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I'm imprenssd by the convorsatinnal, ailmost chatty tone of Tindalil's
mesaagon. They are so unitko many wtandard governmentese msmoes, With
great ecunomy of words, Tindall manages to make hie thoughts clear, vas
to read, and memorable, He talts to hiw addressves as Lf it {# understood
that they are intelligent pmople, ta often amusing as wel! an informative,
He frequently ende a memo "at least this La the way I underatand 1t" an
Lt asking for correctiona tf anyone Lan any to ofler; he aluoc aften comen

- right vut and requests addttional or differing information and opl. fona
from his colleagues,

Some "Tindallisma" I found int. ceating or amuaing. or though¢ you
might be interested tn knowing abour;

67«FMl=3 (10 Jan,) Bubject: "Signdficant modtfieativns currently planned
in the Apollo Spacecraft Computer Programa,' End of memo mentlons "Black

Feiday" review to be held at MIT tow days hence at which additional modie

fications were to ba dimcusmed, "It should be totms of fun, 1I'I1l let you

know Lf anything interesting happens,”

67«"M1e7 (18 Jan.) Bubject: "Why s {t everyone who Liken radar woars a
white hat?' " . . , it seems_mandatory to me that some vort of range and

: range rate measuring system /in the Apollo command module’ be provided,

' Of course, a complete radar would be even better , , , " "I'm sure there

‘ are many who would argue that the optlical symtem i perfectly adequatae,
and they can beck thelr arguments with all rorts of analyres, Porsonally,
I don't belleve any of that wtuff, and I'm afraid walting for the A8-256
experience will get um f{nto the position where it ts too tate to fix up
the command module for these AAP mimwions, Let's vote,"

67-M1-9 (23 Jan,) Subject: "Latest on the AS-206 spatecraft vomputer
program, ' parvagraph # 5 about trouble with Exgineering and Doyvalopment

i) Directorate-="Romponre by that organization has bean tompletely unaccepte

3 - able," and T, Roen vg to say ponnible reamon why ("rather tnforma! manner

. In which thin data wan requested"), Sotluttont Pfuture tequontas to bhe
"wmothered In the uaual stack of paperwork , . , " 7, aleo ways however,
that "In spite of considerable difficulty in pulling this program together
at MIT," he veally expecte Lt to "perform very well for us,,.. 1 don't know
why I'm aticking my neck out on a prediction tike that, Juet 1iving dangere
ously, 1 guean,”

67«1ML=10 (23 Jan,) Sublect: "AS<%04 mpaceceaft computer program and xtors
ARe wtatun, Alwo a dawh of AS-238," Memo about the MIT meeting which 7,

had been anticipating with some dread (wee 67-FM1<5, above), Concensus was
that MIT had put together an excellent presentation of current status and

"a very reasonable propomal on which to bame our future work.," "This meets
Ing had none of the fire and excitement of lant May's Black Feiday, 1In fact,
this one s not worthy of that name," Memo tncludes 2 pages of eletionn and
requirements for spreecraft computer program, End of Memo: "At leaet this
la the way I think things stand, Aud now we'll start taking calls from the
audience," .

- ™
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6?-Fﬁ1ff1 (25 Jan.) Subject: "More about computer self cheek” "I they

- @Var idve a contest to meleci the plece of Apollo with the funniest hiatory,
-1 would 1tke to enter "computar self check,” T, tulke Rbout the trouble

with computer welf ch.ck (n AS-204; "Apparantly Lif the system were left as
it ia now, it has the potenetal of bombinyg out the system {=revouably, 1
assume, or at least hope, that {f {t did that, 1t would light Line little red
1ight," (Iro icestwo doyn later, the 204 five oecureed, )

67-FM1-12 (25 Jan,) Subject: "Why doem the AAP command module need & sextant "
"Of course, I haven't thought much about it, but , , v"1in s opinion, the

sextant ls not needed--.elimtnating might be a considercvle saviug of weight
and make the apacecraft a "heck of & lot batter for poneval purpose, earth
orbital miseions,” (Interesting that he should may he Lasn't thought much
abont it, and almomt certainly not tene. Right?)

67-FM1417 (31 Jan,) Subject: MAS. 206 Shacecraft Cdmbuter Program Newsletter"

Réport on another meeting at Mtl; ittersating paragraph on page 2 ahout MSC
being had" by "thore slick New York Yankees'sGrumman,

Lapse of 26 days in Tindaligrams: #67-PM1-17, dated 31 Jan,t #67«FM1-18,

‘dated 27 Feb, None during aftermath of 204 fire?

ks.,._....h._‘... - e e A

[l RS,

67=¥M1=18 (27 Pob,) T. talks about need for new denignation of boostera and
minsfonm, to replace numbers, ‘We will {nfom you of the new, wore desueipe
tive program narmes as woon se they have been melected,” Re need for review
of what is te be in the eramahle memory of tho AS0238 program: "That could
be a fairly axciting get together mince everyona wants thelr program in eras.
able, 1 wondar LF there is a mesarye in that observation," Re AS=206 come
puter progoumt "The MIT people have worked very hard on this program and de-
serve a lot of credit, both for thelr malntenance of oxtremely high standards
and for thelr extra effort in trying to maintain a reasonsble release ached,”

67-FM1=19 (2 Mar.) "On Pebruary 17th we held a maeting in our continuing

effort to reduce the program development demanda on the Real Time Computer
Complex," In summary paragraph at end, T, save "one of th( oest meetings

yet." .

