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CONTRACT DEFINITION & SCOPE 

• PRIME CONTRACT (NASA-JSC) WITH MIT/IL TO CONDUCT A NAVIGATION AND 

GUIDANCE SYSTEM DEVELOPMENT PROGRAM WHICH WOULD "PROVIDE A GENERAL 

ON-BOARD GUIDANCE AND NAVIGATION CAPABILITY FOR THE VARIOUS EARTH

ORBITAL AND CISLUNAR MISSIONS~. REQU~RED FOR THE LUNAR LANDING 

I DESIGN RESPONSIBILITY COVERED BOTH HARDWARE AND SOFTWARE 

I CONTRACT NEGOTIATED SEPARATE FROM DEVELOPMENT OF THE APOLLO SPACE 

CRAFT 

I DELIVERABLES: fLtGHT SOFTWARE AND PROTOTYPE PGNCS SYSTEM 

I INITIAL CONTRACT LET IN 1961 



MAJOR MISSION TASKS 

OBJECTIVES 



CD 
--1 

9 
LUNAR ASCENT 

8 
LUNAR DESCENT 

VISIBILITY PHASE 

7 

6 
.---~,..._----1------lUNAR ORBIT-----. 

5 
LUNAR ORBIT---..... 
INSERTION 

LUNAR DESCENT ___ _.,_ _______ ___,J 

BRAKING PHASE 

13 
EARTH REENTRY 

J · 
TRANSLUNAR 

· INJECTION . 

12 
TRANS EARTH 

2 
EARTH ORBIT 

Figure 2. 2-1 G&N Mission-Phase Summary · 



PGNCS CONFIGURATION 
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COMPUTER CHARACTERISTICS: 

- STORAGE & MANIPULATION OF DATA 

• Two TYPES OF MEMORY: 

FIXED - 36,864 WORDS 

ERASABLE - 2048 WORDS 

I WORD LENGTH - 15 BITS DATA+ PARITY BIT 

• MEMORY CYCLE TIME - 11.7 µ SEC, 

I ~~CHINE INSTRUCTIONS - 34 

I SOFTWARE CODED IN MACHINE LANGUAGE PLUS "INTERPRETIVE LANGUAGE" 

- TIMING & CONTROL 

I REAL TIME OPERATION 

I TIME SHARING OF MULTIPLE TASKS 

I PRIORITY DRIVEN SYSTEM WITH INTERRUPTS 



- INTERFACES 

I COUNTERS & CHANNELS 

I COCKPIT DISPLAYS & CONTROLS 

• PINBALL AND DSKY (DISPLAY & KEYBOARD) 

I UPLINK & DOWNLINK 

- ERROR DETECTION - CAUSES: 

• H/W RESTARTS . 

• S/W RESTARTS 
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MAN-MACHINE INTERFACE 

I S/C SWITCHES & CONTROLLERS (ROTATION, TRANSLATION) 

• DISPLAY & KEYBOARD - DSKY 

PROGRAMS - ROUTINES 

VERBS 

NOUNS 

DECIMAL & OCTAL NUMERICS 
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Command Module 
AGC 

·Programs 

00 CMC* Idling 
01 Prelaunch Initialization 
02 Gyro Compassing 
03 Verify Gyro Compassing 
06 CMC Power Down 
07 IMU Ground Test 

11 Earth Orbit Insertion (EOI) Monitor 
17 Transfer Phase Initiation (TPI) Search 

20 Rendezvous Navigation 
21 Ground Track Determination 
22 . Orbital Navigation 
23 Cislunar Midcourse Navigation 
27 CMC Update 

~o External AV 
31 Lambert Aimpoint Maneuver 
32, : Coelliptic Sequence Initiation (CSI) 
33 Constant Delta Height (CDH) 

· 34 Transfer Phase Initiation (TPI) 
35 Transfer Phase Midcourse (TPM) 
37 Return to Earth (RTE) · · 
38 Stable Orbit Rendezvous (SOR) 
39 Stable Orbit Midcourse (SOM) 

40 SPS 
41 RCS 
47 ~st Monitor . 

51 !MU Orientation Determination 
52 IMU Realign , .. 
53 Backup IMU Orientation Determination 
54 Backup IMU Realign 

61 Maneuver to CM/ SM Separation Attitude 
62 CM/ SM Separation & Preentry Maneuver 
63 Entry-Initialization · 
64 Entry-Post 0. 05 g 
65 Entry-Up Control 
66 Entry-Ballistic 
67 Entry-Final Phase 

LM Coelliptic Sequence Initiation (CSI) 
LM Constant Delta Height (CDH) 
LM TPI Targeting 
LM TPM Targeting 
Target AV 

Lunar Module 
AGC 

Programs 

00 LGc** Idling· 
06 GNCS Power Down 

12 Powered Ascent Guidance · 

20 Rendezvous Navigation 
21 Ground Track Determination 
22 Ltm.ar Surface Navigation 
25 Preferred Tracking Attitude 
27 LGC Update . 

30 External AV 
31 Lambert Aimpoint Maneuver 
32 Coelliptic Sequence Initiation (CSI) 
33 Constant Delta Height (CDH) 
3·4 Transfer Phase Initiation (TPI) 
35 Transfer Phase Midcourse (TPM) 
38 Stable Orbit Rendezvous (SOR) 
39 Stable Orbit Midcourse (SOM) 

40 DPS 
41 RCS 

. 42 .· APS 

t 

4 7 Thrust Monitor . 

51 IMU Orientation Determination 
52 !MU Realign 
5 7 Lunar Surface Align 

. . . 

63 Braking Phase _ 
64 · Approach Phase · 
65 _ Landing Phase (Auto) 
66 Landing Phase (ROD) 
67 Landing Phase (Manual) 
68 Landing Confirmation 

70 DPS Abort 
71 APS Abort 
72 CSM CSI Targeting 
73 CSM CDH Targeting· 
74 CSM TPI Targeting 
75 CSM TPM Targeting 
76 Target AV 
7 8 CSM SOR Targeting 
79 CSM SOM Targeting 

72 
73 
74 
75 
76 
77 
78 
79 

LM TPI Search * . 
LM SOR Targeting 
LM SOM Targeting 

CMC is Command Module Computer (CM AGC) 

** . LGC is Lunar Guidance Computer (LM AGC) 

. Figure 2.1-4 Programs for a Lunar-Landin~ Mission 
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SOFTWARE 
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SOFTWARE SPECIFICATION CONTROL DOCUMENT 

• GSOP - GUIDANCE SYSTEMS OPERATIONS PLANS 

CONSISTS OF THE FOLLOWING SECTIONS: 

SECTION 1 PRE LAUNCH 

2 DATA LINKS 

3 DIGITAL AUTOPILOTS 

4 OPERATIONAL MODES 

5 GUIDANCE EQUATIONS 

6 CONTROL DATA 



NASA/MSC SOFTWARE CONFIGURATION CONTROL BOARD 

. . . 

