
Cour euTs oF
LUt"r INARY I E

I

I



r'
/

L

R. t fiRso rl
SOFTWAR'E ANOMALY REPORTM L FTW "'i2-)tra{,

oRrC,firaton, ll.? oncelrzattfii,
I

R. L. Puars(,tt I ,ll{s-A---
t. I DAT[,

t,/q/71
.4 ORI6INATOR
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)R06R /.r09v lS l0N

i oriCnr pl ror'r ti-;troi'iALY,

A V7B duriug J'63 l'i62 display prior to average-G results in P.A.
1201 and cl obbers t"he LI1 velocity vector

CON]INUED ON PAGT

0tscRlPTl0N 0t RUI{:

LUM testing r:ith L!1S-2 load tapes.

COHIINUTD ON PACT

and average -G state vector updating from being done. ^. . ._ ,j

after ignitioi-r.

2.1 MlSSl0N [FttCT:1 ^ --..rrar gc state vectorerriors(about 250 ft in altitude and 50 fps in ait. rate)
resulting it-r a clorvnrange error of about 5000 ft at toucl-rdorvn

I " coNIlNUtD- oi'i PAC.

lz.a evotoLrict PRocIDURi:

I f"r-inale R?? before the start of avera.ge - G in P63
I cor{IlNUtD orl PAC.
I ffi

State vector update
CONTINUTD ON PACT

2.6 PROGR,rJr{ coREtiT I 0ll'-
Have P63 clear
out of P 63, not

R77 flag and
just RI2

turn off R77 at the start of average - G or locl< R77

_ cot\TlrlutD 0N PA6t

-

2.? RtCOfiMtNDtD DISPOSITI0N ( tix, \Ycrk-around, elc);

Do not fix; rvork-around.
COHTINUiD ON PA6T

LS RICOMMINOtD RE'T[STlNGr

9 I,1IT/It SIGNA'IURI,I

CONTINUTO ON PACT

3.1 NASA DlRtCTl0l,l,

coNilt1ut0 0N PA6t

t I cLoslr,ic ACTI0N IAI(ili:

coNIlNUtD 0rl f'Act

f-[[i,vri1sC Slfi-''l1il4, ll.] ottGr'it7e;t0:'i lt'I (rAli: {.2 srG\A1Urt: -14-l orLJi\ETiO'' l,t.a or'li

PACI I Of *ilSC Iorm t40B (ntv t4aY 0B)
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MITIIL SOFTWART ANOMALY REPORT

2" I Continued

The Rl2 jobs irr Servicer Lr:op rvhile vraiting for the landing radar reads

to be completed. Since they never are, an additior-ral job ( and VAC

area) is accumulated for each Servicer Pass until the 31201 baiiout clears

out R77 and, the stacked up Servicer jobs. Since the LM state vector

is not upclated for about 12 seconds, a vertical error of about 50 fps

in velocity is introduccci.

R. L. Pearson

l,lSC Forir l(034 (May ti81
pAct _-,.0f -_ _,
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, O[SCR IPI ION OT AITOMfuY:
il luY

An inadvertent.pr:oceed on the V16NB0 display irr P20 caused the program
to I'get lost". llecovery could onl-y be accomplished by recalling tlie program.

CONIINUID ON PAGI

ffi

Apo11o 15 training on LMS-2.

CONTINUTO ON PAGt

. MII ANALYSIS.

2.1 ds out of everY
automatic search routirle, u,hen a PRO response
in tr,vo independc-nt jolts attempting to designate

6 seconds) during the R24
to the \/16N80 display results

jhq RR co-r'turt .- ,q
2 R[CO6NITION:

No track Jight stays on, DSKY blanks, tracker fail light goes on.

CONTINUTO ON PAGT

?.] MISSION TFfTCT:

None
CONTINUTD ON PACi

\a AVOl0Al{C[ PROCIDuRE'

Do not key trRO to \r16NB0 display unless Rl =l1l1l

CONIINUTD ON PA6E

?.5 RECOVTRY PROCTOURE:

Reselect P20
CONIINUID ON PA6I

2.6 PROGRA{,1 CORRTCTION.

Have PRO lockon before continuing.response to Vl6NB0 display check for IlR
CONTIN1JTD ON PAGi

ff

?.? REC0MMENDTD DlSPOSlTlON lFix, ltbrk-3round, e(cl:

Do not fix
coNllvdEo 0H PACI

2.8 RtCOMMiND[ D Rt.TTSTI tIG:

N. A.
COMTINI]ID ON PAG€

DAII:

i.} NASA OIRTCTION:

CONIINUID ON PAGi

(I CLOSING ACTION IAKEN:

CONTIHUIO ON FAGt

2 NAS/J''1SC S ICl'.JAIURt: l. l 0RGAfillAIl0N !. d DAII: d.2 SIGNAIUIIT: (J-0ncnr;l7IIt0't 
14" 
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llsc Form I 409 ( nev [tay 6B )

Pr..t I cF .

4lt4l7tMIT / CSDL
I ORIGIN^TOR:

P. Weissman

.i.7 RtCOMMtNDtD Dl5P05lTl0N ( tix, v+crk-around, dc):

No further action
comlrajt 0 $i Plr,€

E RECOMNTNDTO Ri.ITSTING:

COHTINUTD ON PACT

COI{IINUTD ON PA6t

3.1 ilAsA 0lRtcTt0N: ( I, CTOSIITG ACIE& TAXTH:

? TiASTMSC SIGIIATURT.:

MITIIL SOFTWARE ANOMALY REPORT

DtscRlPT|0N 0F Atoti'taY: DAP interrupt coulcl occur in the middle of the
l:',Al'TtrROR zeroing sequence or STOPIIATtr.

6 DtScRlPT|0N 0F RUNr tr1'trBALL. Similar COI{Al{Cl'IE, vtz. COM 33 Anomalyto

NARY*2q9

c0MTltJir:.i (r:.j i'l.i,i

COI{'I ii{lr li i:lt '1 t '',!

- MIT ANALYSIs -

I CAIrst: ZAl'TlIllOR and STOPRATtr
in KALCMANU.

cal1ed ivithout INHINT from NOGO and NoGo - 2

COffillll,il) ON Pl,a'i 2

2 RECOGNITION:

None
COHIlirlltD 0l{ rAGE

2., MlssloN tFrtcl: 51sg1igib1e

c01.ff t(illn 0i: :,,'...i

4 AVOIDANCE. PROCEDURE:

None
coNllituii) 0:r PAC,t

5 RICOVIRY PROCTDURT:

None
ggMr$il!1.1/,c!

6 PRoGRAIT c0RRtcIlON: INHINT before ca1ls to these 2 routines at NOGO and NOGO- 2.

COl,lllhluED Oti PACE

2

/'fi L.
DAI[: ORI6IHAIOR

COMTRfl fiCI.

coMtr,futD 0H PMt

,. J URUANIZAIIUTi tl I lufiAlUxt: lJ -ui{bAItll.Al 
lurt ( 1 OAi[:.



M IT/ SOFTWART ANOMALY REPORT

ll".t oRr6mro*, -
P. Weissman

Continued
Circumstances of

ZATTEROR-interruPt

STOPRATE

maneuver if mode found to no longer be AUTO.

1) 401 alarm (Desired MGA
2) Total maneuver less than

2. 3 Missiorh trffect (Cont)

An interruption to the ZATTtrROR execution by the DAP iould cause
the DAP to use inconsistent set of errors and error rates for one
pass, but the effect is trivial, especially under the circumstances
(an automatic maneuver has been manually interrupted. )

The 2 ca1ls to STOPRATtr are macle when no maneuver has been
started yet, so all the parameters are zero anyway. The cal1s seem
to be a matter of extra conservative design.

'. zoo)
0.250

4114/7t
A ItY 1E

\.,,

XSC Form 14094 (ilay 68)
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MASSACHUSETTS I NSTITUTE OF TECHNOLOGY
DEPARTMENT OF AERONAUTICS AND ASTRONAUTICS

INSTRUMENTATION LABORATORY FIELD SITE

EASTERN TEST RANGE

Mffi{O TO:

trROM:

SUBJECT:

R. OrDonnel]-

R. Gilbert

LUMTIIARY rr (Zro) vs LUMTNARY ro (rr8)

I. FIACS flag (I'LACI,IRD9 BIr I0) is
This flag need not be reset via
vas inserted on a flashing V99.
flae (r3r9) if PTt is ealled on

2, ASCEM N0UN Changes -

-P12-

)orber u/s TToGo
)coo(.x I?S VGY (BODY)

loCIor.x' 5?s vr

)ooc(.x rcs vcx (BODY)

tooo(.x FPS i HDoT
)oooo(. flr II

-PzX-

set to O at the beginning of P12.
DSICY lf, during a previous P12, ENTffi
It 1s still necessary to reset P7O7L

sr:rface prior to ?12.

NouN 77

NOUIr 94

PZO, P25
PaO, P22
P20

P22

The llght is turned off
or harclware of softl'are

R}
R2
R3

B1
R2
R3

vas DOO(.X FPS YDOT
vas SPARE

vas ffiARE
was SPARE
vas SARE

VlgM,-

SERIAT: Tt-5
FIIE: LI,I-IO !trork'book
DATE: 9 April 197].

1. ?RIO DISP lamp lights when an internal PRI0RI[y DISPLAY is on the DSKY

or vaiting in the baekground if the DSKY ls being used externally. The
fo)-lowing are PRIOBIIY DfSPLAYS:

vroNlB
VO6NO'
Vo5N49'vroM2
VOSI{O9 ALARIIS 50I, 5O3t 5l)+, ,25
vl6NBo
voSNOg ALArir,lS 503, JL\, 525t 53O

by pB0, v328, v33n, v3LB, V35E, V3TE}]G, 't568,
restart..

 bonsSg ALL nfPll!9! P.O. gox rtnlt. x:xXf,DY 6PACE Crt{TER, rLoRlDA

\-



- PzX Continued -

Page -2-

vas Rl )COfi.X M{

2, RH'IDMVOUS NOU\I C}TaNgC

Noul{ l}9 R]. )OO(.)0(
R2 )OOO(.X
R3 )OOOO(.

AGSCODE 2OOOO

57777
WTTT

I\Url Dffi,TA R
T?S DM,TA V

SOT'RCE

Nonns l+9, 5l+,78, and pO nolr all have. RI scalecl )OO(.)O( NM and R2

sealed )OO[N.X fPS.

3. PGNCSfAGS BR DATA IA.ANSIffi - Dr;ring R22, the LGC sends, via the down-
. list, RR nAlWE, RR RAI{GE RATE, TRIINNI0N, and SHAFT angles to the AGS

an6 sets a corli: word cal3.ed AGSCODE, also on the downlist, to j-ndicate
the val-irlity of the data as well as whether the data is III or L,0 SCALE.

no nelr data
new data - RR HI SCALE
new data - RR L0 SCALI

Uncler norroal operating conditions, new data is sent approximately every
5) seconds. (See I'{IT/KSC. l,{emo TL-5). .

4. VO6NIB has been deleted from R6O to allow E)OENDD VIIlBS dr,iring an
AUIO maneuver. Restrictions on EIS'EIIDD UIfiBS with displays (e.g. VB2,
VB3) du.r'ing ?20 or P22 include:

a) If VB3, for e>lampIe, is calted dr:ring the first maneuver in P2O

and the nR 1,IODE switch is not in LGC when E is clepressed on V50M-8,
it vill- be necessary to exit VB3 to allow the V5ON25 R1 = O02Ot
display. 

i
b) If, tn P22, the nANGE is greater than hOO tU/I ancl closing and a VB3

is displaying RAl,iGE and RAI'IGE MTE in addition to the cyclic display,
it lril1 be necessary to exit VB3 vtren the range becomes less than
lrOO wU. VB3 could be recalfed almost immediately.

,, V5ONT2 follor.ring LOCK-OII in R21 nor.r upclates the RR IRUN}IION and" SHAI,T

angle displays :n R} and R2 every second.. The V5O is "pastecl" over a
V16Nf2 monitor

6. ff p2O is cal}ecl prior to p53, it is no longer necessary to load the
LII lrejghting function LR\JI{1, iocation t3I5 in I,U}4I}'IARY 2I0, prior to
PDI. Thns, as long as the I{OLIPDATE I'{ODE (V9r)'i.s in, no reJ-oacling
lrhatsoever is rec1ir.lred. I,J-},ATTIIX initializatj.on destroys the descent
targets if incorpc;rations t,akc place.

7. P25 rrill controI spacecraf'l attitude even though the range to
is greater tltan 566 til,t.

B. p22 g1l1 not fla:;il V37 fol-lor,'jng the overhead. pass of the CSI'I rihcn
RR LOCII-oI{ is }ost. V3TjIOOIJ, {'or cxatnp.Ie, shoul-cl be inserterl tcr
tenninate P22.

the CSM



NOUN 81. DEI,TAV in ]ocaL vertlcal eoordinates' is dlsp]ayed on all
;;";-i" ":[ii,-i 

ana 13](75). NoIn{ 59, Dffi.,rA v Los, ls no'longer

dlsplayed d*rlng thgsg prettrust progrirr". ryqJN )) data is ealculated'

foliow.ing pRo on vo5N8l and is.callable via DSI{y.

- PhX

AIIIO fiIROITIE ( CHANNffi, 30 BIT 5) is .assume-q^:')9u" eonditions as

described ,*o.r-pZX. Aiplicable during PGNCS/AIIIS and AUTO T'IR.',ILE

cheek just after R6O.
t'

ff the burn time calculated a! TIG - 5 seeonds is less than 6 seconds,

the NOII{ROT fta! 1f1-,AOmO> BII 12) is set..-Previously the IOC woul-d

"omrr,a 
maxi-ui:n-throttle at zoomtl-me even though the engine vas off'

3.Av3TDoGprlortouJ-lagecomlngonwi}l.nowpreventthel.GCfrom
co*andinu ,rii;*;: Gto; t+2, 6j) $lPtrotr

1.

2.

-P3X_

_ P5X

1. ROD INPUI'S are han&Led' as follows:

;i P57 ot PrZ (surfaee teehnique - v32E' 
MiIRK X if v52 flashiog and' MARK Y if

c) 'f5r and P52 - AI,ABM 113

-P6x-

I. DESCEIW NOLIN changes.

Page -J-

on V50N25 RI = OOO15)

V53 flashlng

\- z. R53 and. R5T were re-designed. Among the ehanges were:

a) Inflight alignments -- X-I,LARKS and Y MARKS need' not be taken tn palrs'

;i ;;i;;" techiique - s1BSgR and $pffiAl MARK5 need not be taken in

c) ffiffifi'rof, more than ! mark palrs, rras deleted. A 6th IdARK vil1
replace tire lth MABK'

d) dima-irr*; MAEK made but not desired was deleted'' Thls indieated

that2xMARi$,or2YMABKSweretakeninsuccession.
e) Siar veetor deiersrination eq,atlons were re-coded.

Attached diagm4 illustrates responses to dlsplays in .R53 
for MARI(ING

n eatalog star.

I{CIIE: In R}!, if the vo6n79 display of the d.esired guBSoR and SPIRAI'

angles "r" rot a aeilnt othe" than the one desired, loa6 V2Lmn

3:3fi 32*J and then pH0. As of the date of this memo' this
procea,""hasn'tbeenfornal}yb}essedforf}iglrtuse.

tr]ccff.
)DOC(.X
)oocfi.

3T DE[,TAI{
rPS HDOI
I'f H

R}
R2
R3

NOTIN 63 $as RI )OOfi.X I'?S VI



Page -h-

RI
R2
B3\z'-

NOUN 58

P5X Conttnued -

)OOfi.X NM I{OR;MNGE
torbxx u/s fso
)ooo(.x tri?s w

was RI )OOO(.X

was R3 JOOOO(.

SI,A}IT RANGE

Dtr,TAH

A. Aligment option, V5ON25 RI = O0O1)rr'aetetea. PRO on V06tE6f results in
n6o wittr 1 degree deadband''

3. TRUDffi,H was ad"ded- to the DESCINT/ASCS{T. downtist'

Word Ja, Jb TRUDELH = HLR - I{PCnCS

I^lord l+a, hb DEITAH = III,R - Hpcucs - Htrnna'nr (ru63 nr)

4. IIPD scaling is: AZII'IUTH +]-o was 12o , n
EI,EVATION +to was */2"

5. The slope in the l,R reasonability test r,'as increased' Lo '2) from '125'
This number lri}l reject updates that cause guidaace interference problems

but vitl """"pt-""1ies 
that lronrt cause guidance interference problems.

6. ASORT (Ctraurwr,30 BIT 1) and AB0RT STAGE (gUArn'iEL 30 3I1I t+) rmem discretes

are not checked 1f BIT 1 of location cllAItIBIflJP is 1-. 
-CHAliBl(U? 

loaded by

v22i,t46E 1E (11E if A1IIO TIAO{'TLE dlserete is to be bac}'ed up)' Applicable

during Rt}.

T. AuIo T].[]o?TLn (C}iAI.il.ItrL 30 BIT 2) i" 1"?yT:d if BTT h of }ocation CHA}GKI]P

is 1. CIIANBKUP l-oaded by V22N!6E loE (1t-u ir ASORT and A30RT STAGE to

be backecl ";i:- Applicabie di-riirg jcNCS/AurO and Auro TItrlflIrLE check

just prio, i6'voemb2 and. durjns t56' (arso r4o)

B. AtT/AtT p',1TE and I'OR\,fAID/LATtrR\L \rtrI,OCIIY corunarids are sent from the'ICC

during AVm.AGFC reg;ardless of'the position of the l'loDE sm'EC{I sr'ritch'

The DfSpI-Ay II{g1TIAI DATA IIS1,UI cliicrete (AnmVAf,30 BIT 6) is not checked'

F;; Al;7rt"t R\TE cormrancls to get to the meters requires fiODE sr['ECT

switch 1n pGNCS and RI(G-ALT I{ON sr.riteh in altlrr't MI!:- tr,or FORlll-RO/Larmar'

yffi.,oclTYcoimnandstogettoeross.pointersrequires}'iODESm,ECTswitch
in ?GNCS ""i'n^rn/mrn"rqOrV 

switch :"n i,lC RDR/C'[PTR.

9. V5TE results in a flashing VO5m53 display r'rhile V5B results 1n a statie
v66r'l5S clisPlaY durine P63.

10.T1repolarit5r91,theI,ATIf,j.ALVtr,OCIIYcross-pointerusingd.atasentvia
the ICC is ieversecl, This is a harclr+are change'

_ P.(7

1. W7, U,i TAnGET DIITTA V, updates the LI'{ state vector if' for instance' the

U,l perforr,s a burl r,rithout AVHI{GIIG on. In PTT , thc lrlOul'tr JJ r1lsplay is
folloverl iry itre llOUm Bf aispfa.r,y as opposed to the IIOUII & in PT6'

\-"

r



Page -)-

- P)O( -

1. ALAITM 1520 results lf V3[DOffi is lnserted during

a) ISS CDU ZB0 fo]-loving VI+0N20E.

;i V[? ir p.rformed in program other than PI2, ?2a, P22, PhX, f5;, f6X,
PfO, and P71 and ISS gDU 2ffi0 is in progress.

The ISS CDU ZmO routine in these cases takes LO.56 seconds. AIABM 1520

results lf V3?Dtffi is inserted, as in previous LUMIMRY releases, dirring

fSS CDU 2ffi0 fol]-owing V36n or other I'RESH START.

IURN-ON SEQIIENCE OT IMU CAGE.

N0D0 flag (isz) is set. r

- yffiBs

1. v30 or V31E vith RI of NOUI{ 26 = O iesults 1n OPffiUTOB ffiROR. NOIJN 26 nov
uses uashared erasable locations 237,11213. NOUN 25 1s loaded with V25 and

displayed vith Y0).

Z. V35E now lights the ?Rfo DISP and NO DAP lights on the DSKy. (niPS 1 aad

2l- respectivelY, of DSTAB +1ID). '

VII]J{T2E while a RB{ODE or RIF0SIIION is in progress wiIL result 1n the
routine detaying the V2}NTJ display until the RHdODE or RWOSITTON is
complete. A second V)+IV[2X in the belief that the first one did. not get
in wi.ff result in oPERATOR triB0R. VLINT2E nray be inserted, without an

l"t"r"""ing V448, after PRO is inserted on the VOI+NI2 B1 = OO0O6 display.
MII46DES, iocation ]1O, BITS 1l+ and. 11 ind.icate that a RI$'{ODE and/or
REPosruroN is in p'ogress (vr::rrru IIoE) ' Patlence'

V44n pfays the sa:ne RHvloDE/nmOS,fff0N game as Vlltffi2 inasmuch. u,* *u,itiog
for t[e eompletion of the RmilODE or RffiOSITION" Addltiona] Vhl+ts r,rhile the
routine is looping will eventually lead to AJ,AI1}4 3L2O2 although no OPffiATOR

mROR will resi:-lt. * Vl+Irf while no other d.isplays are active on the DSKI

vill result in the DSIff blanking vhen the routine has terrainated a
coIfIlNUOrIS DESTGMTE presently rurrnlng. vl+49 is not necessary if a vhINT2E
is to be insertea imnLdiately thereafter. VI+49 is also not necessary if
the IiR MoDE switeh is in All'IO IBACK or SLEW anVor the.RR CB's are puIled..

VI+TE - The NODo flag (IT-,AGWRD2 BIT 1) is not set so V3TEIOC r:ay be cal]-ed
prior to the VrONl6 dispt-ay, usually when dowrrlink i.s recej.ved by AGS,

although AJ,ARM 1)2O results if ealled dr:ring the ISS CDU ZmQ.

Vl+Bg has V0\NI+6 displayed i-nstead of VOIN46.. R2 tras CHANIK[[,, the location
containing the back-up flags for DESCtr{T. It is d.esireable to }oad this
Iocation to OO00O vhen ner.r ropes are instal-J-ed. VI+BE need not be called
to load NOUN h6. CItANBlflJP is on all doi'mlists.. (See f6X)

c)
d)
e)

3.

,I1

r(

6.

7. V56g r.ras recoded. so t,hat it can pe::form properly 1f it is necessary to call
it again if it lras jnterrupt,ecl by a RnSl'AltT
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- \IERBS Continued -

Y1TE - Sets LR 1IPDATE fllag and resu].ts in
VlW has no displays associated with it.
VSBE - Resets tR TPDATE flag antl results

v53P - NouIrI change

NOUI{ TB

Page -5-

statlc Vo5N53 display in P63.

in flashing VO6N53 disp3-ay ln P64.

was )COOCX. f,?S

ADRES rather
ICC.

than CADR

rc(.)x{
)occK.x
)oft)cK

The MDSAI'.P routine ealls
vhich caused problems in

}M
rPS

R1
R2
R3

RA}IGE
BAI'iGE BATE

tr/s TTcrIrG

itself
the LI{S

using the word
but not in the

-DAP.

1. N0 DAP la.:np lights when

PGNCS is ia PIJTSE MODE, ATT HOLD and Vf6E.
PGNCS MODE COMIROL switch is in OtrF position.
IMU is OtrT or TffiN-ON sequence is in progress.
llvlU is being caged.
ISS gDU ZERO is in progress or ISS is in C0ARSE AJ,IGN.

Gror:nd testing - IM0DES3J (Iocation 13OO) 3IT 5 is set.

Z, DAP continues to functlon and FNDCDUW2 povered. flight steering routtne,
lssues comrands 1f input discrete fYom-GiIJD COi{f switcfr (Aia,t'Ufff.,30 tsfl 10)
ind.icates AGS. ExeePtions are:

The actual gDuts rather than the desired" CDUts (CnUl) wlIL be used to
set up the coordinate frame for the thrust direction filter.
The DAP will reinitial-ize *hen the GIIJD COIIT input discrete indicates
PGNCS.

a)
b)
e)
d)
e)
f)

a)

b)

3. C}I!,{ASK and CH6},{ASI( (locations 12)J and 1250), RCS Jtrl ll,IHrBIT flags, are
on the Coa,st ancl A1ign, Rendezvous and Prettrmst, and Lunar Sr"rface do"mlists.
They are not on the AGS Tnitialization and Update, Orbital l'{aneuvers, and

Deseent/Ascent d or.ml-j sts.

h. AtI yiAJOR }ioDE changes and RESTARTS (hardware and softr.rare) set up a
r/accs ;or.

5. Ttre ATTITfIDE IRFOR neeclles w-ill be rejnitialized vhen the PGIICS l,10DE COI'I'IP'OL

switch is swltched frorn Offf. The ATTIITIDE trR110R needfcs previously llere
reinitialized viien the n'IU became "usabJ-e" but not lrhen going to ATT H0LD

or All'I0 from OfrF.

5. The mass-dcpendcnt calculations in f/ACCS l,'ere rrprlated for the DESCIIIiT
configuration by changirrg various "constants," The ad.d.itjon of the Rover
and assocjatcd enlargenrent. of the DPS tanl'.s in IJd 1O cause<1 appreciable
ehange in the nl"ss properties.

I



Page -f-

- DAP Continued' -
i

7. The present botmds on the AScmflI and. DESCE\IT $asses are

minlmum unstaged rnass in Nl+f

minlmr:m ASCffi{T nass in N)+J

maxi-murn ASCfltlT nass
mlaimum ASCEII'I rnass
mancimum unstaged rnass
minimr:m unstaged mass

B. If inhibit X-AmS override is removecL or the PGNCS MODE COIIIIROL switeh is
moved to A11I H0LD after prerriously been moved from ATT H0LD to AIffO before
the L4ANUAL RATE Colfl{Ai{D has properly terminated and vhile x-AxIs override
is lnhibited, no une>ryected. jet firings lri1.l- occur about the YA1I AXIS"

g, A hardware or softr.rare restart during an fSS C,DU ZERO, except the V3TEtrE
vhlch results in ALARM l.)20, requires that the ISS CDU 2ffi0 be again
executed, V4ON20E, to re-enabl-e the DAP.

- MISCffi,I,AITEOUS -

1. Constants in fixed memory were upd.ated for the 1971-TA ye?I. Ehese are
ihe locations that must be changed. on LMS when running vith previous load-

tapes.

B03
Ro3

HTASSENT r/accs
LOASCENT r/accs
HTDESCENI' r/accs
r,oDESCmrr r/accs

14rl+62 1ts.
4,850 tus.
B;BrB 1bs.min. (u-roaa)
l+rB5o tts"

35rBt7 tus.
5r6}t+ Ibs" + HIASCfltllf

AZo (z) srAR TABLE (zzz)
BDor (2)
NoDro (e)
NoDDOT (a)
FSUBo (z)
I'Dor (e) i

KolouAr (B)
MTESP ( rz)
YLL67 (ra)

CSTSDAy, the number of centiseeonds in 2Ir. hours, lras rescaled from 833

to 832.

2, AL},{CADR and. AL},(CADR -F} vere placecl 0n the AGS Initialization and. upclate,
Rendezvous ancl Pre'Lhrust, Orbital },laneuvers, and Descent/Ascent dolmlists"
V5I{BE displays these qr.iantities 1n R} and R2. RI contajns the ad.d.ress and

R2 the banh 'informatj on to indicat,e r+here the ALARI,{ originated- in the
prografl.

3. A pO0D00 will turn into a 3AU,0U-1, AI"{RI,I cocl-e remains same, if location
DS.ryBACT j,nclicates that an LaTE1{DED YIjI1B nraly harre ca,used the ALAml. If the
AIARI'I then retr.rrns, the PooDOo }oglc vill be execuled.

A POODOO /\]",./tiiJr,1, not causecl vhile an I)$ITtrDm VmG is rururlng, Lri11 now clear
the Rli,l.trDlP,VOtjS'(?I'0), T,nr\fii (:fr), and P25 (9f0) flags. This prevents the
possibi)-ity of ?20 being reguest'ed bnt not executed.

Gyro tolqping i.s 1ot, performccl, or istenninatccl if presently torquing, if
the ISS j s; in CO/UlSrl /;LICN or bej-ng C/GID.

l+.
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MIT/IL Program Note Report

Name of Program(s): LIJMIMnY ID'IE

' Originator: P. Rye

s/z/tt

If a HARDWAIX restart or BAITO{IT/POODOO oecurs in thls
tlme lnterrral-, perform recoveri proced,ure.

Reeovery: Cycle RR MODE Swltch foorn I6C to SLEII and back.

Organization: I,mT/Dt

Date:

Note:

Comments:

Do not select a nev major mod.e within 10 seeond.s of BR Turn-on.

No. l0?



MI'f fIL Program Note RePort

Name of Program(s): LIJMIIrI{BY IEl
\! Originator: P. Rye

Organization: IET/DL

Date: S/z/lt

!

No to6

Note:
A vlndor.r of Just und.er 50 nicrosecond.s exlsts such that Y3?

to te::arlnate Pl+O, Ph2 or P6l nay not prohlbit u11age from eoming on.

Thls vlndornr exists onJ;y vhen V37 is sel-ectecL just before the foI3-owing:

Pho: mG - J.f sec.

PLz: TfG-5sec.
P6S TrG - 7.5 see.

Do not key flna3- ENtEB to VIIEO{ to te:mlnate the abcnre prograrns

r,rlthtn L/h seeonds of uJ-lage on. Walt untlL after uJ-Lage

Comments:
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SPACECRAFT SOTT\,JARE CON F I GU RAT I ON CONTROL BOARD
NI'\IBF:9

PROGRAI'4 CHAI{GE REQUEST

1.0 COIiIPLETItl BY ORIGIIiATOR

3/

..1 TtTLi- 0[ (]liAi\iGE

Rend.ezvous and Prethrust Downlink Change

i1:i

To provide the AGS with
updaie scheme in the AGS

rendezvous radar
for the norninal

data in crder
raiss j-on, thus

to provide for
alleviating the

an .automatic
cre,,l workload

and iding a safer o ration.
\.6 rli-i;)lPTl,lri rlF af:1.,.E

See Data Amplification Sheet

2.0 S|]FTIJARI
0Ectsloit

Ll jlPiR0,, Et)

CONTROL BOARO l]R FLIGIiT SOFTYiARE BRA|lCH
FOR VISIBILITY Il\,lPACT ESTIHATE B.Y UIT

2.i REIIARKS:

il
!.1i1

i:l
ii1
lt
t:
t,i
I

ll
L"
Fr

il
rl
ll
Ei
i.r

fl
t,i
rl

fl
r:iiEi

t{rt
L{

:1
li
rt'ri
Il
Ii
ti
tj
Li

,iil

tl
'li
tt
.,]
El

r.t
t1
rIti
i{']a.l
;l
}J
Fi
-l
L]
ri
tI
'til
f1
{J
t,t
IJ

,l

3.0 MIT VISIBILITY IMPACT EVALUATIt)N:

l\lPACT 0r PF0i'lDlrlc DITAILEJ ,:-i'AL-!ATtCri

4,0 SOFTHARE CONTROL BNARD ACT

d.:l Ra[lA,Q( s
Fl s- I
,."ornrEl

5.0 lillT OTTAILED PRONRAH CHANBT EVALUATIO}I

5.2 f"'tr EIALUA-t'tON

SOFT'I'ARE COIITROL BOARD DECISIOH OI{ [IIT
DETA I LEO PROGRAI{ CHANGE TVALUAT I OII

u

HSC Form 2BB (Jul 68)

U.

6.2 REI,IAR(St

1.1 .-:.:|.,"\-rrQ

/'.'r i, '.t ('i ,.-- .- ,

LUMINARY Apo1lo 15

".i SrF:'!a;t: CLrr.raaL B:aRa :)R FLt':iia S0FTTvARE
irQl\af] SIGN r'FF

:. . ::;a.-,tiLE IIlPA/lT

r. t ::::1:a l^,1.ri:r

l:-Li...:\T r\ ,----:j 
rI

: j .: ilrr; .l I LTii
:... r\.L. L--J ''";

jo.T*AFi :!r\lai1i- tr,,! rqi s I ;\

.3 S0Fi/,acg co\Tqr)L 3,ji:,t, :t:.; osF
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Ap0LL0 SpACECRAFT S0FTWARE c0ruF LeiinAfio[iT
DATA AMPLI FICATION SI.IEET

NTROL BOARD
PAGE 0F2Z

FilCc,l\.1 l!llt,:! Pi-,:

?\\
i(:PAFiD EY

R. W. Carl
'^i,rro ORGA\IIATIi.\

FSB

t.6 Descripiion of Change

change the LUMTNARY Rendezvous a:rd prethrusr Do,,rnlink 1:
rAW RR RANgC, RR RANgE RAIE, RR ShAft CDU, RR TrrrNNiON CDU A:in the following format.

' ( t ) Each piece of data must occupy the first register of an

(z) The data must be located in the first 1? wor.ds of the l_.

3) The shaft and t:unnion angles must be successively rocal

(a) RADMODES should not be rnore than one location "rter'trrudata words on the 1ist.

A suggested fornat is:

1

2
t
I
9 RADI'{ODES

10 RR Shaft CDU' 11 RR Tnrnnion CDU
12 IiR Range Rate
13 RR Bange,

+
17

ist to provide
rd MD]',IODBS

IXC downlink word.

lst.

;ed on the list.

last of the other

C Fo rm 28 ul

r
t,

l
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pcn/*s(em # $ [.J .3 -
ANOMALY /i

ADI1 II

'j, 5 tttTJl

, -l col.osslrs zTt
I.--Jf -tot-ossus 3
i

T tcol-ossus 3A
L-J
t*_] coLossuslt

|_l lur'ntNARY iDt_). y'
[gpumtuAnY ltr
I-l luwitNARY tEl-J
N LUI\{INA RY
L-J

I mtr Approved PCN

[]MIT APProved ADII
ffito Approved PCR

flxasa Approved PCN

A. Coding^.:/

a4 Begin coding immediatelY

ACTION:

Program SnPervisorrs APProvaJ:

B. GSOP PreParation'

-

^/_ ]ViDR]3

AC'IION:

'Icchni.cal Cor-nnrittr:c Mceti.ng not rcqui::ed'

Technical Committee Meeting(s) held on
Attendees:

I(SC 'ilesl;inf: aud Checl<out

n
fl

Missio,, Design Review Board (MDRB) and distributed.

f\' Prer:arc GSOP revisions for
Y) coniic-lcration

llcvj.cw for por;rib1c :i.nr1:act ot: I(SC)

1,r:rt,itr11 nnrl chr:r:lrri1t1; AC'lllC)N:

D. Other- Progl"gn':Jgg9lgt
f\ ncview br corrcspondllg changes in ,\-J

ACTIONT

Projoet Marnager

Date

gpgee$li."st1-o'u

I{/rSA Approved
Softrvare AnomalY

by the Mi1'

;{

i"
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Kxltx.f,{ft

APOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD
PROGRAM CHANGE REQUEST 3/ 7,2

I O COHPLETTO Y ORIGII'ITOR
I I ORI6INATOR

Haise

0AtE

6/ts/to

2 0RGAil | ZAT lOf,

CB

APPROVAL DAt

';; 
rn (Apouo 15)

I.1 TI TLE OF CHANGE

RescaU-ng nouns containing range
and range rate

.5 REASON(S) FOR CHANGE

Current scaling of nouns involving range and range rate is lnconsistent in three
d.ifferent ways causing crevr readout emors.

I.6 DISCRIPTION OF CHANGT

Rescale nouns containing range and range rate so that range is quantized. nearest
hundreth nautical m:ile anct range rate is quantized. nearest tenth foot per second.
Nouns in question are 49 and 78.

2.0 SOFTYIIRE COI{TROL BOARO
BECtSr0il r0R YrsrEtLtTY

{)R FL I GllT SOTTWARE BRA}ICH
IHPACI EST IHATE BY Iil IT

2'I 
fl ooo^or.o f o,,0",'o',0

REMARXST

:, 3 sOFTWARE CONTROL BOARD ON FL I GHT SOFTTARE
BRANCH SIGN OFF

3.0 HII vtstBtUTY rBpAcI EvltuAIt0[:

].: 5CilEDt,LE IMPACT 3.2 IMPACT OF PROVtOtftG 0ElAtL€O EVALUATT0N

J.3 STORAGT IMPACT 3. a REMAnKS I

3 5 VIT C00ROtNATOR

DATE

4.0 SOFTl|IARE COllTROL B()TRO TCT I O}I

HIX:iiil[,Li]?.., n;:?lii:" r''l :t:: -_L$r-..;i;;'r;;i:'"" 
" :ili;:,,0" - 

APPRovEo KI
NZ

f//y//
7a7sr 5i,f '*4r,r lr0\l{&.}..tirr?\N 0rr \

G4"L..'7 .[.,^J* \,-,
r/ro l-ro \

5.0 ITIT OETA I LEO PROliRAil C}lIIIOE EVALUTT IOII

I MIT COORDINATOS 5,2 MIT EVALUA?ION

6.0 S0tIHARE C0HTR0L 80tR0 0EClSt0H 0H HtT
DETI I LEO PROCRIH CHI}IGE EVITUII I OI{

A srrnr oR coNTTNUE r-r or sAppRovEo oF srop
L-l,',.rurrrot,on LJ,ur.rurnr^r,on
3 SOFTfART cONIRoL EOARo sIGN oFF

InHSC Forn 288 (,ul 80)
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.l.eti-

CIIhNGiI ROII TING SI-IP

fti'j
. ,*iiEC

ffih
e41,ci\ /r.-R r*!---_
ANOi\{A,],Y r,/

ADN //- I col-ossus ztr
rl corx;ssus 3

i-l lintrlNAnt' l)
ffinornAiiY 1lr

f--l lunniNn rIY 1r,'
L_J
N LUMINARYLJ

EM^ Approved PCR

f] xasa Approved PCN t:

B. 9!91'--E.slgr4lg:t

aa'4',,Pl rc (iSiol' )'trvir:iotrri ior MDllTl
\ -' t:ol tl;jtlr:t'lr liott

AC'I'iONI

n
fl

c. jSQ -f 
"{lfg-9,:1-_Q!"qbgl,!

ll,cvictv Ior' posr;ilr)c
to*ting atrd cltcckout

ll. !I!sr Prqgreag-4l!-e-ci e cl.

im1:rtc{, titt IiSjC
A Ci'1.'1.0N:

A Heview frr corrcspci:d:ng changes in .L/
ACTION:

L*J COT,OSSUS 3A

f I coi,ossus
{--I

[l nnit Approvcd PCN

fi\4l1' APProved ADR

A. Coding

ffa"gin coding immediately
\_/

ACTION:
'\/

Program Supervisorrs Approvil l

\4jssion Design Revierv Boa::d (MDRB) and distributed.

Technical Commj.ttee Meeting not requirecl.

Technical Comrnittee l\rleeting(s) held on
Attendees:

NASA Ap1:roved
Software Anomaly

MI1- Approvecl
Software Anomaly

by the XrIIT

lPg:leL[giryctio3s
Projeet Mauager

(-rR*7D

Do not code until new GSOP material has been



AP0LL0 SPAcEcRAFI-33ilU^[E^[SUtlEH0tl+o*

r.0 c0tdPL[Ti0 BY 0RlGlllAI0R
ORIGINATOR

J. H. AIPhin

;:'i" ,; Lu,ui/ARY
REASoN(

safety bf flight for rougher sj-tes"
6 DESCR IPT ION OF CHANGE

downlis

CONTROL BOARD s/ f

AH is needed for nonitorlng

NUMB (N

add true AH (Iheasur"6 - Hp61gg) to.""_ij

I.4 TITLE OF CHANGE

APriorlferrain AH dNJ

,l
2.0 SOTI[JARE CONTROL BOARO OR TLIOHi SOFTlllARE BRANCH

OECISION FOR '/ISIBILIiY IIIPACT ESiIHATE BY I{II
2,2 REMARKST

BOARD OR FLIGHT SOFTWARE

i..2.
;,1
t,l

APPROVED

'r_i1:,: sorrwrnr coNTRoL
iI BRANCH S.IGN OFF:i

IMPACT EVATUATIOI{:

3.2 IMPACT OF PROVIDING DETAIL€D

COOROINATOR

E8

ffi 4.0 SoFTI{ARE co}'tIR0L B0AR0 AcTlotl

lr: .- tlrplttrrtr atn 
- 

^ r <.
;llrrlroovior orroturo I IrrrarrlD I I-'
i'[EJ;;,1;',i;r:'' " LJ cr.,re r_ !EoaovF)

l:..., ,'',.', J,.1.1 soFT[l\Rd c:l G{z
L'r*r:T]...--
i, j

t.:;

il

; 5,0 t,IIT OEIAILEO PROl.iRAiI O}lA|lGE EVALUATIOII

..ivtl coonotrq'on 15.2 vl'[\ALLArloN
I1
I]
i:
HIffit

-

6 6.0 S0FT'//ARE Cot{TR0L 80AR0 oEClSl0ll olt hllT
H 

^rrtrtrh 
dfrnintu iutuia autlllyl^lt0ETA I LE0 Ptl0GRAl'l CHAtlGE EYALUAT I 0tl

; 
"'A 

stlar oR cotlTtNr.JE l-l DtsAPPRovto oF srop
ij l-.1,u'rr"rrto'ou LJ,'r.r'rrto,,ot
rl-,.6.3 SOFTWARE CONTROI EOARO SIGN OFT
'i' irj
ii

hS0 Form 208 (rul 88)

,v I t5r
i

:



NUMB F. N

APOLLO SPACECRAFT SOFTl}JANE CONFIGURATION CONTROL BOARD

ffiupte trn BY oR lffltlAioq

tls/ t r
l.l oRGANl.: ^rl.N

mli/t'ltrrt /z't /to

I ! ,lrii l.\' i

ll. F, ('r 'c']rl't.'l I

|,.t rl lLt Ol \rlAr',JGL

Improvements to EphemeridgsLumlnary (APolto I))

See attachecl memorandum'

i'-T;-:.-r f,T r (1\ or cHA\GE
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The Ild and Skylab C,tC Lunar-So1ar Ephemerides (fOSSru)

1, References:

a. "Guldance System Operattons Plan for Manned. IM Earth Orbttal and
Lunar Misslons uslng Program LLIMTIIARY lc (Rev rlo), " section 5. ',Guldance
Equations, " Mft Tnstrumentation Lab, November f969,

b. TR\'I roc ,>22.7-7o-zL, 'lvlethod for Approximate Location of the
Moon-Earth-Sunr " F. J. Rlch, February I], Lg6O.

c. TBTi,I roc ,rzz.T-Ta-||, "Angurar Error in Lunar and sorar positions
hedicted by LOSSffivl durlng Apollo !1.,,,F. J. Rieh, May 7, t9TO,

2. This memorairdum presents results of an analysis of the II4 Guldance
Computer (f,CC) ephemerls routines, and dlscusses modiflcations for their
improvement, The modlfied ephemeris routine would oceupy a mlnlmal amount
of flxed memory storagg and would improve the aceuracy of the LM backup
alignments. The reconmendations would arso appry to the skylab cMC.