67-FM1-24, (24 Mar,) Subject: "In which is described the Apollo spacecraft
computer programs currently being developad,"

67-FM1-25, (27 Mar,) Subject: '"None," “This action item was glen MIT by
FCD,  We stopped it, . , , But Lt needr to be done . , , Will you get somes
one to do it? GPB, 1 guoas,”

67-FM1-2¢ (28 Mar,) Subject: "Propress Report « RTCC. program development «
Review of AS-258(!) requirements," "My primary vhjective here f{s to summar-
ire what we dfq and to document, for historical purposes, the rationale be-
hind wome of the declalona made," (h=-page memo, initimtled at top by C,
Kraft with hie komment: "Excellent--Pass on!')
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67«M™1-32 (21 Apr,) Subject: "Deucent engine gimbal polarity ervor! "A
verious misunderatanding between MIT and Urumman vesulted in & situation
which weculd have been catastrophic to the AS<206 mission 1f st had not bean
discovered," Tindall seems to be defending MIT,

674FM1.33 @3 Apr) Bubject: "MIT's digital computer facilltien nce ittl!
& problem,"

67«™M1-36 (4 May) Subject: '"Some things Ed Copps {8 v31.ied about,"

"Ed Copps /MIT/ called the other day about some thing =nat worry him,

I figur~ if he's worried enough to call, {t'a probably wnrthuhiie to dice
tate this note and send it to you, . ." About automatic glmbal lock avoid.
ance capability having been removed from CALCMANU«ethe rpacecraft computer
procesaor which provides automatir attitude maneuvers, "This whole busie
nenn apparently wcares tho hell out of Id Coppe, and I gueas 1£ I knew enough
I would be {rightened tuo," (28: you will probably understand the techni-

calitien of the problem; 1 just enloyed the way in which T, presented tt,)

67-M1a37 (4 May) Subjectt “Invitation to an AAP spacecraft computer pros
gram requirements shindig.," (Tindall has & way of making it atl sound tike
mich fun})

67+FMI<B40 (19 May) Subject: 'MIT can handle spacecraft computer program
development for both Apollo and AAP to thelr mutual advantage' (l-page
memoj many comments in praise of MIT,) :

67.FM-T-41 (23 May) Subject: "“Spacecraft computer program names" Good,
brief summary in .ghthearted Tindal! tone. Starts out: "I used to think
MIT was a little . .d when {t came to selecting names for the spacecraft come
puter programs with all that welrd preoccupation with the sun," (SOLRUM 58,
BURST 116, SUNDISK, COLOSSUS-«"Pretty good except, I miss the Sun"e-and
SUNDANCE, ) _

67«FM-Ted3 (26 July) Subjectt "IM is launched with air!' "1 guess everys
body already knows this, but T Just learned that they intend to launch al}
IM'n with alr rather than oxygen in the cabin , , + to reduce the possibila
tty of fira., (Next memo, 67iM-T-44, mentiona the use of “1el coating "to
provide fire protection or at least to prevent ite spread, )

X B
67aFM=-T=-45 (27 Jul,) SBub)uct: "Spacecraft computer program flow chart
ntatun,” "Junt a4 note to you cate who are intorverted in flow chavtw , , ,"
Briel dencription of atandavds to he followed in the davelopment of flow
charts, "Naturally, we {ntend to execcute any programmer whose flow charts
contain a significant number of errors," -

67-FM-T<535 (3 Aug.) To: FX/Acting Chief, Flight Support Div, From:
FM/Doputy Chief, Sublectt 'Doep merlous trouble," "1 roalise it'n none
of my busfnesa, and Lt's getting to he lonn all the time, but you are going
to be in deop serfoun trouble when the MIT contract negotiationa for Apallo
and AAP hit the fau In the next couple of monthe unless you have somebody
pretty sharp ready tn take over for Larey Fry. 1Incidentaliy, did you or
Pete Clements put Larry in for one of Lhome awards they give outstanding
Ar Force officerr agulgned to NASA? lle eure demorves ft." (R&: SHoundn
tike high prolee--ty L.Fk anyhody you're Intorested in?)

» 1
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67-FM-T-63 (18 Aug.) Re(IM-1: "I sure will be glad to see that bird fly
before it drives us all dver the brink," |

- -\
67-FMT-72 (29 Aug.) Subject: "Inflight loading of the gpacecraft computer
erkoqble memory,”™ A S5-point memo whose last point, in entirety, is "Did 1

Just hear the RTCC_camel_groan?" (Wonder what that means?) ab v
et . ‘ anl b
Ve ppy Thy

- 67-FM-T=73 (29 Aug.) Memo pointing out to addressees that not even a” 2.
month delay i{s necessary between the launch of s/c 101 and s/c 103,” "Thie
note is to make sure you are aware of the situation so you won't ge. caught
assuming a period of 3 months is necessary between the two missions, 1 muet
say this had not been clear to me before, "

el -l

67-PA=T=79A (11 Sept,) Subject: "Data Priority Coordination - a plea for
help," Handwritten note at bottom of first page "Bill T, A good review,
ple, let me know {f you need my help, G.M.L\2:27"
67-FM-T-80 (11 Oct,) Apologetic nots about neceasity of using SUNDISK in
Spacecraft 103 as well as 101, Ends: "I can't tell you how sorry . . ., "

67-FM=T-83 (17 Oct,) Subject: 'Spacecraft computer program status' «
another of T's "frrgeulatr updates on wvhat's going on in the business of
spacecraft computer program development." Currently in process of determine
ing an accurate program development sched, for programs and determining
problem areas, "I don't want to minimize the periousness of this situation,
We are in deep, merious yogurt!"

67«PA-T=99A (30 Oct.) Subject: "Current status on the IM DPS engine gime
bal caution light problem.' Two paragraphs on current status, then two
pages prefaced: "The rest of this memo just fills in some background and
there {s no need for you to read any further except for your own amusement,"

67-FM-T-106 (14 Nov,) Subject: "EMS software verification doenn't exist,"
" . . d_neither Gardiner.nor Chilton conceal thetr distaste for the EMS
(Entry Monitoring Syatem), . Hoth wish to mee it torn by its roots from tite
spacecraft and flung out the window, So you can imagine the attentfon their
people must glve to it." _

67-PA«T-113A (7 Dec,) Letter (nviting R.V, Sperry of Bellcomm to 2 Dec,
meeting at which Trajectory Control Date Priority flow charts (enclosed with
the letter) for a/c 101 retrofire and reentry are to be discussed, "I hope
you get a chance to review it and come gown for the piente, Please dring

your own ants!'