I RESPONSIBLE FOR: THE CONTROL OF ALL GSOPs, ALL CHANGES OF GSQP~-

PROGRAMS PLACED UNDER CONFIGURATION CONTROL AT THE FIRST ARTICLE 

CONFIGURATION INSPECTION (FACI) 

I HAS AUTHORITY TO APPROVE WAIVERS OF SOFTWARE REQUIREMENTS 

I SCB MEMBERSHIP 

FLIGHT OPERATIONS DIRECTORATE, CHAIRMAN 

ASPO CSM ENGINEERING 

ASPO LM ENGI·NEERI NG 

GUIDANCE AND CONTROL _DIVISION 

FLIGHT CREW SUPPORT DIVISION 

MISSION PLANNING AND ANALYSIS DIVISION 

FLIGHT CONTROL DIVISION 

FLIGHT SUPPORT DIVISION 

FLIGHT CREW OPERATIONS DIVISION 

BELLCOMM 

ASPO GUIDANCE AND PROPULSION 



I CHANGE INSTRUMENTS: 

PROGRAM CHANGE REQUEST - PCR 

CONTENTS: 

ORIGINATOR 

EFFECTIVITY 

REASON FOR CHANGE 

DEFINITION OF CHANGE 

SCB DECISION FOR VISIBILITY IMPACT 

MIT IMPACT EVALUATION 

SCB ACTION 

MIT DETAILED EVALUATION 

SCB ACTION 



- PROGRAM CHANGE NOTICE - PCN 

NOTIFICATION OF CLERICAL CORRECTION 

OR 

NOTIFICATION OF MANDATORY CHANGE TO PERMIT FURTHER PROGRAM DEVELOPMENT 

- ANOMALY REPORT - DEVIATIONS (DIFFERENCES) BETWEEN SOFTWARE CODE AND 

SPECIFICATION 

- ASSEMBLY CONTROL BOARD REQUEST 

MIT/IL INITIATED CHANGE THAT DID NOT CHANGE THE SPECIFICATION 



IMPLEMENTATION & CONTROL 



S/W DEVELOPMENT 

SMALL GROUP INITIALLY LAID OUT THE S/W STRUCTURE - OPERATION SYSTEM, EXECUTIVE, 

INPUT/OUTPUT) PROGRAM) ROUTINE, VERB-NOUN CONCEPTS TO SUPPORT H/W DEVELOPMENT 

AND TESTING. As PROJECT BECAME MORE MISSION ORIENTED AND A SMALL GROUP WAS 

NO LONGER ADAQUATE TO PERFORM THE JOBJ PLANNING AND CONTROLLING BECAME MORE 

OF A REQUIREMENT. 



~I II!' 

Date 3/17 /71 

MIT/CSDL SOFTWARE DEVELOPMENT PLAN 

FOR 

LUMINARY lE LGC PROGRAM 

-0( ~~k~ J -2 3 - f I 
afN/M~iroject Date 
Manager's Signature 

,. 

·~/zi./M. 
/ Direacir •Mission --.D-::__---a~te_.._ _ _,,__ 

Development App oval 

This plan ~onsists of 28 pages 
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MIT/IL MISSION DESIGN REVIEW BOARD (MDRB) 

CONTROLLED ALL MISSION RELATED DOCUMENTATION AND THE INCORPERATION 

OF REQUIREMENTS INTO THE MISSION PROGRAMS, 

MDRB MEMBERSH Ip: 

PROJECT MANAGER, CHAIRMAN 

SYSTEM TEST DIVISION DIRECTOR 

SYSTEMS .ENGINEERING DIVISION 
-

AUTOPILOT DEVELOPMENT GROUP LEADER 

GUIDANCE ANALYSIS DIVISION DIRECTOR 

·01 SPLAY & HUMAN FACTORS D1 VIS I ON D1 RECTOR 

NASA/FSB (FLIGHT S/W BRANCH) PROGRAM ENGINEERS 



MISSION PROGRAM CHANGE BOARD (MPCB) 

RESPONSIBLE FOR REVIEW AND IMPLEMENTATION OF EACH CHANGE CANDIDATE, 

STAFFING: 

MISSION PROGRAM INTEGRATION DIRECTOR, CHAIRMAN 

MISSION PROJECT MANAGERS 

PROGRAM SUPERVISORS 

PROGRAM DEVELOPMENT CHIEF ENGINEERS 

ASSEMBLY CONTROL GROUP LEADER 

SUPPORTING STAFF AS ASSIGNED BY ABOVE 

OTHER DIVISION REPRESENTATION AS REQUESTED 

STORAGE COMMITTE: 

MAINTAI~ED ~SSIGNMENT OF FIXED AND ERASABLE MEMORY, 



ASSEMBLY CONTROL GROUP 

HAS FULL TIME RESPONSIBILITY FOR THE MAKING AND THE CONTROL OF ALL OFFICIAL 
. . 

ASSEMBLIES, ALL CHANGES FUNNEL THROUGH THIS GROUP (PERSON), 



DEVELOPMENTAL MILESTONES 

PDR - PRELIMINARY DESIGN REVIEW 

CDR - CRITICAL DESIGN REVIEW 

FACI - FIRST ARTICLE CONFIGURATION INSPECTION 

LEVEL 3 & 4 

NASA CONFIGURATION CONTROL 

CARR - CUSTOMER ACCEPTANCE READINESS REVIEW 

LEVEL 5 COMPLETE 

RELEASE FOR ROPE MANUFACTURE 

FSRR - FLIGHT SOFTWARE · READINESS REVIEW 

LEVEL 6 COMPLETE 

S/W TEST FACILITIES REPORT 

FRR - FLIGHT READINESS REVIEW 



TESTING) VERIFICATION) VALIDATION 

I PHILOSOPHY - BOTTOM Up - 6 LEVELS 

• Two MAJOR AREAS OF TESTING - COMPUTATION AND LOGIC 

I COMPREHENSIVE TEST PLAN IS KEY 

I DESIGNERS - DESIGNED AND EVALUATED TESTING - NOT AN INDEPENDENT TEST GROUP 

I TESTING TRACKED BY DEVELOPMENT AND MISSION .SUPPORT PLANS, 



LEVELS OF TESTING 

LEVEL 1 TESTS WERE HIGH ORDER LANGUAGE (JIQL) PROGRAMS RUN ON THE HOST 

COMPUTER TO TEST ALGORITHMS, THE MAC (MIT ALGEBRAIC COMPILER)) 

DEVELOPED AT MIT/ILJ WAS USED FOR THIS EFFORT, 

LEVEL 2 WAS THE AGC COUNTERPART OF THESE PROGRAMS, THE RESULTS OF THE 

TWO WERE COMPARED TO ESTABLISH THE ACCURACY OF THE AGC EQUIVALENT, 

THE ERRORS FOUND AT THIS LEVEL WERE PRIMARILY COMPUTATIONAL, 

LEVEL 3 WAS INTENDED TO VERIFY THE OPERATION OF A COMPLETE PROGRAM OR 

ROUTINE INCLUDING CREW INTERFACE AND REALISTIC PHYSICAL ENVIRONMENT 

MODELS, THE ERRORS DISCOVERED AT THIS LEVEL WERE PRIMARILY LOGIC 

AND DISPLAY INTERFACE PROBLEMS, THIS LEVEL WAS PERFORMED ONLY WHEN 

A ROUTINE WAS INCORPORATED INTO THE FLIGHT PROGRAM, 

LEVEL 4 TESTING WAS INTENDED TO VERIFY MISSION PHASES) E,G,J ASCENT) 