3, The ephemeris routlnes used by the LGC generate the locatlon of the
moon and Sun relative to the earth. For the moon, the routine computes
an earth-moon unlt vector by expllcit evaluatlon of a rotation of a unlt
vector through four furdamental angles measured from the position of the
equinox at the NBY epoch, When eompared to data read from the JpL ephem-
erls at even lntervars for 12 months, the lilvls of errors (;er,-r,cc) is rr
mrad wlth a maxlmum of rT mrad, By adding one term in the expresslon
definlng the rongltude of the moon, thls Rlvls can be reduced to 3 )+ mrad
for NBy 1971, (See page 7, reference b, attaehed).

'+. The results presented ln refer"ence c (attached) demonstrate the need
for lmprovement 1n the ephemerls routines used by the IJr{. During the
ApoIIo 1J abort an IM inertial platform alignment vas made using the Sun
and moon. To do thls the LGC requlred unit vectors to the Sun and moon.
The angul&r error-of these vectors in IISSEI,I vas .25 mrad and II.JI mrad,
respectively, at 5 hours before entry lnterface.

\>
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1. For the skylab cMC a PCR has been submltted (srce3, "Fix':d Metnory

Ephemr:r.s Rout,inr:s for AAP") wh1ch would replace the current Cl"1C ephemeris
rr r- i, j-ne; wir;h those of the IC,C, At the present t.ime the Software Control
lrrirri h-Ls approved. this I{8. for cietai,t-ed change evaluation. In order to
irrl)rorretheskyrrrbclvcca"pabil"il-iesfcr:ba'ck-r-rper"l'ignments'1'l:t':recoilmen-
dr1i,-iorrs r:f refererrce b. shoul.d be i.iir-1:.Len,'.:nt,eil al part of P.lF lll02*3.

r\lr\ !lth lt'l
Bedford

AppnoV.r,;j)

James C. McPherson,
I*'rathema.t j-ea1 Ptrysi-c i;

Chi-ef
Err,inclt

Attachments

Distrjbut,ion: ( Se,e

ft1]t : Ei;'Coc)"i.'e,LI: ::urr"

attached tist)

/

*
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0rbital and Lrnar Mlsglonq Usjlng ProE L_ I

MIT/Instr$rentsElon Laboratory, November 1969.

Mc0uat, H., "ApproxLmatlon Method of Sun-Moorr
LocatLonr" Guldance Monilor Systdm Note // 13.
8 Decernber 1965 

"

Mcouat, Harry, "lrlew LoSSEM Numbers,tt LUMINA,RY

Memo li I19, 30 October 1969.

Rich, Frederlck J. , "L0SSII{ Constants for
NBY 1971, L972, L973 and 1974,'l TRIf roc
5522,7-7A*Ll, 23 January 1970.

"ApoL1o Guldance Computer Speclflcatlons for
AAP Mlsslo$8," PH0-TR442. Fhllco-Ford Corp.,
WDL Dlvtsion. 12'December 1969.
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(1)

Attachnent

qqi{.Ji. i:l: :.i;;1ff
e' 6h1, ;';r;i+;'
AMBfrgffi e*.1,Sp

! F{YEFE{iFF'!C S C*FERASEP(>N g'ENCE

€c, See Dtatrlbution

(z)

(3)

(4)
Ii

(5)

SUtiI'Lt.El

Thls memorandum revlewe the methods used by the Apollo Comand
l{odule Computer (G{C) and I}1 Gul"dance Computer (LGC} to generate the
LocaElon of the moon and sun relatlve to the eerth. It ts recommended
that e modtfled version of the ephemerts rouElne used by ehe LGC be
used for the CUC for AAP. This modlfied ephemeris routlne r,rould occupy
a mlnlmal snounr of flxed me$ory storage, would occupy no unshared
erasable memory sEorage, and would be fast and accurate enough for AAP

requlrements.

CURR.ENT APOTLO LUNAR:SOLAR EPHEYIRIDES

The Luna! Epheraerls

The current Cl'lC generates the earth-moon vector with a nlnth
order polynomlal,

n -,--
- tlfi

c*c-r+..+c^t9--t ;1 rit -9 m

S&& E"yps

R. W. Vander Sfucken
Work Packag: Manager
I,{SC/TBW Tasit AA-35

6us.lECT:]',i:thoc f cr App; oxlmaie Locatlon of the Moon-
E ar th-Srtn

References: (1)

t}-
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whr: r c ' -].10

specified tlme

tlme at the center of the rsnge over whlch the lunar
posltlon polYnomlal 1s va1ld

IT

I(,

tlto

*

Thelunarposltlonpolynomlallsvalldfor14.5dayscoverlngan
Apollo mlssion. ThL alcuracy ls such that the rms of the error (due

tt rne approxlrnatlon) 1n posl-tlon ls 150 to 700 meters and the

maxlmum error is 250 to 1100 meters'

The LGC lunar ephemerls routine gener&te8 only an earth-floon unle

vector. Thts fa-donl by an expi-J-cI-t evaluation of a rotaitron of
a unic x - vector through the fundamental angles

B - mean obliqulty, angle between the celestial equator

()"r

at NBY and Ehe ecli-Ptlc

- lncl-lnatlon of ghe Eoon.'s orblr to the ecltptlc plane

- longl[ude of the noon measured in Ehe orbit plane
from Ehe mean ascendtng node of the lunar orbit

- longitude of the mean ascendJ-ng node of the- lunar
orblt measured in rhe ecltptlc p1-ane from the
equlnox at NBY

L-meanlongltudeofthesunmeasuredl.ntheecliptlc
plane from the equino:i(used for solar ephemerls)

Note thae all the fundamenEal angles are measured from posltion of the

equinox at the NBY (NearesE Besslian Year) epoch lnstead of at the

mean of date as ln standard practlce ln astronomy'

The earEh-moon vector ts Ehe result of rotatlng about the N

axis (measured fio* tfru earthrs center of mass to the vernal equinox)
*-hrorgt, r,he angle B, about the z-axl::H?:ch the 8n81e h, "l:Yt
the ner+ x-axis through the angle I (=5"8'), and about the z-axls
itro,rgi, the angle F. The t*s,rit given tn the GSOP (Reference 1)

after maktng the approxlmatton.ol f - 1.0 (cos 5ogt= .9962) ls:

i

F

b.



t1
l-i I

I IIi "i 'i'

:x.:::l]
l":'
I f'r

L-;

I (LoM)

sin (lou) -K, sln

eln (LOM) *KO sln
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* UI{IT G;,) (2)
-ai,t

the start of NBY.

and phaee angle of

where

tha t
about
1s:

Kt

Kz

LOM
o

LON
o

LCf.{

G .cosB K3 - elnB
- slnBslnl K+ - gouBslni (3)
- (o=t *Fo LOMR - Or+ir
'or o **o= i;
- LoMo + Lol.h r - [u "i" (ourea"r+ pHAsEa) * b sin (oME\t +

-.

"l

PHASE. ) IbJ
LON - LON.+LONRI

t r apeclfled tlme measured from JuJ.y

a, OMEGA", PHASE, etc. are the magnltude,
correctlon factois.

The Solar Ephemerls

Ihe CMC generetes the earth-sun positlon vector frem the earth-sun
posttion and veloctty vectors (.E-"n., and vro^) evetruated et ts.^ and a
clrculer orblt approxlmai{on wltfr"Uhe use"8E the angular vetBUlty (ui-^)
evaluaEed aE tMn. The veloclty of the earth-s!..rn vector le appeoxLr*Ela
as a constant ?filr j.ng ttl'e mleslon.

Irs = &so "o" (rrs tu) * [:*ro x UNIr (kro * &so)] s{n (ru, .r)

' (4)

hs ' Yeso

The solar ephemeris iq accuraEe, for the 14.5 days covertng an Apollo
mlsslon, to abouE 10-r A.U. ln posltlon.

1" 0,

r&Ce,

I

The LGC eolar ephemeris generatee only a unLt earth-sun vector
ts the resulr of rotaEing ebout the x-axl,s through the angJ.e B end
Ehe z-axi"s through ttre engle L. The result glven ln the GSOP

*
[cos 

(Los) Ig's - Ulllr lx, ern (L4S) | - UlilT

[x, orn (Los)l
(ri-
-17

,,)
J

(s)

W
Y
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LOSo + L0SRt -

ffisR * T.

c eln (OI'{ECA.t + PIIASEC)
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.:olslENTS ON THg_qUERENT' EPHEMERIDES

The last two terms ln the expresston for LOM and the laet term
ln the expresstoir for LOS are lncluded t,o approxlrnate the true poel-tlon
of the moon and sun lnstead of the mean posltlon. They were deterrolned
emplrlcally ln Reference 2 by "eyeball-1ng" a ploE of the erlor funetl-on
before rhe tetas $ere lncluded, but they do have a real phyeical meanlng.
The a and c terms have periode of approxlmately 27.55 days and 365.25
days respectlvely, the sldereal periode of the nnoon &nd the earth.
They arLse fron the eccentrlcltlea of the respeeel"ve orblte. The b
term has a perlod of approxlmately 32.11 days whlch eorresponds approxime-
tely to the second term ln Brownrs seriee for the posltlon of the moon.
The term ln Brownrs serles ls sln ([ - 2D), r*here [ - & - [' (ft -
mean longltude of the moonos pertgee &easured ln the ecllptlc ptrane

from the equinox Eo the eseendlng node of the moonrs orbit and thgn
along the orbtt) and D " & -L. Clearly Ehis represents a perturbatlon
of the sun on Ehe earth-aoon system.

The constants Kr , Kil etc used in the ISC ephemerLs reutl"Ixe are
computed Ln en HBY coSrdlfrate systalt and are good for a op&n of, one
year (when a new eoordlnate syst.m eomes {nto uae). For e 6ne ye&r
span the errotr ln locatlon of the moon has &n tms of 10 to 12 mrad., and
ln locatlon of the sun of 0.25 mred.

PRoPOSED LUNAR-S0I4i, EFIITFffiRJDES r.0R /tAP

Kec oruuend,at Lona

It ls recauended that, f or AAP, the CHC uee ephemerls routlnes
based upon the exlstlng LGC Apollo ephenerl.s routlnee. The data for
these routtnes should be valld for at least L8 nonths frcur the antlcl-
pated AAP-1 launch ln order to cover'the entire AAP program plus any
unantlclpated sllpe ln the launch date" The coordlnate systm that
ls ln use (ln the RTCC) at that ttne should be contlnued throughout
all AAP uLsslons

?hle approach wtll ellnlnate any requirements for upllnk of erasable
ephemerle data durlng a miaelon, w111 save erasable atorage, and w111
provlde lmproved aecuracy for the solar epheoerls. The lower lunar
ephernerls accuracy ls not lmportant for AAP. Extsttng LGC codlng from
the LUHINARY programs lnay be used vlrtually unchanged, reduclng the
prograourlng effort regulred.

\>
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l)ata w 're genereted i or ttrc f o1lowlng launch dates :

l*zunch Date Coord l nat es Clock Zero

March 1972

July 1972

NBY 1972

NEY 1973

July 1.0,1971
July 1,0, L972

The Lunar Ephemerls

The LGC lunar ephenerts routlne seema to meet all the requlre-
ments for an AAI lunar ephemerts except that lts accuray ls not
very good. The rms of the &rror ln logatlon was approxlmately
equal to the dlameter of the moon (0.5") and the maxtnun errors
durlng a one-year span qrere greater than one degree (17 mrad.).
A plot of the error ln locatlon ln the dlrectlon of the orblt plane
and perpendlcular to the orblt plane was made. The error I'n the orblt
plane uras an lrregular functlon but seemed to have a perlod of 14.5 - 15.0
days. The error perpendlcular to the moonfs orblt plane was almost a
regular function lrlth a Perlod of about 32 days.

The error ln the moonrs orblt pl-ane couLd be corrected by an
addltlonal term ln the expresslon for LOH:

LOM - LOMO + LOMRE . [A STN (OMEGAAt + PHASEE) +

b sln (Ch{Ec\t + PilASEb) * c, sin (o}'tEGAlr + PHASEI{ (7)

The error perpendlcular to the orblt plane could be
tng gfU to lnclude a fLnal y-axls rotatlon through

c, stn (OMEGA2t + PHASE2)

The value of the c, and c. Eerms were obEelned by estfuuatlng the{r
value from the plot and Aro*'s{serl-es and using a dlfferentlal correeEion,
leasE squares flt progrmn t0 obtsln the best possible values. Uslng the
values for the othe.r consEants frcm Reference 4 for HBY 197i., lt r'ras

found that a c, tera of'

0025568 sln (F-2D) (9)

left an out-of-p16ne error wlth an rms of 0.30 mrad. Avalue for the
c. tern of

I

-.012176008 eln (cmncqt + PHASEI)

4.926L375 radlsec r 2D

5.0585394 radtran s 2D

corrected by modlfy-
the angle:

(B)

OMEGA, 6

PIIAS E I 
a

( r0)

?
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ln the orbit plane to an rms of about 3.75 nrrad. Slnce
term ls an order of magnfEude greaEer then the
ierm end rhe resLduel orbtt plane error ls larger
l"t was deciderl Eo not use th<: c? Eer'fl unless addltlonal
f i.t the orblt plane error

reduced che error
the ln-1,1ane (cn )

, !\out-ot-plane (crJ
than the c, terft,
terms are fieed to

When the aceurecy over a long span r,r'as consldered, lt was f,ound
that, for a Ehree yeer spsn (ehosen for testlng purpoEes only) BtarElng
\,rlth July 1.0 at the start of NBY, the present LGC ephemerls equations
wlth the constents given ln References 2 and 3 have errors r/iEh rms
of 17 to 22 mrad. By using a different,Lal correctton, least squares
fltting program (see Appendlx), the si.ze of the error ln most cases
could not be reduced slgnlflcantly. By Lncludlng the thlrd orblt
plane term (7), the errors for the three year span could be reduced
to an rms of about 9 mrad. Thus the c, term should be used 1n an AAP
verslon of the LGC ephemerls equatlonsi

The Solar Ephemerls

The solar ephemerls (4) used by the G{C for the solar posltlon
is only moderaEely accur&te for spans of 14.5 days used for ApoJ.lo
and r+ould have a maxlmum angular error of 30 mrad over a one year
span. The vetroclty of the sun le a crude approxlnratlon and is worth-
less for spans much }onger than 14.5 dayo" Reference 5 proposes a
method of eomputJ-ng the velocity of the sun from ehe unghared eraeable
memory load rqhlch would have.a maxlm.um angular errcr of 30 mrad. TLre

solar ephemerls (5) used by the tGC ls at least as accura8e as that
used by the CMC, depending on the length of the sps.R, and requ{res
less computer etorbge.

It ls recommended that equatlon 4 be reptr-aced by equation 5 plus:

rE
-L5

*t,-5

where r-^^
il5(J

'Eso

trso Etrs

vr'O Ul{IT

H-t]."1
( 11)

mean earth-sun dlstanee - L.0 astronomlcal unit

mean veloclty oI che apparent sun

It ls estlmated that thls meEhod w111 requlre 30 fixed memory locatlons,
compared to 33 flxed memory and t4 unshared erasabl"e locstlons for
equatlon 4 ln the CHC currently, and Ehe angular error 1n posltlon will
have an rms between 0.06 narad and 0.25 mrad.
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The eonstants f c;r computlng rr"" and gr,.. BS propbsed abovr: are
given i-n the attacheri table. The c6'ilsEants'-#ero evaluared by f tcttng
rire propose(i equatlon to ephernerts deta read from the JpL ephemerls
tepe for rhe length of the AA} nlesion cpen. Thi.s was done uslng
noinlnal leunch cietes of Mar:cl-r 1g7? and July 1g72. The unf te ln theteble are radlans and radlan/eec.

In the evenL that tt becomes feaslble to lloplement the proposed
ephemeris routlne lnto LI]HINARY, t,he constants for NBY L972, NBY 1973,
and NBY 1974 from July 1.0 to July 1.0 r,rere dvaluared and are slso
presented ln the table.

, The rms of the errors are suruRarlzed below:

Moonrs Posltlon

Apollo Cl'tC

Apol1o LOC

Proposed AAP

Proposed AAP

Proposed tGC
Proposed LGC

Proposed LGC

Sunts Posltlon

Apollo CI.tC

Apoll,o LCC
Propcoed Ay'.P

Proposed AAF

Proposed l,GC

Proposed LCC
Propooed LGC

(14.5 day span)
(12 month span)
(1E montir span;
March 1972 launeh)

(18 raonth spen;
Ju1"y 1972 launch)

(NBY 1972)
(NBY r973)
(NBY 1974)

(14.5 day span)
(12 r,rcnrh span)
(18 month sfi&ni
M*rch 1972 leunch)

(1. I montii $p s.:1 ;
Jrrly 1972 lautrch)

(NtsY r972)
(r.lBY 1973)
(r,iBY 1974)

- 700 meters
11 mrad

4,25 nrad
4.30 mrad

5.01 mrad
3.57 mrad
3.93.mrad

0.001 A.u.
0.25 mrad

0.11 mrad
0.12 mred

0.25 nireC
0.06 mrad
0.06 mrad

L
E
&E
$

F
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Appendtx

Iilfferential Correctlon, Leaet Squares Flttlng Routlne

Ttre raslc approech eo the problem of flndlng the best eet of values
a leasF sqLrares sense ls to deftne e set of errors 1 and to drrve 1
zer:o. Lee f, be a functron of the set of iucependent varlables: then

represents thie change 1n I drre to a change ln x. If 1 1s
than x, the cholce of l< v:hlch gives a least squared value
by iterating uslng the equation:

6*( 1 ) = (nTa) 
- lor 

,., {, ) x {^T.rr;-1 arr{r;

vrherer A:(

(1)
,f

- [av Ib.Y.= I=rl 6x

LdX J

ix\
AITI

^--(1)bL

(e-r)

of hlgher dlmenslon
of 61 may be found

a0 +

For the generation

the variables used are:

(A-2 )

of the consEants for the lurrar and eolar epheme::tr-s ,

For u.-..:
-tJ,i K1.

*z

K:

K,
4

LOH0

Lo\ x

A
B

OMEGA
A

PHASEA

OMEGA.
D

PHASBB

L0No

L0N* x

. ^6IU

.6
x10

6x 10-

106

(A-3)
I:

tr*orr, ' lE'ssrr , I = 1,N

-r2
7



Page 2

For ir-^:
- -f.5

L0so

LOS, x
ctt
OMEGAC

Pi{ASnc

Kt

K^

1il6

.u. 1C''x:.

'1

(A-.1)

.-

The quantlty being mlnimlzed 1s thus the sum of the squares of the
sines of the angular errors between the actual and estimated vectors. The

actual vectors are taken from the JpL DE-19 epheme:i:ls t.ape, convert.ed to
NBY coordlnates.

The prograru was wrltten ln such a way thet, whl-1e all of the
variables of X ln A-3 and A-4 are requlred to conpute !g{ and sgg,
any subset of x could be used ln A-2. Note that Kl and K, appear ln
boctr A-2 and A-3. Experience has shown that the best procedure is to
compute K, and K, wlth guu and then to solve for the lunar vector uslng
a subset of A-3 not. conEalntng K, and Kr. To avold nr:merieal dtfficulties,
t.he rates ln the program are taken to be radlans/ (106 sec). All partlal
differentials are computed analyticalty and will not be shown here.

No detailed descrlptlon of the prograrn wtlL be presented; it is a

)astc least squares fit rrhlch uses analytic partlal derlvatj.ves and whlch
,rlloras the user to solve for any subset of the p*rameters.

The forms of the partial dertvatives are of tnterest, however:

: UNIT (!r) (gE gnu or gns , see eqs 2 and 5)

: actua-L vecEor f rom tape,

1- (9""
"-act,

)
U"" )-,

Eb.L.
1

,)u-
* t.\

I = l,N

Le t u,.

u._A

v - (gE

Then:
4,,

dri

(qu ' yo) g
{'

r *.1/ asEll

\ou qllaIr
f\'

r

dgu

i;=
I

where:

IIE I

-u-*rl

>f
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Substl tut.ln6 lhe

t&.
Ax.

I

Then:

Eun
equation for == lnto tho oquetlon for * y:.elds' bxl d*i

(gn ' sA) t- I aEr

.ffi loo-(ge'ge)sul fi,vlgEl L J

dl: r,
i;!rerr: -: t"1 r';i;rv lie *asl)-y computed from the earlier ecuaElorrs for u.. and

1,! .I
u-,,.

Tiie abo'ue equatl.on hss the dl sadvante6e that 1t approaches the in-
determinate form 0/0 as u- app!:oaches u^. The following changes 'aere made_L _A

to reduce the problem.

Deflne: 6=u*-
-ii :A

_A

:1-e

e:--0.'

'u-
-trgA

ga

v:

-tro.
,ffia

ln)In--6(t-e)*69A

1aE,\ I aIr\'l 
'

.[::.-] [u, L-] 
I

\4,,, I \t^ a"rI j

last equation ls merely the magniEude of the

lles normal to u^
-tt

Llmrr 1a-\ = 1

\d*r I lEEl9s-94

1t is aPparent that thls
+-Aucomoonent of 259 whtch. axl

k*r
l\a",7L'

l-ol:,fr
By making the indtcaEed substltuttons, the only subtract.ion of nearly

equal quantlties ls made to form 6 frorn gg and uO. .Thls change delays the

onset of nurnerlcal problems, and results in the fol1ow{ng equatton:

oJ : (1 - =)2 '- -* [,n '/;: .. I aIE

il, : L*" 
(6) - 5h-" { ,-,-

This form remains r+e11 behaved as gn -ga; however, ln the llmit, lt is
necessary to use the 

.equetlon 
f or ,#r, deri.ved f rorn Lt Htpttelrs rule:

l>
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EuaJGcr, Angular Errcr jn Lunar and Solql P9!jt'ions
pr6dicted hy LOSSEF1 during Apoilo 13

FFroM: F. J. Ri ch

ELDo H-3 aoo{ ?077 txr' l$$

Attaclrnent

Reference: "Gui ciance S stem 0 erati ons Pian for Manned tl't farth
0rbi tal an SSlONS 5'l n Rev

ecti on dance quati ons

Th'is memorandum presents the results of comparing the.earth-moon
ana eart[-sun un'it vectors computed by the L0SStM.rout'ine 'in LUFIlNARY

tC against the true unit vectors. The LSSSEM predicted vectors were

oUtainea from a simulatisn of the equations in Sectidn 5.5'4 of the
n"i-.-rie. 

-(ruotu 
that the Reference still contains an error in the

ior*ufatlon; g't4 unJ-gEg must be unjtjzed befsre being used. ) Tle

true vectors 1aere takefr'from the JPL 19 ephemeris tape and transfsrm-
ed to NBY 

.l970 
coord'inates

The error in predict'ing the lunar and solar positlon with respect
to the *urtn by thb LGC is required as an ald in analyzing the.navi-
giti.'', ana tel**etry data taken.during the Apol^10 l3 missjon abort
ph;;;.' 

-iHe 
stanJar? procedure 'is to use the Ct4C whjch has erasable

bphemerides that &re m0re accurate than L0SSEM'

The attached graphs sholv the angle between thq LQSSEM computed

unit vectors and t6e lrue unit vectois. Note that time on both.graphs
ii given in hours from midnight lNl nltof-tg-the^launch. Launch

i,l.irr*a shortly after 19 hours GMT, Appil ll , _l97tl. The angular
€lrror for the earth-moon vector at entry'interface was ll'82 mrad'

if,. ungutar error it O hoors prior to.eirtry 'interface was ll.7l mrad.

fhe angufar error for the earth-Sun vector near entry interface.is
tl.iO miaa w'ith a random variation of 0. to 0.02 rnnad" The smooth

iu.u. rnonn ts g'e limits of the variation. The line segments shown

i.i it.iight fine connections of discrete data points and are only
included for illustration.

sYsTE&,i! t80
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PGNCS/AOS RR data transfer

R(ASOil(S) FOF CII ANi(]E

To provide the Abort Guj-d.ance System
PGNCS to AOS dor,rnllnk telemetry llne

with Eendezvous Radar data vla the
for the AGS Automatle RR update prograrll.

irF sclit PT to'.1,F ll,A\Gt.

Cha.nges ghould be made in accordance
i-n th.e abtachment to this PCR.
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A

Interface DescrlPtion
PGNCS/AGS RR Data Transfer

Introd"ucti on

fhis clocument describes the requirements and- agrcentents reached on the
softwoure interf'ace between the IM Guiclance Computer (tCC) of the h^i-
mary Guid.ance, Navigtttion and. Control- $rstern (pC},ICS) and.the.lbort
Illectlonics AssenrLly (AnA) of Lhe lbort Guj.d.ance S5rstem (ACS) for the
PGNCS to AGS Ilenclezvous Rad.ar (ttn) aata transfer for the AGS Automatic
itR Upclate h'ogram.

AGS Recluirements

fhe d.ata reguirements of the AEA software for the A:rtomatic RR lJpdate

Program are d-iscussed" in this section-

RR d.ata wilt be obtained via the PGNCS to AGS, d"ownlink transfer
link. Data is transmitted serially over the PGNCS Downlink

.fblemetry Line at a rate of fifty hO-lit word"s per second. when in
the high bit rate mode (see section D). The Downlink Telemetry
Register of the AEA is an 18 bit shift register which is load"ed
by the Instrumentation Shbsystem and 1n::rnits the loading of only
the first 18 -n:-ts of the l+O bit downlink word" After an approp-
riate corunand has been given to the AEA r.-ia the DED,\ the PGIIICS

Down]lnk Input Subroutjne interrogates the PGNCS Downlink SLop

f}r1se lliscrete. hhen the Stop F\;lse Discrete is found., the sub-
rontine loads the contents of the Downtink Telemetry Register
into the AEA. A search is mad-e for the correct Downlist f"D. word-'

I^Jhen tLre correct I. D. word- is found-, the next 16 wor:ds are read'
and" stored in a bgffer area of the AEA. Only the ntost sigrtificant
16 bits of tfue 18 bit Dor,m1ink Telemetry Register are considered.
by A1IA software to contain inl'orrnation. For the above reasons
the follcwing general restrictions are placed on any d.ata trans-
mitted to the AEA v-ia the PGNCS d.or^rnlink transfer link.

a. Any pertinent d.ata must be found in the first 16 Uits of the
l+O-lit PGNCS tlownlink word.

b. Any pertinent d.ata must be found" in the first J.J downlink
word,s of the lOO dolrnlink words of an IGC downl-ist'

The following d-ata j-s required by the AEA for the A-:.tomatic BR

upd.ate program.

a. Downlist ID word.

b. Raw RR Range IEta

c " Raw RR Range llate Data

d. RII Sraft Angle CDU

u.

1.

*1-

f=+



(.) 
"

Itll Trunnion Angle CDIJ

A cotrrPos;i1;e cr:cle i^lord

). Ttre {'ol,Lowing adclitional restrictiotrs ancl r'equiremenLs are placed

on l,ttr: transrlittecl d-ata of (Z) above'

a. The Shaft and lPrunnion Angle CDU's must be located consecutive-
}yonthelist.'llreymayappearineitheror.d.er:,butthef.irst
one ntus1, be in an e'ven nlrrrt-,r'i'ea word- whel'e the Downlist ID worri

is word. mrltber 1 of the list'

b.Theccrnpositecodewor'd-mus-bbet}relastofthedatatrans-
mitted". It will consjst of a speclal lt|-bit flag with set

and reset confj-gura.tious and I bit to inclicate high and low

scalingofthenRn,,,g.d.ata.Thesetandresetconfigura-
tlons of this word- shoukl be as shor+n be10w. flhe word length
CorrespondstoanlGCcomputerr^lord.withouttheparltybit.

-{'

r*1
) r- tr- rr llj
l'''1t l/' r i- i

Biulio.0121t+r6'1 8910 11 L2L1 il+

Set A011111r11 I 1 I I tO
Reset AIOOO0OOO0 0 O O O 0

where A = I f'or high range sc:allng
A = O for low range scaling

and the configtration of
A d.oes not matter in the
reset configuratlon.

vrv

,Ihe con'posite code worcl should be placed in the set configu.
ration approximately ouce per minute, itnmed-iately after the

,"rOi* Placing this data along

with the shaf't and trunnion angle d.ata on l;he d-ovnlink' 1'he

cod.e word should be placed in the set configuration only if
the RR dat,a good cliscrete vas present during the radar read-

ing ancl a hairlware restart had not occurred since the last
ra.d-av' reading. 'Ihe cod"e vor<1 should be placed in the reset
configurati-onnosoonertha'tl1-'wosecond'safterbeingplaced-
in the set configuration au'J rto later than two seconds before

being placed- in the set conf'jgurai;ion again'

The radar d.ata should. remai n unchaugecl on the downlink for at

l-east two second-s af'ter lhs rod'e word" is placed in the set

configuration.

C. ICC Downlink Description f or Aj.tomatj c AGS RR Upd.atlng

ICC dor.rnllnk t.i -t, r,'hich will provicle RR data to the

in this sectiorr.

C:.

The cl.etails of the
AEA are enumerated.

Lt.

8a-

F"-



1. General- Downlink Descriptlon

Each ICC domllst contalns 100 downlink words. Each downlink word
is composetl of a "word^ ord.er corle 'blt, " two 16-bit IGC computer
words (f, aata blts plus an odd parlty bit per word), plus seven
"fl[er blts" to total a ll0 trtt, downlink word. The d.ownlist ls
transmitted. at a rate of )0 4O-lit dor"rnlink word-s per second.
when in hlgh bit rate mod.e (see sectlon D).

The first word. ln each }lst ls the lownlist ID word and the sync
register. fhe flrst and flI'ty-fj-rst wcrd.s on the dor^rnlist have
a word ord,er code bit of zero, Al-l- other word"s on the list have
a word. ord.er code bit of one.

7

fhe IGC downlist vhlch will transmit
AGS is the Rendezvous and. Pre-thrust

The first lJ word.s of the Bend"ezvous
be as follows"

Flrst
Segl.s_t"e_I

xld-st 7D (7T77rB)

C$4 State Vector

CSvI State Veetor

CSvl $bate Vector

CSt{ State Vector

CSvl S[a'be Vector

C${ Sbate Vector

CSI State Vector

MARI(T']ME

M(CDUY

I\&{CDIIX

*RR frunnlon CIXJ

*RR SlAtrT CDU

Ty,

*RH Range (Baw Data)

*RR Range Bate (Raw Data)

*AGS RR Composlte Code liord

pertlnent to AGS .Artomatlc I1R

RR d.ata to the AEA of the
Downlist.

and h^e-fhrust Donnlist will

Word.

Nq. !99
Second.

Reni ster

func bits 1'1'71\og)

CSM State Vector R,

CSvl State Vector R,

CSvI State Vector R2

C$4 Sbate Vector V,

C$'i $bate Vector \.!i

CSt{ State Vector V,

CSi{ Sbate Vector !}[me

MARKI]}M

MKCDTU

No. of l{arks

RR S:aft CDU

* Carbage -
Tp

RR Range Rate (Raw hta)

- Garbage -
,- Garbage -

rrpd.ate program.

10
2L
17
llr
E'l

6 :1
TL
B1
9 "1
10 I
11 I
12 I
L1 1

Nl-t I
;Y t4" 1

.15" t:' I
tlJ.r l* I

* Data

Fx

Ry

Rz

vx
II

vz

[1me

F'-
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h. A descriptlon of the d"ata pertlnent to AGS Arrtomatic RR updating
is provided here

a. l{ord. number la Is the Downlist fD worcl of'the Rendezvous and
lt'e*Lhrust Downlist. ]t w1ll have the value 7777, (octaI).

b. Words l2a and lJa are RR Tmnnion and Sraft CffJ's, respective-
Iy. These are unsigned. 1)-bit fractions sca-led aegreesf J6O.

c. Word. 1)a is RR Bange (Raw Data). Treated as a 1) bit integer
the following computation must be performed. to convert to
units of feet:

(r1-urt i4teger) x (f:.ot+) for high scale

or
(rr-uit integer) x (9.18) r'or lov scale

d. Word 16a is ER Range Ilate (Raw Data). Treated, as a 1! bit
in'Leger the following computation must be performed to con-
vert to units of feet per second:

(r5-uit integer minus UOOO) x (-0.6278)

A negatlve quantity indicates closing.

e. Word- lJa is the AGS Composlte Code word. It will contain the
values as dlscussed. in paragraphs B.J.b and B"].c.

Operati ng Requirements

following will be necessary to cause transfer of RR data from
PGNCS to the AGS.

Telemetry high bit rate (fCC).

An astronaut entry via the DEDA enabling r,he AGS routines
which picir the RR d.ata off the IGC d.ownlist.

ICC in Ir20 or P2O in the background. of a program that uses the
Rendezvous and Pre-thrust Dor.rnlj.st with the RR in ICC and
locked. on, d.ata good. d.iscrete present and R22 (fao subroutine
which takes an RR mark about once per minute) actlvely running.

Ct,nera.l

l-. illne
thr:

b.

C.

*/**
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T lTLt Ot (.t,Arir,l

Change recognition of

2.0 SOFTYIARE COTIROL BCARD |]R TLIO[|T SOFTl{AllE BRAt{CH
0EClSl0ll FSs YISIBILIIY lriPACI ESTIHAIE BY tlT

2.2 RiilARrS!

ROD inputs
_: a. .. { ) L, ,.,...

No inflight alignnent ca:r be rrsde if nOD sr,'ltch fails on.

i)iSCRIPTIO\ OF CHA\GE

Reeognize ROD lnputs as bej-ng xalid only during At-g-gr-

-

-1 .() i{II VISiBILITY IHPACT EVALUATION:

3.: lr.lPA:i OF pFO\ l:rt\G f,ElAtLLi a\tLrr,4TiC.r

4.0 SOFT!I(RE CO|lTROL BfiAAO ACT I OII

5.0 ilII OETEILEO PROr.lRAII CIIAI,IOT IVALUATIOli

s0il'ii Aii[ [0]{ift01 Bt}ARu DEC t s t 0t{ 0li tril T
OITA I LiO PROGRAI,I CHAI{GE TVALUAT I Otl

APOI-LO SPACECRAFT SOFTI{ARI CONF IGURAT ION CONTROL BOARD
PROGRAI'4 C!-$&NGE REQUEST

"t, v8F H (Cttnpleted bt. f :i;

l.[i t0],tPLtItD BY 0RtGt}{AT0q
1 r .i.l',:' r

C. T. Hackler

i,1

9-23-70
'r;'r; 

;no,rr" ,r)

?,3 SOI'TiYAtIE CO\TROL B'APD OR FL IGFT SOF'T**FE
BRATICH SIGI,I OFF

3.: SCHEDLTLt IMPACT

3.3 STORAGE I \lPACT

5 -r^t*"&^,
:LTOF: I'{ATOA

Dts-
APF?OVE:]

.3 SoFTwaF:E :o\T,iart. a0aFrr SIGN CFF

COOEDTNATCR

n;.::. il ::;:1" I;l;:!;;i-::,;l ""
.11 S"rF-r$AeE C-o\rRoL BcaRo slGN oEr
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PCR/il( # 334 Po^r I

ANOMALY #

ADR #l*] r-uuINARY

ffii,uviINARY
f] t unnINARY

f: LUNTINARY

UMINARY lD
UMINARY 1tr

UMINARY lTI

B.

)-

n
n

f mtt APProved PCi'i; ffiotu Approved PgR

f]nrtf Approved AI)I.). f] uasa Approved PCN

A. Coding ./
g Begin et:cling immediatelY

ACTION:

Program SuPervisor's APPrcrvaJ:

/ \ Ilo not ce:,de until nerv GSOP material has been a'pproved
(, ilnlr"to" Design Review Board (MDRB) and distributed'

GSOP P-r:9Pa5a'!!cII

@ :trXfi:1 Si"."t 
revisions for MDRB i S tt tf //

ACTION: J. Ktt:',t+r''li!

Technic;;rl Committee Meeting not required'

Technic;.rl Committee Meeting(s) held on
Attendees:

C. KSC Testing and C heckout

Revierv :for possiille impact on KSC
iesting r:,-nd cl-reckout ACTION:

D" Other Programs A-Ifecte{

(l nurierv -:r corrcsptriirg changes in

ACTION:

n
NASA Approved
Software AnomalY

MIT Approved
Software AnomalY

Special ]nstructiotrs

I

Projeet Manage



APOLLO SPACECRAF'{ SOFTI,lANE CONF IGURAT ION CONIROL BOARD
PROGRAI,l CHANGE REQUEST

NlriStR (Contpletcd by I;SB)

331+ nev. I
r.0 c0[{PLITi0 BY OR IG I}IATOR

t.t okrcr\Ar,,e 
l,,n'r

Haise/Kaiser I g/zAito

I 2 0RGir,llzATtoN

FCOD

APPR.,\ AL

&144a**
Apol1o 1l and Subs * Luminary change DSKy DESCnVT/aSCuvr NOUNS

r'5 Fit'1 :i'ri(i) i(irr Lrr A\' C::.lrrent displays d.o not provid.e the priority of
by the crew d.uring d.i:seent and. aseent. The V1 currentty di.splayed
to H/H for trajectory control. The same is t:'r:e with respect to V1
tstrere- a€- AvGd!-le-€Lledlq--bactup-ereir!3 aula sh:rtd o."rn .

information neeued
in m63 is recluncrant
during ascent

l.ri afS iill'Tl()'r,l; ..1'r-.
With the changes d.es':ribed, below Ali should be automaticall:r d.isplayed in-p63. It ,,should be +99999 unt"il valld. l,R altitucie <1ata is received (ci:rrent logic). The Clsplr',. ii
itself should be fla:hing, ind.icating that the crelr has not enilblecl LR update. '/i7i I

Xi.9rE&El&.ffiIiIer";.:'**t"*Xf.Xi

OECISIO}I FOR 'lISIBITITY II\iPACT ESTIIIATE BY {IT F

' f] ^ppporir) rtsAPPrta,!Et)
{:rrlAR(Sr

L 3 S'lt wAllI C.J^l l RO[ 3,_ ARC ,i FL | (iliT :tOf TllAht
LiFNAJ'H S I G'I OT I

l1A1 i.

3.0 ITIT VISIBILiTY II'PACT H'.YALUAIIt]I.I:

scH{.t'tlLt IitD.\ci :].I II,JPACT OF PRDiITI\G DSTAILED SIALUAiIOI\

3 SlOI/AGI tr,rPACT 3.4 RLr\tAF,(sr

3.5 t.ltr aLICR!l ltl()R

i)ATT

4 .0 s0rTr{A8[.{0t,lTn0L EnARD ACTt0ri

_ I\IPLI\1I'I'I TN- ,- ,

IYI;;;iii;;'r,r;;;u,, [l :.l il!, tr ll;;.,,lPCriA\:! EvAL.

ki[]ArX:

SC'FT*APE C0\TriOL 8(.,'\'- ' t1r:.i,tiii

l/-s- ra
5.0 iIIT OET{ILIO PROIiRAiI CHAIIGE EVALIIATION

v t -r co0 qn I't ATo R 5 l,1l T E\ ALL AT loN

6. 0 S0flU{8i TiCljIH(lL B0AIi0 0[CtS t.j!\{-0rt 
-r..,t 

I
OEIA I tiO PfiOORAFl f;HAliffi EYAtUNi I()i{

tr r-AF' 'r '::'iTl\,.: f-l t:rrnn)', iD ..c STi)c
rr.pLI\.:'\r:-r-\ L-] ...D1i,,,:\Tarr.,\

: RT\!ARASt
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..,
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APOLLO SPACECRA& T SOFTulARE CONFIGURATION CONTROL BOARD

IDATA AMPLI FICATION SHEET PAGE 2 ()F 2

ROGRAtI CITANGE RtOtJf 5T iii:,.

33h nev. 1 trREPARED 

BY OATE IRGA\tZAttCN

o[.r|\UATlo.!5tcT1911'(Rr.ft..toBlockNunihetan<lTltleonPro4t",,Ch.,n6e

L.6 should do so, and. eause w63 to stop flashing. Conversely, V5BE should cause
the display t,: begin flashing again. ln fi\/fr5 there shoulcl be no such DSKy
flash indicat,:ion of V57/VrB.

N6B should. br: on eall; however, it should contain the V1 that useri. to be in
N63 as well a;': the ground-track distarrce tr: the computed landing sj-te"
The new norme.l ascent/abort d.i-splay (tf94) shoull contain the quantity used, to
lnsure proper cutoff (i.e. AVGx). M7 R2 shoutd be changed to disptay Ai/Gy in
bod.y coord"j-na':;es instead- of vy in loeal vertical coordinates.

Note:

f . Change l{oun.: as follorrs:
a. rn p63, 1163: AH, it, lt
b. 0n call. in descent ti68: itor.izontal Range, TGo, VI
c. Tn P12, I'/0, and Pll, N!l+: AVGx, H, H (11VGx = RI of mB!)

d. On cal"l- in e.scent N77: TGr, AVGy, V1 (aVCy = RA of N85)

e. NB5 she,.,l-d remain carlable in ascent/abort prograr,s aqq Qgseent
*[xogra"ms-*ot}ler ._than p53 .

II. Change V57 i-r:eic as follows:
a. V57E si,, ,rrl.d. set tl:e LP. IIVH fiag
b. V5BE sh*'uld reset the LR it*i f)-ag (c-ument logic)
e. V57E sh;:uld not generate an],' dfsph,
d.. rn p53, if rB n'lH frag is reset, l{63 shourd frasir (a rno, v3hE, v32p}etc. response to N53 shculd be igrrored. )

M6;
At4

o

H
,H

N 68
{l tl aR, e
T6a
UI

N gA,

t{cx
N

H

N 77
T 60
v6{,vI

ffi -,Mffi

ttSC Fotm 2EBA (Jul 6B)
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I.rJ COlIP$-iIIN BY ORIOIl{ATOR

, il | :

1 pr. l l o 1'J arid Subs - Lrrmi nary /

1.,: III:i- tf rr1':.!

Remove Alir,ziment Option I'rom p5J

An align,nent wil-I never be a requirerrnent jn the time frame that p63 i"s called up.
Ti,ir; option eurrently exists and irrvites an operator er'ror as a koceed takes the
opl,"i on ard an E'nter bypasses it, as Cesired.

r., I . 
l

Delete ll'[J Fine A]ign option from P6,3, i.e., FL VrON2, display

n""" D,'iFPr'!:^
qa,!l4qhSr

5.0 IIIT OITAILED PIiOl]RAII t]|lANGI IVALUAIION
.\ALUATtC\

TOTT'IIAtlE COiiTtlCL BOAi]D DECISION |]N [IIT
OTiAILED PfiOCRIlt| CHANGE IVALUAIION
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Ir.:rLi'..ili'lat.)\

Ei,.,ai^::r

APOI_LO SPACECRAFT SOFTI./ANE CONTIGURATION CONTROL BOARD
PROGRAI'4 CHANGE NIQUESI
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:

4.0 SOFTI{ARi CONTIOL BNARO ACTIOll

J,.' Q'\!t!^:

NlSC Form 2BB (Jrrl 6B)
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APOLLO SPACECRAFT SOFll^lARE CONFIGURATION COt TROL BOARD
PROGRAM CHANGE REQUEST

Itltrllrl, ( ( t\il,1t lrI rtl lty

COlllPLETIt| BY OtlIGIIIATOR
l,l ill.l(il'1,11,r1'

IIalse/Kaiser
"^g'lyz}f 

7o 10/n /z o
t. r !,tl(I|\ltY

Apollo 1) and Subs - Luminary

1,4 TITLF Lrl r-ilAN(l{.