67-AP-T~115A (15 Dec.) Subject: "Urgent recommendation that CMC [:bmmand
module computer/ steering of the S-1VB be deleted," -

67-FM«T«124 (18 Dec,) Subject: "Spacecraft ~omputer program newsletter,”
Sequel to memo of 23 May (67-MMaT-41), o

P
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x.n nndeuvoun rmlnr dur!m' Aneont. in ubuut tu so'wqr‘thn brlnk. :

X -"1. n turrm aut pmvw{nu .iunttﬂcnuon ror nhtntnlm* LM randoavnup -
T radar dntn during Ascent from the luner surtsos. in an dirfienit nn

Chetuing the dati Ltaolfs Thin memoremdum (s to lot. You know that

._unlens some aharp cookie comen mlony with aurmmn 1uauﬂcnuon wo
ain't ronna get (13 S

?. 'I'hfm: have hmm numrouu mmrmln ml dimunnlém iu whlch tho ‘
_rouutrement for uie of the IM rendenwwr. rader during powared mncont
St wnn ntated primrily an o dath soure¥ to evnlunte. She performnee of
7 the AGER nnd the PNOCH both by the vrew onboard the Apreserntt and on’
o tho -ground, - In addition, intultion rupported thin {dea and no w pood:
. denl of work hns proceeded twned on the unumptlon that the rendezvous
i -radap deta vould be nvniladble., However, dis to udricm of clroums -
7 ntoneces 8till beyand my comprehension, the LM upncrcrurt. COMpUtar Prow
L grem = Luminndy o dooo not provide the ¢apabllity for obtnining thin-
~ fatay. In faet, mn far an I onn tell 1t to deficient in two penprets, a
C Pirst, no automatin radar acquteltion capability b’ prov:dml Auelng
. .ancent which vould bd mndatory nince mdar 1ock enn.only be acquired.
e attor the big plteh mancuver at approximstely UL ofL plun 10 seconds,
- And, second, once §t's locked on no provision has been mde for potting
. the radar dam‘onto the telemetry downlink, mnumrv ehange rovicats -
are in the mill to add thess cnpadbilition, However, it™ir anticipated
~ that the nchedule impaet will be nutntantial, am nlm'o the ourrent: proc
~ gram dellvery achedule o .only mrginally aceeptnbh!, ‘mextiricatione to
S 1t hnve to be An the mndatory category, - In order to entab)ish thin - -
CJustifiertion we discussed this subiret in dotail during the Decembey
- 21 Auncent. Phnge Data- Priority meeting,  Mich to my’ fimzement, mndntory.
3-"Juutlrlenuan doer not appear to exist, The rationile fof thip statos
- mont £ The unbjuct of the foliowing parmgeaph, ~ Tha: paint ‘L bo made
~here 1o AL Unless a mich Btronper atory onn be i opether,. thonu“
~ proponed ‘program ohanes will probably be. e jooted: Wi | yefuenving rr
L date 3111 not be avniinble e{thep durin ‘
necrtion into lumar orbit, - -

vde Reghlarl on the Paymil Savjn
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> il b :-pmponod *.nm. ranm-vmm radnr data wnr vnnonl.lnl 4o porm
the MCC to mondtor anewhC and adyise the trew of the hoeeXhily to awiteh -
.from the PNOCS to tho AGB, low this would be doté, i thoroughly documentod:
"elsevhere but banleally it was fntended to determine the range rnte.of the
- LM with roopect to the command module utiliring the PNOCH LM state vector
‘and the ACS LM ntate vector separntely, and then w compnre thene valueos ~
_with that actuslly meunured utiliving the remiesvoun radar, Thin {nforme
~tion would be dioplnynd on annlog plots in. the Control center, The samo
comparicon procenc would nimultancourly be carried out with the ranpe ity
A somputed and meanured along the line of pipht betweer the LM and on.an:
. MBFN tracking station, In each cane, the rendetvmn' radar and the MOFN
~provide an independent dnta pource upou which to evnlunte performance of ;'
the PNGOCB nand the AGB. Btudles to date Indicate thnb in mont canes of .
ruldnncc- nyntem mlfunction, comparison lmtnut oh:l..y the )sm ls aduqua
t.o idcntl!‘y the errnnt pyntem, : A L

h. 'l'hn mnt aipnifimnt exception ir certnln ucceleromoter ncale rnctor

- or binn canes perpendicular to the line of sight Yetwveen  the 1M and the
- MBFN ntation,. Thnt in, the MSFR comparisoh in always capable of deternine
“ing unaecoptable dipperrions {n Flijght pth nm'la, but nomotimen in not
‘#ble to provide nn indepondont monsuremont of the veloclty magnitude.

- mrtlculnrw whon innerting thto lumr orblt from a ventrally located -
landing sltes The result s, 1F throuwpghout ascent both the A0S nnd tlm '
PNGCS appenr to be operating properly based on all data avnilnble but

~at lnpertion the PNGCS shuts down Lhe APS enplne. producing condition %;_'-
which the AGS imiientes to be suberhital, 1t will be impossible to detere
- mine which puldance syetem in correct wlthout rondezvoun rader data,
Accordlnply, it would be nocesanry to reinitinte thrunting lmmedintely:
protinbly usling the RCB in order toppovide mfe orhitnl econditionn batie

\on tha AGD readout. Bubsequently, MIFR tracking hnd/or rendazvay radar.

_ Rensurementn obtained ns soon an pouniblv_will revenl whethoer it wan the'
AGB or the PNGCB which was in error, If it ttuly.wns the PNOCH at faull .
ereating nn underburn at innertion the propr: nct’ion vill have been tnken.
On the other hand, i the AGS wan in arror the n!tuatlon will bey o the
rendesvovr eateh up vate will have heen donrennnd to n point where un -

 oxtra revolution or ¥o wlll probably be nuconnnry probably a lot of
~ATO/RCO fuel will havoe boen expended and, baned ofi the (good) ¥NOCE and'

-~ MBFN the situntion will have to b nortod out npdilinndled on & continm‘ney
baois, Thie particulnr net of eizcumntancens 1 extromely untikely, .
netlon tnken Lo undenirnble but not eatnntrophic,: It vould probablv
“panulre wig of the cmmmml module to annlat in tht rendesvous but RES” {
belng provided for thnt speelfic nltuntion,  Rendbrvoun mdnr data durlm,
nncent and fmmed intely follew!ng innertion would huve provented (% from:
hnppc:n!mf 'hut. it. dnml not. uppmr 'to ‘ne mndntory. 8o unlams tm nmlyau
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¢ . Pow underwny dinoroves the above rmtlonnle, someone clae comes nlong with

;. 8 food reason or it the Luminary program delivery impnet turns out o be -
- ommll, 1 expect those requested chenpen will nbt be mde {n the fippt.