RENDEZVOUS, THE MULTI-PROGRAMMED ENVIRONMENT WAS EXERCISED 

EXTENSIVELY AND THEREFORE UNCOVERED PRIORITY) TIMING) AND 

ERASABLE-SHARING PROBLEMS, 



LEVEL 5 REPEATED THE LEVEL 4 TESTS ON THE FINAL ROPE WHICH WAS RELEASED 

FOR MANUFACTURE. THIS WAS REQUIRED BECAUSE EVEN THOUGH THE LEVEL 4 
TESTS HAD BEEN SUCCESSFULLY COMPLETED) THEY MAY NOT HAVE RUN ON THE 

VERSION OF THE PROGRAM THAT WAS RELEASED, 

LEVEL 6 TOOK PLACE AFTER THE ROPES WERE RELEASED FOR MANUFACTURE AND WERE 

INTENDED TO VERIFY THE PROGRAM USING ACTUAL MISSION DATA AND THE 

FLIGHT TIME-LINE, THESE RUNS WERE RUN ~ITH 1 SIGMA AND 3 SIGMA 

ERRORS IN THE SIMULATED INSTRUMENTS, 



TESTING TooLs/SIMULATORS 

ALL DIGITAL SIMULATOR 

ENGINEERING SIMULATI-ONS· 

HYBRID SIMULATORS 

SYSTEM TEST LABORATORY 



AGAIN THE S/W DEVELOPMENT PLAN 

& 

MISSION SUPPORT PLAN 
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LM. PROGRAM' DEVEJ.,OP.1VTi~N'I' SUMMARY DATE 4/3/70 

1 

2 

.3 

4 
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6 

7 
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9 

DI~SCTUPTION 

FLIGHT PROGRAM 
LUMINARY 130 
LUMINARY 131 

. Rev 9 (PC_R 988 "fllilHehP<f~~P.d) 
LM131 Rev 1 (PCR 1013) 
FSRR 

GSOP Status 
-Level 6 Performance Test Plan· 
Level 6 AGC Performance Testing 

Start 

Completion 

Documentation 

:8,TCC Compatibility Te~ting 
Documentation 

Mission Procedural Test Plan 

Mission Procedural Verification 
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Start · . · 
Completion 
Documentation 

System Test Lab Testing 

Level 5 

. 

Start 

Completion 

Documentation 

· MIT Deliverable Items 
K-Start Tape _ Schedule 

.• 

- ---''-----~--,._- - -

NOTEPREDICTEO! ORiGINAL ACTUAL REQUIREDl5CHEDUJ.ED ·····RESJ 
DATE 'I'ARGET DA'rI~ . .. .. DATES ·: r~v·.· ~ATE ENGINl 

. 

3/16 /70 

11/, 5/. 69 
12 l31/ 69 

t 

2/9 /70 
3 11/70 

• 
See GSOP Status Pages 

2/13/70 

2/27770 

3/6/70 

3/6/70 

12/2/69 

2/13/70 

2/~7/7o' ' 

· 3/4/ 70 

3 / 4/70 

11/,5/,69 
12'/3'/69 
1/14/70 
2[4/70 

'.'3/16/70 

12/4/69 

2/13/70 

2/~7/70 

3/12/70 

:i/13/70 

\11/26/69 11/26/69 11/26/69 

. 
. 12/19/69 12/19/69 
:,./30/10 · 2l23110 

f 4 / 3 /70 3]4/70 

11/10/69 

12/ 12/69 ~ 

12/19/69 

12/31/69 

· 11/ i'0/69 

12/ 12/69· 

2/4/70 

1/8/70 

11/10/69 

12/12/69 

. 12/31/69 

12/31/69 -- _____ _,.___ --
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MIT/IL REVIEW OF NASA/MSC DOCUMENTATION . -DATE 4/3/70 

DESCRIPTION 

. . 
Flight D~ta File . 
a) LM Timeline Book 

Preliminary 
. . F.inal. 

b) : LM. Data· Car:d. :s·ook ·· : .. · · ··; .. . . · ~ : .. 
Preliminary 

. Final 
. ·c) · -LM· Systems ·Activation . . · 

Checklist 

.. 
d)'·'LM G&N Dictionary 

e) LM Contingency· Checklist . . 

f) LIVI Lunar Surface 
Checklist 

. . 

h) LM ~ystems ·Data _. 

i) LM Malfunction 
Procedures -. 

j) LM Rendezvous Charts 

Preliminary 
Final 

Preliminary 
Final 

Preliminary 
Final 

Preliminary 
Final_ · 

Preliminary 
Final 

Preliminary· 
Final 

Preliminary 
Final 

Preliminary 
Final 

NASA rssuE MIT REC'D. l1nT REV1E\V . .. .... -••·--·--- · ··-
DATE DA~E 1cm,IPLETION · · ----~~MMENTS 

I Pred. Actual 

2/16 
3/2~ 

2/16 

Actual 

., 2/25 · 

•·· : 

1/12 
3/16 

1/12 . 1/19 

.. ... . . . 
. . 

I 2/2 2/6 
3/16 ' 

1/.5 . 
3./9 

2/2 
3/9 

2/16 
3/23 

1/ 19 
3/23 

1/19 
3/9 

1/19 . 
: 3/9 

1/5 

v23. 

1/19 

i/19 

1/19 1/5 '' 
3/9 

,. 

·1/19 

1/29 

2/20 I : 

1/23 

1/23 

2/17 

1/9 

! Pred. i Ac~~al. 

3/16 

2/16 

2/16 

2/23 

2/23 

a/9 

2/16_ 

3/16 

2/16 

3/9 

2/16 

2/23 

3/16 

2/23 

2/23 

3/_9 

2/16 

..... .. 

. . . . 

. . -· 

. .. 
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D~SCRIPTION 

Section t - Prelaunch · 

Rev 1 

Section 2 -. Data Links 

Rev 5 

Rev 6 

•. Rev 7 ~ ···· 
· Rev 8 · 

Section 3 - Digital Autopilot 

Rev 2 
Rev~ 
Rev 4 

Section 4 - Operational Modes 

Rev 5 

Rev 6 . 

Rev 7 · 
Rev ·a 

Section 5 ~ Guidance Equations 

Rev 5 , .- ' 

Rev 6 
Rev ·7 
Rev 8 

Sect ion 6 ·- Control Data 
-.: .. Rev o 

. . 

• 

'/ 

... 

: 

. 

GSOP STATUS 

i ·,.' BLUE COVER DISTRIBUTION 

Predicted 
Date 

I 1/ 17 / 69 t• 

. . 