ZS.lrt"" o t tB S^+/.r* R6o)
^ '. tA1lov Drtend-ed Verbs Durin'fu -P2O Maneuvers

1.,, ltiA:i(\lt(;) | ,i ,,fri\\r-,i

The timeline is very tight after LM fnsertion particularly on the M=I rerdezvous vith
fweak/Oail-out maneuver, P20 lnitiation, Apogee-Perigee Determination, ani Ord.eal -{d-
justment all needed within the same time frame. For better time optimization it is
'ili;l"'od''iri dii;i"y rrom R6o. Berore maneuver
and after a PRO to mane'uver the 50 lB should be
nominal verb/noun or it' no nominal noun the !O

the 50 lB display should
replaced by the running

be flashing
crogramt s
a blanli displal,.IB shoul-d. be replaeed,

2.A SOFT},ARE COHTROL BOARD l)R FLIGHI SOFTv{ART ERA}tCH
BECISIOil FOR VISIBIL.ITY II{PACT ESTIHATE BY I{IT

,\',f,rrtv' flr,! ApPrro!rt{l
li{ illARKS:

:,,1 ,.(\l IItAR{ ,r)\t ll)qL fl .)iRI, r,ii f Ll(jilT 50FTfrARt
tJllA\Ct] S l(;N ()l t

3.0 IilIT VISIEILITY II'IPACT EVALUATI(]N:

3.2 IIIPACT .;F PFlOvli)l\i i:liTrlL!- a,rL. :'tl.i

I

:r.:J jI()tlAl,t l.,1PraT 3.4 RI.IlARKS,
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L.5 desirable to be able to ca3.l extended verbs, i.e. VBZfV[J3, whi].e P2O is
maneuvering the vr-'fuicle "

L.6 At the eompletion of the maneuver the !O 18 display should again flash.
Noun 18 should, remain callable d.uring the maneuver.
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FD
APOLLO SPACECRAFT SOFTl{ARE CONF I GURAT I ON CONTROL BOARD

PROGRAM CHANGE REQUEST

I.O COlIPLEIEO BY ORIGINATOq

I -- .
rl11Se/ KolSer

A,ooilo 1l and Subs - LuminarY Tlluminate Unused DSKY light for N[9

I I i. art A"r;il

if a noun is
being aware

call-ed over NIl5
of a tl)+9 request.

the resulting KeY Release
Until the crew is made

337 Rev. t

light obscures the
aware aII uPdating

I,rri:llrli(,()

CurrentlY
clew from

APPRO!AL
" 

*)/r[,0

i.,i Li-,elfrl^r, L.r atiA\ii

light an unused DSKY

it when the logic is
testeo by V35 and. to

light whenever the Nl+9 d.isplay routj-ne is entered. Drtinguish

"*itud". 
Add.itionally, that light should. be ad.d.ed to those

those cleared by ffiROR RESET, V37 logic, and V!6'

2.9 SOFTl|IARE CO}lTROL BOARO r]R FLIGHT SOFIYlART BRA}lCl.{

0EClSl0N F0R VISIBILITY ItilPACT ESTItTIATE BY l'llT

OCARD CR

VISIEILITY IMPACI EVALUATION:

.O SOFTvJARE C|]NTROL

n Dt sAPpRovt0 0R sT0p

LJ tupr-rurNrarloN

ARE COHTROL BOARO DECISIOl{ ON [tIT
AILEO PROGRAIi CHA}lOE EVALUATION

T',1

ET0

BllARD ACT IOll

5.0 t,tIT OETAILTO PllOfitiAH (]IIANOT TVALUATIOII

l,orTi\AFE CONTR0L B0AR0 SIGN 0FF

il

i

I .2 ORGAN I ZAT ION

T'COD

DAT E I

REUAR^S 
'

l:.: rr4pr\r--T i,rr PR,1i l:, 1\G D;TAl,LiJ t\'^LLlATloN

, i rlriliA,,i 1il,'Al I

,,i \lt I 't(t(rlliltr,il0ti

t.i it{\tAlrl(l;r

illiii':':iii.,, n lllffi .. E',,/,'
4.2 RT]UAR(S

,3 SO.FTwARI CONTn0L BOAFD S'.Y-/

DAYE

I t)c' f1t'

{il'l'CoollolNAIOl? 5.: N1 tT r.\'ALUAT l0N

6,2 RE'!lARKSr

$xg r*rrd l8S ( | ul 88)
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I i,ul,ttill, nY ilr
fl I-1ln41NIt liYL_.t ,-

D ci>

f'',n
D.o
D.,,

[-l tt,i:'l' Airprovccl PCN

Pc nl i,ci\l
Al.lOi'v]/r LY

ADIt

---E3e.lt

1i

JI
1tIr.fs:rtls 2Il

I.-oslills 3

I-osliuii 3A

Lossus-_

UK^Approvecl PCn

f]I\4I'j' ApProvccl AIJlt I NaSA Approvecl PClt

A.9g,li,,g

@t"u* 
cocling irnrne diatel;''

ACTION:

Pro gram SuPervi s crrs APPro'"aJ:

Reviet,r for possible irnpact o:-i I(SC
testir-rg ancl checl;out AC'IION:

l]. Q!S:- t'f grilff::g ati" 
"ig!L

ft
NAS/r Airpr:ovcd
Softr"'arc Anoinaly

N/IIT Approvcd
Softrva.re Anomaly

U

f-\. Do not coclc un,il ncvi GSCP rna.terjal has hccn a1ll:ro('cci
\'-, 1\lissjon Dcsign Rcvierv Bc.iarci (l\{DnB) arrd tlistributcd.

b)' the Ii'IIT

B. cpry:ee-1.:.4lell

Pr'epare GSCP rcvj-sions for .,''lDIiIl
cor-rs id e:'ation

ACTIOI{:

Techr-rical Coilmittce lt4eetirrg rlot required

Technical Conrrlittee lr{eeting(s) hcld ou
Attendees:

C. t<sc}rt;:fe,-e$ qr9"\9i{

u
n

O 
n""jev lcr cor:rosii:):l:li'lg chatl5lc:; in '

AC1'.iOi{:

Ei:sC:i} Irrr:tritctioi--ts
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ApolIo 1) and Sr-rbs - LumlnarY

The cr.ewrr
point is
Curretrt1y

estinaticn of the Guidance Systems LAnd.ing Target relative to
visually seen as a nurnber c,f degrees from the ll5l+ Displayed LPD

the change resulting from an ACA (hand controller) inputs nets

his desired
An o-l ar urtsirv .

I aegree in

,\-

f,{rk" "r"; ACA input in every direction represent one d.egree LPD change.

2.0 S|]FiWARI CONTROL BOARO f]R FLIGHT SOTTyiARE BRAl'lCH

OECISIO}I FOR VISIBILITY IliIPACT ESTIHATE BY {IT

.I ,O MII VISISILITY IMPACI EVALUATION:

iIPAi:l !-r I :'.1...t .. !T,\ I LLi :\ iiitAI I r.tr,

4.0 SOFTVIARE COl\lTROL BNARO ACTION

J..l Rr\1lilr,:

5.0 t'llT DEI q I LTD PROI'iRAl'| Cl'lANGI EYALUAT I ON

5.-,i,t: [.rALL,4Tl .\
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I
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:
T'.{ARt L:illl
TTAILID PD
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-
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!'r1

;
I
A
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:
0

;
D DECISIO|l |]N I,II
AtlGT EVALUATION

R
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HSC Form 288 (lul 6B)

AP0l_ r_0 SPACECRAFT S0FTI,IARE C0tlf IGUR,lTl0N C0NTR0L B0ARD
PROGRAI4 CHANGI RIQUEST
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t I Illti !!l tll\tii,i

to 1.oo In Al-1 ])irection:
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AP*i",t,i"} SI'ACIIRAFT SOFTl^/ARE CONTIGURATION CONTROL BOARD

DATA AMPLI FICATION SHEET PAGE :' (}F ?

O'JEPAqF'ROGRAM CHANGL REOI.J.IiT iJO.

2a9, I

JJV

L.> Up/Doun lra.n{e
int erpret ingl
to ,Letermine

ancl 2 degree:;
his LPD angle
the needed ACl.

Crossrante.
error to then

i nnrrt c

This requlres
either divide

the crer,man alter
or multiply by two

MSC Form ?88A (rul 08)



1 iAn,1 CIIAl.l(ll,l lloll'J'.li',1il sl,1 l'.,

[-lt,rinllN/r]i.Y irJt*r -a-

Qdti\rrlii/rtiY l,l

f--;( pc t r/ i,ct't\-*
AI{Ol,1/:"Ly

lt

ll
1t

il[-l cct]():istls ztl
t_J

[-'' cotr:][ju'[-] 3

fJ cot osstrs 3n

I--l cclt rlssus;
l-,

l-li,ultIN4IlY rr''
L_J
n r,iil\lINAli\l
t_J

ADIT

NASA Apirr-oved
Softs,are Anomaly

N{IT Approved
Softu,are Anornaly

f] talr Appror"'ccl PCN

f:JN4i'1. AP1;rovc'd Allli

A. _cq:-l:.ilg- -Cfirrn cocling iinrnccJiatclY\Y)

B. qqpl !-lgryrylSr.
PrepaLrc GSCI) :"cvi.s j.ons;

cons iciera.ti on

-/'
L{xnSA Alriri ovccl PCR

[-l uaSrf Appr:'ovccl PCt\i
r:r

Technic;1l Cotlmittce I\{eeting not l'ecluired.

'll c chnj.ca 1 Cornrnitt c e M e etin g( s ) h c -'1"c1 on
Attcnde es:

I(SC Tes'uing; er-Ircl CheckqYt

Revierv for pos;sib.le ir:lpact on I(SC
tcsting ancl cl-rechoitt ACT'iO]'T:

D. othcr 1lr:9.rf!!.8!_4j{9r!9q
Reviclr f:i' corl'cs1r'-ir-r J'' r;1 cll a"lr g c s iu'

L/ 
AC'iiol't:

! rr,.tgii l-Jr :: 1 I i: i'1, g u -

o
u
il

,^JY
'cd by ,, - n[TmLli(r 1\II I

I^.-. n,TT-'r'l-,1:)
-t U-l- -l\ r.J-l a LI ,

ACTION:

Iri:"ojriq( Ii,ir:tr: Ec!::,52-.1_a"**,.{,,{*--[,/._,.,*,';zlk2a-.
I)2,:tc __ _t,.e_ '1-*:-,7*, ___

ACTION:

Pro gra rn Su1:et"vis or rs Apir::'ovaL1:

Do not code until ner',i GSCII rna'ceri:r.l has becrt a
I\{ission Dcsign Rcyierv Boa.r:d (1\,1Ditll) and dist.ri}ntc:d.

t-

C.



AFOI_LO SPACI.CRAf.T SOFTI,/ANE CONFICURATION CONTROL BOARD
PROGRA14 CHAI.!GE RIQUF-ST

l.tl C0llPLiiril qY 0RtGtNAT0R

fncreasilt5l confiCenee in
after LM Insertion before
comparinrl AGS Aquisitlon

'.,1 ltl. lr, ..1..,1

Have P20 TrO 72 Disptay Update

PGI'iS/AGS state vectors as well as determining RR bias problel.
comrnencing r-rpdates is required. This is ac-omprished by

steering error needres, RR FDAI needles, and N72 on DSrr.

"?.0 tll IT VIS'BILIIY Il,lPACT EVALUATION:

!iAlLtC l,;,11y11,"^,

4.0 SSFTl{ARE COI,ITROL BNARO ACT I Ol.l

J,.. Rir,t.1H(:

5.0 ilIT OET4ILEO PROIIRAH CHANGI EVALUATION

5.: IlIT ,:\ALt,ATIc\

S()FTiYARt CONIRCL BOARO OiC
OITAILTD PROGRA[1 CHAt'{GE

lsl0ll 0N r,!tT
EVALUAIION

I

i
:

i

r

t

i.; I r,fftlr.., t

Mechanize F5o 72 displav to be upd,ated 
ffi [

2.0 Sl]FT$lARE
0EC ts t0N

CONTROL EOARO l]R FLIGHI SOFTl{ARE
F0R ylSlBlLlTY Ili|PACT ESIIr'IATE BY

BRANCH
ritll

HSC Form 288 (Jul 68)
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. t_- .tialse/ Karjser

^llt\ 
1F411,,1./ir fct lo

Cru'rr'lt-ttly th,: lW2 d.ata
l)rlI] oses of comparisoiL

is a "sNApsilo'i'"
to realtime AGS

hence rneaningless d.ata f,or
RR information.

and
and
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Atlil! i !, lli'Li i {--.llf.i i SOf T\{AnF CONI IGURAI l0N CONIROL B0ARD

P[13GRAI4 ClIANGE REQUEST

ffiToupLitrn qv oRlGlttAToq
',r r',t-ir.l

FCODII.a.l:,: f Y.a:_s+.r

11/fr /-tQ E

IATVEI, PolaritY Gh:nge
+pollc L! ft Subs - LuminarY

The polaritY of the LGC Parameter

uith oil,er X-Pointer inPuts '

t'lSAFpP0\il'

iIE,r:r',,i i' r\1oA-T

-:. :i sToF,1lr l 
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Reverse

present

in" "r*, 
of the lcc parameter T,ATVEL. The attached. illustration shovs the

crew response and the proposed crew response to the x-pointer presentation'
ffiiE6

T SOFTl{ART BRANCH

0Ectst0H ron'fiirsiirrv rNplci rsttNntr sv {tt

3.0 MIT VISIBILITY I}'{PACT EVALUAI ION:

4.0 S0tTl/lAnE C0t'liR0L BnARD ACT I 0N

'ya*gn..o

PF.l', I DING DiTAI LEi-' i:! alr-'Ar | 0\
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5.0 IIIT OETAILIt} PROGRA'I CHANGE EVALUATIOII

ffiR*ryl*::r-.!-l-foTrffit ccli'IR0L uoanu 0qc!!l9l!.0r{ rllT'"biiil'Lro- inocnru cHANGE EvALUATI 0N
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ANOMALY #

ADR #rL
D
tr

CO I'SSUS
JO I,SSUS
COI'SSUS
CO L,OSSUS.

Technical

Technical

C. KSC Testing and ChegEout

I r-urtarNARY tD

ffil,ur,,tlNARY lrr

I luwttNARY lF

tr LUMINARY-

Review for Possible imPact
testing and ci-rec]<out

NASA APproved
Software Anomaly

MIT Approved
Software Anomaly

by the. MIT

2D

DJ

Jr!

I Utr APProved PCN ffNase Approved PCR

n M IT APProved A DR fl wasa Approved PCN

A. cg9igs

@a.ei" 
coding immediatelY

B. G'SOP Prep-aration

Prepare GSOP revisions for MDRB
consideration

ACTION:

fI

Program SuPervisor's APProvaJ:

Do not code until new GSOP material has been 
/tpplr"o

L-/

@

n
n

wti"=:.on Design Review Board (MDRB) and distributed.

Committee Meeting not required.

Committee Nrleeting(s) held on
Attendees:

ACTION:

on KSC
ACTION:

'l

\t
,.J . K Lt{''iy.tt t K/J. Snfit/

D. Other Programs Affected

O 
n *"ie u' f:r corre sPnno:r g- changes in ,

ACTION:

Projeet *^nuf"

l

i

I

fuecia1 Jnslructions
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Landing Radar ReasonabilitY Test

reasonabit.ity test can lock out valirl altitude updating,

lunar terrain model is j-rihibited (v53) cluring the approach

r { l. r rli ..i

The landing radar
especia-t1Y if the
phase.
,r:,.; Ii1|("1 (' .rr1.1I

See attached Page.
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'i I F,rt-
1,,', )f f

3.0 t4 lT VlslElLlIY I MPACI EVALUAI I ON:

i ILl!:rll SOFTtYAIit

\rlr t\,\Lt.l ArlO:i

h.u fc,FT'ilArtt c0[ihot B0AR0 DEClslqH.0ri IilT
DETAILEO PROCRAhl CHAHGE EVALUATION

Sl]FTWARE
0Ectst0N

CUiiTfii}L BiiAtIt]
FOR VISIBILITY

|]R FLIGHT SOTT$lARi
IIfiPACT ESTIIiATE BY

BRAHCtl
r{lI

APOLLO SPACECRAFT SOFTltJARE CONF IGURAT ION CONTROI.. BOARD

PROGRAI'4 CHANGE REQUEST

c0l'1PLETin Uv ontGlti!I0R

glzg/to
l.r., i t"\' ,l

J. I{. A}Phin

l. it rl\tt/

Apollo l5 LIMINARY
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t\l11'/l)1, pRoGrlAt\l cllANGn ROl'TING SI-IP
R ' ha'*sonn

b3/pcN # ,00?
ANOMALY #

ADR #D .otx>ssus zti

[- aoL.ossus 3

D.olrssus 3A

[-l cc; Irssius

pfluuINARY rD

fJ r-unnlNARY rE

fJlunrtNARY rr
LU]\lINA ItY-

Committee Meeting not required.

Committee Meeting(s) held on

ACTION:

p nnlr Approved PCN flxasn Approved PCR

f]MiT Approved ADR f] Nase Approved PCN

A. Coding

O 
Begin cocling immediately

GSOj Preparation

(d Prepare GSOP revisions
\Y consideration

tl
NASA Approved
Software Anomaly

MIT Approved
Software Anomaly

6soF outZ
ACTION:

Program Supervisorrs Apprwal:

f-) Do not code until new GSOP material has been approved by the MIT
V Mission Design Review Board (MDRB) and distributed.

B.

r9r MDRB J,Vtfiwstttxr/J. sn rf#,
ACTION:

n Technical

n Technical
Attendees:

C. KSC Testing and Checkout

Review for possible impact on KSC
testing and checkout

D. Qther Programs Affected
Review br correspotd4g changes in

ACTION:

Project Manager -8" "-, t f { -a ,.)
Special lnstructions

Date l) -::"7 * 7O

o



MIT-PCN Fage

\r-\tBLR (ComPletc

APOLLO SPACECRAFT SOFTWARE CONFIGURATION CONTROL BOARD

PROGRAM CHANGE REQUEST

ll-ToTptrtro gt oR IGIttAToR

ffi);;;
o^r'r1r.sl7ol.t oulGl\a'ToR

J. B. Smith
t'a rlTLt oF cHANGE 

Lumina
Changesto Section 4

1.3 t!rIcrl\llY

LUMINARY 1D
t,5 RtAS:\(:) raiq :r.a\rra

Editorial Changes 6'2-o(
1.6 l!:ailPTlO\ 0i atsa\Gi

See Amplification Sheet

SOFIYIARE COtiTROL BOARD OR FLIGHI SOFTI{ARE ERAllCH

OECISIOII FOR YISIBILITY IilPACT ESTI}IATE BY IIIT
RIVAR^5!

APPRovE, DotsAPPRo\ED
r,: SI'-nAA. CC\TR^L SCAR; OR FLIGHT SCFTTARi

8RA\CH SIG\ CFF

3.0 ttlMSlBlLlTY lliiPACT EVALUAII0N:

3.1 tyrACT CF PRC\ lClrtc 0tTAILEC i\rLrArl0\
3. : S(.Btiiri,.t l\1oa-T

3.4 eIVAR(Sl3.3 Sr0RAGt l\lpA,:r

)l\Al()R3.5 \llr a

-2q*7o
4.0 SOFTI{ARE COt{TROL BNARO ACTIO}l

.1.: Rt\lAR^:
1,*or'\'r'.T a\) e 'a'\l'f

I ::;i;i; ,;:i:i."'' fl :::l'i'"T\ALLATIO\

J.'] sorTraRt co{.T!roL Balnl sl,r\ crF

5.0 IIIT OETAILED PROSRAH CHA}lOE TVALUATIOtt

5,? TIIT T\ALUA'TION\1 tT c00eDt\AT0R

.l{ARE COl,lTROL
IA ILEO PROGRA

BOARO DECISIO}l Ott IIII
II CHAI{OE EYALUATIOH

RL\lARXSI
A Sroqt oe CO\Tl\: E f=l llSAppRO\tD OR STlo

LJ ,r,.t*F\TA'r r\ LJ ,"".tvE\rATto\
.3 SOFTWARE CONTROL BOARD SIGN OFF

'i'P# 2 1812HSC Form 288 (Jul 68)

//

^Qi,L-* 2 l2:>* *7r,

y 1D Editori-a}

!^r:
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APOLLO SPACECMFT SOFTWARE CONFIGT'MTION CO}ITFOL BOARD

-DATA A},IPLIFICATION SHEET

PROGRAH

REQUEST

C}IANGE

No. /C(tc/

PzO I Assumption

Pzo l45

Pzo ll oeB

PzO lt26e-127 A

P22l Assumption

P2211187-1200

Removal of 1'R3-BLANK".

Change down-range sPeed
5509.3 fps.

speed

PAGE 2 OF

IZATION:

MIT/ CSDL

from 5509.5 to

from 5509.5 to
F

rise flag

CONTINUATION SECTION (REFER TO BLOCK NUMBER AND TITLE
oN PROGRN.I CHANGE REQUEST FoRH)

Program lt-ine
-PLzlAssumption 11

Plz I Assumption 14

PL2l2O0

PLzl24o

P12l355

Ptzl1402

P1211530

Name of Change
Exchange referffiAvera ge - G
and cite exceptions in Assumption 7.

10

Delete setting of vertical

Insert "Set RCS flag.'r

"D from abovett moved up
R03 va1ue. "

to t'set cleadband to

Delete reference to Section V.

Delete reference to Section V.

Change ttSmall angle" to Shaft angle""

Delete extraneous zeroes.

Add "Note:" If V95E is entered before
P22 is selected, VBIE must be performed to
allow state vector updati.ng.

Correct the use of the verb "display" and
the nouns "displays".

PREPARED BY: ,T R. Smith
DArE: 12 I t5 I 7o

Change down-range
5509.3. fps.

L

RIilARKS

N

@

6l
:E
P.'.

t<

b

' .a_

I



SPAQECMFT SOFTIJARE CONFIGURATION COIITROL BOARD

=DATA Ay!r,r-r-!C-ATI0N SHEET =

?AqEgoF--1

PREPARED BYI

DA.TEi

PE9GB.${ CiIANGE

REQUEST NQ, /i'C'9

e9xTINUATI0N $EqTIQN

P?015A

PAZI l 1o= 150

PA4l5B5

P34l8S5

PlAl66o-- 6eo

OR,CA}IIZATION:
Mi:r/ csDL

(REFER TO BLOCK NTIMBER AND ?I?LE
q{ ?B'acB4{},r CHANGE REQUEST FoRH)

Reeet Rendezvqus f1ag.

Put in TIG (CSI) = 00000 so that it can be'
eenaputed if the astronaut chooses.

)

€ha.nge qg{erence from Sectj.on 5.4.2,4, to 5.4.

Q,hange 4qfqrence from Seqtion 5,4.2* 4, to
6,,4,2_.

Qhange direction of the "Yes" dec-ision qut
ef the qempare qf TG,

Delete "With the exceptions indic-ated in
aeFumption (6), q.bove. "

Del.e-le "with the qxceptions indicated iry
agsuqptron (3) above"

€hange reference from Section 5,3,3,3,3. to
Seetton 5.3,3,

Delete *'w1th the exceptions indicated in
asgumption (6) above".

Add tO MONIT'OR DSKY ,'NOTE: VERB-
NSUN FLASH MAY ALSO REQUES:T AUT'O
THRQTTLE MODE IF' DPS TIAS NQT BEtrN
STAGED). "

e.orrestton of spqlling oJ the word "deflned".
ilattitude deadband" changed to "r.naximum
{9Edband".

P4Q/Apsumptiqn 7

P41/Assqmptian 4

P4l /1,25

P42/Asqu-mptioe 7

P4Zl35Q= 3 6o

POz-12_Q0

PEI/4Essrnption B

BE!''IE{s

L
ee
!#
a9g
6l+
trlr

:
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APOLLO SPACECMFT SOFTI.JARE CONFIGT'RATION COI.ITROL BOARD

-DATA AHPLIFICATION SHEET -
PAGE 4 OF q

PROGRAH

REQUEST

CI{ANGE

No. 

-J 
ooq

c.NrrNUArr'N sEcrr'N tli'ilr:i^X'&ff-ll'lxlr$i lllli
P57 l960-9Bo

P63/Assumption 16

P63/Assumption 19

P63/Assumption 30

P64lAssumption 2

P64lAssumption 9

ORGA}IIZATION:

MIT CSDL

Change the note to read "NOTE: P68
DEFINES THE ACTUAL LANDING Si1-E
VECTOR REACHED AS THE GRAVITY
VECTOR. THEN V06N04 i.n P57, WI{EI{
DISPLAYED FOR THE F]RST TIME,
SHOWS THE ANGLE BETWEEN THtr ACTUAL
LAND]NG SITE AND THE PRETARGETED
LANDING SITtr VECTORS".

Add "for aborts from the descent orbit in-
jection or the descent coast it is assrirned
that sufficient time exists to perform a
TPI maneuver (see terminal phase i.nitiation
(TPI) program (P3a)to intercept the CSt\4
directly. "

Delete "with the exceptions indicatr.:C j.ri
assumption (17) above"

In the discussion of THRCMD, change the Rl
display to +00057 rather than +00055.

Delete LUM 1C assumption and suhstitutettlf circularization has not occurred, the
CSM is in a 9X60 (miIes) orbit around the
moon. The CSM is maintaining a preferred
tracking attitude for optical tracki.ng of the
LM.

Delete "This program assumes the throttle
control to be in auto (the DPS receives
the sum of the manual and pGNCS comrrianded
settings) and the manual throttle to be set

pREpARED ry: J. B. Smith
DArE: 12 I 15 170

REHARKS

L.N

@

nI*
A
t

/7
v



APOLLO SPACECRAFTRAFT SOFTI,IARE CONFIGI.'RA?ION

-DATA N,{PLIFICATION SHEET .
CO}:TROL

PAGF S-__CIF.

ZATIOI{:

IT/ CSDL

TITLE
FORH)

at a leve1 less than that required by the' l,GC.i'
and add "The throttle control may i:e set
to auto or manual. The DPS receives the surn
of the manual and PGNCS commanded settings.''

Add resumption of static display of V06N64.

Delete the word "initiauy" in "initially
designated landing site" in the definition
of ALT.

Delete "with the exceptions indicated in
assumption (11) above, "

The contents of R1 of V06 N?6 shou.].rl ]:e
'DOWNRANGE VtrLOCITY (VHI.}''

De]ete ,,R3-BLANK,,

Insert'RrsrART DRIFT FLAG"

Insert ''SET 1.0 DtrGRtrtr DEADBANI}''

InseTt ''INITIALIZE APS ENGINE DATA,.

Initialize P70lf71 flag and tr'INDCDUW

Initialize DPS engine and target data

Initialize target data

Define THETA critical as Pad loaded value.

BOARD

PROCRAH

REQUEST

C}IANGE

No. / L'O I

CONTINUATION SECTION (REFER TO BLOCK NUMBER AND

ON PROGMI'{ CHANGE REQUEST

P64137 2-37 4

P68/130

P70/Assumption 13

PTOlAssumption 20

P7O I Assumption 1B

P7 O lt42
P70/ 1 60

P7ol33o

P7 01250-260

P7 0 I 2Bo-2eo

P70l37o

P7o I 430-43s

PREPARED BY:

DATE:

RTUAR.KS

I

-+

6t
@

^t:E
A
E1

/,,



SPACECMFT SOFIlIARE CONFIGI,'MTION CO}ITROL BOARD

-DATA AHPLIFICATION SHEET .

PROGRA},I CI]ANGE

REQUEST No. I oC9

CONTINUATION SECTION (REFER TO BLOCK NI]MBER AND TITLE
0N PRoGRA},! CHANGE REQUEST FoRH)

P70l4e0

P7 A lses

P7t lAssumption 12

P7L lAssumption 15

P7 L le30

P721110-145

P721226

P7 2l 252

P721377

P72l3e1

P73lLso

P7 41550

P7 41846

P7 5/ 330

R00/2 15-27 s

PAGE 6 OP

ZATION:

MIT/ CSDL

Set APS abort continuation f1ag" 1,1

ZE.RO DPS AUTO THROTTLE.

Delete "With the exceptions indicated in
assumption (10) above, "

Delete "R3-BLANK".

Zero DPS auto throttle.

Insert option for initial TIG (CSI) = 0C00C,
letting TiG (CSI) be computed rather than enteri

Change 5 . 4. 2. to 5 . 4. 2.

Change 5.4.2.2 to 5.4,2

Change 5.4.2.2 to 5.4.2

Change 5.4.2.2 to 5.4.2

Change 5. 4" 2.2 to 5. 4.2

Change 5.4.2.41o 5.4.2

Change 5.4.2.4 to 5.4.2

Change 5. 4. 2. 5 to 5. 4.2

Change R00 to take care of alterations due
to deletion of R29

PREPARED BY: J. B. Smith
DArE: L2 I L5 170

RE}IARKS

t

6r
ri
@

c\r:E
A
F
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APOLLO SPACECMFT SOFTI,'ARE CONFICTIRATION CO}ITROL BOARD

-DATA A},IPLIFICATION SHEET .

PREPARED BY:

DATE:

PROGRAH C}IANGE

REQUEST No, /0og

c'NrrNUArr,"N sEcrr.N tlitHr:i^i'&:l-lH'lllr$i 
HLli

R O0 I 37 5-385

R01/Assumption

R03/82 - eo

F'-03l4B2-4BB

R04ls24-528

P"LZ I Assumption 4

P"L2l6so

R22ltDo

R221667

R30/170

R3o/ 3 o5

PAGT 7 OF.

OR,GA}IIZATION:
MIT/ CSDL

Reset IMUSE flag after check of P25 and
rendezvous flags.

Add ttexcept channels 7 and ??ttas in PCR
302. 2

In discussion of 4 jet translation, delete
references to RCS systems.

Change "VERB 5o (BUT NoT N)" te> 'u
(vso N4B)"

Change "THE TRACKER FAIL ALAR.I\4 IS
ACTIUATED'' tO ,'THE ALT OR VIT]]. I,ICHT IS
ENERGIZED. ,,

Alter definitions of V57 and V5B to r"ead
"V5?E enables the use of good L,R data"
"V5BE Prevents the use of all LR ri-ata"

Alter re-entry point for "yES'r side of
decision block.

Wait 2 seconds to proceed if surface flag is
set.

Change 5.2.4.2.2 to 5.2.4

InseTt ''RtrSET THEI No MARKS ALLOwED
FLAG''.

DE]CtC "AND NO MARKS ALLOWED F-L,AG''
reset.

REHARXS

(\t

@

N+
A
F{

,
"JJ



APOLLO SPACECRAFT SOFTI,'ARE CONFICT'RATION COI]TFOL BOARD

.DATA AHPLIFICATION SHEET .
8

PAGE - OF. 7

PREPARED BY:

DATE:

SmithPROGRAH

REQUEST

CHANGE

No. i AC'q

CONTINUATION SECTION (REFER TO BLOCK NUMBER AND

. oN PRoGRAH CHANGE REqUEST

R31l30-250

R51/150- 170

R52/ 1e o

R531225

R 53/2es

R53/350

P"53l4e

R57/620-660

R57/B1o

R57/130

Rse/15-4s

R51/200

R51/136
R 5?/28- 65

R57 1340, 505

ORGA}IIZATION:
MIT/ CSDL

TITLE
FORH)

Check surface flag, MUNF'LAG, and
Average-G flag settings earlier in prograrn
and end looping.

Change ". . . DISPLAY pRtrSENT AoT IIETENT
OR BACKUP OPT]CAL SYSTEM LCS D]II'iNI
TION:', and ',OPT AZ-THE AZ,II./rU,IH OI, THtr
PRESENT DETENT OR OPTICAL SYSTEM
IN USE. ,, tO "DISPLAY OPTICAi, SYSTEM LO:
DEI'INITION: '' ANd ''OPT AZ-THE, AZIIVIUTH
OF THE OPTICAL SYSTEM IN USI-:-. "

Change OPT EL by deletion of "'lHE PRESENT
DETtrNT,'

Add I'RtrSET MARK IN PROGRES'J F'LAG''

Change OPT EL definition by deleticr: of "THE
PREStrNT DtrTtrNT''

Add ''REStrT MARK IN PROGRESS F-I-AG,'

Add ''R.ESET MARK IN PROGRESS F-LAG''

Logic change in checking MARK X and MAt:rK
Y activity and program alarm 001 1 3

Logic change on program re-entry position.

Add V34E as another response to VC6NBB Disp.

Logic change sending loop up to check
REFSMMAT flag setting i.nstead of going
to the V01N?0 itisplay. -

De1ete auto optics selection of Star No. 1.

Change "IA" to "rS".
Delete program alarm and storage of alarm code

001 1 2.
RtrSET MARK IN PROGRESS FLAG.

[:_
6t
o
N:E
A
F

!-f



PROGRAM C}IANGE

REQUEST No. /a0?

CONTINUATION SECTION

R 65/ 25- 60

Y36f 45, 68

v361225

v5e/30-40

(REFER TO BLOCK NI]HBER AND TITLE
0N PRocRAl'{ CHANGE REQUEST FoRH)

SPACECMFT SOFTI,IARE CONFICUR{TION

-DATA AUPLIFICATION SHEET .
CO}]TROL BOARD

PACE 9 OF ?

GA}IIZATION:
MIT/ CSDL

Logic change sending loop to RR DA:IA GOOQ

flag.

Delete reset 1/ACCJOB flag and ACCSOKAY
fiag.

Initialize IMODES33; set no PIPA faiL kiit;
set downlink and uplink ok bits; reset all other
bits.

Change "And COMPLEMENT BIT 14 of "qs\,\r"
to "AND esw ro -1"

PREPARED BY: ,T. 13 SMith
DArE: 12 I 15 I 70

REUARXS

,*
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A
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TiY]TiS
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Lul,{ll11i}iY -1'E (APol:lo :l)) V a-r:,l a.'rt ie Gtr--Lc1a,nc e Pr:r-i- oc1 S e:: vi c e-r'

t.s REeSol(S) FOR cHANGE

1-o reciuce powerecl flight 'lli-'OSS cliffictrlties'

Ri:tAR^5:

5.0 lllT DtTilLtD li'i'l;11);i (:li 
""Gi 

tYi'LUiTl0;l

i.-TAtLEC

il
t1

I

LJ ;J::1,:l';:l:1 ".' t "-1

3 SOFTBT?E ao.iTdCL 3!)i!

8O:n0 SlGft CFt

cooR0 l\A;oR

ILOVED

zlz6lTo

;-;o;-ii;Ic5":ror ErA?.r o1 FLlGri 'r ScFi'rAi!
gRA\CH Sl3\ C"

.4 TITLa Ot cllA:,G5

.i l;sc'torr-"' ': :F:\-':

See a.t'{,ac:hecl- shc:e''c '

:;i:--::--_j:?ari:j:;:j:.;:':--_-'_r:i i. ' 
"::::::j-a-:::'r:;i::;_r-Tl 

"_' -- :': :

3,0 I,1 IT VISISILITY II1PACT IYALUiTIC){:

2.a S0FTltiiili C0ilirtlr irnllin C,r f Ircrlf 
-soi'rliLnl lIAiiCil i

lic rs r0l t'0il Yii riliL'r i{ 1,,i1;q;-.i$ir"lii"-*i:ii"i"-"-.---..,""-" :---":----- i

-1 .3 S:OtA;: l"lPtcl
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NITF
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'i l. 0r i. I

C}IA;'iGE FI'QUEST NO.

l(,"2 ii-

1.5 Deso:i Pti oir 6f cha-nge

Retri:j,te Se::v.Lce:,: to be ind-eireircle,-,,,'L, of gr.r.Lc1-a.tice pe::icc3. aLnd- ru.n

end-to-erro',, start:Lni; ov(::rl &s soon as finished ' this ::esi:'l'ts in a

mu.ch simp-Ler orga.n:'-za.';joil and- nalrcs it -i'rnpcssib-l e fol the Servicer job

to orre::lap itself. Gj.rre a-l-l t]:e oti:er: jobs that 
"'''.]1"'' "t c1i'r-::ing por"'e::eci

fl1ght a higher: prioi."-i ty tharl Sel-v-lcc-,-''s so the;'' rril'1- be c>:ec:ir-ted'

Incl.r,tc'l-e logi'c in SeL:v-Lce::.for j.nsr-r-r,''i ng a nij-n-i riuiti gu-ici:Lrrcc per:i-od of

2 second_s to ertl-ci,i a fu]l Coi.rnlis-b to be sctri for: each i-le::vicer cycle

and to roal.,e the neil Se::viceir l:u,lt e.';2 Sccollri.s, like'che o'ld one, ii:

the absense of TICS.S o:: e'l1;::a ccnpu''ua'l-i-oils to stre-Lch it }onger'

al a:rr,r )J) -"-.\t:nc-.-c:' f ir i i: --c'e I:-r, oi c-ic'c';d s ): seconir

i{cciify othei: po-'.,'.ri:c.'1. i}-ighi, prrodrle.ns to rr'rir -'rith'ch:''s Se::vicer'

Besicles safetY this change

elabora'ce lll/lsaj tes'i,:i ng tha'u r'i-'rl-'l

this r:ope is qual-j fic:c-}. ovt:r' a rricle

Ts sue

sel-\res ecoi:]ci]ry by tidnini-i,zitrg the 
:

have io be u.une j-n the f.'i-l-'ur-lre, once

t:a-n::e of TT,OSS: a.lc-l i.il a.c1dj t-i-on

perinits gl:ea'[et' f 1 exib j J iiy bo'ch rn the r-r-se of progra.iris a.tld. i n making -

rnod j-fi ca'cj-on-i. See Lr-rnii.rlal'y tilcino 1]8 '

z/z6lto

ITUATION SiCTIOllr
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I.4 TITLE OF CHAI.]GE

Replacernent of Logsub.

by Ar;centguidance and provides more precision than necessary.
quicker, cheaper methocl would be desirable.

IilPACT EVALUATION:

IIvIPACT OS PRo!'IDING cETAILfD Ev;lLtr Ai I i-r\

M ;'ffi ai?.$i&rc!.:r!:l!ffi $ffisi:=:r:r:i.FjEl'ffidrcE@Effi rn l

4. O SOFTHARE COHTROL BtlAHO ACT I OI{

5.0 I{I T OITA I LED PROI]RAH CHIHGE EYALUAIIOH
5.2 MI T EvALUAT I.oN

s 0 I I I N E t _ ! 0'l T n 0 L o"o'iE 0*n"rfT'frT"'H"" 0 |t'-idl
OETA I LEO PROCRAH CtlAHGT TiAItJIi I'OrJ'

ii
tl

:l
t1

ii
iii.

ii

i;ti
,1
i;t1
Pl
[.;
Il;

r'3

Ii
li

.: .i

!ii
l;

irl

i::

iii
r1

l;
lil
lt
ti
L

ISC Form 288

il..eia:-rP. *.r-
;j,e5::*.rd-_.-i ".t * -gt.+r88) TP#218L2

p ;:-,

,ri il

APOLLO SPACECRATT SOFTI{ARI COi{FIGURATION .COIJIROL BCAIiD
PROGRAI'1 CHAIiGT REQUIST

l. I ir,tti:l\aIirR .2 CKCTNIJAi ION

MIT/CSD l,ab.
|._i ::ri -t\tty

LIJMINAIIY 1tr
.i -'rrS,-\(>) Frre C[Ar,r:.

attached Luminary N[erno #L41,

2.0 S0FTl{ARE
DEC IS IOli

CONTROL BOARN
FOR VISIBILITY

0R FLTG}lT S0FTl{ARL BRAilC
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Replacemr:nt of LOGSUB in Luminary

The Ascent Guidance' Equations in LUMINARY requir-e the generatlon of a
loqarithr-n, specifically 1og ( 1 - 1-golrrr,). T o do this, a 7th order po1y,-

noi.lial is used, with POLY doing the actual work. The setup for.POt,y is'
clone i,, u ,""tion called LOGSUB.

Ii tu.i'ns out that I-OCISUB is not used anywhere eise in LtlNtlli-liliY. Since the

-:.c':ur&Cy of a ?th order polvnomial is not needed in the guidance, it nrakcs
s€r1;::: to rep}ace it r,rith a slmpler procedure.

log (1 - Teolr'rrro) = - Tg9

'uro
rl2(l*99_ )2 - r/s t+g-q ) 3 --

' Brp 'Bup

For the kin,l of vehicles \!re are familiar with, -Igo/T"rO is normally not
larger than:rbout .5 (anything significantly larger nt"eans you have very little
pa;.-load). Thus a short series should work adequately. With a little
computation I have found

r-Tgo
T- Bup

- .471s0e42 (lgs )2 - .546472s+ (f,€9 13t B"P 'Bt'P

to look reasonable. Its error, (t - 1og)/iog, is sho,vn on the attachecl figure.
Maximurrr error for Tgc/'%ups.5 is aboutLTa,' and for a LNt-type vehicle,
the equivalent error in Tgo iL reducecl to .01 sec by the time Tgo is reducerd

to 15 sec.

o1d

DLOAD DSU

TBI]P
TGO

' ney
DLOAD DDV

TGO

TBUP



lri
I

PC ft- lo ? <)

?ra cre a oF t/

9lq
DDV CALL

TBUP
LOGSUB

PUSH

5

(B reg)
+

LOGSUB (38 reg)

= 46 reg

A saving of 30 registers ls seen (also some

so that coding changes would be simple.

ney
EXIT
TC

DEC

2 DEC

2 DEC

2 DEC

2DtrC

TC

PUSH

POI,Y
2

0

-1.0

-0. 17 150942

-0.5464775,1

16 reg

time saving), all in BAi.lK :10,

t
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Apot,Lo SpACECR,\i:.f S0FlltAriti CONF I(;Ulrr\TIori Co|i'tRor. RoARI)

-l)ATA A:'1P1,1rrCA1'r0N Sltlil'lT

' PAGE_2_0L_a_

PROGRi-\I (:il,\):GE 
E f-ill,n.l,rq,

R}:QU[,ST n"0. .*-!--\-:]: U. v-

COr*T I I UATI0)l sECTl0)l (RllFER TO B1,0CK llulBllil ANb TITLE
ON PROCR,'\l{ Ciil'.iic}i llEQUES'l F0lu-'')

1.6
provide AGC generatedload request fol: curso.r ancl spiral key in to eliminate
astronaut l"eY in of load verb.

Add clisplay in R2 and R3 uncler mlrk request verbs to indicate the number of X
and Y marks accuntulated du-ring P52 ancl the number of cursor and spiral tnarks
accumulated in P5?.

provicle slrrface r-nark verbs V53N?1 anrl V52N?1 to indicate rvhethcr cursor o1-

spiral mark is being made.

provide ENTIfR uncle1" snrface mar]'. verb clisplay so astrona-ltt carn specify
cursor or spira,l marl'ls are to be trracle

provide PROCEED instead oI V32 lrNl'IlR undcr \r06N?9 to recycle for more
surfacc marks

Delete displays V53N?i, V52N?1. from inflight marliing.