IR - version of Luminnry, and maybe ncver. A% this time 1 don't expect any'

o .. of thone thinps to turn out favoratly. Rirthermore, LI wo can't pet thig

g <. data we probably ourht to simplify the RICC »rograms and MCC dirplays to -

L . be compatidble, S STy

5
'

- 5+ Finnlly, if we cnn't prove we neet pendozvonrs radar dntn for Ancent,
T T ~1t'n about certain we won't be able to for Descent olthor, Bubt we do have
S . tolsve jtoon T/M while the LR tn on te lunap murtase for "laineh 6lte"
L po.'ff;{uh determinntion an Ascent Warpeting,  This datn muct be nt w- B

high upinte rate (10 to 30 remplen per minute) and preferably without °
- Mimproving" the spacecraft state ymotors in he 1M co’mputgr. e

- Y
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UNITED STATES GOVERNMENT

Memorandum B T oL

v i | T
i Bee liot Betow' : ©ae:DEC 18 1367
~# PA/Chief, Apollo Dnta Priority Coordiration - .
WIJI('-"' Thirg Trajectory Control Data Priority Meeting for hmccc_mrt 101
Reference o 'GT-PA-T-IIOA dnted Decembor h, 1967,;\‘ The Trajectery
Control Imta Priority meeting which vat ucheduled  for Decombor o,
1967, has veen changed to Janunry 19, 1908, 2t 9:00 a.m., Room 9,
Building 2 of Mac, o .
A Xy Kh “y-
Howvard W, Tindall, Jv,
. Addresseer: -
(See attached 11at) N
- h\\\ i X
- \\ \’
N ' :
3
0
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00000011



SNk GBI MA Ny @

UNITED STATES GOVERNMENT Cmre By .
: ' Kisslon Vicauwg & Aualpsis Uivision
Memorandum | e _

LR Nﬁ/Chlef, Guidance Officer Beetior f DATR! DEC 11 m"' B

_J._,:‘I"“'" b FW/Deputy Chier

T sungEer: pe you want a program to calibrate the OOAS?

1. Charlle, I am efreid I goofed up when I sent the attached mems
out open-loop, Most 1ikely nothing s getting done. I am sending
thic over to you in case you would 1like to get onc of your prople

to initiate the standard FCD procedure to have something implemented,

2. Incidentally, some People have apparently been discussing a
procedure for doing this whole thing onboard., It involves boree
s'ghting the COAS on a known star end then caliing the aligument
routine which displays mextant shaft and trunion angles for that

ctar., I gather it iy not quite as streightforvard as that, Since
those values will be outside the mechanical limits of the soxtont,

i% may be necessary to interrogate the memory and read out in octal,
John Norton, for one, could give you more detail i you are interested,

Hovard W, Tindall, Jr.
. Enclosure o _
(o3 ’
M™3/C. R, Hicks
‘T F. Carter
FM5/R. E. Ermuil

FMiHWTindall, Jr.1p)

i
H

Buy U118 Savings Bonds Rtgﬂlarpqq the Payml) .“aring; Plun
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UNITED NEATES GOVERNMENT NASA . f2gnned Trocecraft Cenlet
‘ M Micsion Flanning & Asslysis Divison
 Memorandum R

| : : sc:é na?'b;tlou” | 7_ .- m“ "ov 14 1967 w

1

1.
Lo
TR

:  FM/Deputy Chief

SUBJECT:  Inflipht nlipnment of the COAS .

!

1. As you knov, the commnd module computer Programee-CUI0BSUS--a1s
boing developed to permit use of the crev's reticle (COAB) ss a backup
refecence source for aligning the IMJ and for rendezvous mavigatlion.
"This 1s to guard against some failure of the sextant and telencope as
vell as providing the capsbility to make line<of«sight measurements
from the couch position as might dbe helpful in & one man rendezvous
situntion. Since precise COAS alignment cannot de cstablished prior
to lannch, a proviaion has bdeen made in the spacecraft program to
accept an) utilize 1ts alignment as determined inflight and speeified
uith referance to the sextant. Howerer, it is neccesary that the
fFronnd supply so-called "equivalent sextant” shaft and trunion ~ngles,
™i< note it to moke sure that an RICC and/or ACR computer pro:ram
~qpability 13 provided or at least to mkc sure you know that it is
expected to do that job. :

. The inflight procedure is as follows, The IMJ is aligned usning
the sextant. The spacecraft is then maneuvered in attitude such tnat
the COAS is centered precicely on a known star and the mark button ir
puched to pet the platform ginbal angles on telemetry to the ground,
with this information, the ground 1s able to dstermine the "cquivulent.
rextant” thaft and trunion angles. These arc the angles which the
rextant wonuld have to assume to be cantered on thnt star given that
apnceeraft orientation, Of courne, it is imposnible for the sextant
to view the ctar with that spacecraft orinntation since it would be

. located approximately on the spacecrnft X.axis which {es outside thc
£:.14 of view of the sextant, It in the "equivalent mextant” rhaft
and trunion anrles which must be relayed by voice to the erewv,

., When the orow later ppecifies to the computer that they are uning
the: COAN, 1L dlaplay: these paramters which, {f not correct, mmat Lo
fnput, It then usen the optical obnerwution obtained with the COAC

Just as if 1t vere a sextant mark obtained with those chaft and trunfon
angles, It shculd be notad that althouph these angles have somrtimes

L
i
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. been referred to an COAS dias an } . |
_ ? rles, they are really not biarer ae
-;:;t term is ordimarily used and should hayve valucs substantinlly
forent than zero, At least that's the vay I understand it,

'

L 1, Jr.
idresneens
FCy/C. P. Parker .
_FM5/R. E. Bral)

Ceey & :
- {See nttached 1ist)
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i
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CsbnjeeT Spacecraft computer progrom newsletter

1. is memornndum in to make sure you: sre up to date on rprecemit
computer programs, As you undoubtedly know, an Apollo Boftwarce
Configuration Conlrnl Board, chairsd by Chris Xraf't, hns teen oninbe
lishwed, I am the MPAD repronentative and Stan Mrnn 1a the nltcrnat o,
~There have been thren meetings no far in which we have dincunecd and

7 taken action on quite a 1arpe npumter of proponsd Program Chanye
Rirquests {(FCR) for sll of tho manncd miwsion programs,