8/28/69 

· 10/29/69 

11/17469 
·4/10/ O· 

8/28/69 
12/15/69 

' 4/10/70. 

.8/ 19 /69 
. 

·. 9/26/69 
. 1i[23[69 
. 4/30/70 

,:8/12/69 

12/8/69 
4/10/_70 . 

·9/3i6B 

. . 

Original 
Date 

'12/23/68 

.8/1/69 

8/12/69 
11/15/69 

8/1/69 

9/26/69 
11/15/69 

8/1/6~ 

11/15/69 

2./ 1/ 68 
I 

Actual 
-Date 

1/29/69 

. 9./ 12 /.69 

. ._11/4/69 
· 1~/19/69 

8/29/69 
12/15/69 

8/22/69 

10/8/69 
12/30/69 
. 

~ 

8/15/69 

10/23/69 
12/15/69 

I . . . 
12/.9/,?8 

11t,.Tl"".'\rr"C'. r,t....-. .... -A ...., ... --- .r,.,_ ~r,n,..,OA I) 000 n-rl 1 n1 'l • . . 

.. 

I . 

. 
. , 

. 

PROGRAM 

LNY lB 

LNY lB 

LNY lC 
. LNY, lC 

LNY lB. 
LNY lC 
LNY lC 

LNY lB' 

LNY lB 
LNY lC 

-LNY lC 
~ 

LNY-lB : 

LNY lB 
LNY lC 
LNY lC 

LNY 1 

. 
. 

1111.1 I \ 

DATE 4/3/70 

COMMENTS 

Change Pag~s . 

. Change Pages 
' . 

Change Pages (See . ~o 

· Change Pages 

Change Pages (See no 

Change Pages , 

., Change Pages (See no 
~ 

. ·--.··chan"g'e· .. Pa:g~s----.. 

·Change Pages (See no· 



,. 
: '/ ' 

LEVEL 6 LM -rPERF~RMANGE . TES!·· DESC~1PTION 

I· . ,, 

· TEST . DESC.RIPTlON 

6. 1. 0 

6~ 1. 1 

~>. 2. 0 

6. 2. 1 

6 • .2. 2 

6 •. 2. 3 

6.2.4 

6. 2. 5 

6. 3. 0 

6. 3. 1 

i . ' . . I Rendezvous .· :· . .. ·, . . 

Nominal LM Active w /P52 Alignment 

-Aborts from Descent 

,-Abort at 30K ft-Insertion to CSI Solution w /P20 Navigation. 

I Abort at 7K ft-Insert.ion to CSI Solution w /P20 Navig~tion~ : 
I , . . " . 

Abort after, Touchdown-Insertion ~o C~I Solution w /P20 Naviga~io.n. 
. . . . . . : . 

Abort: at 46K ft. . . ' .· 
I Abort St~ge· at 4_6K ft., 

!
' Lunar Surface Operation .. and Ascent · : . 

1 (Offset RLS t~ sho~ eff:ect of grayity vector upda~es to RLS) 

I (Initialized with 5° pitch, · 15° yaw.) ' ·. ' . . . 

j J?Ga POD, Pl2, P57 (2 ,~tar.SL P06, P57 (gr~vity/star), P57 (gravity/REFSMMAT) 

6 •. 4. 0 

6. 4. 1 

6.4.2 

I P22, Pl.2, P20, ,. P32 ' 
! . .. 

Landin:g ( Prime Site) 

AutomatiG .. ~anding ~ V59 just Prior .to. HIGATE 

I
. _P66 Landing with followi~g Redesigna~iOns , 

N69: 10K/5K ft; ACA; none · . . 

_ I N69: 20K/20K ft; AC.A: 2 +_ ~B/2 - EL _ 

-.! N69: None; ACA: 2 - · AB/2 + E.L . . 
• • • • I 

I · • " · • 

: . 

; ,. 

. . 

\ 

RESPONSIBLE 
ENGINEE11 

·White 

White 

Bernikovich 

Bernikovich 

Bernikovich 

Bernikovicti· 

Bernikovich 

Bernikovich · 

Millard 
· Millard 

Moore 
Moore : · ,, _,_, : 

Moore 
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LM131 · 
Rev l 

Level 4 
TLOss · 

. 5% 

9_. 5% 

. 5o/~ ·. 

. , .. 

· 5o/o . 

9. 5% 

LUMI~1'R'Y Jc· 
PERFORMANCE TESTING 

' · . 

Rendezvous 

Nominal LM Acti~e w/P52 Alignment 

Aborts from Descent 
Abor~ c1;t 30K:ft-Insertiori to .CSI ,S~lution w/P20 Navigation. 

. Abort ;t 7K .ft-In~e~tion to CSI Soiuti~n .. w/P20 ~avigation ·. 
Abort after Touchdown - Insertion to CSI -Solution'w/P20lillvigatiQn 
Abort at 46K-ft · 

Abort Stage at .46K~ft 
. I 

I I 

Lunar Surface Operation and Ascent 

:(Offset RLS .to Show Effect of Gravity Vector Update~ to R;LS) 
(Initia~ize~ with 5o Pitch, _15°. Yaw) . •: 
P68, P00, Pl 2, .P57 (2 StarsL P06, _P57 (Gravity/St_ar)_ . 
P57 (Gr.avity/REFSMMAT), . P:22, Pl2, P20, P32 . 

Landing .(Prime ·site) ~ 
I 

Automatic · Landing - · V59 just.)?rior to lilGATE . 
P66 Landing w_ith Following. Redesignations 

N69: 10K/5K .ft; --~CA: None 

N69: 20K/2-0K ft; ACA: 2 + AB/2 - E~. 
N69; None; ACA: 2 - A~/2 +·EL. 

\ 

4/ 3/70' ,. ·- ····•- ·· .. .... 

5% TLOSS 
Level 6 

LUMINARY LUM131 L..'1\11131 
131' Rev 9 Rev 1 

X · x . X · 

·X x · X. 
X X X, 

X X X 

X 

X 

X X 

X X X 

X X x :: 
; ' 

X X · X.L . 
X X X 
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. I .. . 

TEST 

6. 1. 1 

6. 2. 1 

6 •. 2. 2 

6. 2·. 3 

6.2.4 

6.2.5 

6. 3. 1 

6. 4. 1 

6.4.2 

11: i . 1,n i 11: • . 

. . ... .... 
LM LEVEL 6 PERFoRirANcE TEST sT.ATus· 

.. . . . . DATE 4/3/70 

PRil\iARY SETUP · 
II\TPUT PREPARED 

ReQ. 

. . 

2 /-1_3 

2./ 1'3~ ·. 

2/13 

2/13 

2/13 

2/13· 

2/13 

Pred. I Actual 

.·2/13· 

~ /_.13 .. 

· 2//3~ 

2/~3 

. 2/13 

-2/13 

2/13 
. • 
• I 

2/ 13 . 

2/13_ 

2/ 13~_ 

·2113 
-

2/13 

2/13 

2/13 

2/13 

2/.13 

.. . . . . 

