

ALT AND

•

•

•

•

IS PER ALT LESS
THAN 3CJ,0'"n FT
IN EARTH ORBIT OR
35,000 FT IN LUNAR
ORBIT?

. Y .N
• •

• •

SET TF
PER EUUAL
TO ZERO
AND COM-
PUTE TFF.

•

SET TFF
EQUAL TO
-59B59,
COMPUTE
TF PER
AND STURE
IN N32

• •

• •

«

IS EXTEIUEO
ACTIVE FLAG

VERB
SET?

.Y N«

BE
R3''/ LUR 1 N Akr

# 12 r

# 13r

#i5r

#i5r

#i7r

kar/LUMINARY

830



831
881

R30/LUMINARY

HOLD .

NON

GO TO

BELOW

#180

"A"
FROM
ABOVE

#190

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY ORBIT PARA-
METERS:

V16 N4A
Rl-APO ALT
R2-PER ALT
R3-TFF

APO ALT-ALTITUDE
OF APOGEE ABOVE
THE LAUNCH PAD
RAOIUj (EARTH OR-
BIT) JR ALTITUDE
OF THE APOLUNE
ABOVE THE LUNAR
RADIUS AT THE MOST
RECENTLY DEFINED
LANDING SITE (LUN-
AR ORBIT) . IN NAU-
TICAL MILES TO
NEAREST . I NM.
(NOTE: 9999.9 WILL
BE DISPLAYED FDR

MONITOR DSKY;
OBSERVE VERB-NOUN
flash to request
RESPONSE AND OIS-
PLAYS OF APO
ALT, PER ALT ,

AND TFF

•

•

•

I S AVERAGE G ROUTINE
ON?

N . Y

#200

#210

R3r/LUMINARY



VALUES GREATER THAN
9999. V NM.)

PER ALT-ALT ITUOE
OF PERIGEE ABOVE
THE Launch pad
RADIUS (EARTH OR-
BIT) JR ALTITUDE
OF THE PERILUNE
ABOVE THE LUNAR
RADIUS AT THE HOST
RECENTLY DEFINED
LANDING SITE (LU-
NAR CRBIT). IN

NAUTICAL MILES TU
NEAREST .1 NH.
(NOTE: 9999.9 WILL
BE DISPLAYED FUR
VALUES GREATER THAN
9999.9 NM.)

DO 1 WISH TU
HAVE THE CAL-
CULATION RE-
PEATED? (SEE
ASSUMPTION I)

TFF-TIME OF FREE
FALL TO 300,00(T FT
FOR earth orbit
OR 35,000 FT FOR
LUNAR ORBIT.
ALTITUDE DEFINED
ABOVE THE LAUNCH
PAD RADIUS ( EARTH
ORBIT) AND ABOVE
THE LUNAR RADIUS
AT THE MOST RECEN-
TLY DEFINED LAND-
ING SITE (LUNAR
ORBIT)

.

IN MIN, SEC, TO
NEAREST SEC. MAX
READING IS -59B59.
( IF PER ALT IS

GREATER THAN
3G0,CJ0/35,n0 FT
THE TFF DISPLAY
WILL read -59359.

)

WAIT FOR KEYBOARD
ENTRY

KEY IN
RECYCLE
V32E

K3‘/’LU''I NAOY

V22"

#230

#29 0

#250

#260

#270

832
R3''/LUMINARY



TERMINATE FLASH UPON .

RECEIPT OF PROCEED, ...
RECYCLE, OR TERMINATE .

.RECYCLE

.OR AVE G

.AUTOMATIC

.RECYCLE

PROCEED
OR

TERMINATE

NOTE: REFER TO
ASSUMPTIONS FOR
DEFINITIONS OF
AOOITIONAL DISPLAYS
AVAILABLE IN THIS
ROUTINE.
WHEN FINISHED WITH
DISPLAY
KEY IN PROCEED

"B"
FROM ABOVE

RESET NO
MARKS
ALLOWED
FLAG

RESET EXTENDED
VERB ACTIVE FLAG

EXIT R30 EXIT R30

833
883

R3H/LUMINARY

#280

#290

#300

#310

#320

R30/LUMINARY



CHANGE CCNTRUL ^OTES

6^4
R3'^/LUHINAPY

834
RSr/LUMINARY



835
887

PURPOSE:

RENOEZVCUS PARAMETER DISPLAY

m TO DISPLAY AT ASTRONAUT

ROUTINE (R31) RE\/ 05 02/ 17/71

REUUEST LUC CALCULATED RENDEZVOUS PARAMETERS ( RANGE t RANGE RATE# THETA).

ASSUMPTIONS: (1) RANGE AND RANGE RATE ARE CALCULATED BY THE LG C ON THE BASIS OF THE STORED LM AND CSM STATE VECTORS AND DO NOT
REQUIRE THAT THE ISS BE ON. THE ISS MUST BE ON AND ALIGNED TO A "KNORN" ORIENTATION IF A CORRECT DISPLAY OF THETA
IS DESIRED. THE RANGE/RANGE RATE/THETA DISPLAY IS NOT INHIBITED IF THE ISS IS NOT ON AND ALIGNED. THE
RENDEZVOUS RADAR IS NOT REQUIRED TO BE OPERATING.

(2)

TO MONITOR THE PROGRESS OF STATE VECTOR INTEGRATION: THE TIME ASSOCIATED WITH THE ADVANCING (REGRESSING)
STATE IS AVAILABLE BY KEYING IN V06N3BE:

V06N3a
Rl-TET-HRS
R2-TET-MINS
R3-TET-SECS

TET-THE TIME (GET) TO WHICH THE STATE VECTOR INTEGRATION PROCESS HAS PRESENTLY CALCULATED THE STATE
VECTOR. IN HRS, MINS, AND SECS TO NEAREST .01 SEC.

(3)

IF NAVIGATION MARKS ARE MADE AFTER THIS ROUTINE IS SELECTED AND RUNNING, THE EFFECT OF THE MARKS ON THE STATE
VECTOR WILL NOT BE EXHIBITED IN THE DISPLAY OF RANGE AND RANGE RATE. TO SEE THE EFFECT OF THE NAVIGATION MARKS ON THE
RANGE AND RANGE RATE IN N5A, THE ASTRONAUT MUST TERMINATE THIS ROUTINE (PROCEED) AND RE-SELECT IT (V83E).

(4) IF R31 IS RUN FUR A LONG TIME IN COASTING FLIGHT THE RANGE AND RANGE RATE INFORMATION IN N54 WILL BEGIN TO
DEGENERATE BECAUSE OF THE CONIC EXTRAPOLATIONS OF THE STATE VECTORS.

(5) THE ROUTINE IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY.

PROG LGC GROUND CREW
CONT

CREW
ROUTINE
SELECT ION

—— — ^
— —

START RENDEZVOUS KEY IN V83E »10
PARAMETER DISPLAY .

ROUTINE (R31)

R31/LUM INARV



DO E<TE40ED VEKfl

INTESLODK ROUT lUE
iR76l.

DU EXTENDED VEKD
interlock routine
(R76)

IS AVERAGE G

FLAG SET?

N. Y.

IS MUNFLAG
SET, I.E.
ARE EITHER AS-
CENT OR DES-
CENT PROGRAMS
IN PROCESS?

IS SURFACE
FLAG SET?

N. Y,

EXTRAPO-
LATE LM
state
VECTOR
TO PRE-
SENT
T IME

;1/LUM .'iRY

#2r

#40

R50

*61'

836
R31/LUM INARY



889
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USING
PRECl-
S ION
I ntegra—
TIQN TO
estab-
lish
BASE
STATE
VECTOR
FOR SUB-
SEQUENT
EXTRAPO-
LATIONS

#70

#80

EXTRAPCLATE
CSM STATE
VECTOR TO
PRESENT TIME
USING PRECI-
SION INTEGRA-
TION TO ESTA-
BLISH BASE
STATE VECTOR
FOR SUBSEQU-
ENT EXTRAPO-
LATIONS

#90

••A"

FROM
BELOQ .

•

#100

•

• • «

• •

IS AVERAGE G

FLAG SET?

• N Y. #110

R3I/LUMINARY



• •

• •

• •

• •

• •

• •

•

IS SUR-

•

•

•

FACE •

FLAG •

SET? •

N. Y.

• • •

•

•

• •

. . IS THE
•

•

. . MUN- •

. . FLAG •

. . SET? •

. . N. .Y •

• • • • •

• • • • •

. EXTRA- . •

. POL ATE . •

. LM •

. STATE . •

. VECTOR . •

. TO PRE-. •

. SENT •

. TIME •

. USING . •

. THE •

. PLANE- . •

. TARY •

. INER- . •

. TIAL •

. ORIENT-. •

. AT ION . •

. SUBROU-. •

. TINE
• •

• • •

• • •

•

•

•

•

• • •

EXTRAPC-. .

•

•

•

•

•

LATE LM . .

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

• •

•

•

•

•

•

•

•

•

•

•

•

•

890
R31/LUM1NARY

«12r

#13C

#140

#150

838
R31/LUM(NARY



STORED
STATE
VECTOR
TO PRE-
SENT
TIME
USING
KBPLER
SUBROU-
TINE

EXTRAPOLATE CSM
STATE VECTOR TO
PRESENT TIME
USING KEPLER
SUBROUTINE

CALCULATE RANGE,
RANGE RATE, AND
theta.

IS EXTENDED VERB
ACTIVE FLAG SET?

Y N.

RESET THE NO
MARKS ALLOWED
FLAG.

EXIT

839
8 °!

R31/LUMINARY

#160

#170

#180

#19C

#200

#210

R31/LUMINARY



8Q2
R31/LUM INARY

R31

HOLD . FLASH VcRB-NOUN TO
REQUEST RESPONSE ANO

MON . DISPLAY RENDEZVOUS
parameters:

V16 NS A
Rl-RANGE
R2-RANGE RATE
R3-THETA

MONITOR DSKY:
OBSERVE VERB-NOUN
FLASH TO REQUEST
RESPONSE AND DISPLAY
OF RENDEZVOUS
PARAMETERS.

#220

RANGE-CALCULATED
RANGE TO CSM. IN

NAUTICAL MILES TO
NEAREST .01 NM.

RANGE RATE-
CALCULATED RANGE
RATE BETWEEN LM AND
CSM. NEGATIVE SIGN
INDICATES CLOSING.
IN FPS TO NEAREST
.1 FPS.

THETA-ANGLE BETWEEN
LM 4-Z AXl S AND THE
LOCAL HORIZONTAL
PLANE AT THE PRESENT
TIME REFERENCED TO
THE DIRECTION OF
FLIGHT. ( SEE SECTION
5.6.7. 1 OF R567 FOR
DETAILED DESCRIPT-
ION). IN DEGREES TO
NEAREST .01 DEGREE

GO TO

R31/LUMINARY



841
893

R31/LUMINARY

"A"
ABOVE

WAIT FCR KEYBOARD
•

•

•

•

ENTRY •

•

•

»

•

•

•

•

TERMINATE FLASH UPON • • TO TERMINATE THI S

RECEIPT OF
RECYCLE, OR

PROCEED,
TERM-

IN

• • PROCEED
INATE

.T .P .R
•

•

•

•

.E .R • E • •

.R .0 • C • • • •

.M .C .Y • •

.1 .E • C • EXIT
• N .E .L • R31
.A .D .E •

.T • • •

.E • • • • • •

• •

• •

RESET EXTENDED VERB
ACTIVE FLAG

#260

#270

#280

#29C

EX IT

R31

CHANGE CONTROL NOTES

REV 01 PCR 190t6l4,622
REV C21LUM lA) PCR 654, EDI TORI AL
REV C3 EOITORIAL
REV 04 PCN 1009
REV CSILUR 1E» PCN 1145

R31/LUH1NARY





843
895

LGC/CMC CLOCK SYNCHRONIZATION ROUTINE (R33I REV Cl 01/C9/69

PURPOSE: III TO SYNCHRONIZE THE LGC CLOCK WITH THE CMC CLOCK.

ASSUMPTIONS: (1) SYNCHRONIZATION REQUIRES A DETERMINATION OF THE VALUE OF THE DIFFERENCE BETWEEN THE TWO CLOCKS. THIS VALUE MAY
BE OBTAINED DIRECTLY FROM COORDINATED READING OF THE TWO CLOCKS OR MAY BE PROVIDED BY THE GROUND FROM DOWNLINK
MONITORING OF THE CLOCKS.

(2) THE LGC IS ON. THE CMC NEED ONLY BE ON UNTIL SATISFACTORY COMPARATIVE READINGS HAVE BEEN MADE BY THE CREW OR
GROUND.

(3) THIS ROUTINE IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY.

PROG LGC
CONT

WAIT FOR KEYBOARD
ENTRY.

GROUND CREW

.CREW

.ROUTINE

.SELECT ION

DO I HAVE A PRECISE
VALUE FOR THE DIF-
FERENCE BETWEEN THE
CMC AND LGC CLOCKS
SUPPLIED FROM THE
GROUND?

.N .Y

KEY IN V06N65

#10

#2C

R33/LUM INARY



CONFIRM SELE-
CTION OF THIS
ROUTINE (R33)
IN THE OTHER
VEHICLE.

PERFORM COUNT-
DOWN WITH CREW
MEMBER IN
OTHER VEHICLE
TO INSURE
SIMULTANEOUS
DEPRESSION OF
BOTH ENTER
KEVS.

CONTINUE UPON
RECEIPT OF ENTER KEY IN ENTER

E

N

T

E

R

RECORD CONTENTS OF
LGC CLOCK AT TIME
OF ENTER

R96
R33/LUMINARY

#30

#40

#50

#60

#70

844
R33/LUM INARy



H CL D • •

SNAP ..

DISPLAY LGC CLUCK
TIME UN DSKY:

V06 N65
Kl-NRS
R2-M1NS
R3-SECS

R3 TO NEAREST .01
SEC.

•

•

•

•

•

•

• •

•

•

•

«

monitor OSKT:
* (IRSFRVF OIS-

• • PLAY OF LGC
• CLUCK TIME OF
• ENTER.

• •

• •

• RECORD THIS
•

•

•

•

TIME

•

•

•

•

•

•

•

OBTAIN FROM
• THE CMC THE
• CMC CLUCK TIME
• OF SIMULTANE-
• OUS ENTER INTO
• THE CMC IVIA
• VOICE LINK).

• •

• •

• •

•

• COMPUTE TIME
• DIFFERENCE BE-
• THEEN COMPU-
• TER CLOCK
• TIMES.

• •

• •

• •

• DO I WISH TO
• TAKE MORE DATA
• POINTS?
•

• .Y .N
• • •

•

• • • •

• •

897

845 R33/LUMINARY

#80

#9C

#100

#110

#120

03TAIN AVER-
AGE OF ALL

R33/LUM1NARY



TIME OlEFEK-
E.NCES

DQ I WISH TU MAKE
THIS CQRRECTICN TU
THE LUC CLUCK?

y ..M

EXIT R33

DO EXTEMOED VERB 55 DU EXTENDEO VERB 55
AND LUAD THE AVERAGE
TIME DIFFERENCE.

DO I WISH TO RECHECK
THE CLOCK differ-
ences?

N .y

898
R33/LUM INARY

#130

#140

#150

#16C

#170

846 R33/LUMINARY



847
899

R33/LUMtNARY

CHANGE CONTROL NOTES

LOGIC REV 01 PCR 513

R33/LUM INARV





RENJEZVQUS OUT-OF-PLANE JISPLAY ROUTINE IR36) REY C3 09/03/70

PURPOSE: III TO DISPLAY AT ASTRONAUT RE3UEST LGC CALCULATED RENDEZVOUS OUT-OF-PLANE PARAMETERS (Y, Y DDT, PSIl

ASSUMPTICNS: III THESE PARAMETERS ARE CALCULATED BY THE LGC ON THE BASIS OF THE STORED LM AND C SM STATE VECTORS AND 00 NOT
RECJIRE THAT THE ISS BE ON.

(21 TO MONITOR THE PROGRESS OF STATE VECTOR INTEGRATION, THE TIME ASSOCIATED WITH THE ADVANCING (REGRESSING)
STATE IS AVAILABLE BY KEYING IN V06N38E:

V06N38
Rl-TET-HRS
R2-TET-MINS
R3-TET-SECS

TET-THE TIME (GET) TO WHICH THE STATE VECTOR INTEGRATION PROCESS HAS PRESENTLY CALCULATED THE STATE VECTOR.
IN HRS, MINS, AND SECS TO NEAREST .01 SEC.

(3) THIS ROUTINE MAY NOT BE CALLED WHILE AVERAGE G IS RUNNING.

(41 THE ROUTINE IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY.

PROG LGC
CONT

GROUND CREW

CRE W

ROUTINE
SELECTION

START RENDEZVOUS KEY IN V90E
OUT-OF-PLANE DISPLAY . «1C
ROUTINE IR36)

IS V37 FLAG SET?

N Y

#2C

R36/LUMINAPY



902
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HOLD

SNAP

TURJ ON OPER-
ATCR ERROR
LIGHT

EXIT R36

#30

00 EXTENDED VERB
INTERLOCK ROUTINE
(R76I

DO EXTENDED VERB
INTERLOCK ROUTINE
IR76)

#A0

SET TtEVENTI TO TIG
#50

FLASH VERB NOUN TU
REQUEST RESPONSE AND
DISPLAY TIEVENTl

;

VC6 N16
R1-T(EVENT)-HRS
R2-T1EVENT)-MINS
R3-TIEVENT)-SECS

MONITOR DSKY:
OBSERVE VERB NOUN
FLASH TO REQUEST
RESPONSE AND DISPLAY
OF TIME AT WHICH
OUT-OF-PLANE PARA-
METERS ARE OESIRtO.

TIEVENTl: TIME

#6C

850
R36/LUMINARY



851
°r3

R36/LUMINARY

(G.E.T.) FOR WHICH
OUT-UF-PLANE PARA-
METERS ARE CESIRED.
IN HRS, MINS, AND
SECS TO NEAREST .01
SECONDS.

A SPECIAL CASE IS

ALL ZEROES, LOADED
BY ASTRONAUT, INDI-
CATING PRESENT TIME

GO I WISH TU HAVE
THE LGC COMPUTE
PARAMETERS FCR THE
PRESENT TIME?

Y N

#70

#80

WAIT FUR KEYBOARD
ENTRY;

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR NEW
DATA.

ARE ALL THREE
REGISTERS ZERO?

• Y

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

AM I SAT-
ISFIED
WITH THE
DISPLAYED
TIME?

«

•

•

• .N .Y

• • • •

• • • •

KEY IN V25E
AND LOAD
NEW DATA
(ZEROES, IF

PRESENT
TIME)

KEY IN PROCEED

#90

#100

#110

NEW .T .P
DATA .E .R

#120

R36/LUM INARY



•

•

•

•

•

•

•

•

.R

•

•

•

• u— .M .C
STORE Nc W *1 .E
DATA .N .E

.A .D

.T •

•

•

.E
•

•

•

•

•

•

• • •

•

•

•

GO TO •

” A” •

BELOW •

•

•

IS TIEVENTI ZERO?

N .Y

EXTRAPOLATE LM
AND CSM STATE
VECTORS TO THE
PRESENT TIME
USING PRECISION
INTEGRATION.
(NOTE: SINCE
R3j USES PRECI-
SION INTEGRA-
TION, IT MAY
NCr BE CALLED
WHILE AVERAGE G
IS RUNNING.

I

EXTRAPCLATE LM
AND CSM STATE
VECTORS TO THE
T IME DEFINED BY
TIEVENTI USING
PRECISION INTE-

9C4
R36/LUMINARY

«13n

IV14C

#15r

#16C

R36/LUMI NARY

852



HGLO

SNAP

9r5

ccro R36/LUMINARY

GRATION.
(NOTE: SINCE R36
USES PRECISION
INTEGRATION, IT

MAY NOT BE
CALLED ^HILE
AVERAGE G I S

RUNNING. )

#17C

CALCULATE OUT-OF-
PLANE PARAMETERS:

Y

Y JOT
PSI

#180

FLASH VERB NOUN TO
REQUEST RESPONSE AND
DISPLAY RENDEZVOUS
OUT-OF-PLANE PARA-
METERS:

V06N90
Rl-Y
R2-Y DOT
R3-PSI

(NOTE: FOR DEF-
INITIONS REFER TO
SECTION 5.6. 7. 3

OF B567).

Y-IN NAUTICAL
MILES TO NEAREST
.01 NM.

Y DCr-IN FPS TO
TO NEAREST . I FPS

PSI-IN DEGREES
TO NEAREST .01

MONITOR DSKY:
OBSERVE VERB NOUN

FLASH TO REQUEST
RESPONSE AND DISPLAY
OF RENDEZVOUS OUT-OF
-PLANE PARAMETERS

DO I rtlSH TO RECEIVE
ANOTHER DATA POINT
FOR A DIFFERENT
T IME?

N . Y

#190

#200

#210

R36/LUMINARY



oCb
R36/LUMINAPY

DbGREE.

WAIT FCR KEYBOARD
entry: KEY IN RECYCLE

V32E

«22C

• »23r

TERMINATE FLASH UPON .

RECEIPT OF PROCEED, KEY IN PROCEED
TERMINATE, OR RECYCLE .

E<IT R36

#24r

. 0

.R

. T

. E

. R

. M "A"

. I

.N

. A

. T

. E

FROM
ABOVE

#250

RESET EXTENDED
VERB ACTIVE
FLAG AND NO
MARKS ALLOWED

#260

854
R36/LUMINARY



FLAG

EX IT

CHANGE CONTROL ^UTES

LOGIC REV 01 PCR 407,614
REV n2(L0M 1C) PCR 936. 2 , ED ITOT I AL
REV 03( LUM ID) PCR 1015

855
907

R36/LUMINARY

#27C

R36/LUMINARY





OPS/ APS

PURPOSE: (1 ) TO

(2) TO

ASSUMPTIONS: 11 ) TH

(2 ) TH

OPS/APS THRUST FAIL ROUTINE (KAOl REN 05 12/01/71

(A) DPS WITH DOCKED CSM = 1/ CM/SEC
(B) DPS WITH LM ALONE = 36 CM/SEC
(C) APS WITH LR ALONE = 303 CM/SEC

THE OPS VALUES ((A) AND 18)1 ARE SUCH THAT NORMAL 10* THRDTTLINS WILL NOT INDICATE A THRUST FAILURE.

13) THE THRUSTING PROGRAM WILL INITIALLY SET THE DELTA V COUNTER TO A.

PROG LGC GROUND CREW
CONT

.LGC

. ROUTINE

. SELECTION

START CPS/APS THRUST
FAIL ROUTINE IRAQ)

RESET STEER FLAG TO
DISABLE thrust
VECTOR CONTROL.
(NOTE: IF THRUST IS

SATISFACTORY THIS
FLAG W ILL BE IMME-
DIATELY SET AGAIN.

#1P

«2C

RAO/LUMINARY



910
R40/LUMINARY

SEE BELQRI.

IS IDLE FLAG SET?

N Y.
#3r

RESET AUX FLAG

SET USE-QR-JETS
FLAG IN DAPBOOLS.

EXIT R40

#5C

IS AUX FLAG SET?

Y N.

SET AUX FLAG

#50

SET USE-8R-JETS
FLAG IN DAPBOOLS.

858
R40/LUMINAPY



859
911

K4C/LUM1NARY

#70

EXIT R40

IS THE ABSOLUTE
VALUE CF THE TOTAL
DELTA V MEASURED BY
THE PIPAS OVER THE #80
LAST SERVICER CYCLE
LESS THAN THE THRES-
HOLD VALUE?

Y N.

SET STEER FLAG TO
ENABLE thrust
vector control.

SET DELTA V

COUNTER = 1.

IS APS FLAG SET?

• N Y.

IS GIMBAL OFF
DISCRETE PRE-
SENT FROM THE
OPS?

• N Y.

#90

#100

#110

R40/LUMINARY



912
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ScT USE-QR-
JcTS FLAG IN #12r
CAPBOOLS

EXIT
R40

#13r

RESET USE-QR-JETS
FLAG IN CAPBOOLS

• #140
EXIT
R40

IS THE DELTA V
COUNTER = 0?

• Y N.
• •

• •

•

. DECREMENT THE

. DELTA V

. BY 1

COUNTER

•

• •

• •

• •

. COMMAND ZERO

. ATTITUDE RATES
•

• •

• •

• •

. SET JSE- QR-JETS

. FLAG IN CAPBOOLS
•

• •

• •

• •

• •

#15C

#160

#170

869
R40/LUMINARY



861
913

R40/LUMINARY

EX IT R'fO

4 . NOTE: THE DPS/APS
05 . THRUST FAIL

. PROCEDURES BEGIN

. HERE
118C •

•

SET IDLE FLAG TO
DISABLE RAO ON NEXT
SERVICER PASS

SET THE DELTA V

COUNTER = A

#200

CALL V97 DISPLAY
(SEE “A" BE LOW.

I

EXIT RAO
#21C

"A"
FRCM ABOVE

#220

CHANGE VERB BUT
RETAIN PRESENT NOUN
AND 01 SPLAY S IN R1

,

R2 AND R3. FLASH

MONITOR DSKY:
DOES VERB-NOUN

FLASH REQUEST PLEASE
PERFORM ENGINE FAIL

RAf'/LUMINARY



Hi^UCEDUKES?VERB-NCJN TO REQUEST
PLEASE PERFCRM EN-
GINE FAIL procedure: . .T N.

V97NXX

DO I WISH TO VERIFY
THE LGC INTERPRETA-
TION OF THRUST
FAILURE?

• Y N

WAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED

DO I WISH TO ATTEMPT
COMPLETION OF THIS
THRUSTING MANEUVER?
NOTE: CONSIDER THE
FOLLOWING:

(A) P12tP40,P42,
P70,P71 - IT IS
POSSIBLE TD ATTEM-
PT COMPLETICN OF
THE MANEUVER USING
THE RCS.

IF IN P12,P70,
OR P7L, VlfcNBS (VG
(LMI I MAY BE SEL-
ECTED AT ANY TIME
AFTER TI^ TO ASS-
ESS THE NECESSARY
VG COMPONENTS. THE
TRIM MANEUVER

914
R40/LUMINARY

#239

#24r

#25P

#260

#27r

862
R40/LUMINARY



863
915

R^O/LUMINARY

SHOULD NOT at; AT-
TEMPTED WITH THIS
DISPLAY HOWEVER.
TO PERFORM THE RCS
TRIM MANEUVER PRO-
CEED AS FOR P40
AND P42 AS
FOLLOWS.

IF IN P40 OR
P42, THE V16N85
DISPLAY CAN ONLY
BE OBTAINED BY
OPTING FOR THE RCS
TRIM MANEUVERi
I.E.; KEY IN
"ENTER" IN RESPON-
SE TO V97 (NOW),
THEN "ENTER" IN
RESPONSE TG V9Q,
THEN "PROCEED" IN
RESPONSE TO V16N40
IV16N94 FOB P12,
P70 AND P71I.
IB) P40, P42 - THE
NORMAL DISPLAY
IV06N40-TFC,VGi
DELTA VM) IS AV-
AILABLE TO ASSESS
ANTICIPATED DURA-
TION OF BURN.
IC) P12.70.71 -

FUR AN ATTEMPTED
RESTART OF THE
MAIN ENGINE THE
LGC WILL MAKE NO
CALCULATION TO
ANTICIPATE A POSS-
IBLE MINIMUM IM-
PULSE BURN. V16N77
(TG. VGY(LM). VI)

MAY BE SELECTED AT
This time to as-
sess TG.

(0) P70 - FOR AN
attempted REaTART
OF THE OPS THE LGC
WILL EXERCISE NO

#280

#29C

#30C

#310

R40/LUMINARY



916
R^O/LUM I NARY

THRUTTLE CCNfROL
(THROTTLE RILL BE
SET TG NINIHUM).
THE ASCENT GUID-
ANCE RILL NOT AT-
TEMPT TO CONTROL
THE THRUST VECTOR
UNTIL the THRUST
LEVEL EXCEEDS A

A MINIMUM VALUE
(ABOVE MINIMUM
THRUSTI. THEREFORE
UNLESS THE CREH
ADVANCES THE THRO-
TTLE SOON AFTER A

RESTART AN OVER-
BORN COULD RESULT.
(El P63 THRU P66-
THE DESIRABILITY
OF A MAIN ENGINE
RESTART IS OUEST-
IQNABLE ANYRHERE
IN THE DESCENT BE-
CAUSE OF THE LACR
OF IMMEDIATE AND
AUTOMATIC THROTTLE
CONTROL AND BE-
CAUSE THE GUIDANCE
EQUATIONS RILL AL-
WAYS RESUME AT P63
POINT (PRE-
HI GATE).

i»32r

#33C

i»3AC

#350

KEY IN TERMINATE
V34E.

#360

TERMINATE FLASH UPON
RECEIPT OF ENTER,
PROCEED, OR TERMI-
NATE.

KEY IN ENTER

864
RAP/LUMINARY



T

E

R

• •

• t

• •

• •

.0 .R
• C .M
. E .1

. E .N

. D .A

•

•

•

«

•

•

•

. .T •

. .E •

•

•

. JO FINAL • • DO FINAL AUTO-
f AllTHMATir. WF- . MATir. RFQllF'iT

. JUEST TERMI- • • TERMINATE ROU-

. NATE ROUTINE TINE (ROO)

. IRCO)
•

• • • • •

• • EXIT RAO
. EXIT RAO

RESET IDLE FLAG
TU ENABLE RAO ON
NEXT SERVICER
PASS.

RESTORE NORMAL
THRUSTING DISPLAY

EXI T RAO

865
917

RAO/LUMI NARY

#370

#380

#390

#AOO

#AIO

RAO/LUMI NARY



919
R49/LUMI MARY

*

C5

* 1180

TERMINATE AMY
THROTTLE UP COMMAND
IN WAITLIST

DPS AUTO throttle IS
NOW SET TO MINIMUM.
ANY FURTHER DPS
THROTTLE CONTROL
MUST BE DONE BY THE
CREW.

0420

RESET ENGINE ON FLAG

0430

COMMAND ENGINE OFF.

ZERO DPi AUTO
THROTTLE

#440

SELECT OTHER RCS
SYSTEM.

#450

SET ULLAGE FLAG

IS THE PRESENT PRO-
GRAM P7J OR P717

IS THE PRESENT PRO-
GRAM P70 OR P717

•

•

•

#460

•

• -<

•

• z

111

.N Y.

• •

•

•

• •

• • • •

• •

• • • •

•

«

• •

. GO TO GO TO •

866
RAP/LUMINARY



867
919

R4n/LUMINAPY

Mp II II p II

IN PROGRAM IN PROGRAM #470
IN PROCESS IN PROCESS

RESET UNITION FLAG

RESET ASTRONAUT FLAG
#480

CALL VERB 99 DISPLAY
(SEE "E” BELOW).

#490

WAIT 5 iECONDS

SET IGNITION FLAG #500

IS ASTRONAUT FLAG
SET?

.Y N.

#510

GO TO EXIT
"B" NOTE:

R40/LUMINARY



BELQ>J THIS IS
NOT A

PROGRAM
OR RAO
EXIT. RE-
FER DIS-
PLAY RES-
PONSE AT
"E" BELOW.

It ^ II

FROM ABOVE

CHANGE VERB BUT
RETAIN PRESENT NOUN
AND DISPLAYS IN R1

,

R2 AND R3. FLASH
VERB-NCJN TO REOUEST
PLEASE PERFORM
ENGINE ON ENABLE.

V99NXX

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
PLEASE PERFORM
ENGINE ON enable.

SHALL I PERMIT
IGNITION?

.N Y

SHALL I ATTEMPT
TO COMPLETE THIS
THRUSTING MANEU-
VER USING THE
RCS?

WAIT FOR KEYBOARD KEY IN ENTER
ENTRY .

GO TO

920
RAO/LUMINARY

#520

#530

#5A0

#550

#560

#570

868
RAO/LUMINARY



" 0 "

IN PRUGRAM
IN PROCESS

KEY IN TERiRINATE
V3AE.

TERMINATE FLASH UPON
RECEIPT OF ENTER,
PROCEED, OR TERMI-
NATE

KEY IN PROCEED

P

R
0
C

E

E

D

T .E
E .N
R . T

M .E
I .R
N

A

T

E

GO TO
«QI>

IN PRO-
GRAM IN
PROCESS

RESET ULLAGE FLAG

DO FINAL AUTOMATIC
REuUEST TERMINATE
ROUTINE (ROOl

UO FINAL AUTCMATIC
REQUEST TERMINATE
ROUTINE (ROO)

869
921

RAO/LUMI NARY

#580

#590

#6Cr

#6 1C

RAO/LUMINARY



EXl T R40
AND PROGRAM
IN PROCESS

SET ASTRONAUT FLAG

IS IGNITION FLAG
SET?

.Y N.

RESUME STATIC
DISPLAY OF V06NXX

EXI T

INOTE; THIS IS
NOT A PROGRAM
OR RAO EXIT.
REFER LOGIC
ABOVE. I

"B"
FROM ABOVE

+

C5
+ SET ENGINE ON FLAG

•1180

922
RAO/LUMINARY

EXIT RAO
AND PROGRAM
IN PROCESS

#620

#630

«6AC

#650

#660

870
RACYLUMINARY



871
923

R^O/LUMINARY

command engine on. STANDBY FOR THRUST
ON #67C

RESET PULSES FLAG

RESTORE PREVIOUS
DISPLAYS

IS IMPULSE FLAG SET?
(FOR P70 AND P71 THE
ANSWER IS ALWAYS
NO. I

N.

RESET IGNIT ION FLAG #70D

RESET ASTRONAUT FLAG

• *710

RESET IDLE FLAG TO
ENABLE R40 ON NEXT

R4P/LUMINARY



SERVICED PASS

CALL FCR RESET OF
ULLAGE FLAG IN .5
SEC.