5, SUNDISK « Sundick, the earth orbital commnd module proprem, haa
been completely finished nand has poho through Level 5 tustings A tape
hne been drlivered to Raytheon vhich they could ure to manufncburs bhe
actual f1ipht ropen. It tn not our current {ntention, however, to
mke Flipht ropes from that Tape mince there are d number of chanpes
thnt have been ldentified as necemsary and vome time in avallnble to
implement them. Following le A lirt of propram chanpes Lhat MIT hnn
heen directed to complete in time to send another tape to Raythron

oti February L. .

n, PCR #f1 « Flight Crev people atated that nttitude error Indicne
tion durlny the first 10 neconds of flight for uce as an aborl cu Li
mndntory for creW safety. Currently, the launch propgram doen not
gtart outputting attitude error slignnla unttl 10 seconds after 117t
off nt which time a comparison is made with boont polynominnte pree
pired prefiight, Thia propram chanpe will provide a sipnal to the
FDAL needles proportionnl to the difference between present attitude
nnd thnt attitude which existed at receipt of the 1ift off anipnal by
the computer, o

b, PCR #2h < Ihe orientation of the C3M repdesvour radnr Lrancponder
Wi boen modiftied  on Spacecraft 103, This praogram change thlkes into
necount. 160 new altgnment in determining preferred attitude of the rpnces
ernft during the rendepvous phase of the mission,

@, DPCR #37 = An error vas found in +he formilation of the Lambert
putdnnee which dauned long duration burna such an TPI uning the RCH proe
puilnion nyotem to be in ermor. Thin obvious deficlency 1s Lt :
eoprrneted, : ' =

Ruy 11N, Savings Bomde Regularly on the Paymill Savings Py
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“Ae SUNDANCE o Sundnnee, the enrty orbital LM hm’p,mm, currently nelnatudig
for EnIivory on March 1% had one PCR (f30) approved the other day, T
Lime the DPE mhould opernte mt 104 thrust {currently fixed at, 16 eeomin)
11 be moved into, erasable memory such thut 1t ean be modif!od 1f come
other value 18 found to be more suitadle, ‘hin change i part of nn nefort
undervay to ynduyce DH3 constraints both from the standpoint of puldnnee

Byttem acouracy and bulldup of helium tank pressure. Anothes chanre (IR
#30} which the crew in anxioun to hAve taplemented deals with providing ai
automtic attityde o

ontrol of the smcecrart during the latter phanie of _
- rendezvoun such that the opacecraft Deaxin would be maintnined within

OF Lorentpht on the commnd module in addition to the 300 "dend band"
currently Implemented, o

h, LUMINARY « The changen to the MY alipnment )n"ov.rnm for Luminnty huye |
been approved and MIT in implementing: thege simplifications to the opew

proceduren,

|

MIT ho nlso been requented (PCR A4) to provide Limited throttling ar
the DPB nbout the fixed hirh thrust throttle point during povered descent,
to compensate for thrunt diaperstons and, thus, permit 8 sipnifiemt fuet
BAVing, ‘the {mpnet for thie change tme been determined to he unreceplnlv.

for the first relcane of Luninary and MIT has been directed to Implement,
1t »8 Boon as ponsible on gsome later vergion, ’

“o  COLOBBUS = Schedule impact for the seleplificutions to platromm nld, ve
ment procadures reyiested by the crew for the commnd module (FUR Fl) o,
deteemined to be unncceptable for the fipst releare of Colonrne, Acverdw
ingly, In thie ecape too, MIT hne been dipectod to implement them ne Mo
B pourible o probably to be ineluded in the aeeond relvane,

i
N i

s There nre n smll number or othrr plddling mortiCient lona that heve

been npproved which I oam not rolng to mention hewves  Alto, T am nol Rivlog
to llut thore which hinve boeen disapproved or delayad end T secommond Lt
1 there are some progsram chanpea tn which you have apealnl Intorest you .
ret in touch with proper peraonnel of the Fiiphtl Holtware Braneh, e

anme mdviee soen for ndditional informntion on thone I hnyw noted heee,
tinee my undevntand (ng 1n often rntinp linmited, Bt I did wnnt 1, ke

you swnre of the more signifiennt {temn
'v\. l:uu%
-]

-’
Howard W, 'l‘iminn, Jr.

Adrtrrgtaeen ¥
(tire nttnehed 1int)
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UNITED STATES GOVERNMENT NASA«Manned Spacecraft Conter v
M | Missien Plasning & Aasiynls Ohviskn
- Memorandum S
nl'!c/ch.t'er; Metheratical Physics faneh .‘l.;‘A‘l‘l: DEC 15 1967
T L ' " ‘6’{-!‘!4-1‘-1:!,1
 PYDeputy Chier A

oM

ey b

T™ML3/3. P, Bryant a

MG/P, V. Bennett :

PGEWTindall, Jr,1p ]
| i i M

) - -

N N, ]

N L

BT AENAL PUAY Ny [T
WA Wt Rty * bt

Ll L T

Can MSYFN figure out where the LM is on the moon's surface!

Rod Rose sprung onc on me the other day I woulst 1ike to mek you nbout.
He says that the MSPN should have s pratty good oapadility of deters
mining the IM's position on the lurar surface given one day's worth of
obserwtion - such as during the lurar landing mfssion. And that this
tould he used to assint in targeting Aucent. L am a little nurprined
at that and vould like for yeu to lat me knov i it 10 really true,

If rome sort of study ahould be initiated, pleass coordinate 1t with

ATBO, et ceters, S
ﬂ/ ' ..Y““"“'"'

Noward W, Tindall, Jv,

. ‘
i
!
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TR L o
W'J'}m . Bome Junar lantmark tradking questioms e

“1e’ "Associated with lunar landmark trecking with the command module
‘Optics, T have two comments and/or queations. First, I talked over
our-decision to delete thin activity with Chria Xraft and he was
relatively noncomittal, Hovever, with regard to my comment that
-landmrks to the vest of the landing site vould de in darkness, thus
invieible, he said he has logked at the mron a couple of times
recently and said ¢ Vith the naked eye, he could distinguieh the

- charuoterintics from hers on Mother Farth. The moon wvas oneequarter
1lluminated by the sun and the rest by sarth shine, not dimsimtlar
t0 & lunar landing situstion, He vas convinced that landmarks would
be visible even {n this kind of darkmees, What do you think of that
when you take into accoumt the sige amd charecter of the landmarks
w8 would have to use for navigatioe purposes? \

the dack of the moon and those near the 1imb on the front nide, Is
it possidle that landmarks ussfui for mvigation my ba located with
sufficient soocuracy from these photogmyhs for use an mavigationt