•. - .·. 
· .. : .. 

·. ·. ·.• ·•. . . : . . . -

ALL RUNS C01vtPLETED SUMMARY MATERIA 
AND RESULTS EVALUATED PREPARED 

Req. . Pred. Actual 

.. 
2/21 2/27 2/22 

?/'22 

-2/22. 

2/27 

~/.2t 
-2/27 .. · 

.12/2_':/. _ . , . 
2/27 I 

2/27 

.. · ?/21 ·,. · 

.~/?7 . ~/22_ 

2 /2 7 .. - 2 / 2 2 

2/27 2/27 

_2[27. 2/27 __ 2./?7 

~ 2/2_7 .· · ·_2/22 

\. 

-

Req • 

3/6 

3/6 

3/ ~ 
·3 i.(f : : 

I . 

. . 

Pred. Actu 

3/6 . 3/.12 

3/6 3/12 .. .. 
~ 

3 / 6. -· ~ 1.t2 .· . . . . , 

. 3/6 . ":_3/12 
. . 

3/6 3/ 1~ 

3/6: 3/12 

. 
3/6 · 3 /.12 

.. . ; ,• 

3/6 3/i2 

3/6 3/12 
.. .. . • . .; i '· • , .• 
. ..... 

.. . ' . : .. , . .. 

.. · ·--··•--4 
I , , ... 

♦ • \ • I • 

.. ........ -.. -
. . 

\ . ·... ~ --__ .,.. .. --
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. . . 

"H-2" i\IISSION R.TCC/LUMINARY lC .· 

TEST 
No. TEST DESCR_IPTION 

H2LRTCC.1 APS Abort (P30/P42) 
\• . 

H2LRTCC.2 D:E;>S Abo~t (P30/P40) 
. . ' . 

H2LRTCC.3 Uplink Test (all LGC C~mmand. Loads) 

H2LRTCC.4 NQM CSI (P32): 

H2LRTCC.5 Preturbed CDH .(P33) . 

H2LRTCC.6 

H2LRTCC.7 

H2LRTCC.8 

Preturbed TPI (P34) 

Preturbed TPI (P34) 

Two· Star Alignment (P57) 

I-{2LRTCC.9 St~r/ g-v~ctor A~1.gnme~t (_P57) 

. • 

. . 

. .. . . 

,. 

: ,,•lj . 
I !, ,, 

Responsible 
Engineer · 

Kirven 

Kirven . 

Finkelstein 

White 

White 

White 

White 

Millard 

Millard 

\ 
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. . . 

I 

. 
Deliver oat~· Supply RTCC Complete Sun1ma~y .,Receive RTCC · ·. Dcf~in 

TEST Data . Edit Changes : •· Data Simulations Package · ' ) 

I 
. . . ; 

i 
No. Due Pred Act Due Pred Act Due Pred Act Due Prcd Act Due Pred ./\1 

H2LR'ICC.1 1/ 1/70 -~2/20 1~/20 1/5 1/5 1/5 1/20 1/20 1/20 · 1/.2 7 1/27 1/27 2/11 3/11 3/ : 

"a-2'' · 1\IIssioi:i" RTCC/L_UMINARt ·1c · .1 COi\·IPATIBILIT¥ TESTING 
•I • 

Date 4/3/70 · .!· -~ 

1/ 1/1·0 
., 

H2LRTCC.2 12/20 12/20 1/5 . 1/5 1/5 1/20 . 1/20 1/20 1/27 1/F2.7 1/27 2/11 3 / 11 ~/: 
r 

. . 
H2LRfOC.3 ~A 12/20 12/20 1/5 1/5 1/5 . 1/20 1/20 1/20 1/27 1/27 1/27 2/11 3/tl 3/: 

H2LRTCC.4 NA 12/20 , .1~/20 ~ 1/5 . 1/5 ~/5 1/20 1/?~ 1/20 1/27 1/27 1/27 . 2/11 2/1~ 2/ 

H2LRTCC.5 12i20 .i2/20 1i20 1/20 
-

1/20 1/27 · 1/27 1/27 2/ 11 2/11 2/ NA 1/5 1/~ 1/5 . 
NA • : 12/20 12/20 V .5 

. . 

1/.20 1/.20 1/20 1/27 · 1/27 1/27 2/11 2/11 I 2/ H2LRICC.6 : 1/5 . . 1/5 

H2LRTCC.7 NA 12/20 12/20 1/~ . 1/5 1/5 . 1/20 1/20 1/20 1/27 1/27 1/27 2/_1 i . 2/ 1_1· ~, 
.• .. I 

12/20 
.. . .2/ H2LRTCC.8 NA 12/~0 1/5 -1, 5 i/5 · 1/20 1/20 -1/20 1/2,7 1/27 . 1/30 2/11 · 2/1,i 

\ I' 

H2LRTCC.9 NA · 12/20 12/20 1/5 1/5 1/5 1/20 . 1/20 \ /20 1/27 · 1/27 1/30 2/11 2/11 2/ . . 

.. . : . 

. . .. 

,. . · : .. 

- . .. .., i • . .• . , 

. . . 
# .. · , . ' I 

~ I .. 
-· . . 

... •\ -~ .. : 

. -. 
I ; •) • I . .. 

.. : 
) ' I . 
; 

.. . . : . 
·: . . . . . . . . . . . . 
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1\BSSIO~· l?Ho·cgpuHAL VERIFICATION DJ\Tl~ . 4/3/70 , 
---------------------------------------- -------------1&21:.: .. -. . . . . ........ . 

· MISSION -•~--....... 2'_' __ _ 

PROGRAl\iI LUMINARY lC 

· ~lPV 

TEST 
SEQLTEKCJ~ DESCRIPTION / 

HESPONSTBJJE 

·LM13l Rev 1 -----.------------------------------__,;;=;.;;;..;;..;~~~-----l------·• ··---
1 D_ocked DPS DOI ABOIW (n<~t to be completed) 2. lA 

2. lB · 

3. 3.f\ 

3. 3B 

3 .. 3C 
. . 

Docked APS DOI ABORT (not to be .completed) . 

PDI (50, 00~') to La.'nding - Auto 

PDI (59, 000') to Landing - 'ROD·. 

PDI (50, 000') to ~nding - ·Redesignate 

3. 31A ' .PDI (30, 000') to :Canding - :Auto 

3. 31B . 
1 

PD! (30, 000') to Landing - ROD 

3. 31C PDI (30~ 000') ·to Lanqi9g - Redesignate 

3. 32A )?bl ( 7"0, .00.0') to La9ding ~ Auto. ·. 

I . • 

.. ' ' 

.. 

. . 
. . · t •.· ••• • t • :. ••• ... • • •• • • • • • • • .. . . . ·: . .· 

' ... .. ... . 3. 3_2B :·· · .: .Pn/c.10,.-oOcf•) to: {~nd~~g: -: _RO.ti: :·: · · . ' . . . . . . . . . . . . . . . . . :· 
·!·, · _·: - ··. •• · ·: •• : •••••· .· , •. .-. ,: .. / ~ ·. ·:.··:: : • ·: . . ·. . . . . .· . : •• . ·. .. . 