CHANGE CONTROL NOTES

REV Oi PCR 8,121,144,472,612
REV 021LUR 1B» PCR 838, EDITORIAL
REV 03(LUH ICI PCR 285, EDITORIAL
REV 04(LUH lEI PCR 334
REV 05 PCN 1180

024
R40/LUMINARY

#72C

#730

872
R40/LUMINARY



STATE VECTOR INTEGRATION (MID TO AVE) ROUTINE (R41) REV 05 12/01/71

PUKPOSE: (It TO INTEGRATE THE STATE VECTOR OF THIS VEHICLE TO THE TIME AT WHICH THE AVERAGE 3 ROUTINE WILL BE TURNED ON BY
THE CALLING PROGRAM,

12) TO DEFINE A NEW TIG IN THE EVENT THE STATE VECTOR CANNOT BE INTEGRATED TO THE TIME ORIGINALLY DEFINED AND TO
ESTABLISH A PROGRAM ALARM TO INFORM THE CREW TEAT TIG HAS BEEN SLIPPED.

ASSUMPTIONS: ID THERE IS A SIGNIFICANT AMOUNT OF TIME REWUIREO BY THE LGC TO UPDATE THE LM STATE VECTOR. THE FOLLOWING
APPROXIMATE TIMES APPLY:

1.7 SECONDS PER TIME STEP IN EARTH ORBIT
** 3.6 SECONDS PER TIME STEP IN LUNAR ORBIT
05 .70 SECONDS ON LUNAR SURFACE I NO TIME STEPS INVOLVED IN THIS CASE)
1180 WHERE TIME STEP IS APPROXIMATELY EQUAL TO:

++ 250 SECONDS IN EARTH ORBIT
350 SECONDS IN LUNAR ORBIT

121 TO MONITOR THE PROGRESS OF STATE VECTOR INTEGRATION, THE TIME ASSOCIATED WITH THE ADVANCING (REGRESSING) STATE IS
AVAILABLE BY KEYING IN V06N38E:

V06N38
RI-TET-HRS
R2-TET-MINS
R3-TET-SECS

TET-THE time (GET) TO WHICH THE STATE VECTOR INTEGRATION HAS PRESENTLY CALCULATED THE STATE VFCTOR. IN HRS.,
MINS., AND SECS. TO NEAREST .01 SEC.

(3) THE ROUTINE IS AUTOMATICALLY SELECTED BY P12, PHO, P41, PA2, PAT, AND P63.

PROG LGC GROUND CREW
CONT

LGC ROUTINE
SELECTION

"A"

SET MIDI FLAG #1C

RAl/LUMINARY
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READ PRESENT TIME.

#20

IS MIDI FLAG SET?

.Y N,

IS THE PRESENT
TIME PLUS 20
SECONDS MINUS
TDECl GREATER
THAN ZERO?

.N Y.

TURN ON PRO-
GRAM ALARM
LIGHT AND
STORE ALARM
CODE 1703

4- LGC
05 ROUTINE

. SELECTION
•

MgM

118C • •

•

•

•

•

• •

• • •

•

RESET MI Dl
FLAG

MONITOR DSKY PROGRAM
ALARM LIGHT DURING
THE PERIOD FROM TIG
-50 SECONDS TO
BLANKING AT TIi,-35.
IF LIGHT COMES ON
DURING THIS TIME
I AND ALARM CODE IS
17031 IT INDICATES
THAT TIG WILL BE
SLIPPED AS REQUIRED
TO GET THE STATE
VECTOR INTEGRATED TO
A NEW TIG -29.9
SECONDS.

IF THIS ALARM
CONDITION OCCURS THE
TFI DISPLAY WILL
CONTINUE TO COUNT
BASED ON THE ORIGIN-
AL TIME UNTIL INTE-
GRATION IS COMPLETE
and a new tig is

ESTABLISHED. THE
DISPLAY WILL NUT
BLANK HOWEVER UNTIL

»40

#50

#6C

874
R41/LUMINARY



OfcFHE TDECl TO
dE EJUAL TO PRE-
SENT TIME PLUS 20
SECONDS

IS INTEGRATION
FINISHED?

.N Y

INTEGRATE THIS
VEHICLE'S STATE
VECTOR ONE TIME
STEP OR TO TOECl
IF LESS THAN ONE
T IME STEP USING
PRECISIUN INTE-
GRATION.

IS THE MID 1 FLAG
SET?

.Y N

IS integration
FINISHED?

N Y

875
92

R41/LUMINARY

THE NEW TIG HAS BEEN
ESTABLISHED AND TFI
I S REVISED.

#8r

OBSERVE THAT THE
COMPUTER ACTIVITY
LIGHT GOES OFF WHICH
INDICATES THAT THIS
ROUTINE IS COMPLETE

EXIT R4I

#10P

#110

R4I/LUMINARY



IS THE ,'4 ID 1 FLAG
SET?

Y N.

WAS THIS ROU-
TI.'JE CALLED BY
PA7?

.,'4 . Y

SET TIG=
TDECl PLUS
29.9 SEC-
ONDS

EXIT EXIT EXIT
RAl R41 R41

CHANGE CONTROL NOTES

REV 01 PCR 437,559,614
REV COILUM lAI PCR 758,761.1
REV 03 EDITORIAL
REV 04(LUM ID) PCR 892, PCN 1009
REV 05 PCN 1180

930
R41/LUMI NAPY

W12C

#130

#140

87^
R41/LUMINARY



AGS niTIALUATION ftOUTIME (RA7) REi/ tS 12/01/71

PURPOSE: (1) TO PROVIDE THE AGS A3URT ELECTRONICS ASSEMaLY IAEA) WITH THE LM AND CSM STATE VECTORS iPOSITION, VELOCITY, TIME)
IN 4.M IMU COORDINATES BY MEANS OF THE LGC DIGITAL DOWNLINK.

12) TO ZERO THE ICJU, LSC, AND AEA GIMBAL ANGLE COUNTERS SIMULTANEOUSLY IN ORDER TO ESTABLISH A COMMON ZERO REFERENCE
FOR THE MEASUREMENT OF GIMBAL (EULER) ANuLES WHICH DEFINE LM ATTITUDE WITH RESPECT TO THE IMU STABLE MEMBER.

13) TO ESTABLISH THE GROUND ELAPSED TIME OF AEA CLOCK ZERO IF THE AEA CLOCK IS ZEROED DURING THIS ROUTINE.
F +

+ C5
ASSUMPTIONS: ID THE LGC DOWNLINK DATA FORMAT AND SCALING ARE DEFINED IN SECTION 2 DF R567.
+ 1180
+ (2) THIS ROUTINE IS SELECTED BY TFE ASTRONAUT BY DSKY ENTRY AND IS COORDINATED WITH THE PARALLEL AEA PROGRAM BY

ASTRONAUT PROCEDURE. THIS ROUTINE MAY BE CALLED AT ANY TIME THAT ANOTHER EXTENDED VERB IS NOT IN PROCESS.

(3) ZEROING OF THE ICDU, LGC, AND AEA GIMBAL ANuLE COUNTERS OCCURS WHEN THE IMUSE FLAG IS NOT SET AND THE IMU
IS NOT BEING USED.

(4) THE DAP IS TURNED OFF DURING CDU ZERO.

PROG LGC GROUND CREW
CONT

. CREW
•ROUTINE
.SELECTION

START AjS INITIALI- KEY IN V47E «l(-
ZATIUN ROUT INE IR47) .

PREPARE AGS FOR
INITIALIZATION

#20

R47/LUM INARY
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•

•

«

DC EXTENDED VERB
INTERLOCK
(fi76)

ROUTINE

•

•

•

I S THE REFSMMAT FLAG
SET?

• Y .N
• •

• •

TURN ON PROGRAM
ALARM BUT DO NOT
CHANGE CURRENT
DISPLAY (PROGRAM
ALARM IF CALLED
WILL BE 00220)

;

VOi N09
Rl-XXXXX
R2-XXXXX
R3-XXXXX

NOTE: WHEN CALLED
THIS DISPLAY WILL
SUSPEND THE
CURRENT DISPLAY
AND TURN ON THE
KEY RELEASE LIGHT

DO EXTENDED VERB
INTERLOCK ROUTINE
(R76)

DOES PROGRAM ALARM
LIGHT indicate THAT
THE IMU IS NOT
ALIGNED?

• Y N

THIS ROUTINE MAY
NOT BE PERFORMED
WITHOUT AN AL-
IGNED IMU.

EXIT R47

#3r

#40

#5C

#60

GO TO
"A"

BELOW

878
R47/LUMINARY
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935

R97/LUMINaRY

#7P

RECORD G.E.T.
OF ENTER KEY
DEPRESSION AND
STORE AS K.

080

FIASH VtRB NnUN TO
• •

MONITOR OSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE and DISPLAY
OF G.E.T. OF AEA
CLOCK ZERO (K).

REQUEST RESPONSE AND . .

DISPLAY STORED . .

G.E.T. OF AEA CLOCK . .

ZERO (K): . .

V06 N16 . .

Rl-K-HRS . .

R2-K-MIN . .

R3-K-SEC . .

• •

•

•

•

•

•

•

•

•

•

K- G.E.T. OF AEA . .

CLOCK ZERO IN HRS. , . .

MIN., SEC. TO NEAR- . .

EST .01 SEC. . .

• • •

• • •

• • •

•

•

•

DO I WISH
AEA CLOCK

TO PERFORM
ZERO?

•

•

•

•

•

.Y

•

•

•

N.

•

•

•

WAIT FOR KEYBOARD
ENTRY

#9C

#10C

#11D

KEY IN RECYCLE
V32E
(NOTE: KEY IN
THE "ENTER"

R47/LUHINARY
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SIMULTANEOUSLY
ON DSKY AND
DEDA )

#120

DO I HAVE A MORE
PRECISE VALUE OF K

TRANSMITTED FROM
GROUND AFTER COMPAR-
ISON OF AEA AND LGC
DOWNLINK DATA FOL-
LOWINi» THE LAST AEA
CLOCK ZERO?

#130

N Y

#140

IS THE DISPLAYED
VALUE OF K THE
CORRECT G.E.T.
OF LAST AEA
CLOCK ZERO?

. Y N.
#150

REFER TO K RE-
CORDED DURING
LAST EXECUTION
OF R47

#160

880
R47/LUMINARY
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937

R'iT/LUMINARY

REFER TJ K,

UdTAlcJED FRU.R

GROUND

# 17 ''

KEY IN V25E AND
LOAD NER VALUE
OF K

#18C

RECORD K

TERMINAFE FLASH UPON
RECEIPT OF PROCEED,
RECYCLE, TERMINATE
OR NEW DATA

KEY IN PROCEED

#19C

P .T .R
R .E .E
0 .R .C
C .M .Y
E .1 .C
E .N .L
D .A .E

• T .

.E .

.NEW

.DATA

STORE
NEW DATA

#2nr

• •

GO TO.

"A" .

BELOW.

#21C

RA7/LOMINARY
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MAINTAIN STATIC DIS-
PLAY OF V-N AND K

IN Klf rT2, AND R3.
INOTE: V50N16 WILL
FLASH UPON COMPLE-
TION OF TRANSMISSION
OF DOWN LINK LIST
10 TIMES.

»

#220

#230

EXTRAPOLATE CSM AND
LH STATE VECTORS TO
PRESENT TIME USING
PRECISION INTEGRA-
TION
(NOTE; EARTH/LUNAR
SCALING IS DONE
AUTOMATICALLY IN
THE INTEGRATION
SUBROUTINE. I

#240

TRANSFORM CSM AND LM
STATE VECTORS INTO
IMU COORDINATES.

#250

882
R47/LUMINARY



SUBTRACT K FRUR EACH
state vector time

PLACE EACH COMPONENT
ICR CCMPUNENT/At
OF CSM AND LM POSI-
TION ANO VELOCITY
AND CSM AND LM STATE
VECTOR TIMES (EACH
REDUCED BY Kl ON THE
AGS INITIALIZATION
DCRNLINK LIST.
TRANSMIT THIS LIST
TEN TIMES. FORMAT
FOR STATE VECTORS IS
TROS COMPLEMENT,
RCUNOED OFF. (SEE
SECTION 2 OF R567. I

WAIT APPROXIMATELY
20 SECONDS FOR DOWN-
LINK TRANSMISSION.

IS IMUSE FLAG SET?

IS IMU BEING
USED?

N Y

883
939

RAT/LUMINARY

#260

#270

# 28 ^

#290

# 30 ''-

#310

RA7/LUM1NARY
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R4T/LUMINARY

WAIT 0.1 SECOND

#320

ZERO ICDU
COUNTERS (IN
LGC) AND TRAN-
SMIT ecu ZERO
DISCRETES TO
THE AEA AND
THE ICCUS.
HOLD DISCRETES

¥ FOR .32 SEC.

,

05 WAIT APPROX
•f 10.24 SECONDS
1180 FOR COUNTERS

4- TO INCREMENT
(NOTE: DURING
ecu ZERO THE
DAP IS TURNED
OFF. )

#330

#340

H OLD .

FLASH V30N16 I BOT 00
SNAP . NOT CHANGE R1 , R2

R3) TO REQUEST RE-
SPONSE AND TO INDI-
CATE CGHPLETIQN OF
DOWN LINK TRANS-
MISSION

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE AND INDICA-
TION OF COMPLETION
OF DOWN LINK TRANS-
MISSION

#350

WAIT FCR KEYBOARD
ENTRY

#360

KEY IN PROCEED, TER-
MINATE, OR RECYCLE

#37C

884
R47/LUMINARY



EKi r

R47
TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR RECY-
CLE

• P • R .T

• R .E .E
.0 • C .R

.c • Y • M

.E .c . I

.E • L .N

.0 .E .A

.T
•

•

• E

•

• "A"
• FROM
• ABOVE
• •

• •

• •

• • • •

• •

RESET EXTENDED VERB
ACTIVE FLAG , AND NO
MARKS allowed FLAG

I- .'V I

RAT

CHANGE CONTROL lOTES

REV Oi PCR 18A,A08
REV 02 EDITORIAL
REV C3 EDITORIAL
REV CAILUM lEI PCR 1100, PCN llAb
REV 05 PCI use

885 941
R47/LUMINARY

#38 C

#390

#400

#410

R47/LUMINARY
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COARSE ALIGN ROUTINE (R50I RE\/ ri OB/no/faQ

PURPOSE: 1 1

1

TO COARSE ALIGN THE IMU TO A DESIRED INE RT lAL ORl ENTAT lON^

A SSUMFTICNS: ID THE DESIRED IMU INERTIAL ORIENTATION HAS been specified by THE

(2 ) THE ROUTINE I S AUTOMATICALLY SELEC TED BY The IMU REALIGN PROGR

PROG LGC GROUND CREW
CONT

. LGC
•ROUTINE
• SELECTION

CALL

AM IP

ING PROGRAM^

52 )•

START COARSE ALIGN
ROUTINE 1R50I

COMPUTE GIMBAL
ANGLES AT DESIRED
IMU ORIENTATION AND
PRESENT VEHICLE
ATTITUDE^

READ PRESENT VEHICLE
ATTITUDE FROM THE

#10

#20

#3C

R5D/LUMINAPY
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PRESENT GIMBAL
ANGLES.

«40
I S ANY REQUIRED GIM-
BAL ANGLE CHANGE
GREATER THAN 1

DEGREE?

.Y N.

DEFINE REFSMMAT #5C
TO BE THE DE-
SIRED IMU
ORIENTATION

EXIT #60
R50

COMMAND ISS TO
COARSE ALIGN MODE

#7C

TURN ON "NO ATT"
L IGHT

OBSERVE "NO ATT"
LIGHT TO INDICATE
THAT IMU IS IN
COARSE ALIGN MODE

DISABLE DAP
(USD

888
RSn/LUMINARY



reset track flag

RESET DRIFT FLAG

RESET REFSMRAT FLAG

coarse align ISS

(NOTE: IF AT THE END
OF COARSE ALIGNMENT,
THE GIM3ALS ARE NOT
WITHIN I DEGREES OF
THE DESIRED VALUES,
THE LGC WILL TURN ON
THE PRCijRAM ALARM
LIGHT AID STORE
ALARM CJDE 00211
AND 00217.

I

TERMINATE CGARSE
ALIGN MJDE IN ISS.

(NOTE: IF AT THE END
OF COARSE alignment,
THE GIMBALS ARE NOT
WITHIN 2 DEGREES QF
THE DESIRED VALUES,
THE LGC WILL TURN ON
THE PROGRAM ALARM
LIGHT AND STORE
ALARM CODE 00211
AND 00217.1

ENABLE )AP. RESUME
ATI ITUDE HOLD OF

R50/LUMI NARY



VEHICLE

OBSERVE termination
OF "NO ATT" LIGHT
TO INDICATE THAT
IMU IS NOW INERTIAL

SET DRIFT FLAG

EXIT R5C

DEFINE REFSMMAT TO
BE THE DESIRED IMU
ORIENTATION

EXIT R50

CHANGE CONTROL NOTES

LOGIC REV Cl NO PCR'S

TURN OFF "NO ATT"
L IGHT

046
R50/LUMINARY

#15C

#160

#170

890
R50/LUMINARY
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INFLIGHT FINE ALIGN ROUTINE (R51I REV t6 12/''l/7l

PURPOSE: III

A SSUMPTICNS

:

(I)

12 I

TQ OBTAIN THE NECESSARY STAR, PLANET OR SUN SIGHTINGS AND THEN TO FINE ALIGN THE I MU TO A DESIRED INERTIAL
ORIENTATION WHILE THE LM IS IN FLIGHT.

THE DESIRED IMU INERTIAL ORIENTATION HAS BEEN SPECIFIED BY THE CALLING PROGRAM.

THE ROUTINE IS AUTOMATICALLY SELECTED BY THE IMU REALIGN PROGRAM IP52I.

PROG LGC GROUND CREW
CONT

.LGC

.ROUTINE

. SELECTION

START INFLIGHT FINE
ALIGN ROUTINE IR51)

»1C

06 • • •

+ • • •

•f •

RESET FLIGHT 59 FLAG •

• •

• •

• •

• • • • • 1 • • • •

1180 • • • •

• • • •

1 1 •

FLASH VERB-NOUN TO
•

•

•

• MONITOR OSKY:
SNAP . REQUEST PLEASE PER- • • OBSERVE VERB-NOUN

FORM celestial BODY •

•

•

•

FLASH TO REQUEST

#2r

R51/LUM1MARY



PLEASE PERFORM
CELESTIAL SOQY AC-
gUISITIOiN

ACgUIS IT ION :

V50 12 5

R1-C0015
R2- BLANK
R3-BLANK

DO I RISH TO USE
INFLIUHT CURSOR/
SPIRAL MARKS (RATHER
THAN X/Y MARKS)?

N . Y

KEY V32E

DO I iJISH LUC ASSIS-
TANCE IN SELECTING
2 STARS SUITABLE FOR
ALIGNMENT?
NOTE: IF ANY LOS
OTHER THAN THE AOT
CENTER DETENT I S TO
BE USED THE STAR
SELECTION ROUTINE
MAY POSSIBLY BE USED
BY THE CRER TO
ASSIST IN SPATIAL
ORIENTATION OF THE
VEHICLE ATTITUDE.
HOWEVER IT MUST BE
REMEMBERED THAT THE
ROUTINE ONLY CONSID-
ERS STARS WITHIN THE
AOT CENTER DETENT
FIELD OF VIEW.
ALLOWANCE MUST BE

950
R51/LUMINARY

#40

#50

#50

#70

892
R51/LUM INARY



MADE BY THE CAEH FUR
ANY DIFFERENT DETENT
OF THE ACT OR THE
BACKUP OPTICAL
SYSTEM. IF USE OF
THIS ROUTINE IS CON-
SIDERED impractical
IT MAY BE EASILY BY-
PASSED (SEE BELOW).

Y .N

WAIT FCR KEYBOARD
ENTRY

KEY IN
ENTER

MANEUVER VEHICLE
UNTIL 2 SUITABLE
STARS MAY BE AC-
gUIRED. MONITOR
FDAI BALL TO
AVOID GIMBAL
LOCK. (NOTE:
ASTRONAUT MAY
USE OPTICS TO
ASSIST ATTITUDE
CHOICE UR MAY
MANEUVER AT
RANDOM)

.

KEY IN PROCEED

R51/LUMINARY



TFRMINATE FLASH UPON
RECEIPT OF ENTERi
PRUCEEC OR V32E

E . P .V
N • R .3
T . 0 .2
E . c .E

R . E •

. E •

. D

SET
• FLIGHT
• 59

• FLAG

• •

• •

•

•

•

•

•

•

• • • •

00 STAR selection
ROUTINE
SECTION
R567) .

(REFER TO
5^6^4 OF

• TWO • TWO
•STARS • STARS
•AVAIL • NOT
• •AVAIL

PCSS
HOLD .

• ••••••
SNAP .

FLASH VERB-
NOUN TO RE-
jUEST RES-
PONSE AND
DISPLAY ALARM
CODE C0405:

V0 5N09
Rl-XXXXX

MONITOR DSKV:
DOES ALARM

CODE DISPLAY IN-
DICATE THAT Two
STARS ARE NOT
AVAILABLE IN THE
AOT CENTER DE-
TENT FIELD OF

952
R5I/LUMINARY

#i3r

#140

#15C

#160

#17C

894
R51/LUMINARY



SHALL I 9Y-
PASS STAR
SELECTION
ROUTINE, SE-
LECT NY OWN
CELESTIAL
BODIES, AND
MANUALLY AC-
gUIRE THEM?

N Y.

MANEUVER
VEHICLE
UNTIL A

SUITABLE
CELESTIAL
BODY IS
ACaUIRED

WAIT FOR KEY- .. . . KEY IN
eUARD ENTRY RECYCLE

... . V32E

TERMINATE .. . . KEY IN
flash upon re- PROCEED
CEIPT OF PRO- .. . .

CEED OR RE- . .

CYCLE . .

P .R
R .E

895
953

R51/LUM1NARY

«18C

#i9r

#200

#210

#220

R51/LUMINARY



954
R51/LUM INARY

#23r

#24C

#25C

#260

#27C

#28P

896
R51/LUMINARY



IS STAR ll^DICATOR
GREATER THAN ZERO?

Y N.

SET STAR INDICATOR
= 1

00 SIGHTING DATA
DISPLAY ROUTINE
IRSAt

DO R52 FOR CELEST-
. . lAL BODY #2

• •

DO R53 FOR CELEST-
. . lAL BODY #2

... DO R58 FUR CELEST-

. lAL BODY #2 ACTUALLY
USED.

DO SIi^HTING DATA
display routine
(R54)

E

X

E

X

E

X

E

X

897
955

R51/LUMINARY

#29r

#300

#310

#320

R51/LUM1NARY



056
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HCLD .

SNAP .

I •! • 1

T •T • ••T T

• • • •

•B" .“A" . . ."A" "3"

#330

DO G/RQ TORQUING
ROOTINE (R55I

DU GYRO TORQUING
ROUTINE (Rb5) i»34r

#35r

FLASH VERB-NOUN TO
REQUEST PLEASE
PERFORM FINE ALIGN;

V50 N25
R1-OOOI4
R2-aLANK
R3-BLANK

MONITOR DSKY:
OBSERVE VERB-NOUN
FLASH TO REQUEST
PLEASE PERFORM FINt
ALIGN

»36C

DO I RANT TO TRY THE
ALIGNMENT AGAIN OR
CHECK THE FINE
ALIGNMENT?

.Y N.

WAIT FCR KEYBOARD
ENTRY

KEY IN ENTER

898
R5I/LUMINARY



899
957

R51/LUMINARY

TERMINATE FLASH UPON . . . . #380
RECEIPT OF ENTER KEY IN PRQCEEC
OR PROCEED . . . .

#390

EXIT R5l EXIT R5

1

#400

CHANGE CCNTROL NOTES

REV Oi PCR 134
REV 02 EDITORIAL
REV 03 EDITORIAL
REV 04 PCN 1009
REV 05 PCR 335il044, PCN 1145
REV 06 PCN 1180

R51/LUMINARV
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959

AUTOMATIC QPIICSILM) P0SITI0NIM5 RQUTINE(R52) RE\/ C5 02/17/71

PURPOSE: (II TO POINT THE LOS OF ANY AOT DETENT OR THE LOS OF A BACKUP OPTICAL SYSTEM AT A SPECIFIED CELESTIAL BODY BY
MANEUVERING THE LM.

ASSUMPTION: (1) THE ROUTINE IS AUTOMATICALLY SELECTED BY THE INFLIGHT FINE ALIGN ROUTINE 1R51I.

PROG LGC GROUND CREW
CONT

. LGC

. ROUTINE

. SELECTION

START AUTO
OPTICSILHI
POSITIONING
R0UTINE(R52) #1C

•

•

•

IS FLIGHT 59 FLAG
SET?

.N . Y

• •

•

•
——————

•

DO LUNAR SURFACE
SIGHTING MARK
ROUTINE (R59I

EXIT R52

#30

R52/LUMINARY



HCLD
FLASH VERB-NOUN

SNAP . TO REQUEST RESPONSE
AND DISPLAY AOT
DETENT AND STAR
CODE:

VO INTO
Rl-ABCOE
R2-BLANK
R3-3LANK

R1 IS AJT DETENT
CODE AND STAR CODE:

A,B-0
C-AJT DETENT
D, E-STAR CODE

WHERE:

AOT DETENT 1C) - THE
AOT DETENT CODE USED
FOR SIGHTING:
0 = COAS CALIBRA-

TION
1 = FRCNT LEFT DET-

ENT
2 = FRONT CENTER

DETENT
3 = FRCiNT RIGHT

DETENT
4 = REAR RIGHT

DETENT
5 = REAR CENTER

DETENT
6 = REAR LEFT DETENT
7 = BACR-UP OPTICAL

SYSTEM

MONITOR DSKY:
OBSERVE FLASHING
VERB-NOUN TO REQUEST
RESPONSE AND DISPLAY
OF AOT DETENT AND
star code.

ARE THE AOT DETENT
AND STAR CODE
DISPLAYS CORRECT FOR
THE DESIRED SIGHT-
INGS?

.Y ,N

IS THIS A COAS
CALIBRATION?

N Y.

STAR CODE - THE
DESIGNATION OF THE
CELESTIAL BODY TO BE
USED. ALL DESIGNA-
TIONS IN OCTAL.

00- PLANET

IS THIS COAS
CALIBRATION
SATI SFACTORY?

N Y

96H
R52/LUMINARY

#40

#5C

#60

#7C

#80

902
R52/LUMIN4RY



01/4i-STAR (FROM
STAR CODE LIST)

^6- SON

'•T-EARTH

SO-RQON

WAIT FOR KEYBOARD
ENTRY

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR NEW
DATA

.P .T .NEW

.R .E .DATA

.0 .R •

.C .M

.E . I

.E .N

•

STORE DATA
.0 .A —
. .T •

. .E •

• • •

• • •

• •

• •

• •

•

. DO FINAL AUTO-

. MATIC REDDEST

. TERMINATE ROUTINE

. (ROC)

• •

• •

• •

• •

• •

KEY IN PROCEED
• •

• •

• •

• •

•

• •

•

• KEY IN
TERMINATE •

• •

•

•

•

•

•

•

•

•

•

(V34E)

• •

• •

• •

•

•

•

• •

•

•

•

•

• •

• •

• •

. . KEY IN V;? 1

F

• • • . AND LOAD DE-
• • . SIRED STAR AND
• • . DETENT COOES
•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

. IN Rl.
•

• •

• •

• •

• •

• •

• •

•

•

•

•

• • • •

•

•

•

• •

•

•

•

•

•

•

•

•

• •

• •

• • • •

•

•

•

•

•

DO FINAL AUTO-
MATIC REQUEST

• • • • TERMINATE ROUT-
•

•

•

•

•

•

•

•

•

•

•

INE (ROD)

•

•

•

•

•

903
961

R52/LUMINARY

#9C

#100

#110

#120

#130

R52/LUMINARY



EX IT

R52
EXIT
R52

RESET 3-AXIS FLAS

I S AUT JETENT CODE
= OOOXX OR XX7XX?

• N . Y

DEFINE LOS AZI-
MUTH ACCORDING
TO SPECIFIED DE-
TENT AND LOS
ELEVATION TO BE

45 DEGREES.

IS THE BACKUP OP-
TICAL SYSTEM BEING
USED?

Y N,

PCSS
HOLD .

SNAP .

FLASH VERB-NOUN
TO REQUEST RESPO-
NSE AND DISPLAY
BACKUP OPTICAL
SYSTEM LOS
DEFINITION:
V06 N37
Rl-JPT AZ
R2-JPT EL
R3-JLANK

MONITOR OSKY:
OBSERVE VERB-

NOUN FLASH TC
REQUEST RESPON-
SE AND DISPLAY
OF BACKUP
OPTICAL SYSTEM
LOS DEFINITION.

962
R52/LUMINARY

*140

#15C

#160

#170

#180

f 904
R52/LUMINARy'



OPT AZ-THE
AZIMJTH OF THE
OPTICAL SYSTEM
IN USE. THE
ANGLE IN THE LM
Y/Z PLANE MEAS-
URED FROM THE LM
Z AXIS TO THE
PROJECTION OF THE
LOS ON THE Y/Z
PLANE. POLARITY
IS + FOR NEGATIVE
ROTATION ABOUT
THE LM +X AXIS.
IN DEGREES TO
NEAREST .01
DEGREE.

ARE THE CALI-
BRATIONS PRES-
ENTLY DISPLAYED
CORRECT?

. Y N.

OPT EL-THE ELE-
VATION OF THE LOS
OF THE OPTICAL
SYSTEM IN USE.
THE ANGLE FROM
THE LOS TO LM Y/Z
PLANE. POLARITY
IS + FOR A LOS
IN THE SAME HEMI-
SPHERE AS THE LM
+X AXIS. IN DE-
GREES TO NEAREST
.01 DEGREE.

WAIT FOR KEYBOARD
ENTRY

KEY IN

PROCEED

TERMINATE FLASH
UPON RECEIPT OF
PROCEED OR NEW
DATA

P

R

0
C

E

E

D

.NEW

.DATA

KEY IN V2AE
AND LOAD
THE CORRECT
CALIBRA-
TIONS

STORE DATA

905
963
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#190

#200

#210

#220

#230

#240

R52/LUMINARY
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CCMPUTE LOS VECTOR
IN NAVBASE COORDI-
NATES FOR PREVIOUSLY
DEFINED LOS AZIMUTH
AND ELEVATION.

#25C

DO CELESTIAL BODY
DEFINITIUN ROUTINE
(R58) FOR CELESTIAL
BODY INTENDED TO BE
USED

DO CELESTIAL BODY
DEFINITION ROUTINE
(R58I FOR CELESTIA.
BODY INTENDED TO BE
USED

#260

DEFINE THE SPECIFIED
LOS WITH RESPECT TO
THE LM TO BE ALONG
THE LOS TO THE CELE-
STIAL BODY SELECTED
FOR USE BY THE ATTI-
TUDE MANEUVER ROU-
TINE (R60). THE
TOTAL VEHICLE ATTI-
TUDE WILL BE COM-
PUTED CURING
RBOIVECPOINTI.
IN ORDER TO CONSERVE
RCS FUEL THE NON-
CRITICAL ATTITUDE
ABOUT THE SPECIFIED
LOS WILL NOT BE
CONSTRAINED,

#27C

#280

#290

906
R52/LUMI NARY



CHANGE CONTROL NOTES

REV 01 EDITORIAL
REV OOILUM lAI PCR 699,702
REV 02 EDITORIAL
REV 03 EDITORIAL
REV 04 PCN 1009
REV C5 PCR 1044

907
965

R52/LUMINARY

#300

#310

R52/LOHINARY





909
967

PURPOSE:
+

+ 05
\ SSUMPTIONS:
1180

+

AQT MARK ROUTINE (R53) REV C5 12/01/71

(II TO REQUEST AND PROCESS SIGHTING MARKS (USING THE AUT OR THE CCASI ON CELESTIAL BODIES FOR USE BV THE ALIGNMENT
PROGRAMS (LUNAR SURFACE AND INFLIGHT 1.

(II MULTIPLE SIGHTINGS JP TO A MAXIMUM OF FIVE IN EACH AXIS (X AND Yl MAY BE USED TO DETERMINE THE AVERAGE LOS
VECTOR TO THE CELESTIAL BODY.

(21 A BACKUP OPTICAL SYSTEM (COASI MAY BE USED FOR SIGHTINGS, HOWEVER IN THIS CASE THE CREW MUST LOAD CALIBRATED
LOS AZIMUTH AND ELEVATION DATA ASSOCIATED WITH THIS LUS.

(3» THIS ROUTINE IS AUTOMATICALLY CALLED BY P51,R51, AND R59.

(4) THIS ROUTINE ENABLES THE MARKRUPT ROUTINE (R57I WHICH IS AUTOMATICALLY CALLED BY CREW ACTIVITY WITH ANY OF THE
FOLLOWING BUTTONS/SWITCHES: MARK X BUTTON, MARK Y BUTTON, MARK REJECT BUTTON, DESCENT RATE SWITCH (+ OR - ROOI.

PERFORM SIGHTING MARK PROCEDURE ADHERING TO THE FOLLOWING PRINCIPLES:

(Al X/Y MARKS
1. ADJUST AOT RETICLE TO ZERO BEFORE PERFORMING MARKS.
2. A MARK IS MADE WHEN THE TARGET BODY CROSSES THE X OR Y RETICLE LINE BY PRESSING THE APPROPRIATE MARK

PUSHBUTTON.
3. MARKS NEED NOT BE MADE IN PAIRS. THE X AND Y MARK COUNTERS CAN STORE UP TO 5 MARKS IN EACH COUNTER.

ANY SUBSEQUENT MARKING WILL OVERWRITE THE 5TH MARK.
4. A 1 IN THE FIRST DIGIT (1000 XI OF R2 OR R3 IS A MARK REJECT INDICATOR. (I.E. A MARK REJECT WILL

DECREMENT THAT REGISTERI. THIS INDICATOR IS POSITIONED BY THE LAST MARK TAKEN.
5. ANY NUMBER DF MARKS TAKEN CAN BE REJECTED BY PRESSING THE "MARK REJECT" PUSHBUTTON. THE LAST MARK

(IN THE SELECTED REGISTERI WILL BE THE FIRST TO BE REJECTED. KEY "ENTER" TO CHANGE THE REJECT OPTION
(SEE 4 A80VSI. A 00115 ALARM WILL OCCUR IF MARK REJECT IS ATTEMPTED WITH NO MARK IN THAT REGISTER.