'3+ And one other thing that has been dugging we, that is, I realize
that landmarks near the 1imh are hard to locate in longitude but 1
.+ should think latitude aguracy wuld e as good as anyvhere elss

P .+ epd, for orientation of the ordital plane, latitude 1s the thing we

i ueeds I wonder if Prople took that iwto mocount when seiectt
) S . C : S Noward ¥, mn; Jr,
oot ,' L

M/J. P Mayer . : L S
rn% Jo Po Bryamt . .

oo MR i AR L LT

® m'mm.u’ Jre SN * SR l L e
et . ), . . S ) v j

I
: |
I
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UNITED STATES GOVERNMENT .

| 61-H-T121A
PA/Chie?, Apollc Date Priority Coordimtion ~ i
It 1s proposed §mc we plan & tvo step LOT mmr. |

-1, TFor the past several months therw has deen coniidonble discusnsion

regarding the question of whether we $hould perform the lunar ordit
insertion (101) maneuver as a single burn or 41f it should be mde in
tvo steps, This is an important mtter to resolve .since it has impuect
on RTCC prosram development, guidance aystems targeting, crev monitore
ing proctdures, mission timeline, the mission plan, the £light plan,
and mission rules, Accordingly, the entire December 12 meeting of the
Midcourse Phase Working Group of the Data Priority Coordination effort
was devoted to this sudject, Detalled minutes aye being vreapared for
distribution by Mr, Ronnld Berry, the chairmmn of that working group,
Eovever, the significance of the decisions reached were such that a
more {mmediate, wider dissemination of them warranted writing this note,
dpecifically, it was concluded that we should utilise a two step LOX
maneuver and that it should be perforwed utilising the External Delta V
‘guidance mode, The entire Justification for this miseion plan modificae
tion is bated on the need to provide an adeguate flight erev monitoring
procedure, although it is anticipated that further advantage my dbe
obtained by incorporating dispersion killing altitude and plane ehange
adjustments in the second LOI durn which will provide a saving of both
propellant and a reduction of timeline activity, .

£, ‘Considerable analyses, thought and dimcussion have been devoted to

~hav the 3,200 fps, 380 sec, 10X maneuver should de monitored. That this

mansuver is performed behind the moon and in its later stages has sericus
time critical, F1light crev safety tmplications presents sorp special
problems, The most serious consideration {s the need to assure in the

later stages of the LOT maneuver that the 5P8 engine s not shut down too

late. For example, an overburn of approximately 84 secomds would result
in lunar surface impact, To avoid thie with certainty the crew will be
observing the duration of the maneuver (a clock) and the delta V counter

and will be forced to manually shut down the engine when one or the other,
or perhaps both, imdicates a harardous situation is immtnent. Twking into )
sacount reasomadle dinpersions in those monisoring systems and the duration

of overburn conoidered acceptabls, 1t has besn determined that the Probas
bility the crev would marually take over and shut down the engine befors

a satisfactorily operating primry guidance system gets the chance i more

then 50%. This action, of course, oreates a two stage LOI maneuver in

1 Lo
' o
i
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‘ ttaeuj, but witk a variable second stage mpnitude, And the minsion

~ plannor must provide for it {n the lumar timeline, fOince the probadiiity
of this occurring is so great, it vas soncluded the nominal misslon plan
should include a controlled, two step 01, B

3o Olven this decision, it vas determined that the first mapeuver should
be intentiomlly targeted to termimmte early enough to insure that the
primry guidance system has every opportunity to perform its function and
to insure that the second Phase of LOI is of sufficient duration to gtve
g00d guidance syotem parformance. A walue of adout 15 secondr wan selercted
since it met Doth of thasa oriteria and, therefore, it {o proposed to tare
get the initial LOI mmnouver to provide s lumar orbit of 60 X 170 nauticnl
miles. The sacond maneuver would ceour approximtely tvo revolutions later
and vould have a duration of approximmtely 15 seconds,

e = o
EE B . - [

P

ok Al

by Another matter of significance was also resolved, Namely, it has been
determined that there (s very little to choons between use of Lambert }
steering or External Delta V steering modes with regard to delta V costa
and guidance acturacy, On the other hand » the use of External Delts Vv
does provide a real advantage ror crew wnitoring of spacecraft attitude
during the burn which 1s also very important. Whereas, lambert steering
results in a continously varying attitude witi & profile which cannot be
estadlished preflight, Externsl Delia V provides & constant inertinl
attitude, substantially aimplifying the procedures, the trnining and the
operation, Therefore, pending confirmmtion by some simple, short studies
1t is proposed that we establish External Delta ¥ as the guidance mode and
concentrate all effort accordingly. Mor exarple, RICC programs associated
with lambert targeting the 1.0 maneuver mYy be dvleted,

T A A, Y,

-

T et - g B b et om o+

5+ In summry then, given CCB approval {if that's how this sort of thing

is donel) I enticipate all future lunar mission work will be based on a tvo

stage LOI mmueuver performed utiliring External Delta V with the second i
maneuver being in the order of 15 seconds duration, 5 -

: afjumtitits |
! \ -\
Bowerd ¥, Tindall, Jr. L

| Addressees: _ : : '
(Bew attached List) :
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/Chief, Outdance & Control Division

PR

'M/Ohtef, Apollo Data Pricrity Goordimtion

:)ﬂ.uionc nurmn.nuuon procetures

. 1. Ina wemo dated Novesber 28, you recommend that "DAP initialisation ,
<. procedures for Mission G De established where either crev input requires = .
" ments are eliminmted entirely, or restricted at most to one inertia
< update following the larywst 8PS ourn.® I am writing you this note to

. ~8t you knov that vhat has bdeen planmd s entirely cowpatidle I thlnk,

2. As of nov we do not plan to updare the DAP initializstion parumeters
at all during a nomipal mission, since we all agree that it is prodadly L
unnecessary operationally. There is some concern shat doing so, however, i -
o would make some of the burns more useful systems tests and we are
interested in your Division's (axd MIT's) opinion on this, The point is,. ~. .
<. obviously we must establish soms ground rules governing conditions under e
vhich ve would update these parameters, and saybe they should be based
on mission objectives rather than operatiomal performance requirements,