(

RCt\R(S

tlA:)A -* h1i'C -- ' C''rrrl ' !'i'"r"1:'n Ter:''

Pll.IlPr\LiiD BY: l). N/i illa r.rl oRchllrzArloil: MI'l/ilL
DArE: 5 lJ-!_lJ9--*--
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a2139

FoIt 1')Clt i044

In thc proposed modificatioir of P5?:r cursor nrarir defincs a planc

containingl both the star and the line-oI-siglrt of the center of the AO'f

field-of -vie lv being used. The unit vector'gypN delining the normal to

this pLane jn navigation base coordj,nates is given in JIq. 6.3.9 of the

GSOP. A spiral mark clefines a spiral surlace',r,hich also contains the

star. 'Ihe line of intersection of the abovc plane ancl spiral sr:rface

represents the directjon of the star. I'Iorvever, since the orientation

of the plane can change in navigation base coordinates bccausc of lunar

rotation and vehicle shifts, it is necessary to col"r'ect for an;'such

changes in orientation of the plane bctrvect-t the tirnes of the cursor aud

spiral mark:; before using it with the spira1 surface. To obt:rin the

correct orientatior g,"p of this cursor plane at the time of the spirzrl

mark the follor.ring cornputation is madc

U..r a, =
-I 

I
l1-" y 1,r1g[soour] . t*ut*j"

r,vher.e the subscr.ipts S ancl. C coli'espotrcl to tLrc CI)Urs recordccl duriirg

the spir:'al :r.lcJ ct1l'sor mai'ks.

T'o nathel;lettically (rlii)r'r--s,s tlic spir':11 sr,trflce jn I foi'in coni'ctrjcilt

to the latrgu:Lge of the LGC,r-rsc is tnade of a unit vcctot'lt"r, t'hich sr','ecps

along the spiraLl as a fitnc'Lion of tire at-rg1c 0 as shor',,r'i iri lligure 1.

In thc tripr)e i;r'in:ecl coo:'cljr-rate s;'stctrl of li'igr-rrc l tlrc \-ector

gso; "rn bc cxPrcsseci itl terms of 0 as:

Iucrr= lcos0sin0/
-:ill L

u"-, - j sin 0 sir: 0112 rr".,
-X l- ' -:- Y

o/rz_j u"

To obtain u"- in navigatioir base coordinates the coordinate axes vectors
-uau"-, u"., and u" ., must be exprcssed in navigatlon base coorclinatcs.

-/\a-L
Given the AOT rcticle rotation angle SITOT at the time of the spiral mark,

i:+ lcos.t

-l
12 

i



the abovc coorclinate zixes vcctors can J:e expressed in terms of vectors

which are alrcacly computed in navi,gation base coordinates by the LGC

as follolvs: (see GSOP for vector rotation)

!1,"'\, = -sin(I-jlio'j') -\:1;p I' cos(Stio'l) !yl-l:l

llonx

ltltl \,=
illx u- t/

l)

llt11.. =:/

titu

To obtain the linc of intersection of

surface a value of gSI, must bb col:rputecl

9yp'lsP=o

This is accomplished

value of uo,, is Lrased
-ur

the ci-rrsor pl:rnc and spiral
which satisfied

by

o11

)

t}-re iteration loop in Figure 2 rvhere the initial
an initial guess for 0 of

0=SliO'Jl-\1itO1'

i

'l'he Iirral sol-rtjon Ior iirr, r'cl)I'es-:c:trts thc directiolr of tlic st:lr irl rl:lvigation

basc coor.c'I -irratcs lutd n'rr-r sl- bc l.rattgfortt-tccl to ll\'itI stir.blc t-l-tciltbcl'

coorci16:rtes as folloivs; belore bcirrg :l\,/e l'i.rg1cd ..1jtl-r atl;' other cstirnatcs of

the ciire ction to tliat star

11 =-{ lls1.,Tns,v i,-
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APOLLO SPACECRAFT SOFTWART CONFIGURATION
PROGRAM CHANGE REQUEST

CONTROL EOARO
ff#ajTa;ry7;.;;rr;-F3}) ,d#ss f

1.0 [0HPttiE0 BY 0RI6IliAT0n
l.l 0Pt6trrToa

R. GILBERT
DAi E

6-12-70
Le oFGA!llATtOit

Mrr i"kL,) 0

7 *&-za
1 . I t r r t cr | \ I r Y

LUIIIINARY lE
t.l TtT:i It cHa\(iL

NOUN for LPD BIAS

l.( ctASJ\(-l '. r .l'4..4

CHECKLIST' must be uPdated
changes, for NO3 1oad.

each flight, 1T .ir-ldres s of 11,ZF.IA,S and/ or ELBIAS

l.r l'' (lPrll --r\'l

rj1.lLtZf 'NOUN 
S? to load AZBIAS and ELBIAS if requi'ed in

Reouires no additional fixed or erasable mernory locations.
Suggestecl-&ange has Leen "!g-"\g{-pl{ 

01 L}1S,*. 

-

f li girt.

2.0 SOTTI{ART CIJHTROL
0[crsl0N F0R vls

sOARO
BILIT

0R it I tt{T s0rIHAfit EsAl{Cll
ll'tPtCT tSTlllATE BY {lT

3.0 TII TISI!ILIIY IiIPACI EVALUAIIO[:

l,: S({i_.!i t\, 3.: t..,ra:; :F peC\t0t\6 DeTATLtD E\aLUaTl0\

ctvAR(st

[0iiTR0L 8nAR0 ACII I 0t{4.0 s0FTllAfi

il*li',1:iii',, r,:,iii,,".'ffi,t,.",,
I SCr'^reI Cn1,_ciL 8.rl) Sl.1\

sria .4'{ I l't- "r tt)rt

5.0 llll 0[IAlLt0 P80nRAtt CHI]lGi tYAtl.llIl0ll
5.2 Mll €\ALUAIlC\
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|rlilij'r ili.rirtr, itl.i I S iL,ii lirl :ri1
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DATI

t ISC forn ?s8 (,ul 68) 'l'Pf.218L2
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-
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Tl cor,ossiis 34 [luulNAnY lrf
|4 rrnl A tlar

Fl "otossrrls- [ LUNiINAItY
t-J

Approvecl PCN I NAsa APProrrecl PqR

fl MlT APPr.oved A DR f] NnSa APirroved PCI*{

A. gegss

O 
Begin coding imnrediate)"Y

ACTION:

C.

D. Other'Progi'aps Affected

f:t

NASA APProved
Softrvare Auomal;'

1\4IT APproi'ccl
Softrvare AnornalY

Q ,fur.-U s".-=r:-

Program Supervi sorts Approvtrl:

t

n
u

]r[issjonDesignRer,i.v;]3oar.d(MDR]])anddisti"ibr'ited.

B. GSOP Prqgaration

v PrePare CSOP revisions for: NTDRB

L-,.| consid"ration ACttIOl{:

Technical Committee Mecting not required

Technlcal Comn:ittee htleeting(s) helc1 on
Attelrdees:

KSC Testing and Ci:ecl<out

/-\ Revicii' for possible inrpect on I<SC
(, i;;;;;; ,; a che chout ACTIoIiT:

/^\ Rerri el'.' br crcrrcspon:J-ig c}-range s in
L-/

Project

AC'f ION:

Specia1 Irtstrrrt:ti ons
Mn,-rug""--"f

l

by the L{I'f

Date
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.,OLLO SPACECRAFT SOFTlllANE CONF IGURATION CONTROL BOARD

PROGitAr4 CHlit{GE REQU IST
t iffi:?*rytills

Page 1 of lo

I.' TITLI OF CHANGF-

flavJmajor modes changes set uP a
l/accS 3or.

r,r,inclov,rs during
jo]r, 1eaving the

for ltenr L.

D I SAPPROVII--

-ffiiiE-iirtct BoAit oR FLIGHT soFrsAiii
9RA\CH 5'G\ 

'TF

3.0 HIT VISIBILITY II,IPACT IYALUATICN:

4.0 SOFT$/i\tlE

I
-.ffiffi:LE€&}Ei''

3,2 IMPACT

RtI,,lARKS r

COI{TROL Bt}ARD ACTIOl{

rl

5.0 tilT 0ETAILtD PR0fiRf{i"i CtlIliGE EVeLUATl0t4

t,

i,
i.
i
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f0FT'dAnT c0HTR0L B0eHu 0EC!sl0tt 0H ldlT

oETA I Lru Pn0tnAfr'iliiin[i-iiittlni iox - fl

COfiTROL

I .ffi

r{st roa; 2BB (rut 68) 'f i,*lt'Zltll?

APPROVAL't,2 ORG^r{lZATl0N

MIT/DI,
ilr onrcrrAloR f oar5

P. S. Weissman la lzo lto
1.3 r,,' icTlvlrY

LUMiNARY 1tr

I.: scxicl-t-t lMPAcr

3.3 STORAGi l"lPACT

-g rtYEP

l!PL[\r'\T n\D r--l 
PaOvl0i

:;;:i;''nrrii.ro I I DtrArLrr)-:. - L-l cHa\Gf.rlr\G: aVAL. t\ALtaTIC\

soi'r*rRa co\lRoL EoaR:r 5lGN CrF

ccoiiDtNAloR

L

truM8tl( 1LonPlct'i ltY

o. | -_:::12: ::.-
ges set up a jg.b to do i/Aqqp' (Cont'rd on Pgi

z.) Delete ttre s-etting of utts i,i"p.dsrir.ics"(internal DAP flagr'"'ord) from-IEe-Tresh

start coding' rhis setting'oi nii e nn-93!o13:ffi3i:g.-H
S0FTIiAIiE C0liTli0L B.iriiU
DECI SIOI.{ FOR VISI BILITY

OR I'LIGHT SOFT}iANT SfiAiICi]
I i'IPACT EST I HATE BY H I T
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PAGE OF

PROGfu.}{ C1IANGE

REQUEST No. 1059-* *-

c0NTINUATIoN SECTION (REI'ER T0 BLOCK NLr}{BER A}',lD Ti',ILE
ON PRoGRir]'l Cru.NGE REQUES1 FORH)

oRCAltI ZAT IOj\- : 1\{I'I/ D L

thc DAP vrhen Il\{ODi'lS S3/trit 6

bits in RCSIILAG is ir-rcidetrtrrl1.6 FDAI needle clisp1a"5' will be done in
is founcl set. The clearing of other
and unnecessary.

PREPANID BY:

DATE:
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4, The 1/ACCS routinc tras not been execrited since tn"'^:l-l:Si\rr^ rfR.*raarpou;r';\,
start or rest:lr't. (A ioL'to do I/ACCS is set trp in the{":-'-"! /

. At the beginning of every normal LI!'i DAP pass' the first three conditions

ltstedabovearechec};edforandDAPlDl.Elliscrrteredifanyoftti,.lrexlsts.
-^^r^-+.-' *Not all prograrn aJarmS. ho''vt-'verr cauEe restarts' "q'

3.6-3

r l:

. .*. hr-dbgd Hl r:' '--*5-Jd'*-' 
rs

l..-'-
V

Fch$ $G5%',
P?3"1 to

Thefollowirigatellsarecarriectotltinthefreshstartanrlrestartroutinesin
order to acccmplish the functions that l'rave been clescribed:

The channel bits ttra.t comn^rarrd o" the RCs jets and trinr-gimbal

drlvesarec]earect.(Tlrisisdonebythetrardwtlreinarestart.)

In a fresh start, various pij'rameters an<l flags rcJ'.ied to the miss-

ion phase are initialize<l anC values for the highest ascent mass

(IrIASCtrt'r.|}andthestatc-estimatorfiltergainsareasgumedfor
use ur,til an crasal;lc lor'd is pcrformi'd'
'""d'j6,1' f;-oo t/f'cc 3. ls. 

" " ! ."

@ eo that all the outputs'of 1/ACCS will be

recomPuted.

4.ATi}.,lESinterruptissetuptodoDAPIDLER(seedescriptioirbe]o'.i,)"

: A restart ma.y be triggered tly eitlrer the trardrvare or the program. The for-

:mer turns on the DSKYllrestai't" iighi; the latter turns on the i'pl'ogram a1arm"
' 

ligntl Othcrrvise, the tu'o sequcnc':'s are altn<'st iCcntical' O.:n"'1: in major

,,"o0", verb 3?, is similar to a reetart in that it cirastically ait*rs; the configura-

. tion of the mission-orj'etlted progrems. Horvever, it leave s tlre I,Il,1 DAP almost

untouched * mereI}" ensuring th:':t it is eet up for llon-povr'ered flight usin6 ilre

" deadbanci last selected bv the creri:;:":-;;; ;;:::,fffii;;?;ir";t",Ji,T'ii- ul:Qutsr'.
ride \, _.:7pr",g15,.*"i,*2:,',? :i;"i,;;:,;;; 

'oo tf accs.
o'{!{.i1r'&-i 

f:.os-"eJi: 't-uq (se t Fig' 3' 6-1)

WhentheLMDAPissv.,itclredofforwlrenitcannotfunctionbecauscits
inputsarenotavailab}e,aprograi-nnameclDAPIDLEllisealledtomonltortlre
conditionslvhichturntheLl{DAlroff.Untiltlreseconditionsdisappear,

.DAPlijLERkeepstheoutputcommandstotheRCSandthetrimgimba.lsysterns
nulledandemploysTIMEStorec3'cleitse}fevery0.1sec.W}renallofthein-
hlbitionsareremoved,DAPIDI.]lRinitiatestheSTARTDAPSequence.

TheconditionsthatcancausetheLlr,{DAPtoicllearethefolloi'',ing:

1. The IIr{U CDUts are not usablc'

The PGNCS attitude mode control sv,,itch has been turt,.-:] to CF}. by the creY/.

The use of tl,e abod guidance system (AGS) has been selected

by the cre\v.

r.'i'..:
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; Itri',,

Autopilot r'eaciines s cher;ks.
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Date

/ rr,. \ th
liecii't"',, 'l. AcCSn 'o

3d op slnts l{',i

Yil
ACCSfi +0
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Altrn Nc' l21il3.

0o I i.-'ii\&ii
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ffe rre f 6Sq
$ s"fito

Thc 1/nCCs F'c"rriine
::- --J__--*' 

-Another part of the SI1RVICER progt.am 1s the 1/ACCS rouiine, the prin-ll..r}t

functio:..ofrvhic].istor,'omptrtcthecontrolcffect,i.vencssofthel,I{DAPaan
functLon of the ''ot,iiicle lnass, ths upfr'Llecl jctlr, the confilpr:rtion' and other ruch

factors. In ac]ditlon io bein;; execute<1 ;rs part r",f the SEi]'VICe|; program evCry

2 Beconc'ls dur:tng porvererl-f1 i.ght rnislion plreees, 1/ACCS is calleci set'eraI "'lmes

duri.ns a mlssion r,,,lren certain cliscretc. evci-lts occurr such i1g restarts, fresh
e*
E starts,6fi%1li?)r2!, ?r*';,%+:li;,:l:-'3"'3',{}!:l:Z F.'$l'.i ou''-"::::u'not 'n'
li altltudc deacibrrrrd, r,nd tlie t,,t^ing:rfl;f ii'; i-'ititn'ti'r[ii'c'l' A]so' prior to lunar
, 

,rr,_orf, the ignition logic ofthe po*,ered-asceni program (p12) loade the bias an-

gular l:ccelcriltions of the state est-imLtor frotn the prior estirnates giveir in pad-

loacit:d er...g3bles IGNAOSQ anel ICIiACSP." llhis is foll.or';ed by an execu"tion of

l/ACr.:Stlratestablislresttiepropcl.asccntcotrtroleffectivelresE.-1.

The first thing done in l/ACCS is a dc'':rmiiration ol tl:rr vehicie configrira-

,tlonontheba-si.sofAF,S}rI.,ACarrclC.C-jh{DoCi<D.TheI',h{massliirritsandtlre
.. mass-to-lnert!.1 coeffici' ,is to be used ii' 1/hccs itself are selecteel oi; thi* l:aeie'

Next, the rr:asi; of tlre Lirl alcne is separd.iec) orit as fo]lor"'s:

ir.) .JIar 
the LM-alone ca6e, l-1"{ rr:ass = total rnass'

b) For the CSM-. -..;k"cd case, LIr{ m:isr. : to,te'1 trrass . CSM m.,Cg.

Tho LM mP"8E, whlch lo <Itcplayccl &n<.1 k:aclccl ln Iloutlnc 03, le thcncforc l"c;rt t'tp-

dated:durlngburns ao thougtr it rvere rnalntalncd cirectly in the strIlvICEil procram'

There is a check on {hc LM masi: in t}re 1/ACCS routir: f i;r"t ser:vee to lceep

this critical parameter vrii';in a:'-"eaeonable range. der'pite a;.;i'po86ib1e error in

the ir:itiali zation, in tire Routine 03 load, or in sDRVICtrR r:raintenance' It also

regults in an autcmatic correction of the mase x'herl staging occur6' slnce the

o1d, desccnt value ls too hi6h for thc ascdnt etage alone

The follcvring limita on the I-M rnass have bgen irnplemented:

I{ighei;i ciescent mas8 - 36, ?40 ib

Irrvest descent trasg = 3858 1b + IIUISCIINT

Highest ascet'it mase = HIIISCEI{II

Lowest ascenl rnass = 4850 lb

HIASCEI{T was made a pad-loaded e,'asablc quairiity so that it can reflect the

ascent fuel loadir:g used in r:ach particullir- flight. Its val.r:e foi'a fully loaded

aecent st;rge is about 11, 133 lb, and it j,. so initialircel in a f:'cstr l'tart (to be

over-written by the erasable l<;aci siro::tly thereaftir). HIASCENT should not be

les.s than ?265 lb, ln ordcr that thc nrininrurrr clcscent r.:'-'3ss rvill not bc too lorv'

,Wiren the LM mi.FB is founcj to violate a linrit, its value is cl:anged to equal the

. ilinrit (maxir.,unr or mit:imtttn); the tctal mar;s is changed correspondingly'
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APOLLO SPACECRAFT SOi'TvlANE CONFIGURATION CONTROL BOARD

PRO6RAI,'1 CiiANGI REQUEST

i:T"c r,ii'i,Tt I i n-ar tln t c t Ir I gn

t,? cfiGe\l;arlc:\

MIT/DL
I ! (,i'l( 1";" P

S. Copps
Li'!'l'.i ^r '!rr.rrI

Display Nlli On A11 Passes In P34, P35,
P74, P?5.

r.J.!r{ait\l,y

i_,{JMINARY Ttr

:-=-.i r n

rn ,tinw data comparisiln with csl\{(colossus 3).
N59 is no longer

fnritf-, tiie introductior-r of ]\{INKIIY sequencin_g in Colossus 3

aisptr,.rcra and insteo,l NB1 i" ti-'?P13y"tl o" 
"11

h P34, P35, P74, and P75.

'I I_ ,

1. Display N31 during all pas.ses through P31,
2. Eliniinate disp)ay of N59 during P34, P35,

P35, P74, P75.
P74, P75.

SOFlilARi OOI{TROL BOARO OR FLIGITT SOFT$iAft[ 8RA}iCH

OICISIO[{ F()R VISIBILITY IiIPACT ISTIIiATE BY 
"IITqE!iR^:r

[-i ,0.o.,.r, -l-iAppaS\EC

3,0 iIII Y!SiBILITY IIilPACT EVATUATION:

3.: l\,raa: a. cql' l:l\a lElalLt'J t\aLLAil3\

at\riR(S:

J.: Qi\IAF^:!i-.1.r
'.t,rtLi'j
aHi\..:
f\ALraflc\

l'. oL:u: 
"T 

A\:'
.;)-,'t^i a!1il!:a

,,i\.i IVAL.

';J-..acr ac (^\rl','.i f---l:i:AFnar\{ r 5l-1n

LJ,",,r\'r\TArrr\ L-l'".t'lt'o''lt 
-

.3 SOTTilAIIT CONTFOL iIJAPI SIG\ OFF

4.0 SOTTHAIIi Ct]I{TROL BNARO ACTION

5,0 t(IT OT.TAItTO PIlOI]tlA}i CHAHGE EVALUATIOH
i
I

I

b.

I

i cuiltirltt BcARt: D

Ltt Tf]OCNAH CH'AHOI

sutii,ri
0[Tt

Eil S l0it 0ll l'1t i
t iVALUATIOII

'.,r'/8!P'tr'"Plrt

'^ 

a'i 1z 1to

-;;-":--;. 

- .- : r-t ' ('!r-:

BRI'\-{ 'l.ar.r'

., -_ q'. l'.'i'A. '* 6 L-,;

c t5-
AF6P.lVt,1

UIT CC'F)I\ATOR 9.2 VIY [\ALUATIC\
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I,ri'iii-1"* 5ilrtCl:{:Ft;'alji i:'ji:l'i{A[18 C0NFIGURATl0N C0NTROL B0ARD
F'${SGftf\'.4 CHAHGE REQUEST

-

IrLrn8[.ll ((-on,Platc(l l)Y L58)

IO70
iro BY oRlol ATOR .,2

r. I l r't

1,. wr irt$ttrtlt 'l .ltrly Il)'/(

l,? ttet,i')lii!l.,ti

M l'l'/ I )l ,

,rory 1 I'i

rl .t

X,urrtinary 1I

r 'n rr rLr t r 'iarr('r (ls()1, (ltrangr: for It'l)AI
Needle Initialization trix (L-1l)- 01)

I \ "{ } ..ii 'r ' ; The fix to Anomaly I-,-lD-0I consists of executing the same coding
rn,ith rr)spect'to the FDAi needle display and the calculation of attitucie errors
when the DAi) is off as v,'hen it is disabled by bit'6 of IN{ODES33.

lo t_' aii :E Update GSOP page 3.6-4 (see attached page).

?"0 S|:TiiYARI CO}iTROL BOARO
OECISION FOR VISIBILITY

OR TL IGttT SOFTI{ARE BtiAt{Cll
I[IPACT ESTIHATE BY IIIT

.i

| 1 '|trr,\i'--,.::-T;r;ffi
rii.lt'll! 0rt

s.F-t!,tARE

2,2 iEM

3.0 }'lII VISIBILIIY iMPACi EVALUATIOIi:

lrffl i A;T 3.2 l\lPACT CF PRo! lSlNG !€'lAlLED E\ALUATl0i\

ac.1 :: l\IDAC

C wccPs
3.,1 R!IIARKSI

4 O SOFTv{ARE COtiTROL BflARO ACT ION

:.1 iq.'. I i_t.,r1,..!..r 1^,r 
[--.1 ,,i,i.,, f]:ts-txl 'r j : r^rLr Ll :, ;.'i [l rooocvE)

tv'lL' :.r. r'T,jr',

RE[IAR{ S

,\ARE C)\rROL 3!'j.R0 5lii\ CrF

//

f/ t,/F,
5.0 t,tII OiTAILTO PROl.iRAII CHTNGT EYALUATIO}I

I r,ltT CrroRDl\ATorr I'lr f\ALUATION

ATi

0 SUFi''1iRI C0lilki]L B0Aiitl 0tCtSl0l{ 0]l lilT
DITAILEO PRtjIRAi,I CHAHGT EVALUATION

0

tr
,:oT .j, '.'\Tl\. i n 0t.3ora'.t: ,q sToo

t\rcLrYrl.I^'tlo\ I I t..,^t-tvr"'!'l \

o.: iIEMARKST

I S0r IvrARI a0\TROL Fr'de0 SIG'1 0rr

itSC torm 288 (Jul 66)

ih/' -/, ^,-. * )



*-4qF
4 ,:t
L

', 'ri

NO

ACCSn '0

Ftg. 3.6-1. Autopilot resdineEE checks'

MIT-PCN
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P? ZcF Z

I

)

I

)L-

Y.l
ACCS0KAY l0

Coilrutc tht rutoPllol
g\^d. ll ttlttudo Grrort,

, ,

lct up tincc llil

Set uP lob to

null dl!d tlllmrt?3
rrd do UACCS

ld up Prqrlm
Alrrm No. )20m.

Do r rdtsnrt
rr'.r11.

J"l vx.r

sGt up lor I oAP

p.ri ln 0'l ttc.

Srt W lor . oAPl tlttR

D.rt ln 0,I !!c.

ffil t

3. 8-4
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l

I

I

t

I

1

'Arc \
ihe IMU

Utl ugablc
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fi',r4f c-at{'.-4 '
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Prepai re G531''
con siclerati ou

rcvisions foi: i\'iD l-iB

AC'1'IOf i:

'lechni ca1 Cotnt-nittce I\{eeting not rcquirecl'

1-echnical Committec }\{ee'iing(s) hel'cl on
Attetlclees:
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u
il
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Rc\riet',, for possil-rle impa-ct ou
testing ancl chc cliorit

I<SC
ACT]ON:
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ALMCADR on the telemetrY
t r l\ l'Y

LU\4INARY iE

i r, a,,1.. i ALNICAIIR (,,AlarmComplete Address") is loaded with the address
It is extremely useful (sometimes(,I) of the instruction calling the alarm routine.

software restart. It is equivalent to
^ l-,onrtrxrono nactorfc (Confintted Pg 2

rrran{-latory) in finding the source of an alarm or

scent & Ascent List' word 99

)r.bital Maneuvers List, wora 6{Z in Rendezvo^uu & Prethrust List, word 6B in

AGS Intialization S Upirte r.isf;'rrot i., Coast & Aiign T'ist or Surface Downlists'
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SOFTWAN E CONI' ICURATINN

AHPLIFICATION SHEET -
PAGE

ORGA}IIZATIOH:
MIT/CSDL

PROGRAH CHANGE

REQUEST No. l0?9 _

. CONTINUATION SECTION (REFER. TO BLOCK NLIHBER AND TITLE
oN PROGF},M CHANGE REQUEST FORH)

l. 5 Continued
ALMCADR is only reiiuested where it replaces a current "Spare".
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APoLL0 SPACECRATI_38ilil^8fi^$3[rAE3[[J+o* c0NTRoL B0ARD
NUMStR ((;oapletc.l by l5B)

10 B0

I .0 COll(i'LiTIt) BY ORIGIHAiOR
I. t ORIGINATOR

R. Larson

OAIE

s la/zo

I A ORGA'YI ZAI ION

umfcsot,,
APPROVAL DATE

t.3 !rftcll\lIY

LUMINARY 1E
''tfi'Ji'g3' tli#3'to perform IMUCDU

zeto.
I .5 RTASO\15) rC,R :!A\GE

To make Luminary compatible with the Colossus program which
to provicie better CDU Glitch Check during Saturn. In Luminary
about 2 second additional DAP on-time.

was Changed
it also provides

1.6 Dl:aklPTlO\ 0r Cha\Gt

See Data Amplification Sheet

2.0 SOFTll/ARE CONTROL
0Ectst0ll r0R vts

EOARO OR FTIGHT SOFTl{ARE BRA}lClt
BILITY IMPACT ESTIIIATE BY I'llT

I

/.3 80AR0

f or,rou.
s0FrrAR: C0\1RcL
8RA\CH StG\ Otr

DTSAPPROVEO

OR FLI6HT SOFTWARE

2.: REMARKSI

:1 .0 lilT vtst0tLilY tMrrAcI IvALUAIt0N:

J. I 5(.HfLrrt.i l\roAJT l.; lr!!PACT 0r PRO\l0tNG 0tIAtLt0 t\ALUAItON

3 Sr0RAGt l\rpA,:T.

,/
3.tl RtMARKST

'''v-'rrrl- 
^ u_._)

4.0 SOFTl{ARE COHTROL BflARO ACT I Oll\
I

iriiirr,lrirr,, n fl illllii:.Xli*.u,.
1.t R[\!AF(S

5OFTTARt CO\Iq0L EOAR) St \i\ 0ra

?/s -,/r,t
5.0 HIT OETAILEO PROIiRAll C}lAll6E E\lALUATIO}{

I MIT COOROI\ATOR 5 MIT E\ALUATION

0Al

6.0 s0FT.l/ARi c0HTR0t 80AR0 0Ec I s I 0li 0il till I
OTTAITEO PROGRAl'l CHAtlOE EVALUATIO}I

*A strcr oe C0\TtNUE ?-l ct s^ppRovco o{ srop
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APOLLO SPACECMFT SOFTI'TARE CONFICUMTION CO}ITROL BOARD

-DATA A},IPLIFICATION SHEET .

aM

?AGE E OFJ

ORGA}IIZATION:
MIT/ CSDL

PROGMil C}IAN6E

REqUEST N0. _-]g!.gJ-

CONTINUATION SECTION (REFER TO BLOCK NUMBER N'ID TITLE
ON PROGRAH CIiANGE REQUEST FORH)

I.6 Continued

)

Change the time delay in performing an IMU CDU zero from "L0'24
secondslo ?. g seconds. " This is described in Section 4 of the GSOP in

thd v40N20 description and should be changed to read approximately B

seconds. It is alst described in Section 2 of the GSOP under IMODES33

Bit 5lIMODES30 Bits 6,4 & 3 and channel 12 Bit 15. That deseription
should be changed to read t'about B' 22 seconds' I'

,,- I
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T-MOpES 30
Contents ' ' "". ". '

Btt

11

10

Meaning
: - -- taf,rr nr)tl'Value of bit 12 of channel 30' A 0 indtcates an IMU CPU

fall lndleatlon has been produced' If ttris bit becomes 0

,whilebtt3ofthiswordlsalso0''bitlofchannelll(Iss
'I

warning) ls set 1.

Value of bit 11 of channel 30'' A 0 lndlcates an IMU cage

command has been generated by the crew"

Value of blt 13 of channel 33' A 0 lndicates a PIPA fail

lndtcatlon has been produced' Ttrts bit hae the same value

as blt 13 of IMODES33. Set 1 if an error reset key code

ls reeetved (DSIry or uplink)' If thie bit becomes 0 while

bit I of thie word ls also 0, bit 1 of channel 11 ($S warning)

ie eet 1.

'Value of bit 9 of channel 30' A 0 indicates IMU turned on

. and operating with no malfunetions' If bit beeomes 1 while

IMUSE (bit I of flagword 0) is li alarm 02144 w111be

generated. '. 
.

Used to controf sequencing of IMU turn-on' Set 1 if bit ?

of thtg word ls 1 and reeet zero 0' 48 second later' before ' '

the IMU turn-on sequencing ls started' Used to achleve

a 0.48rsecond walt before acting on IMU turn'on lnformatton'

ilsed to control sequencing of IMU turn'on' set 1 based on '

values of .bite 14, I and 2 of thls word' Beset z.ero 0' 48 
-

seiond later. Can be set 1 if ISS initlalization requested

since last fresh start, IMU turn-off, or turTr-on delay

' "o*fr",. 
' , ' ''l'

Al,lndlcatesthatlMUinitlalizationisbeingbarrledout.
Set I during turn'on sequence, If a cage command ie rc'

blt le 1, an error exit will be forced from the internal IMU
I

routlnee. l

I

I

a .)D ceived, or if IMU zeroing ls done in T4RUPT' S"t 0 about 8.ZZ
B, a(.iffir"**" after cage command ""*ou"d,'66lJdfr*conds 

-

r after start of zerolng in T4RUPT' or about 100 seconds
.afterstartofturn.onsequence.Ifbitisl,verb3Tinput

. wtll not be proceesed (alarm 1520, will be generated)' If

2-73
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"6Set rt^. "aaA ',nlaqq hit 1 of thie word ls,,.,....': ' ' fall aignal occurs' Not used unlese bit 1 of t
- -^r A ^Ll'l I

: ,'.' _ '- ' l-''. , ,l-;";1durlngIMUturn-onsequenceandreset0about4
' 

::;"-- w{11 he senerated when Average-G ls stopped
' ' I an alarm will be gene

SettoltoinhibitgenerationofanlsSwarningbaeedon
r]:receipt of an IMU fail signal' Reset 0 when bit 6 is set 0'

Set 1 when IMU coarse align started and eet o auou)4l-. 8.ZZ
secondsaftermodechangetoflnea1ign.Set1for(10.56I
seconds when IMU CDU zero commanded ' 

'

::.' ,t .': " ? Set to 1 to inhibit generation of an ISS warning based on
.':_ 

^ -! aL:^ .r!
.-:l 

-' .. , i 
recelpt of an IMU fail signal. Set 1 when bit 6 of this word':

.ll t a I l6 (Ald^^^hd< WnCn llYlu VVv cv.

L . , , . 2 set to 1 to lndicate failure oI tne lrvlu lul-Ir-err uErqJ svaev"v-
.! ,, ; \

' (olo"rn 020?O will olso be gcncrated)' '" U
:l ' 

1 to lnhibtt generaiion of rrn ISS warnlng based on
' I Set to I to lnnlDrr gell.rurrvrr

, .: ,r,.r:,,'',1r':' : ".'' '' 
;;:;r;oiapipe'failsignar. Bitset1w.henbit6of thie-

'--r- -l -^. Irecglpl ol lr 5l5n rq" e'6"F-!
'.;':;-,-:.- -';- ' . . d is eet l. Bit eet 0 whgn Average-G started and set 1
.' -:: .".::1,-'- .. .: '" . - - *.: ' word is se! r' E'rL EtL v wrrerr "rY'-6- - -

'||;.,.,.,.-.,.,8.Z.z.@"econdswhenIMUCDUzeroiecommandedseparate
I

I

'. : -' : '- .-,

' .:. B1b IMoDDs33. Aflagwordwl
^..{+^nn \/nrh 36 lllntnD ,i , .r"'o1o. 

"T"*;i;;'; i*i,""""uu,"rr. Ar'o mo.uors Vcrb 35 "lnrnp

.,. : tcot'r. Sct to 160400 bv n frctrh rttnrt' 
",11iqlltl"tu,nionto' U ' --^r^^^rot-{fo'l:l . l'),,:.-.,.,,

' bf btt 6 by a restarti An error rcsct l<cy code scts bits 13' 12'

::;it;,:..1"1 , 'l' t 
""0 

11to 1 and doee not affect other bite' Updated every 0'48

'' : , 
,

every 0.12 aecond.

Bit
'.15 Not ueed.

14 Value of bit 14 of channe] 32' A 0 indicates Proceed Key

depressed. A change from a 1 to a 0 will causc a job to :.

. be establiehed that has the same program logic effect as

, r- --.1r L^ -^+ai +h.+ in the case of a respont" j ' '' '':' ;" It should be noted that in the case of a response

't0 a V21, V22 and V23, the logic for a Proceed ls not the

Meaning

i.;
same aB for a V33E'

2-74
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a

I

r' '
i!

fieaning

Set to 1 ln IMU zeroing routine external to T4RUPT &y

v,t0Nzo or prelaunch or IMU B"!"I' Remalns set to 1 for

an lnterval ol aUout@fee"Bfif,"iuttit" zerolng taking

plaee. Btt 6 of ttris wora le set to I at the same ttme as

blt 5.

1.. ,

L_l
I

i

I,

i'
I

i'

82

''t. 4;2 Not used.

Set to 1 when Verb 35 'r1amp test'r recelved' Reset to 0

aUout S eeconde later' A 1 inhibite resetting of lights to 0

ln T4RUPT during IamP test"

TlG.Targetedtimeofignition.Calculatedduringpre.burn-
programs (P30s, Plpe)' Updated in P12-' P40' P41' P42 ot P63 by

'rriifiioaro routinc if tntegration cannot be completedln tlme

(1?03 alarm). AIter ignition TIG is set to time oI engine cutofl

(PIPTIME + TGO). See also pg' 2-106 for use on Descent/Ascent

Ltst. Scaled centisecond ^ 
I 228 '

Repeat oI worde 33-38 of thie liet'
' rr LMOMEI;'IT OITFSETS' Calculatedangular ""::]:",1t::**'

,'"nd'rO"u, axee due to the fact thatthe main engine ie not

1l l

B3-88
i

*,., , , ;il;;eied with the center of gravitv' During powered

.."fllehtt}reaearecalculatedevery0.lsecondatthebeginning
' '". of the DAP cycle; otherwise these are zeroed ln every DAP

.' "i"i". 
-Atro"'""oed 

at discrete times' such as fresh start and

"': "ngin" 
oo. scaled (degreee/aecondz)/00' Expected range ta

*s; dogrooo/oocondz' I ''

t
l"'
tr.t'
t

I

2-76
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Bit

12*

l1*

l.-l
CHTNPEI IZ

Contents

Meaning

ISS turn-on delay complete. Set 1 at endgfflO second ISS

turn-on delay and reset 0 nuout6-.la-f"""'o?,i. r",u".

Rendezvous radar enable. A 1 in this bit enables rendezvous

radar range and angle trackers to acquire target (lock on).

Set 1 when rendezvous radar antenna ls within 0.5o of

target.

Landing radar position command. U this bit ls eet 1 and

the antenna position switch is in LGC position,the LR

antenna will move to position 2 (Hover). Removing the

discrete will not return the antenna to position 1.

Minus ro11 gimbal trim. A 1 in this bit will cause the

descent engine to rotate positively about the +Z axis causing -
the vehicle to rotate negatively about the +Z axis if the

engine is thrusting.

PIus ro11 gimbal trim. A 1 in this bit will cause the descent

engine to rotate negaiively about the +Z axis causing the

vehicle to rotate positively about the *Z axis if the engine

1s thrusting

Minus pitch gimbal trim. A 1 in this bit will cause the

deecent engine to rotate positively about.the +Y axis causing

the vehlcle to rotate negatively about the +Y axis if the

engine ls thrusting

Plus pitch gimbal trim. A 1 ln this blt will cause the

descent engine to rotate negatlvely about the *Y axis cauaing

thc vehlclc to rotatc positivoly nbout thc +Y oxis if the

englnc to thrusting.

Dteplay lnertial data. A 1 ln thts bit commands the

rcndezvoue radar CDU DACe to ewitch to tho forwarcl and

Iateral velocity meters during landlng.

Not used.

,--'/ ' f 
7'r-

,l

Word Number
9lb

(Cont'd)

15

14

13

j. i- ''

.- ' , .. *These blts wiU issue commands of opposite polarity to the names. (Missile
va gimbal PolaritY Problem).

2-75 ..:
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ANOMALY #-
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,--.i col-,ossus 3A
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i-*l cor,ossus-
i-l

I utf APProved PCN

D\4I'l APProved ADR

A. Codiug

n
NASA APProved
Softrvare AnomalY

MIT APproved
Software Anoma1Y

*

O 
Begin cocling immediatelY

Program SuPervisor's APProval:

i\,2{n not code uniil new GSOP material has been bpproi'ca

l1 iln"ir""i." p""ign nu"iew Board (MDRB) and distributed'

B. GSCP PreParation

Prepare GSOP revisions for MDRB
cotts id c ratir.rn

ACT'ION:

n Teeirnical Committee Meeting not required'

n Technical 
""tiljf;""_Meeting(s) 

held on

f' t{SC 'l'r:r;1.i ttrt anrl C}rccliortt

J:tcvit-r',v Ior poss;ib1c imllact on i(SC

i;;iir; anJ ti,cct,out ACrIoNr

D. tJther Programs Affected

A Review for corrcspondig changes in '

Projeet Mat:age

ACTION:

by the MIT

ACTION:

Date -l{)'..!,--z()

[_l luu.tNARY lDr-1 -/
la){uutNARY 1Il

I-l r,utvttxARY t"Irt-i
n LUMINARY-l-J
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APOLLO SPACECRAFT SOFTI,IARE CONFIGURATION CONTROL BOARD
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J. M. Reber
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and Subsequent)
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;;;-;"';;;. Ephemeris data, star Table, and LosstrM Ephemerides
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Data lor the future Mainline Apollo I-aunches' (Apollo
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APOLLO SPACECRAFT SOTTIIARE CONTICURATINN COI']TROL BOARD

-DATA AMPLITICATION SHEET .

'r.9^,

PIr.0CRAH C'IiANGE

REQUEST No. 10 I a, 2

CONTI}iUATIOIi SECTION (REFER TO BLOCK NTJMBER AND TITLE
ON PROCRA]"I CHANGE REQUEST FORX)

I]IOS ET'I]ENIBRIS CONSTANTS I.OR 1971-I9?2

GSOP UNITS

ORGA}IlZATION:
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t)
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Ir..
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i'

+4.85898502016

+4.09157363336

-7.1975859967?
+5.52 185? i4?00

- 1. 0?0470 13 100

+4. 11720655556

+2.67240425480

E+0

E-1
E -14

E+0
ro

E+0

B-6

rad

rad

rad/ Li -scc.
rad

rad/ lJ -sec.

rad

rad/ IJ -sec.

I

I

t

C:rlculated using AT ( 1.0 Juiy t9?1) = 4I.5 sec'

auci AT(19?2'0) = 42'osec'

Sourc c; J. M. Reber: MIT/DL
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APOLLO SPACECMFT SOFI1IARE CONFICI,JRATION COIITROL BOARD

-DATA AMPLITICATION SHEET -

!,)iOClu*{ CHAI;GE

i.EQUEST No. /082.2
ORGA}IIZATiOi{:

Nrrl-i DL

CONTINUATION SECTION (RETER TC BLOCK NIIMBER A]'iD TITLE
ON PROCRAT CHANGE REQUEST FORI)

PIOS EPI]EMERIS CONSTANTS FOR i9?i-1S72

AGC UNiTS

LZO

tsSUBO

BDOT

NODIO

NODDOT

N'SUBO

lTDOT

Silurcc: J.IVl. Itcbcr : l\'/tIT/DJ-

'+7.733314844 E-1

+6.51194i688 E-2

-1.145531390 E-i6

+8.788308600 E-1

-1.703?06128 E-11

+b.552737750 E-I

+4.2532634?1 E-9

BO

ts0

6io

BO

BO

827

revs.

rev,

rev/ cs.

rev.

rev/ cs.

rev.

rev/cs.
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APOLLO SPACECR.AFT SOTT'I.JAN.E CONFICUMTION CO}ITROL BOARD

-DATA AHPLIFICATION SHEET -
PAcr 6 0r_-12_

PROCRAM CMNGE

RIQ'J;S;uo. /c\Sl.l

CO}iTINUATION SECTION (REFER TO BLOCK NWBER A}iD TITLE
ON PROGRA}f CHANGE REQUEST EORH)

LOSSEX{ EPIIEMERIS NUNTBERS FOR 1971-1972

ORGAIIlZATION:
r\4 iT / Il t-

K1:COS (OBL)

- K2:S1N ( OBL, ) SIN ( iM ) (-i)

K3:SIN ( Orl i
K =COS ( OBL ) SiN ( INl )

LONIR

LOSR

LONR

l oN1()

LOSO

]-ONO

AMOD

AAi]G

I]MOD

I]AilG
il32
CMOD

CARG

KONN{AT

NATESI)

VAL67

+B

+10

+L4

+16

+0

+r)

+4

I (;

r't]

+10

+0

AL

+6

T()

+10

+12

+l4

If - I

B-1
B-1
B-1

B+4

B+4

Ll+4

0.917456380

-0.035679339
0.397836387

0.082280652

0.03660099?