6. THE LGC WILL MATCH AND AVERAGE THE LOS UF EACH X AND Y PAIR TO DEFINE A FINAL LOS. ANY UNMATCHED MARKS
WILL BE DISREGARDED BY THE LGC.

7. AFTER EACH MARK, THE CREW MAY:
A. TERMINATE MARKING. KEY IN PRO (IF BOTH X AND Y MARK REGISTERS ARE GREATER THAN ZEROI.

8.

CONTINUE marking ON THE SAME CELESTIAL BODY (USE THE APPROPRIATE MARK BUTTONI.
C. THROW AWAY ALL DATA ON THE PRESENT CELESTIAL BODY, SELECT A NEW BODY, AND CONTINUE MARKING.

KEY V32E.

0.

CHANGE REJECT OPTION. KEY ENTER.

(Bl CURSOR/SPIRAL MARKS
1. MARKS ARE MADE SINGLY BY PUSHING THE MARK X OR MARK Y PUSHBUTTON OR ACTIVATING THE ROD SWITCH. V52

CALLS FOR CURSOR MARKS, V5J FOR SPIRAL MARKS. ANY MARK WILL CALL MARKRUPT ROUTINE R57 AND FLASH
VERB 21/22 NOUN 79 REQUEST TO LOAD THE APPROPRIATE CU RS OR / SP I R AL ANGLE (SEE R57). THE LGC WILL NOT
CONSIDER A MARK COMPLETED UNTIL THE CURSOR OR SPIRAL DATA IS ENTERED. IT IS THEREFORE NOT POSSIBLE
TO REMARK OR REJECT A MARK IF DATA HAS NOT BEEN LOADED. ANOTHER MARK ACTION ON FV 21/22 N79 WILL NOT
OVERWRITE THE PREVIOUS MARK.

2. A MARK REJECT WILL REJECT A MARK AND ITS ASSOCIATED CURSOR OR SPIRAL DATA TO ANY DEPTH AS LONG AS ANY
MARKS remain. A C0115 ALARM WILL OCCUR IF A MARK REJECT IS ATTEMPTED WITHOUT ANY MARKS IN THAT
REGISTER. KEY ENTER ON VERB V52 OR V53 (ALSO SEE 3 BELOW I TO CHANGE THE MARK REJECT (OR CUR SOR / SP I R AL

I

OPTION.
3. MARKS NEED NOT BE MADE IN PAIRS. IT IS USUALLY MORE CONVENIENT TO MAKE ALL CURSOR (DR SPIRALI MARKS

IN SEQUENCE. KEY ENTER ON V52 OR V53 (SEE 2 ABOVE ALSO) TO CHANGE THE CURSOR/ 5 PI RAL MARK (OR MARK
REJECT) OPTION. THE CURSOR AND SPIRAL MARK COUNTERS CAN STORE UP TO 5 MARKS IN EACH COUNTER. ANY

R53/LUMINARY
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SUBSEQUENT BARKING WILL OVERWRITE THE 5TH MARK.
4. IT IS NOT NECESSARY TO WRITE DOWN THE CURSOR OR SPIRAL ANGLES. THE OSKY WILL REQUEST THE CURSOR OR

SPIRAL ANGLES WHEN A MARKING ACTION IS MADE. DATA MAY BE READ DIRECTLY FR3M THE ADT COUNTER AND LOADED
INTO THl OSKY.

5. THE LGC ILL PROCESS UP TO 5 CURSOR AND 5 SPIRAL MARKS FOR EACH CELESTIAL BODY. THE LGC WILL MATCH
AND AVERAGE THE LOS OF EACH CURSOR AND SPIRAL PAIR TO DEFINE A FINAL LOS. ANY UNMATCHED MARKS WILL BE
DISREGAREO BY I HE LGC.

6. AFTER EACH MARK THE CREW MAY:
A. TERMINATE i T-: MARKING SEQUENCE BY KEYING "PRO" ON FLASHING VS2 OR V53 (IF CURSOR AND SPIRAL MARK

COUNTERS GREATER THAN ZERO).
B. CONTINUE MARKING ON THE SAME CELESTIAL BODY.
C. THROW AWAY ALL DATA ON PRESENT CELESTIAL BODY BY KEYING IN "V32E". A NEW CELESTIAL BODY MAY THEN

BE SELECTED.

0.

CHANGE REJECT OPTION AND REQUEST CHANGE TO SPIRAL (OR CURSOR) MARKS. KEY ENTER.
(C) X/Y MARKING OR CURSOR/SPIRAL MARKING

1. THIS ROUTINE AND THE CALLING ALIGNMENT PROGRAM MAY BE TERMINATED AT ANY TIME BY KEYING "V34E".
2. A OOlll ALARM WILL OCCUR WHEN A "PROCEED" FROM MARK REQUEST IS ATTEMPTED WITH ZERO MARKS IN EITHER

MARK COUNTER (NO MARK PAIR). OTHER ALARMS ARE ALSO POSSIB;.E (SEE R57).

3.

A fi0112 alarm WILL OCCUR IF ANY OF THE FOLLOWING BUTTONS ARE ACTIVATED ON A DISPLAY OTHER THAN A MARK
REQUEST DISPLAY:

MARK X BUTTON, MARK Y BUTTON, MARK REJECT BUTTON, AND DESCENT RATE SWITCH OR - ROD) WHEN AVERAGE G
FLAG IS NOT SET.

05
4. A 00113 ALARM WILL OCCUR IF THE ROD SWITCH IS ACTIVATED DURING X/Y MARK REQUEST DISPLAY V54N71.

+ 1180

PROG LGC GROUND CREW
CONT

.LGC

.ROUTINE

.SELECTION

START AJT MARK
ROUTINE (R53) #10

910
R53/LUMI NARY



911
959
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IS EITHER THE MARK
IN PROGRESS FLAG OR
THE NO MARKS ALLOHED #2C
FLAG SET?

• N Y.

TURN ON PROGRAM . MONITOR DSKY:
ALARM LIGHT AND DOES PROGRAM ALARM
STORE ALARM CODE . LIGHT INDICATE ROU-
1312111. TINE ABNORMALITY? #30

DO RESTART.
(MARK IN PRO-
GRESS AND NO
MARKS ALLOWED
FLAGS ARE RESET) #40

EXIT R53

#5r
SET THE MARK IN

PROGRESS FLAG

IS AN L>^C YAC AREA #6C
AVAILABLE F CR COM-
PUTATIONS?

Y N

R53/LUMINARY



TURN ON PROGRAM
ALARM LIGHT AND
STORE ALARM CODE
(31207)

00 RESTART.
(ALL VAC AREAS
ARE RELEASED.
MARK IN PROGRESS
AND NO MARKS
ALLOWED FLAGS
ARE RESET).

EXIT R53

KEY IN V05N09E
TO IDENTIFY

"B" ALARM CODE
FROM R57
OR R5 3

BELOW

SET MARK INPUT INHI-
BIT FLAG

»C5
* .

*1180
* * .

EXIT R33

970
RS3/LUMINARY

#7C

#8P

#90

#10C

#110

912
R53/LUMINARY



HOLD .

• ••••••
SNAP .

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY AOT DETENT
AND STAR CODE:

V01N71
Rl-ABCDE
R2-BLANK
R3- BLANK

Mgti

•

•

•

•

•

•

•

•

FROM R57 OR •

R53 BELOW
•

•

•

•

•

•

• •

• • • • •

• • •

MONITOR DSKY:
OBSERVE FLASHINU

VERB-NOUN TO REQUEST
RESPONSE AND DISPLAY
OF AOT DETENT AND
STAR CODE.

R1 IS AOT DETENT
CODE AND STAR CODE:
A,B - 0

C - AOT DETENT
D,E - STAR CODE

WHERE:
AOT DETENT - THE

AOT DETENT CODE
USED FOR sighting:
1= FRONT LEFT DETENT
2= FRONT CENTER DE-
TENT
3= FRONT RIGHT DE-
TENT
4= REAR RIGHT DETENT
5= REAR CENTER DE-
TENT
6= REAR LEFT DETENT
7= BACK-UP OPTICAL
SYSTEM

ARE THE AOT DETENT
AND STAR CODE DIS-
PLAYS CORRECT FOR
THE PRESENT
SIGHTINGS?

Y N

STAR CODE - THE
DESIGNATION OF THE
CELESTIAL BODY TO BE
USED. ALL DESIGNA-
TIONS IN OCTAL:

913
971

R53/LUMINARY

#12P

#130

#140

#150

#160

R53/LUMINARY
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CO - PLANET
01/45 - STAR (FROM •

STAR CODE LIST). «

46 - SUN
47 - EARTH •

50 - MOON *

#17C

WAIT FOR KEYBOARD
ENTRY

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
ENTER (NEW DATA), OR
TERMINATE

•P .T .NEW
.R .E .DATA
• C . R .

.C .M

.E .1 STORE DATA

.E .N
• 0 .A .

. • T .

. .E

RESET MARK IN
PROGRESS FLAG

KEY IN PROCEED

KEY IN V21E AND
LOAD DESIRED STAR
AND DETENT COOES
IN R1

#180

#190

#200

DO FINAL AUTOMATIC
REWUEST TERMINATE
ROUTINE IRCOI

914
R53/LUMINARY



915
973

R53/LUMINARY

05

1180

POSS
HOLD .

• ••••••
SNAP .

• • • •

•

•

•

•

EXIT R53
AND PXX

IS AOT
OCOXX7

DETENT CODE =

• N Y.
• •

•

•

•

•

• • • •

IS AOT
007 XX?

DETENT CODE =

.N
•

•

•

Y.

•

•

•

•

•

•

•

•

•

• • • • •

• •

• • •

FLASH VERB-NOUN
TO REQUEST RES-
PONSE AND DISPLAY
BACKUP OPTICAL
SYSTEM LOS
definition:

V06N87
Rl-OPT AZ
R2-0PT EL

R3-BLANK

IS THE BACKUP
OPTICAL SYSTEM
BEING USED?

Y N,

MONITOR DSKY:
OBSERVE VERB-

NOUN FLASH TO
REQUEST RESPON-
SE AND DISPLAY
OF BACKUP OP-
TICAL SYSTEM
LOS DEFINITION

# 21 ^

*220

»23C

*240

#25P

OPT AZ - THE AZI-
MUTH OF THE
OPTICAL SYSTEM IN
USE. THE ANGLE IN

THE LM Y/Z PLANE

ARE THE CALIB-
RATIONS PRE-
SENTLY DISPLAY-

R53/LUMINARY
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MEASJRED FROM THE
LM +Z AXIS TO THE
PROJECTION OF THE
LOS ON THE Y/Z
PLANE. POLARITY
IS + FOR NEGATIVE
ROTATION ABOUT
THE LM + X AXIS.
IN CEGREES TO
NEAREST .01 DE-
GREE.

ED CORRECT?

Y

#260

OPT EL - THE ELE-
VATION OF THE LOS
OF THE OPTICAL
SYSTEM IN USE.
THE ANGLE FROM
THE LOS TO THE LM
Y/Z PLANE. POLA-
RITY IS + FOR A

LOS IN THE SAME
HEMISPHERE AS THE
LM +X AXIS. IN
DEGREES TO NEAR-
EST .01 DEGREE.

#27r

#280

WAIT FOR KEYBOARD
ENTRY

KEY IN PRO-
CEED

#290

KEY IN V24E
AND LOAD THE
CORRECT
CALIBRATIONS

#300

TERMINATE FLASH
UPON RECEIPT OF

91B R53/LUMINARY
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PROCEED, ENTER
(NEW DATA), OR
TERMINATE.

.P .T .NEW
• R .E .DATA
.0 .R •

• C .M —
.E .1 STORE
.E .N DATA

. .T •

. .E •

• •

• #

• •

• •

•

• • • •

•

. RESET MARK IN

. PROGRESS FLAG
•

• •

• •

• •

•

. DO FINAL AUTO-

. MATIC REQUEST

. TERMINATE

. ROUTINE (ROOl
•

• •

• •

• •

• • • •

. EXIT R53

. AND
•

•

PXX

PICK UP AZIMUTH
AND ELEVATION
CAL I3RAT IONS FROM
DISPLAY

i310

#320

*330

#340

#350

R53/LUMINARY
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PICK UP AZIMUTH
AND ELEVATION
CALIdRATIQNS FOR
SPECIFIED DETENT
FROM STORAGE.

#360

PICK UP APPARENT
ROTATION COMPEN-
SATION FOR SPECI-
FIED DETENT FROM
STORAGE. #370

COMPUTE X AND Y MARK
PLANE VECTORS AND
OPTICAL AXIS VECTOR.

#300

<•05

IS FLIGHT 59 FLAG
SET?

WAS CURSOR/SPIRAL
MARKING OPTION
SELECTED IN P5Z?

Y .N

+ .N .Y

. DO CELESTIAL BODY DO CELESTIAL BODY
* . DEFINITION ROUTINE DEFINITION ROU-
«• . iR58) FOR CELES- TINE (R58) FOR
* . TIAL BODY INTENDED CELESTIAL BODY

. TO BE USED. INTENDED TO BE

+ 1180 . USED.

#390

#400

918 R53/LUMINARY



ZBRO:
MARK IDENTIFIER
MARK COUNTERS
NOMARK COUNTER

IS SURFACE FLAG OR
FLIGHT 59 FLAG SET?

• Y .N
• •

• •

• •

STORE +1
WHATMARK
REGISTER

IN •

•

•

•

•

•

•

•

•

•

. STORE ZERO IN

. WHATMARK REGISTER

CHANGE SIGN
1+ OR -» OF
WHATMARK

919
977
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#A10

#420

#430

#440

#450

R53/LUMINARY
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REGI STER

SET MARK REJECT
OPTION POINTER
TO BE CONSIS-
TENT WITH MARK
IDENTIFIER.

1*460

+

05

+ 1180

• Y

RESET MARK INPUT . .

INHIBIT FLAG. . .

. "A"

. FROM

. BELOW

•

•

•

• • • • •

• • • • • •

• • • • • • • •

• • • • • •

IS WHATMARK
ZERO?

REGISTER . .

• •

WAS this routine
CALLED BY CURSOR
SPIRAL MARKING
OPTION?

AND

.Y .N

•

•

• • •

• • • • Y .N
• • • • • •

• • •

• • •

•

•

•

•

•

• •

IS WHATMARK
POSITIVE?

REGISTER . .

• •

•

•

#470

#480

#490

POSS .

HOLD ..

SNAP ..

FLASH VERB-
NOUN TO

•

•

•

•

•

• •

MONITOR DSKY:
OBSERVE FLASHING

• REQUEST VERB-NGUN TO REQUEST .

• CURSOR MARK • • • • MARK CURSOR OR
V52 N7l • • • SPIRAL/STAR #500

R53/LUHINARY

920
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Rl-ABCDE
• • •

• • • INTERSECTION.
R2-CURS0R • • •

POSS MARKS • • • V52 REQUESTS A

HOLD . R3-SPIRAL • • . CURSOR MARK.
••• MAkKS FI ASH

SNAP • VERB-NOUN . . . V53 REQUESTS A

Rl-AUT TO RE- . . SPIRAL MARK.
DETENT AND QUEST . .

—
STAR CODE SPIRAL . . •

(SEE N7l MARK •

ABOVE)

.

V53 N71 . . •

Rl-ABCOE . . •

R2-0000E R2-CURSaR . . •

WHERE E= MARKS •

NUMBER JF R3-SPIRAL . . •

CURSOR MARKS . . •

MARKS TAKEN. • • •

f + ( 5 MAXIMUM) Rl-AOT . . •

05 DETENT . . •

R3-0000E AND STAR . . •

« WHERE E= CODE (SEE . . •

f NUMBER JF N71 . . •

4- SPIRAL ABOVE). . . •

4- MARKS TAKEN • • •

+ (5 MAXIMUM) R2-0000E . . •

4- WHERE E= . . •

4- NOTE: IJOOE NUMBER OF . . •

4- IN R2 CR R3 CURSOR •

4* INDICATES MARKS •

4- MARK REJECT TAKEN. . . •

4- OPTION. (5 MAXI- •

4- KEY HUM) . . •

4- "ENTER" TO • • •

4- CHANGE R3-LCC0E , . •

4- REJECT WHERE E= . . •

4- OPTION. NUMBER OF . . •

4- SPIRAL . . •

4- • MARKS . . •

4- • TAKEN
4-

• (5 MAXI-
4- • MUM) . .

4-

4-
• NOTE; . . •

4-
• lOOOE IN . . •

4-
• R2 OR R3 . . •

4-
« INDICATES . .

4-
• MARK RE-

#510

#521

#530

#590

*

+

R53/LUMINARY
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JECT
OPTION.
KEY
"ENTER"
TO CHANGE
REJECT
OPTION.

WAIT FOR MARK, MARK
REJECT, ROD INPUT OR
KEYBOARD ENTRY

TERMINATE FLASH UPON
RECEIPT OF ENTRY

P M.M
R A. A

0 R.R
C K.K
E

E J.R
0 R.E

• J

R.E
D . C
D.T

E

N
T

E

R

T

E

R
M
I

N
A

T

E

R
,E

C
Y

,C

L

,E

1 .

N.
P.
U.
T.

GO TO
"B"

ABOVE

PERFORM
MARKRUPT
ROUTINE
(R57».

COMPLETE cursory-
spiral SIGHTING MARK
PROCEDURES ADHERING
TO THE PRINCIPLES
OUTLINED IN MARKING
INSTRUCTIONS ABOVE.
OPT IONS:
(1) DO I WISH TO

DISCARD MARK
DATA ON THIS
BODY AND RESEL-
ECT A NEW CELES-
TIAL BODY?
- KEY V32E

(2) DU I WISH TO
TAKE CURSORY-
SPIRAL MARKS?
- PUSH MARK X JR
MARK Y PUSHBUT-
TON OR ROD SW.

(3) DO I WISH TO
CHANGE THE
CURSORYSPIRAL
MARK OR MARK RE-
JECT OPTION?
- KEY ENTER

14) DO I WISH TO RE-
JECT A MARK (OR
MARKS )

?

- PUSH MARK RE-
JECT PUSHBUTTON.

(5) DO I WISH TO
TERMINATE
MARKING?
- KEY PROCEED

980
R53YLUMINARY

#550

#56C

#570

#580

#590

922
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RESET MARK IN PRO-
GRESS FLAG

DO FINAL AUTOMATIC
REUUEST TERMINATE
ROUTINE IROO).

EXIT R53
AND PXX

F

F05
+

+ 1180

923
981

RSS/LUMINARY

(6) DO I WISH TO
TERMINATE THIS
ROUTINE AND THE
calling program?
- KEY V3AE.

.P .V .V M.M .E
• R .3 . 3 A. A

.0 .2 .4 R.R .T
• C .E • E K.K • E

. E . • R

. E . . O.R

.0 . .. . R.E
• • J

. GO TO . R.E • • • 4

• "B" . G.C
. ABOVE . D. T

• •

. 1.

. N.

. P.

. U.

. T.

• •

• •

. GO TO

. MARKRUPT

. ROUTINE

. (R57).

• •

• •

• •

• • •

•

•

•

• • • •

•

•

•

•

DO FINAL AUTOMATIC
REQUEST TERMINATE

#600

#610

#620

#63C

#640

R53/LUMINARY
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ROUTINE (ROD).

#650

EXIT R53
AND PXX

POSS
HOLD

SNAP
FLASH VERB-NOUN TO
MARK X OR MARK Y

RETICLE LINE/STAR
INTERSECTION.

V5A N71
Rl-ABCOE
R2-X MARKS
R3-Y MARKS

Rl-AOT DETENT CODE
AND STAR CODE (SEE
N71 ABOVE).

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
MARK X OR MARK Y

RETICLE LINE/STAR
INTERSECTION.
NOTE: lOCOE IN R2 OR
R3 INDICATES MARK
REJECT OPTION (X DR
Y). KEY "ENTER" TO
CHANGE REJECT OPTION

#660

#670

R2-0000E WHERE E=
NO. OF "X" MARKS
TAKEN. #680

R3-0000C WHERE E=
NO. OF "Y" MARKS
TAKEN.

NOTE: lOOOE IN R2 OR
R3 INDICATES MARK
REJECT OPTION ( X OR
Y). KEY "ENTER" TO
CHANGE REJECT OPTION. #690

924
R53/LUMINARY



•

•

•

•

•

•

•

•

WAIT FOR

•

•

MARK, MARK

•

•

•

• •

•

•

•

•

REJECT JR KEYBOARD • • • •

ENTRY. • • •

TERMINATE FLASH UPON
•

•

•

•

RECEIPT OF ENTRY • •

.P .R . T .M • E

•

•

•

•

.R .E . E .A .N • •

.0 .C . R • R • T • •

.C .Y • K .E • •

.E .C . I • .R • •

.E . L . N • • •

.D .E .A .R • • •

• • .T • • • •

• • . E .M • • • • • • • •

• • • .A •

• • • • • • R •

• • • • K •

. GO TO • • •

. "B" • .R •

. ABOVE • .E •

• • . J •

• • • •

•

•

•

•

•

•

•

• • • •

•

•

•

•

•

. RESET

•

MARK IN

•

•

•

. PROGRESS FLAG
•

• •

•

•

•

• • •

• •

. . PERFORM MARK-

•

•

•

. . RUPT ROUTINE •

. . (R57). •

• •

• •

•

• • • • • • • • • • • •

•

COMPLETE X/Y
SIGHTING MARK PRO-
CEDURES ADHERING TO
the principles OUT-
LINED IN MARKING
INSTRUCTIONS AaOVE.
OPTIONS:
( 1) DO I WISH TO RE-

SELECT A NEW
CELESTIAL BODY
AND DISCARD MARK
DATA ON THIS
BODY?
- KEY V32E

(2) DO I WISH TO
TAKE X AND Y

MARKS?
- PRESS APPRO-
PRIATE MARK
PUSHBUTTON

(3) DO I WISH TO

CHANGE THE MARK
REJECT OPTION?
- KEY ENTER

14) DO I WISH TO RE-
JECT A MARK lOR
MARKS) INDICATED
BY MARK REJECT
OPTION?
- PRESS MARK RE-
JECT PUSHBUTTON

(5) DO I WISH TO
TERMINATE
MARKING?
- KEY PROCEED

(6) DO I WISH TO
TERMINATE THIS
ROUTINE AND THE
CALLING PROGRAM?
- KEY V34E

DO FINAL automatic
REQUEST TERMINATE

P

R

0

V

3

2

T M.M
E A.

A

R R.R

E

N
T

925
083
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#70P

#710

#720

#730

R53/LUMINARY
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#75C

#760

#770

»78C

»79P

926
R537LUMINARY



• •

TURN ON PROGRAM
ALARM LIGHT AND
STORE ALARM CODE
( 00111 ).

GO TO
"A"

ABOVE

MONITOR DSKY:
OBSERVE POSSIBLE

PROGRAM ALARM. KEY
VC5 N09 TO IDENTIFY
ALARM CODE.
PROBABLE ALARM

AT THIS TIME:
00111-MARK MISSING

KEY RELEASE
STORE CONTENTS OF
MARK CCJNTERS INTO
INDEX REGISTER TO
USE AS DATA PAIR .

COUNTER. THROW AWAY ...
ANY UNPAIRED DATA.

GO TO
. "A"
. ABOVE

DECREMENT DATA PAIR
COUNTER BY ONE.

IS SURFACE FLAG OR
FLIGHT 59 FLAG
SET?

WAS THE CURSOR/
spiral MARKING
TECHNIQUE USED?

Y N Y .N

EXIT R53

CALCULATE CALCULATE
LOS VECTOR LOS VECTOR

985
R53/LUHINARY927

#890

#810

#820

#830

#8A0

R53/LUMINARY



TO CELEj- TO CELES-
TIAL BODY TIAL BODY *

STARTING STARTING *

WITH THE WITH THE
MCST RE- MOST RE-lNI
CENT PAIR PAIR OF X/Y
OF CURSOR/ MARK DATA
SPIRAL AND AVERAGE
MARK OATA WITH PRE-
AND AVER- V lOUSLY
AGE WITH COMPUTED
PREVIQLjLY LOS VECTOR
COMPUTEJ TO THE BODY
LOS VECTOR
TO THE •

BCOY. •

REJECT •

DATA PAIR •

IF: •

(11 CELES- •

TIAL •

BODY •

IS •

LESS •

THAN 2 •

DEGREES •

FROM •

AOT •

OPTIC •

AXIS. •

(2) CELES- •

TIAL •

BODY IS •

GREATER •

THAN •

23.5 •

DEGREES •

FROM •

AOT •

OPTIC •

AXIS •

(EDGE •

OF FOV) . •

(3) MORE •

•

•

•

•

•

•

•

•

•

•

•

•

•

«

9fl6

R53/LUMINARY

f85C

*86r

¥87r

#880

#890

R53/LUMI NARY
928



929
987

R53/LUMINARY

THAr'J 28
COMPU-
TATION
ITERA-
TIONS
ARE
REGO TO
CON-
VERSE
TO A

SOLU-
TION.

#900

(A) THE SIGN
OF THE •

ITERA- •

TION •

STEP •

CHANGES •

MORE •

THAN •

ONCE. •

STORE NUM-
•

•

BER OF MARK •

DATA PAIRS •

REJECTED •

FOR POSSI- •

BLE DISPLAY •

IN V50 N25 •

00016 BELOW •

• •

• •

• •

CHECK DATA PAIR
COUNTER

.0 .>0
•

•

•

•

•

•

• • • •

HAVE ANY MARK DATA
PAIRS BEEN REJECTED

#910

#920

#93C

#940

R53/LUMI NARY



BY THE LOS VECTOR
COMPUTATION?

PCSS
HOLD .

SNAP .

FLASH VERB-NOUN TO
REQUEST PLEASE
PERFORM LOS SIGH-
TING DATA REJECT
OPTION.

V53 N25
RI-0C0 16

R2-OOOOX
R3-BLANK

MONITOR DSRY:
DOES VERB-NOUN

FLASH TO REQUEST
PLEASE PERFORM LOS
SIGHTING DATA REJECT
OPT ION?

R2 - THE NUMBER OF
MARK DATA PAIRS
REJECTED BY THE
CURSOR/SPIRAL LOS
VECTOR COMPUTATION.

DO I WISH TO RE-
PERFORM THE SIGHTING
MARK SEQUENCE?

... KEY IN
ENTER

GO TO
"B"

ABOVE

DO I WISH TO CONTI-
NUE alignment using
LOS DATA FROM NON-

WAIT FOR KEYBOARD
ENTRY

088
R53/LUMINARY

#950

#96C

#970

#980

#900

R53/LUMINARY
^ 930



RESET MARK
IN PROGRESS
FLAG

JO FINAL AUTO-
MATIC REQUEST
TERMINATE
ROUTINE IRCOI.

931
989

R53/LUMINARY

REJECTED MARK PAIRS?

.N . Y

•

• *

KEY IN
V34E

•

•

•

•

•

•

•

•

•

•

•

... KFY I

N

• PROCEED
•

• •

• •

• •

• • • •

#ioor

#1010

#1020

#1030

00 FINAL AUTO-
MATIC REQUEST
TERMINATE
ROUTINE IROO).

# 1C4C

R53/LUMINARY
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EXIT R53 EXIT R53
AND PXX AND PXX

EXIT R53 EXIT R53

#105C

CHANGE CCNTROL NOTES

REV Cl PCR 527
REV CO (LUN lA) PCR 699
REV 01 (LUN IB) PCR 801.2
REV C2 EDIT ORl AL

REV C3 PCN 1009
REV 04 ILUM IE ) PCR 1044
REV 05 PCN 1180

932 R53/LUMINARV



993

933

SIGHTING DATA DISPLAY ROUTINE USA)

PURPOSE: 11) TO DISPLAY THE ACCURACY OF A PAIR OF CELESTIAL

ASSUMPTIONS: (1) THE ROUTINE
FI NE ALIGN

IS NORMALLY AUTOMATICALLY SELECTED
ROUTINE IR51), OR THE LUNAR SURFACE

PROG
CONT

LGC

.LGC
•ROUTINE
. SELECTION

GROUND CREW

REV C^ 12/93/69

3QDY SIGHTINGS, DR ALIGNMENT VECTORS.

dY THE IMU ORIENTATION DETERMINATION PROGRAM (P51I, THE INFLIGHT
ALIGN PROGRAM (P67).

START SIGHTING DATA
DISPLAY ROUTINE
(R54)

CALCULATE ANGLE BE-
TWEEN TWO CELESTIAL
BODIES USING STOR-
ED EPHEMERIS
DATA (ACTUAL)

CALCULATE ANGLE BE-
TWEEN TWO CELESTIAL
BODIES USING VECTORS
OERIVEC FROM MARK
ANGLES (INDICATED)

l»3C

R54/LUMINARY



HGLD .

SNAP .

994
R54/LUMINARY

FLASH VERB-NOUN TO
REQUEST RESPONSE AND
DISPLAY SISHTING
ANGLE OIFF:

V06 NOS
Rl-SIGHTING ANGLE

DIFF
R2-3LANK
R3-BLANK

MONITOR DSKY:
OBSERVE flashing
VERB-NOUN TO RE-
QUEST RESPONSE ANU
DISPLAY OF S IGHT ING
ANGLE DIFF #4r

SIGHTING ANGLE DIFF-
IN P51,P52 AND THE
ALIGNMENT TECHNIQUE
OPTION «2 OF P57, IF
IS THE DIFFERENCE
BETWEEN ACTUAL
AND INDICATED ANGLES
BETWEEN CELESTIAL
BODY VECTOR #1 AND
CELESTIAL BODY
VECTOR #2.
(NOTE: FOR ALIGNMENT
TECHNICUE OPTIONS
WC.lKli AND #3 OF P57
THE MEANING OF THIS
SIGHTING ANGLE DIFF-
ERENCE IS DESCRIBED
IN SECTION 5.6 OF
R567. THE POLARITY
OF THE SIGHTING
ANGLE CIFFERENCE IS
ALSO DEFINED THERE-
IN).
IN DEGREES TO
NEAREST .01 DEGREE.

Ksr

#60

#70

DOES THE SIGHTING
ANGLE DIFFERENCE
EXCEED THE ACCEPT-
ABLE TOLERANCE?

N #80

934
R54/LUMINARY



935
995

R54/LUMINARY

SHALL 1 PRUCEED
WITH OUT-OF-
TOLERANCE DATA?

• Y .N

#9C

WAIT FOR KEYBOARD
ENTRY

KEY IN PRO-
CEED

TERMINATE FLASH UPON . . KEY IN RECYCLE
RECEIPT OF PROCEED V32E
OR RECYCLE . .

p. .R
•

•

•

•

R. .E • •

0. .C • •

C. .Y • •

E. .C • •

E. .L • •

D.
•

.E

•

•

•

•

•

•

• • •

•

• • •

•

• • •

•

• • •

•

EXIT "A"
•

EXIT "B"
•

EXIT "A"
•

EXIT "B"
FRCM FRCM FROM FROM
R54. R54. R54. R54.
CONTINUE CONTINUE continue CONTINUE
AS DEFINED AS DEFINED AS DE- AS defined
IN CALLING IN CALLING FINED IN IN CALLING
PROGRAM/ PROGRAM/ CALL ING PROGRAM/
RCUTINE ROUTINE PROGRAM/

ROUTINE
ROUTINE

#100

#110

#120

CHANGE CONTROL NOTES

REV Cl NO PCRS
REV r2lLUP ICI PCR 972

R54/LUMINARY
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QQ7

GYRO TURQUING ROUTINE tR55l REV 01 01/07/69

PURPOSE: (l( TO CALCULATE GYRO TORQUING ANGLES FOR FINAL (FINE) ALIGNMENT OF THE INERTIAL PLATFORM DURING AN INFLIGHT
ALIGNMENT: TO DISPLAY THESE ANGLES AND TO TORJUE THE GYROS.

ASSUMPTIONS: (1) THE ROUTINE IS AUTOMATICALLY SELECTED BY THE INFLIGHT FINE ALIGN ROUTINE (R51).

PROG LGC GROUND CREW
CONT

. LGC

.ROUTINE

. SELECTION

START GYRO TORQUING
ROUTINE (R55)

CALCULATE REQUIRED
TORQUING ANGLES FOR
EACH GYRO

»20

HOLD . FLASH VERB-NOUN
TO REQUEST RES-

SNAP . PONSE AND DISPLAY
GYRO TORQUING
ANGLES :

V06 N93
Rl-X GYRO
R2-Y GYRO
R3-Z GYRO

MONITOR DSKY:
OBSERVE flashing
VERB-NOUN TO REQUEST
RESPONSE AND DISPLAY
OF GYRO TORQUING
ANGLES

l(3C

R55/LUM INARY
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GYRO TQRUUING
ANGLES-THE ANGLE
THROUGH WHICH
EACH GYRO MUST 3E
TORQUEC TO COM-
PLETE THE FINE
ALIGNMENT. ALL
ANGLES IN DEGREES
TO NEAREST .001
DEGREE.

SHALL I PERMIT
TORJUING?
CONSIDER MAG-
NITUDE OF
TOROUING ANGLES.

.N
•

•

•

•

Y.

•

•

•

•

KEY IN
•

•

RECYCLE •

V32E •

•

•

•

•

•

•

•

•

•

•

. KEY IN PROCEED

WAIT FOR KEYBOARD
ENTRY

TERMINATE FLASH
UPON RECEIPT OF
PROCEED OR RECYCLE

#50

.P R

.R E

.0 C

.C Y

.E C

.E L

.0 E

#60

PULSE UIGS
THROUGH DESIRED
ANGLES

EXIT EXIT EXIT EXIT

R55/LUMINARY
'' 938



R55 R55 R55

CHANGE CCNTROL NOTES

NC PCRS

939
999

R55/LUMINARY

R55 #8r

RS5/LUMINARY





TERMINATE TRACKING ROUTINE (R56I REN C5 12/J1/71

P URPOSE:

ASSUMPT IONS:

+ +

+ 05
+

+ 1180

+ +

+ 05
+

+ 1180
+ +

PROG

(1) TO TERMINATE PROGRAMS P20,P22, OR P2

5

III THE SELECTION AND TERMINATION OF P20, P22 , AND P25 ARE SUBJECT TO SPECIAL OPERATING PROCEDURES DIFFERENT
FRDM THOSE FOR ALL OTHER PROGRAMS:

(A) SELECTION

11) ALWAYS BY V37EXXE

(2) IF ANY OTHER PROGRAM IS RUNNING AT THE TIME OF P20/22/25 SELECTION, THE NEW PROGRAM WILL REPLACE
THE OLD. THIS INCLUDES P20/22/25 SELECTION WHEN ANY OF P2C.22, DR 25 I S RUNNING.