3; 32C . . . Pp! (~0, 000') to. Landi~g - 'Rede.signate·· ·. •:_ .. ... . . . ·: .. • · · •... . . 
ti • • 

DPS Abhrt · fr_oz:n Descent (PDI at' 50, 000.') . .; . . ,. 
. . . I . 4A 

3. 4B 

3. 4'iA 

3. 41B 

3: 42A 

3. 42B 

3. 43A 

3. 43B 

. . • . . • ·--= . •' . . . • 

DPS-APS Abort from_ D~s~ent-(PDI ~t 50, 00.0') 

·ops' Abor·t from · Descent (PDi"'at 30, 000') .· _·. : . : . . 

. ·. , . · ... . ·. .: : ·, . • •. . . " .... • . 

. . . . . . .. 
I 

DPS_-.A.PS Abort from Desc.ent (PDl ·at 30·,. 000') . · 
• • • • ♦ • • t • • • 

. DPS Abort fr~m D~sc~~t (PDI ~t 1b~. 000') 

DPS-APS Aport ·rrom Descent (PDI at 70, 000'). 
. . . 

. .. 
• . . . 

. . . . • , . 

DPS Abort from 2nd Pass Descent (PDI a~ 30, 000') (not to be completed) 

.· . ... 

D~S-APS Abort fr.om· 2nd Pass De~cent'(PDI at 30, 000') (not to b~ completed) 

.. . .. . 

. . '. .... · . . . . .. ·. •. · ... . . . ..... . 

. .. · 

. .. 
. . .. . .. .. . . 

. ·' 
' ' 
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LEVEL V SYSTEM TEST LAB TESTS OF LUMINARY lC (LUM131) ·. Date· 4/3/70 
-; 

I 
, .. 

Test Complete Document Approv 
.. 

TEST TITLE ENGINEER 
I Req Pred. Act Retj I Pred Ac 

· STP2 IMU Performance Test Grace 11/28 12/ 12. 12/ 
' 

STP3 IRIG SF Test ·Grace 11/28 112/12 . 12/ 

STP5 AGS Align Test St.Amand 12/12 12/19 12/ 
.. 

RP Radar Test . Reedy 12/12 ,12/ 19 12/ 

' .... 

. . 

) .... . 
' ' . I· . . 

' • 
; .. 

~ 

! ,. 
\ 

# 

" ! 
I • 

/ 
.. 

·, 

.' .. 
. ... . '· . .. .. 

~ ; :· 
: . . . 

., . 
: . 

I 
, I 



ITE:\t 
XO 

LUMINARY lC 

.DESCRIPTION 

\ 

FLOW CHAR'l~ scn~ouLm DJ\TE 4/3/70 

m~~PONSiBILIT;I ~-____ n_rs_T_t_u_n_t_11_·_roN 
' . . 

l . ·- .. · .......... ~-~~-------------------------_, ________ 
11
_R_c_._q\_1i_r_e_d_ Predicted Actu::t 

1/ 5/ 70 1· 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

. 12 

13 

14' 

15 

16 . 

17 

18 

19 

20 

21 

22 

23 

24 

25. 

Interbank Communication 

Display Inte~face Routines 

Extended Verbs 

KEYRUPTandUPRUPT 

Alarm and Abort ... 

. Single Pree. Subroutines 

T4RUPT 

IMU Compensation P~ckage 

R04, R77 

In-flight Alignment Routine 

Lunar and Solar Ephemerides 

Integration Initializati.on 

Time of Free Fall 

R05 

DAP Interface 

LM RCS DA~ _.:. 
LM DAP Gimbal Trim 

AOSJOB and AOST ASK 

P52 

P20, P22 

P21 

P76 Target Delta V 

P34-P74 TPI 

R30 Orbital Para~eters Display 

R36 

Danforth 

Danforth . 

Danforth 

Entes 

. · Beck 

Entes 

Entes. 

J ."B.· ·smith 

Danforth . 

J.B. Sini_th 

Danforth 

Danforth . 

' Entes 

,. 

I 

Danforth 

Entes · 

Entes 

Entes 

Entes 

. Reed 

· Danforth 

Danforth 

Entes 

Danforth 

Entes 

Entes 

12/22/69 

12/22/69 

12/8/69 

12/8/69 

11/7/69 

2/20/70 

4/1 :3/70 

12/22/69 
1/26/70 

12/8/69 
12/22/69 

3/9/70 

12/22/69 

:3/27/70 

"3/27/70 

11/24/69 

3/27 /70 

.3/27 /70 . 

12/22/69 

11/21/69 
1/26/70 

12/22/69 

12/8/69 
1'2/22/69 

1/ 5 /_70 

11/ 5/ 6{ 

1/5/70 

11/5/69 

2/9/70 

1/5/70 

1/26/!1 
11/.~/6f 
1/5/70 

3/19/7( 

1/5/70 

• l 

11/14/6 

3/19/7( 

3/19/7( 

1/5/70 
. ' 

11/5/69 

1/26/7( 

1/5/70 

11/5/~9 
1/5/70 
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: :1 Ill I I . - \ 

U:~ER'S GUIDE STATUS REPOR'T · . 'DATE . 4/3/70 
' ' -

: • I I 

ITEM I 

RESPONSI~ILITY DISTRIBUTION 
NO. DESCRIPTION COMMENTS 

I I ' 

' 
: Predicted Actual : I 

I 

.. 
. 

1. SERVICE : 
: 

: 
· . . , 

• ' 

POO - LGC Idling . J.B. Smith . .. 
~ 

J P06 - LGC Power Down J. B; Smith . . . 
: 

: 

l I ... ' ,• 

( 
i 

I 
. 

2 ·. A$C~NT : 
I 

I 
: 

I 
Pl2 - Pow~red Ascent Wolff 11/17 /69' 11/17/69 

I 

I 
, 

' 
: ·- . . - ' . • 

'• 

' ·• 
3. COAST i . . 

p20 · - Rendezvous ijavi~atio·n Reed. : 1/19{70 ·1/21/70 
. 

P2l 
~.. .. ' 

1/5/70. · - Ground Track Deter- Hubbard \ 1/7/70 . 
mination 

P22 Luncir surface Navigati~n : Hubbard · . ' 1/19/70 · 1/28/70 -
i. ' ., . 

'. 
P25 - .Preferred Tracking AiUtude Slifer 2/7/70 

: 
' . 

. . . . : ·. I . I .. -:.-. ' 
' ' 

: . 
. , 

.4. PRETHRUSTING I 
I . . 

/J-Y P30 - Ext~rna_l · · J. B. ·Smith 1'/26/70 1/26/70 
. ' 

• , I : .. , .• 
I ' :P32 co-Elliptic Sequence J.B. Smith · 2/1&/·10 

. -
Initiation (CSI) ' . I I 

P33 - constant Delta J. B·. · Smith . ' 
I Altitude (CDH) , 

.. 
: . . : 

i?34 - Transfe.r Phase J.B. Smith .. 
•' ' 

·I ' . 1 I Initiation, (CSI) 
., 

'' t : 
'. 