0.002737803

-0.0001,17200

0 . 5:t,1 1 0,1 (i l'i ir

0. 2?3lJli1,ltj,i

0. BTil{130u60

0.01?519236

0.024523430

0.00:J4?lJ642

0.54056.i?56

0.031250000

c.005:120572

-0. 01 1706S2 3

B+1

l]+ I

1l+ 1

i_l+ I

Source: 11. McOuat: MiT/Ol-

PREPARED tsYI

DATE:

J. M-Rebar
9-14-70
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c\l
t

*
:tt
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APOLLO SPACECMFT SOFTL'ARE CONFICI,JRATION COI']TROL BOARD

-DATA A}{PLIFICATION SHEET .

PROCRAH C}IANGE

REQUEST Na, 1o8".2-

COII'TINUATION 
.SECTION 

(RETER TO BLOCK NUMSER A.\D TITLE
ON PROCRAJ'{ CHANCE REQUEST TORH)

/l C-'f A L

17at'5 1 NOoucT 20EC* -1.?('.3?C5128 E-i1 828*

ORGA}IIZATION:

RE V /CS"
,.2i15 i _ -----F-E V7tS;
, )iD I
171'77 BDiIT 2L)EC* -1"14553139. E-16 tr28+ P.EVlCS.

PAGE 7 or l3

PREPMED BY:

34,1 5 i Nt--DI0
3'i1(,) 1

2D( Cr + a.7 e 83!.18 6t'e E- 1 B r *

-2 
1?6

,r Ll 3)

REV.

F.EVn

R FV r

-

' ?'\?, i BSULI0 2t)EC* +6"5119415?,e E-2 I ( +

37116 hEARTH 2DEc* +10I6;576I71 E-7 B7Vtt PqV/cs.
1t€ll I 

--

-l ,i
fv2e I

F-On lNtrcRMA:f tONt Ohl r-*/

RA(jXXS

f/
't

i

I

N

r_D
fr
f.i+,*
:4



'\--t-'

PROGNAH CHANCE

irEQU"rlST Na, lOgZ,Z

(REI'ER TO BLOCK NUMSER AND TITLE
ON PROGNAM C}IAI.ICE REQUEST FORH)

2DEC t..',2d995818'J-i

20iC +.t't 78j962: t B-I

PACE B OF I?

ORGA}JIZATIOIi:

L

APOLLO SPACECRAFT SOFTI,IARE CONFICURATION CO}ITROL BOARD

-DATA AfiPLIFlCATION SHEET -

CO}{TINUATION SECTION

g 1-;A L

;i1151 1

2 54)L t
^r1'i7 I
371?1, i)

STAR 5 X

STAR 5 Y

l-l'li7 (t

.12143 ii
zDeC +.9998862988 B-l STAR 5 l_

'!21:- 2 ,)
^i42\ I
':147,, 0

2DEC +.22v11'926 53 B-1 STAR tr Y

624t4 I
5: 54:. 1

a1 5{.\ 6 o

2DEC - "84225 2,',rJ48 B-1 STAR q I

STAP Z X2DEC +,411342494f B-l
l43ol
e 1574 {l zotc r.1I6BI4ll7B B-l STAR 3 Y

2DEC {'.3?4?6rJ8555 B-i 'STAR I X

2DEC 1 .y I gQ$''rJ14 4 B- 1 STAP I Y

35r75'r 

-

;oz z

?\7 t7 I
| $145 0 7DFC +.9142466 1 24 B- I STAR 2 X

'2 5?',) I 2DEC +.1739??1769 fi-i STAR 2 Y

71157,.r _-7
5') )52 U

I 5?76 r-r

:t3?0 I
arrr?1 I
07573 I
21256 |
l/:"lC'4 I CATL06

2DEC +.483e3C1948 ts-l

DEC 7L12

SlAt{

Fon th"r'rcfi MAT[cN ci{LY

PREPAIED BY:

DATE I

686 B-1 STAP 4 X

Ri:.{A;](s

C.i

co

c\l

L
F,i

?



r'
iry

APOLLO SPACECRAFT

-DATA

SOFILIAI{E CONFICIJ"ATIoN C0}]TROL B0ARD

, AMP;,TFICATION. SHEET -

PRCCiIA,Y C'IiANCE

REQUEST NO. IOQ'?,Z

C0iT"TINUATI0N SECTI0N
CC iAL

75 i5i I
6'' I i

(REFER TO BLOCK NL}{BER, AND TITLE
0N PRoCRAI{ CHAIiCE REQUES? FoRX)

2DEC -.182434.636 fl-l

PAcE q or_l_1_

OR.GA}IlZATION:

STAR 13

L7 
"?7 

I
3 t 661 I
7ll2l ')

ZDEC +. a4 ,4r |ZLZS

2DEC -.2869738c89

B-t

B-1.

STA,i t3

sTnR l3
,r1\2 2 t
77\ 7 )

5t142 1

2DEC -.i'bL6l qi'j8l ll-L STAR 12 \"

-J

*'-!dg
{'*l

.v
ilh

M
0
fln
8.8-

I I 
'I4 

I
32r)2 L

61?L5 I

ZDEC +o6'r.J Li c9?58

2DEC -.795?6';8559

ii- I

B- t

5l11 R LZ

STAR 12
4il 6 ,

r''2i4ij ,'l

)2335 l
2DEC +.13t'126:214 e-l STAP I1

i ? /I6 I
I ??qA 1

134. I C

ZUrU +.bUI4JO.r,.'JJ

2DtC +.7189922632

e- I

B-i

5I AH I I

STAR Ii
114.4 .,

3154 i
15261 ;l

zDtC +.2i :)13414 55 B-1 STAP 1G

! / jr- J LI

'_') 74) O

7 5r52 I

/utL ro,ro.rLtTbttL 6-L

2DEC -"r 411958r-) i 2 B-l

S rAX t('

STAR 1O

t6)> t

,;5+65 n 2DEC r.75\ 27t9566 B-I STAR

Lt\:t/.I I
7512 |
1r42'l 0

5I AH 5

STAR 9

)
,,4
-I

lUtrL t tr,'j/. lV'. {rl L

2DEC +.2B3U5n29IB B-I
4ttl l

r644',,\ t
11323 t

20i-C +.4lLrI!21571 {l-l 5TAk ti

il lo{ ')
3l366 I
i4155 0

IUEL

2DEC

+ r.r'/ u'/'r.r / :) ) ) lr- I

+"76337t4315 [J-i

) l,/\l{ lJ

STAR B

l7 4t
].3I76 C

"'13 17 r.
20EC +.7'.\2 iJ93?B4C B-l STAF 7

L )t4 t L

'))342 I
( 117t I

IUEL

2DEC

tol'tl OYOdOf b O-1,

+if 69422771e B-!.

} I AK I

STAP. 7

cl

*
t-r

?t:L tl I
Itl 557 I
1).t t5 ^,

2DE C +.514 89955 98 B-I STAR 6

1\14('4 0
o0i24 0
655r..) I

ZUL,L

20EC

+o)Jl lSbY;)l J b-.t

-.64833494? 3 B-r

S IAH b

STAR 6

PREPARED BYI

a

tzt'.4 u

Y

I

Z

I

Z



b

APOLLO SPACECMFT SOFTI,IARE CONFICTJRATION COI]TROL BOARD

-DATA A]'IPLIFICiTTI0Ii SHEEI -

Pi{0cii1r}.{ cHANGE

REQUEST No. lo8z.2
ORGA}IIZATIO}i:

:-.('495?284

20EC -r B9,l rir3917? B-I STAR 2I Z

CONTINUATION SECTION (REFER TO BLOCK III,JI'{BER A,'iD TITLE
O'1 11 L ON PROCRAH CHA}iGE REQUEST FORX)

11142'.\
??l5I ].

146L5 .)

616',i )

64145 I
11 C26 1

2DtC

2DEC

- .952E366 3 B(r B- STAR 2;-I X

STAR zfi Y-ot;591677121 fl-1 -.

s
2.
#
g

{i"&

l!

tl#-

"0
Uts

j

ffi/

iep9

54? r ) I
?3i61 I
4?-q1 . 1

6 42', I

2DEC -.29881 81236 8-l STAR 2O Z

DEC -.9 65173428( B-1 AR i9 X

6661( 1

,',:'653 1 2DEC +"{ 521664164 8-1 STAR iC Y

L3-12 )
t4)42 l 20EC +.254239215C 8-1 STAR 19 Z

+o614q,-1 43688 8-1 STAII 1? Y

20EC +.47121445r3 B-I STAR ].6 Y

2DEC t.9t 6368')102 B-1 STAR 14 Y

7.1) il 1 _*Jl;it. z-ti-* 20 6 e ' :; s 6l i: 6 7 3-2lle -tr:T--fr-A-tr -i-ii x

4lt27 4 j
\1'+)) \ 2DEC +.tt6323e63 29 8-1 STAF 18 Y

33165 i
2DiC +.2''969749rq B-I irrn i8 z\1265 )

12141 I*ri4?-
5 ,, i]64 'j
i165, I
1l/3 .t

?otc -.1484794 ?5 8 B- I STA8 I7 I151t7 7 I
1116b I*t'*c;';*r- Iffi
5i217 I
fr'l5ii5 )
)l'i 4I
| ) | la J 20tC + c74492 431 54 B-1 STAR 16 7"

6 Lzl'5 i
11142 .1 ?OiC +.51 q 56 56444 B- i STAR ].5 Y

6/+7 . I 2DEC -.734?b14ql 2 8- I sTAR I 5

4l r16 I-llli-e
03

-, c\

F

b11 2.; I i',

i.61t \ I

pAcE I 0 oI_1":*

PREPARED BY:

DAIE:

113r4 I
I435 ) I

2DEC +..92232662S B-l STAR 14



ORCA}IIZATlC:.I:

2DIC -.I12t332967 B-]. STAR 29

P:iOCM]"1 CHANCE

iiEQril:sr t;o, 108?.2

coNTINUATIoN ?6152 0

76-'17 0
66545 \

v

APOLLO SPACECMFT SOFTIJARE CONFIGUiATINN CO}]TROL BOARD

-DATA AHPL]TICATION SiiEET -

45:)\ t
6^371 1

,7 63)- 1

2DEC -.96954421 l.6 B-l STAR 29

-53 E-B--I
c3 556 I

STAR 29 /

STAR 2I3 X

.v
€

di;

\J

'>&
e
F*
g

}-
,f1,.9

(*,
t
E,ir..

fi

et
0
E

Bd

61 5\2 ',\

h241 6 ',)

'1C6li 4
64157 '.1

712J1 n 20EC -.4185354S3t 8*L sTAf{ ?r' Y

i3Ii4 1

-ffiEC-*=;59TI:7TSffi

17255 L 2nEC -.291171954 € ri-l STAR 23 Y

65157 |

16L27 1

11

124Vo ) 2DEC -.74't121116?- e-L STAR 2B Y

61577 1ti
4621 L 1

12i)1 L 2DEC -"35I 195241 6 B-1 srAR 2? x

a\-cL)

62t37 i zDEC -.82423222t8 8-l sTAR 27 Y

74155 I

/+6561 I
61766 n 2DEC -.5324515 i3 5 B-i sT AR 26 x

64424 | 20EC -.7I63i.r 35719 B-I srAR 2e Y

412/r I 0-l
21r36 0
6|'i3) I

2DEC -" 11429rC725 B-1

2DEC -.35" b2416-9rt- B-I

20EC -.191/ 7B\362 B-1

20FC -.786?\8622i S-1 STAF 25 x

20EC -.5221157573 e-1 sTAR 25

2DEC -, {.89 131519 1 ii*l STAR 24 X

2DEC -r5El?2't74ei B-I STAR 21 X

zDEC -.916316r.'791 B-1 sTAR 2?- X

!n

cO

t\
F

o

32q44 I
61251 

"

72) \7 ')

65764 I
14142 )
(r57i5 l

STAR.22

STAR 22

,lpAC[ ,r 0F ll

PREPARED BY:

DATE i



r
APOLLO SPACECMFT SOF'II.JARE CONTICU-MTINN COI]TROL BOARD

-DATA AM?LIFICATION S}I'ET -

i,ROCR]L! C}iAN6E
REQUlsr No. I 0 82. z

CoNTINUATI0N cc i"n L
152b4 )

7 4t33 )
q5t30 1

?l'.t34 1

lAcr_-l_i-*or i:;

ORGA}iI ZAT iOii :

2DEC +.8345CC63i0 8-i STAR 37

-.23riit71.3657 B-l

- LAt-.2ACi6-? A-l STAR 3?

b
-3a.

€,&
3
I

€("
fr,rrSL

,sus

d-

i\t

S}
fre

51a44 |
15 )15 1

1.262 I
2DEC +.8I4198867? B-1 STAR 36

2DEC -.5r5361183c B-l

TOEC +.1(,9278o8.C B-1

r72l i 'l
741 14 I

20EC +.4542 I 17996 B-I STAR ?'

20EC -.519;-33193C B-l

20EC t"7rr93l9t4(8 S-I
21671 i
)51 'I I
i4175 ,,1

2Dfc +. 32 ,a121L2t. B* I STAR 34

747t7 L

46'i1 I
62tt(tl i\

2DEC -,14345836t2 8-l

2DEC *.837'r 1594,3 i d-1
4) i23 i
t^ t5' l)
1a341 I

20Ec +"5524212365 ts-I STAq 33

6J237 I
45ri2 |
,17! t I| ., / I t I

=;791,716636 B-t

-"2r6€435348 3-l
62))l L

t ,7 ?.:' 7 t.)

14 i') i
2DT C !.454:867?84 8-I STAR 32

-e-fitI 
'6illI I

'12'141, tl

zDtc -.377145-t759 |j-l

2DEC +.1528685',r33 B-l
i14t7 I
:t1?+ ) 1
1 .11) j

2DEC r.2,'14? 86/i5r B-l STAF 3I

-.b71tsg5.6/9/ il-I

-.44)589itBB2 S-1

2DEC

?DEC

67 t'7 2 lr
575?" C

\2552 |

STAR 36

STAR 36

6711. J ul

47 414 "\

t1262 C

STAR ]5

sTiR j5

STAi., ?4

STAR "]4

zcEe

2I]TC

STAR 33

STAR 33

STAR 32

STAF }2

67:)1 I
556i6 1

1 .;116 t

2DIC

2DEC

5IAH JI

STAR 3i

fil

C.
F

_7;TCTT 
,

t1747 I
Ill5 )

5q217 I

2DEC

2DEC

+.12I9537 r54 B-l

- o17 .t 21582 4 3 8- I

STAR 3.,

STAP ?T

12)l) (i 20Ec
1 1614 I

PREPARED BY:

+o626u13t474 B-l STAR 3.)

\.-

x
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rtr1 lDt. PRoGRAi\4 Cr{ANGE ROUT!ryG-EIJE

lll r-uvrtNARY rD
l;.1 -

Irz[l,uutNARY ttr
I-l lunntNARY lrfl-J

r
D
tr
tr

PcR/rb(#
ANOMALY #

ADR ,I

I a&8

COIOSSUS 2D

COI,OSSUS 3

COI'SSUS 3A

co Los sus- N LUMINARY-
l-J

f mit APProved PCN

flrvitr APProved ADII

A. Coding -//
@ 

Begin coding immediatelY

E.(a'r'T{-}NI:

Program SuPervisoris APPrwal:

f\. Do not code until new GSOP material has becn'appr6ved

L-/ i',f ir"]." besign Revierv Board (MDRB) and distributed'

GS2P Preparation
.{

|YPr.Pare GSCP revisions for NIDRB
Y/ consideration

ACTION:

Technical Committee Meeting not required'

Technical Committee Meeting(s) held on
Attendees:

C. KSC Testing and Chsckout

RevierT for Possible imPact on KSC
iesting and thecl<out ACTION:

D. Otlier Programs Affected

A Revieu,fcr corrcspronrling cl-ranges in
L-/

pdese Approved PgF

I waSa Approved PCN

NASA Approved
Software AnomalY

MIT Approved
Software AnomalY

B.
J, K t*usr,tt,<,/u . :.n t rH

T
n

ACTION:
Snecial Instntctions

Projeet Manage

i

l

by the MIT

l( '- f.,' *-:2-a--



Page 1 of I

APOLLO SPACICTIAFI' SOFT\iI.tIE. CONr I GURATION
PIIOGRAq CHANGE REQU[57

CONTROL BOARD

1.1 TtT:{ :f a.tArrc.i

during crjtical.
l )

10.56 seconds ;rft ei' i ln/lU .

; zero.

softrvare r<:start causes the DAP re-enabling
estal:lislretl urrless \r40 is repeated.

store alar.m corle 01520, Srqi**Af). This bit
V40 reqtrest,,:d IMtl zero has taken pJ.ace.

4t, N20 If!'T17 " Z?tf 6;-r-]leT1iir5r0"11"*** I
task to be Lost. DAP is not re-

3 I tllEilfirrdE?fi iT-51?r. 1 irl "-:-T
foris set to 1 10.50 seconds;lt.er

2.0 s0rlyiA8i
otc ts lolt

c0t{i00t 8c,,R0 ofi Fltciii srJititArit SRti{c|i
tcn ilstBtLlly titptci tsIiltATi By $iT
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B. GSOP Prep-aration

(XPr"pare GSOP revisions
L/ considcration

PCR/*ry/# l0-q /
ANOMALY #

ADR #rti
tr
tr

COU)SSUS 2T'

COI.OSSUS 3

COI.OSSUS:]A

COT,OSSUS-

f, Ulr APProved PCN pfasa ApProved PCR

f] ut:r APProved ADR f] Nase Approved PCN

NASA Approved
Software Anomaly

MIT Approved
Software Anomaly

A. Coding

-VBegin coding immediatelY

ACTION:

Program SuPervisor's APPrcrral:

u
n

C. KSC Testing and theckoYt
Revievr for Possible imPact on KSC
testing and theckout ACTION:

D" Other Programs Affected
in.

ACTION:

rf

Do not code until new GSOP mater':':i1 has been approved
wtis"io. Design Review Board (MDftB) and distributed.

I

ror MDRB J. {f/wrrf/r), ;grf

Technical

Technical

ACTION:

Committee Meeting not required.

Committee Meeting(s) held on
Attendees:

A Review br corrcsPonding changes

Project Iv{anager
' Date

Special Instructions
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APOLLO SPACECRAFT SOFTI,IARE CONFICUMTINN CO}ITNOL BOARD

-DATA AHPLIFICATION SHEST .
,]

FROGRAI4 CHANGE

REQtlf.S'i No. l(.,c:) I

PAGE 2 
-OF.

0RGAtl I Zi\TI0)i :

N{rT/CSDi,

c.NTINUATI 0N sECrr0N tli';lJi"1'ffl..lf'l:[r*Ii 
I3Lli

1. 5 Reasorl(s) fnr Change

When P20 is running in tl.re background of a targeting program (I,34), a

Priority display may go unnoticed by the astronaut if he is using the

DSI(Y i;ecause ihel(ey Ilelease liglrt is alreacly being used. Cnce the

astronaut uses the DSI<Y rvhile a display is on the DSKY, the Key Release
' light cornes on; thcn if a Priority display is.attemptecl by the LGC, the

. astronaut would be urraware of it rvaiting tc ):e disl;layed. The Priority
displays in P20 are V50I{1B, V05I,i09 (with alarnrs 501, 503, 514 & 525}

V06N05, VI6NB0, V50ItI?2 and V06N49. Until these displays are answel'e<i,

P20 is idling (navigation stops). A DSKY iifht inciicaiing that a Priority
display has been internally attempted rvould allov; rer:ognitir:n of this
condition. This tight has the further advantage of indicating to the astroriaut
that he rnust wait a,t Ieast two secoucls b:foi'e this type of display can accent

a response, and also that extended verbs are nct alloii,ed wirile this iype
display is on the DSI{Y.

l. 6 Description of Change

When the LGC atterrrpts to disi:lay a Prior:ity display, turn on au available
DSKY light. It is to bc set and sul-.se:qrrer:tlrv rcset by tlie DSKY light tc-st

routine (V35). It w.iil be leset when the Priority display is answei'e<1 by

a PRO, V33E, V328, '/3,18, and wheu VSTXXE, V56E or V36E ar'e used.

PREPARED BY: R. McCov
DATE: 'to lt ltn
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I. O C(]i,{PLTITO BY OR I-G I NATOlt

r.. rrifr or c;^ricL f"ar"aSe A""urr$
LUMINARY 1tr of Determination of Accelerometer

SF
;1ili't;i.iil;i^#xes 9-10749 (measurement of lunar gravity) requires that the accel-
rorneter scale factor be knou,n more accurately before launch.

I .6 OI SCR I PT I O\ OF CFA\GE
hange PIPA scale factor test to increase accuracy of determination of

accelerometer S. f'.
i.,;ruffiAffilm&r$Ii#ffi*fr:93ffi:ffiP;aq**liaF:ffiffi1re;!-:B:Sl=Fffif:r",;:l*{JB:j i1'*5:@U i:;,x.:ffi};

2.0 S0FT!fAR[ 00il1R0L B0[ll0 0ti FLI(]i{T S0FTWl,ttt Bil,{i'lCH
OECISIOIi FOR VISIBILITY IHP,qCT T(:TIIIATE BY I|{IT

IISAPPRO\,ED

t)

r{
t1ti
t1

i
t1
t{
ti
II

ti
H

li

j+r, ,rii*t(:a- '':lrai:ffi:hxrt

I li{PACT EVALUAT I iiti:

"-1 () \,J

/ t{/-
-'7

ffi,'.:itrc:s:

4.0 S0FTTTiARE Ctlt{Ili0L BtlAl1D ACTIOt,l

5..0 tIIT DETAILED PROIIt{AH CH,lIiCI EV,.LUflTiOiI

rffiffi':i.qffirlffi:Bsffi:El%e

0.0 SuFTii/iiii 00iiil10L B0ARD 0t{]

7ottk

lslljti tiH [1tT
i"!ALU/1TIOil

I 
oAre

l.-=*; -';m:'::-{.fi'.?F}T .----:*,1.'ji::I::
HSC torr;88 (JoI ti8) '1'P#21t112

l..,rLr\,1\T A\D f--1 
ro'\l:f

rpi\t0i Ottarrtu I llaT/'lLrr
Crr\!: tVAL. l-J Cir\ur

t\ALI] ATION

L]IS.
APPROVED

coc,t0tt!AT0R

0[iAlLE0 tl]0Gi]AEt cHf.rict

I

I

1.1 (,llclr,,il(rR

lld Grace
'r 

1'rr 1r,

l.l oii.,ArrlzATloN

MiT/Dr,
APPROVAL DAT i

,1 , u

3,: SCHEDULE IN1P,1Ci 2 IIlIACT OF PIiOYIDI'.]G DETAILED EVI,:t;ATIC.i

3.3 STORAGE I\1PACI 3.4 Rt[1ARK5l

4.2 REIVJARKS
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I,IIT IVALUATION

IJATL

',:.j-r.:r,T OP a.\1t\.: f---.1 :tSirDeC,r: lL STJF
I 1,,,'Lrr,L\-n-r ., LJ,r,oLL!.4\.ra-rr\
..3 SOFT*ARE CC'\I8OL BOAi] SI6N CFF

a

t



fivr ll)L pRoGnAM CIIANGIT ROUIINqIL]I
-:-=:::<_
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ANOMALY #

ADR #

f corcssus 34

[-l coLossus
IFJ

n
ET
nf

COI'SSUS 2N

COI,SSUS 3

LUMINARY ID
LUMINARY Itr
I-UMINARY IF
LUMINARY-

revisions for MDRB

ACTION:

Committee Meeting not required'

Committee Meeting(s) held on
Attendees:

NASA Approved
Software AnomalY

MiT Approved
Software AnomalY

tf

'l

I

J. f{tti.*ustttK

C.

D"

/1 R*,rierv tlr corrcspondr-rg changes in
\--l

ACTION:

Projeet Manage

I wtlt Approved PCN p4.reSA Approved PCR

flnntr APProved ADlt I NaSn Approved PCN

A" 9o{re

d Begin eoding immediatelY

ACTION:

Program SuPervisorts APProvaJ':

ruri"u ,n Design Revierv Board (MDRB) and distributed.

B. GSOP Preparat:on

/ 6rep3re GSOPlu ;;;;;;-"1i*

Technical

Technical

KSC Testing and Checkout

u
n

Revierv for Possible imPact on KSC
testing and Lhecl<out ACTION:

Other Programs Affected

Specill Instructious

Date *lt-(-*7n

by the MIT
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BOAftO OR FL I OIlT SOTIilTRI ORAi{CI.I
SrLtiY tili'rcI tsItHATi EY {rT

DATA AI\,IPLMICATION SI]EE'I Q4TI

g
. r,A', ia

SED AT'TACI]trD

?.0 s0rTHARt c0flIil0L
l}tclsr0ll F0R vlsl

3.0 lllMSlSlLlIY lLlPAcl tVALUArloil:

ttSC forn 28E (tut 68) 'i'i>tl 21812

APOL L O SPACECRA.FI' SOFTIiANE C0tIF IGUR,\T IOII COl TROL IJOARD
PROGRAM CIIAIiGE REQUEST

: A' E

10-5-70
' 'r;;;;;';"I,I Olla, lt^r qh

WiIUam Ilobertson
1., rtr!t tf ciAIGL

Illirninate 4B1 day I'EtIlIII\,I limitatiou
in l-unar' -Solnr Ephernerides

r,l !rttctt\ttY

LUI{INAIIY IE (APo}Io 15)

t,5 or :'r l P l l o\ t; ar. r\.,t

vt"LSEE ATTACIIED DATA AMIJLITTICATION SI]Ii:ET V IAg\

f] 000,.,,, f].,ro,ooo,,,
,3 sor'^An!'a:\tRtL BCrRir Cr rLl6Hl SCrIlAla

aQr\aq 5ta\ Crt

l.: ltJFraT Ct PHJ\iOl{C DtTAILtU ttAL!illC\l.: S(xilri t.i l\toAj
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5.0 [llT 0EIilLt0 PR0riRAH 0ilriri]i tYALUATI0H
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poc\ riE
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t\rDLt\,tNTAlt(.. L*J !1.DLI'ri\raTto\

.r 5Oali^tst CC\IpO! BOrtJ: SIG{ OIf
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I
i
I
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APOLLO SPACECPdFT SOFII.'ARE CONFICI,IRATION COIITROL BOARD

-DATA MPLIFICATION SIIEET -

PA6E 2 or .2'

ll8[]t}fiH""rma oRCAiTIZATION : ltrr/r,.t-

CONTINUATION SH'TION (REFER TO BLOCK NTJ}{BER A}{D TITLE
oN PRoGRAI| CUANG!: REQUEST romJ)

1.5 RE/LSON ITOR C}-IANGE

Currently there is a 512 day ).imitertion of the surn of tGBf (Ground ),llapseri

Time) and t"UrrrB14 (Tii:re betwcen July i a.nd the launch date) in the LM Lunar-
Solar Ephcrrrerides Iioutineo Since tCnf rnaS' be, as large as a littLe over .?0 days,
tEpnnnn is limited to 481 days. f,'lte limit:-rtion is due entirely to the preserit AGC
interpl'r:liv* coding; and scaling of this routine. In the past, tlrere viirs ne\re: any'
need for tn.frHELI to be larger than 30G dayir as the Basic Referet:ce Coordinatt:
System was changed once a year on July 1 and t,*n,,,, was measured frorrr thr: nelv

July 1. 
/

Howsrver if ( 1) the BRCS is to be held fixeci for more tlian a ycar (ttie sub-
ject of seve.:-al separate PCR's ), and if ( 2 ) it is uriclesirable'l'to use negative
tEpHEM'", then the 48i drry coc'ling limitatic'r: should be rernovetl so as to all.ow tna
LM Lur:ar-$o1ar Ephemerides Iloui;jne to be (:ornputati,onally r:a.pable of operrlting
over several years (it is already matirer.natical,ly capable of doing so).

1-. 6 DDSCRIPTION Olf CHAI\]GE

Cha-nge the internal ccding of the Lunar-Solar Ephemcrides Routine so tJrat

the quantity ( (IGET, .-tBpHEln{)i 8640000 } is scalecl in clays at 210 rat}rer than zS

as currerrth . ait"r sucir a change the new limitation on tEpgF:M woulcl be 210 -
30 = 994 dil;g"s = abcut 2 years B n:ontirs, whj.ch Ls about a rnonth rriore than thr,., cur-
rent sca[ng lirnitatic,. o* tEpI-IELf il, the Planetary Inertial Orientation ]loutine
( 963.2 days ).

5t".*l"r- ,* ga-in any advantage l:', 11"1r.,* ne6ativr: ttr,,tIEM'", it is rtecessary to go

Cr:ordinat;e Systern fo:: Apollo 15, so that tUOnrrn' rvould be nrcasriredto a 72-73
N

@
F{

6lIt
A.
I{

from July L * L972, This would

+]y, tlvlo ;
impact the \{ITlDL Digita). Sirnulator.

pREpARED nv: Williarl liqbe_4sq!
DATE: 1 0 -5 -7 0

I\A AL 74 l\)D 6ootz
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Massachusctts Institutc of T.'echnology
Ctrarles Starli Drapcr Laboratory

Cambridge, Massachusetts

I\4EMO

TOi LIIMINAIIY and SI(YLAB Program L{anagers

FRONI: William M. Rotrertson

DATE: ,October 8, 1970

SUBJBCT: Accuracy Dcgradation Caused hy the Implemcnta.tion of FCR's 1093

arrdSL402,''Eliminate4B1day1imitationon'IDI,}1EMinLunar*So],arr
Ephemerides".

SUMMANY

It is c.,onctuded that the accuracy degraclation causcrl by the implcnrentzrtion

of this PCI1 irs roughly two orders of magnitudr: smaller than the average actual

error alreach," existing in tire Lunar-Solar Ephurncricles Routines due to tl:e great

simplificatios:r of these routines frcm the "truttt".

TII\IE GRAN-i i-ARITY

Currerntly ( i. e" in LUMINARY ID of Apol1o. 1,1 and previous ropes ), the

quantity

((tcB:: n ttrpspm in csec )/864000C)

is scaled at ets = 5!Z days. Thus thc granularity (ttie value represented by the

least signific;,'nt bit ) is

: 
-'u 

, s12 clays ) ( 86400 sec/ da;r )

which is 0, 1S'4?8 secoirds. The maxirnum error due to roundoff is half this amouut

or about B. 2 q:,etrtisr-rconcls.

When the scaling is chr.ngerl to 210 = 1024 days, the granularity becornes

0.32g56 6eeo:lds and tlre rnaxjrr.rulr: roundoff error abcrut tr6" 5 ceutiseconcls.
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{fi?5

cAS[ oF T.1]!.'svl
. As t)re s.un moves aSout 3600/year or about 10/tlay, the culrcrtt nra-ximttm

rouncloff error. {{J.2 csec) implies a. sun position angulal error of abotrt

8.2 csec 3600 arc scc arc sec,
. 86400 time sec 3

and the rescalr.4 maximum rourlcloff error rvill be of course:rbout 2/3 arc sec.

Sjnce tlue current anguiar accuracy of the routi-ne for the surl is about.0" 02o

= 7Z are-secon,CE;, the new raaxirnum rouirdoff errcrr is app:'oximately trvo c;rders

1=-
t
I
l

},
qa

-.:i

6\

d
(0

t*"
qfi.

*1
t. t.,d:-

t-r

L\l
r*]
[-s

3

fl

of rnagnitude s :laller.

Eec.

CASE Orr TI-l.Flqqry

. As the r:.rocn movc; about 360c1/rnontir r;r abcut Lzof aay, tlr-e corresponil.i:ri1

figur.eS fOr tll;,r ,noon are about twel"le {:imcs rvi:at they are.for lhe,sun ill:ove. T'huS

the current nr;:iximtim ro:r:ldoff error (B.2 csec) implics a rnoln position angular

error of abouL 4 arc sec, and a. rescaled rnaximum rouncoff erhor of about I arc

.rtrrum roundoff error in angular posiiion aJter the j.t1cor'-

But tl:,,: crrrrenl (optr-,iiistic) a.ngrriary eccul'ilcy cif th"e routine for the mooi'i
I

is about O. Z5(i - g00 arc se(l which is aLso ili;ottt twelve times thc suns aceur'ile)'

above.

Hencc the rew ma

poration of th,a PCll is r' rin about tvro e;rders of mogrut'.rde srnallcr than tlie cur-

rently existin3 eliir0r' d ; to the great siniplification cf tlts 'rttutri".

gislI[:!P:r

S. Co;4rs
il, Larsolt
G. Levine
W. Ostaneli
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CIIANGTI IIOT]]-ING PCR@ -L!---,--_
ANOMALY #

A DIl //

rl

L-l "nlr;s:ius 
ztt

[_].o r,ossus 3

[-l colt)ssus 34
L_J

[--] l-ulrINAnY lr)l-r ,/
Q4,uxtINARY rl'l

I-l cotrl:lsitls
L--J

[l ],lntINn lt]'_
LJ

@6^pproved PCN I rvasa Approved PCR

f_] irtt'f AP1;roved ADll f] iuaSa Approved PCN

GSOP PrcParatiotr

Prepare GSOP revisions;
consi deration

ACTION:

Techrtical Cominittee I\{eeting not requirecl'

tfechnical Committee Meeting(s) held ott
Attendees:

I t umtNA ItY ttr

KSC Testing and Checl<out

Revierv ior Possible
testiug and checliout

NASA Appr:ovcd
Softr,",are Anomaly

\{iT Approved
Softrvare AnomalY

Codj ng

o
A.

Begin cociing immediatelY

ACTION:

Pro grarn SuPe rvis orrs APPror"al:

Do not cocle until nerv GSOP material has becn a" by tl-re 1\{I'1'

MissionDesignReviev;Board(MDRB)anddistributed.

for N{DRB

B.

T
n

D. Other. Prgglam: Ag,{gq

C.
impact on I(SC

ACTION:

f) n"rrier',,f:r clrrcslnn'ling changes it-t

Project N{atla

AC'1'IOITT:

Spc-!:ial Jl - Lr:l: "tlo3l
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PROGRAI'4 CI'iANGE REQUEST
r{1;{: ffisidffil,@;3'gkq:'r,

1,0 C0i{PLtTt0 BY 011le llliT0R
,, i,l 0Rl6lNATOff

, I G. tran'ronds, Jr.
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flivUr APProved ADR

p'(esa Approved P9.1

f] Nasa Approved PCN

ACTION:
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. -DATA

PRELI M I NARY

SOFTIIARE CONTICUMTION COIITFOL BO'.RD

A}IPLITICATION SHEET

PROCRAH

REQUEST

C}TANGE

Ho. 111*(.2 -

PAGE 2 
-oF.

oRCAliIZATilili,l :

,. I/IIT

CONTINUATI0II 5ECT10N (REIER TO BI-OCK NLIr{EER LliD TiTLE
oH PR06RAfl CI{ANGE REQUEST roR}')

&rm. cqlgilgrs

1. AIarrn conditions are indicated by iighting the PROG ALARM light anrl ::toring

the appropriate alarm code so that it nr;ry be exar,ined by keying V05NO$}.1. In s{in1c

special cases VO5N09 is automatically displayedt The Iight is truueol ot'f a.rrci Il 1,

R2 of N09 are cleare<l by the ERROII RESET key. For no:r-ABCRT alarrrr conditions the

normal program fiow is not interrupted.

2. The AB1)RT type of aLarm conditicns preclude coritinuaticn of norriiaX program

flovr; in these special cases recovery from th9 condition is ajcompiished bv the

software by means of a "software restart". These AI;OIt'f conditions are clivicled

into two classr:s:
a. "BAILO1IT" alarms, designated by a fivc:digit alarm code witi'r 3

as the fir.st digit, e. g. 31201.

These alarms cause suspension cf non-rest;-rrtable program activitlr anri

continuation of only that program activity which is restartat,le. This

type of alarm condition is generally due to temporary overlcactlng oi tl-re

systcm; the BAILOUT procedure vriil relieve the situaticn anci allo'v

continuation of the Program.

b. "pOODOO" alarms, designated by a five-digit alarrrr code with 2

as the first digit, e.9., 2t3q2.

These alart:rs are cattsed by conditions which are less lil<ely tc be

correctable tli;in the "BAII,CUT" alarm conditions, . e, g. inconsistencie s in
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-DATA AXPLIFICAIION SHEET -

Hamilton.

CONTINUATICN SECTION (REFER TO BLOCT. NUHBER A.\D TTTLE
0N PROCR H eUNGE nEQUEST r0t0{)

'mathematical calculations. Softrvare rccovery pr"ocedures

ll

pAcE 3 oF 3

for POOD@S depertd

on program environment at the time:

(1J If AVERAGE G is active, the guidance functions are terminated anl the
*

ILOUTT' reiovery proc edure isjol.Lo'qglL-
( 2.) tf an extended verb is active. the ttB.4tr[,OUTil recovery procedure is

*
followed.

( 3.) If neither of the above applies, current program flow is terminated

ancl a flashing V3? is displayed, requesting astronaut selection of a nerv

program.

3. Exit from a continuous "BAILOUT" loop can be aecomplished by simuLtf,.rleous

depression of the ERROIT RESITT and hIARK REJECT' br:ttons, as in the case of

a hardware restart loop. Exit from either a hardrcare or a software restart loop

by means of the aboye will cause reinitialization of the softrvare by a Fnesh Sta-t.

oflhun a POODOO abort condition triggers a BAILOUT recovery procedure,

the POODOC alarm eode is retained.
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{rr"pa-re GSOj) revisions for MDRB
\7 consideration 

ACTiON:

n
n

C"

D.

KSC Testing and Checkout

Review for possible imPact on I(SC
testing and checl<out ACTION:

Other Programs Affected

Technical

Technical Committee Meeting(s) treia on
Attendees:

() Review br corresponding changes in '

ACTION:

Projact Manage

I r,urvuNARY 1rr

r-1 LUMINN RY
t-J

gd'roApproved PCR

f] xaSe Approved PCN

coding immediately

ACTION:

Program SuPervisorrs APPrwal:

Committee Meeting not required.

Mission Design Revierv Board (MDRB) and distributed.

I
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NASA Approved
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by the MIT

l/ - 1, *7n
Special Instructions

Date
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Do not code until new GSOP material has been
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1 ze 1t o
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P. Weissman
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mate with RCS inhibit flags on non-
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t.3 f trt:rl\llY

LuminarY 1I.'
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siclerecl disabled by the autopilot. It is a standard procedure for the crew to
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des irabl e fol-th!--gr-e-t1nd.
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P. S. Weissman
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used to bypase lnternal checks that otherwise would cause a
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been interrupted by a priority display or by a mark/extended

verb displaY.
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lg to lnterrupt a normal display (used to control internal pro-
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1.5 lleasons for change

'Ihe control authorities of the RCS jets and the GTS gimbal cirives are

calculated as functions of mass and of vehicle configuration in the 1/ACCS

routine. The constants used in these calculations have not been changeC since

Apo11o I (SUNDANCE). The addition of the Rover and the associated enlargement

of the IfPS tanks in LM 10 have caused appreciable changes in the mass

properties. Calculations of the control authorities based upon the latest SODB

data for LM 10 shows differences from the values computed in 1/ACCs of up

to l7ofo for the descent LM configuration. This is excessive for a nominal

error.

Tne i./ACCS values match the SODB data for the staged LM 10 to rvithin

3Yo. In view of the'10% uncertainty in the SODB data, it is proposed to leave

unchanged the constants used in the ascent computations.

L:-



Value sIdcntification of Constants by Usc

(

i

P axis

For Use in the Jet-Acceleration
Calculations Associatecl rvith the

LM Ascent Configuration

R axis

Tablc 3. 3-1. Thc constants uscd in conncction rvith the

generalized hyperbolic cquation.

= 0. 00654 43852

= 0.000032

= -0. 006923

a = 0.0035?84354

b = 0.162862

c = 0. 002588

0.0056946631

[ = 0.009312

c = -0.023608

,ao7t79L,?4/
O,O

,o4-60l+4

Ir,t ,oo /455/6^4-

l! = ,ot tZ-/4L
.t* a -.O6,lS 8' 3L

b

llor Usc in the Jet-Acccicrarti'on

Calculations Associated rvith tire

l,M Descent Configuration

Ii'or Use in thc Dcsccnt*trngin<r

i\t onr c rrt- A rrrr Calcr'rlatiotr

A:

L.

(
I

)

I
I

\

P axis

Q axis

ll axis
tci

,(' ,-
,r'r'

, o ci f;'t 3654' o
n?.,/. l),1

,^/ ,',ill I li

-t\ t,)i,{/ t, I

4z.01't7/l?"1(1
,(., ,t'iz'1173
.C,:-*, C'i )S'4{3

L'ire lollorving scaling is cmployed in connection rvith these constants:

1) The rrlass m is scalccl at 216 l.g.

2) I'or jct accclcratiotrs, rvhich arc scaled

a is scalecl at (trl'1) 216 tg racl/secf

b is scalccl al nf4 rad/secf 
^na16.

c is scaled at 2'" kg.

3) Iror jerk accelcrations, in which tile

a is scalcd at B(2'o)i, ug,

i:. j1::ir':rlcrl lJ B ir. lniJ
ifl

r i.. : ,.':'':-,t, ,'.t'. ,:; 
r' :.: '

,
at tr I 4 racl/ scc,

distance L is scaleci at B ft,

i

I

r:r

li ':
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APOLLO SPACECMFT SOFTI.IARE CONFICURATION COI.]TFOL

-DATA AHPLIFICATION SHEET .

t/32

BOARD

PROCRAH

REQUEST

CITANGE

NO.

PAGF z-OFI*

ZATION:
MIT/DL

CONTINUATION SECTION (REFER TO BLOCK NWBER AND TITLE
0N PROCRAM CHANGE REQUEST FoRH)

1. 6 Description of Change
Page3 of 3 on PCR 11L7.2 should be amended to read as follows:
mathematical calculations. Software reqpvery terminates current

program flow and a flashing V37 is displayed''', requesting the astronaut to
exit the current program. 

!
If "Average G" is active, POODOC alarms will retain the basic "Average

G" cycle (without guidance functions),during the Powered Descent, the Ahort
monitor is also retained, but the LB navi.gation (R12) is terminated.

3. Exit from a continuous "BAILOUT'! loop can be accomplished by
simultaneous 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 re-initialization
of the software by a Fresh Start.
+.'If an Extended Verb is active, the ''BAILOUTtt recovery procedure is
followed to prevent Extended Verb Routines from terminating mission
programs. In this instance, the P00D0C alarm code is retained.

t.

PREPARED BY:

DATE:

REHARKS
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LUMINARY I II

LUMINARY III
LUN{INA RY-

Fe*/,m P

tf

\n 6k.ts b ra( o^ly

A.

. veRBAL

ffiNaSntApproved PCR

flN'IIT Approved ADR f] Nasa Approvecl PCN

Begin codingimmediately

ACTION:

Program Supervisorrs Apprwal:

Mission Design Review Board (MDRB) and distributed.

f, nntr Approved PCN

G$OP Preparation

NASA Approrrerl
Software A.nt:j,.r r::.,]Y

MIT APpror.red
'Software A no,'.Coding

6

@

T
T

the MIT

B.

for MDRB J. *ewsut R
\-,

Prepare GSOP revisions
consideration

Technical

Technical

C. KSC Testing and Checkout

ACTION:

Committee Meeting not required.