(3) IF P20 OR P25 IS RUNNING, SELECTION OF ANY PROGRAM OTHER THAN PCD, P22, OR P25 WILL RESULT IN

P20 OR P25 continuing, AND THE NEW PROGRAM ALSO OPERATING WITH ITS NUMBER DISPLAYED IN THE DSKY PROG
LIGHTS.

(41 IF P23 OR P25 IS RUNNING, SELECTION OF POO, P22, OR P25 WILL RESULT IN THE TERMINATION OF THE OLD
PROGRAM, AND OPERATION OF THE NEW.

(B) TERMINATION

(II BY SELECTION OF POO, V56E, OR BY V34E.

(2) POO SELECTION WILL TERMINATE P20,22, AND 25 AND ANY OTHER PROGRAM IN PROCESS, AND ESTABLISH
POO.

(31 V56E SELECTION WILL SELECT THE TERMINATE TRACKING ROUTINE (R56) WHICH WILL TERMINATE ONLY P2C
OR P25 IF EITHER OF THESE PROGRAMS IS RUNNING IN CONJUNCTION WITH ANOTHER PROGRAM. IN ALL OTHER
CASES R56 WILL SELECT RDO. V56E MAY BE PERFORMED ANY TIME DURING P25,22, OR 25 OPERATION.

(41 THE LGC WILL ACT UPON V34E ONLY IN RESPONSE TO A FLASHING VERB-NOUN. IF THIS DISPLAY WAS
ORIGINATEO BY P2D,22, OR 25, V34E WILL RESULT IN AN IDENTICAL LGC RESPONSE TO THAT OF V56E, THAT IS,
SELECTION OF R56 EXCEPT IN THE CASE OF A V06 N49 DISPLAY. IF THIS DISPLAY WAS NOT ORIGINATED BY PBC

,

22, OR 25 (SUCH AS P32, WHILE RUNNING WITH P20) THE LGC WILL GO TO ROC, HOWEVER THE PROGRAM IN THE
background will continue, the new PROGRAM SELECTED FOLLJWS THE SELECTION RULES ABOVE, (A).

LGC GROUND CREW

R56/LUMINARY



lorz
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CONT

CREW
ROUTINE
SELECTION

START TERMINATE • KEY IN V56E OR V34E
#iC

TRACKING ROUTINE •

(R56) • ABOVE).

• •

• •

• •

IS RENDEZVOUS OR P25 IS P20, P22. OR P25
FLAG SET? IN PROCESS? *20

.Y N.

• •

• Y

•

N.
•

• •

• • • •

•

•

•

• • •

. EXIT •

•

EXIT
. R56
•

•

•

•

•

•

•

•

•

R56

#30

RESET THE SEARCH
FLAG

IS THE TRACK FLAG
SET?

Y N.

RESET THE REN-
DEZVOUS FLAG

*50

942
R56/LUMINARY



RESET THE P25FLAG

SET AGSCQDE = 20000

RESET UPDATE FLAG,
AND IMUSE FLAG

WAIT FOR ANY
INTEGRATION IN

PROCESS TO FINISH.

COMMAND ZERO
VEHICLE RATES

SET DEADBAND TO

PREVIOUS VALUE
DEF INED BY R03

943
1003

R56/LUMINARY

#60

#70

#80

#90

#100

R56ZLUMINARY



RESET DESIGNATE FLAG

RESET CONTINUOUS
DESIGNATE FLAG

10C4
R56/LUMINARY

#110

#120

#130

#140

944
R56/LUMINARY
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ICC 5

R56/LUMINARY

R56 R56

#15C

DO FINAL AUTOMATIC . . DO FINAL AUTOMATIC
REQUEST TERMINATE REQUEST TERMINATE
ROUTINE (ROOl . . ROUTINE (ROD)

. . #160
EXIT EXIT
R56 R56

CHANGE CONTROL NOTES

REV 01 PCR 451
REV 02 EOITORIAL
REV C3 EDITORIAL
REV 04(LUM IE) PCR 324, PCN 1145
REV 05 PCN 1180

R56/LUMINARY
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MARKRUPT ROUTINE (R57I RE7 06 12/01/71

PURPOSE: (U TO ACCEPT AND PROCESS CREW INPUTS (MARK X, MARK T, AND MARK REJ ECT I ASSOCIATED WITH THE ALISNMENT MARKING
PROCESS.

(21 TO ACCEPT AND STORE CREW INPUTS (PLUS AND MINUS ROD COMMANDS) ASSOCIATED WITH THE RATE OF DESCENT PHASE (P66)
OF THE LUNAR LANDING.

ASSUMPTIONS: ID THIS ROUTINE IS AUTOMATICALLY CALLED WHENEVER THE MARK X PUSHBUTTON, MARK Y PUSHBUTTON, MARK REJECT PUSHBUTTON,
OR THE DES RATE (+ OR -) SWITCH ARE USED BY THE CREW, EITHER IN FLIGHT OR ON THE LUNAR SURFACE.

PROG LGC GROUND CREW
CONT

. LGC

.ROUTINE

.SELECTION

START MARKRUPT ilP
ROUTINE IR57)

STORE PRESENT VALUES
OF CDUX, CDUY, COUZ
AND TIME.

WAS THIS ROUTINE
CALLED BY A + OR -

ROD COMMAND?

Y

»3C

R57/LUMINARY
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IS AVERAGE
G FLAG SET?

.Y .N

STORE ROD COMMAND
FOR POSSIBLE USE
BY P66

«AO

MONITOR OSKY:
DDES PROGRAM ALARM #5p

INDICATE THAT ROU-
TINE OPERATICN IS

INCORRECT?

EXIT
R57

• Y N.

DOES MARK STATUS
REGISTER INDICATE
THAT R5i IS IN PRO-
GRESS AND MARKS ARE
BEING ACCEPTED?

.Y .N

IS MARK INPUT
INHIBIT FLAG
SET?

N .Y

KEY IN V05N09E TO
IDENTIFY ALARM
CODE. THOSE WHICH
COULD OCCUR AND
CREW RESPONSE RE-
QUIRED ARE AS
FOLLOWS:

(A) 0011i:-MARK-
ING SEQUENCE
NOT DESIRED
AT THIS TIME.
DO NOT PUSH
MARK X, MARK
Y, OR MARK
REJECT PUSH-
BUTTONS.

1B» 00113-
ALTHOUGH R57
WAS CALLED NO
INBITS APPEAR

«60

*70

#8C

948
R57/LUMINARY



... .IN CHANNEL 16.

. . HARDWARE OR
+C6 . TURN ON PROGRAM . SOFTWARE
+ . ALARM AND STORE FAILURE CR
+ . ALARM CODE . ROD SWITCH

. (C0112I. . ACTIVATED
t . . DURING X/Y
• . . . MARK RtgUEST

. . . DISPLAY
1180 . . . V54N71.

. ... . REFER TO

. . . BACKUP PRQ-

. EX IT R53 . CEDURES.

(C) 00115-MARK
REJECT HAS
BEEN ATTEMP-
TED WITH NO
MARKS TO RE-
JECT. MONITOR
DSKY MARK RE-
QUEST AND
MAKE CORRECT
MARK.

WAS THIS
INPUT?

MARK A ROD

• Y

•

•

•

• • •

.N

•

•

•

•

•

•

WAS THIS ROUTINE
CALLED JY MARK RE-
JECT ACTIVITY?

.N Y.

+

06
CHECK THE
APPROPRI 4TE

949
1009

R57/LUMINARY

#90

#100

#110

#120

#130

R57/LUMINARY



f'ARK COUNTER

DECREMENT THE
appropriate
MARK COUNTER
BY 1

EXIT R57

TURN ON PRO-
GRAM ALARM
AND STORE
ALARM CODE
100115).

EXIT R57

IS RHATMARK
REGISTER ZERO?

• N .Y

IS WHATMARK
REGISTER

1010
R57/LUMINARV

#140

#150

#160

#170

WAS THIS ROUTINE
ENTERED BY A

CURSOR/SPIRAL MARK?

950 R57/LUMINARY



951
1011

R57/LUMINARY

P0S7

.Y

•

.N
• •

•

•

•

• •

. WAS THIS
• . ROUTINE
• . CALLED BY

• . MARK Y

• . ACTIVITY?
•

• . .Y N.

• • • •

• • • •

•

• SET MARK
• IDENTIFIER
• TO Y

• • •

• • •

•

•

•

• •

•

•

•

•

•

WAS THIS
• ROUTINE
• CALLED BY

• MARK X

• ACTIVITY?
•

•

•

•

•

•

• Y N.
• •

• •

• •

• •

SET MARK
IDENTIFIER
TO X •

• •

• •

• •

• •

TURN ON
PROGRAM

*190

#200

#210

#220

#230

R57/LUMINARY



ALARM ANO
STORE
ALARM
CODE
(C0113) .

EXIT R57

IS XICURSJR) IS YISPIRALI
MARK COUNTER MARK COUNTER
EOUAL TO JR EQUAL TO OR
GREATER THAN GREATER THAN
5? 5?

.Y

•

•

•

•

.N
•

•

•

•

• N .Y

• •

• •

• •

• •

•

•

•

•

t

•

•

• INCREMENT
•

APPRO- . STORE X/Y MARK
• PRIATE MARK DATA FOR USE
• COUNTER BY 1 BY R53
•

• •

•

• •

• • • •

• • • •

• • • •

• • • EXIT R57

STORE MARK PARAMETERS
FOR USE 8Y R53

I S WHAHARK
REGISTER ZERO?

Y N

1012
R57/LUMINARY

#2A0

#250

#26C

#270

#28C

952 R57/LUMINARY



EXIT R57

SET MARK INPUT
INHIBIT FLAG

IS MHATMARK
REGISTER POSITIVE?

V .N

HOLD .

FLASH VERB-
NCUN RE-
QUEST TO
LOAD AOT
CURSOR
ANGLE

V21 N79
R1-8LANK
R2-BLANK
R3-aLANK

FLASH VERB-
NOUN RE-
QUEST TO
LOAD AOT
SPIRAL
ANGLE
V22 N79
R1-6LANK
R2-BLANK
R3- BLANK

MONITOR OSKY:
OBSERVE VERB-NOUN

flash to request T3
LOAD CURSOR OR
SPIRAL ANGLE

V21 - LOAD CURSOR
V22 - LOAD spiral

LOAD R1 - LOAD R2 -

CURSOR SPIRAL DO I HISH TO LOAD
ANGLE TO ANGLE TO THE SAME CURSOR (OR
THE NEAREST THE NEAREST SPIRAL! ANGLE PRE-
.01 DEGREE. .01 DEGREE. VIOUSLY LOADED?

KEY V33E

953
1013

R57/LUMINARY

#290

#300

#31C

#320

#330

R57/LUM1NARY
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WAIT FOR
KEY30ARJ
ENTRY.

TERMINATE
FLASH Ut»ON

RECEIPT OF
ENTER OR
V33E

• t • V

• N • 3 WAIT FOR
• T .3 KEYBOARD
.E .E
• R •

ENTRY

• • TERMINATE
• • FLASH UPON
• • RECEIPT OF

• •

• •

ENTER
V33E

OR

• •

• • .V • E

• • • 3 .N
• • . 3 .T
• • • E .E

• • • .R

• • • • • • •

HOLD .

• • • • • • •

• • FLASH VERB- FLASH
NOUN

VERB-
TUSNAP . . NOUN TO

4- . REQUEST REQUEST
4C6 . RESPONSE TO RESPONSE TO

. CURSOR SP IRAL
4- . ANGLE ANGLE
4- . DISPLAY DI SPLAY
4- . VC6 N79 V06 N79
4- . Rl-CLRSOR Rl- blank
4- . ANGLE R2- SPIRAL
4- . R2-aLANK ANGLE
4- . Ri-BLANK R3- BLANK

CURSOR. LOAD CURSOR OR
SPIRAL ANGLE AND
KEY "ENTER"

SPIRAL

MONITOR OSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE TO CURSOR
OR SPIRAL ANGLE
DISPLAY

DO I WISH TO
TERMINATE MARKING

#340

#350

#36C

#370

#380

*
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«•

t

+

+

«•

*1180

CURSOR
ANGLE - IN
DEGREES TO
NEAREST .01
DEGREE.

SPIRAL
ANGLE - IN
DEGREES TO
NEAREST .01
DEGREE.

AND EXIT PROGRAM?

.N • y

• •

• •

• • •

•

•

KEY IM
• V34E

•

•

•

DO FINAL AUTO-
MATIC REUUEST
TERMINATE ROUTINE
IROO)

*390

»40C

EXIT R57
AND PXX #410

WAIT FOR WAIT FOR
KBYBOARJ KEYBOARD
ENTRY ENTRY

I S DATA CORRECT?

.Y .N

TERMINATE
FLASH UPON
RECEIPT OF
RELOAD
VERB. PRO-
CEED UR
TERMINATE.

TERMINATE
FLASH UPON
RECEIPT OF
RELOAD
VERB. PRO-
CEED OR
TERMINATE.

KEY IN
PROCEED

»42C

R.V
E.2
L.l

P .V .V
R .3 .3

0 .4 .4

P R.V
R E.2
0 L.2

R57/LUMINARY
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O.E . .E .E
A • • • •

0 * • • •

O.E
A.

0 .

«430

KEY IN V21E OR
VERB 22E and RE-
LOAD THE DESIRED
CURSOR OR spiral
ANGLE *440

* 4 •

06 . RESET MARK •

4 . IN PROGRESS •

4

4 1180
. FLAG. • 1

DO FINAL AUTO-
MATIC REQUEST
TERMINATE
ROUTINE (ROO)

#450

EXIT R57
AND PXX

«460

STORE CJRSOR/SPIRAL EXIT R57
DATA FOR R53 #470

EXIT R57

956 R57/LUMINARY
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CHANGE CQNTRGL NOTES

REV C5(LJM lEI
REV 06

PCR 333,1044
PCN 1180

R57/LUMINARY
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PURPOSE:

A SSUMPTION

PROG
CONT

CELESTIAL BODY DEFINJTIOY ROUTINE (R58» REY 05 02/17/71

11) TO OBTAIN THE CORRECT CELESTIAL BODY VECTOR FRCM INFORMATION SPECIFIED BY THE CRE.) DUIING I MU ALIGNMENTS.

Ill THIS ROUTINE IS AUTOMATICALLY CALLED BY P51, P57, R51, R52, R53 AND R59.

LGC GROUND CREW

. LGC

.ROUTINE

.SELECTION

START CELESTIAL BODY
DEFINITION ROUTINE #10
(R58)

IS STAR CODE=XXXOC?

.N Y.

WAS THE TARGET DE-
FINED TO THE LGC A
PLANET IR1=XXX00)7

#20

IS THE STAR CODE
XXXA6, XXX47 OR
XXX507

.N Y.

EXIT R58

#30

R58/LUMINARY



OBTAIN STAR
VECTOR FROM
STORED EPHEM-
ERIS

USING GET AND TIME
OF launch COMPUTE
EPHEMERIS TIME OF
MARK. CONSULT ON-
BOARD TABLES TO
DETERMINE PLANET
POSITION VECTOR AT
THE PRESENT TIME.

EXIT R58

CALCULATE CEL-
ESTIAL BODY VEC-
TOR FOR THE BODY
DEFINED BY THE
STAR CODE.

EXIT R58

POSS
HOLD . FLASH VERB-NOUN

•

MONITOR OSKY;
TO REDDEST RESPONSE . • OBSERVE VERB-NOUN

SNAP . AND DISPLAY LGC-
ASSUMED PLANET

•

FLASH TO REDDEST
RESPONSE and DISPLAY

1020
R58/LUMINARY

#40

#60

#70

960
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•

•

POSITION VECTOR:
VObNdS
Rl-X PL
R2-Y PL
R3-Z PL

•

•

•

OF LGC ASSUMED
PLANET POSITION
VECTOR

*80

X PL - THE X COM-
PONENT JF THE LGC
ASSUMED celestial
BODY UNIT POSITION
VECTOR AT GET. IN

REFERENCE COORDI-
NATES TJ THE FIFTH
PLACE (.XXXXXI

• •

•

ARE THE POSITION
VECTOR COMPONENTS
CORRECT?

.Y N. .

• • •

#90

•

Y PL - SAME AS X FOR .

Y COMPOJENT.
• • •

• • •

Z PL - SAME AS X FOR .

Z COMPONENT.
t • •

• • •

• •

• •

• •

• • •

• • •

• • •

#100

WAIT Fflr^ KFYRflARr)

ENTRY . .

•

•

•

•

•

•

•

• •

• • •

• • •

• • •

• • • • •

• • •

EXIT R58
• •

#iir

• •

TFRMINATF FIASH UPHN
RECEIPT OF PROCEED, . .

ENTER (NEW DATA) OR .

TERMINATE.

LOAD THE CORRECT
POSITION Vector
COMPONENTS.

.P .V .NEH .

.R .J .DATA .

• U • 4 •

• C • c •

• •

• •

#120

.E . STORE DATA .

• 0 • •

• • • •

• • • • • •

#13C
EXIT
R58

R58/LUVI INARY



CHANGE CCNTROL NOTES

REV 01 EDITORIAL
REV 02 EDITORIAL
REV 03 EDITORIAL
REV 04(LDM ID) PCR 983, PCN 1039
REV 05(LUM IE) PCR 1044

1022
R58/LUMINARY
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LUNAR SURFACE SIGHTING MARK RUUIINE IR59) REV C5 12/01/71

PURPOSE: m WHILE ON THE LUNAR SURFACE, TO PERFORM CUR SQR/SPI RAL AOT SIGHTINGS ON A CELESTIAL BOOT (NAVIGATION STAR,
PLANET, OR THE SUN) FOR USE BY THE LUNAR SURFACE ALIGN PROGRAM (P57).

(2) WHILE inflight, TO PERFORM CURSOR/ SP I RAL AOT SIGHTINGS ON A CELESTIAL BODY AS A BACKUP ALIGNMENT OPTION FOR
USE BY THE I MU ALIGNMENT PROGRAM (P52).

11) WHILE ON THE LUNAR SURFACE NAVIGATION STARS MAY NOT BE VISIBLE. THE SUN OR A PLANET MAY NOT BE VISIBLE.
ALTHOUGH VISIBLE, THE CELESTIAL BODY MAY BE AT TOO HIGH AN ELEVATION TO BE EFFECTIVE FOR AZIMUTH DETERMINATION
DURING THE ALIGNMENT OPTION WHICH REQUIRES A SIGHTING ON ONLY ONE CELESTIAL BODY (OPTION P00D3). THE MAXIMUM
USABLE ELEVATION IN THIS CASE IS 70 DEGREES ABOVE THE LUNAR HORIZON. FOR ALIGNMENT OPTIONS REQUIRING SIGHTINGS
ON TWO celestial BODIES, AS IN P52 AND OPTION 2 OF P57, THE LOS BETWEEN THESE BODIES SHOULD EORM A MINIMUM
ANGLE OF 50 DEGREES.

12) A NEUTRAL DENSITY FILTER FOR THE AOT IS AVAILABLE FOR USE DURING SUN SIGHTINGS.

13) MULTIPLE SIGHTINGS MAY BE USED TO DETERMINE THE "AVERAGE" LOS VECTOR TO THE BODY.

(4) THE REAR DETENTS OF THE AOT MAY BE USED IF NECESSARY.

(5) THE ROUTINE IS AUTOMATICALLY CALLED BY THE LUNAR SURFACE ALIGN PROGRAM (P57) AND AUTO OPTICS POSITIONING
ROUTINE (R52).

PROG LGC GROUND CREW
CONT

.LGC

. ROUTINE

. SELECTION

start lunar SURFACE
SIGHTING MARK
ROUTINE (R59).

#10

R59/LUHINARY
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IS THE REFSMMAT FLAG
SET?

«20

N Y

GO TO
"A"
BELOM

*30

*60

HOLD . FLASH VERB-NOUN TO
REOUEST RESPONSE

SNAP . AND DISPLAY AOT
DETENT AND STAR
CODES:

V01N70
Rl-ABCDE
R2- BLANK
R3-BLANK

MONITOR OSKY:
OBSERVE FLASHING

VERB-NOUN TO REQUEST
RESPONSE AND DISPLAY
OF AOT DETENT AND
STAR CODES

#50

R1 IS AJT DETENT
CODE AND star CODE
IN octal:

A, B - 0

C - AOT DETENT
#60

964
R59/LUMINARY
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D, E - STAR CODE

WHERE:

ACT DETENT - THE AOT
detent code used
FCR SIGHTING;
1= FRONT LEFT DETENT
2= FRONT CENTER DE-
TENT
3= FRONT RIGHT DE-
TENT
9- REAR RIGHT DETENT
5= REAR CENTER DE-
TENT
6= REAR LEFT DETENT
7= BACK-UP OPTICAL
SYSTEM INOT APPLIC-
ABLE ON LUNAR
SURFACE)

ARE THE AOT DETENT
AND STAR/SUN CODE
DISPLAYS CORRECT FOR
THE PRESENT SIGHT-
INGS? INQTE: FOR
STAR ACJUISITIQN IT

IS NOT NECESSARY TO
SPECIFY A DETENT
CODE. )

Y .N

#70

# 81'

STAR CODE - THE
DES IGNAT ION OF THE
CELESTIAL BODY TO BE
USED. ALL DESIGNA-
TIONS IN OCTAL.

CO - PLANET
01/45 - STAR (FROM

STAR CODE
LIST)

46 - SUN
47 - EARTH
50 - MOON

#90

#100

WAIT FOR KEYBOARD
ENTRY

KEY IN PROCEED

TERMINATE FLASH UPON
PRUCEEC OR NEW DATA

KEY IN V21E
and load DESIRED
STAR AND DETENT
CODES IN Rl.

#110

PROCEED NEW
DATA

R59/LUMINARY



STORE NEW
DATA

DO CELEST lAL BODY
DEFINITION ROUTINE
(R58) FOR CELESTIAL
BODY INTENDED TO BE
USED.

DO CELESTIAL BODY
DEFINITION ROUTINE
1R58I FOR CELESTIAL
BODY INTENDED TO BE
USED.

CALCULATE STAR LOS
IN NAV BASE
COORDINATES FROM
STORED STAR DATA

SET AOT POSITION
CODE TO 1 AND PICK
UP AZ from ERASABLE
STORAGE. SET EL TO
+ 45 DEGREES.

CALCULATE OPTICAL
AXIS OF THE AOT FOR

1028
R59/LUMINARY

#120

#130

#140

#150

#160

96 G
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presently defined
AQT POSITION CODE IN
NAVBASE COORDINATES.

#173

IS THE ANGLE BETWEEN
THE STAR LOS AND THE
OPTICAL AXIS OF THE
ACT IN ITS PRESENT
POSITION LESS THAN
3C DEGREES? #18C

Y N

INCREMENT POS-
IT I CN CODE BY 1. #190

IS POSITION CODE
EJUAL TO OR
GREATER THAN 77

Y .N #200

CHANGE AZ
YALUE TO CORR-
ESPOND WITH
POSITION CODE,
FROM ERASABLE
STORAGE

#21C

PCSS
HOLD .

SNAP .

FLASH VERB-NOUN
TO REOUEST RES-
PONSE AND DISPLAY
ALAR1 CODE 0041 4

MONITOR DSKY:
DOES VERB-NOUN

FLASH TO REQUEST
RESPONSE AND DISPLAY

#220

R59/LUMINARY
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TO INDICATE THAT
STAR LOS WAS NOT
WITHIN 30 DEGREES
OF THE OPTICAL
AXI S FOR ANY OF
THE G AOT
POSITIONS

VC5 N09
Rl-XXXXX
R2-XXXXX
R3-XXXXX

OF ALARM CODE IN-
DICATE THAT THE STAR
LOS WAS NOT WITHIN
30 DEGREES OF THE
OPTICAL AXIS FOR
ANY OF THE 6 AOT
POSITIONS?

N Y, #230

DO I WISH TO PRO-
CEED WITHOUT LGC
SUPPLIED ACQUISI-
TION DATA?

#240

Y .N

WAIT FOR KEYBOARD
ENTRY

KFY IN
RECYCLE V32E

TERMINATE FLASH
UPON RECEIPT OF
PROCEED OR
RECYCLE

KEY IN PROCEED

GO TO
"A"

BELOW

#25C

#260

968
R59/LUMINARY



GO TJ
"A"

BELO>4

IS THE ANGLE
BETWEEN THE STAR
LOS AND THE AQT
OPTICAL AXIS IN

ITS PRESENT
POSITION LESS
THAN 0.3 DEGREE?

SET RECJIRED
CURSOR AND
SPIRAL ANGLES TO
ZERO

CALCULATE RE-
QUIRED CURSOR
AND SPIRAL ANGLES

HOLD . FLASH VERB-NOUN TO
REQUEST RESPONSE AND

SNAP . DISPLAY REQUIRED
CURSOR AND SPIRAL
ANGLES AND POSITION
CCOE:

V06 N79

969 1031
R5°/LUMINARY

#270

#280

#290

#300

MONITOR DSKY;
OBSERVE VERB NOUN

FLASH TO REQUEST
RESPONSE AND DISPLAY
OF REQUIRED CURSOR
AND SPIRAL ANGLES
AND AOT POSITION

#310

R59/LUMINARY
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Rl-CURSOR ANGLE
R2-SPiRAL ANGLE
R3-PGSITICN CODE

CODE.

CURSOR ANGLE - THE
ANGLE DISPLAYED ON
THE AQT READOUT
COUNTER WHEN THE
TARGET IS BRACKETED
BY THE CURSOR. IN
DEGREES TO NEAREST
.Cl DEGREE.

#32r

SPIRAL ANGLE - THE
ANGLE DISPLAYED ON
THE AOT READOUT
COUNTER WHEN THE
TARGET IS BRACKETED
BY THE SPIRAL. IN

DEGREES TO NEAREST
.n DEGREE.

III33C

POSITICN CODE - THE
AOT POSITION TO BE
USED FOR THE SIGHT-
ING. 1, 2. 3 =

FORWARD POSITIONS;
4. 3f 6 = REAR
PCSITIDNS.

#340

ARE THESE ACQUISI-
TION CONDITIONS
ACCEPTABLE SC THAT
I DO NUT WISH TO
SELECT ANOTHER
TARGET?

#35r

WAIT FOR KEYBOARD
ENTRY

KEY IN RECYCLE
V32E.

#360

970
R5°/LUMINARY



971 1033
R59/LUMINARY

05

+

f

f

+

4-

«

TERMINATE FLASH
UPON RECEIPT OF
PROCEED OR RECYCLE

.p .R

.R .E

.0 .C

.c . Y

.E .C

.E • L

.0 .E
•

•

•

•

•

CONVERT THE REUUIREO
AOT POSITION CODE TO
THE CORRECT AOT

DETENT CODE FOR DIS-
PLAY DURING R53.

• "A"
• FROM
•

•

ABOVE
•

•

•

•

•

• • •

•

IS THE FLIGHT 59
FLAG SET?

N . Y

KEY IN PROCEED

"A"
FROM
ABOVE

WAS CURSOK/SPIRAL
MARKING OPTION
SELECTED IN P5^7

N .Y

#370

#380

#390

#400

+ 1180
t EXIT R59 EXIT R59

R59/LUMINARY
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#41P

DC AOT MARK ROUTINE
(R53t FOR DESIGNATED
CELESTIAL BODY.

DO AOT mark ROUTINE
(R53) FOR DESIGNATED
CELESTIAL BODY.

EXIT R59 EXIT R5g

#420

CHANGE CCNTROL NOTES

REV 01 EDITORIAL
REV 00 (LUM lA) PCR 699
REV Cl (LUM IB) EDI TORI AL
REV 02 EDIT ORI AL
REV 03 (LUM 10) PCR 982t PCN
REV r4(LUM IE) PCR 1044
REV 05 PCN 1 180

R59/LUMINARY
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ATTITUDE MANEUVER ROUTINE(R60» REV 05 12/01/71

PURPOSE: (It TO MANEUVER THE LM Ti) AN ATTITUDE SPECIFIED 8V IHE PROSRAM IN PROCESS.

ASSUMPTIONS: 11) THE FINAL ATTITUDE DESIRED. DEFINED AS FOLLOWS. HAS BEEN STORED BY THE CALLING PROGRAM:

lA) A SPECIFIC BODY FIXED VECTOR AND A DIRECTION IN SPACE TO WHICH THIS VECTOR IS TO BE ALIGNED (THE 3-AXIS
FLAG IS RESET).

(B) A THREE AXIS (ORTHOGONAL) INERTIAL ORIENTATION TO WHICH THE THREE BODY AXES ARE TO BE ALIGNED (THE 3-AXIS
FLAG IS SET).

(2) THE MANEUVER MAY BE PERFORMED AUTOMATICALLY BY THE P3NCS OR PERFORMED MANUALLY WITH AN OPTIONAL FINAL AUTOMATIC
PGNCS-CONTROLLEO TRIM MANEUVER. THIS OPTIONAL TRIM MANEUVER SHOULD BE CONSIDERED ESSENTIAL FOR MANEUVERS TO THRUSTING
ATTITUDES.

(3) THE DOCKED CONFIGURATION OF THE VEHICLES HAS BEEN CORRECTLY DEFINED TO THE LGC VIA ROB.

(4) THE PGNCS CAN GENERATE TWO TYPES OF ATTITUDE ERRORS FOR DISPLAY ON THE FDAI

:

MODE I - SELECTED BY EXTENDED VERB 61. AUTOPILOT FOLLOWING ERRORS USED AS A MONITOR DF THE DAP'S ABILITY
TO TRACK AUTOMATIC STEERING CCMMANDS.

MODE II- SELECTED BY EXTENDED VERB 62. TOTAL ATTITUDE ERRORS USED TO ASSIST CREW IN MANUALLY MANEUVERING
THE VEHICLE.

PGNCS-DERIVED VEHICLE ATTITUDE RATES MAY ALSO BE DISPLAYED VIA SELECTION BY EXTENDED VERB 60.
DISPLAY SELECTION IS ALWAYS BASED UPON THE LAST ENTRY MADE IN THE DSKY WITH THE EXCEPTION THAT MODE II ATTITUDE
ERROR DISPLAYS ARE AUTOMATICALLY SELECTED AT THE BEGINNING OF R60. (SEE ASSUMPTION (12) BELOW). FDR A MORE DETAILED
DESCRIPTION OF THESE DISPLAYS. REFER TO SEC 3 OF R567. PARA. 3.2.6.

(5) THE DAP DATA LOAD ROUTINE {R03) HAS BEEN PERFORMED PRIOR TO THIS ROUTINE.

(6) THE ATTITUDE DEADBAND USED BY THIS ROUTINE WILL BE THAT MOST RECENTLY SELECTED BY THE ASTRONAUT VIA RO 3 . UNLESS
THAT DEADBAND HAS BEEN OVERRIDDEN BY THE PROGRAM IN PROCESS IN WHICH CASE THE PROGR AM-S P EC I F I ED DEADBAND WILL BE
USED.

17) THE ATTITUDE MANEUVER RATE FOR AN AUTOMATIC MANEUVER WILL BE THAT WHICH WAS LAST SPECIFIED BY THE ASTRONAUT
VIA R03.

(8) THE X-AXIS OVERRIDE OPTION IS NOT INHIBITED DURING THIS ROUTINE. BUT IT SHOULD NOT BE EXERCISED WHEN THE LGC IS
SPECIFYING A DESIRED YAW ATTITUDE. I.E.: DURING AN AUTOMATIC LGC-CONTRDLLED MANEUVER.

19) THE ROUTINE IS AUTOMATICALLY SELECTED BY THE PROGRAM OR ROUTINE REQUIRING THE ATTITUDE MANEUVER.

(10) IF THIS ROUTINE WAS SELECTED BY THE PREFERRED TRACKING ATTITUDE ROUTINE ( R6 1 ) OR THE FINE PREFERRED TRACKING
ATTITUDE ROUTINE (R65), THE V50N18 IN THIS ROUTINE IS A PRIORITY DISPLAY. THE YSf^NlB DISPLAY WILL REMAIN UP A
MINIMUM OF 2 SECONDS. RESPONSE AFTER 2 SECONDS WILL CAUSE THE PROGRAM TO CONTINUE AS DESCRIBED. EXTENDED VERBS
ARE ALLOWED DURING THE MANEUVER.

(11) WHEN THIS ROUTINE IS SELECTED BY A PROGRAM OTHER THAN P 20 OR P25, ALL DISPLAYS ARE NORMAL. THE OSXY REGISTERS
1.2 AND 3 AND VERB-NOUN WILL BE BLANK DURING THE MANEUVERS.

(12) WHEN THIS ROUTINE IS SELECTED. THE ATTITUDE ERROR NEEDLE DRIVE IS AUTOMATICALLY SET TD MODE 2 ATTITUDE ERRORS.
AND IS NOT SUBSEQUENTLY RESET BY THIS ROUTINE.

05

1180
+ +

R6n/LUMINARY
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PROG
CONT

LGC GROUND CREW

. LGC

. ROUTINE

. SELECTION

START ATTITUDE
MANEUVER ROUTINE
( RGOI

#2P

OBTAIN DESIRED
ATTITUDE SPECIFICA-
TION FROM THE CALL-
ING PROGRAM

#30

IS THF i-AXIS FLAG
SET?

.N .Y

CALCULATE FINAL
VEHICLE ATT ITUDE

#40

974
R60/LUMINARY



(CDU/GIMBAL
ANGLES ) TO MEET
THE UESIRED ATTI-
TUDE SPECIFICA-
TION (VECPOINT
ROUTINE). THIS
FINAL VEHICLE
ATTITUDE WILL BE
CALCULATED TO
MEET THE ATTITUDE
SPECIFICATION IN

SUCH A WAY AS TO
CONSERVE RCS FUEL
AND NOT CONSTRAIN
ANY UNSPECIFIED
DEGREE JF
FREEDOM.