,· 
I llff 
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I . 

LUMINARY lC . ANOMALY STAT.US REPORT 
. . . .... , . . 

I 

MSC 

NO. 

Originator/ RECOMMENDED 
Date/ DISPOSITION . 

. . ___ , .. . -· 

NASA DIRECTION/ 
DATE D~SCRIPTION · · · 

· Control No~ (Date · Submitted to NASA: 

..,-lB- R29 will not achieve RR ·-· 
02 Lockon. 

.rlB-
11 Terminal Mass Error. 

.,-lC- Delta-V increment may · be 

. 91 · subtracted t~ic_e from Va, I fol~owing a restart. · .. 

,-lC-1 F9r early abort fr.om PDI° : 
02 , locatfons of a VAC area are 

MIT 
8/29/~9 

.l'vi IT 
10/~l/6.9 

MIT .. 

MIT 
1'2:/3/69 

Work-around in Lumin~ Do not fix for Luminar, ► 
ary lB; fix in Luminary · 1~ per SCB 10/9/69. ~ 
1~. . .· 8/25/69 · . . 

· Fix for Luminary ·10 . 
. . . ,10/31/69 . · 

. Fix fo•r Luminary 10. · Fix for Luminary 1D. 
. 11/7/69 '. · 12/15/69 

Fix for Luminary lC 
. . .12/4/69 • .. · 

Fix .fo·r ·Luminary lC. 
12/5/69. . I destroyed. , 

,:..1c-, Routine LRPOS2 .. is called .by MIT • Fix for Luminary 10. 
03 a TC, _but it returns via · · 12/1/69 . 12/4/69 · . 

I SW RET.U RN. · 

• I 

Fix for Luminary 1D. 
12/5/69 I t 

I 

,-lC_I Two REMODE tasks operating·; MIT 
04 simultaneously. · .12/19/69 

i I 

I ' • • 

,-lC-i Sign disagreemEfrit when .HCALC 
05 is calculated with RVBOTH. 

.. 
MIT-
1/7/70 

·Work-around in 
Luminary lC . . 
Fix for Luminary 10. 

12/22/69 ,. 

Fix·t:or Luminary ·10. · ' ~ Fix for Lu~in~ry 1.0 .. 
Program note for lC. Program note for lC. 

1/7/70 · . ,· · .· ·1/23/70 

DATE 4/3/70 
··-•···-··· .. .. -

... . . ,_....--.. . 

· CLOSING ACTION 
rfAKEN/ . 

DATE 

Re-release of 
Program Rev 131.- · 

. 
· ,• .. . • ' 

,--lC- P40, P42, or P63 Commanding · NASAfo.!i.SC .Fix for Luml°nafy· 1D. 
06 Ullage, with Average-g off. 1/19/7.0 ·Program note for lC • .' 

Fix fo'r .Lumin~ry 1.D ... . 
3/18/70 . 

. Program note for· lC, 

. · ~/26/70 
. . 

,-lC- Erroneous State Vector · and · 
07 W-matrix while in P00.·. 

MIT 
3/ 11/70 . 

Fix for .Luminary ·:in. 
Program· note for 1c: 
. : .. 3/li/70 · .-

FurtHer analysi's at 
'has shown that this i 
not an anomaly. 



OTHER FACILITIES 

GAEC -FMES 

RI - ME & HE 

JSC - CMSJ LMS 

KSC - CMS 

PAD - SIM FLIGHT 



MAGNITUDE OF EFFORT 

How MUCH OF WHAT 

No. OF RELEASES 

SCHEDULE 

MANPOWER REQUIREMENTS 
'.J • .• 



Gorrmand Mcrlule 
Program 

Colossus 3 
Artemis 

Rev 72 
Rel 3/71 

Colossus 2E Camnche .. 

Rev 108 
Rel 5/70 

Coloesus 2D 
Q.umd,e 

Rev72.3 
Rel 12/69 

Colossus 2C 
Cwanche 

Rav 67 
Rel 7/69 

Colossus 2-
0::mn:he 

Rav 45.2 
j Rel 4/69 

Colouul 1A 
Rev 249 
~ 10/68 

r Colossus 1 
Rev 237 

t ~llo 8 
TRel / 

J o1nt Apollo Flight 
& Launch Date 

Apollo 
(15) 7/26/71 
(16) 4/16/72 

' 
Apollo 

14 
l/31/71 

-----®-----

.. 

Apollo 
l2 

ll/14/69 

Apollo 
11 

7/16/69 

Apollo 
10 

S/18/69 

umar Mcdule
Program 

T ..um.-iary lE 
P-ev 210 

Rel 3/71 

wdna:ry 1D 
Rev 178 

Rel 9/70 

tminary lC 
Rev 131.l 

Rel 2/70 

Lumnary 1B 
Rev 116 

Rel 8/69 

Luz:inary 1A 
Rev 99.l 

Rel 6/69 

Lullinary l 
~ 69.2 

Rel 4/69 

~-----~ :i: )------ Sumnc:e 
Rev 306 

Rel 10/68 

Aurora Test 
P.cpe 

Rel 3/66 
, 
~ ' ~ 

; tGJt"I:. 1l!EE .... 

Figure 3-1 SOFTWARE RELEASES 

25 

-__, __ .... 

) 
!\pollo 5 

.. 
6
1/22/68 

\ 



Flight 
Program Launch 

Flight Name Description Date Crew 

AS-202 CORONA Suborbital; supercircular entry 8-25-66 unmanned 
with high heat load 

Apollo 4 SOLARTIJl\·1 High apogee; suborbital; super- 11-9-67 unmanned 
circular entry at lunar return 
velocity 

Apollo 5 SUNBURST First Lunar Module light; earth 1-22-68 unmanned 
orbita_l 

Apollo 6 SOLARTIJM High apogee; suborbital; ·super- 3-4-68 unmanned 
circular entry at lunar return 
velocity; verification of closed-
loop emergency detection system 

Apollo 7 SUNDISK First manned Apollo flight; earth 10-11-68 Schirra 
orbital · Eisele 

Cunningham 

Apollo 8 COLOSSUSJ First manned lunar-orbital 12-21-68 Borman 
light; first manned Saturn V Lovell 
launch Anders 

Apollo 9 COLOSSUS Li\ First manned Lunar Module 3-3-69 McDivitt 
SUNDANCE flight; exercise of lunar landing, Scott 

ascent and rendezvous techniques Schweikart 
in earth orbit; EV A (Extra 
Vehicular Activity) 

Apollo 10 COLOSSUS Il First lunar-orbit rendezvous; 5-18-69 Stafford 
LUMINARY I Lunar descent to 50,000 ft Young 

Ceman 

Apollo 11 COLOSSUS IlA First lunar landing (7-20-69) 7-16-69 Armstrong 
-LUMINARY IA Aldrin 

Collins 

Figure 1. 2-2 The Apollo Flights 

13 
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202 202 AS-202 -----.~-t----w:-... : ···········•-la,~,66 ... , -, c, SOLARIUM 

"" . ~i 
ol 
ai: I SUNSPOT . 