Committee Meeting(s) held on
Attendees:

. 
^ 

Review for possible impact on KSC
\-/ testing and checkout ACTION:

D. Othsr Programs Affected

O 
nu"ierv br comcsponding changes in

Special Instructions
ACTION:

Projeet *^nof"

PROC;RA1\1 CIIANGN ROIITING SI.IP

r
M
nr

ANOMALY #

ADR #

Date l) * lo -7o

Do not code until new GSOP material has been

lr 3J Poll"*. lt 3{ .
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io"leit (ConPlete

CONTROL BOARDAPOLLO SPACECRAFT SOFTv.lARE CONFIGURATION
PROGRAM CHANGE REQUEST

12*3fr* {a
APPROVALI .2 ORGA\ IIAT ICN

MIT/DL
't.^t'1rn 

1ro

l. ! 0kla,lNAlr-'R

P. S, Weissman
r.d rrr.E or csArGt ReViSiOn Of pCH. j 1 I I I

Back-up of Guid Select and Modt: r-r'r';roJ
r.3 i-rtf cll\lrY

LUMINARY 1E
'i-;TF,\(:) r. a -',A",{ Avoid the substantial impact requirea for implementin^g.ir'-f:i- I 'rgtir r'

faiiures during Powered fligl:'l
PCR 1111 as originally conceived; also' cover
irr"i'""" not dealf with by the original PCR 111

lli-',,rlr I PT to\ o' ahA\3i

See Page 2

SOFTvlARE
0Ec ts l0l{

CONTROL BOARO

FOR VISIBILITY
OR TTICHT SOTTYiARE ERA}lCll

IlllPACT ESTIIiATE BY IIIT
:.2 REMAR(JI

APPRO!Ef, CISAPPRO!EO

ffilARo ai qL I GBr jcr TiaRi
BRA\aH SIG\ (.r.

3.0 I'lII VISIBILITY IMPACI EVALUAII()N:

3.: I\'?ACT CF PFO\ IDING DITAILED E\ALUATIO\

' y1)r"-/ "4rrrrz"tt -zL*t-

,t) ';'',L''71'"' It-(3 ?g3.a,,,ilfJJoRll\A-\rn

4.0 SOFTViARE COllTROL BrlARO ACTIOl{

RaUAi(:
r""u,Il .l. j):. Lllri.,. rlit_itrAtL,, Ll ,.0r..,.,.a\:t LVAL. tra- aTl^\

I { -ni-*ARi \--. 3 :-. :1 . (;

5.0 HIT OETAILED PROI'iRAII CHANGE EYALUAIIOH

c00R0l\AToR

OFT'IIAR
OETA I

COllIROL
EO PROORA

BOARO OECISIOH Ol,l HIT
I{ CHA},lGE TVALUATIOll

R'\tARf,S 
'S'AaT le :l\TlY f t-]:lqappqO'tf, )e S-Jo

rVPL[\,[\TA-t'\ U,''',-tvt\-A'ln\

3 SOFTTART CO\TROL BOARO SIG|l OFF
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APOLLO SPACECMFT SOFTI.JARE CONFIGT'MTION CO}ITROL BOARD

.DATA AHPLIFICATION SHEET -
PAGE 2 OF 2

PROGRAH

REQUEST

CHANGENo. ll3+ ORGANI ZAT:Ii:;ii.

MIT/ CSl")l -

CONTINUATION SECTION (REFER TO BLOCK NT}{BER AND TITLE
0N PROGRAM CHANCE REQUEST FoRH)

L. 6 Description of Change

1. Do not use the crew input word, CHANBKUP, to back up eL;,' "
the Guid Select or the Mode Control switch.

2. Cause the autopilot to functionand the powered flight steer'J"i'.1
routine (FiNDCDUW) to issue commands without regard to the statrs

of Channel 30 bit 10 (from the Guid Select switch) except for the
following:

a) FINDCDUW will continue to set up the coordinate frame for the
thrust direction filter on the basis of the CDUs (as opposed to the({'DiIDs}
when AGS is indicated;

b) the autopilot will reinitialize itself when the indication is st:(':, ,,'
go from AGS to PGNCS.

3.LightanunusedDSKY1ight(DSPTAB+11D/bit2)whene.',ll
PGNCS DAP is not controlling the LM attitude. The light wil-l be jj.l
during the Minimum Impulse mode as well as the ldti.ng mode; j.f ,,,,i.,'

be extinguished in all other modes.

pREpARED By: P. Weissman
DATE: 12129 170

lqee*
RE}IARKS

s:
@

6t
:h
P.
F

tl

\)D



N n/fl4.pRoc ItAr\4 CI IANGII IIOIITINC St'I P .*Gilpcrv r ll33 _

ANOMALY #

ADR /I[-.l co Insst]s 2t'^.
L_r

[- ,n Lossus :)

I cot.ossus 3A

l-l cclt.osstrs

fl r-unrrNArly rn
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ffnntr Approvecl PCN f] Nasa Approved PCR

f] NaSa Approved PCN

A. Coding

@ 
Begin coding immediately

rf
NASA Approved
Software Anomaly

MiT Approved
Software Anomaly

. n Revierv for possible impact on KSC
V testing and checl<out ACTION:

D. Other Programs Affected

O 
n""ierv br corrcslrnding changes in

ACTION:

Projaet Manage

Date

Program Supervisor's App.cnral, {^-------ir# \
Do not code until new GSOP material has been approved by the MIT
Mission Design Review Board (MDRB) and distributed.

Tl Technical Committee l\rieeting(s) held onI ! 
Attenclecs:

C" KSC Testing and Checkout

o
B. GSOP Preparation

I G PrePare G|OP revisions for MDRB
\-/ consldcratlon

ACTION:

ACTION:

t] Technical Committee Meeting not required.
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Snecial Instructions
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APOLLO SPACECRAFT SOFT}lARE CONFIGURATION CONIROL BOARD
PROGRAI.4 CHANGE REQUEST

,,uv8L! ((onplct"o ttt! i5Li)

//3S
I 0 COIdPLEIEO BY ORIOII{ATOR

l. I 0!lGt\Al,CR

P. S. Weissman t2l28l7o

1,2 0RGA\tZATtOr.

MIT/DL
APPRovAL

"P-u"/,*-)
'o'', 

c* vc
1.J itriCll\llY

LUMIN,AITY 1tr

l.d TlTia 0f C8ariGE

Revision of descent mass limits to
go along with PCR 1129

'in;' ;;; 
"or.t.or 

authority computations
unstaged LM mass value that is slightly
avoiclbverflow in I IACCS.

of PCR 1129
higher than

require a lower bound on the
the current limit in order to

1.6

1.

,

; -_rloTl^'! -: :iA(r-1:.

Change LODESCNT, the assumed mass of the descent stage alone , ta )542 k*
(5604 tb)
Chanse the lorver limit on unstased mass in TIACCS and RO3 to 6560 kq (144621b

2 0 SOFIIIARi CONIROL BOARO

OECISIOII FOR YISIBILITY
OR FLIGHI SOFTIIARE BRAl{Cll

IHPACT ESTIIllATE BY III T

I loe"o-.r ! ISAPPEC\ ED

:,: REMAR(S

I :ar-rAit al\tat: BIARa Jn TLIGBT 50FTwaRi
BRI\:! 5tC\ arr

3.0 HIT VISIBILIIY IIIPACT EVALUAII(}N:

l (tsi ' Jrar r=

3.: l\1raCT 3E paCr t0l\6 3t'fAtLiD irALUaTt0\

i'i '!r 
e r aTfi-*'zr'-*z

I z -;zS -7o)
aIt

l'> *zr-7r,
4 O SOFTl'/ARE CO}{IROL BrlARD ACTIOt{

1.t

-tI.'.1:\'!j!'r'|.' 
f--.1 .;r,i.,, f'.1 .r>.

I lro-\t:t :!T^lLi. II t -.1, ',r...'"' L-l :-"r,1 L-l ipoc-\t

i.

.l SCrr*reI ao\'na, I

: AI

5,0 HIT OETAILEO PROI'iRAH CHAllGE EYALUITIO}I
I \rl r a_0cRDt\arik 5 MIT E\ALUAT,O\

6. {] SOTIWART COI{iROL BOARO OEC I S I OI{ ON H I I
DiTAILEO PROGRAI{ CltAt{OE EVALUAIIOII

-;\:,rer la :)\'t\.i r--1:tcrPpFc,to )p sroo
[--l tror-t\.t\TA-r:\ [-l rror-tvt\.Arro\

6 : RIvAR^5

3 SO.TTWART CO\TROL BOARS SI6\ OFF
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Pcin iiis
- 'Ihe r/ACCS ltoutine ?7 2 * Z,

Another part of the SERVICtrR program is the l/ACCS routlne, the primary

function of which is to compute the control effectiveness of the LM DAP as a

function of the vehicle mass, the unfailed jets, the configuration, and other such

factors. In adclition to being executed as part of the SERVICtrR program every

2 seconds during powered-flight misslon phases, 1/ACCS is called several times

during a mission when certain discrete event.s occur, such as restarts, fresh

starts, cietection of disabled jets, data load by crew (Routine 03), resettingof the

attitude deadband, and the turning-off of the main engine. Also, prior to'lunar

lift-off, the ignition Iogic ofthe powered-ascent program (Pl2) loads the bias an-

gular accelerations of the state estimator from the prior estimates given in pad-

loaded erasables IGNAOSQ and ICNAOSR. This is followed by an executlon of

l/ACCS that establishes the proper asccnt control effectiveness.

'l.lro flr,gt tlrlnpl rlorro lu l/ACCS ll n rlutorttrtnntiott of thrt\uhlclo conflgttrn.

tlon on the basis of APSFLAC and CSMDOCKD. The LM mass lhnits and the

mass-to-inertia coefficients to be used in l/ACCSitself are selected on this basis.

Next, the mass of the LM alone is separated out as follows:

a) For the LM-alone case, LM mass = total mass.

b) For the CSM-docked case, LM mass = total mass - CSM mass.

The LM mass, which is displayed and loaded in Routine 03, is therefore kept up-

dated duringburns as though it were maintained directly in the SERVICER program.

Thcrc is a check on the LM mass in the 1/ACCS routinc that serves to keep

thls cr.itlt:u1 pur.unrctor wltlrlrt u ruuHonirblo rungc dr,opitc urry 1r<leciLrio crrror in
thc initialization, {n the Iloutinc 03 load, or in SEIlVICtrR maintenance. It alsol.-'
results in an automatic correction of the mass when staging occurs, since the

old, descent value is too high for the ascent stage alone.

The following limits on the LM mass have been implemented:

Highest descent mass = 33, ?30 lb

Highest ascent mass

Lowest ascent mass = 4850 lb

HIASCENT rvas made a pad-loaded erasable quantity so that it can reflect the

ascent fuel loading used in each particular flight. Its value for a fu1ly loaded

ascent stage is about 11,133 Ib, and it is so initialized in a fresh start (to be

n over-writlg{*j the erasable load shortly thereafter). HIASCENT should not be

ti less than"*ild&'Ib, in order that the minimum descent mass will not be too low.
V 

When the LNI mass is found to vi.olate a limit, its value is changed to equal the

limit (maximum or minimum); the total mass is changed correspondingly.

3.6-8

p0

n

t

:,-.

+&

following limits on the LM mass have been implemented: . j

Highest desccnt mass = 33, ?30lb I 6 lm, L G '\'-
f6o+ '-'-\, -/

Lowest descent mass =38€& Ib + HIASCENT \=386& Ib + HIASCENT \
= r{TASCE}rr 
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f-) Do not codc unt.il nerv GSOP materjal i-ras bect.t approved by the N{IT
\-/ Mis;sion Dcsign Revierv Board (X{Di1B) ar-rd distributccl.

B.

,) K ttitr,:r-,t K f ,J s ,, ,r n

Comrnittee I\{eeting not required.

Cornrnjttee N{eeting(s) held on
Attendces:

C.

Revicvr for possible
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impact on I{SC
ACTIO}I:

D. Other Proflrams Affr:ctccl
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ACTION:
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ACTION:

i] 'Iechnical

n Technical

t

I(SC 'I e s ti n g_e$_g!99!",f1_

ACTION:

NASA Approvccl
Softrvare Anomaly

f] ulr Approvcd
Softrvare Anor-naly

61tc,f 6,a*t{'{

ip,*i..fl_Ill1 rI, il,,ls

Date



1.0 ct]iiPL[.TtD BY 0Rl6ll{ti0R

l.i't::i ll a(l',5i-

Correct cot'tsl.ant

l-t,.t 7t

for" ascent guiclance.
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ACTION:
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ANOMALY #

ADR #

MIT Approved PCN

Begin coding immediately
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Program Supervisorrs Apprwal.:

Do not code until new GSOp material has been approved by the MITMission Design Review Board (MDRB) and distributed.

Prepare GSOP revisions for MDRB
consideration

ACTION:

Technical Committee Meeting not required.

Technical Committee Meeting(s) held on
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KSC Testing and Checkout

Review for possible impact on KSC
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APOLLO SPACECRAFT SOFTWARE CONFIGURATION COHTROL BOARD
PRoGRAM CHAt'lGE REQUEST
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B. 1\,{cCoy t 122 171
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LUMINARY 1tr

1.4 TIT:i ar atsAr'Gt

Initialize FLRCS in P12
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2,9 SOFTHART
OECISIOH

CO}lTROL BOARO
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I
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NASA Approved
Software Anomaly

MIT Approved
Software Anomaly

B. GSOP Preparation

Prepare GSOP
consideration

{

C. KSC Testing and Checkout

D. Other Programs A{lected

Speciallnstructions 
!

Technical Committee Meeting not required.

Technical Committee Meeting(s) held on
Attendees:

@
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u

f\ Review br corespording changes in ,. '
\,

ACTION:

f]ltrutNARY -

ffit, Approved PCN fJwesa Approved PCR

flulr ApProved ADR f] Nesa Approved PCN

A. Coding

O Begin coding immediatelY

Program SuPervis orts APfroral:

Do not code until new GSOP material has been approved by the MIT
Mission Design Review Board (MDRB) and distributed.
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Review for possible imPact on KSC
testing and theckout ACTION:
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ACTION:
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ACTION:

project Manager . ,1. { ,*-^ u*,,
' Date z/ta/z

\-
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APOLLO SPACECRAFT SOFTl{ARE CONFIGURATION CONTROL BOARD
PROGRAM CHANGE REQUEST

NUMBER (Conplcted by FSD)

1 143

I 0 COHPLTTEO BY ORIGIilATOR
l,l oRtGt\^T.oR

J. Klawsnik
0arE

2lt6l7 t

1.2 oRGANtZATtoN

Mrr/DL
APPROVAL

/? / ts:
,1,/,,

t,3 i_rttCtl\lTy

LUMINARY 1E

t,/t TITLE 0F CHANGE

Section 3 Revision 6 GSOP Changes
t,s FtASo\(:) , t

To improve technical content of the document.

I 5 if i.ilPll0\ 0r .tsAyf

See Amplification Sheet

2 0 SOFTIIARI COIIIROL EOARO
0Eclsl0}{ FoR vtsrBtLlTY

OR FTIOtlT SOFTIIARE ERAIICll
ItilPA0T ESTItiATE BY rllT

I
APPRO!E:] OISAPPROVEO

!,: REMAR(S

3 S0.-tAR: a0\Te0! B0ARC Ce tLtGHT S0Fl*ARE
8Cr\:i SIC\ Crr

3.0 HII VISIBILIIY It{PACI EVALUATION:

3.: S(H.irri.t l\rol,r 
_r+

3,1 l\1PACT 0F pRC\ l0lNG 0E'rAlLED E\ALUATt0N

-r iIORACt l\roA\'r 
_t

3.d RtMARxS

-r.t .,! I r .J0RlA\r'!j\""^'D' 'vl
,/\. r-La,t<,rn Hcu <,

r ATt 
-/B /z t

I 4 O SOFTvlARE COHTROL ENARO ACT I O}I

I

l;li;l:'l,i)i,-,, ;l i:il:l:' D(r,a\,-,t tvAL. (:rr.rartor
0lS.
APpR0VEi)

Ri \IAR^

J.3 S0tTiaet C0\rcoL Eaill Sl.i\ Lrr

.ATa

5.0 III T DETA I LED PROfiRAII CHIIIOE EVALUITI OII

I MIT C00R0l\ATOR MI 1 E\'ALUATION

DATE

6.0 s0FIflAfiE C0ltTR0L 80AR0 0ECtSt0ll 0il illI
OETII LEO PROGRAH CHTIIGT EVTLUAT IOII

SIAoT 0R C0\Tl\LE l-l 3tSAppRo\E0 OR SI0P
rMPLfvENTArro\ lJ,ro.,rr*TATro\

6 2 Rt MARXST

.3 SOFTWARE CO\TROL BOARO SIGN OFF

0^Tt

HSC torm 288 (rur 68) TP#21812

V

I.-
I

I

:. :'
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-:l APOLLO SPACECMFT SOFTI,JARE CONFICT'RATION CO}ITROL BOARD

.DATA AHPLITICATION SHEET .

PREPARED BY:

DATE:

lawsnikPROCRAM

REQUEST

CIIANGE

N0. tr43

PAGT 2 OF.

ORGA}IIZATION:

MIT/DL

CONTINUATION SECTION (REFER TO BLOCK NUMBER AND TITLE
0N PRocRA|{ CruNGE REQUEST FoRH)

In addition to changes of an editorial or format nature, perform the following:

3.2-19 Note that the crew can prohibit or allow use of jets via DSKY.
(atso 3. 6-6)

3.3-9 Value for K near bottom of page should be 21.4 X 103.

3.4-37 At bottom of second paragraph, changed sentence in parenthesis to read:

is completed about the P axis. (For three-axis control, the JUSTIN bit
will be reset by the Q, R axes, rather than at this point, once the'damping process
is also initiated about the Q, R axes). Next, the . 'o., 

LfVl-10 and later vehicles.Note that RCS isolation valves removed

Change #1 to indicate R40.
3. 6-12,23,24,26 Use XOVINHIB as new name for LPD Phase.

3.6-24 Correct the description of PULSES.

3.6-6
3. 6-7

:I

REHARKS

6l
Fa
co

6it*
tr
.F{

t

\j



lgl LuNilNAItY I r.

[-.l i-uniil.]ARYllt loLossus

f;- sr<v Ln tt Ii

,/
ffxnf A plrrovecl PCN

f] lt,tt't' Ap1>roved ADn

A. Codjng

RE rssu€D * a/s/rt
(Utfg C/lfl,ul€ fo ir4sr //N€\
t- op ?Aqe :a/TnFPcN/

f.iASA Approvcd
Softrvare Anomaly

I\{IT Approved
Softrvare A nornaly

6sor *!"

B. GSOP PreParation

(^/ Prepare GSOP revisiot-ts for l'{DIl'B
\9 "onii,l"tation ACTION:

,

Committee N{ecting not recluired.

Comrnittee l\'Ieetj.ng(s) held on
' Attendees:

C. I{SC Testing and Checkout

Revievr for possil:Ie impact on KSC
testing and checl<out ACTION:

D. Other Prot{ran'rs Affected

'</'0.'-t//

n
I

Technical

Technical

A Revieu, fct' corrcslrrtrli-rg chauges in
\,

ACTION:
,//

Proje.'t \lanxger - .., / / i'/ -.-i. . ---'
Date :'t 1' '!

@r,cN l. lt+T
ANO]\,{A LY II

ADR #

fI
I n^SA Approvec] PCR

f] wnsa Approved PCN

f] Begin coding immediatelY
\-/ 

ACTIoN:

'. Program Supervisorrs Apprcnzo-l:

f \. Do not cocle until nerv GSCP materi.al has been approved by the I'IiT
\_-/ N4ission Design Revierv Board (N,iDRF,) and distributed.

Spe cialJn structiott s

i\i I'l' / I ) L .pllOC; Il Al\'1 Cll IAi{Gli ItOT]TING SI,TT)

t{)ssils :)
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t\4IT-PCru Page 1 of Z
\uu8Lra ((onpleted l)t

1.0 [trl'iPLi-Tli} 8Y 0t{lCl}iAT0i1

APOLLO SPACECRAFT SOt.Tl{ARI COI]F IGURA-i ION CONIROL BOilRD
PR0GRlit.{ CHAt{GE REQUfST

APP&O!AL'./
i ./ '//*r1 /.

"^,), 
, -/ /

l.l 0kl(,triAr.i,k

R. l,arson/I{. Grec

1.2 ct?cA,rt2aTlLr\

N'II'r'/DL

t"'n,,1r,

l.j !rtiCtl!lty r.! TrTr-r .r cnr,.r,t (]2l"ifiCaLtton of thc

JB1',-,.:L.X i.:i ii.I,f-:,i ii
ffiireInii.tof PCR 334 llev 1;;
ut not as initially specified. Tiris PCI'J is to cI:rrif;' the implementation by NTI'llDI'.

1.6 f,l:-ilPllC\ a' :FA\:;a

See Attached Sheet

s0i"TiiAft[
0ECtst0l{

COl{Tfit]L BOARO

FOl] YISIBILIIY
0R FLliiiil S0Fi'nARt BRAi{Ci1

I[1P!CT ESIIIiATI BY h!IT
:.: N'VAR(5I

3.0 I{II VISIBILITY IMPACT EVALUAIIOIi :

aPDeo\ tr [_l o, ,^rooor rc

3.! l\,rraT cF oRJi titNS DiIrtLtc t\aLi-ATl0\

4.0 SOFTVIARE Ct]HIROL BNARD ACTIOl{

I

5.0 HII OETAILED PI]CIIRAIl CH,iIICE EYATUATIOtl

4 .l raa\ l. a

- 

1..'nLr\,r'iT A,,l .n;;.i,,,',,t.i,,, l--l : ir^rLL)LJ.l.,'.',;:,_.'''' L-J'-".,t
c r s-
iPPR:IiJ

t\aLraTl0\

.3 S0r'*aRI io\,r0! Fi,ll) jl i\ i1.t

cccR0l\Alirk 5.I NIIT t\ALUATIc\

6.lJ .50tiirAttt CtliilIl0L tr0Atl0 0tClSl0il 011 lili
OtII I LTD Pt]OGt1AI,I C11i'I.IGI iVALUAI I O}i

A.roqr Oa C.-\It,.l{ T-l: r(^f rR(\tC .la SICp

[--1,*n,-t*t\IArr.'\ [ I p.,..1r,[\rrtr.'\

,3 5Of TEAFT CO\TROL UOIR! StGr Orr

llSC Ic,rn 288 (,ul ri8) l lr#2ltji2

2.0

^.3 iOr-^Ala :l\1!.! 3--Ana -'i SLIGHT :ctTnl;i
8RA\-'i 5ln\ at'

xa..ri l','or-:

r.-i \IoFAa,l l\rna. r

J..' ir\!lQA:



AFOLLO SPACECRAFT SOFN\'AP.E CO}IFICLRATION COI]TROL BOARD

-DATA AHPLIFICATION S}iEET -
PAGE Z oF Z

PROGL{H

REQUEST

CHA}:CENo. /l+ /
Ah^rtriryAfYAir-( Ir(UAIi I Lli I IUi\ :

Nlr'r/DL

CONTINUATI0.T* SECTI0IT (REFER T0 BLOcK NLI'{BER Ai{D TITLE
0N PRoGPAn"{ CHAIiCE RIQUEST ForJ{)

1. 6 Contrd

1) pCR 334 Rer, 1 stated: "The nerv noi"mal ascent/abort display (N9a) should

contain the qu:;.ritity useC to insure proper cutoff (i. e. AVC"). N?7

R2 should be changecl to clispla;, Af.C, in body coordinates. instead of V, in
local vertical coorclinates. "

The nomenclaturcAvc*, A\rGy, andfl\rqlz v/as not used in the docurnentation

of this change, VGx(LX4), VGy(LX't) and \rGz (I-X{) was utilized. The GSOF

states: VGX (L\4) components of the present VG vector resolved along the

LM X, Y, Z axes. The VG vector rvill be updated cluring each r:omputation

cycIe.

2) NOTtr I e on PCR 334 Rev 1 read: "NB5 shor.rld remain ca1lab1e in asceut f abort
programs and descent programs other than P63".

This should read: "NB5 s:'.u1d remain callable in ascent and abort irrograms. "

PREPARED BY: 1.Q{sori/$rc!lnq-
DArE: !1.5111

REHARKS

(

c\:

@
d
c!+
0"



./
"'t r'l'l I ) L pRoG RAN4 CIIANGTI ROI]TrNG Si-I P

ffir,n NARY l ri
i-l luniNARYtl

{*t, Approved PCN I Nasa Approvecl PCR

fJN{I'l Approved ADII I NaSa Approved PCN

Begin codingimmediately

Coding

o
A.

ACTtrON:

Program Supervisorts Appro'ral:

f-) Do not code until ner,v GSOP material'has been approved by the N{IT
\-,/ Mission Design Revierv Board (MDRB) and distributed.

B. GSOP Preparation

(d Prepare GFOP revisions for i\{DRB
\-/' ConSIC.teratlon

ACTION:

J Kl,4utut /!

Technical Committee Meeting not required.

Technical Committee It{eeting(s) held on
Attendees:

C" KSC Testing and Checkout

Revie.,,,u for possible impact on KSC
testing and checkout ACTION:

D. 'Other Programs Affected

NASA Approved
Softrvare Anornaly

fJ vrrr Approveci
Software Anomaly

!'so P ciN Lq

ANOMALY #

ADR /If] "ou)ssus 
3

COI,OSSUS 

-SI{YI-ARK

n
n

A Revlerv for corrcsponding changes in
\_-/

ACTION:

Projcr-'t N{anag

.Da

Special fnstructions
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\-
APOLLO SPACECRAFT SOFTWARE CONFIGURAIION CONTROL BOARD

PROGRAM CHANGE REQUEST

\uvBLR (Conplctcd by FSD)

Ir{ a
I O COHPTETEO BY ORIGIHATOR

I I Crl.rt\Ar,CR

P. Vol"ante 4l14l1L

I 2 ORGA\IZATICN

MIT

APPRCVAL

l4L
,^r. ,,

Lj:rri:11\lTY

LUM lE
r.d Tl.r:E .F cH^\c€ Add FRSTIME fiag
definition to section 2 GSOP.

' ' 
;;'"ir,,',"],"'.nJl;utl"rfi:?'.1}!",,oiffi'S{-'"-.H#;1,?:l'J:Hffx" 

rlag in order

"';i. Add fJ-ag descrrptron to Sectronz GSUPlsee pa€e-zlo7.-TescrrpTiTl

2. O SOFIl'IART CO}lTROL BOARO OR FL I OHI SOFTl{ARE ERA}{CH. OECISIOli FOR VISIBILITY IHPACT ESTIIiATE BY IIIT
' traPoac,,i: f]r,roro"o,ro

:.: REVAR^S

I :a.-^rla a:\Te.! B:AQi :i eLtGBT SCTTilAaE
8ea\--! Sli\ ar.

3.0 HtT VtStEtLtIY tr,tPACI EVALUAIT0N:

3.: j(xi..,.i l\1 3,: l\fAaT CF eeC,lal\G CtTAtLED t\a!LartO\

-, :i-.4::,i l\!FA 3.4 atlrAR^S

----'
4 '-.2 C; - 1r

4 O SOTTl{ARE COtlTROL BNARO ACIIOt{

r.3 _(c.'i1aI af\'iiL 8:j;: jt..\ r:r

5 O IIIT DEIAILEO PROI]RAH CHIHGE EVALUITIO}I
I v I 'l' c c 5 e c | \ A ; a r 5 2 MI] I\ALUATIO\

6.0 s0FTllARt c0NTR0L 80AR0 0iCISI0li 0H HII
DEII I LEO PROORAH CllA}IOE EYILUTT I OH

tA stAaT f,R Cf,\rt\Lt r-l 3rsapeRo\to oe sToo
l--lttot-tvt\TArro.. LJ tr'.tvE\rayro\

6 2 REVAR^S,

3 S0r'riARt co\TRoL SOARC Stcfi oFF

cATL

',tP#21812XSC Fo rm 288 (rul 68)

y'ff"2_..

.t.:



APOLLO SPACECMFT SOFTI,IARE CONFIGI'MTINN COI.ITROL BOARD

-DATA AilPLIFICATION SHEET -

PROGRAH CIIANGE

REQUEST llo. tl4g,,

CONTINUATION SECTION (REFER TO BLOCK NWBER AND TITLE
0N PRoGRAH CHANCE REQUEST FoRH)

1". 6 Continue!

Flagword
1

PAGF 2. OF.

ORGA}IIZATION:

MIT/ CSDL

Bit
4

l'\-

FRSTIME.B1t is set to 1 during P22 when the line
of sight is not in Rendezvous Radar Mode 2

coverage (the Predesignate Routine, R26, is
necessary). A 1 indicates that LOS has not yet
been found inside Mode 2 coverage. Bit is reset
to 0 by R26 i,r,hen line of sight is inside Mode 2

coverage; another line of sight computation is
done before continuous designation starts. A
0 indicates that the LOS has been found to be

inside Mode 2 coverage by R26. Tested by R26.

PREPARED BY: P. \ro1ant"
DArE: 4lt4l71 

^

REUARXS

c\
=l@

6it
:h
A
F

C
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MITIIL SOTTYl/ARI ANONilALY REPORT
L-TD*01

tliiirlil.;,-,lr.l t: r.t'.r ,,1 i.:,,, i r i,.r I,3 DATI i..: r, ;-i, ,.:,:
ARY ].DCOIJIROL IIO.

rE-dt*-iitviTiIil-*Garruq.qr*J:--B: I-SD/rrS L2.

I.5 DESCit lPTl0l{ 0i ANOI"I/J-Y: :l

"NI;EJXEiil" ini-tializ€tt:-on never takes pl-ace follor,ring DAP -ti-rrn*on if IMU error
i-mproperl-ycorr-nters (Clt fa B 05) a:re ena.bleil" This car-rses cells EDRI/E to be

Ioacled ancl cause a bj-as (consbani: except where changed. due to DAC overflor,r) in
the ATTIiTIUD.I! trP'RO,? IJ]{EDIES "

CONTII.II.]TD OIT PACI

DFSCRIPTION OI RUN:

Apollo 13: Crerv 'bu:rned on LGC vrth D,AP Ofrtr'. They did a PJ2 option 1 which
j-ncluded a coar:se align, This l-eft Ci{ 12 B 05 set so that "NEEDLffi" dj-il no'c

properly inii,iatize r'riren DAP was sul:sequen't,1y turned on'
CONTINUiD ON PACI

! r j,r I a

C A{J SI:

Proper of the
]ci

F-DI\ I
on,

ode

OC CLlT S

r,rll
ll

whencl-i
I-

zati
f-herT-l. o

tnltlall
1.
2"

needle display only

select switch is trot" C0tlT!l,juiti 0li PAGI f-
,2 RTCOGNITiON'

Consiant bias |n the needles; needles not nulled at the attitude reached
by the DAP. coNTtNirrD oN 

'AGE
3 MISS ION IITTCT:

crew has a_ri incorrect indication of the attitude error.
c0t'iTti{uiD 0i{ PAGI

r.,.jt| PGjtjil.S
coriil lli-rID Ui,l P/,Gi:

2" 5 RtCevaRT Pn0Ct Di-'Ri:

Do a CDU zerc {V40N20) with the PGNCS'attitude mode select switch not .i.urned
COi.JTIi.]IJTD ON PACT

ofltol3,5'",1310%tdA?"" alig:r rvith the PGNCS rsrocle select sr.ritch "OIf'.
2. Af.ter LGC p.nver up'(or a verb 43) do coarse align oi: CDU zcTo

Z. S 
'ULTId 

SIGNATURTI-;/

{< ,'ii,' .l /- ,t,n ..+ ,
L i cL0s ll,ii ACTlcil i"]ii il:

C0;lTlrll.il0 lrt t'i.61

4.2 Si(;iJAlURt, 14.3 OiiGANlTATl0ll' 14.4 DAII:3.3 0RGANrZAil0lr i3.4 DATI:

6 PftOGR}.M CORiiICIIOi\]I

Set RCSFLAGS,ibit3 to call for" ]dIIIIDLtrR in
s\,,/itch is found "Off" (in acidition to the pres

tialization whenever
:nt logic).

the m oc1,: s ele ct
CONIINUL-D ON PAGI

2. i RECOi',ifr'ltNDiD DlSP0SlTlCll ( Fix, flork-around, eic];

Ensure that Apcllo L4 checklisis follorv "avoidance
Fix in LUI\4INAIiY lE.

8 REC0ifl[lilJD[D Rt-ltSTll,lG;

Ljmited testing ot-r hvbr'id to sltor-,,"th::.l, va r
J (:-

CONTII.JUTD ON PAGI

3.1 N,r,SA Di;ltCl lirll;

c0i.lil tir.r;L1 of.J Pici

2 NAS,rJ,i'isC S IGNATUR[:

l,lSC Form 1409 (llev ilaY 68)

all ive rralid ner-'d1es.
Zlo MrL.,/.-fi.Z,

procedu,re".
C0l{TINUID ,)ll PACI

PAGE I 0r 2

i



r\,i IT/ I L SCFTI/V/\I{t ATUTViALY HLTUK I

.2 0RG/rNlZAll0ii,

Tisl )i Ti'sl,

2.) c.rj:1jr1i),'(l

3. tritlror I l','I(ill l'1,:a'3,lbil- 6 is s-:ert (D1\1,) clis:r.1,.'1cd b;' II',{L] l'outil.res)
or clranrrc.l 12,/b1: C is:rcset (l.lviu er'r-or c:ou,Iii.ci's clisabLcd).

'fhi.s inrltializai.ioir s:iror-r.ld l:e clo;-rc v,ill1sn1rvi:r'tlic 1\lLlillDl ,IIli l'out;ncl maY not have
propel,];nor,,,lr,cLgc of ihe rroli:Lgcs to the FIjAI necCles; tl.iu.s, it shoulc'i be d-olle

after,.a.;ry 1Jl,4lr.ir:,r-"c aiign (ii,njclr uscs thosc sLrllie rzolti:gcs to drr'r'e thc li\liU),
a V4,i (i'Lst oi ihc l"Dl\l neeclLcs;), or a- poyi;err'-dcwtr of tfic needlesr cligital-
to- anal c')!i cot:, ,,icl-f,el:'"

As r"rotecl iri ]ti..;cl;1," 6, in Ai:ioJl.o 13. P52 ri,as; c]otte r"'hll-,: tlre il;\P v,'a.s still "Off"
Consccl,.r.(jlt.l.ly, tl're seil.ir:rg a-n<i l'csr:tl.ing of tlie trr r biti; t-;tenlicinr:cl arllove dici
not se:n'.: to 1.r'ig. cr tlte ne e de rj iliiti:iliza"tion.

163

Forir 1,100i il,lay 68;
pau? ar -2
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:_*
\{I'I'/ I) I , PROG RAM CIIANGTT ROIITING SI-II):+ PCR/PCN

ANOMALY
ADR

L*ll\ L ':-

#

#

ilfl "olossus
f.- corcssus

f cot ossus

I r-urrrrNARY ir)

f] luiu iNARY r E

l-_l r.un,t INA RY 1 r,'
L_J
ri LUN'IINA RY
LJ

Revierv for possible impact on I(SC
testing and theci<out ACTiON:

D. Other Programs Affected

2ti

.) /\ \ * '+
t--i- - t', '( L,\ u t

f .orosstrs.

I nnif Approved PCN fJ rvasa Approved PCR

f]rutlr Approved ADIi fJ Nasa Approvecl PCN

A. Coding

a) Begin cocling imrnediatelYL/
ACTION:

Program SuPe rvisorts APPruval:

B. GSoP PreP* 1eIg
Prepare GSOP revisions for N{DRB
consideration

ACTION:

Technical Committee Meeting not required'

Technical Conrmittee Meeting(s) held on
Attendees:

C. KSC Testir-re and Checkout

NASA Approved
Softrvare Anomaly

fl urr Approverl
Software Anornaly

Do not corle until netv GSOP material has bee', appro d by the NTiT

Mission Design Review Board (IVIDRB) and distributed.

u
n

/a Revierv {:r corresircnding char-rges in
\.-,

structions
Projee+ Manage

ACTION:
Special Jtt

Date l A fi" 'Z r



i. z o"r-c,r,.r2,rt rol, 3 0A1r:

5lrsllo

Abort) ivil1 result
or coarse align.

i

JI1)-t)

f''C0l,lT 
I ililt D 0il Pl,6E

4 ()llClil,\l0ii
c0i(iRt.)L l;0.

from a "blr(l "

1.6 DLSCRIPTI0N 0[ RUi'J.:

Satanche Level 3 test

C

cori]ltiutD 0i\j PAct

. MIT ANALYSIS -

2.3 [1t5StOit ErirCT:

Software restart causecl by 31202 abort cleans up the problem, but furtLr,er ca]1s
(by gyro compensation during average G) will refill the core sets, causing repeated
overilows. lcot.Tti,ttD oiJ p/,c!LUIT I

4 
- 

AVOI DAIiCE PROCiIIURI:

Do not coarse aligr durir-ig Average G; or else set
Zero LGYRO r,vhenever cage is pushcd.

5 RECOVERY PROCEDURT:

Set GCOI\,IPSW negative (terminates compensati(,n):

6 PR0cD d.t C0RirIC] l0l,1.

Clear LGYRO and rirake possible.sleeping jobs Lefore exiting pulse torquing routine.

- tcir'nirl',io o',r picr:

" coM|'ilJto 0N PAct

toMrtru,.r:o oN P/,GI

.?.i Ricoiir,lENDaD Di5P0s-iTliii ( Fix,

Fix for Luminary -E
IYork-around, etcl:,

CONTIJJU:O ON PACE

I CAUST:

t'LGYI'.O" not zeroed if pulse
jobs attempting torquing will

torquing ends due to cage
stacl< up via JOBSLEtrP.

coarse align; subsequent
Corurtn'u:o oru' PAGg

2.2 REC0Gi'ilTl0lJ:
:

31202 Abort

8 RtC0,{11'l:r\iDiD di- :I5il N6:
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I.2 ORGANIlAIIOI.I

MlT/DL
Dl li:

l.tc:1,.;rr
0RtGlr'tAlLlq
CONTROI \tr,

ir.l

_lj
1.5 D[SCR tPTt0N 0f anc,lr[i

P25 wi1l not corltl-'ol sii:rcucl-iLit :rttii.r-rclt: if range to CSIM is greater

CONTTNUTO LT\ i'AGt

N/A

c0rtiIt;uL0

I N;'rSt D l;itCl l0ii:

c0ililltulD 0i'l Pi,ci

l. I 0lisAt]izAT

I.6 TdSCftIPTION OF RUI.J:

2. I CAUS[;

Coding error - P20lP22 Jogic is also

2. 2 liIC0i;i]! i l0i,l :

A fter r s el er cti.oir
5 26)

2. 1 Missto;,t tFFrcT,
tl----fl-.._*

of P2l) , tro a Lt j-trLcle ch:rttgt:s occur; possible alarrn light (code

MIT ANALYSIS

being applied to P25.

to position Z-axis along line-of *sight

C0NItNUg) 0r. pre!

COilTIi'i{}FD O., PAGf

C0!ilLiUrrl)

I

CONTINIJID O\ PAGI I

2"4 AVOIDAUCI PR0CittilRi,
R63 can be used

. 5 RECOVIRY PilOCt DUil[,

None
'!

6 PftOGRl,:n C0iiRIc]lOfJ:
Restore RNDVZIII-G check to LPS20.1 subrouline.

COflTINiltD C" PAGt

CCFil lti!li D il', ri:,4

2. i tiiCC,;il,,iijf,.jil triSFi): ll !(rr ( [i;r, \'"rih-rioLlr-..j, tli),

Fix for 1J1; r,r,,ork'-at'oir.nd for: I ll

2. 6 RIC0,,]:.,:iliiiD l-iL-liSl'llli:

P25 r,vith range > 400 N. I\{.

coi;iti1,,.u 0it P/,Gl:

2.9 Iit

4 l ctO5ll,:a ACI i0il T^xtN:

C0tiTlili",rD i'i P,:I

cor{'r I r,iut D 04l PAGI

4 DA'll:2 IiAS}J&1SC SIG}iiTUf;I:

fo r- I 409 ,. Rtu rfir liA I
PACI I,

t -\u

3iIt:



ft4 tTl tt SOFT\NJARI AFJOf\NALY
DrDr][J I
I\ L | \r' l\ I

-s-i::
iJ-ffirNAroq

6ricnNtz ll tc''l CONTROi NO.

mrr/nl

L rhe following extencled ::I: l?t:"i:='r'he tc;rruwrris "'t""g" to the csM is
running and the a. , ^l

should not be reqyllted if P20 ot:

i.[n 
'""i? 

u 'r LE / nT ' :]l:1"^" 
t

ii;; ivs+i s-band ?:lTi:

?. I CAUSE:

Erasable conflic't

tilicocruirlot't'
Incorrbct comPutations krY these -routine s, a1s o nou.n 54 disPlaY

.3 &{ISSION IFFtCT:

Bacl AGS uPdate i1 !4? lrcLtllcsrtcd'

J- avot tt't':cr PRoc[DUft i:

i ontGt*,a,tnR,

P. Vol.ante
5 0[scR I PT l0ir 0i /,:.l-r:',;.t \

2. 6 PROGR.ii,i

Change

s;;;;;; than 4oo N' M'
\r6? W-matrix monitor
Vgn Mode II RR Position

t'l

P22 ts

displaY

c0NTlNUtD ot'i f'A9!