SELECT CDU/
GIMBAL ANGLES
CORRESPONDING
TJ FINAL
VEHICLE ATTI-
TUDE AND PRES-
EIT IMU ORIEN-
TATION

TRANSFCRM FINAL COU/
GIMBAL ANGLES TO

FINAL FOAI BALL
ANGLES

SET NEEDLE FLAG
(SPECIFY MODE 2

975

#8C

#9C

1039
R6C/LUMINARV

R6r7LUMINARY



ATTITUDE ERROR
DISPLAY TO CAP)

RESET NEED2FLG

1040
R6P/LUMINARY

#XOP

»11C

#120

#130

#140

97B
R60/LUMIN4RY
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WAIT FOR KEYBOARD
ENTRY

OU I WISH
TO FURTHER
ADJUST THE
VEHICLE
ATTITUDE
ABOUT THE
DES IRED
VECTOR?
(NUT POS-
SIBLE FOR
ALL CASES.
SEE ASSUMP-
TION 1)

• N .Y

#150

#160

TERMINATE FLASH UPON
RECEIPT OF ENTER,
PROCEED OR TERMINATE

P .T

R .£
0 .R
C .I

E .1

E .N
D .A

.r

• E

E

N

r

E

R

RESET J-
AXIS FLAG.

KEY IN ENTER

EXIT
R60

DO I WIS H TO AD-
JUST THE ATT I-

TUDE ABOUT THE
AXI S NUT CON-
TROLL ED BY YEC-
POI NT o

Y .N

EXIT

#170

#180

#i':>o

R607LUMINARY
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R60/LUMI NARY

R60

IS IHt CURRENT
RROSRAM POO?
(R6J MUST THEN
HAVE BEEN CALLED
VIA R62 OR R63).

.Y N

RESET THE
3-AXIS FLAG

4- +

4C5

4

4

4

4

4 118C
4 4

EXI T

RbO

IS THE P20
PRIJRITY DISPLAY
FLA>, SET?

.N Y.

DO THE FINAL
AUTJMAT IC RE-
VUES T TERM IN-
NATE ROUTINE
(RP3)

•

•

•

•

•

•

•

•

PbRFORM MAN- •

UAL maneuver •

• •

• •

• •

• •

SHALL 1 HAVE
•

•

THE LGC RE- •

COMPUTE THE •

DESIRED •

ATTITUDE? •

Y. . N •

• •

• •

•

PLACE •

PGNS MODE . •

CONTROL •

SNITCH IN . •

ATT HOLD . •

• •

•

•

• • •

• • •

•

•

•

•

•

•

•

SHALL I HAVE THE
PGNCS PERFORM
THE MANEUVER
AUTOMATICALLY?

Y N

#200

#21C

»22C

#230

978 R60/LUMINAPY
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#240

EXIT
R60

DO THE TERMINATE
TRACKING ROUTINE
(R56)

#250

EXIT
R60

#25C

IS THE 3-AXIS FLAG
SET?

N Y

select pgns
CONTROL
MODE AND
SELECT THE
AUTO MODE.

#27G

CALCULATE FINAL
VEHICLE ATTITUDE

SHALL I HAVE
THE PGNCS
RECOMPUTE THE
DESIRED ATTI-
TUDE MITHCUT
PERFORMING
THE AUTOMATIC

*280

R60/LUMINARY
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#290

*300

#31C

#320

#330

980
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CJRRESPONDING
TJ FINAL
VEHICLE ATTl-
TJOE AND PRES-
ENT I MU ORIEN-
TATION

*340

TRANSFORM FINAL COU/
GIMBAL ANGLES TO
FINAL FDAI BALL
ANGLES

#350

DID I DIRECT THE LM
HAS PGNS CONTROL TO PERFORM THE MANE-
MODE BEEN SELECTED? UVER AUTOMATICALLY?

N .Y .Y

HAS THE AUTO
ATTITUDE CON-
TROL MODE
BEEN SEL-
ECTED?

#360

#370

#380

DSKY RILL BLANK
UNTIL MANEUVER
HAS BEEN CUM-

R607LUMINARY



1046
R60/LUMlMAP'r

HLfcTEiJ. NJJN 13
IS COMPUTED AND
IS AVAILABLE FDR
DISPLAY

l»39r

DO MANEUVER
CALCULATl ON
(KALCMANU) AND
ICDU DRIVE
ROUTINE TO
ACHIEVE FINAL
CDU/CIMDAL
ANGLES. THE
MANEUVER RATE
WILL BE THAT
LAST DEFINED
TO THE lM by DSKY
ENTRY. THIS
PROCESS WILL
INCLUDE A MON-
ITOR OF THE
PGNS MCDE CONTROL
Sh. SWITCHING GUT OF
AUTO WILL CAUSE IM-
MEDIATE TERMINA-
TION OF THI S

MANEUVER CAL-
CULATICN AND
ICDU DRIVE
ROUTINE.

MONITOR ATTITUDE
MANEUVER BY
REFERENCE TO FDAI
BALL AND ATTI-
TUDE ERROR
NEEDLES TO AVOID
GIMBAL LOCK.

*400

SHALL I OVERRIDE
THE PGNCS AND
COMPLETE the MAN-
EUVER MANUALLY?

*410

.Y .N
•

•

• • •

• • •

. WAIT FOR • *420

. AUTOMATIC •

. completion.
•

• •

• •

•

•

•

•

• •

•

•

•

«

•

• •

•

•

•

*430

SWITCH PGNS MODE
CONTROL Sw TO ATT

98:^
R60/LUMINARY



CHANGE CONTROL NOTES

REV PI PCR 9, £6, 164, 226, 234, 433, 446,637
REV 02 (LUH IBI PCR 841, EDITORIAL
REV C3 EDITORIAL
REV 04(LUM IE) PCR 336, PCN 1145
REV 05 PCN 1180

983
1047

R60/LUMINARY

HOLD AND
MANEUVER MANUALLY
USING ACA AND 8Y
REFERENCE TO THE
QJT-THE-rt I NDOH-
VIEW AND/QR THE
FDAl ball ANU att-
itude ERROR need-
les.

#440

#450

R60/LUM INARY
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PURPOSE:

PREFERRED TRACKING ATTITJDE ROUTINE 1R61I

(II

REV C5 12/01/71

12 1

TO PERFORM A SINGLE AUTOMATIC TRIM MANEUVER TO THE PREFERRED TRACKING ATTITUDE IF MANEUVER REQUIRED IS LESS
THAN A SPECIFIED FUNCTION OR, IF NOT, TO NOTIFY THE CREW THAT AN ATTITUDE MANEUVER TO THE PREFERRED TRACKING
ATTITUDE IS REQUIRED VIA R60.

TO COMPUTE the PREFERRED TRACKING ATTITUDE OF THE LM WHICH ENABLES RR TRACKING OF THE CSM, AND CSM TRACKING OF
THE LM BEACON.

ASSUMPTIONS: (II THE PREFERRED TRACKING ATTITUDE IS DEFINED AS FOLLOWS:

(Al THE LM *L AXIS IS ALIGNED ALONG THE LOS TO THE CSM.

(B1 THE ROLL ATTITUDE (ABOUT LM +2 AXISI IS UNDEFINED, BUT MAINTAINED AT THE ORIENTATION RESULTING FROM
THE R60 MANEUVER, OR FROM MANUAL CREW ADJUSTMENT.

(21 THE ROUTINE IS AUTOMATICALLY CALLED BY THE RENDEZVOUS NAVIGATION PROGRAM (P2PI, THE RR DATA READ ROUTINE (R22I,
THE RR manual ACQUISITION ROUTINE (R231, AND THE RR SEARCH ROUTINE (R241.

PROG
CONT

LGC GROUND CREW

LGC
ROUTINE
SELECT ION

INITIAL
ENTRY
(R61I

START PREFERRED
TRACKING ATTITUDE
ROUTINE (R61I

ilP

SET K61 FLAG

#2P

NOTE: FROM THIS
POINT Cl THE LGC

NOTE: ALL LOGIC IN

THE CREW COLUMN IS

R617LUMINARY
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LOGIC DESCRIBES BOTH
THE PREFERRED TRACK-
ING ATTITUDE ROUTINE
(R61I AND THE FINE
PREFERRED TRACKING
ATTITUDE ROUTINE
(R65). ONLY THAT
LOGIC ASSOCIATED
WITH R61 IS
PERTINEJT HERE
HOWEVER.

»B"
FROM
BELOW

IS TRACK FLAG SET?

• Y N.
• •

• •

• • • •

•

•

•

•

•

•

•

GO TO
»G"

IN P20

•

EXTRAPOLATE LM AND
CSM STATE VECTORS TO
PRESENT TIME PLUS
3 SECONDS USING
CONIC EJUATIONS

•

•

•

CALCULATE LOS VECTOR
FROM LM TO CSM.

ONLY THAT ASSOCIATED
WITH THE PREFERRED
TRACKING ATTITUDE
ROUTINE (R61).

#30

iAO

#50

#60

#70

98B R61/LUMINARY



USING VECPOINT, COM-
PUTE THE DESIRED I MU
GIMBAL ANGLES TO
ALIGN THE LM +Z AXIS
ALONG the LOS TO THE
CSM (BASED ON
CURRENT DESIRED IMU
GIMBAL ANGLESI.

HAVE PGIS CONTROL
AND AUTJ ATTITUDE
CONTROL MODES
SELECTED?

BEEN

.N • Y

• •

• •

TRANSFORM •

DESIRED IMU •

ANGLES TO •

FINAL FDAI •

BALL ANGLES •

AND STORE AS •

N18 •

•

•

•

• • •

•

•

•

•

GO TO •

ItAM •

BELOW •

•

•

IS THE LM/CSM LOS
GREATER THAN 15

DEGREES FROM THE LM
*l AXIS?

N Y

987
1051

R61/LUMINARY

#80

#90

#ior!

#110

#12C

IS THE LM/CSM LOS
GREATER THAN 15

DEGREES FROM THE LM
*l AXIS?

R61/LUMINARY
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ISSUE CESIRED
IMU GIRdAL
ANGLES DIRECTLY
TO THE RCS CAP.

#13C

RESET 3-AXIS FLAG *1A0

05

1180

SET P20 PRIORITY
DISPLAY FLAG

EXIT
R61

»150

COMPAND ZERO ATT-
ITUDE ERRORS

«160

SET 3.3 DEGREE
DEAC3AND.

DO ATTITUDE MAN- DO ATTITUDE MANEUVER #170
EUVER ROUTINE . . ROUTINE ( R60 )

.

(R60).

988
R61/LUMINARY



SET DEADBAND TG
PREVIOUS VALUE
DEFINED BY R03

+C5 . RESET P20 PRIO-
+ . RITY DISPLAY FLAG
+ 1180 .

+ + . .

EXIT
R61

"A"
FROM
ABOVE

IS R61 FLAG SET?

• Y

•

.N
•

•

• • •

•

•

•

EXIT
R61/R65

•

•

IS NZ ZERO?

.Y .N

EXIT

989
1053

R61/LUM1NARV

illSO

#100

#20C

#210

#220

R61/LUM INARY



P61/R6i

DECREMENT NZ BY 1

WAIT 6 SECONDS

IS RR DATA GOOD
PRESENT?

Y.

•

N.
•

•

•

•

• • •

•

• GO TO
• "B"
•

•

•

ABOVE

REAC RR RANGE AND
RANGE RATE

GO TO
.1311

ABOVE

1054
R6I/LUMINARY

#23C

*240

#250

#260

990
R6I/LUMINARY
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PURPOSE:

ASSUMPTIONS:

CREW--DEFINED MANEUVER ROUTINE (R 62 1 REV L3 12/'''3/6P

(11 TO PROVIDE THE CREW WITH TH E ABILITY TO SPECIFY A FINAL VEHICLE ATTITUDE FOR USE BY AN
MANEUVER.

11 ) THE ROUTINE IS MANUALLY SEL ECTED BY THE ASTRONAUT t3Y DiKY ENTRY.

(2 1 THE DAP DEADBAND DURING THI S ROUTINE IS AS DEFINE D av the CAP UATA LOAD ROUTINE IR03I.

13 1 THIS ROUTINE CAN ONLY BE EN TERED FROM THE LGC IDLING PROGRAM (POI).

LGC-COMTROLLED ATTITUDE

PROG LGC
CQNT

GROUND CREW

CHEW
ROUTINE
SELECT lUM

START CREW-DEFINED KEY IN V49E
MANEUVER ROUTINE .

(R62I

#ir

IS THE lGC idling
PROGRAM (PCD) IN

PROCESS?

Y

i»zr

TURI ON MONITOR DSKY:
OPERATOR ERROR . DUEi UPERATJK
LI GUT ERROR LIGHT CCME UN

INDICATING THAT THIS
. ROUTINE CAN NOT BE
. SELECTED AT THIS

R62/LUMINARY
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. TIME? (NOTE: TO EN-

. ABLE SELECTIGN OF
... THl S ROUTINE THE LUC
. IDLING PROGRAM (POO)

EXIT R62 MUST 3E IN PROCESS.)

*31

N

DO EXTENDED VERB
INTERLOCK ROUTINE
(R76)

PRESS ALARM
RESET

EXIT R62

DO EXTENDED VERB
INTERLOCK ROUTINE
(R76)

»50

#60

HOLD .. FLASH VERB-NOUN TO
REOUEST RESPONSE AND

SNAP .. DISPLAY FINAL GIMBAL
. ANGLES:
. V06 N22
. Rl- JG
. R2- IG
. R3- IG

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REOUEST RE-
SPONSE AND DISPLAY
OF FINAL GIMBAL
ANGLES.

#70

ALL GIMBAL ANGLES IN

DEGREES TO NEAREST
.01 DEGREE. DO I NISH TO KEY IN

NEW GIMBAL ANGLES TO
. BE USED BY ROUTINE
. R60?

WAIT FOR keyboard
ENTRY

N . Y #80

KEY IN V25E AND
LOAD NEW GIMBAL

992
R62/LUMINARY
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R62/LUHINARY

ANGLES

#90

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, OR NEW
DATA

.NEW . P .T

.DATA • K . E

« .0 • R

• . C .M
• . E . I

• . E .N
• . D . A

• .T
STORE • .E
DATA • •

• • • • •

• • •

• • GO TO
• • • • "A"

•

•

•

BELOW

SET 3-AXlS FLAG

•

•

•

DO ATTITUDE MANEUVER
ROUTINE IR60)

KEY IN PROCEED

DO ATTITUDE MANEUVER
ROUTINE (R60)

#100

#11C

#120

"A"
FROM

ABOVE

#130

R62/LUMINARY



RESET EXTENDED VERB
ACTIVE FLAG AND NO
MARKS ALLOWED FLAG

EXIT R62 EXIT R62

CHANGE CONTROL NOTES

REV 01 EDITORIAL
REV C2 EDITORIAL
REV C3 EDITORIAL

1060
R62/LUMINARY

*140

#150

994
R62/LUMINARY
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RENDEZVOUS FINAL ATTITUDE ROUTINE (R63) REV C3 12/P3/69

PURPOSE: (II TO CALCULATE AND DISPLAY THE FINAL FDAI BALL ANGLES REQUIRED TO POINT THE LM *-Z OR •X AXIS AT THE CSM.

(21 TO CALL THE ATTITUDE MANEUVER ROUTINE (R60) FOR AUTOMATIC MANEUVER CAPABILITY.

ASSUMPTIONS: III TO SAVE TIME THE LM ATTITUDE CONTROL MODE SHOULD BE PRESELECTED (FDR AUTOMATIC MANEUVERS, R03 SHOULD HAVE BEEN
DONE AND THE AUTO MODE SELECTEDI.

121 THIS ROUTINE CAN ONLY BE SELECTED DURING THE LGC IDLING PROGRAM (PCCI.

(31 THIS ROUTINE IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY.

PROG
CONT

LGC GROUND CREW

CREW
ROUTINE
SELECTION

START RENDEZVOUS
FINAL ATTITUDE
ROUTINE (R63I

KEY IN V89E

#10

IS THE LGC IDLING
PROGRAM (POOl IN

PROCESS?

Y N #2C

TURN ON
•

. MONITOR DSKY:
OPERATOR error
LIGHT

• DOES OPERATOR
ERROR LIGHT COME ON
INDICATING THAT THIS

•

•

ROUTINE CAN NOT BE
SELECTED AT THIS

#30

Rb3/LUMINARY
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R63/LUKINARY

. TIME? INOrt: TU EN-

. ABLE SELECTION OF
... THIS ROUTINE THE LUC
. lULINii RROURAM (ROD)

EXIT R63 MUST SE IN PROCESS.)

.Y N,

#4r

PRESS ALARM
RESET

EXIT R63 l*5C

00 EXTENDED VERB DO EXTENDED VERB
INTERLOCK ROUTINE . . INTERLOCK RGLTINE
IR76) (R76)

#60

DO IMU iTATUS CHECK . . DO IMU STATUS CHECK
ROUTINE (R02) ROUTINE (R02)

SET LOC ASSUMED
OPTION TO rccoi

#70

«8<'

996
R63/LUMINARY
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R63/LUMI NARY

HCLD .

SNAP .

FLASH VERB-NOUN TO
REQUEST RESPONSE ANU
DISPLAV OPTION CODE
FOR ASSUMED TRACKING
ATTITUDE:

V04 N12
Rl-00003
R2-C300X
R3- BLANK

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE AND DISPLAY
OPTION CODE for
ASSUMED tracking
ATT I TUOE.

#9P

R1 IS THE OPTION
CODE FCR ASSUMED
TRACKING ATTITUDE

R2 IS THE LGC
ASSUMED option:
OCOOI = PREFERREO(+Z )

0CC02 = aTHERH-X)
#100

WAIT FCR KEYBOARD
ENTRY

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
TERMINATE, UR NEW
DATA

IS THE OPTION IN
R2 CORRECT?

.Y • N

• •

• •

KEY IN
PROCEED

•

•

•

•

•

.. KEY IN V22E AND
. LOAD DESIRED
. OPTION CODE.

#110

#120

NEW . P . T

DATA .R .E

R63/LUMINARY
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•

•

•

•

•

•

. 0

•

•

• R

. c • M

STORE . E . I

DATA . E .N
. D .A

• . T

•

•

•

•

. E

•

•

•

•

•

•

•

•

• • •

•

• • •

• GO TO
• "A"
•

•

•

8EL0W

• •

•

•

•

•

• •

EXTRAPCLATE LM AND
CSM STATE VECTORS
FORWARD TO THE
PRESENT TIME PLUS 1

MINUTE USING CONIC
EQUATIONS

#130

#140

#150

#160

CALCULATE THE LINE
OF SIGHT VECTOR LOS
FROM LM TO CSM

#170

IS THE TRACKING
ATTITUDE OPTION =

R63/LUMINARY

998
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R63/LUM1NARY

CCOOl?

.NO .YES
#187

SELECT SELECT
X AXIS *l AXIS

tPREFEKREO)

*iaC

CALCULATE THE SELEC-
TED AXIS TRACKING
ATTITUDE (LM +Z OR
+X ALIGNED WITH LOS
FROM LM TO CSMI.
NOTE: THIS ATTITUDE
WILL BE COMPUTED
(VECPOINT) TO POINT
THE SELECTED AX I

S

(+Z OR t-X) AT THE
CSM BUT WILL NOT
CONSTRAIN THE NON-
CRITICAl IX OR Z) OR
Y AXES.

#2or

»21H

COMPUTE REUUIRED
FCAI ball ANGLES AT
THE SELECTED AXIS
I*Z OR +XI TRACKING
ATTITUDE IF THE
PRESENT IMU ORIENTA-
TION IS HELD AND
STORE I I NOUN 13

#22r

R63/LUMINARY
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HOLD .

SNAP .

STORE ATTITUDE
SPECIFICATION FOR
SELECTEJ AXIS OR
+ X) TRA>;KING ATTI-
TUDE FOR USE BY THE
ATTITUDE MANEUVER
ROUTINE (R60).

FLASH VERB-NOUN
TO REQUEST RESPONSE
AND DISPLAY COMPUTED
FCAI BALL ANGLES;

V06 N18
Rl-ROLL
R2-P1TCH
R3-YAW

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE AND DISPLAY
COMPUTED FDAI BALL
ANGLES.

#24r

ALL FDAI BALL ANGLES
IN DEGREES TO THE
NEAREST .01 DEGREE

SHALL I ALLOW
THE LGC TO
DRIVE THE LM
TO THE DESIRED
ATTITUDE?

#260

Y

DO 1 WISH TO
UPDATE THIS
DISPLAY?

N . Y

#270

l0-;0
R63/LUMINARY
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1001 R63/LUM1NARY

WAIT FCR KEYBOARD . . . KEY IM
ENTRY RECYCLE

. . . Y3<'E
#280

KEY I:M TERMINATE
V34E

#290

TERMINATE FLASH UPON
RFrpfPT HF PRnnFFn.

•

RECYCLE, OR • PROCEED •

TERMINATE —
»

.R .P • T •

.E .R • E • •

.C .0 .R • •

. Y .C • M • •

.C .E .1 • • • •

.L .E .N • •

.E .0 .A • EXIT
• • .T • R6J

• • • • .E •

• • • • •

•

•

•

•

•

•

•

GO TO
"A"

BELOW

•

•

•

RESET 3-AXIS FLAG
•

•

#300

#310

#320

R53/LUMINARY



1070
R63/LUMINARY

DO ATTITUDE MANEUVER ,

• •

, 00 ATTITUDE MANEUVER
ROUTINE R60 • • ROUTINE R60.

•

•

•

• "A”
•

• • •

. FROM

. ABOVE
• •

• •

•

EXIT
R6J

#330

• •

• • • •

• •

RESET EXTENDED VERB
ACT IVE AND NO MARKS
ALLOWED FLAGS.

#3A0

EXIT
R63

#350

CHANGE CCNTROL NOTES

EV 01 PCX 490,498,531
EV 02 EDITORIAL
EV 03 EDITOR lAL

10
R63/LUMINARY
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FINE PREFERREO TRACKING ATTITUDE ROUTINE IR65I REV C5 12/01/71

PURPOSE: (II TO PERFORM A CONTINUOUS SEIIES OF AUTOMATIC TRIM MANEUVERS TO THE PREFERRED TRACKING ATTITUDE IF EACH
MANEUVER REOUIREO IS LESS THAN A SPECIFIED FUNCTION CK, IF NOT, TO NOTIFY THE CREW THAT AN ATTITUDE MANEUVER
TO THE PREFERRED TRACKING ATTITUDE IS REDUIREC VIA RbO.

(2) TO COMPUTE THE PREFERRED TRACKINu ATTITUDE OF THE LM RHICH ENABLES RR TRACKING OF THE CSM AND CSM TRACKING OF
THE LM BEACON.

ASSUMPTIONS: (11

(21

(31

TH

TH

TH
RO

E PREF ERRED TRACK ING ATTl

(A) THE LM AXIS IS

(3) the ROLL A TTITJOE
THE RbO MA NEUVER.

IS ROUTINE RILL I TERATE N

E ROUT INE I S AUTOMATICALL
UT INE (R22I •

TUDE IS DEFINED AS FJLLUR S:

AL IGiVEU ALONo THt LCS TU THE CSM

( ABOUT LM hZ ax ISI IS UND EFINED,
R FROM MANUAL cker a DUUS TME NT.

Z TIMES , R H E R E NZ IS DEFI NED BY

Y CALLE C BY THE PREFE RREJ TK ACKl

BUT MAINTA

THE CALLING

NG ATTITUDE

NED AT THE ORIENTATION RESULTING FROM

PROGRAM/ROUTINE.

PROGRAM (P25I, AND THE RR DATA READ

PROG LGC GROUND CRER
CONT

LGC
ROUTINE
SELECTION

INITIAL
ENTRY
(R63)

START FINE PREFERRED
TRACKING ATTITUDE
ROUTINE (R65)

#1C

RESET Rol FLAG

#20

R65/LUM INARY
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SET AGSCQDE = 20000

#30

IS RR CATA GOOD
DISCRETE PRESENT?

N . Y

note: all logic IN
THE CREW COLUMN IS
ONLY THAT ASSOCIATED
WITH THE FINE PRE-
FERRED TRACKING
ATTITUDE ROUTINE
IR65).

READ RANGE RATE
AND RANGE IN
THE RACAR READ
ROUTINE (INCLUDES
TFI INTO N78).

#50

#60

NOTE: FROM THIS
PCINT CN, TEE LGC

#70

1004
R65/LUMINARY
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R65/LUMINARY

LOGIC DtSCRIBES BOTH
THE PREFERRED TRACK-
ING ATTITUDE ROUTINE
(R61) AID THE FINE
PREFERRtO TRACKING
ATTITUDE ROUTINE
IR65I. ONLY THAT
LOGIC A:>SOCIATEO
WITH R6i IS

PERTINETT HERE
HOWEVER.

tter

IS TRACK FLAG SET?

y N

GO TO
"G"

IN P20
#100

EXTRAPOLATE LM AND
CSM STATE VECTORS TO
PRESENT TIME PLUS 3

SECONDS USING
CONIC EJUATIONS

#iir

CALCULATE LOS VECTOR
FROM LM TO CSM.

USING VECPOINT, COM-
PUTE THE DESIRED I MU #12C

R65/LUMI NARY



GIMBAL ANGLES TO
ALIGN THE LM AXIS
ALONG THE LOS TO THE
CSM IBASED ON
CURRENT DESIRED
IMU GIMJAL
ANGLES ).

•

•

•

•

•

•

•

•

•

HAVE PGNS CONTROL

•

•

•

•

•

•

AND AUTO ATTITUDE • •

CONTROL MODES BEEN • •

SELECTED? • •

.N . Y • •

• •

• •

•

•

•

•

TRANSFORM
•

•

•

•

DESIRED IMU • •

ANGLES rO • •

FINAL FDAI • •

BALL ANGLES • •

AND STORE AS . • •

NIB.

• •

•

•

•

•

•

•

• •

• •

• • • •

•

•

•

•

•

•

GO TO • •

"A" • •

BELOW
•

•

•

•

•

• • • 1

•

•

• •

• •

IS THE LM/CSM LOS
•

•

•

• IS THE LM/CSM LOS
GREATER THAN 15 • • GREATER THAN 15
DEGREES FROM THE LM • • DEGREES FROM THE LM
+ Z AXIS? • • +Z AXIS?

N .Y . . .Y .N

1076
R65/LUMINARY

#130

#140

#150

#160

lOOB
R65/LUM1NARY



• #
•

•

•

«

•

•

•

•

•

•

•

•

ISSUE DESIRED
•

•

IMU GIM3AL •

ANGLES directly •

TO THE RCS DAP. •

•

•

•

•

•

•

. RESET THE 3- AXIS

. FLAG

t •

• •

•

•

. SET P20 PRIORITY

. DISPLAY FLAG

« •

• •

CCMMAND ZERO
ATTITUDE ERRORS

SET .3 DEGREE
DEACJAND

DO ATTITUDE MAN-
EUVER ROUTINE
(R60)

.

DO ATTITUDE
MANEUVER ROU-
TINE (RbO).

1007
1077

R65/LUMINARY

i»17f

# 18 f

#200

#21C

R65/LUM INARY
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#22r

SET JEAD8AND TO
PREVIOUS VALUE
DEFI-iED BY ROB.

05
«•

+ 1180
+

RESET P20 PRIO-
RITY DISPLAY FLAG

#230

"A"
FROM
ABOVE

#2Ar

IS R61 FLAG SET?

. Y

•

.N
•

•

• • •

•

•

EXIT
R61/k65

•

•

•

IS iNZ ZERO? • • IS MZ ZERO?

.Y .N
• •

• N . Y

#250

#260

1008
R65/LUMINARY
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R65/LUMINARY

EXIT . , EXIT
R61./R65 . . R65 *270

DECREME.XT NZ BY 1

WAIT 6 SECONDS
#28P

CHANGE CCNTROL NOTES

REV Cl PCR 39,,634

REV COI LUM lAI PCR 642 ,716
REV OK LUM IBI PCR 780
REV 02 ECITOR lAL

REV 03 PCI K :]9

REV 041 LUM IE) PCR 324
REV 05 PCN 1130

K65/LUMINARY
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fcXTcNOtD VERB IiNTbRLJCR R3JT1\E IR76I REV r B 12/''1/71

t +

PURPOSE:
+ C3
ASSUMPTIONS:
+

«-

+ 1180

(1) TO INHIBIT SELEOTIJN UF EXTEiNUEU VERBS UNDER CERTAIN CIRCUMSTANCES.

ID THIS ROUTINE IS CALLED BT THE EOLLOWINo EXTETUEJ VERES: V41N2P, V41N72. V42r V43i V47IR47I, V4'i(RC'3), V4a(R62lt
V35, VEBIRTV), V64(R3b), V67, V70(P27), V71(P27), VI2(P27), V731P27I, VB..Ik30), V83(P31), V85, VB9(R63I,
V9CI R36 ) , V91 , V92 (P07).

PROG LGC GROUND CREN
CONT

. LGC

. ROUTINE

. SELECT ION

START EXTENDED VERB
INTERLCCK ROUTINE #10
(R76)

•

•

•

IS THE EXTENDED VERB
ACT IVE FLAG SET? #20

.N Y

IS THE ID

MARKS allowed
FLAG SET?

N Y #30

R76/LUMINARY
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IS THE HARK
IN PROGRESS
FLAG SET?

" • •

N Y. . .

• • •

• • • #40

TimN DM nPFRATHR
•

MONITOR DSKY
DOES OPERATORERROR LIGHT •

• • THAT ANOTHER EXTEND-
ED VERB IS IN
PROCESS?• • •

• • •

•

EXIT R76
AND EXTENDED
VERa SELECTED.

•

•

•

•

•

•

• N . Y

• •

• •

• •

• •

#50

IS THE PRIORITY DIS-
PLAY AWAITING KEY
RELEASE FLAG SET?

•

•

•

•

. PUSH ALARM RESET

. TO EXTINGUISH OP-

. ERATOR ERROR

. LIGHT.

IS THE PRIORITY
DISPLAY FLAG SET?

N .Y

#70

IS THE PRI-
ORITY IDLE
FLAG SET?

.N .Y

1012
R76/LUMINARY



1013
i."e3

R76/LUPINAkY

TURN ON OPERATOR
ERROR LIGHT

c X I T R 7 6

Af^U EXTENDED
VERJ SELECTED.

#90

SET NU dARKS ALLOWED
FLAG

#lC-r

SET THE EXTENDED
VERB ACTIVE FLAG

DISPLAY CURRENT
MAJOR MJOE AND
CALLED VERB ON DSKY-
BLANR NOUN, Rl. R2,
AND R3

#110

... ...... #120
. . .

EXIT R76 EXIT EXIT
R 7 b R A 6

AND EXTENDED
VERB SELECTED

R76/LUMINAPY



i''e4

R76/LUMINARY

CHANGE CONTROL 'lOTES

REV Cl (NO PCRS)
REV 02 EDITOR lAL
REV 03 PCV 1180

1014
K76/LUY INARY
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LR jPURIOUS test RJUTINl (R77) TEV C9/03/Tr

PURPOSE: (1) TO REAJ UUT THE RAMUE AMO VELOCITY DATA FROM THE LAND I RADAR (LRI AND PUT IT ON THE LGC DOwNLlMK DURING LP

SPLTIDUS RETURN TESTS.

ASSURPTICNS: 11) THE LK DATA IS PLACED ON THE DurtMLINK REGARDLESS JF ThE STATUS 0= THE LP RANGE DATA GOOD AND VELOCITY DATA GOOD
JI SCRETES.

121 THIS ROUTINE Ip MAMUAuLY SELECTED BY DSKY ENTRY (V78c) AND TAY BE GALLED ONLY WHEN NO OTHER PRUGRAH OR ROUTINE
IS USING EITHER RADAR. THE ROUTINE MUST BE TER'-lIVATED BY MANUAL DSKY ENTRY (V79E).

PROG LGC
CQNT

GROUND CREW

CREW
routine
SELECTION

START LR SPURIOUS KEY IN V78E
TEST ROUTINE IR77) .

#ir

IS THE R77
SET?

FLAG

.N Y.

•

•

IS THE V37
FLAG SET?

.N Y. .

• •

• •

IS THE LR
bypapS flag

H2r

#3C

R77/LUMINARY



1038
R77/LUMlNARy

SET?

.Y N

IS THE TRACK
FLAG SET?

.N Y

IS THE
RC4 FLAG
SET?

N Y. #50

TURN ON OPERATOR MONITOR DSKY:
ERROR LIGHT . GOES OPERATOR

ERROR LIGHT INDICATE
. THAT THIS ROUTINE
. CANNOT BE SELECTED
. AT THIS TIME?

• .Y N,

EXIT
R77 .

#6C

TERMINATE PROGRAM
OR ROUTINE WHICH
IS PREVENTING SE-
LECTION OF R77,
THEN RESELECT
THIS ROUTINE BY
KEYING IN V78E.

SET THE R77 FLAG

EXIT
R77

10IB
R77/LUM inary



ZERO RAJAR FAIL
COUNTER

UPDATE THE LR POSI-
TION flag to agree
WITH THE PRESENT
LR POSITION.

UPDATE THE LGC
ASSUMED LR AND RR
RANGE SCALE TO AGREE
WITH THE LR AND RR.

SAMPLE EACH LR VEL-
OCITY BEAM AND THE
RANGE BEAM ONCE EACH
SECOND AND PUT THIS
DATA ON THE LGC
DOWNLINK

EX IT

R7 7

DO I WISH TO TERMI-
NATE THIS ROUTINE?

Y N

iOi?
ice?

R77/LUM INARY

#10C

*110

*120

* 131^

R77/LUMI NARY



lOQO
RVT/LUVIM/vry

TfcRMIi^ATt LR DATA
•

SAMPLING

•

•

•

#149

•

•

•

• • •

WAIT 0.32 SECONDS
•

EXIT
R77

RESET Hn FLAG
# 15 ^

EX IT

R7 7

#160

CHANGE CCNTRUL NOTES

LOGIC REV 01 PLR 229
REV C2 EJITORIAL
REV 03 EJITORIAL
REV C41LUM ID) PCR 892

1016
R77/LUMINARY
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V36, REQUEST FRESH START RE\/ f6 12/01/71

PURPOSE: (1)

ASSUMPTIONS: lit

TO INITIATE A COMPUTER FRESH START.