~" APOU04 .,... ___ ...., ___________ .,_ . ..,.. •• ••••••••••••••••••••••t ll/9V67 
BREL AREL I I I 

I 
~ 204 AS-204 I APOLLO 6 .._ ___ ..., ______ ..., ___ .,._:•••••••••I 112Sl67 ........... _. 414168 

ACCIDENT 
SUNOIAl • SUNDISK • / 282 FSRR APOLLO 7 r··--· . -·-·-·· ... ---------+---~-=--i~-----f A .. ·c-,---+-f-A+:,R -·---·····---+---ho I 11 / 68 

• • coLossus i ~ I COL , 2?7 CARR IFSRR APOLLO a I , - 1 ----+--i 12/21/68 
1 , ,. ~t: 1FACI 

CSM OAP DEVELOPMENT : T T · · ~~:COL IA / 49 FSRR APOLLO 9 t-••••• ••••••••••••••••••••••••••••1'. O t( : I r,•••• •+••t 3/3/69 . : VPRESENT . · ~ t:;: 1 CARR 

: ~ ~:cou1 ~ 4~ 4~ /2 APOLLO 10 
, I • • +"4 S / 18/ 69 =• ~· LM OAP DCVCLOPMCNT ""I 10 Tt( 

••••••o••••••••••••••••••••y•••••~•i> 
~• PRESCNT i: 

I LUMINARY 
. ' 

' ~t: 1 FSRR 
~ ~ • Sl SS APOLLO 11 

"'t+-+••••i I 7116169 
COLIIA . FSRR 

97 99 99/l A POUO 11 
~=:LUMIAI I li-t 7116/69 
a.. _, 1 FSRR 

LUM 1 69 ~ e; 11 69 /2 A POLLO 10 
I I I I -1- ◄ 

~ t: i ~ 1 

FSRR S/11/6' 
~ ~: 292 30211 306 FACI 

6-,s_u_N_o_A_Nc_c ___ ..... _____________ ..... __ ~ .. t-l-'--+"--•i-----t-' ----· -~- -4 APOLLO 9 
~=i - I • I ' FSRR 3/3/69 
0 ~ 1 CARR 

RCTREAO AURORA .1. SUNBURST o:: "'! 1~6 l20 . APOLLO 5 
··-·----··---- ■t-·-·-------■1111,,-.--+-------■11,i--------t----1-,-----t-:------ ·-I 1 /22/68 

.. 
'Ii 

l 
!-
8' 
k 

::: I 
"":' = - ~ 

IX -~ 
ot 

"8 
~ 

t .,. 1l 
'Ii 

' ! ~ :&. 
a; ot ~ 

:a 
::, 

! :i 
0. 

"8 

g ~ .. :,: 

j g VI 

~ u 

ld ~ it ~ ~ 

li 
i. 
0. 
0 
VI u ... 
0 

8. 
~ 

-
2' 
i ' e . 
i' 
~ !' = 'ti; ,_ 

fl ~ ..., 
.. l5 I E"' • 'ii 
Ji z 

2' 
1 

f & .. r i'~ 'ti; 05 
i ..~ .. i{ z 

! 

;: ;: .... -

I 

t 
LUNAR LANDING 

7/20/69 



.-c, 
0 

•f"'4 
. ~ 

Q) 

r:l. 

~ 
0 

'+-4 

.c: .... 
s:: 
0 a . 
~ 
Q) 

~ 

Cl) 

..c:: 
f..) 

s:= 
0 
a 
s:: 
aS 

~ 
a 

(A Q) 
bl) 

aS 
~ 
Q) 

> < 

500 

400 

300 

200 

100 

I 

62 

II I 
62 63 

II 

63 

I 

64 
II I II I 

64 6S 65 66 

II I II 

66 67 67 

PcrioJ (half of calendar year) 

I II I 

68 68 69 

Figure 2-4 MANPOWER USAGE BY MIT/IL SOFTWARg EFfORT 

II I II 
69 70 ·10 

, 



Cosrs (1968 DOLLARS) 

CODING $49/NEW WORD 

TESTING $13,5/FLIGHT WORD 



RESULTS - THE TRACK RECORD 



Table 4-1 REVISION IDENTIFIERS, FLIG_HT PROGRAMS, SIZES, FLIGHTS 

Prog, Revi- Program Flight 
Code sions Name Program 

Total 
Words 

New 
Words 

Space Apollc 
Vehicle Flight 

1-282 Sundisk Sundisk 36480 

C 1-237 ~olossus Colossus 1 37757 

C 238-249 Colossus Colossus lA 37854 

M 1- 45 Comanche Colossus 2 38575 

M 46- 55 Comanche Colossus 2A 38610 

M 56- 67 Comanche Colossus 2C 38702 

M 68- 72 Comanche Colossus 20 38702 

M 73-108 Comanche Colossus 2E 38402 

A 

s 

L 

L 

1- 72 Artemis ~olossus 3 38485 * 

1-306 Sundance Sundance 36424 

·1- 69 Luminary Luminary 1 37904 
.·. 

70- 99 Luminary Luminary lA 38646 

L · 100-116 Lumina~y Luminary 1B 38502 

L 117-131 Luminary Luminary lC 38502 

L 132-178 Luminary Luminary 10 38202 

L 179-210 Luminary Luminary lE 38452 + 

23100 

11770 

. 110 

2035 

110 

215 1 

34 1 

1692 ! 

770 I 

28600 

10560 

2310 

700 1 

150 ! 

940 ! 

770 i 

~lo LI '-1'1 '8' J~~t. 
Legend .for column headed "Space Vehicle": 

''C" means Command Module 
"L" means Lunar Module 

. C 

C 

C 

C 

C 

C 

C 

C 

C 

L 

L 

L 

L 

L 

L 

L 

Legend for the columns headed "Total Words" and "New Words": 

* Number taken from the program listing for Ar-c.emis 72 

7 

8 

9 

10 

11 

12 

13 

14 

15 

9 

10 

11 

12 

13 

14-

15 

+ Number esc.imated by experienced assembly cone.cl supervisoI 
1 Number taken from Rankin's thesis 
I Number estimated by averaging the numbers for the 

previous 4 flights 

30 



TOTAL NUMBER OF WORDS IN 16 RELEASES= 611,000 

TOTAL NUMBER OF WORDS CHANGED ~ 84.,000 

KNOWN ANOMALIES IN FLIGHT PROGRAMS AT LIFT/OFF 

L GH 
7 32 
8 60 
9 28 10 

10 10 49 

11 9 28 
12 9 13 
13 8 9 

14 13 12 
15 12 11 

132, 
TOTAL 313 



No SOFTWARE ANOMALIES REVEALED DURING APOLLO FLIGHTS - AS-2O2 THRU 

APOLLO Sovuz 