CONTINUED 0i{ P4!

i,vhile in P20 leZz with range > 400 N. M.
CONTINUID ON PACI

IJo nc1. se 
'1 ec'i' e"<1":nc1cc1 

'r'e 'i:Jls

z.l xicovrnv Piioc[DilRi:

T er::t:r l i.tl:r te 
qttl pn' l.'j d' r'e rJl COzuftruLrO Onr PAC' \

q4-!c-gf if::----'-'
CoftRtCTlON: rmentS to avoid conflic'..
erasable assrgllr-rlerlL> LU v Y v---

,, 
.l 

RECCL"tI'ffi}ln Ol Sf'OS tf tOi'l GilTvorx-*round, e{c):

\\tO: 1, .. 2 r(rl ,r(i r'O'r 111 fix ir"r 1E

*-nrCOlll''rtllrtD R[-Tt5T I iiG:
..."hi le

Oii PirG!
Sc1 cct aJ:oric erxt'ci']c1ci cl rier"lrs; it P22

z ?iAsml'1sc-IlGl'lATUiii:

llsc-it* 140'g (ntv naY 68)

c0lll I :llt ll
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ri. i C,.r iai .,',;i,,.

l,i i I / | I .-1i-,i i i.r ii..l. ;:.:,.'ir.:ij1;. i

the accunrukited measured Delta Velocity from SER\rICtrR,
tv,rice in one SirHViCtrR cycle after Restart occurred.

r1..3 DAII,

Il?n t'o_I McCov
i-
ll.t DtSCRlPTlOri 0l ANoii'1rlY,

I

I "DVTOrAL",! incl"crxcnted
i

COI"JTII.trUI D ON i]AGT

rx9cfi i PTt0t,l 0f RUi.,J r

FI/IllS P40 simulai;ion at GAC

C0tlTi l',iLlLD 0ll PrtrCL

CAUS[,

DAS instliuction to DVTOTAL perforrned trx,'ice - no Phase change
immecliately follorving" c..tTt*rrrD .ru

2'2 fttcocNlflT'of 
N40 at end of bu,rni.nz of N40 at start of burn

PACI

l

l

i

I
L

l

I

2.3 ftllSSl0ll [[FICT:

None - dorvnl.ist
during Por,vered

AVOIDAI{CE PROCEOURT:

None

.5 RICOVIRY PIIOCTDURT;

Nonq

shorvextrall.V(.x-10 i-f Restart occurredquantity may
Irlight

c0tlT I h,

i

i

I

i
ItD ON PAGI I

I

I
I
I

i

PiiO6R A'I. CORRT CTI OiI:

Add TC QT,rIK!-AZ5 after DAS instructicn
C0NTlNilL D 0f; I'ACi

2.7 RtcotlinittD[D Di sP0s lilc li

None for' 1D;
{ Fix, Etrrk-around, dc}:

fix for 1E
cotJTtrJliD 0l{ P}st

I

ntC0l',11,'ff*DiD Fli-TE ST I llG,

Trace DAS

2 NilSlJttSC S tCR{TUlit:

rolnr-iaog /. Rev iliv

instr:uction after

c0rin ilutD

R estart

0r'.1 PACI

2. lii 0/r.iL,

4.I CLOSIil6 ACTIOil TIKTN:

^4IT 
AI.IALYSIS

cor{TlHili D 0t{ PACI

2.9 t,\ti i it-

l. I U'",5.4 D Ii:rlCTlrlir:

4? S IGNAIURI:- r,-i,r.1 l1-lll

COI,ITIIlUiD OI'J PAGI

CONIII,]UID Oi'I PACT

PAGT I

tiLru[\t

IVIiT t,) l_,

! li11;p6AY

c0t'tTlr,tlrl D oli PAGI
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A1)ti

Llppr:ovecl PCi-"'

Apl:::ol,rec'I" ADLi
[l nasru Appr:oriocl ]lCH,

f-l nasfi Appr.'oved PC}d

[ ] c:t; l{)ljriilil illll

[*l c,,-ri.csitius 3
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A. Coding ./--->J
V 

P'egin coc'iing i'mrnecliatelY

f't. GSC l: 13 ;:e 1:a":i:'a-ii orr

/-\ Itrrei;are GS;Cl? revi.sions foi: ii'tDFiIi
L-/ co,',ii,lc,:atioit

AC'J-'.r-Cl:{':

M.i'il

I iitli'r'

'Ie chnice'.1 Cornm it'ce e

\ Iievic,rr fr ;.t.^ 1;lrs;si1.l1e:
te: s;t j r-.,;1- tr.' , cl chl: clti:it1.
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-Qi!q,:f-regt-t*ig.-Ail.ggq e-

e egg' q llff1r-,-iql&l u 
.

AC1"IOl..T:

Pro gr-'aln Srtpervi s o::'s Aprpr:ova-L:

I{ js;s;jon De sign }1evjer.,, Boarcl" (}1,IDil..E) a.ncl clj-si.:rjbu|e,d.

PCltl ii,cN

AI{0}4./i L,Y

[*-i trr:SA Aplrro'vciiL'l So:i'trva:,:e A.uornal;'

fiJ<u r AppL:oved
$oftrr,,are Anom:ily

i-{k}==

dJJ
'l:y 'rlie 1,,i1'i

Meeti.ng no'i r:e tlui::eci.

i]'replrni ca, 
""Tl?J;;:?:i""ting(s) 

herd oi:

c. 4Qc.Jss!"g-:i!s1*9lsslgYl

R,evicrv fJt'c'orrcsi;a-^{J:ng change s iu

irirl:lct otr I"5,1[]
ltCT.i()l"I:

Projtct

( ,'_ i1/

I

Do no'i code until rier"' GSCP matel'js'--l- ha"s beei: ai
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MIT/IL SOFTWARE ANOfl/IALY REPCRT

a .i.-n1r f, a .

mode
IIOLD to

l0ilCilJAi0;r', l. 2 0RCiiliiT:Ail0r.l

the AU'IO positior. before the manual rate cornmand
terminated ancl while X-axis overrid-e is inhibited:

D[SCR IPTIOI{ OF RUI.I:

' Examillation of coding

-:'i: /::"i, r'.

.l CliUS[ 1) rate command mode
AUTO mode control

has been p:r:oper1y

1) A short RCS jet firing (. 15 sec. m.aiimum) may occur abou.i the yav,, axis
if the mode control switch is latel returned. to the AT'I. HOLD posi.iion
or if the X- aris override inhibition is removed.

CoNTINU:D 0h PACE 2

Vy'hen the manual
switching to the

is improperly
switch position

termir-rated b;,-
while

CotiIlNUtD Cl'i PAGt 2
RICOGli lT l0i',i :

1) A shoi:t yarv RCS firing at sv',itch
of X- axis ot,erride inhil;ition.

to AT'T. HOLD or auton:atic renoval

c0iilll{ut0 0,, o^a, 2

i.,i {r::i.l; :

L(;:.ir. : .

l. I OATt:

3. 2' UASA/r,4SC 5 t6NATUili:

2.3 MtS5.r0N triicT:
Possil:Le unexpected RCS
or au-tomatic rerrroval of

2. 4 AVCIDAI*C[ PROC[DU]1I:

Wait at least 5

after returning

firing or yav/ maneu.ver a"t srvitch to ATT. IICLD
X- axis override inhibition.

sec before switching mode control sr',-itch to AUTO position
ACA to detent follorn'ing manual rate comma"nd mrln-er.r,'ers.

is in AUTO positicl r,rhile

.5 RECOVIRY PROCEDURE;

.6 PFi0GR,rj,i

1) No recovery procedu-r'e necessa:"y
2) Move, AC$ rapidi-y or:-t of detent and back in yav,' axis ( a natural

ttfiBHE-t ouRltcBIT whenever mode control srr,itch
X- axis; orrerr:ide is inhibited.

c0\Tiriul.D ci; eil:2
2' 7 ft icotnr'littDu o 

r}d$il''31' 3.i"H'ir{'ilti $1)i n ar y r n
1'1 it Lu-minary 1E

: 8 RtC0i,1l,ilil0[D RI-]i5Tl llc:
VerifY

bef ore ::clease.

I NA9A DII?iCTIOIi:

that anornaly

COI.JIINUEO ON

been properly fixecl

./, .')

has

PA6t

minaryu.
::-

\

inL
2. i0-/

"r.l tl.!.

C0l{T i ,ilu[ t) 0'i i,i$t

u il:.

ff:l
tiSC Fcrnr 14 ev hlay 08)

C0NTI l',lu[D Ol'] P.rlG[



1.2 ORGANIZAIIOI,I.

1\[I'I/]fraper I-abG. R. Knl1an

1. 5 Cont.
2) The LM may yaw to a different aiti"tude

inhibLtion is removecl if the direct rate
command mode is active for the Q or R
Duritrg P 64, for examPle, if :

modc.

2.2 Con't
2)Yarv to 11c\,;'

2.6 Cont.

l.?t

(180o max) rvhen the X- axis override
damping phase of the mauual rate
axis al the time of the switch to AUTO.

Coni.
X- axis overricle is inhibited, OLIRRCBIT remains set. Consequently if the

X- a.xi.s overricle inhi.biti.on is removed or if the mode control switch is moved
back to the ATT. I-{OLD position, the P-axis manual rate command mode
coding is enter-ed immecliately nrithout the proper initiali.zatton. Thus, the

mar.1ual p* axis attii;ude err"or:, DXERROR, remains equal to the change 4 P-
axis attit;ucle Since the irlp::oper termination of the manual- rate command
mode. If D>iERRCTI is gieat.er than the deadband, RCS jets rnayfire_ft:r up

to 0. 150 sec to reduce nXPRnOa. On the next DAP pass the manua1 :'ate
comrnand mc,de wil-1 be terminated properly, and the attitude hold mod.; will
be entei'cd.

Z) It,the direct rate damping phase of the manual rate commlnd mode is :.ctive
fo:: the e or R axis at thJ time of the srvitch from the AT'f . HOLD to the
AUTO mode coltro-l switch position r,vhile X-axis override is inhi"bited, QRBIT

1. The luode Control Su,itch is moved to the ATT. HOLD posi'-tion.

2. A 10o/sec pitch rate is cornrnanriecl with the ACA '

' 3. The ACA is snapped back into detent position'

4. The Mocle Control Srvitch is moved back to the AUTO position
wit'hin 1 sec of the retu'rn to detent '

5. The yar,v attitude is changed due to lateral r:edesignations.

When p66 is subsequently entered, the X-axis override inliibition is auto-
matically renroved. The vehicle r','ill then yaw to the yaw re{elence attitucie
that exisied u,hen the 1\4oc1e Control Srn,itch was in the ATT. HOLD position.

##rf:TL;iliit""i?-r:";rilI'u*t anrl rus'rIN bit remains reset when the x]
axis.ove;:116le inhibiti.on is removed, the P-axis manual rate command coding 

i

is iinmcriiatrl3r entr:.L,cc1 uiihor:t ini'l,i:i-lizing DXlilii-iOR. As in case 1, tfLe liCS
jets -ri1i firc io i:ccir.rcc llli1Ill.rlc)il. lJccau:ie JUS'i'IfI is reset ancl C)}11:i'J'is
iet, ho\revc.t-', thr.: rrta.riliill l"r:.'it colltriaricl rrrccl.e cai-ttlclt bc tcrr-r:rin:,ltcc'i- ttlLli.-gs thc
mc,rle col--r'rr.c)L s;t,rjtr-:h isi ntor,,ccl L-,acll'rcl itte AT?. IIOLr) posit.ion (s;o that tire
Q)l.i a::is r,riairua1 coding r,"il.L be cxel'c;i$(:Ll and QItlJl'I r'','ilj l-re reset)'
C).,rr".,,i'1'r,,iiti;o,, t'lrtr DAP 1,ill i'i;',','littr vejril:le until DXlliiI'i,Oll isj rcdLicod 1'o

zero, iircri Li,;lrt ttre,: r1r.:r,,,, yttr,r.-:rtt.i1iitLc iii ti:Ler p:;cu-cio alt,to rrranual ra.tc conrll-r!lid

attitude at automa.ti.c removal of X- axis override inhibition

Reset QRBIT during rate damping in X--axis override mode.

HSC Form l40gA (HaY 68)
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B. Mc-CoJ, *--
DiSC[i iPil0i,i 0f /.1]Ji',1AiY

l. 2 0RC AN ll Ar r0ir

lulT/,u! ,
o lqt l.t

I l.)11.\ll_t - L- a-----

lP*clE

COriT;l'lui , 0N i'AG{

Parcl,l-olr,d "l-l:l\\ill1'I sh:Lri.rs e]'es.r-'}-rLc ncrr.rrrr'y locatioir ri,ith iil\'! of 1)20.
L_!

I
i

i

i

0R lC lt!hl{lR
c0i,,i1'fll:)t \)a

DiSCf: l PTr0il 0i trlrli.

C0liilll lL l) 0il P/ict

CAi,5!:

see1.5a-bove
2.2 R[COr-ri]i i l0ii:

eyQba,ll

2. 1 t,1tsstoii tri:tcT,

If P20 is selectecl

P64 a-rrcl 1166 may

- tu1ll /iNhL-YSl5 -

before Plll to track CSr\,i,

affc ct rra\rigiii i.olr.

the l-li wcigiri.irlg fr.r,r-rc1.io:r in

c0ill li\,1i!l) []ii P4c!

C0rlllliU[0 t)lJ Pi,S!

C0tiTll:iitD 0ll PACi

2.4 /#0lDA:lC[ PiiOCt0Uii[:

Loa d 1-l i \ /FI i )r io r'to PDI: V 2 I T.JOIE' 3 7 5 6 ir--XXli)ax E'

2.5 RICOY: ;iY I'i.lC: f:lJl[:

L, o a d I-, Il \r,iFLi : \r 2 1 N Or }- 3'i 5 6 I-Y,\X X\ ]:-
I

2.6 PP06ni"',1 C0irlllCl l0i.l:

lVIove LlllVHL 1.o r.ilrshai-ed ritentory.

2. 7 ntcO;,ii,;ilii,!D DlsP0sll'lIii 1 Fix, \'irrk-;rounc, tlc):

Program note for 1D; fir for 1l!.

2. B ft[COi,ii,]ill0iLt Ri-lISTlf],,r
Simulate landing seqtlerlc€r a.Itd- shorv tlo c.haI'l in LRWH1

coi.tTnit[D 0N PAGI

d. I ct0sli;'; ACilOli T/.](tii;

2 t'iirSlJi.lSC 5 lCll,\Ti.iIi[;

cotiTl!iri c 0rt r'Ar.i

I
I

I
I

COiiTlir-;tD Oii PliCt

CCi,iTliJrlttr 0li

C0ilTl ilrtD 0tl

3.1 ilAsA DlltcTt0ll:

COffiIHUED ON PA6T

{. ? 5 l$f1,13. I 0ii0,!.li i 7:l;l.i C:l

trrr-l /,0g {l*, fi.;'?tl

CO;iTll:iir 0 0f'l PAG!

: l. I Dili,

Eyeba.1l

P,q6i I 0F ,_
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ffi
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'A. There are a number of windowq,g""*qXltSI:"1::g:,A. 'l'nere are a ,l,ii,j",:i^:'^,,i';;' b, leaiing the DAp withi; r";i;; *od" *;;ia wipe out a waiting 1/ACCS io
t-oi;?;lrtii"*t, 

a,,change in major mode" means a VB?, ve6, v56 or a

v34 response to rrrior" displays-in'pzo, P22 and P25. Each of these wipes

out all waiting jobs.
I / AC c s i " " iJ,t i ne 

- 
wh ich. 

" 
oPqY1" -,tl: i :11"* 3:'::: t 

:'::, :i,,:1?' 3: 
u 

^i"i,fi[lT"'li *ffi;il' lJmg:-T-T:- and conilfflfrr,3l\o4r,,

trSCfrlPIl0N 0r RUNI

Inspection of coding.

.:i.*.--"!.l:',iea*...it;{y@'...

MIT/IL SOFTWART A[JOMALY REPCRT {rrdlrE".
L- 1D - lo,

CONIINUIO ON PACI

. MIT ANALYSIS -

2. I CNST:

RTCOGI,IITIOH:

See page 3

See Description of AnomaIY.

in Apo11o 14.
/*"\ \

(See PCN i059)

CONTINUTD ON PACT

CONIINUID ON PACI

coNIlHUt.D 0ll PAi,i

AVOlDAilct PR0C[OuRt:

See page 3

T,' NTEOWRY PROCIDURII

Any procedure
v348.

?. I ntcotltittlof 0 Dl 5PoS lIloN ( f lx, fthrl-'round' clcl:

Fix tn LUMINARY IE; work around

. 6 RtCOMiltNOt0 Rt-TtSIlNGr

COHIINUID ON PAGI

3.1 HASA 0lRtcIl0N:

,.2 HASXHSC

PROGR/rl{ CORRTCTION:

ITave the subrouti.ne that wipes out the queue of waiting jobs
totlol./ACCS.Anychangcinmajormoclewtllthuscausca

MISSION TFftCT:

See Recognition.
The onlY case that might be serious is case A3. CONIINUTO ON PAGT

COttTtNUi0 Oti pAGt

that causes 1/ACCS to be done. The simplest is V4€*-T;:,

set up a job
U 4fi,f^il oi$}l),'l,{t

lr"rl.o

D AIT:

(l cl0sl116 ACIl0fl Il(tN:

CONTINUTD OII PACi

MtT/ tL ,s I

H$e torm 1409

colfilr.lrri0 0N PAGI

PASI t Oi .....

I
I

I
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M IT/ IL SOFTWARE ANOMALY REPORT

It also comprrtes various quantities which effectively determine the placement and

curvature of the switch curves in the RCS phase plane on the basis of je-t control 
.

authorities, the current attitude deadband, the vehicle eonfiguration, whether it is
pov,rercd or coasting flight, and jet failures. 1/ACCS should be executed whenever
'uo,, or its inpuls ctringel Hence, it is done in SERVICER after the mass is decre-
mJntea anrl a job to a5 tt is set up by the routines which change the deadband and

the various discrete inPuts.

If gne of these jobs is wiped out by a change-in major- mod9, some change in data
nray not lave been"effectively assimilated into the autopilot. Specifically,

l.) al:norma.l exits from a powered flight program (including a V34 response to
a flashing V9? or V99 couid leave an improper deadband and/or the powered
fl.ight configuration of the RCS control law;

Z\ terrrri.gation of P20 or P25 could leave a 0.3 degree deadband if R23 or R60
were ii: y-rrogress;

*.-.

B) 1r*r-rni.natir:n c.f routine 03 at the second display (N47) by c-h.ange inmajor.rnode
.wc,i:.]rl p:,'evenl. i;i:,y clesired clianges to the- deadband or the vehicle corrfiguration
;rorl bein5 incorporated into the phase plane and the rate estimator;

4l a change in major mode immediately after an RCS isolation valve was opened
or closedlvould prevent the proper modification to the RCS phase plane logic.
(The window for this i.s extremely smal1. )

B. Another problem could arise if a restart occured in a certain part of the Lunar
Sgrface Navigation Program, P22, withthe range gre_ater than 400 nautical miles
and e posttive range raie. Immedi.ately following such a restart, coding would be

cril;ered via the phise table which would terminate P22 and, in the pr.og91st ,wt.Pe out
waiting jobs. Since a restart caI1s for a I/ACCS jo!.antJ _clears the ACCSOKAY
ntt (ndpn661,s/bit 3, ) the DAP will idle until the I/ACCS is done. If the P22 exit
eor'])es in ivhi.le that 1/ACCS is in the queue of waiting jobs, it will wipe it out

{t;1;cthcr wiilr 1;hc rest.of the queue). Thus, the DAP will be lcft idling, waiti'ng for
*:iIf, rvhictr has gotten "1ost". 

- It will idle unti.l 1/ACCS is done by some other routine
- i. g. RO3 or the i.nitiation of AVERAGEG Since P22 is only done on the lunar
surfice, when the DAP is not needed, it seems quite certain that the occurance of
i;hi"s case would have no effect at all on the mission.

L- lP- lo
Lumina2 OR6ANIZATIOT{:

MIT/DL

I

I

P. S. Weissrnan

"#retu..'**lii.iarrs*Iol l{d-..-i&&Li.Hrc&"t,



I\4 lTl ,u S0FTWARE AN0MALY rtEP0RT
ORGAHIZ ATIOI{:

l) exits from powered flight programs after the pre-burn attitucie is
calculated that do not go through the final di.splays of that program;

2) termination of P20 or P25 during the execution of R23 or R60;

termination of R03 by a change in rnajor mode;

changc in major mode within a second of operattng an RCS isolntion valvlr

There is no avoidance procedure for case B.

3)

4t

The crew can avoid the particular procedures
case A. Spccifically, the following should be

that lead to the difficulties of
avoided:

L:'r6_ t0" ",.
ll.l 0ercnt^roe:
I

, p S Weissmarl_
I
I

2. 2 Recognition

The vartous cases given in the Description will be treated separately.

Al) The crew or the ground might notice the discrepancy in the deaclband
because either the DAP was allowing the attitude error to grow larger
than expected or the DAP was firing to correet attitude errors that were
smaller than the expected deadband.

AZI Same as A1 except that the expected deadband would always be larger
or equal to the deadband in effect.

A3) Same as A1 for deadband changes. Errors in configuration could result
in extremely sloppy control or even instability.
A4) Some extra chattering of the RCS iets.
B) Console light(s) in the Mission Control Center would be Iit. Also, if
such a lock-out were accomplished and some activity which required the
I)AP were then carried out without first doing Routine 3 or in some other
way causingllACCS to L,e done, then it would be found that the ifAPwas
not performing its function. One possible lunar surface activity that uses
the DAP is an RCS test.

2. 4 Avoidance Procedures

ISC Form tl0SA (Iay 68)

r; ('.
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'Il'ie value of W
lvrrJMO //169)
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I-uminary 1D bY

ILI ' 
lf, rr,,c*,tvll v rt ior,---=-- I ltlav. i?u
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MIT/ IL SOFT\,VARE

1.2 0R0ANllAIl('\

MIT/DL

- is nris-scalcd in
iJ

AiiOMALY R

CONIINI]t L) 0N i'AGi

rl otfci-rpr-ror oi

tryeball

RUN r

(Reported in comments to MIT from MSC)

CONTil'itjtD Ofi PA(,1

- MIT ANALYSIS.

C AI 5t:

Ilrror ir-r preparation of PcR to change the LoSStrM Ephemeris Number'

CONIliitliD 0N PAri!

RIC06NlTl0fi:

Error when an approximate position vectol of tire moon is coml>uted in
LSPos corlTl'Uio oN P/'ct

lvllSSl0N tFFiCT:

P,arl ::il.ignmont if tlle sul'i alld moon are uscld'

AVOIOANCT PROi i,DURE:

Sec 2" 5
CONTiNL]ti' ON PA6I

C0NTll.ltil0 0N PACt

RtCOVIRY PROCTOI]Ri:

The ground can transmit a very accurate Moon position vector
should be desired for alignment.

PROCR/*1 CORRTCTION:

Correct scaling of Wtl

lYork' ,rrou nd, elcl:

111, TI:csc l1ul"I'lb0rB havc to be changcd for a new YC*l" for
CONTINI.]tI ON PAGf

if that body
CONTINUiD OI.i PATJT

c0NTlNltr c 0ri IAr''i

fil C(rMfdi l,i0t 0 015 P05lII0N ( rix'

l"ii. llrt' l,ttnli))ltl'y

i.l HASA 0littcTl0N:

CONTINUTD ON PACt

rl-lcll
2. I ilLC0i,lhi[ Ni]l U Ri-Ti. SI I NGr

2

CONTINUTO ON PAGi

MIT/lL SIGNATURL,

)

(I CLOSING ACTION TAXIN:

\*

ANIZATION

CONTili(,iD 0N PAGi

arPdnTl,u1u-l1
1D I

I. ] I)AIT:
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i.-l lurr,itn*Any rD
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[--lt uivtt|lAP"]. lllLJ
N LUIVI] NA liYIJ

f] n{iir Appi:ovcci l']CN I rvaSn Apprr:vecl PCR

i.-_irVrl'f Approved ADfi f] ttasa Airproved PCN
;"_l

.11,. Cocii np,-.-_'*;,/
( ,A Bcgin coding immediately
\j_/

ACTIOI\:

Tl xnsn Apirrovcclu 
ryf'v,,arc Anoinaly

ffitltoL.r A1r;:ro'i,i
Software Atior"naiy

Program Supervisorrs Approval: I i.

/--\. ilo not cocie until nerv GSCP material h:rs been a
\r-i 1\4issior-i Dcsign Revievr Boa"rcl (I.,{DRB) and distr

i),. !i!Ql-ll{!:P**{it!Lql
Prepare GSCP i'evisions for MDlif,
considcration

ACTION:

tj 'llechnical Cornmiti,ce i\4eeting no'c requirecl.

I Techn:.ca1 Committce Meeting(s) held on
Attendees:

c. SU*:llile 4!ilgjssl:sr1.!
/'\ iit,vjcrv lo:'poss;iblc intp:Lct c:n KSC
\ --l tg;tirt11 nncl c)rc:cltou1. AC'IIJOIV:

i ). _Qt::g_ 1.1,:rj1,:jItL4{lq:'19c1,

A l,"evierv,'br corr:osiloniliirg changes in

?-u- U_.k&

ibuted.

-Sneci a.l Jrrst:L.r. ctions
-J--*.-**.*

by the ivilT
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i,i{1i,triiii)ir

i) VOJ-,AN?E
0i 5ie lPIl0rr ()r AM)MAt y

i.? 0RCANllATirl\

]\,TTrn /;-1;-.---_ivtar+.uL

i.l

Seler:lion oi V4iN?2 (il11 Coarse align) while;in Ril reposilioil oi'rerir,f,de is
i.l'r ppss,,pgss resLlits in incorrect operation of \i4ii{72. ALso lieying in V-l4
rvirie a re,oositiorl is in progress wiii cause el:roi:ieous opei'a'[ion ot' a
:,,,i)secrient V4li{72.

[0Ni r tuut 0 t)\ i'ACiI

I 6 0{SCRlPT|ON 0i flUNr

I\T A
Lf /I,

ccNiiNi.ll 0 {.)f,l PA0i

- ln T Ai..JAi-YSrS -

? ) c.ii\t:

irr. lN?2 ciisabies the RR error couatell enable o'.rtbit, v"'i'iich
ii.'i..,e, l:ui" the remode(or reposition) fiags aire r:lot clea:'ed.

Stops tile a.-,Lenna
c0NilNUii r/\ iA(;f

I

I

l

\i

; i rtfrl{.),;l iIioii:
1;'oiiorving the loading of desireri angJ.es in ltl73, i\72 wi.il show
nci conr.rerging to desireci angles.

i?.1 Ml5IlOH tFrtCIl

, Nr:ne.

actual angies

l.ihiTi\t,: ij',\ n,frii

L :. AVfll0At{(:I PR0([0urttr

l): not l.:ey in V41N72
while a l,eposition is

while a reposi.tion or remcrdL- is in progre6s,
in progress.

or V44
CONTINUEO ON PA6E

c0rlTl tiili0 0r,t PA6i:

i.) cf :nVtiv eri.. :r ltl*i --
{lycLe fiI{ UiCDiI StrLECT srvitch from i-GCtoSl-,UWand t}iei'r bnr:k to i,GC.
(W:i-it ;ii ioast one seconci beiore returning to LGC).

COIiTiI]UtO ON PAGI

iiR00i riil COft RiCTl0rl:

Ac,iri checlir; tr: V41 and V44.
C0NTlNth 0 ()l'i r'Aili

:i-i[rii*-,liil;[ 0l$P05lf l0ri if i)(,

[,u rninaryli'i): I{),l^

t&)rI-.round, e(c);

1ll, workaroun(l for LL{rnir)ru:y tl).
t
I

l

I

CONTINUIl] ON PA6[

i?,5 tttCOrvtMf N0iDI vqtNzz
'?t-il Sl lr'i0,

and 1,r44 testeci during RR repos
CONTINUTO ON PACI

;L i CtoSiNd ACTiO,\l rMiN:

0ATEr'is ' 7o
;irf',n )iftiCIi0N

CChIli;Ul0 0ii :',l"ili Ci)Nii l\iri 0 Ci't P^'li

,i'

JAIt: /
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COL,OSSUS 2II

COIOSSUS 3

COLOSSUS 34

col-ossus_

[-_.] luntiwARY rD

@*{ul,rtuAnY rtr

I-lluirnlxARY lt,'LJ
TI LUMINA RY
l-J

ANOMALY 1 ,1,.- ,l i:,- ,j",""

ADR iI

NASA App,:oved
Software Ar:oma1y

|u[ lrytr Approved
Software AnomalY

I utr APproved FCN I xasa Approved PC-R

ll,tt,l' APProved ADII f] xasa Approved PCN

A. Coding

(ry Begin cocling immediatelY

B. GSCP trr:eparatlon

AC1-ION:

Pro gram SuPe rvis orrs APPruval:

f6i"s1o,., Dcsign lleview Board (MDRB) and disi.ributecl.

Prepare GSOP revisions
consideration

ACTION:

Tecirnical Committee Meeting not required'

Technical Committee Meeting(s) held on
Attendees:

C, I(fie t'orll;l],Uitlld eltaukolt-[

llevielv for possil:le impact on I{SC
iesting and thtrcl<out ACTIONI

rr Otirr-'r 1)r'() grams Aflected

A Revicw br corrcsi:orriiirg changes rn ,'

t-/
ACTIOlTT;

for MDRB

n
n

Projoet
Special !rstructions

Mana

by the MiT

Date
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l.i 0AIi:

llT-otsCt I t'itorl oi RUN I

liyeball of fSB Programmecl Guiciance Equations Documcnt'

CONTII!U[O ON PAGI

- MtT ANALYSIS.

CAUS[,

Flagbit setting omission
CONTIJ'JUTO ON PACi

.5 RtC0VtRY i'ROCt0URt,

l{one needed
CONTII.]UIC ON PACT

6 PR06n/,11 CORRtCl i0N:

r.-j:let !-lagworcl 5 Eit 12 for impulsive burns 
coNTrNUE' 0N P^Gr

l.t,riCol,T'rfrur,f D nlSl'0SlTl0N ( flx, y/i)rk''rouni1, ctcli

[,'ix lor' 1]l
c0NTlNutt) 0N PACI

Ri.c0i\1Nr[N0i 0 Ri-Tt SII N0r

Ilvbrid imPtilsi.vc buru; show
fI n rr i . r'a q nl CONTlNrrlD 0N PAGI

'!' 

-

CLOSING ACTION TAKTN:

c0NTiuui0 0N PA6t

c0NIrNiit0 0N pAGf

CONTIIiUTD ON PAGt

/r,r, llIG-5 jn pir., TGO i,s cornputecl . If TGO is colrrputecl to be -l-ess tilan 5 secoi:ris' iiO

l*,,noltrlr i.LG (r,,i', }3)-2) strouict bc sct as shown on p. 39[], t:-ne ('80 c'r csloP sect'ion )r

iffi';;;,lil'r""inhjbit th:ortl.e commano to rnax at TrGizOoMrrt4E' ]Ior',rever,'chis bii,

is 'ot sert 1n nTMINARt-Hev l-78 ca,.sing the LGC to comrnand max throttle at TIG+-

7,OJ,:l1i6i (rrlthoufl lf'" "n;i*c v"ould of course bc off)'

CONTINUID ON PAGI

.' O"^111L70fir

RiCOGN lT l0l'l I

Tirrottle

MiSSION tITtCT:

None

AVOl 0ANct I'it0cL0tJiit.r

None

I NASA OIR[CTION:

2 NAS/VAISC S l6NATUilEr

F r, rr1 1,i09 ( fiev

MIT/IL SOFTWART ANCfulALY RTPORT

up command seen on Thrust meter

CONTINUiO ON PAOt COIITINUiD ON PAGI

..J .,, .l

t,r'- : ::
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PCR/PCN
ANOMALY I L- t9 *15

ADR

NASA Approved
Softlvare AnomalY

#

#

#coi-ossus ztl
COT{)SSI]S 3

COI'SSUS 34

col-ossus.._

f] lularNARY lD

f|funttNARY 1E

I lunntNARY lre

,J
,'. -ff,-,-

B" GSOP PrePg:ation

u
n

C" KS_C Testing and Checkout

Revierv for Possible imPact on KSC
testing and thecl<out ACTION:

D" Cthsr Frogr1rrrs-AffectSA

Prepare GSOP revisions
ConSi,'-:f atiOn

Technical

Technical

Committee Meeting not required.

Committee Meeting(s) held on
.Attendees:

ACTION:

' Date

fi R"rierv f:r correspor:ding changes in '

Projcet I\{ana.g

ll- t > -_Za-

il LUVIiNAIIY-

f] nntr Approvcd PCN fJr.lase Approved PCR

D M I'l APProved A IIR tr NaSA Approved PCN
[-.!zl-uir Approved

A. Coding ,
,-- r/

{g Begin coding immediatelY

ACTION:

Program SuPervisorrs APProval:

for MDRB

- ACTIOI{:

Software Anomaly

Special lnstructions_

Do not code until new CSOP material has been by the 1\{IT

Mission Design Revievu Board (MDRB) and distributed.

t
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N. Bar111t

MIT/IL SOFTWARE ANOMALY RIPCRT
l. 2 0RGANI 1 Al l('\
vrrrTtsnr-

l. 4 tlR lC I f'IATOR

C0NIR()I \O,

OISCRIPIION OI AI.IOMAI Y:

P00D00 Abort while P20 (P25) is
and prevent its re-establishment
cleared.

rrrnning in the background will kill P20 (P25)
unless-RI\TDVZFLG (P25F LAG) is subsequenttry

,

CONTINUID ON PAGI

fl$r1i{narv 1P

DTSCRIPIION Ot RUN:

EYeball

CONT I NUTD

I NAS^ DIRTCTION:

CONTINUIO ON PA6T

T2 SI6NATURT:

. MIT ANALYSIS -

CAIjSt:
pZCI (pZ5) restart groups are cleared, but RNDVZI'LG (P25FLAG) is not reset"

i

C0NTINUED 0N PAGr l

] MISS ION TFttCT:

No P200P25)
CONTINUEO ON PAGI

AVOIDANCT PROCtDURt:

None
CONTINUTD ON PAGI

.5 RICOVIRY PROCIDURt:

Select P00 at P00D00 V37 request
CONTINUID ON PAGt

CONTINUID ON PAGt

T I CLOS ING ACTION IMIN:

CONTINUtD Oti PAr'i

COI{TINUED ON PAGE .

I

.J

2.6 PRoGHU 
BoSt,Ht$nv 1FLG {p25 FLAG) in p00D0c sequence.

Z"l nfCOmmfHDfD DlSP0SlTl0N (tir, flbrk-'round' elc):. \
Fix for Luminary 1tr. (-l* Pcru 772+ )

?.8 RTCOMMINDiB RT.TESTING:

ftAs/vMSc sIGIIATURt:

XSC trrm l40S (tiev traY 68)

CONTINUTD ON PAOT

'I. ] DAII.

\ tllt2l7o

jtwffi---

t0 D ATI:

i:-

5) in MoDtr tis-rrt1 iul **'"1:1,"3''""
;;; i;#;Ji;ii;;, tracking, or mark processins to be peirorpuc. P2o(P25)

wilt not automatically be ie-established in the background of targert[ifl6,PtrNod[iarn

PACI I 0f*_
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i\]I'I'lIP, PROGiTAI,T CIIANCE ROUTING SLIP
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col{)ss;Ils ztl

CO LOSSUS 3

COI'SST]S 3A

CO II)SSI] S-

fJ nnlr Approved PCN fJ rvasa Approved PCR

f}\,1I1 Approved ADll I wasa Approved PCN

PCR/PCN

ANOMALY

lrn
It L*t?-:16

il[-] urnrrNARY lD
Z.t
[z[t-unntNARY ni

I lunntNARY ll
N LUN{INN RY
l-J

NASA Approved
Softrvare Anomaly

B.

A. _Coding
,?.

@ Begin coding immeriiately

GSOP Preparation

u
r

C. KSC Testing and Checkout

for MDRB

ACTION:

Technical

T'echnir:al

Committee Meeting not required.

Committee Meeting(s) held on
Attendees:

f) Revierv for possible impact on KSC
\-/ testing and checkout ACTION:

D. Other Programs Affected

O 
neview br corresponding changes in

ACTION:
.Special Instructions

Projeet Manager

M nilr Approved
f\ Softrvare Anomaly
l) -i r | ,f
[*"i{. il }: t

ACTION: _l
\Ar1 -t'/ 'l

Program Supervisor's ApprcnnJ: l/1,/1,',,-. '., . '.{ a / ' ' ' .'j -i
r,'

Do not code until new GSOP material has been approved by the MIT
Mission Dcsign Review Board (MDRB) and distributed.

Prepare GSOP revisions
consideration

Date l': -tD- aD

I
I

I
!i



MIT/IL SOFTWARE ANOMALY RTPCRT rffoFTm. - *
I--ID- 16

L'
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i

I

I

oR tc I NATOR,

P. Volantg- 
-

DTSCRIPTION Ot AIIOMAY:

. :l.l DAII,

12 -B-70

(NominaL lniection VelocitY)
as specified in GSOP.

I. 2 ORGANIl AI I(\\

M.I. T.
d ()RlClr.lAI0R

coNIRf)t \(1.
I

umlna
AM RIVI

178 & Subs

CONTINUID ON I'AGI

Fixed MemorY constant VINJNOM
is 5509,3 fPs instead of 5509' 5 fPs

I

-l

i

I

I

OISCRIPIION OI RUN:

None - found bY examining listing"

?. I CATJST:

Loss of accuracY

RiCOGNITION:

None

MISS ION TFFTCT:

None

AVOIDANCT PROCTDURT:

None

RtCOVIRY PROCIDURT:

None

.6 PROGR/*,t CORRICTION:

Coruect Constant

[nrcofiil'rilDf D DlsPoslrloN (tix, !{ork-around' elc):

8 RTCOMMTNDTD RT.TTSTINC:

Nominal 12 ascent run
CONTIHUTD ON PAGI

TIASIJMSC S IGMTURT:

in converting from FPS to M" /C. S.

. MIT ANALYSIS -

( I CIOS ING ACTION TMtN:

CONTINUTD ON PACI

CONTINUTD ON PAGT

CONTINUID ON PAGi

CONTINUIO ON PAGT

CONTINUTD ON PAGI

coNTlNUrC ofi nACI

CO}{TINUID ON PA6I

2. l0 DATt:

CONTINUTD ON PAGI

I

t

t

Fix for APollo 15 (LUN'[ 1E)
No action necessary for Apollo 14 (LUM 1D)

CONTINUID ON PAGI

COHIINUTO ON PAGI

ISC Form 1409 {Rev Xay PA6t I 0f .-*
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[l cor.ossus

[_= ;orrssus
[J col r:risus

[_].ni-ossusl

,(1

2I)
211:,

2rr

IC
1D

1.ll

[_] ntitr Ai;pi^oveci PCI\T aJ ruasn A;'rp::oved PCll

[ '1Nasn Approvecl PCN

?**V.q**fl,

by the NiIT

B. GSCP PrePaISIlgl

Prepare GSOP
consiclera.tion

Techt-rica1

Technical

c. 5!s-Ls!gLq-q,g-qlEslieg

ACTION:

Comrnittee Nleeting not required.

Commi'ttee I{ecting(s) hcLcl orr
Attendees:

revisions for i\{DIlli

impact on KSC
ACT]O}I:

AC'1-IOI.I:

n
u

D. Other_$oj:{irns AIfec_lsjl_

gpgS13l-Insgggrgl"

Revier',r for possible
testing and checliout

A Hevler.i krr c.rrcsi)or]-ing chrtrges irr
\_./

fl i,ulirINAIly i R

LUMINN IiY
[-- I t,i-ll,ltINA]t\l

ffin,rh*n nY

coding imr:recliatcly

ACTION:

Pro gram Slipe rvi s c, ;' ts Apprct.al.:

N4ission Design Revierv Board (N{DifB) ancl disitribuied.

PCTrlirci\T ,(r

ANOlU/ir,Y lt *:lD.'17

J-- I NASA Alrirroi,cd
- Softu,lLre Anorrral;'

Lf, Mi'f Approvcd
Software Anon-raly

Projoet L'lanage

( I,l c,r, r rr / f;o)



,J- t- MIT/IL SOFTI4/ARI ANOMALY RIPCRT
ORICINAIOR.

occur

OTSCRIPTION Ot RUN:

I.2 ORGANIlAT I('\ 4 trRlClrlATC/R

- -'-- -1

I
I

I

:

I

I

not-:-
range is greater ttran 400 n. m. and the range-rate is positive may

CONIINUI D ON I'ACt

Examination of coding.

2. I CAUST:

z.z RrcocNtrtoHAfter RR tracks csM into mode I and no
V3? flash does not appear, but N54 is computed.

3 MlSSl0N tiFtCT: --NOne

5 RtCovtRY PR0CtDURI: select desired program when 530 alarm appears

6 PRoGR^AI c0RREClloN: unshare flagword bits in P22,

CONTINUTD ON PAGI

CLOSIIIG ACTION TAXTN:

i uslt*.rsc S lGl'lAIURt:

#*iffi#.Hi#,# ffIrl "" 
RR p r e de s i gnat e

- MIT ANAIYSIS -

coNlrNUtD oH pect ",.

.l
I

CONIINUTD ON PAOI

goes on, the --t
I

i

coNTlNUtD 0N PA6t 
i

ng of R21

CONIINUTD ON PAGt

in P22.

CONIINUID ON PAGI

CoNTINUt D 0r; nACi

Z. I nfC,OrtiltrfiuD DISPOSITION (Fix, ltrork-around, etc): I i '

Efr".iq,j*- d^&NL-. a-" ff'+ b"t "i-'"*'' L r"'-'f:

E RICOMMINDID Rt-rusIlNG, P22rrcrninal run
COHTINUID ON PACT

CONTINUTD ON PAOt

PA6t I 0f-*,*
E
a
I

.1 AVOIDANCI PROCIDUR[: NOne

CONTIHUiD ON PA6T

3.l.NAsA DlRtcTl0N:

CONIINUIO ON PAGT

XiC f or* 1409 (Rev Xay 68)

I. ] DAII:

I
I
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tittl- lll. PI1OGll^N,l clThNCiIr RoLr'fiNG SLJP
--L---

fl "or,os.sLTs
[-col,ossus;

fJ lururNAlr\' 113

f] r,uivtti\/rItY tC.

[*J coi,ossus 2rl [-' I lunl In'TA liY ] I )
L _-r

pp{,ttntl NTA IiY 111l] coloslsus 2F

ACTION:

Prograrl Supervi sorrs Appr^ouaJ:

N{.issj,on Design Revjerv Boalcl (N{DIIB) and clis;i.ributccl.

PCll/PCi\r #

ANOI4ALYlt t-lO,-/;i;

NASA Approvcd
Sofisrarre Anorrrall'

'ffiat'r App.o'ecl

{l

') (1

2t)

[_] mtr Appr:ovecl PCN

A. Codirtg ,/

-{ 
n" r"' cocli, g, im,reriir'tcly

B. Q!o_F lrr-9q?_I3!oj

Prepare GSOP
considcration .

[.-.] wasn Approvecl PCFI

[ '1 masa Approved PCN

alymnoA

(

. Soft\','alc Anomaly

-Ll*i-.-U;

revi.sions for IVIDRB

ACltiON:

u
n

Revierv for possible impact on i(SC
testing and chec]<out ACTION:

D. o!:Sf If o s, "elg 9_4II9, tjg

'f echnica-1

Technical

c. 59QlS!_t.qrc!g_g!9g}o:1!.

CornmiLtee L4eeting not required.

Cornrnittee i\'Ieeting(s) held on
Attendees:

ACTION:

Project It.,Ianag

O 
u,".'ierv i'rr q6r1"Q^rpol.lriurg ctranges in

Date-#': la:Ja--

Spe cial In s i, nr c!_i cn s

I rr-.-- .,- /r'r\

l)o r-rot cocie utttil ncrv GSOP material has been a by the NIIT



- MIT/IL SOFTWARE ANOMALY RTPCRI
I oRlGltrAIoR. ll.Z 0RGANtlAilr'\ l.i DAn [.{ nRir,r'lrr,p lPflof?,{#rr.r np. Volante __ __l I{II _flzltoty)_ r )trlRr}r, \i' 

_ fffi<hrcaDrolrnr.llltu

ru({l[6ETH.

il'fiufi

-"]re-_J_--_--_r.5 DtscRrPII0N 0t 
^mMAly, ln p22, if the R21 routine (RR designbte) drives

the antenna close to the RR Mode II limits as tle CSM is moving away
from the landing site, the RR antenna may oscillate between the mode
limits and the mode center several times.