THIS PROCESS MAY BE SELECTED AT ANY TIME.

(2) FRESH start CAN BE INITIATED IN ANY OF THE FJLLJWINS WAYS:

(Al VIA PROGRAM IF PHASE TABLE DISAGREEMENT IS DETECTED FDLlOWING A RESTART (ALARM CODE 01107).
(B) VIA PROGRAM IF SELF CHECK IS INTERRUPTED BY A RESTART DURING ITS ERASAB.E MEMORY CHECK AND ERASABLE

MEMORY IS SUSPECT.
(C) BY SIMULTANEOUS DEPRESSING OF THE MARK REJECT AND ERRJR RESET BUTTONS OURINS A RESTART.
(D) DSKY ENTRY OF V36E.

NOTE: A COMMANDED FRESH START (VJ6) WILL TURN OFF THE ENGINE, AS WILL PRESSING "MARK REJECT" AND "ERROR
RESET" DURING A RESTART.
THUS: "A" AND "B" DO NOT SHUT OFF THE DPs OR APS, "C " AND "0" WILL SHUT OFF THE OPS OR APS.

(3) IF FRESH START INTERRUPTS STATE VECTOR INTEGRATION, THE STATE VECTOR MAY BE INVALIDATED.

note: LGC fresh START INITIALIZES ALL FLAGWQRDS (SEE EXCEPTIONS 8ELJW), CLEARS ALL JOB CORE SET AND VAC AREAS, SETS
WAITLIST TASKS TO ENOTASK, INITIALIZES ALL OUTPUT CHANNELS, INITIALIZES DAP IDLING PROGRAM, INITIALIZES
DOWNLINK TO CO AST - AND- AL I GN DOWNLIST, BLANKS THE DSKY , AND EXITS TO AN IDLING STATE (DUMMY JOB).

LGC FRESH START DOES NOT ALTER THE STATE OF THE FOLLOWING FLAG BITS:
(1) APSFLAG, WHICH INDICATES IF THE DESCENT STAGE IS ATTACHED.
(2) SURFACE FLAG, WHICH INDICATES IF THE LM STATE IS ON THE LUNAR SURFACE.
(3) LMOONFLG, WHICH INDICATES IF THE LM STATE IS EARTH OR LUNAR CENTERED.
(4) CMOONFLG, WHICH INDICATES IF THE CSM STATE IS EARTH OR LUNAR CENTERED.
(5) REFSMMAT FLAG, WHICH INDICATES IF REFSMMAT IS VALID.
(6) N0D0P07 FLAG, WHICH INDICATES LIFTOFF HAS OCCURRED.

PROG LGC GROUND CREW
CONT

CREW
SELECT ION



lf^98

V36/LUMI.NARY

START CREW INITIATED KEY IN V36E
FRESH START . #1C

INITIALIZE DOWNLIST
POINTER TO RETRANS-
MIT CURRENT DOWNLIST
AT NEXT 20 MS
DOWNRUPr.

UPDATE STATUS OF LR
POSITION FLAG.
SET RR AUTO MODE AND
CDU NOT FAILED FLAGS

#30

SET TIME 3 = 37777,
TIME 4 = 37775,
TIME 5 = 37774

#40

DISABLE TIME 6 CLOCK

1022
V36/LUMINAfiY
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1099

V36/LUMINARY

RESTORE STATUS OF
CHANNEL 13 BITS

«60

INITIALISE T5RUPT
FOR OAPIOLER PROGRAM

#70

ZERO QUTBIT CHANNEL
11 lEXCEPT ENGINE ON
OR OFF, AND ISS

WARNING)

#80

RESET REMClOE, RR CDU
ZERO, reposition,
AND RR TURN ON FLAGS

ZERO QUTBIT CHANNEL
12 (EXCEPT RR LOCK- #ipp

V36/LUM1NARY



1 iro
V36/ LUM I NAPY

ON HNASLt, GIMBAL
TRIM DRIVES i ENABLE
I MU ERRJR COUNTERS,
ZERO IMJ cues, ANU
COARSE ALIGN
ENABLE ).

•
#110

RESET NJ RR MONITOR
ELAG (R25)

RESET R77 FLAG #120

ZERO OUTBIT CHANNEL
13 (EXCePT TELEMETRY
BITS, RESET TRAP
BITS, ANO T6RUPT

SET HAND CONTROL
RUPT BIT IN CHANNEL
13 .

#140

ZERO OUTBIT CHANNEL
14 (EXCEPT GYRO
ENABLE AND THRUST
DRIVE)

#15C

1024
V36/LUMINARY



1025
UC 1

V36/LUMI NARY

TERMINATE ALL WAIT-
LISTED TASKS

CLEAR ALL EXECUTIVE l»16C
REGISTER SETS

INDICATE NO ACTIVE
JOBS

#170

MAKE ALL VAC AREAS
AVAILABLE

#180
BLANK DSKY REGISTERS
(PROGRAM, VERB,
NCUN Rl, R2, R3).

PERMIT AOT MARK
ACTIVITY

RESET EXTENDED VERB
ACTIVITY INTERLOCK

#200



iir2
V36/LUMI nary

SET AGSCQDE = ZCCCO

+ C6
1180

*210

06 RESET Cl SPLAY/ASTRQ-
NAUT INTERFACE
FLAGSt INCLUDING
PRIORITY DISPLAY
AWAITING KEY RELEASE
FLAG AND PRIORITY #220

1180 IDLE FLAG.

INITIALIZE RADAR
READ

#230

INITIALIZE IM00ES33;
SET NO PIPA FAIL
BIT; SET DOWNLINK
AND UPLINK CK BITS;
RESET ALL OTHER BITS

*2A0

SET UP A JOB TO CAL-
CULATE RCS CONTROL
AUTHORITIES AND
OTHER DAP PARAMETERS

*250

1026
V36/LUPINARY
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V36/LUM(NARY

CLEAR SELF CHECK
ERROR REGISTERS

•

•

•

SET ENGINE OFF (BIT
14 IN CHANNEL 111

#260

INITIALIZE DAP

#270

INITIALIZE DOWNLINK
WITH POD DOWNLISr

#280
PERMIT AGS INITIAL-
IZATION

ZERO UPDATE STATE
VECTOR INDICATOR

#290

ZERO OUTBIT CHANNELS
5, 6, 12, 13, AND 14

V36/LUMINARY



iir ^
V36/LUMINARY

^ #300

ZERO CHANNEL 77

IS ISS IN COARSE
ALIGN MODE AND IN

GIMBAL LOCK?

• N .Y

ENABLE COARSE
ALIGN MODE

#320

CLEAR PHASE TABLE

LOAD -0 INTO MOOREG

#33C

INITIALIZE IMU
I INHIBIT IMU FAIL)

#340

SET MAXIMUM DEADBAND,
KALCMANU RATE AND
DAP FLA^WORD BITS

1028
V36/LUMINARY



1K5
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INHIdI T DAP TURN UN «35''

AND EKRJR NEEDLE
DISPLAY UNTIL ICDU'S
ARE ZERJED.

RESET ALL FLAG^ORDS
I EXCEPT REFSMMAT, ^36r
SURFACE, CMCCNFLG,
L>MOONFL,j, N000P37,
AND APS FLAGS). SET
THE lULc AND LR
BYPASS FLAGS.

... tfilC

EXIT
V36

CHANGE CONTRJL .lOTES

REY 00 PCR ^96
REV Cl ED ITORI AL

REV 02 ED1TQRI AL

REV 03 ED ITORI AL

REV C4(LUM ID)

REV OSILJY IE)
REV Cb PCN 1180

PCR 3 : 2 . 2,31 5.2, 892 ,996 ,PCN K j9
PCR ->24, PCN 1059, 1145

V36/LUMINARY



1
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V40J20, ZERU IMU CDUS REV C5 12/01/71

PURPOSE: (II TO INSURE SYNCHRONIZATION OF THE IMU COU COUNTERS AND THE I CDU COUNTERS IN THE L GC

.

(21 TO TERMINATE THE IMJ COARSE ALIGN MODE AND ENTER THE INERTIAL MODE.

ASSUMPTIONS: (II THIS EXTENDED VERB (V40N20I MAY BE CREH-SELECTEO BY DSKY ENTRY. A VALID IMU ZERO (SYNCHRONIZATION OF CDU
COUNTERSl CAN BE ACHIEVED ONLY IF THE ISS IS ENERGIZED I NO ALARM 002101. THIS PROCESS MAY BE
SELECTED EVEN IF ANOTHER EXTENDED VERB IS BEING PROCESSED. ASIDE FROM THE ICDU ZERO PROCEDURE WHICH FORMS A
NORMAL PART OF THE ISS TURN-ON, THE ASTRONAUT CAN COMMAND ICDU ZERO PROCEDURES ONLY BY CALLING V40N20 OR BY
CALLING R47 (VIA V47 1

.

» *

+ 05
+

118C

(21 V40 MAY NOT BE SELECTED IF IMU MODE SWITCHING IS IN PROGRESS, NOR IF GYRO TORUUING IS IN PROGRESS, NOR IF
THE IMU IS IN THE COARSE ALIGN MODE AND IN GIMBAL LOCK.

(31 THIS VERB DISABLES THE DAP FOR APPROXIMATELY ID SECONDS. A V37 MAJOR MODE CHANGE IS NOT ALLOWED DURING THIS
INTERVAL, an ATTEMPT TO USE V37 HERE WILL RESULT IN A PROGRAM ALARM C1520. RESTORATION OF PROGRAM SELECTION
CAPABILITY REgUIRES COMPLETION UF THIS EXTENDED VERB ROUTINE.

PROG LGC GROUND CREW
CONT

CREW
selection

START CREW INITIATED KEY IN V40N2CE #10
ICDU ZERO .

IS MODE SWITCHING OR
GYRO TCRDUING IN
PROGRESS?

N . Y • #20

TURN ON OPER- . OBSERVE OPERATOR
ATUR ERROR ERROR LIGHT FOR
LIoHT . INDICATION OF IMPRJ-

PEK procedure

V40N2r/LUM



EXIT
V40N20

IS ISS IN COARSE
ALIGN MJOE AND IN
GIMBAL LOCK?

111
>•

1
•

111\11111\
2:

•

•

TURN ON PROGRAM
ALARM AND STORE
ALARM CODE
(CJ206

)

•

•

•

IS ISS TURN-ON ...
OR CAGING IN
PROGRESS? EXIT

V4CN20
.N .Y

EXIT
V40N20

11P8
V40N2P/LUM

#3C

#4r

MONITOR OSKY:
DOES PROGRAM ALARM

LIGHT INDICATE AB-
NORMALITY?

CALL PROGRAM
ALARM DISPLAY
(V05N09I TO IDENT-,
IFY abnormality.
WHEN FINISHED,
PUSH KEY release
TO RECALL PRE-
VIOUS DISPLAY.

#70

PRESS ALARM
RESET TO RESET
PROGRAM ALARM.

103 :^}

V40N2'^/LUM



1109
V40N2n/LUM1033

#8C

EXIT
V40N20

ENTER ICDU ZERO . #ac
MODE

• •

DISABLE DAP • OBSERVE NO
TURN riN ND HAP f UAP 1 ir,HT njj

1180 LIGHT •

#10f

INHIBIT ICDU FAIL
AND IMU FAIL

# 111'

TURN OFF NO ATT OBSERVE THAT NO ATT
LAMP . LAMP IS OFF, INDI-

EATINO THAT THE ISS
IS NOT IN COARSE

. ALIGN MODE.

#i2r

SET ICCJ ZERO
DISCRETE

VACN20/LU'1



V40M2n/LUM

#i3r

ZERO LOG ICDU
COUNTERS

IS IMU ON?

*14'!'

Y N.

TURN ON PROGRAM . MONITOR DSKY:
ALARM AND STORE DOES PROGRAM ALARM
ALARM CODE . LIGHT INDICATE 0|5(;.

(00210) ABNORMALITY?

• Y

WAIT 020 MS CALL PROGRAM
ALARM DISPLAY
(V05N09) TO

. IDENTIFY ABNORM-

. ALITY. WHEN

. FINISHED, PUSH
. KEY RELEASE TO
. RECALL PREVIOUS
. DISPLAY.

*160

IS ISS TURN-ON OR
CAGING IN PROGRESS?

.N Y.

PRESS alarm
RESET TO RESET
PROGRAM ALARM

#170

EXIT
VACNZO EXIT #180

1034
VAON20/LUM



ZERO LGC ICCU
COUNTERS

RESET ICDU ZERO
DI SCRETE

+ C5 WAIT APPROX. 10 SEC.
+ 1180
+ .

IS ISS TURN-ON OR
CAGING IN PROGRESS?

N Y,

EXIT
V40NZO

RESET INHIBIT IHU
FAIL DISCRETE

RESET INHIBIT ICDU
FAIL DISCRETE

V4rN2f'/LUM



1112
V40N20/LUM

* + . .

+ 05
+ ENABLE JAP .

+ TURN UFE ND DAP OBSERVE NO
+ LIGHT . DAP LIGHT OFF

#23r

RESET BIT 5 OF
IMOOES33 TO INDICATE
ON DOWNLINK THAT AN
ASTRONAUT-INITIATED
NON-TURN ON ICDU
ZERO HAS BEEN
COMPLETED.

#250—— —— ^

UPDATE ISS WARNING DOES ISS WARNING
LIGHT . LIGHT INDICATE A

FAILURE IN THE ISS?

.Y N

EX IT

V40N20

+ +

+ 05

+

+

+ 1180
+ +

CALL PROGRAM
alarm CODE DIS-
PLAY (V05N09) TO
IDENTIFY THE
FAILURE. THERE
ARE SEVEN POSS-
IBLE CAUSES FOR
ISS WARNING.
(SEE SEC. 4.4.7
OF THIS DOCUMENT
FOR DEFINITION
OF ALARM COOES).
WHEN FINISHED,
PUSH KEY RELEASE
TO RECALL PRE-
VIOUS DISPLAY.

#260

#270

1036
V40N2C/LUM
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U13
V4?N2''/LUM

Pi<ESS ALARM
RESET Ta RESET
PROGRAM ALARM

#2er

EXITEXIT #2®0
V40N20 V40N2C

CHANGE CCNTROL NOTES

REV CO PCR A96
REV 01 EDITORIAL
REV 02 EDITORIAL
REV 03 EDITORIAL
REV OAILUM IE) PCR 1083. PCN 1145
REV 05 PCN 1180

V4^N2"'/LUM
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V4CN72, ZERO RR CDJS

PURPOSE: 1 1 ) TO ZERO THE RR CJUS.

REV 15 12/01/71

12) TO DETERMINE THE RR ANTENNA MODE.

ASSUKPTICNS:
4- +

^05

(1 ) THE PROCESS IS CREW SELECTED BY DSKY ENTRY.

12 ) THIS PROCESS MAY BE SELECTED AT ANY TIME EXCE
+ PROGRESS, OR WHEN THE TRACL FLAG IS SET 1 IT I

+ iiec
+ * 131 EXCEPT FOR THE RESTRICTIONS

ANY OTHER EXTENDED VERB.
noted in 12) ABOV

PT WHEN A READ SEOJENCE OF EITHER RADAR 3R A RR DESIGNATE IS IN
S SET 3Y P2C, P22, P25, P3r , P32-35, P72-77 ).

E. THIS PROCESS CAN BE SELECTED AT ANY TIME IN COMBINATION WITH

PROG LGC GROUND CREW
CONT

CREW
SELECTION

START CREW INITIATED KEY IN V40N72E
RR COU ZERO . #1D

IS THE R77 FLAG
SET?

.N Y

#ZC

IS THE V37
FLAG SET?

N Y.

#30

v-vontz/lum



Hl6
Vi^0N72/LUM

IS THE LR
BYPASS FLAG
SET?

• Y N

IS THE
TRACK FLAG
SET?

N Y,

#A0

TURN ON OPERATOR
ERROR LIGHT

MONITOR DSKY:
DOES OPERATOR

ERROR LIGHT COME
ON, INDICATING THAT
THIS EXTENDED VERB
CANNOT BE SELECTED
AT THIS TIME?

*50

EXIT
V40N72

Y

*60

TERMINATE THE
PROGRAM OR ROUTINE
THAT IS PREVENTING
SELECTION OF
V40N72, THEN RE-
SELECT THIS EXTEN-
DED VERB

104C
V40N72/LUM



E<IT
V40N7<;

is RR TURN ON
SET?

FLAG

.N . Y

• •

• •

IS REPOSITION
FLAG SET?

•

.N .Y

• •

• •

• • • •

•

• • •

. EXIT EXIT

. V4 0 V40

. N7 2

•

•

N72

SET RK CDU ZERQ FLAiS

IS THE RR AUTO MODE
FLAG SET?

TURN ON PROGRAM
ALARM AND STORE
ALARM CODE
(C0510)

WAIT If MILLISECONDS

MONITOR DSKY:
PROGRAM ALARM LAMP
WILL HE TURNED ON IF
RR AUTO MODE IS NOT
SELECTED (RR AUTO
DISCRETE NUT PRES-
ENT). DO I WISH TO
OBSERVE THE PROuRAM
ALARM CODE?

• Y N

SET RR CDU ZERO
DISCRETc

CALL PROGRAM ALARM
CODE DISPLAY (V)5-
ND°) TO IDENTIFY
THE FAILURE. ALARM
U'lBLO WILL INDIC-
ATE THAT ThE RR

1041 V4rN72/LUM

Iter

#90

#100

#110

#120

#i3r

V40N72/LUM



. I S ;'JOT IN THE

. AUTO MODE. ^HILE
THE PitOURAM WILL

WAIT 2C MILLISECONDS CONTINUE AETEK
THE DISPLAY OF

. ALARM OOSlOt THE

. RK COU 2ERU DIS-

. CRETE IS

. CONTINUOUSLY
ISSUED BY R25 WHEN

ZERO LGC RR CDU THE RR AUT U MODE
COUNTERS DISCRETE IS NOT

PRESENT. WHEN
. FINISHED, PUSH
. KEY RELEASE TO

. RECALL PREVIOUS
DISPLAY

REMOVE RK CDU ZERO
DISCRETE

WAIT 1C SECONDS

PRESS ALARM
RESET TO RE-
SET PRQijRAM
ALARM

RESET RR CDU ZERO FLAG

IS TRJNIION ANGLE
LESS THAN QD
DEGREES'

• Y .N

RESET RR
ANTENNA

SET RR
ANTENNA

I 1 1 9

VA^N72/LUM

# 14 '^

i»15C

#16C

#i7r

# 18 ''

V4'N72/LUM
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V4CN72/LUi^

MODE FLAO MODE FLAG
(MODE #1) (mode #21

UPDATE TRACKER FAIL
L IGHT

EXI T

V40 N72

MONITOR OSKY:
TRACKER FAIL LIGHT
KILL aE TURNED
ON IF:

A. The rk mode
IS AUTO AND
THE RR CDUS
FAILED

B. RR DATA FAIL

#19r

«20F

EXIT V40 N72 »2ir

CHANGE CONTROL MOTES

LOGIC REV 00 PCR 496
LOGIC REV Cl EDITORIAL

REV 02ILUR IBI PCR 848, EDITORIAL
REV C3 EJI TORIAL
REV C4(LUM ID) PCR 892
REV C5 PCN 1180

V4C'N72/LUM
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V'H.'jaO, COARSE ALISN IMU COUS REV f5 12/01/71

PURPOSE: (1) TO COARSE ALIGN THE IMU TO GIMBAL ANGLES SPECIFIED BY THE ASTRONAUT.

ASSUMPTIONS: 11) EXTENDED VERB VAl MAY BE CREW SELECTED ONLY WEEN NO OTHER EXTENDED VERB WHICH HAS SET THE EXTENDED VERB INTER-
LOCK IS ACTIVE. IT MAY N3T BE SELECTED WHEN AN ICDU AERO IS IN PROCESS, NOR WHEN GYRO TORQJING IS IN PROCESS, NCR
WHEN A PREVIOUSLY SELECTED COARSE ALIGNMENT IS IN PROGRESS. V41N2C IS INHIBITED WHILE THE GIMBALS ARE BEING TORQUEO
TO A DESIRED COARSE ALIGN ATTITUDE, BUT IS NUT INHIBITED WHEN IN THE CDARSE ALIGN MODE IF THE GIMBALS ARE NOT
BEING TORQUED.

(2) V41 MAY ONLY BE USED WITH N20IICDU ANGLES) OR aITH N72(RR CUU ANGLES).

13) THE ACCURACY OF THE ALIGNMENT IS TESTED TO A TOLERANCE OF +2 DEGREES. IF THIS TOLFRANGE IS EXCEEDED, THE
astronaut is NOTIFIED VIA A PROGRAM ALARM 100211).

14) THIS PROCESS RESETS THE TRACK FLAG AND THE REFSMMAT FLAG AND DISABLES IMU CDM»ENSATIJN AND THE DAP.

15) AFTER ACCOMPLISHING COARSE ALIGNMENT, THE COARSE ALIGN MUUE MAY RE TERMINATED BY KEYING IN V4''N2^F.

PROG LGC GROUND CREW
CONT

CREW
SELECTION

START CREW INITIATED .

•

XI

ISS COARSE ALIGN •

•

•

I S MODE SWI TCHING OR
GYRO TCRWUING IN

• IN.’ /i-U'-'



1122
\/41N20/LUM

PBOGKESi?

N Y
KZC

DO EXTEYOED
VERB INTERLOCK
ROUTINE IR76).

•

•

•

•

•

•

•

•

• TURN ON OPER-
ATflR FRRflR ..........

•

• LAMP •

•

•

•

•

•

•

•

•

• • •

•

•

•

•

•

EXIT
V41N20

FLASH VERB-NOUN TO
HOLD . REQUEST LOAD OF

DESIREE ICDU ANGLES.
• V21N22

Rl-QG
R2-IG

+ 4-

+ 05
R3-Mj

+ ALL REGISTERS INITI-
ALLY BLINK

+ 1180 ALL ANGLES IN Ob-
f + GREEi TO NEAREST .LI

DEGREE (XXX. XX
DEGREES 1

DO EXTENDED VERB
INTERLOCK ROUTINE
(R76)

OBSERVE OPERATOR ER-
ROR LAMP FOR indica-
tion OF IMPROPER
PROCEDURE

MONITOR DSKY:
OBSERVE VERB-NOUN
FLASH requesting
LOAD OF ICDU ANGLES

SHALL I LOAD ICDU
ANGLES?

Y

«3C

#40

«5C

#60

DO I HISH TO
TERMINATE THIS

104B
V41N20/LUM



11?J
V^tlN2r>/LUy104/

PROCE3UKE?

• Y N

#7r

WAIT FCT KEYBOARU
ENTRY

KEY IN
TERMINATE
VJAE

#8r

EXIT
V'tlNZO

LOAD OESIRbO
ANGLES ft90

TERMINATE FLASH UPON
RECEIPT OF CATA,
V33E, CR TERMI-
NATE

KEY IN
\l3iE

D

A

T

A

. T

. E

. R

. M

. I

. N

. A

. T

V

3

E

#IOC

GO TO
"A"

BELOW

VAINBi^/LUM



DISPLAY COARSE ALIGN
VERB (V4l)

•

•

•

IS ISS
CAGING

rURN-CN OR
IN PROGRESS?

.N
•

. Y

•

•

•

•

• • •

•

•

•

•

•

•

•

GO TO
"A"

BELOW

•

•

IS ISS IN COARSE
ALIGN MODE?

.N . Y

• •

• •

ZERO ISS ERROR
COUNTERS

DISABLE ANY GYRO
ACTIVITY

ENTER COARSE
ALIGN MODE

TURN ON NO ATT
LIGHT

1124
V41N20/LUM

MONITOR DSKY:
OBSERVE DISPLAY OF
COARSE ALIGN VERB
I V41 I

#130

#140

#150

#160

MONI TOR DSKY

:

OBSERVE THAT NO
ATT LIGHT COMES ON
TO INDICATE ENTRY
INTO COARSE ALIGN
MODE

1048 V41N20/LUM



1049
1125

V41N2n/LUM

t + •

t DISABLE UAP AND
t TURN ON NO CAP

+ LIGHT
+ 1180
+ + .

OBSERVE NJ
UAP LIGHT UN

#180

inhibit imu fail

«i°r

RESET TRACK FLAG,
DRIFT Flag AND
REFSHNAT FLAG

WAIT .Cu SEC
#200

IS ISS TURN-ON OR
CAGING IN PROGRESS?

•

. Y #2ir

•

• • • •

•

GU TO
"A"

BELOW

V4IN20/LUM



U26
V41N2C/LUM

ENABLE ICDU ERROR
CCUNTERS

#22r

COMPUTE DELTA COU
ANGLtS FOR TORQUING

#230

IS ISS TURN-CN OR
CAGING IN PROGRESS?

.N . Y

GO TO
"A"
BELOW

COARSE AL IGN IMU TO
STORED ANGLES (15
SECS MAXI

WAIT l.j SECONDS

#2AC

#250

#260

READ PRESENT IMU OR-
IENTATION W.R.T. THE
VEHICLE.
(GIMBAL ANGLES )

1050
VA 1N20/LUM



ARE the GIMSALS
WITHIM Z DEGREES OF
THE DESIRED ANGLES?

TURN ON PROGRAM . MONITOR OSKY:
ALARA AND STORE DOES PROGRAM ALARM
ALARM CODE • INDICATE THAT THE
(002111 IMU GIMBALS DID NUT

DRIVE TO WITHIN 2

. DEGREES OF TEE OE-

. SIRED ANGLES?

N . Y

CALL PROGRAM
ALARM DI SPLAY
V0bN09 TO IDENT-
IFY ABNORMALITY.
WHEN FINISHED
PUSH KEY RELEASE

. PRESS ALARM RE-

. SET TO RESET
"A" . PROGRAM ALARM
FROM .

ABOVE

EXIT
V41N20

. . . RESELECT COARSE
ALIGN

RESET EXTENDED VERB
ACTIVE FLAG AND
NO MARKS ALLOWED

1051
1127

VA1N2H/LUM

#270

#280

#290

#30C

#310

#32F

VA 1N2F/LUM



112S
V41N2r'/LUM

FLAG.

£<11
V41l'(20

EXIT
V41N20

#33C

CHANGE CCNTROL NOTES

REV 00 PGR 185
REV 01 EOITORl AL
REV 02 EDITORIAL
REV 03 EDITORIAL
REV OAILUM IE) P

REV 05 PCN 1180

1052
V41N2f'/LUM



1053 U31

V4U72, COARSE ALISN RR COUS REl/ (6 L2/ni/71

PURPOSE:

A SSUMPTICNS:

t06
+

+ 1180
+ +

ID TO DRIVE THE RENDEZVOUS RADAR SHAFT AND TRJNNUN TO ANGLES SPECIFIED BY THE ASTRONAUT.

Ill THE PROCESS IS CRE« SELECTED BY DSKY ENTRY.

12) THE PROCESS MAY NUT BE SELECTED WHEN ANOTHER EYTENDED VERB WHICH ALSO SETS THE EXTENDED VERB INTERLOCK IS
ACTIVE.

13) THIS PROCESS MAY BE SELECTED AT ANY TIME EXCEPT WHEN A READ SEOJENCE OF EITHER PA3AR OR A RR DESIGNATE IS IN
PROGRESS, OR WHEN THE TRACK FLAG IS SET I IT IS SET BY P 2C , P22, P25, POP, P32-35 , P72-77 ).

14) THE CONTINUOUS DESIGNATE MODE MUST BE TERMINATED 3Y DSKY ENTRY OF V44.

(5) THE CONTINUOUS DESIGNATE MODE INHIBITS RR GIMBAL MONITOR ROUTINE IP25).

(6) THE RR SHAFT AND TRUNNION LIMITS ARE:

(A) MODE l; SHAFT -70 DEG TO +5° DEG, TRUNNION -55 DEG TO +55 DEG.

(B) MODE 2: SHAFT -25 DEG TO -139 DEG, TRUNNION -125 DEG TO -235 DEG.

(C) MODE 1, CONTINUOUS DESIGNATE ONLY: SHAFT -85 DEG., TO +59 DEG., TRUNNION -55 DEG. TO +55 DEG.

PROG LGC GROUND CREW
CONT

.CREW

.SEL ECT lUN

START CRE« INITIATED KEY IN V4iN72E
RR COARSE ALIGN .

V41N72/LUM



1132
V'llN/a/LUM

IS THE FLAG
SET?

.N Y

IS THE 237
FLAG SET?

.N Y.

IS THE LR BY-
PASS FLAG SET?

• Y N

IS THE TRACK
FLAG SET?

.N Y.

#2r

#30

#4C

#50

TURN ON OPERATOR MOI^ITOR OSKY:
ERROR LIGHT . DOES OPERATOR ERR-

UR LIGHT COME ON,
. INDICATING THAT THIS
. EXTENDED VERB CANNOT

1054
VA1N72/LUM
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1133

V41MT2/LUM

BE SELECTED AT THIS
TIME?

EXIT .Y N

V41N72

TERMI.IATE THE
PROGRAM OR ROU-
TINE THAT IS PRE-
VENTING SELECTION
OF V41N72, THEN
RE-SELECT THIS
EXTENOED VERB.

#7r

EXIT
V41N72

#8r

DC EXTENDED VERB . . DO EXTENDED VERB
INTERLCCK ROUTINE INTERLOCK ROUTINE
(R76) . . (R76)

(f9C

IS A RR REMCOE OR
REPOSITION IN
PROGRESS 7

N. . Y

RAIT 2

SECONDS

V41N72/LUM



1134
V41N72/LUM

#110

RESET CJNTliNUnUS
DESIGNATE AND DESIG-
NATE FLAGS

#12 0

HOLD .

FLASH VERB-NOUN TO
REQUEST LOAD OF NEW

, RR SHAFT AND TRUN-
• NION ANGLES

V21N73
Rl-TRUNNION

C6 R2- SHAFT
R3-ELANK

NllBC Rl, R2 INITIALLY+ BLANK
TRUNNIQ 1-360 MINUS
RR TRUNNION CDU VAL-
UE. IN DEGREES TO
NEAREST .01 DEGREE.
(PLUS Ij defined as
A NEGATIVE ROTATION
ABOUT LM AXIS) IN
MODE I.

MONITOR DSKY:
OBSERVE VERB-NOUN
FLASH requesting
LOAD OF NEN RR SHAFT
AND TRUNNION ANGLES

DO I KISH TO LOAD
NEW SHAFT AND
TRUNNION ANGLES?

. Y .N

#130

#140

SHAFT-RR SHAFT
ANGLE. IN DEGREES TO
NEAREST .01 DEGREE.

#150

105B
V41N72/LUM
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1057 V^1N72/LU'1

WAIT FCrl KEYBOARD
ENTRY

KEY IN
Y34E *16C

EXIT
Y41 N72

#170

LOAD DESIRED
ANGLES

TERMINATE FLASH
RECEIPT OF CATA
V33E, CR TERMIN-
ATE {V3-+E)

UPON

. V . D .V

.3 • A .3

.4 . T .3

.E • A . E

•—
RESET EX-
TENDED •

VERB ACT- •

IVE AND •

NC MARKS •

ALLOWED •

FLAGS

•

«

•

•

•

• « •

•

•

EXIT
V41N72

• • • •

SET LGC ASSUMED
CPTIJN = oroc2.

# 18 r

#190

#200

# 21 ^

VA1N72/LUM



1136
V41N72/LUM

HCLD .

• ••••••
SNAP .

FLASH VERB-NOUN TO
REQUEST RESPONSE ANU
DISPLAY OPT ION CODE
EOR ASSUMED RR DES-
IGNATE MODE:

V04 N12
R1-0JO06
R2-C00CM
R3-BLANK

R1 IS THE OPTION
CODE FCR ASSUMED RR
DESIGNATE MODE
R2 IS THE LGC AS-
SUMED OPTION:
00001-LJCK ON
OOPOE-CONTI NUOUS

CES IGNATE

MONITOR DSKY:
OBSERVE VERB-NOUN
ELASH TO request
RESPONSE AND DISPLAY
OF OPTION CODE FOR
ASSUMED RR DESIGNATE
MODE

#220

#23C

WAIT FOR KEYBOARD
ENTRY IS this THE OES-

IGNATE MODE
DESIRE?

1

.Y .N
• •

• •

KEY IN •

PROCEED

•

•

•

•

•

•

•

KEY IN V22E
AND LOAD THE
DESIRED DESIG-
NATE CODE IN R2

#240

#250

#26':'

1058 V41N72/LUM



TERMINATE FLASH UPGN
RECEIPT OF PROCEED
OR NEiJ DATA

P

R

0

C

E

E

D

N

E

W

C

0

D

E

. STORE CODE

IS OPTION
CODE
COOCI?

Y . i

RESET LOCK-ON
FLAG TO INDICATE
RR LOCK ON NOT
DESIRED

SET THE NO RR
MONITOR FLAG

SET CONT INOnoS
DESIGNATE FLAG

1059

YA1N72/LUM



1133
V^lM/a/LU'l

SET LQCK-UN flag
TO INDICATE RR
LOCK CN DESIRED

#320

DISPLAY COARSE ALIGN
VERB (VAl)

MONITOR DSKY:
OBSERVE DISPLAY OF
COARSE ALIGN VERB
(V41)

#330

RESET EXTENDED VERB
ACTIVE AND NO MARKS
ALLOWED FLAGS.

RESET IJSCM FLAG
#3AC

IS THE DESIRED LOS
WITHIN THE LIMITS OF
the present RR MODE?

IS THE DESIRED
LOS WITHIN THE
LIMITS OF THE
OTHER MODE?

Y N #360

lOGO VA1N72/LUM



MQNiTJR DSKY:
PRUGRAiM ALARM LIGHT
hILL BE LIT IF THE
DESIRED LOS IS HOT
WITHIN THE LIMITS OF
EITHER RR MODE. UO I

WISH TO OBSERVE THc
PROGRAM ALARM CODE?