3. As you probadly knov, the RTACP, our suxiliary computer support
facility here in Building 30 which operates during the mission, has
; programns vwhich will be used to contimually smintain 4 dest estimate of
"~ &1l the DAP initiallzation parameters and the capadility exists to losd .
~ them into the spacecrwft computer vis the universsl upiink, If we do o
~'have to update them we will prodbadly load them from the ground, rather =
than have the crev ey them in.. Y P -

. VB e U

eep
- {Bew
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g ‘The midmee and Control mmm hu bun ‘concerned with thc mmt
- of unncessenry initialization effort that may be required o' the crew
~to operate the digital antopilots (DAP'S) for Bleck IX missions, MIT
. - has been directed to provids onL:oard software programs in both the =
. CMC and 1GC to update weight and inertia functions during main enginu
" turns, At this time, the IM progrems (BUNDARCE and IUMINARY) contain’
~ thia self-contained update eapability, but the first €8M munned pro- ;.

. ‘gram (SUNDISK) does not. MIT is incorporating the eapability inte
;. ,oomasous uthough the routine has not been, emhtohr rm-iowed by Nsé.
" A study has been conducted to 1dentify the DAP knmmmion proces
“durces for Mission C and the results given in thé encloscd memorandum,”
The objéctive was to develop procedures fur reducing the érew :lnpue ‘-
- requiremcnts for DAP initialization (sunn:sx Progrun). Co

 Both CSM TVC DAP and tho CSM RCS TAP were Mw-ésgatoa to mntm
acceptable inertia veriation bounds, The present TVC DAP has luf‘i.- .
ciant gain margin to perform setisfactorily foriany value of 8P§ ...
- leading planned for Mission C. The RCS DAP. howavcr, doas degrade
_ in propellant performance when the crrors in inértia lond excead 20
7 ‘percent., 8ince Mission C does not require a cstm docked operation,
.~ and because the SP3 is significantly ott-io-ded;‘_ crew mput requ:lrl-» ,
- ments are simificantly decreased, o R ,

' The_Guidance-and Centred. Divisten th eccmends_that DRP it
0 tialisation procedures for Mission C dbe nts shed whero cIthor crow

| {ﬁ'&"
' ?'J' i»p?m
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.-m vill ho -umma to hur I let\uu: md the Gomint. Rendenvoun
- Bummary, except for the tadbles of course, and it looked 1ike a resl -
‘8004 plete of work to me, I do have ope mmtion, though, ramnung
' the conclusions listed on Puge bal. A's we going to recommend that

_the orev does not boresight the epacesraft toverd the tavget during
th! 'I!’I unaunrf Ny gn _
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~ 1. A numder of Trejeotory Control Data Priority méetings have been .
i - held on the Descent phass of the lumar landing miesion. A basic R
" Question arose early (n thess meetings regarding lunar orbit luarde - o
RaTk tracking with the command module sextant and/or telescope, It -
;a8 necessary to decide whether or not such odservations are required
. for use in improving our knowledge of the spacecraft orbital elemente,
_dotherviso dotermined uning MSFYN S«Pand observations enly. And, (f so,
at vhat tirme must they be obtained and how would they he used? Accorde - - "
ingly, & special meeting of all parties known £0 be interested in thiw . .~ .~
_subject wvas held on November 30 in urder to‘anmr;—theu'quutiom.‘ :
- . R - N ! . . " B ‘ - . . .

© 2, This memorandum i to report the results of that weeting, which I - %
- may briefly summarize at the onset by saying it wns.the coneensur ao . N
of this time that performance of the MSPN orbit determination copabile 0
ity is expected to be adequate and landmark tracking for purpones of
navigation does no* appear to be required, Thorafore, in order to
make the overall operation itself and development of the ayatems to SR
be used as simple and unsophisticated as possibdble, it is our recomsene - . i -
- dation that we should not include this amctivity in the mission at leost
© . until it is proven to be necessary, That is, in establishing the manner- 0
- in vhich the various guidsnce systems are initlaliszed, verified, monie -
tored and used during the lumar landing mission,: it is roasormble to
i Amssume that tracking of lunar landmnrks will not ba dome, Murthermore, ' . ©
.- development of the crew timeline, RCS propellant budgets, miosion-plann, <
- erew procedurss, RTCC programs, etc., may also omit this activity, S 4 2SR
~ in very important, hovever, to emphasise that opacedraft optical ohsers -
- vationn of the landing site are sonential at various 4imes {n the Lur o 7
anding misaion in order to establish its locadion Vith respsotl to the =

i

B . cpagecra{t orbitn:._ elemants as determined by MBFN,

-3+ At our meating, Math Phynics Branch people desoribed in acme detn|l L
©- . the curront status of the MSFN lunar ordit determinmtion capability., ..
“.. A8 you probably know, we have recently obtairned a8 considerable amount of
* . actusl tracking data on langley's Lunar Orbiter apacecratt which have
o revenled.that the performance of MBMN is not.qu od as previous:

AR TR

00000027



- wnzpw nmlyntn had xnatmmu \vmxu e, Pmeelpimz of ul,i w.htu dn!.

s far from nomplete; put thore apparentiy i gotd renson to belleve. tim
the ‘anly nlgnificant wrror scuzrce wssoelatod with MEPN is @ lanck of proe
.. elwe Rnowlwlpe of lumr potentisl. The effect of this on MEFN.Arbit detevw
[ -mination nccuracy shows up as an uncertainty in the ortentatiori“of the -
- spececruft orbital plane, the uncertainty being almost entirely » rotation ™
- of the ordital plane about the urth!mon nm outiuted 10 be in uw
“order of % in magnitude, , o ‘;. )

hy Associated with thio, vork s unlervay in tvo areas, - The ﬂrut« e by
" Math Fiyaiea Branch people, both Bore anmd at JP1; attenpting to define -
“with mors proctisitn and confidence exsetly what *ho charncteristicn of the
. .orblt deterninotion uncertainty really sre. Nesults Bf. this should be .