I

I

I

I

CONTINUIO ON i'AGI

DTSCR I PIION OT luN' System test lab run of. P22 without allowing RR lockon.

. MIT ANAIYSIS -

CONTINUTD ON PACI .,

CAUSI; R 21 and
Mode II

R24 do not clear
limits in P22, so

designate flag
R25 calls for

RIC0GN|TloN:Oscillation of antenna trunnion
limits and mode center.

v,rhen it finds theLOS outside
a designate after a reposition.

I

CONTINUTD ON PAl T

2.3 MlssloN tFFtcT:lr[ens- if this situation occurS, no

i

coNTtNUtD oN PAci i

-

CONIINUIO ON PAGt

AVoroANCr pRocrounrselect P22 while CSM is approac
within RR mode limits.

ng site and not ye

CONTINUIO ON PA6I

RIC0VERY PROCEDURE: 
NOne

CONIINUiD ON PAGI

6 PRoGRA't CORRicTl0N: Fix coding to clear designate f1ag.

coNTlNUaD Ori I'AC'[

2.7 RtCOMMINDiD DlSPOSlIl0N I Fix, ltrork-around, etc): x lor ApolLo lworfor Apollo 14 ' (Lum 1D)

CONTINTJTD ON PACt

RtcoMMtNDtD RI-TESTING: P22 with designate (nzt1 attempted as CSM is leaving mode limits.

CONTINUTD ON PACT

CTOSING ACTION TMTN:

CONTINUTO ON PACT

2 lrAsXAlSC S

ISC Fo tm I 409

tl

0f-_
r.nev rav i'D

PA6t I



nil'l'/l)1, pRoGnAI\4 cllANGn nOIIT!{C S!l!

fl .o tossus 2t,

[=- Cot oSSUS 3

f "olrssus 
3A

[-l cotossus
t-J

fl lultltNARY lD

[purruNARY ut

f lunarNARY lr
I_I LUMINA RY
t-J

Date

R,, La,us*^
PCR/PCN #

ANoMALY # L- lP: C I
ADR II

NASA Approved
Software Anornalyff utT Approvcd PCN I Nasn Approved PCR

DMI'f APProved ADR I Nesa Approved PCN
d*r, Approved

A. Coding

ru Begin coding immediately

B. GSOP PrePgation

ACTION:

Program Supervisorfs Apprcnral:

Do not code until new GSOP material has been a ed by the I\{XT
Mission Design Review Board (MDRB) and distributed.

Prepare GSOP revisions for MDRB
consideration

ACTION:

Technical Committee Meeting not required.

Technical Committee Meeting(s) held on
Attendees:

C" KSC Testing and Cjreckout

Review for possible impact on KSC
testing and checkout ACTION:

D. Other Programs Affected

O 
n""iew br corrcspording changes in

,\,i

o

n
n

ACTION:

Projeet Mana

Software Anomaly

Special Instructions

1.2 *.16-7D



i

'4J, RTPUXI MJ.

L-lD-19
I ORIGINATOR:

B. McCoy
DTSCR IPIION OF AIIOMAI.Y:

V50N1B on DSKY.

l. I 0ATt: I

112 I 30 l7 ol
1.1 0RlGrNAroR

CoNIRCX in. lPt;iiilrt I za

Pway tr/lsrONr oneously display

COMINUID ON PA6[

Lo orscRrprtoN 0F RUN: Simulation at GAC - Restart testing for PCR324

CONTINUTO ON PAGI

. MIT ANALYSIS'
IS alter routrne Ly>ZU. I call wnlcn computes

RRTARGET. This shares erasable cells with radar read data. A Restart
occurring after the radar read but before LPS20. 1 restarts R65 wj+ r bad data
in RRTAEGFT The 15 rlegree chcckthen fAils AqiLR60 is subsequentiy r:alied.

2.2 RtC06NlTlor"J,

Restart followed by V50N1B display
CONTINUTO ON PAGE

I.3 MISS ION TFTTCT:

None /
CONTll{U€0 0l', PAGI

4 AVOIOANCT PROCIDURI:

None
coi'Jfif/u[ri 0N PA6[

5 RTCOVTRY PROCTDURE:

perform
Depress ENTER pushbutton

maneuver.
on DSKY; ignore request to

CONTINUID ON PA6[

6 PRO6RA/tt CORRECTION:

Placq Bestart Point before LPS20. 1

.CONIINUEO ON PAGT

2.? RtC0MMiNDiD DlSP0SlTl0N I fix, Work-.round, eic):

Fix for lE; prog note for 1D
COI{IIMJTD OiI PAGE

r.8 RicoMMrNorD Rr-nsilNc, Digital simulation with Resta er Restart Point"

CONTINUID ON PAGt

2. l0 DATt:

n'.la' 7r
].I NASA DIRTCTION:

CONTINUTO ON PAGT

TI CLOSING ACTION TMIN:

CONTINUTO ON PACT

2 NASA/MSC SIGNATURi: 3.3 ORGANIZATION 4 OAIE: ( 2 S IGNATURI,: (3 ORGANIZATION. [ 4 DATT:

HSC sv 6

M IT/ IL

r ttYT

SOFTWARE ANOMALY REPORT

i

PAGI I 0r -*

(

I.

,,

lr,*-/, -., i.L)

0lm



xll'r'/r)l ROC ITANI CIIANCN I1OIITING SI-IP

t- ccirr)ssIIS 2t':
L

Ll col,ossus 3

I corossus 3A

[-l corr;ssus

Technical Committee N{eeting not required.

Technical Committee Meeting(s) held on
Attendees:

C. KSC Testing and Checkout

Revierv for possible impact on KSC
testing and checkout ACTION:

D. Other Programs Affected

T
r

ng
n
T

f] nur Approved PCN I NaSa Approved PCR

In,tl'f Anproved AIIII f] Nasa Approved PCN

A. Coding

6
ACTION:

Program Supervisorrs Apprwal:

Mission Design Review Board (MDRB) and distributed.

B. GSOP Preparation

I-I]N{ INA RY I D

I-UMiNAilY t ti

LUMINARY III
[,UNlINA IIY-

Begin coctingimmediately

Prepare GSOP revisions
consideration

tt. l*r^1.^
PCR/PCN #

ANOMALY # ljfr"-ff.]
. ADR #

NASA Approv,:..
Software Anornah

El'nrrr Approved
'Software Anomaly

for MDRB

ACTION:

O 
nevierv br corrcspor:ding changes in

ACTION:

Projeet Manag

Special Instructions

Date

Do not code until nerv GSOP material has been by the Mi-T

t

t

i-r- -7rt+1



L

MITi IL SOFTWARE ANOMALY REPORT fl'-t'#rt
.r oRroluron, ry- ir.rorn,, l,.o33l!lli'l_1. ll'Btrfrir_rp__
- P. Rye --- I MI]/DI- 

----LJ-2fi1lJg-' 
lflH-ot-ffi$i';riml.t DtscRlPTI0N 0F ArroMAtY: l. If a BAILOUT occurS during permanent ll---=*

integration in P00, R22, or R21 and is followed by any other restart kreiore
another restart point has been establisiled in the program, and if a second in*
tegration process has begun, it rs possible that normal program flow wiil ]:'e

interrupted or that state vector will be invalidated.
2. If a BAILOUT occurs during permanent integration in P00, 'followeii L1'

selection of VB2, VB9, or V90 before the i.ntegration is completed, tl'IC :.'i,:"
effect as 1 can take place. 

co*Tr*i.rr, .zu pACr

t.6 0tSCRlPTl0N 0i RUNr

Eleball
c0NTtNr,J[s oir PAGi.

. MIT ANALYSIS.

?. I CAuSt, __- --- Erroneous clearing of REINTFLG by BAiLOUT logic

CONTINUID ON PACi

?.2 Rtc0GNlTloN, BAILOUT followed by another restart during times specified in 1.5
followed by anomalous program behavior.

,j 
^,ilssfoN 

rrrril

c0f.lllrirrlili 0ii i'i: i.

ffi urffigrai.t.'ril-:::1..'*--
completed.
2. Do not seLect VBZ, VB9, or V90 until P00 integration is finished if a BAILOUT'

rlor-rlrrP.l - CONTINUID 0N PAGI

2.5 RICOViRY PROCIDUR[:

Correct state vector and reselect program if necessary..

CONTINUiD ON PAGT

2.6 PR0GRos c0RRtcTl0N: Do not clear REINTT.LG in BAILour

CONIINUTO ON PAGI

?.1 RtCoMMtNDt0 DlSP0SlTl0N ( tix, Work-.round,

Fix for LUM

etc):

1E
COMIINUTD ON PACE

t8 RICOMMTNOTD RE.IESTING:

Restart and BAiLOUT tests P20 and P00
coNTrNUrD oi,r pA6r I {',, _:.r,,.//-f/ -1.,,, I i -.ra 7(:,

l.l NASA DlRtCTl0N,

CONTINUTD ON PAGT

( I CL0S ING ACTI0N TltJ(tN:

CONIINUED ON PAGT

t.l NASA/TISC SIGNATURT; 3.3 ORGANIZATION I.4 OAIE: 42 SIGNATURT: L] ORGANIIAIIOH: UAiL:

ltSC Fo rm I 409 ( Rev ltay 68 )

PACI I 0F _-_
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ConLrol Board Request *o.- llfu. ' .

L*..a-q !
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-) 

-
A'- b-Name of Program(s):

.il r-
Orig inator | fid:.v,*."d*

organization , N lf

Date: -E '7oJ

NA
rt Jr.- .l;*l"i,*p*

Lt6a4",e*. d't**'4";irltr 1/FY

,tW^$*-6 7'7"r 
#y*#

*td*"(.,***t"d ,

Ass igned to: p /') tJ . F;0+-*a-a-eaq "

v

'Comments:

h*.J* L*r*;, il* *tt 1

N gnw Js,.rfufr'd.:c*c

Description of Change:
q,- - ". /* d*, * ;t**'*

I
II

Approved tiY i

Datet, 
,



Assernbly ConLroI Board Request

Name of Prosram (s ) : LU f\ f 
'f1 

#
,3*:y1 s m$r\ry*Orig inator:

Organization:

r"q y-.I}
nJ

Dare. Zd /no.1. f cs
Descriprion or chanse: fn trJrUi d C$'N&AA** OiLT777

6an c'I€Cttr{r. /*j Cit*r#-t S 1\st.ul'r'{ 1''J Qr1'

sa-f"kd Cu-nc{ h ;1qi fu; t 
I i ,r,r, (t,,t ,a.t1: #'":-/";t}' 

''' P' a' c'flDe .Sr, ,' 
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t

0.,.f4 ,3.-t"ruli-r'. ,)'(ti ,l(. t;t fi,btrd-6* (AN €rcat r ShC ,

Assigned to: C (
LC r,t6. \*C';u-[ur-z\-r=-

'Comments:

Approved byi X'\n,I*th/ {.-'*{*
Dare , (* 

( o1; "

1*.L-v %ry

L
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AssembIY ConLroI Board Request

Name of Program(s): Lu^--'""*ooJ i Z

Orig inator: \A r C ;^" -

Organization: 'Y'4 trl't U

. t/t)Date: '.r/ L1/{/
DescriPtion of Change:

1,'r.' \n+ <n^c-- ^ iq-vr: S'^*.t-" i--'''l"r*'b n^ l) - 3

^ C'- 
" 

:'' : ': '-." /') r';! :' " i 'Y'' :-

co.uL'. otl';6 o/i;)

C 0 ^JTA-?L P4 ltTrnle- )

fi.^- X"C-*
cl $J?44\- R4Lv" tvvaq

* ' cl'.n*k* bowsie- J- I' b\ou-l3u

7

Reason:

|#Ll

tZB_@{

O{no..o-"-

.oh,
r'*9

Tt+LrrTv6
$:1,3 6

Dxur'{ {-
Tr+f.-o-r 7Le

OAt'o/

'Comments:

:.1

,i;i

Approved ": l)'h* c^"/ &,^^dh\
Date, V^U". 'q, \ 10
" 4v--"\ 

u 

" ,,,, ,

,-(/
gO. .l-. 1- ,l'

Assigned
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AssernblY Control Board Request

Nante of Program (s) :

Or ig ina Lor :

Organization:

Date:

t1

\ron. : CA K?rf f
-l-C s itoFirnr]>

*o -. ,(-

fi\fi€S

l,.l c*\L

o

Rcason, 
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o{ '}\-fO-f 
n U , S..* Ltii"\tN.rli{./ N\e.r*c,

J.\*,1.. 'D*.'*1

to. *to.,-t ZO

i\ouue-rJ A*.o-*trr '-ltr . *.,-o. r \ IV iaTll L

f+i1Crj_\ -?e.- s{r:orrcr,

Ll{r{tr hJfrRy

/?. Cou"lli
D rup*. L^-b

A"J. l/ , t?7C
Description of change: C\r.*^.\u- 'a!"- tw<: \i'ur.,, .q

c.J, \o.6\,o-ns N\co h5st<lf c..*-X \\cot\sPcjT +t
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\J

iJ lvt P

i<P; P3

Assigned to:

,I

I aA
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'Comments:

approved byi )ttJ d-dL*
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Assembly ConLroI Board Request
I ')--No. t- 3t)--:-

Nanie of Program(s) :

Orig inaLor:

Organization:

Date:

Description of
t' iv\o,cqgpglS-'

L\,l\AXN ft Ry

R. . c.u,.\i,

D...-po- L^t
A*1. 11, Ialo

change t 3.,.. $uRv rc-ER) .sorie-'\{." "f 
^1

{.-*- 'tL. \o.""\, o\ \^., \..e-c-* i\ -*.o.,*.\\1 is
io 1\... tt 'TC- T Hnp:i-os'pT " , ",,..,{, .ro.!io... {*. \ i*.s
\o{n' .

Reason: b.*r-ir,.1 {\t. *..0*e i.n}e*v.^l }ro..., TiG'3o t a1-c

i n ? lL, lVfoTRL r s -n*-^l\e-.,.t1 ir.,.r,rw,oar"tci \y 1".*o *

1l-o,i,\1. f\,s c\^^^ 1. w.r,..,-\l .p.o,k*a \)Vlo1y11- cL\\_

o-c.-r-r-^i..-\r- -y$ea\'-rr of .*\*" work &"*. [v 11n" **Xrr,iq.-

Ass isned to : f C-*"tJ*-

Comments:

w(
al -\)()

Approved by:

Date:

/ "l
"i 

Clu-.n*U"-

,\)
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Assembly Control

Name of Program(s):

originator: ) err utr\ l'lo5r.rr'ia'"2- c'

organization: h t'r / O; 
0

)Date: Atr-1 l7,t7lo

Description of Change:

5qr 4 L's I rtF liti<Ls
L c, c.l'r1 a/ 1 //,\ r /.5 / A/ rftt
AtJO N€r Dt,ae-<-11y t4<f,apepc '->

Reason. fo /Afe ,,Qttron-l^Jce'!
,((ra,", to( /^/

/P4 8e"Fqet/1,cQi)
UP TQ PArCi 

"r'o

D z,e q (r'o.,< r''-/

7lg'rc t'lS r

q.&ff
= -ra E Acl)

2 otvNLrtuk /,tSrS

/N /fle L/51;5,

fo r/r'Q-5 R : /o (t'/ rtttuf

ftowrruc r/'/ltf TillY

/p l)cr,vuLrpll LtJt5, y'tuS7 be-.klr'r
i) e. 17 -F L( 7'l v.l'-

/) ,n
Assigned 

.to: J-*-**'&-
\-/

ComntouUs r

,::::""'ilw '/6---iA
l



organizaLion: /' t-f '/' it/-

I *-Jd
lql F" \)/'

rll A'*.:r i. ,// /dY

o"".*O:-V ConEroI lloard Ilcqucsg No"'t-/ - /'-"'

/ an
./ 2-( /e u/*q

q i -i'JB. rL *t.tiJ itd :

Dare: ,4r, 17//qlo

Depcription of Change:
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Nus-( (u- Ar I <_t': i-ti '"'

UL |oLr) FLA<" 'f,lut '- -

:

:

1

/t
tl -/)I I - ]t

tk-rr,,-(t Lr^-,
:

Ass igned t,o:

Comments r

Approved bY:

Date: V

)4*,**.J
It -lt o



Assembly Control Board Request No. L-33

Description of Change:
Load the "trap" of the DAP state estimator with a value that is l bit

off from the GSOP value. This is an error of less than 0. Llo and totally
insignificant. Furthermore, it will be overwritten by a pad load from the
ground following a fresh start.

Reason:
Make room in Bank 5 for PCN 1059.

Name of Program(s)

Orig inator:

Organization:

Date:

Assigned to:

'Comments:

LUMINARY Itr

P. S. Weissman

MIT/DL

26 August 1970

?J*^-U-:*;

Approved

Date: b

bv, jl4.
? \rt \"1



H-f

Assernbly Control Board

1../(- -; tJ
No. *-' fRequest

/
Name of Prosram(s) ; [. U f/ //tf 4ll {

\ /) ,-*originator: /1 , {-t;.n-"n*-""o-J

organization: f") i

Date , *? I 9ptu' 7*
f

Assigned to: -h 
" /S u..***n*.r,,d,*

'commenls, p"*,/*r* (, un,"u aur d'un
ei',*g ,^ -*-y, e*-/'":' R-$;fl L ;
4r; / Mis #* r-A*"*""'ds"

'ro**

/14'''+-

o*^.-b.

,; /L ,x-{ t Ffu*

Approved

Date:

I

I

,.r*-y'".*"x'n'#{'"o"-(I*'r-" t*



I

i'\

8_qE*
srovL uHEe

rEA^ (
Ve 0n$l

Asseml:ly Control

Name of Pr.ogram(s.):

.(orig ina t-or r t, fi ) L

I

LU rntf)G fi q-d
I

r/.'- i

*o. / 3gBoard Request

€7

organization: f-Yl I f
Date , '/ - i'? "l 

lS

Description of change ' ehrll"l.:lc {r{}dr , , .-. t', I L /*{5"*
tr'* (

J-o S/ure* lr,or1q, ;:t{tr*,/',s1 in CLDPtts,rl'{
iC crUrr-t \)e;r1f. t;,i,rr) .-t:tt 1<-bl, i/,I i'; l.-:rt- PfO$/ern:
Con5q' f.,ilrl i ,''"- lo "r-r';,;i ;'| 1 1t,-; ,; yl"{r,r {l -q- (rfr, I ri t:ie-] Y
t'n*')fr,.rci,r)1,1n , f- 1* rr;- ftlri^J 11 {^1-t;\}-7 y-.: Y-h*f 8ra{,.tti'€-
qnd i*slyUt"f l{)ri: b Q- r'4 l;d:-dr Or\ c(tif { , 1*- r I

a:f r.TFt J,'trt-VKdD ousr ; 'i d'J" ' '* .'' " L i".-' i '' ' /!):'J il
neiibn: '" ,,', I r:r) I iu,.: /\s/,r'.i*d: b{_rVu.d,

)')1.'.5f i"[iu*,1 CI Lt]t;,/ Fl] { ii} #,ji.}r-,''',u ftuc rlqp
ftc 'fuec-[..") unul i1"l,i-)*l''.J\ rri lr*,,i"-,,.] '!

\- L,lii. , c.L r,":i,,,,,. , f ,,oble* [_ar A {:.:fi Ouf,I -r I

*---* - . --b+ /!Jr n ('iii'._r'",u* '

q-ffi.*;

Assigned to:

'Commenrs: fVC Lrt u dS

F.r-qy*

sT-cR6 vttzL
toeD l"cor't P

rsi'n tr

&;€oVmS

ffiL/e'*'[

J-'.'-,'"", ".,. / ,., ".) ,t * + €-rlr-^--
Y
(\

l

, ",i.;l ,-.i J.-, ,.ir , tiir "* [, ,/{*}*l"i\*;.r ii'-' L.i' , r !r't'"w ,, 
/.. ,

App::oved

Date:

\---'

Srpp I
by, 'ii\c,-1^^f/J, 

d"

O.f '{t,? 
7c



'- {,t;

Assembly ConLroI Board Request

Originator:

Organization:

Dates l0
Description of chanse, *W ;ry;" 3.- [:; ,l

:rnf Dv = C 3r/-
5 3 V /st. 5- ^-l-"t-t-'
cDr/- ok), J Lrt

--itu,r't-r-<",'e

5e re lr
L-._,

u
c-e'Y*

*u.f--r-^^-r,u(i v

M

Reason:
n*;,L :t {*-a

4*ux4/ g {k'", i'1**"
f;rr" C-.r e-'flJ#4-L/ t

_"- J

Name of Prosram(s), L Llt"t / RJ i!: ,/

,/)/L*. )

' jv

14 I

-J'r
I

)0

n4-*,)
(]

/4/{/)-<-A

*o. L3(
i ,l

Assigned to: .fl
i'**:; '

'Conrments:

Approved

Date:

I

bvi

-: 
r...'',

Arr4u"i l, {,
, )hla



{-\

\

Nanre of Program (s) :

Orig inator:

Organization:

Date:

Description of Change:

Reason:

Failure of Bit
to skip cocling

I,TJM]NARY 1tr

Rye

MIT

21 August 1970

1 Chan 11 could cause

because of it, even if

Nio. L,- 37

in I/GYRO continue

bad return: no reason

real bad return.

Assembly Control Board Rcc,luest

Make bad return from IMUSTALL

instead of go to trNDOFJOB.

'Comments:

' l;l *r
Approved by i ,(/ f$(f prJ
Date' Ehd, (B \",7

{(,

$

Ass igned

Rye



Name or Prosramf s) : t- k M / e/ rl e/
tt-originator: fl\{*

IJ

organizati6n, f,l I f
Datez /0-zU*?O
Description of Change:

Control Boarcl Request

- t itt
t -L&a*tut- e, fl 'J-{a q*"tv' a a I {

u-,{ T* fr-rr"ifr fl K I rh

A s s ernbly

(

/ *:*

{b dLd''.a?^i*w# t*
,0

f,'Jf 4-d-.;'*- 4 r* L,.;(A-
\-*"s F

ReasonS--,r - A

{bt l"tLef*e_

/id$ /a*-'^J cr-r'({.

*; brJ*6 ')
ialx^"1*,***r"

Vt b' Ntoko,*f - {*'*u#
nt 

$.eu*,*lt C:i- ;-*

Assigned to:

'Comments:

Approved byi

Date, 7 O ),l

[--r]



Assernirly Control Board Request w".L*HEZ

t Name of Program(s): LUfttnflfL{
orig inaror z pens rnor€- 

O'

Organization s fn.f, f
Dare' f Oaf Z0
Description of Change: elAot e E

0,\ r\pQus \r>tts".dl{ a

0w R/\DS/1/hf, ,

78,

G- c4prt
ro Tk)

-l"u

I .h$e- L

Reason 
frf tflr:ug$.' ' $e ru'tr"i'"i e"^"

Cf+I)fl k) inc*4"\ "i-c.Y *"r"rA
{i,"+-p(cs ADR&.5,

t-#,";* d.,nf{*q,tt *oJ

NA I TLI ST

Ass igned

Cornment,s l

,{-k r-tS rn OrL
..

)ttrff.*lApproved by:
\'lDare' i o \ e-f lr s

(fl
t

U'



/*f#
AssernblY Control Board Request

Name of Prosram (s) : LU rur l N A R y t{
orisinator, rgn S fnOf{*
Organization n tf
Date, Qf ocT 10
Description of Change:

tQuUt* c'c RKJ/
Go {n 11{t\{

f,C tr. 33?

No

{o#
ffid*, d

G7
\ Lr'1

a

{_f ft'
r*(-"

-{o

'Comments:

\_

Assigned to:

R,
-lo

h^. 'Bo*J*-

Approve,l by i fr*"r;l (
/'--\ n' 

) 
)

Date: U rl . 71 t )'l-/ A
!



I*a.#

Assembly ConLroI Board Request

Name of Program (s) :

Or ig ina tor :

Organization:

Date:

Lu)1 )N#ftY
,, \iuir.nnrn

Hrr,/,Pb 23C

zd 0c4, l/7a

r\-

Description of Change:

fr ;,1i r'.*:Jny */- &y"r o/nt,o 1,,/; / n .,/,ro*/ /,
i,. or/*n' -!, i./*"/n"rd n/*"/,t, sr to* // *.yk.-

1,*/r/, dr.c- -lo,,2t */*,,u*r:, il,, ,'r /"ur*r*/'o/*rn, 
l,r ,/* /rla-E; r.n*/|oo ,,/ ,4 ' ,r 4,*" /ton

it {*J ,/u ' 
J/- p.!f ,yrk, ,rL *uJ et€-e+/*,r/loo

osy';*rhn,
Reason z /

fl' on'/4f"' 'l on* '/ lil'" l"/' *"//
te- e c rril,A */* */,', *//,')' 'y' /'/-- /'t' /'/ J"t'o' 4 li
,,r.4-1r, t/,-*r:';; J','i,*' -# ti/ *ti) v*.ncl't rtt/*J i.\ , !*{

;r'i *nJ dt€e'4/nrry'ion *'f;^"1 -:// ln"/o'/*. //-. *&:/" */
*l* yl*l*/ "urnf1'art 

u ;l q reru/A inyo|rr>tqa* */ **o/*/

./1

( br* L^,,,'24..,;.---

Approved

Assigned to:

'Comrnents :

Date:

,,ti

bvi

li - 
i'' I

No. q i.'r'



I

r,lu"J
AssemblY Control

L.-l
Board Request

originator: e -

organization: /"{

B,*rltu*
tryY)L

Name or prosram(s) : tLyA,""; (d/*''/-ot^l

1Date: {[fltij3;] Ql our/77d
Description of Change:

ile--,-.
\ lt *t^ ,/ "1

-P'- /!j,- t. a-{/' a-'u -A'zU'

, \ 
*/ t

f J--,\.crn C-,:/ 
,,-/' - 9,1/'i'1'"'''"

V-

i

i

Assisned ro: A E*.L- f h6sy4
\ f, 

^ n ,e-*, LZZ7 ttuffi-a7rw/
Conurto tr Lg t

Approved by:

Dare: /f,

I

Reason, X))u,*)^-r)r-y'u

ai-:Le Aer%*etn--.' (r-

)-ro-*--/*r0 -t- .0 -l , ILl .(-,lt>,t22-o-,^.

I

i. i. ,.
t,' 'l lr



Y
AssemblY Control Board Request No.-i:L

Name of Program (s) : LUMINARY

Originator 3 trYles

Organization:

Date:

MIT/DL

October 23, i9?0

DescriPtion of Change

Enable the redesignation trap at the time of the PRocEED to

V06N64 instead of at. the start of P64'

Reason:
.I'his prevents an automatic loss of about llo/o computation time

tlrroughout P64 in the event of a known on-fajlure of bits 1 or 2 or 5 or 6 of

channel 31. Avoiding the PIiOCIIIJD woulcl in this case prevent the initiation

of the redesignation monitor. Since redesignations are ignored until after

the the PROCEED, the trap need not be enabled sooner' -

Assigned to: D* qF

11 la^^d tt-*$^\IApproved

Drt-e; 11

by:

!.= i).,

, ",1'



L- 1/r'
AssernblY Conl-rol Board Request

Name of Prosram(s): L U n- i 'l fr '" \'1 I
U

orisinator (DQ,i' 3 S fn e n
organization: fn t T
Date: / Decaylber 7D

(s'
i

DescripLion of Change:

rnqk<- T{{t CF' 5r'4,q/g lj{{:' cr} ren
il a/uureXr *ofs t:o* l=la i. '€6,

Dr,4* & ,,

Reason:

frn uns u,),kl*d unrfi orcd gfl#-l* */g
n a tc,{ e# iJ* 

i rn p l*/yr r $.} f- frR //// .

Assigned to:

'Comments:

f;*,ls'{'},}0 }^q*,-

(

J4\n***{.,--di,Approved by i

Date: lZ\.1-t\O\

.



Assembly Control Board Rcqucst No. L-?K*

Name of Program(s)

Orig inator :

Organ :-zation:

Date:

LUMINARY

McCoy

MIT/DL

December 3, 1970

Description of Change:

Clear INTYPF LG prior to INTtrGRUS call in P21

recycle. option

Reason:
Even though the result is not significant, P21 could .integrate
the base vector with precision integration (say initially) and then

conically on re-cyc1e, depending on setting of INTYPI'LG, if
for example an extended verb using conic integration is ca11ed

over the NOUN 43 display.

Assigned to:

'Comments:

control.

Ry", Ostanek

Applies to COLOSSUS, but COLOSSUS

Therefore separate paper work will be

is in configuration
done for COLOSSUS.

1

Approved

Date: T2 

.l3l7o

bvi 
tl\*:^if ('



_,..:!.r-1. .."1-,..,

Assembly Control Board Request No. l*? b

Nanre of Program (s)

Orig inator:

Organization: m I T
Datee lZ-{O- 

-?O

m(s), LUyvti^At\ l€
fren.E ,l.,;t-o{..u.-,. 

u

Description of Change:

dilUSL :LAll{ r ur $*{*+ e ilr i3

(,* fi'*Trn R e /r c t. ]--ti4&"" { deo.r ril nt uuj)

Reason' nlartc- ,/Laf,,v,1 k k)o&4) *^ &nrr#-- 7
fo irn*r(.4.',r**_r,r;f

ii
Pcrc {oc/ y

c@R

\,l IJt^ - t.
t{4{?\^^"q^-{.f

/,'")
/\J

Assigned to:

'Comments:

/
.t

(,'r,r/ it_t ":;-"

i
Approved lrv i

Date:



Assernbly Cont-rol Board Request xo. .l --/ 7

arl /N,4/r y / E

5, h./<-,' t. j;'*, 4 lr

Name of Program(s.) :

Orig inator:

Organization:

Date:

Description of Change:

)Tn - cc,/' "//'

)'t r 1/P y .2) C*

tr,/lt/, u

L

r,

,
t,/
t ))t /-\'4',<

;

Jt
)\lyr.t/,4t1\

a!./|
,, :n i,.,!i,), ,l-,/,./

z/ ,/
..)' )/)'-r

f.:, v I .t'

t/ ,i\ ):' -etvt /-'.!;t,'

./'
t' "/'t '/ t''d ,

y'rt , /t I /+,1 tt /' /

j:
.: l--tt.);;t ,!-//)vt c' f d,'

I
A/,/'*z;,...

J-ttt\t,tt

i

Reason:

f q vu

l"rj ,fr' //i/ ,

*U r,/r'
,"/

Assigned to:

Comrnents:

D;h^ Ur-.-"-^^^*;-

i.:

Approved by i )'L'lo,t,r*J hf.

Date, la l,,lIb\
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M IT/ IL SOFT\&/ART ANOT,,/iALY RIPORT

0t5CRlPIi0N 0i Alrftill\LY: 
If

I{. l\,1. and closing,
i"s positivc.

P2'2 is s;electr-'tl 'whcn range to to CIS\4 is
then VljT r.vill trot flasir wlir:tr rangcs '100

2i 0
-- 400

n. nl. and rangr: - r':l.1.e

0tSCRlPIl()l'i 0f Rl.jti: p22 leve1 3 digital sim.

- h lT A.l\,lAtYSl5 -

I CI'IJS[: Cociing error.

C0til ll.jlji i ; :i t,/,iji:

2 RtCOGNtil0N' At t6e c.nclui;i,n
colxllti t.cr activity i;ontrnues

of Rli tracl<i.ng in P22 u'hen
t,, r tll ::to clispla,y.

nc tra.ck.1.lght goes on,

, 1'11351P1' 1t ,-T;

4 AVOIDANCI P|IOCTDURI:

Noire:

Select P22 iirhcn rangc to CSl\"i<40u N.l\,{. arrd closir-rg.

C0l'rTli:lj:.l, i,: ii..,i

, Ric0viRY PROCit.'uRt: WLren rro track liglit goes on, l<cy V37tr00E

Col'ilIli.li ij ( ;l

6 PR0GR/t\1 C0RR[Cil0il: I,.rx COcii.g - flag initiali zat j on properly.

Cot$ltli.liir (.,iI PAai

9 MIT/lL SlCliAlt*r) ?- l0 0A1t

i! -*lJ 
. "*

i- i. cL05tt{6 ACIIf{.IAXIN:

COHTlifi-,tD t,i{ f'A$t

2 NAti'rA',5{l S l6lJAlUril :

Do

__l

0;l lc liiATOii
col,irRct t{).4lr"jlit

0R l6 I i, /^l()rl:

I'). VoLarttc:

.i.7 RtC0l\lftitlifi!D 0lSt.0SlTl0N (fix, l''ork-around, elc): PfOg.at, nOtel l/92

coHfi f ,:: 'i 0 0$ r)i,a[

2. 8 RtC0hiltii l.lrt0 R[-IiSTllJG:

Coffflf.'ii n 0N PACf

3.1 riAsA 0ii{tcl l0ll:

C0t{l lfluf D 0rl P }.G[

l. I 0!iGAl'lilAil0fi

HSC Form l{tl3 (Rsv li$y t,8)

i',rrri:.

CoMII i{il[ r, (,i-i !'i(.;i.

C0hq ltl:!at' f :i t'l'ri

. ,'I

l,.r f a,.
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$
E

M L W L1:[ KL TU( I I.U.

I -1 l;'-O2 I?r.rr

I. I ORIGINATORI

P. Volante
L? ORGANIZAiION:

MI'f
lL1 0RIGINAIoR I

I comnn m. , I

'l'ftfff1,''a.y

lmm?m-Rmslil. -=--
P40 or P42 rvith a V37 approximateiy

50 microseconds before ullage on will r'esu1t in u1lage coming on and not being
terminated, with Average-G integration not running.

cofirTrMJ[n 0i{ PACI

DISCRIP]l0N 0t RUNr

TRW A-201 report.

cot{TlhtrD oli t'r,ai

. MIT ANALYSIS -

DAPBOOLS and releasing interupts.
COT{TIhIJTD OH PACE

@ge on after v3? to exit P63, P4o , P42

co[rilM.ED 0N f A6[

,J t1Esrc'{ trrtcl. Degraded state vector since ullage on and Average*G not on.

corlIlMr:!-I:1"i 
-

2.a rvoroaruct.PROCIDURI: Key V37 prior to TIG-10 seconds.

corfi I rfiJEtl 0f{ ['/,,G[

z.r nrcovrnv PROCIDURE: tf avoidance not possible, I{ey V37 after ullage comes on.

COf,lIlMlI0 C(*l'AGj

task while interruPts are inhibited"

CO}ITIMJTD ON PAGE

,.7 RICOMMINDtD DlSP0SlTl0N {Fix, lYork-'round, dc)'

Do not fix.
coxilfin,ED 0r{ Pr,ct

2. 8 RtCOMl,'ltNDtD Rt-IISTI NG:

coN'ilM.rtD 0N PACI

].I NASA DIRiCiION:

CONTINUTO ON PACT

( I CLOS It+6 
^CTION 

TMiH:

cofinlRJt0 0t{ Pr4t

I.2 NA5/Vlil5C 5lCfrAlURt: l.l 0RGANlzArl0x ).{ D AIT: 4? SIGNATURi: (J ol(GAI{l4Al lure L 4 -ir,\[ut\
MSC Form 1403 (Rov XoY 0B)

SOFTWARE ANOMALY REPORT

I

P AEt cF '_



(rt lG lNAilii
cciiTtiL{ t,!3.

OR IG I NATOR:

D. Moore

M lT/ It- S0fTUt/ARI A[i0iriALY RIP0RT

R0r.;i{

210
DtSCRIPII0N 0F AI',OMlttY: 4
in P66 may result

V;i 4 l, rcs;ltottsc t{;
irr a lJll;02 llailoui.

the flashing V06N60 display
alarm.

I.6

C0NIltlili ir (ri'' | 1,,:;L

h;,1rrid simr-tl:ltiort :rfi.ct' 1.ouchc]o"vn in P60, hc;r6'61 \'/34E toDIsCrilPTl0N 0F RUr{r lUI'l/CSDT,
V05N60 clispJay.

CAUST: LlOltl. ict in Lrsr o V:i:111
pa"s sV06N6r) is rr':tii spl:Lyecl on next through P60.

2 RtcoGNlTlOH' A1arrrr 1igh1- on -. 31 502 code stor-er-1.

C6lxfli..ir ,, l,.l

- MIT n N;1LYSIS - I
!

selects R00 r.vhich i.ries to flash \,r37, frott, cvei-

C0hSllJ:lil, Crtl f'r.Ct 2

C0t{Tlirlj:fr all i'r,CI

I [1lSSl0'i ItitLi Nurrr'. lhe N60 cli-si;Iay i.s restorcci afteri' 1.]re be,-il otit.

CO$iill.li!i fiii PAGt

AV0i0, ..r pRoctLluRt: l]r) n,lt key V34II to N60 disi:la;.'in P66.

coMtrsJiff 0t{ f,AcL

5 RICOviRY i)ri0C[]URt: None

6 PR0GRr'l'1 cORiitcll0N' Change r:od.ir-rg, clelete call to R00 on V34 response

.?.7 Rf C0il,'MtNDiD 0l5P0SlTl0i'J {Fix, t't rk-arounc, t{c}' I)o not fi>:.

2.8 RtCofiv,iih;Dit) Rt-T[STlli6:

1616;r,rrf 3 0r'i Pr,Gt

l NAsA 0tfiict ltifi: 6" l CL0Sl\i ACTl0 i Tl-\ili:

NAS /Vi,1SC 5 I 6IiATURL:

cof{T I i:lif i\ oii p,{ci

HSC Iorm l4(13 (lifv liily tjtJ)

coMtr{irt 0 0N PAeI

PArf f c$

L-- I E -o'3



i

I'lSC Form 1409A (May

MITIIL SOITWARE ANOIViALY RIPORT
ANIIATIOF,I:

4l)',),liL

2. 1 Con:inued

If the attempt to flash V3? occurs after the N60 display is re-established,
a 31502 bailout iesults, since two displays of the same priority are attempting
to use the DSKY. If the V3? flash occurs before the N60 display is re-
established, the bailout does not occur, si,nce the N60 display will replace
the V37 flasn.

\

68r

PAflr _ 0r _*

,"* a ',



MIT/IL SOFTWARE ANOMALY REPORT

umlnar

' 
otscRlPTloN 0F A'.OMAY: 

P22 lunar surface navigation initializes the w-matr\
when the mark counter is zero, instead of checking the RtrNDFLAG. Flence
is irritiaiized each time P22 is selected.

CotlTliltilD 0il t'AGt

C0f,lTlli,-liir ! ., l:,...:.

W - matrrx

1.6 DtscRtPit.tr 0F RUil: Tl1\\/ A -201 report

2. I CldlSt-, Cociing error'

RtC06NlTl0t{: 
NOrre

rnrSS l0N tirtcl:
-\ o:le -

- f.4IT ANALYSIS -

Navigation is not done in P22

C0t{Tlliu'i0 [rrl r'.' ^1

Cotfilliljto ()" i J'.;

4 AVOIDANCi ['ROCILii.,]i?t:

None

., titcOvtRY t'R0ct 0i.lR[:

None

PRoGR#ti cOiiiitCllOil: Checl.l RijNDWITI-AG j.n ir22 for \,V-rrr:rtrj.x injtialization.

? liA5,.Jft15i,

c0uTli.::r: , I

C0NIltri-)i li 1. : i'r:.ir'.

Col{Il hl J; n ()i\i f' Lr-:i:

c0tffliitJil) Oit PACI

L2 ORGANIZAIION:I ORIGIN^TOR:

1.7 RtcohliltHD[D DrsF0SrII0N (tix. ubrk-aroun,J, r'tc]: jlo nct Fix - no lnissiotr elfcct.

C{NTI llif"it Ci! P !.4r.

8 RtCOS1AlIIiDtD R[.TISTIN6:

c0Eilf,ririD 0H PAGt

a I ctOs llic ACT r0ti T/J.LH:

C0hlll-\iii) llN Pllf

2.9 Mn7 tL S t0riATUiit:

l.l r,,tAS/i Dliitct toN,

CONIIt.IiJID ON PACi'

HSU lrorn lill!l (li fv liry L,lr)
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rI
l5i(tr.

l0rilGtNA.l0R:

P. Volante
2 ORGANIIATIOIi:

MIT
L] OATT:

4ltslTr
t1 0RlGlNAi0R

COMIRfl H]. 11''f,1

Itpnd

i1occursinP?0cr'P?1,andan.lL_:-"-*.*..,*."'.
enter response is made to the flashing verb 97, noun 63 "vill be displayecl with
the flasl-ring verb 99, instead of noun 94. Noun 94 rvil1 be restored at'fIG after
the V99 display is ansr,vereC.

coi{Tli{ur$ 0N ('ict

1.6 DISCRIPII0N 0r RUNr

TRW 4-201 RePort

I CoiJTth,i.lil! rrii pA6E

I - MrT A,NALysts -| ' '.:'"
12. I C/ruSt:
I

I Coding Error
II coilTlt{tlto (:ll PACE

2.2 RtcoGNlTloN: N63 with flashing Vgg after ENTR to V9? fia.sh in P70 or P71.

coHTil{.lrD 0N PACc

2.3 MISSION TFFECT:

None

cof{ItHirr, i.i,' Pl !t

2.4 AVOIDANCT. PROCIDURt:

12.5 RtCOvtRY PRoctDURt:

None

None

coNIINUtLC;i 
.l'1,6i

coHltk!l[D tit I'i,,G5

2.6 PROGRA/i1 CORRTCTION:

None
COIIIIMJTD Oti PAGT

.?.7 RiC0MM[NDiD DlSP0SlIl0tl {tix, Wbi'k-'rouM, e{c}:

Progratrt Note
colfilt{J[t] cit P^6€

?.8 RECOMMIHDTD RI.TiSII NG:

None
COI{IINTIID ON PAGT

3.1 NAsA 0tRtcIt0N:

coMilNUtD ofl PA6t

al ct05 ll{c ACTION TAKTN:

coHllilt tD 0N PAc[

i.2 NASAI'1SC 5lGl'+AIUtlt: 1.3 0RGAHlzAl l0t{ { OAIT: 4,t srcNATutii' 
rl.oRcAlilzAllorr

L 4 0AiL:.

HSC forrrr l40S (Rev MnY 6B)
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A 1i7B during P53
1201 and clobbers
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1.]ASA

N62 display prior to average-G
the LIl velocity vector.

7L

results in P.A.

LUl,l testing with LMS*2 load tapes.
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CO'!iIIIUtD ON PAGI

4 I CLOS I,'iG ACTION TAKTN:

!i cot{TlNui0 oi'i PAf '

5.2 l,lsm;c slctur'*il - ,, -T.";.[rTIiioI-I]-=
I

i__-----i

CONTINUTD ON PA6I
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i_. _ii. L. Pearsor-r

An inadvertent.
to "get 1ost".

proceed on the
Recovery could

2a')

Vi6N80 dispi.:y in P20 caused the program
oniy be accoiuplisl-red by recalling t1-re prograu.

lipoilo 15 tralning on LMS-2.
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