TORN ON PRO-
GRAM ALARM AND
STORE ALARM
CODE (00502)

. . Y N

EXIT
VA1N72

SET REMQOE FLAG

SET DESIGNATE FLAG

CALL PROGRAM
ALARM CODE DIS-
PLAY IV05NG9) TO
I DENTIFY FAI LURE.
ALARM 00502 IND-
ICATES A BAD RAD-
AR GIMUAL ANGLE
IHPUT. WHEN FIN-
ISHED, PUSH KEY
RELEASE TO RECALL
PREVIOUS DISPLAY.

IS REPCjITIGN FLAG «

SET? •

.N . Y PRESS alarm reset
• • TO reset PROGRAM
• • ALARM
•

. IS REMOOE FLAG

. SET?
•

. .r N. ...
• •

• • E<I T

• •

• •

VS1N72

• •

. INTERRUPT

•

•

•

. REPCjITIQN

• •

• •

• •

• •

• •

• «

• •

1061 V4iN72/LUM

#37r

tt38C

tf39C

tt^cr

Vs 1N72/LUM



COMPLETE
REPOSITION

RESET RE-
POSITION
FLAG

IS REMCOE
FLAG SET?

N .r

IS CURRENT
RR MODE 1?

.Y .N

COMMAND RR
COOS TO PLACE
ANTENNA IN
MODE 2

1 14 ''

V41N72/LUM

* 42 ''

«43P

#44C

*45r



1063 U41
V41N72/LUN(

*46t

CC^'IAND KR
cojs to place
ANTENNA IN

MQjt 1

SET RR NUDE
TO 1

• •

•

SET RR TODE
•

•

TO 2 •

• •

•

RESET REMUDE
FLAG

»47C

0480

*490

SET DESIGNATE COUN-
TER = 6C.

«5cr

CCMPJTE RR SHAFT AND
TRUNNICI DRIVE COM-

V4IN72/LUH



MANUS

1142
V41N72/LJM

#5ir

IS CONTINUOUS DESIC-
NATE FLAG SET?

Y .N

IS DESIGNATE FLAG
SET?

Y .N

C6
+

118C
-f +

IS RR CDU
FAIL DISCRETE
PRESENT?

. Y .N

EXIT
V41N72

TURN ON PRO-
GRAM ALARM
AND STORE
ALARM CODE
100503)

MONITOR DSKY:
PROGRAM alarm LIGHT
WILL BE LIT IF THERE
HAS BEEN A RADAR AN-
TENNA DESIGNATE
FAIL UR RR CDU FAIL.
DO I WISH fU QdSERNE
THE PROGRAM ALARM
CODE?

#53r.

#540

#55r

Y N

EXIT
V4IN72

HAVE 60 ATTEMPTS

CALL PROGRAM
ALARM CODE DIS-
PLAY (VC5N0RI TO
I DENT IFY failure

V56C

1064
V41N72/LUM
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1143

V41N72/LUM

ELAFjED ‘WITHOUT
KtCEIVlNG DATA
GOOD DISCRETE?

N .Y

ALARM uOSJO lilJ-

ICATES RADAR A,T-

TENiNA DESIoNATc
FAIL. RHEM FIN-
ISHED, PUSH KEY
RELtASE TO RECALL
PREVIOUS DISPLAY. I»570

RESET desig-
nate FLAG

REMOVE RR
TRACK ENAdLE
DISCRETE FROM
RR

PRESS ALARM RE-
SET TO RESET PRO-
GRAM ALARM

V58f

EXIT
VA1N17E

CLEAR ERROR
COUNTER ENAGLb

#59C

TORN ON PRO-
GRAM ALARM AND
STORE ALARM
CODE (H05O3)

MONITOR DSKY:
PROGRAM ALARM LIGHT
WILL BE LIT IF THERE
HAS BEEN A KACAR AN-
TENNA DESIGNATE
FAIL. DO I wlSrl TU
OBSERVE THE PROGRAM
ALARM CODE?

*6rr

EXIT
V41N72

DECREMENT DESIG-
NATE COUNTER

CALL PROGRAM
ALARM CODE DIS-
PLAY (VISNC'D) TO
IDENTIFY FAILURE
(ALARM CJDl
(03)3). WHEN FIN

#6ir

V41N72/LUM



I 144
V41M72/LU«

IS RS illTHIiM .5
OES JF LQS D6F1N-
EO BY DESIRED
SHAFT AND Trun-
nion ANGLES?

I Shed, push key
RELEASE TJ RECALL
PREVIUUS DISPLAY,

(T62C

PRESS ALARM RESET
TU RESET PROGRAM
ALARM.

IS LOCK-ON FLAG
SET?

. Y • N

* •

• •

SETO RR
TRACK EN- •

ABLE DIS- •

CRETE TO RR •

•

•

•

• •

• •

I s RR CATA
•

•

GCJD DIS- •

CRETE PRE- •

SETT? •

.1 .Y
•

•

• • •

• •

RESET DESIG-
NAT F flag

EYIT
V41N72

EYir
V41N72

#63C

#64C

#650

#660

CLEAR RR
ERROR COUN-

1066
V41N72/LIJM



106 .’

• •

• •

• •

• •

• •

. . TER ENABLE

• • •

• • •

• • •

SEND SHAFT •

AND TRUNNION •

CCMMANOS TO •

RR COUS •

•

•

•

• •

• •

WAIT .5 SECCNDS

1145
VAINTE/LUT

#670

#68C

CHANGE CONTROL NOTES

REV CO PCR 96 ,185,49 C

REV Cl EDI TOR lAL

REV C2 EDITOR lAL

REV 03 EDI TOR lAL
REV 041 LUM 10) PCR 892
REV C5( LJR IE) PCN 1145
REV C6 PCI 11 30

V41'g72/LUM



I



1069
1U7

V42, FIME AL IGN IMJ C3 12/ri/71

PURPOSE: 11) in FINE ALIGN THE STABLE ME'ISEK BY TORQUING TmE GYRUS.

ASSUMPTIONS: 111 THE PROCESS IS CREW SELECTED BY DSKY ENTRY.

(21 VERB A2 MAY NOT BE SELECTED WHEN ANOTHER EYTuNUEO VEkE WHICH ALSU SFTS THE EXTENDED VERB INTERLOCK IS ACTIVE,
UR WHEN ANOTHER PROGRAM IS TURQjING THE GYROS, ZEROING THE ISS COUS, OR COARSE ALIGNING THE I MU.

131 THIS VERS IS NOT PROGRAMMED TO ACCEPT DELTA ^YRO ANGLES LARGER THAN 99.999 OEGREFS.
A SPECIAL PROCEDURE, FOR GROUND USE ONLY, MAKES USE OF A DOUBLE PRECISION LOAD COMBINED WITH VA2 WHEN LARGE ANGLE
oYRU TORQUING IS REJUIREU.

WARNING: THE DELTA jYRO ANGLES COMMANDED MUST BE LIMITED TO SUCH A SIZE AS NOT TO DRIVE THE MIDDLE GIMBAL INTO
GIMBAL LUCK. IN PRACTICE, THIS MEANS THAT THE MIDDLE GIMBAL ANGLE SHOULD NEVER EXCEED 70 DEGREES (POINT
AT WHICH GIMBAL LOCK WARNING LAMP IS LIT).

PROG LGC GROUND CREW
CONT

CREW
SELECT ICN

START CLEW INITIATED KEY IN V42E #1C
FINE ALIGN .

I S A MCJE SWITCH UR
GYRO TORQUING IN

PROGRESS?

N #20

V42/LUM1 NARV



V42/LUMNARY

TURJ DIM OPERATOR OBSERVE OPERATOR
ERROR LIGHT . ERROR LIGHT FOR IN-

DICATIQN OF IMPROPER
. PROCEDURE.

EXIT
V42

# 3 '^

DO EXTEIDEO VERB . . DO EXTENDED VERB
INTERLOCK ROUTINE INTERLOCK ROUTINE
(R76) . . 1R76)

HCLD .

+ +

+ 03
+ 1180
+ +

+ +

+ C3
+

FLASH VERB-NOUN TO
REQUEST LOAD OF
DELTA GYRO ANGLES

V21NV

3

Rl-XGVRO
R2-YGYR0
R3-ZGYR3

ALL REGISTERS INI-
TIALLY BLANK
DELTA GYRO ANGLES -

THE ANGLES THROUGH
WHICH EACH GYRO MUST
BE TORCJED TO COM-
PLETE THE FINE
ALIGNME4T. ALL ANG-
LES IN DEGREES TO
NEAREST .cm DEGREES
( 09 .Q 9 C1 degrees
MAX. I

MONITOR DSKY:
OBSERVE VERd-NUUN

FLASH REQUESTING
LOAD OF DELTA GYRO
ANGLES

SHALL I LOAD DELTA
GYRO ANGLES?

Y

DO I WISH TO

TERMINATE THIS
PROCEDURE?

Y N

#50

#60

#70

VA2/LUMI NARY

1070



1071
114 -^

V42/LUMINAPY

#9C

#icr

#ur

# 12 ^

V42/LUri'JARY



1

1

5 '^

V42/LUM1NAkY

IS ISS TURN ON Ok
CAGING IN PROGRESS?

#l3r

N Y

»i4r

ENTER FINE ALIGN
MCUE

ENABLE JAP AUTO AND
HOLD MCJES

#150

TURN OFF NJ ATT
LAMP

OBSERVE EXTINGUI-
SHING OF NO ATT LAMP
TO INJICATE THAT
COARSE ALIGN IS COM-
PLETE

#16C

LEAVE IMU FAIL INHI-
BIT ON FOR 5 SECONDS

#17C

PULSE IRIGS THROUGH
DESIRED ANGLES

VA2/LUMINARY

10?:^



1073
1151

V^^/LU'MNAkY

RESET EKTENOED VERB
ACTIVE FLAG AND NO
MARKS ALLOWED FLAG

l»19r

EXIT EXIT
V42 V42

CHANGE CONTROL NOTES

REV 00 PCR 496
REV 01 EOI TORIAL
REV 02(LUM If:l PCN 1145
REV 03 PCN 118P

V42/LUMI NARY





1075
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V43, LOAD FOAI ERROK NEEDLES (TEST ONLY) REY C5 12/01/71

PURPOSE:

ASSUMPTIONS:

(II TO DISPLAY ASTRONAUT-SPECIFIED ANGLES ON THE FCAI ERROR NEEDLES.

(II THE PROCESS IS CHER SELECTED BY DSKY ENTRY.

(21 VERB 43 MAY NOT BE SELECTED IF THE IMU IS IN THE COARSE ALIGN OR ZERO ICDU MODE.

(31 THE MAXIMUM ERROR ANGLE THAT CAN BE DISPLAYED BY THE FDAI IS PLUS OR MINUS 5 DEGREES, LIMITED BY THE NEEDLE
STOPS.

(41 THIS PROCESS MAY BE SELECTED CNLY IN POO.

(51 THIS PROCESS MAY BE SELECTED CNLY IF THE PGNS MODE „ONTROL SWITCH IS OFF.

(61 THIS EXTENDED VERB CANNOT BE SELECTED CONCURRENTLY W I TrI ANY OTHER EXTENDED VERB WHICH ALSO SETS THE EXTENDED
VERB INTERLOCK.

PROG
CONT

LGC GROUND CREW

CREW
SELECTION

— — — — — ^
— —

START CREW INITIATED KEY IN V43e
LOAD OF FOAI ERROR . #10
NEEDLES.

IS MODE CONTKUL
SWITCH IN #2C

V43/LUMINARY



OrF POSITION?

Y. N.
• •

• •

• •

• •

•

•

•

•

•

•

• TURi'J ON THE
• OPEi<ATOR ERROR

• OBSERVE OPERATOK
. i ir;MT pna im-

. light
•

• •

• •

OICATION OF
PROCEDURE

•

IMPROPER

• •

• •

• • • •

. EXIT V43
•

•

•

1 S THE COARSE ALIGN
ENABLE BIT OR ZERO
ecu BIT SET?

•

•

•

•

.N . Y

• •

• •

• •

• •

•

•

•

•

•

•

IS PROGRAM POO
OPERATING?

•

•

•

.Y .N •

• • •

• • •

• • •

• • •

•

•

•

•

•

. TORN ON THE
- nPFRATilk

• OBSERVE OPERATOR
FOP'lft 1 !r,WT FPU IW-

. ERROR LIGHT • DILATION OF
PROCEDURE

IMPROPER

EXIT V43

1 1 54
V43/LUMINARY

#30

#4C

*70

V43/LUMI NARY

1076

#



107'7
1155

V'ii/LUMI NARY

DO EXTENDED VEXU , .DO EXlcNDEJ VERj
INTEKLCJK K’JUTI.NE INTERLOCK ROLTINF
(R76) . . (R76I #87

HCLD . FLASH VERB-NOUN TO . MONITOR DSkY:
• REJUfcST LOAD OF

FCAl ERROR ANGLES. • LOAJ JF FOaI cRKJK
(NOTE: THIS IS AN ANOLEj* (NjfE; THiS
ALTERNATE PERMISS- IS AN ALTERNATE PER
IBLE USAGE OF N22 MISSISLE Ui>AGE UF
FOR THIj PROCEDURE. N22 FUR THIS PRO-
NORMALLY, N 22 IS CEDURc. normally.
LABELEC "DESIRED N22 IS LABELED
ICDU ANGLES".

1

"DESIRED ICDU
V21N.i2
R1 - OG

ANGLES". 1

* 4- R2 - IG •

+ C5 R3 - MG •

+ ALL REGISTERS INI-
+ 1180 TIALLY BLANK
+ + ALL ANGLES IN

DEGREES TO NEAREST
.Cl DEG

•

•

#110

WAIT FCR KEYBOARD DJ 1 WANT TJ LOAD
ENTRY THE SPECIFIED EDA!

ERROR ANGLES?

. Y N

# 12 ''

LOAD DESIRED
ANGLES

VA J/LUMI NARY



1156
V43/L jyi NARY

#13''

* 14^

#15''

#16P

#17''

107ii VAl/LUMI NARY



"A"
FRCM
ABOVE

RESET EXTENDED VERB
ACTIVE FLAG AND NO
MARKS ALLONED FLAG

EXIT V43

CHANGE CONTROL TOTES

REV CO PCR A96
REV Cl EDITORIAL
REV C2 EDITORIAL
REV 03 EDITORIAL
REV CAILOM IE) PCN HAS
REV 05 PCN 1180

1079
1157

VA3/LUM1 NARY

Itl8r

#19f

#200

V53/LUMI NARY





108 U59

TfcRMl'JATE RR CONTII^JCJUS OESloNArC REi/ ! 3 IZ/ri/li

PURPOSE:

A SSUMPTIONS:

111 TO TERiTINATE THE CQ-TTINUOUS DESIGNATE OPTION OF V-.1M72.

(21 TO DISABLE THE RR CJJ ERROR COUNTERS.

(3) TO ENABLE R25.

(11 THE PROCESS IS CREn SELECTED BY OSKY ENTRY.

(21 VAAE IS EFFECTIVE ONLY IF RR CONTINUOUS UE j 1 >:,Na T UN (V41N72, COARSE ALIGN RK COU5, OPTION 2) IS IN PROGRESS.

(3) THE PROCESS ITAY BE SELECTED AT ANY TIME.

PROG
CQNT

LGC GROUND CREW

CREW
SELEC TION

START CREW INITIATED KEY IN V44E
terminate RR CONTIN- . me
UOUS DESIGNATE

IS The continuous
DESIGNATE FLAG SET?

Y .N #2-'

EXIT

V4^,/luMINARY



V4A

i Ifc

V 4 L u ^ f- Y

I S A RR RiEMOOE OR
REPOSITION IN

+ PROGRESS? (I.E. IS

+03 THE REMODE OR REPO-
+ SITIuN FLAG SET?)
+ 1180
++ .N .

Y

WAIT 1

SECOND

tf4f

#50

RESET CONTI NUOUS
DESIGNATE AND
DESIGNATE FLAGS

~ #60
DISABLE RR CDU
ERROR COUNTERS

WAIT 1 SECOND

#70

1082
V'^^/LUM INAKY
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1161

V<t4/LUM I NiARY

RESET THE HJ RR
MONITOR FLAG (ENABLE
R25)

# 8
'"

EXIT V44

CHANGE CONTROL NOTES

REV COA PCR ASG
REV rZiLUM IE) PCN 1145
REV r3 PCN 1180

V44/LIJMI NARY
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V47, INITIALIZE AGS ( R47 1 7 E i/ Cl 08/09/69

NOTE: THIS EXTENDED VERB IS USED TC CALL ROUTINE 47. SEE R47 FOR THE LDGIC SPECIFICATION FLOW FOR AGS
INITIAL IZATI3N.

CHANGE CONTROL NOTES

REV 01 PCR 184

V47/LUM1NARY





CHANGE

RE

1087
1165

V48,

NJTE

START CAR OATA LOAD

THIS EXTENDED VERB
LOAD.

( R03 I

IS USED TC CALL ROUTINE 03.

REV Cl r8/09/69

SEE R03 FOR THE LOGIC SPECIFICATION FLOW FOR THE DAP DATA

CONTROL lOTES

V Cl PCR 184

V 4 3 / L U P. I N A R Y





1089

#
1 167

V49, START CREW-JEF INEO MANEUVER IR62) REV Tl Ce/09/69

NOTE: THIS ERTENDEJ VERB IS JSE3 TO CALL ROUTINE 62. SEE Rb2 EOR THE LOGIC SPECIFICATION FLOW FOR THE CREW-DEFINEO
MANEUVER.

CHANGE CCNTRUL NOTES

REV Cl PCR A96

VAP/L UP I NARY





1091
1169

V50, PLEASE PERFURi-^ REi/ 6 1 08/0°/6°

PURPOSE: 11) T3 INTERRUPT A PROGRAM OR ROUTINE AND REwUEST ASTRONAUT RESPONSE TO THE ACTION DEFINED BY THE CHECKLIST CODE
DISPLAYED ON THE OSRY.

ASSUMPTIONS: 11) THIS VERB IS ALWAYS INTERNALLY INITIATED BY THE PKU>,RAR IN PROCESSt AND SHOULD NOT BE SELECTED 3Y THE CREW.

(2) THE VERB ALWAYS APPEARS WITH N25 AS A FLASHING DISPLAY UN THE DSKY

13) RESPONSES TO THE OSRY DISPLAY OF THIS VERB ARE DESCRIBED IN SECTION A. 2 OF THIS DOCUMENT.

CHANGE CONTROL NOTES

REV Cl PGR 496

V5D/LUMINARY





1171

1093

V52, MARK CURSOR REV 02 02/17/71

NOTE: THIS EXTENOEO VERB IS USED IN R53. REFER TO THAT ROUTINE FOR LOGIC DESCRIPTION OF PERFORMING SIGHTING MARKS
ON CELESTIAL BODIES.

CHANGE CONTROL NOTES

REV CO PCR 496
REV 02(LUM IE) PCR 1044





1095
1173

V53| MARK spiral REV C2 02/17/71

NOTE: THIS EXTENDED VERS IS JSED IN RS>3. REFER TJ THAT RJUTINE FOR LOGIC DESCRIPTION OF PERFORMING SIGHTING
MARKS ON CELESTIAL BODIES.

CHANGE CCNTRUL lOTES

LOGIC REV 00 PCR AS6
REV 02(LUM IE) PCR 1C44

VS3/LUMINARY





1097
1175

V5^, MARK X OR Y RETICLE REY C2

NOTE: THIS EXTEMDED VERB IS USED IN R53. REFER TO THAT ROUTINE FOR LOGIC DESCRIPTION OF PERFORMING SIGHTING MARKS
ON CELESTIAL BODIES.

CHANGE CONTROL lUTES

LOGIC REV CO PCR 496
REV P2(LUM 1E( PCR 1C44

VSv/LUMINAPY





loyy 117 '^

V55, increment LGC TIME (DECIMAL) REV ( 5 12/^1/71

PURPOSE: ( 1 1 TO CHANGE THE LGC C.OCK TIME ^SINb INCREMENTS I1 JR JECREMENTS) LCADED BY THE ASTRONAUT.

ASSUMPTIONS: (II THE PROCESS IS CREW SELECTED BY USRY EITRY.

(2) THE PROCESS MAY NOT BE SELECTEJ WHEY ANJT HEk EXTENDED YERB WHICH ALSO SETS THE EXTENDED VERB INTERLOCK IS
ACTIVE.

PROG LGC
CONT

GROUND CREW

. CRE W

. SELECTION

START CREW INITIATED . KEY IN VSSE
CHANGE JF LGC CLOCK

«K

DO EXTENDED VERB . . DU EXTENDED VERB
INTERLOCK ROUTINE INTERLOCK rOLTINE
(R76). . . 1R76).

HELD . FLASH VERB-NOUN TO
REQUEST LOAD OF

. DELTA TIME
V2i N24
R 1-HOURS

+ + R2-MHUTES
+C5 R3-SECONDS
Y

* ALL REGISTERS INI-

MUNI TJR DSKY:
OBSERVE flash OF

VERB-NOUN KEGuESTING
LOAD OF delta CL0C<
T IiME

K2r

V55/LUM [NARY



+ lisr
+

TIAL..Y jLANK
T l.\fc I\ DECIMAL rj

NEARcSI .01 SECUNDS.
ECLAKITY IS PLUS IP

THE LGC Gives LJrtER

CLUCK READING

•

•

•

WAIT FOR
ENTRY

KEYBOARD

TERMINATE
RECEIPT OF
TERMINATE
V33E

FLASH UPON
DATA,

IV34E), OR

.V T. . D

.3 E. .A

.3 R. . T

.E M. • A

• I

.

•

• N. •

• A.—
• T. ADD LOAD-

E. ED DELTA
TIME TO

• LGC
• CLOCK.
• —
• •

• «

•

RESET EKTENDED VERB
ACTIVE FLAG AND
NC MARKS ALLOWED
FLAG.

UG I OtSIRc TC LOAD
DELTA CLOCK TIME?

V .,V

load desired
TIME INCREMENTS

KEY IN
V33E UK
TERMINATE
I V .3AE ) .

E<IT
V3S

EXIT V55

> 17 !

v‘' ! \ JV
I

if3(

#40

#5T

#60

#70

ilOO
V5S/LUMINAPY



1101
1179

V55/LUHINARY

*8C

EXIT
V55

CHANGE CCNTROL .NOTES

REV rO PGR AS6
REV PI EJITORIAL
REV 02 EOITORIAL
REV C3 EJITORIAL
REV 041LUM IE) PCN 1145
REV 05 PCN 1180

V55/LUMINAPV





il03
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V56, REQUEST TERfllNATE TRACKING ROUTINE (K56I REV Tl C8/09/69

NOTE: THIS EXTENDED VERB IS USED TO CALL ROUTINE 56. REFER TO R56 FOR THE LOGIC SPECIFICATION FLOW FOR TERMINATING
TRACKING.

CHANGE CONTROL NOTES

REV 01 PCR 496

V56/LUMINARY
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1183

V57, PERMIT LANOING RADAR UPDATE REV C4 02/17/71

PURPOSE: (II

ASSUMPTIONS: 111

121

TO ALLO»( THE INCORPORATION OF LR DATA DURING STATE VECTOR UPDATING BY SETTING THE LR PERMIT FLAG.

THE PROCESS IS CREW SELECTED BY DSKY ENTRY.

THE PROCESS IS ONLY EFFECTIVE IN R12, DESCENT STATE VECTOR UPDATE ROUTINE.

PROG LGC GROUND CREW
CONT

CREW
SELECT ION

^TART r.RFW INITrATFD .

•

PERMIT LANDING
RADAR UPDATE

•

•

•

•

•

•

• • •

•

SET LR PERMIT FLAG

•

EXIT V57

EXIT V57

»1C

#2C

CHANGE CONTROL NOTES

REV ro PCR 118
REV 01 EDITORIAL
REV C2(LUM IBI PCR 814
REV 03 EDITORIAL
REV P4(LUM lEI PCR 334

V57/LUMINARY
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1185

V58, INHI BIT LANDING RADAR UPDATE REV Cl 08/09/69

URPOSE: (1) TO I NHIBIT THE INCORPORATION OF LANDING RADAR DATA DURING DESCENT STATE VECTOR UPDATE.

SSUHPTICKS: 11

)

THE PROCESS IS CREW SELECTED BY DSKY ENTRY.

121 THE PROCESS IS ONLY EFFECTIVE IN R12, DESCENT STATE VECTOR UPDATE ROUTINE.

PROG LGC GROUND
CONT

CREW

CREW
SELECT ION

START CREW INITIATES KEY IN V58E flO
INHIBIT OF LANDING .

RADAR UPDATE

RESET LR PERMIT
FLAG

III2C

EXIT V58 EXIT V58

V58/LUMINARY



CHANGE CCNTRUL NOTES

REV 01 PCR 118

’4^ '.
' -

. y
-

1186
V58/LUMINARY

1108 V58/LUMINARY



1109
1180

V59, COMMA^JD LR TO POSITION 2 REV C5 12/01/71

PURPOSE; ID TO DRIVE THE LANDING RADAR TO POSITION 2 (FINAL APPROACH).

+ 05
ASSUMPTIONS:
+ 1180

(2) TO CAUSE HIGATJOB (HI-GATE) TO OCCUR WITHIN 2 SECJNOS IF THE LR IS STUCK IN POSITION #2 DURING P63 POWERED
FLIGHT.

II) THE PROCESS MAY ONLY BE SELECTED IF ANOTHER PROGRAM IS NOT USING EITHER LR OR RR, AND THE TRACK FLAG IS NOT
SET. WITH AVERAGE G ON, HOWEVER, IT IS SELECTABLE IN P63, P64 AND P66 ONLY.

(2) THE PROCESS IS CREW SELECTED BY OSKY ENTRY.

PROG LGC GROUND CREW
CONT

CREW
SELECTION

START CREW INITIATED KEY IN V59E
COMMAND LR TO POS- .

TION 2

IS THE AVERAGE G
FLAG SET?

. Y

«20

IS LR BYPASS BIT
ZERO?

Y N

V59/LUMINARY



StT "RPCRTIME"
TJ "POSMAX"
AMO "QSW TO -1

IN ORDER
TO CAUSE HIGAT-
JOB TO OCCUR IN
2 SECONDS. (SEE
R12I

TURN ON OPERA-
TOR ERROR LIGHT

EXIT EXIT
V59 V59

IS THE R77 FLAG
SET?

.N Y

IS THE 737
FLAG SET?

N .Y

1190
V59/LUMINARY

#30

#40

#5C

#6C

#70

1110
V59/LUMINARY



IS THE LR
BYPASS FLAG
SET?

• Y .N

IS THE
TRACK FLAG
SET?

• N .Y

TURN ON OPERATOR
ERROR LIGHT

EXI T V59

SET LR POSITION FLAG

IS LR already IN

POSITION 2?

N . Y

EX IT V59

V59/LUMI NARY



1192
V59/LUMINAPY

CCMMAND LR TO POS-
ITION 2

#1AC

WAIT 7 SECONDS

SET MAXIMUM SCAN
LIMIT TJ 5

itisr

IS LR IN POSITION 2?
«160

Y . N

HAVE 5

SCANS
3EEN
MADE? *170

Y N

WAIT 2 . .

SECONDS .

FOR LR . DECRE-
TO SET- . MENT

1112
V59/LUMINARY



TLE SCAN
COUN-
TER

REMOVE
COMMAND
TO LR

»JAIT 1

SECOND

REMOVE
COMMAND
TO LR

TURN ON . MONITOR DSKY:
PROGRAM OBSERVE PROGRAM
ALARM . ALARM.
AND IS ALARM LIGHT LIT?
STORE
ALARM .y N.
CODE
(005231

DO I MISH TO
OBSERVE ALARM EXIT
CODE? Vb9

EXIT
V59 Y N.

1113
1193

V59/LUMINAPY

HIBC

#190

#200

#210

#220

V59/LUMINARY



KEY IN .

V05N09E.
OBSERVE
ALARM 00523 EXIT
INDICATING V59
THAT LR DID
NOT ACHIEVE
POSITION 2.
WHEN FIN-
ISHED POSH
KEY RELEASE.

PRESS ALARM
RESET TO RESET
PROGRAM ALARM.

EXIT V59 EXIT V59

CHANGE CCNTROL NOTES

REV CO PCR ‘2C
REV Cl EDITORIAL
REV COILUR lai PCR 841 , ED I TORI AL
REV 02(LUM ICI PCR 89 5 , EDI TORI AL
REV 03(LUP IDI PCR 298,892. PCN 1009
REV C4(LUM IE) PCN 1145
REV C5 PCN 1180

1 194
V59/LUMINARY

#23r

#240

#25C

#260

1114
V59/LUM1NARY
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V6C, DISPLAY VEHICLE RATES REV ( 1 C8/0A/69

PURPOSE:

ASSUMPTICNS:

ID TO display JN THE FDAI ERROR NEEDLES THE PGNCS DERIVED VEHICLE ATTITUDE RATES.

ID THE PROCESS IS CREW SELECTED BY DSKY ENTRY.

(2) THIS PROCESS MAY BE SELECTED AT ANY TIME. IT SHOULD BE N JT EOt HOWEVER. THAT VEHICLE RATES ARE AVAILABLE ONLY WHEN
THE DAP IS TURNED JN, I. E., GUI D CONT IN PGNS AND PGNS MODE CONT NOT JEF.

PROG LGC GROUND CREW
CONT

CREW
SELECTION

START CREW INITIATED KEY IN V60E
VEHICLE RATES DISPLAY .

#10

SET NEEJ2FLG

#2C

EXIT EXIT
V60 V60

CHANGE CCNTROL NOTES

REV 01 PCR BAl (OR IGINATEDI

V6'i/LUMINARY





V61 DISPLAY DAP ATTITUDE ERROR REY C2 P8/05/69

PURPOSE:

A SSUMPTICNS:

111 TO DISPLAY ON THE FDAI ERROR NEEDLES THE DIFFERENCE BETWEEN THE CURRENT CDU ANGLES AND THE DAP COMMANDED
ANGLES.

Ill THE PROCESS IS CREW SELECTED BY DSKY ENTRY.

(2) THIS PROCESS MAY BE SELECTED AT ANY TIME.

PROG LGC GROUND CREW
CONT

CREW
SELECTION

START CREW INITIATED KEY IN V61E
MODE 1 ERROR DISPLAY . #10

RESET NEEDLE FLAG
#20

RESET NEED2FLG

V61/LUMI NARY



IZOO
V61/LUMINARY

EXIT
V61

EXIT
V61

#3r

CHANGE CONTROL NOTES

REV 00 PCR 420
REV 01 EDITORIAL
REV 02ILLM IBI PGR 841

1118
V61/LUMINARY
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V62. DI SPLAY TOTAL ATTITUDE ERROR

PURPOSE: 11) TO DISPLAY THE
ERROR NEEDLES.

total ATT ITJDE ERROR iN22(DESIRE0

ASSUMPTIONS: (I ) THE PROCESS IS CREW SELECTED by DSKY ENTRY.

12 ) THIS PROCESS MAY BE SELECTED AT ANY TIME.

PROG LGC GROUND CREW

02 08/05/69

CONT
CREW
SELECTIUN

START CREW INITIATED
MODE 2 ERROR DISPLAY

KEY IN V62E

«1C

SET NEEDLE FLAG

RESET NEE02FLG

#20

EXIT EXIT
#30

V62/LUM1NARY



I2r4
V62/LUM INARY

V62 V62

CHANGE CONTROL NOTES

LOGIC REV 00 PCR 164, 420
REV 01 EDITOR lAL
REV 021ILUM IB) PCR 841

1120
V62/LUMINARY



1121
12C7

V63, START RR/LR SELF TEST ROUTINE (R04I RE>I Cl 08/09/5°

NOTE: THIS EXTENDED VERB IS USED TO CALL ROUTINE 1)4. SEE RC4 FOR THE LOGIC SPECIFICATION FLOR FOR THE RR/LR
SELF TEST.

CHANGE CONTROL NOTES

REV 01 PCR 420

V63/LUMINARy





CHANGE

RE

1123
1209

V64, START S-8AND ANTENNA ROUTINE (R05)

NOTE:; THIS EXTENDED VER3 IS USED TO CALL ROUTINE C5
THE S-8AN0 ANTENNA CALCULATIONS.

RE\/ Cl 08/00/69

SEE RD5 FOR THE LOGIC SPECIFICATION FLOH FOR

CONTROL NOTES

V Cl PCR 496

V64/LUMINARY
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V65, DISABLE UtV JETS OUrlING DPS BUBMS REV Cl r8/0°/6°

PURPOSE; (1) TO INHIBIT U AND V RCS JET FIRINGS DURING OPS POWERED FLIGHT.

ASSUMPTIONS: (II THE PROCESS IS CREW SELECTED BY OSKY ENTRY.

(21 THE PROCESS MAY BE SELECTED AT ANY TIME.

PROG LGC GROUND CREW
CONT

.CREW

.SELECTION

START CREW INITIATED .

DISABLE U.V JETS KEY IN V65E
DURING OPS BURNS .

SET SNUFFER FLAG

#2C

CHANGE CONTROL NOTES

LOGIC REV Cl PCR 539

V65/LUMINAPY
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V66, VEHICLES ATTACHED, '13VE THIS VEHICLE TEV r2 C8/07/69
STATE VECTOR TO OTHER VEHICLE STATE VECTOR

PURPOSE: (1) TO TRANSFER THE LM STATE VECTOR INFORMATION TO THE CSM STATE VECTOR.

ASSUMPTIONS: (1) THE PROCESS IS CREW SELECTED BY DSKY ENTRY.

(2) THE TRANSFER OF THE STATE VECTOR INFORMATION MAY BE ACCOMPLISHED AT ANY TIME EXCEPT RHEN AVERAGE G I

OR WHEN THE SURFACE FLAG IS SET.

PROG LGC GROUND CREW
CONT

CREW
SELECTION

START CREW INITIATED KEY IN V66E
STATE VECTOR TRANS- .

FER (LM TO CSM)

IS SURFACE FLAG
SET?

N Y.

TURN ON OPER-
ATOR ERROR
LIGHT

IN PROCESS

#10

#20

V66/LUMINARY



EXIT
V66

IS STATE VECTOR
INTEGRATION IN
PROCESS?

• Y N

COMPLETE THE
INTEGRAT ION

TRANSFER THIS
VEHICLE STATE VECTOR
TO OTHER VEHICLE
STATE VECTOR

V6 6

1214
V66/LUMINARY

HOP

#4P

#5C

*6C

1128
V66/LOMINARY



CHANGE CONTROL 40TES

LOGIC REV rO PCR 496
REV 01 EjITORIAL
REV 021LUM 181 PCR 805 , ED I TOR I AL

1129
1215

V66/LUMINARY

V66/LUMINARY





1131
1217

f

+

P

*

A

+ V67, W MATRIX RSS ERROR DISPLAY
04
1180
URPOSE:
+

11) TO PROVIDE A MEANS OF DISPL

SSUMPTICNS: ID NO OTHER EXTENDED V ERB WHIG

(2) THIS PROCESS IS CREW SELECT

(3) IF NEW VALUES OF RMS POSITI
OCCURS THE NEXT TIME A NAVI

REV C4 12/01/71

AYING W MATRIX INFORMATION AND REINITIALIZING THE W MATRIX

H SETS THE EXTENDED VERB INTERLOCK IS ACTIVE.

ED BY DSKY ENTRY.

ON, VELOCITY, AND BIAS ERRORS ARE LOADED IN THIS ROUTINE,
GATION MEASUREMENT IS MADE.

IF DESIRED.

W MATRIX INITIALIZATION

PROG LGC GROUND CREW
CONT

.CREW

.SELECTION

KEY IN V67E

#IP

+

OA START W MATRIX RSS
« ERROR DISPLAY
1180

.

DO EXTENDED VERB
INTERLOCK ROUTINE
(R76I

DO EXTENDED VERB
INTERLOCK ROUTINE
(K76)

#20

RESET V67 FLAG

V67/LUMINARY



1218
V67/LUMINARY

#3n

«-04 CALCULATE RSS POSt-
TIUN, VELOCITY, AND
BIAS ERRORS.

#40

HOLD .

FLASH VERB-NOUN TO
SNAP . REQUEST RESPONSE AND
* display;
F V06 NV9
+ R1 PCS ERR
F R2 VEL ERR
F R3 BIAS ERR

F R1 - POS ERR - RSS
F VALUE CF POSITION
F ERROR IN FEET TO
F NEAREST FOOT.
F

F R2 - VEL ERR - RSS
F VALUE OF VELOCITY
F ERROR IN F.P. S. TO
F NEAREST .1 F.P.S.
F

F R3 - BIAS ERR - RSS
F VALUE CF BIAS ERROR
F IN MILLIRADIANS , TO
F1180 NEAREST MILLIRADIAN
F F

MQNI TOR OSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE AND DISPLAY
OF # MATRIX RSS
VALUES OF POSITION,
VELOCITY, AND BIAS
ERRORS.

AM I SATISFIED WITH
THESE VALUES?

Y

DO I WISH TO
LOAD NEW VALOES
AND REINITIALIZE
THE W-MATRIX?

#50

#6P

iN .Y #7r

WAIT FOR XEYBOARO KEY IN
ENTRY. . PROCEED

#8C

1133
V67/LUMINARY



1133
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V67/LUKINARY

EXIT
V67

KEY IN
TERMINATE
V34E

#90

EXIT
V67

#1CC

TERMINATE FLASH UPON .

RECEIPT OF PROCEED, KEY IN V25E AND
TERMINATE, OR NEW . LOAD NEW DATA
DATA

.T .P .NEW

.E .R . DATA

.R .0 •

.M .c •

.1 .E •

.N .E •

.A .0 •

•

.E • STORE NEW
•

•

•

•

DATA

#110

#120

GO TO

V677LUMINARY



1220
V67/LUMINARY

"A"
BELOW »130

GO TO
" 3 "

BELOW

#i4r

POSS . .

HOLD .

FLASH VERB-NOUN TO
SNAP . REQUEST RESPONSE AND

DISPLAY OF NEW DATA:
V06 N99
R1 POSITION

W-NATR IX

initialization
VALUE

R2 VELOCITY
W-MATRIX
INIT lALIZATION
VALUE

R3 RADAR ANGLE
BIAS W-MATRIX
INITIALIZATION
VALUE

R1 - PCSITICN
W-HATRIX INITIALIZA-
TION VALUE - VALUE
USED FOR EACH DIAG-
ONAL CGHPONENT OF
POSITION SUBMATRIX
IN W-MATRIX UPON
NEXT INITIALIZATION.
IN FEET TO NEAREST
FOOT.

R2 - VELOCI TY
W-MATRIX INITIALIZA-
TION VALUE - VALUE

MONITOR DSKY:
OBSERVE VERB-NOJN

FLASH TO REQUEST
RESPONSE AND DISPLAY
OF NEW W-MATRIX INI-
TIALIZATION values
OF POSITION, VELO-
CITY, AND BIAS
DIAGONAL COMPONENTS
OF SUBMATRICES.

ARE THESE VALUES
CORRECT?

Y N.

DO I WISH TO
LOAD NEW VALUES
TO RE-INITIALIZE
THE W-MATRIX?

.N Y.

#150

#160

#17C

1134 V67/LUMINARY



USED FOR EACH DIAG-
ONAL COMPONENT OF
VELOCITY SUB-MATRIX
IN M-MATRIX UPON
NEXT INITIALIZATION.
IN F.P.S. TO NEAREST
.1 F.P.S.

R3 - RADAR ANGLE
BIAS M-MATRIX
INITIALIZATION
VALUE - VALUE USED
FOR EACH DIAGONAL
COMPONENT OF RADAR
ANGLE BIAS SUBMATRIX
IN W-MATRIX UPON
NEXT INITIALIZATION.
IN MILLIRADIANS TO
NEAREST MILLIRADIAN.

WAIT FOR KEYBOARD KEY IN

ENTRY .. PROCEED

KEY IN
TERMINATE
V34E

EXIT

1135
1221

V67/LUMINARY

#180

#190

#200

#210

#220

Vsr/LUMINARY



1222
V67/LUMINARy

TERMl NATE FLASH UPON
RECEI PT OF PROCEED,
TERMl
DATA

NATE OR NEW

.T • P .NEW

.E .R .DATA

.R

.M
.0 •

• W
.1 • t STORE
.N NEW
.A
.T

• J DATA

.E • •

• • •

• • •

• • •

•

•

•

V67

KEY IN V25E AND
LOAD NEW DATA

#23P

#2AP

GO TO
"A"

BELOW

1011

FROM
ABOVE

#25C

HAS NEW DATA BEEN #260
LOADED?

N Y.

SET V67 FLAG

#270

V67/LUMINARY
1136



1137
1223

V67/LUMINARY

IS THE V67 FLAG SET?

N Y

GO TO
"A"

BELO*I

*280

IS THE SURFACE FLAG
SET?

*290
• Y .iN

SET UP FOR SUR-
FACE NAVIGATION
W-MATRIX INITI-
ALIZAT UN

*300

SET UP FOR
RENDEZVOUS
NAVIGATION W-
MATRIX INITIA-
LIZATION

#310

RESET REND W FLAG

VGT/LUMI NARY
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V67/LUMINARY

"A"
FROM
ABOVE

»320

RESET EXTENDED VERB
ACTIVE FLAG AND NO
MARKS ALLOWED FLAG

EXIT
V67 #340

CHANGE CONTROL NOTES

REV 00 PCR 173,420
REV 01 EDITORIAL
REV OOILUM lAt PCR 732
REV OlILUH IB) EDITORIAL
REV 02 EDITORIAL
REV C3(LUM lEI PCN 1145
REV 04 PCN 1180

1138 V67/LUMINARY
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V68, INHIBIT TERRAIN MODEL COMPUTATIONS REV Cl 09/03/72

PURPOSE: ID TO PERMIT THE ASTRONAUT TO BYPASS TERRAIN MODEL COMPUTATIONS WHEN THE TERRAIN MODELING CAUSES ADVERSE EFFECTS.

ASSUMPTIONS: (It THE PROCESS IS CREW SELECTED BY DSKY ENTRY.

PROG LGC GROUND CREW
CONT

CREW
SELECTION

START CREW INITIATED KEY IN V6BE
INHIBIT OF TERRAIN .

MODEL COMPUTATIONS

mic

SET TERRAIN MODEL
INHIBIT FLAG i2C

EXIT
V6B

*30

CHANGE CONTROL NOTES

REV 01 PCN 1035

VBB/LUMINARY





1141
1229

V69, RESTART REV C3 12/03/69

PURPOSE:

ASSUMPTIONS:

(1) TO CAUSE A COMPUTER RESTART.

(1) THE RESTART IS CREW INITIATED BY DSKY ENTRY.

12) V69E DOES NOT DIRECTLY SELECT RESTART PROCESSING. IT CAUSES A SITUATION WHICH SATISFIES ONE OF THE CONDITIONS FOR
AN AUTOMATIC RESTART, I.E.: TOO MANY CONSECUTIVE TC INSTRUCTIONS.

13) LGC RESTART LOGIC WILL CLEAR ALL JOB CORE SETS AND VAC AREAS, AND SET THE WAITLIST TO CALL ENDTASK.

(4) ALL EXTENDED VERB AND DISPLAY ACTIVITY WILL BE STOPPED. RESTARTABLE TASKS AND JOBS WILL THEN BE RESTARTED BY
REFERENCE TO INFORMATION CONTAINED IN THE PHASE TABLE.

15) A V69E MAY BE SELECTED AT ANY TIME.

PROG LGC GROUND CREW
CONT

CREW
SELECTION

START CREW INITIATED
COMPUTER RESTART

KEY IN V69E
#10

BRANCH (TC) TQ SELF MONITOR DSKY:
DOES PROGRAM ALARM
LIGHT COME ON INDI-
CATING COMPUTATIONAL

#20

V69/LUMINARY



1230
V69/LUMINARY

DIFFICULTItS?

.Y ..M

EXIT
V69

#30

KEY V05N09E TO DIS-
PLAY ALARM CODE:
CU37-BAD PHASE
TABLE IS EXPECTED
AT THIS TIME.

#50

IS THE ALARM CODE
01107 AS EXPECTED?

.Y .N

PERFORM NECESSARY
ACTIONS FOR A

FRESH START

*60

EXIT EXIT #70

1142
V69/LUMINARY



1143
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V69/LUMINARY

V69

CHANGE CONTROL NOTES

LOGIC REV CO PCR 496
REV Cl EOITORIAL
REV 02 EJITORIAL
REV 03 EOITORIAL

V69

V69/LUMINARY
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V70, START LGC UPDATE: LIFTOFF TIME REV Cl C8/09/69

NOTE: THIS EXTENDED VERB IS USED
THE LIFTOFF TIME.

BY UPDATE PROGRAM P27 ONLY. SEE P27 FOR THE LOGIC SPECIFICATION FL3R FOR UPDATING

CHANGE CONTROL NOTES

REV 01 PCR 496

V7P'/lUMINARY
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vn, START LGC UPDATE: BLOCK ADDRESS REV Cl r8/09/69

NUTE: THIS EXTENDED VERB IS USED BY UPDATE PROGRAM P27 ONLY. SEE P27 FDR THE LOGIC SPECIFICATION FLOW FOR A BLOCK
ADDRESS UNIVERSAL UPDATE.

CHANGE CONTROL NOTES

REV 01 PCR 496

V71/LUMINARY





1149
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V72, START LGC UPDATE: SINGLE ADDRESS REV n C8/09/69

NOTE: THIS EXTENDED VERB IS USED WITH UPDATE PROGRAM P 27 ONLY.
ADDRESS UNIVERSAL UPDATE.

SEE P27 FOR THE LOGIC SPECIFICATION FLOW FOR A SINGLE

CHANGE CONTROL NOTES

REV 01 PCR 496

V72/LUMINARY





1151
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V73, START LGC UPDATE: LUC TIME (OCTAL) REV Cl re/n9C69

NOTE: THIS EXTENDED VERB IS USED BY THE UPDATE PROGRAM P27 ONLY. SEE P27 FOR THE LOGIC SPECIFICATION FLOW FOR THE
OCTAL UPDATE OF LGC TIME.

CHANGE CONTROL ROTES

REV Cl PGR 496

V73/LUMINARY
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V74, INITIALIZE ERASABLE DUMP VIA COvINLINK

PURPOSE: (II TO DUMP ALL EIGHT BANKS OF ERASABLE MEMORY VIA DOWNLINK.

REV C4 02/17/71

ASSUMPTIONS: 11)

(21

13 I

(41

15)

( 6 )

THE PROCESS IS CREW SELECTED BY OSKY ENTRY.

THE DUMP OF EACH BANK IS PRECEDED BY AN ID WORD. SYNCH BITS, ECAOR, AND TIME.

THE E BANKS ARE DUMPED IN ORDER, STARTING WITH E BANK ZERO.

DUMPING OF ALL EIGHT BANKS IS REPEATED ONCE (2 COMPLETE DUMPS) TO FACILITATE SUCCESSFUL GROUND RECORDING.

THE TIME REQUIRED FOR 2 COMPLETE DUMPS IS 41.6 SECONDS.

THIS PROCESS CAN BE SELECTED CONCURRENTLY WITH ANY OTHER EXTENDED VERB, BUT SHOULD NOT BE SELECTED WITH V47
1R47, AGS INITIALIZATION ROUTINE).

PROG LGC GROUND CREW
CONT

CREW
SELECTION

.

START CREW INITIATED KEY IN V74E
DOWNLINK ERASABLE .

DUMP

»2C

V74/LUMINARY
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TERMINATE CURRENT
DOWNLtST

*30

SET E BANK COUNTER,
WORD CCUNTER, AND
DUMP CCJNTER=0

»4P

INITIALIZE E BANK
DUMP. DUMP ID, SYNCH
BITS, ECADR AND
TIMEl.

ISO

DUMP E BANK

INCREMENT E BANK
COUNTER AND SET WORD
C0UNTER=0. #60

ARE ALL 8 BANKS
DUMPED IE BANK

1154 V74/LUMINARY
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V74/LUMINARY

COUNTER =81?

• N • Y

• •

•

• • •

•

•

•

•

INCREMENT DUMP CUU-
NTER AND SET E BANK
COUNTERED

#7r

#80

HAVE 2 COMPLETE DUMP
PASSES 3EEN MADE
(DUMP CdUNTER=2»7

.N .Y
• • #90

RESTORE CURRENT
OOWNLI ST

# 10 (?

EXIT V74

CHANGE CONTROL NOTES

REV CC PCR 49 6

REV ri ECITOR lAL

REV C2( LUM IB) PCR 277, EDITORIAL
REV C3 EDI TOR lAL

REV C4( LUM IE) PCN 1 146

V74/LUMINARY
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V75, ENABLE U,V JETS DURING DPS BURNS RE\/ 11 P8/ng/69

PURPOSE;

ASSUMPTIONS:

(II TO ENABLE U AND V RSS JET FIRINGS DURING DPS POMEREJ FLIGHT.

Ill THE PROCESS IS CREW SELECTED BY DSRY ENTRY.

121 THE PROCESS MAY BE SELECTED AT ANY TIME.

PROG LGC GIOUND
CONT

CREW

CREW
SELECTION

START CREW INITIATED .

ENABLE U,V JETS KEY IN V75E
DURING DPS BURNS .

#IP

RESET SNUFFER FLAG

. «2n
EXI T

V75

CHANGE CONTROL NOTES

LOGIC REV ri PCR 539

V75/LUMINARY
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V76, MINIMUM IMPULSE COMMAND MODE MEV C4 02/17/71

P URPOSE:

A SSUMPTIONS:

(1) TO ENABLE THE MINIMUM IMPULSE MODE OF THE DAP.

(1) THE PROCESS IS CREW SELECTED 0V OSKY ENTRY.

(21 TO OBTAIN THE MINIMUM IMPULSE MODE. THE GU 1 0 CQNT SWITCH MUST BE AT PGNS AND THE PGNS MODE CONTROL SWITCH AT
ATT HOLD.

131 THE MINIMUM IMPULSE MODE WILL REMAIN ENABLED UNTIL CANCELLED BY RATE MODE SELECTION (SEE V77I; OR BY FRESH
START; OR BY P12 , P43 , P41 , P42 , P63 , P70 , P7 1 OR BY R40.

(41 WHENEVER THE MINIMUM IMPULSE MODE IS IN EFFECT THE "NO DAP" DSKY LIGHT WILL COME ON.

(5) THE PROCESS MAY BE SELECTED AT ANY TIME.

PROG LGC GROUND CREW
CONT

CREW
SELECTION

START CREW INITIATED KEY IN V76E jlllC

MINIMUM IMPULSE MODE .

SELECTION

SET PULSES FLAG

#20

EXIT V76

V76/LUMINARY



CHANGE CONTROL NOTES

REV 00 PCR 496
REV 01 EDITORIAL
REV 02 EDITORIAL
REV 03 EDITORIAL
REV C4ILUM lEI PCR 1134, PCN 1145

1248
V76/LUM1NARY

V76/LUMINARY
1160
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V77, RATE COMMAND AND ATTITUDE HOLD MODE REV C2 12/03/69

PURPOSE:

A SSUHPTICNS

:

PROG
CONT

(1) TO ENABLE THE RATE COMMAND MODE OF THE DAP. ,

(2t TO SET DESIRED ICOU ANGLES EQUAL TO ACTUAL ICDU ANGLES.

(II THE PROCESS IS CREW SELECTED BY DSKY ENTRY.

(2) TO OBTAIN THE RATE COMMAND MODE. THE GUID CONT SWITCH MUST BE AT PGNS AND THE PGNS MODE CONTROL SWITCH AT ATT
HOLD.

(31 THE RATE COMMAND MODE WILL REMAIN ENABLED UNTIL CANCELLED BY MINIMUM IMPULSE MODE SELECTION (SEE V76I, OR BY P68.

(4) THE PROCESS MAY BE SELECTED AT ANY TIME.

LGC GROUND CREW

CREW
SELECTION

START CREW INITIATED KEY IN Y77E flO
RATE COMMAND MODE .

SELECTION

RESET PULSES FLAG

#20

SET DESIRED ICDU
ANGLES = CURRENT

V77/LUMINARY
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ICDU ANGLES

*30

EXIT
V77

CHANGE CCNTROL NOTES

LOGIC REV 00 PCR 49 6
REV Cl EDITORIAL
REV 02 EDITOR lAL

11^2 V77/LUHINARY
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V78, START LR SPURIOUS TEST I R77 ) REV 01 08/09/69

NOTE: THIS EXTENDED VERB IS USED TO CALL ROUTINE 77. SEE R77 FOR THE L3GIC SPECIFICATION FLOW FOR THE LR SPURIOUS
TEST.

CHANGE CONTROL NOTES

REV 01 PCR 229

V78/LUMINARY
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V79, STOP LR SPURIOUS TEST (R77) REV 01 08/09/69

NOTE: THIS EXTENDED VERB IS USED TO TERMINATE ROUTINE 77. SEE R77 FOR THE LOGIC SPECIFICATION FLOW FOR THE LR
SPURIOUS TEST.

CHANGE CONTROL NOTES

REV Cl PCR 229

V79/LUMINARr
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V80, ENASLE LH STATE VECTOR UPDATE REV C2 08/07/69

PURPOSE: ( 1

)

TO CAUSE THE REN DEZVOUS DATA PROCESSINi, RESULTS TO UPDATE THE LM STATE VECTOR.

A SSUMPTIQNS: ID THE PROCESS IS CREW SELECTED BY OSKY ENTRY.

(2) THE PROCESS MAY BE SELECTED AT ANY TIME.

PROG LGC GROUND CREW
CUNT

CRE»<

SELECTION

START CREW INITIATED KEY IN V80E
LN STATE VECTOR UP- . #10
DATE PROCESS

RESET VEHICLE UPDATE
FLAG

#20

RESET NO UPDATE FLAG

• • •

EXIT
#30

V80/LUMINARY
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V80

CHANGE CCNTRQL MOTES

REV 00 PCR 496
REV 01 EDITORIAL
REV 02 EDITORIAL

1168 VeO/LUMINARY
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V31, ENABLE CSM STATE VECTOR UPDATE REV 02 r6/07/69

PURPOSE:

assumptions:

(II TO CAUSE THE RENDEZVOUS DATA PROCESSING RESULTS TO UPDATE THE CSM STATE VECTOR.

Ill THE PROCESS IS CREW SELECTED BY DSKY ENTRY.

(21 THE PROCESS MAY BE SELECTED AT ANY TIME.

PROG LGC
CONT

GROUND CREW

CREW
SELECTION

START CREW INITIATED KEY IN V81E
CSM STATE VECTOR . dlO
UPDATE PROCESS

SET VEHICLE UPDATE
FLAG

#20

RESET NJ UPDATE FLAG

• # 3 (^

EXIT
V8 I

VBl/LUMINARY
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CHANGE CONTROL ItJTES

LOGIC REV n
REV 01
REV 02

PCR 496
ECITOR lAL
EDITORIAL

1170 VSl/LUMINARV
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V82t REQUEST 0R8ITAL PARAMETERS DISPLAY (R30) REY 01 08/09/69

NOTE: THIS EXTENDED VERB IS USED TO CALL ROUTINE 30. SEE R30 FOR THE LOGIC SPECIFICATION FLOW FOR REQUESTING
THE ORBITAL PARAMETERS DISPLAY.

CHANGE CONTROL NOTES

REV 01 PCR 496

V82/LUMINARY
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V83, REQUEST RENDEZVOUS PARAMETER DISPLAY (R31) REV Cl C8/09/69

NOTE: THIS EXTENDED VERB IS USED TC CALL ROUTINE 31. SEE R31 FOR THE LOGIC SPECIFICATION FLOW FOR REQUESTING THE
RENDEZVOUS PARAMETER DISPLAY.

CHANGE CONTROL NOTES

REV Cl PCR A96

VP3/LUMINARY
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V85, DISPLAY RR LOS AZIMUTH AND ELEVATION REV 03 12/01/71

PURPOSE: (11 TO DISPLAY RR ANTENNA AZIMUTH AND ELEVATION.

ASSUMPTIONS: III THE PROCESS IS CREW SELECTED BY DSKY ENTRY.

(21 THIS PROCESS CAN BE SELECTED ANY TIME ANOTHER EXTENDED VERB OR ROUTINE (SEE R53) WHICH ALSO SETS THE EXTENDED
VERB INTERLOCK IS NUT ACTIVE.

(31
ZERO

IF THE RR IS NOT IN THE AUTO MODE THE ANGLES DISPLAYED BY
DISCRETE WILL BE PRESENT AS LONG AS THE RR MODE IS NOT IN

THIS PROCESS MAY BE
AUTO.

INCORRECT BECAUSE THE RR CDU

PROG LGC GROUND CREW
CONT

.CREW

. SELECTION

_ —
^

— — — —

START CREW INITIATED KEY IN V85E
DISPLAY OF RR LOS .

AZIMUTH AND ELEVA-
TION #10

* *

+ 03
+

+

+

t

DO EXTENDED VERB
INTERLOCK ROUTINE
(R76)

CONVERT RR TRUNNION
AND SHAFT CDU ANGLES

DO EXTENDED VERB
INTERLOCK ROUTINE
(R76)

#20

V85/LUMINARY
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+

H180
+

TO A LOS VECTOR IN
BODY AXES. #30

COMPUTE ANGLE BE-
TWEEN X/Z BODY PLANE
AND KR LOS.

COMPUTE ANGLE BE-
TWEEN LM *l AXIS AND
THE LOS PROJECTION
IN THE LM X/Z PLANE

» 4

03
+

1180

«*0

IS EXTENDED VERB
ACTIVE FLAG SETT

Y N.

RESET NO MARKS
ALLOWED FLAG

EXIT

1176
V85/LUMINARY



V85

HOLD .

MCN

flash VER8-NOUN TO
REQUEST RESPONSE AND
DISPLAY:

VlbNab
R1 - RR LOS AZIMUTH
R2 - RR LOS ELEVA-

TION
R3 - BLANK

MONITOR DSKY:
OBSERVE VERB-NUUN

FLASH TO REQUEST RE-
SPONSE AND display
OF RR LQS AZIMUTH
AND RR LOS ELEVA-
T ION

RR LOS AZIMUTH-ANGLE
BETWEEN LOS AND LM
X/Z PLANE . +000.00
TO +360.00 DEGREES DO I WISH TU TERMl-
ABOUT +Z. NATE THIS PROCEDURE?

RR LOS ELEVATION - .Y .N
ANGLE BETWEEN LM +Z
AXIS AND LOS PROJEC-
TION INTO XZZ PLANE.
+000.00 TO +360.00
DEGREES ABOUT +Y.

RR LUS
AZIMUTH
AND EL-
EVATION
DI S-
PLAYS
WILL
CONTIN-
UE

WAIT FOR KEYBOARD
ENTRY

#120

V85/LUMINARY
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TERMINATE FLASH UPON
RECEIPT OF PROCEED, . KEY IN
TERMINATE IV34E), OR PROCEED,
RECYCLE. . V34E, OR V32E

»13C

PRO
V34E
OR
V32E

EXIT
V85

#140

RESET EXTENDED VERB
ACTIVE FLAG

.

»03
* ..

.

.

EXIT
V85

*1180

•150

CHANGE CONTROL NOTES

LOGIC REV Cl PCR 623
REV 02 EDITORIAL
REV 03 PCN 1180

1178
V85/LUM1NARY
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V89, START RENOeZVQUS FIMAL ATTITUDE MANEUVER (R63) REV Cl C8/09/69

NUIE: THIS EXTENDED VERB IS USED TC CALL ROUTINE 63. SEE R63 FOR THE LOGIC SPECIFICATION FLOW TO START RENDEZVOUS
FINAL ATTITUDE MANEUVER ROUTINE (R63(.

CHANGE CONTROL NOTES

REV 01 PCR 496

Va9/LUMINARY





1181
1279

V9C, REQUEST REiMDEZVQUS QUT-OF-PLANE OISPLAT IR36I REy^ Cl 08/99/69

NOTE: THIS EXTENDED VERB IS USED TO CALL ROUTINE 36. SEE R36 FOR THE L3GIC SPECIFICATION FLOW FOR REQUESTING THE
RENDEZVOUS OUT-OF-PLANE DI SPLAT.

CHANGE CONTROL NOTES

REV 01 PCR 496

V90/LUMINARy
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V9 1, DI SPLAY BANKSUM <EV Cl 08/09/69

PURPOSE:

ASSUMPTIONS:

(1) DISPLAY THE SUM OF EACH BANK FOR COMPARISON.

ID the PROCESS IS CREW SELECTED BY DSKY ENTRY.

(2) POO IS OPERATING, OR A FRESH START CONDITION EXISTS.

13) NO OTHER EXTENDED VERB WHICH SETS THE EXTENDED VERB INTERLOCK IS ACTIVE.

PROG LGC GROUND CREW
CONT

CREW
SELECTION

START CREW INITIATED KEY IN V91E
DISPLAY OF THE SUM . »I0
OF EACH BANK

IS PROGRAM POO
OPERATING, OR DOES A

FRESH START CONDI-
TION EXIST? (K20

Y .N

TURN ON . OBSERVE OPERATOR
OPERAT- ERROR LIGHT FOR IN-
OR ERR- . DICATION OF IMPROPER
OR PROCEDURE. *3C
LIGHT

EXIT

V91/LUMINARY
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HOLD .

SNAP .

V91

DO EXTEi^OED VER3
INTERLOCK ROUTINE
IRI6)

DO EXTENDED VERB
INTERLOCK ROUTINE
(R76)

INITIALIZE BANK NUM-
BER TO 00

f60

FLASH VERB- NOUN TO
. REQUEST RESPONSE AND
DISPLAY

V05N01
R1 - BANKSUM
R2 - BANK NUMBER
R3 - CHECK SUM

CONSTANT

MONITOR DSKY:
OBSERVE VERB-NOUN

FLASH TO REQUEST
RESPONSE and DISPLAY
OF BANKSUM.

• 70

Rl - THE OCTAL RE-
PRESENTATION OF
BANKSUM, SHOULD BE
equal TJ (OR THE
ONES' COMPLEMENT OF

»

THE BANK NUMBER IN
R2.

R2 - THE OCTAL RE-
PRESENTATION OF THE
BANK NUMBER.

R3 - THE OCTAL CHECK

DO I NISH TO RECYCLE
THE PRESENT BANKSUM
DISPLAY?

Y N.

DO I W1 SH TO
TERMINATE THE
SEQUENCE OF
DISPLAYS OF

•80

1184
V91/LUMINARY
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1283
V°1/LUMINARY

SUM CJNcTAMT. BAiMKSUM?

Y M

#90

WAIT FOR KEYBOARD ... . KEY IiM

ENTRY: RECYCLE
... . V32E

#100

KEY IN
TERMINATE

V39E

#110

TERMINATE FLASH UPON
RECEIPT OF PROCEED,
RECYCLE, OR TERMI-
NATE.

EXI T

V91
KEY IN

PROCEED

T .PR.
E . R E

.

R . 0 C.
M . C Y.

I . E C.

N .EL.
A . D E

.

T

E

IS OCTAL BANK
NUMBER = A3?

. Y N.

#120

#130

SET BANK INCRE-
NUMBER MENT

V°1/LUMINARY



oc BANK
NUMBER

RESET EXTENDED VERB
ACTIVE FLAG AND NO
MARKS ALLOWED FLAG

EXIT
V91

CHANGE CCNTROL NOTES

REV 01 PCR 496

1284
V^l /LUMINARY

#140

#150

1186
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V92, START IMU PERFORMANSE TESTS (GROUND USE) REV Cl C8/09/69

NOTE: THIS EXTENUEU VERB IS USED TO OPERATE THE IMU PERFORMANCE TEST (Pr7). A DESCRIPTION OF THIS PROGRAM IS
CONTAINED IN SECTION I OF R557 (PREL AJNCH TEST PROGRAMS FOR SUNDANCE ANO LUMINARY, FIGURE 1.4. 1-1)

CHANGE CONTROL NOTES

REV 01 PCR 496

V9P/LUMINARY
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PURPOSE:

ASSUMPTIONS:

V93, ENABLE M MATRIX IN I T I AL I Z AT lUN

m TO REQUEST REINITIALIZATION OF THE RENDEZVOUS W MATRIX.

ID THIS PROCESS RESETS THE REND Q FLAG INDICATING THAT THE
REINITIALIZED BEFORE BEING USED. THE RENO R FLAG IS AUTOMATI
REI IITI ALIZATIGN.

12) THE PROCESS IS CREW SELECTED BY DSKY ENTRY.

(3) THIS PROCESS MAY BE SELECTED AT ANY TIME.

REV Cl 08/09/69

RENDEZVOUS W MATRIX IS NOT
CALLY SET FOLLOWING W MATRIX

VALID
INIT

AND MUST BE
ALIZATION OR

PROG LGC GROUND CREW
CONT

CREW
SELECTION

START CREW INITIATED
RENDEZVOUS W MATRIX
INITIALIZATION

•

•

•

RESET REND W FLAG

HIP



CHANGE CCNTRQL .^OTES

REV Cl PCR 496

)

1

1290
V93/LUMINARY
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V<55, NO UPDATE OF EITHER STATE VECTOR REV Cl Cfl/09/69

PURPOSE:

A SSUMPTICN:

(It TO PREVENT LM OR CSR STATE VECTOR UPCATINS BY P20 OR P22.

Ill THE PROCESS IS CREW SELECTED BY DSKY ENTRY.

PROG LGC GROUND CREW
CONT

CREW
SELECTION

START CREW INITIATED KEY IN V95E
NO UPDATE OF EITHER . #10
STATE VECTOR

SET NO UPDATE FLAG

«20

EXIT
V95

CHANGE CCNTRUL NOTES

REV 01 PCR 496

V°5/LUMINARY
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V06, INTERRUPT INTEGRATION AND 3U TO PCO RE>I f2 08/07/6°

PURPOSE: (II TO PROVIDE A MEANS OF SUSPENDING STATE VECTOR INTEGRATION.

A SSUMPTIONS: (1) IF The coasting integration routine is in operation, it is terminated at the end of the CURRENT TIME STEP.

(2) THE CURRENT PROGRAM IS TERMINATED.

(31 THE LGC IDLING PROGRAM (POC) IS ACTIVATED.

(41 POO STATE VECTOR INTEGRATION IS BYPASSED UNTIL A NER PROGRAM SELECTION IS MADE.

(51 THIS PROCESS DOES NOT MAINTAIN STATE VECTOR SYNCHRONIZATION, THEREFORE INCORRECT R MATRIX EXTRAPOLATION MAY
RESULT.

161 THE PROCESS IS CREW SELECTED BY DSKY ENTRY.

PROG LGC GROUND CREW
CONT

CREW
SELECTI CN

START CREW INITIATED .

STATE VECTOR KEY IN V96E
TERMINATION PROCESS . #lp

SET QUIT FLAG

#2P

GO TO IDLING PROGRAM
(PfO) VIA ROUTINE

V96/LUMINARY



(RPOI

GO TO
"A"

IN ROO

CHANGE control TOTES

LOGIC REV CO PCR 146
REV Cl PCR 507

LOGIC REV 02 EJITORIAL

#

12°6
V96/LUHINARY

#30

1194 V96/LUMINARY
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V97, PERFORM ENGINE FAIL PRQCEDJRE RE(/ 01 08/09/69

NOTE; EXTENDED VERB 97 IS USED IN THE DPS/APS THRUST FAIL ROUTINE RA2. SEE R4C FOR THF LOGIC SPECIFICATION FLOW FOR
DISPLAY OF DPS/APS THRUST FAIL.

CHANGE CONTROL NOTES

REV 01 PCR 496

V97/LUMINARY





V99, ENABLE ENGINE IGNITION RE\I C2 r8/07/69

NOTE: EXTENDED VERB 99 IS USED IN PROGRAMS P12t PAOi P42 i P63 AND ROUTINE RAP. SEE P12, PAD, PA2, P63, AND RAO FOR
THE LOGIC SPECIFICATION FL3HS RELATING TO ENGINE IGNITION.

CHANGE CONTROL NOTES

REV 00 PCR A96
REV PI EDITORIAL
REV 02 EDITORIAL

V99yLUMINARY
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