-~ #vailable vithin a couble of monthr for use in planning what to do £ 2t
-doasn't get any belier before we o to the mood,: The ethrr mjow efford w
" in helng earried out by th: Lanpley Reasareh Contor with ssststanee from -
© Boeing,  ‘These people are concentrating on improving«dur knowledpge of L
Tlunar mﬂutioml potential which, tf succsnsful,; ‘ohould significnitly-
77 improve MSFN accuraoy.. It la antleipumd t.hn mmith win lw e\mth«bm
in tm mreh-Aprn-my time pertod. 4 08 N

8- 'l'hta aue\.na!on a3 fullowed by o brief deﬂnition 6! the ﬂur;gm RICS:

Corbit determinat;cn eapadility, Specirlcam, nt present there {a By way ';‘-‘:."

. vw can directly utilize observmtionn] data in doterminetion of spuegpnit - .
ephem*idue other than SaBand data obtained from the garth Lracking Slbvne -
- Moreovar, to add in the RTCC the enpaldlity of procesiing optical obac-rwm- :

" tiont of lunar landmarks obtained ontoaid the ppscecrdft would have.w . -

. signtficant impset on the developwent nf RICC prosyund, Therefore, we

-+ eoncluded we should not recommend doing so. It van ngled, hotever,’ Hm

‘both commnd module optical obeervations and LM-onethedwluraresurface -

rendesvous redar observations can de processed to improve. the RTCC!A

~ knowledge of the relative position of the hndlng/launeh site buoed on.

thc euumption emc the !BFN ephemerie 1o perfeet. s

"6, Mheretvar ainu som dlnuurumn mboat the onboe ' moodurt-o ew‘l pm._

. grama which, L. genoral, sounded pretiy good, MThere! w8 one alpnitlennt

. exasption, however, dealing with the mAner {n vhich the spuceerult sy viiw

+7 teKe \Into account the offsat of the dealrd. Innding 1% loantisn rrom i
" tdentlflable landmnrk essociated with tt, It fo probable that Coltmmm«

Program Chanpe Requeast will %e inttiated from the Degennt Phnse Date -

. Priority Ptme]. »o impmw bﬁ’b mn e in vhxc'u *mn th‘ h carﬂm out ,

T. The . dlueuauionn nutm above werm prlmru: t:o MREJ nurﬁ nvemm nmi
=T um!vrutnmung of the expeuted capnbility of the eyr.h)m e B ﬂo'&lﬁr!.‘;
Ll withe Pedloving that we spent the rest of the hime onlhov beot thoy
RN m.bht Im uned nrd 1n determininw ir. m-y wire. aeo.eptnbio.. Theau’ di
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. brournt out that se lons es mocurate onboard opti¢nl obaerwutions of Lhe
.. anding alte vere made fairly soon before Initiation af devcent, the, -
o mbeoion éould be carried out with uo Apparent extre: cost of propelinnt,
., -Ihie 1c because, like rendesvous, it fs not necensary G hAave an under.
L standing of the absolute, inertinl position and velonicy in npete but .
- only %0 have & precise Rnowledge of the target's feluiive porition with
- respect to the current estimate of the ephemertia, i

i ' T : :
8. A much more difeie ¢ yroblem in {nvolved in preparing for the Arocn.
Phase, Apnin, it is aluont certminly necersary that obeerwtions o or-
apacecraft with respect to the other must bhe mmde shortly betore 1ift ofr,
Furttermore, If & commmnd module plane change {n roquired to tneure tig
“being vithin the IN propulsion capability, it wild be necensavy to mie
+  Observatione of the IM/command module relative ponitinn prior-to tarpctin.
thet manruver. ‘There 18 & choice of using elther the command medulr optien] _
device ant/or the LM renduzvous radar fur thia purpose, Sinee opcoint iy, _ -
~the 1M radar will probadly conflict with other lumar stay time metivitfer, - M8
when thin timeline is oventually entablished, it ia antictpated that tin, o
command module optical device w{11 be prime for thin purpored backed up L
by the LM rdar. But only if {t ir impossible to obtain the optical .t
observation for some reason. The PITC has beon programmed to accopt
both of these data cources for this parpose. : ' ~

Js Therv is one feature of the Aecent phase whicn remmint troudblescm .
Ascent, unlike Drocent, demands that at the end of thn turn the IM not
only be in the right place (in the C3M orbital pland) but, in additlon,
mist have ite velocity vector in the ri-ut direction, ram:ly in or
parallel Lo the plane of orbit. Tarceting for this additionnl constmitny .
my be difficult % 40 unlesn MSFN performnce in fubstantinlly tmproed - e
and 1t i3 not entirely certatnt that adding mame landpark tracking wili

" help the nitusicion very meh, - I L : :

I . I T

10, Studlies ere continuing in thie area to defin>. sxactly what ouy = ° I
prodblem ls, However, pending results of these amlyoge gnd thote by

tie people attempting to improve the luusr potenti IV modnt, there does

not eeem o be aulficient Justification %o mhe lafimark ranektng o
requiremen’ ot this timo, other than thoer of the 1dnding Anuncon eftt, _
We-do not propose to delete the currently planned Shpadility eaywhore -
antt can add this setivity daek into the planning and: procvduivs. davoelaps -4,
ment later on if it proves to be worthwhile. , . ' .. - & o o

a

L Addresseesy TR TR
- (8ro ottached tet) o,

£ ’ : Th &

M _ . v

PRI R Jrg ey v
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" UNITRD STATES GOVERNMENT

Memorandum -
. "’.-":.-‘E. EXER ‘ (1 . '; o ‘.. .‘_‘; : ) R l‘l,;.p s ) . '
Spcecrart Progees - oark: DEG 11 067

: SR
i R »1, Sh TN T !“. R

‘1o > ABYO'™ Syrtemn Engindering Divieion wrote W mswo outiinine renemi '
" proceduren to be u ed by the Spaceermft 101 crev falidving m OAN tona
© trolled deorblt durn and also specifying that an Automtic mvontry
i would definitely not be purformed. You forvarded that memo to me
questioning whether our Data Priority Conrdimtion gréup Md looked
- Anto this subjeet and, if 00, if we vere conmistent. I have attaehed
T Mo eopy Of our, recently completed Trajectory Uontvol 1dgical flow ehartu
0 for you to see.  {Don't try to resd {t!) We expect to review tivm
>} worldwide on Decenber £0. . After inoorporating reasonable commentn, we
o will review them in detatl vieth you, Chris and Deke, at your cemvontence,
w0, g Ae far as I can tell, they are completely constutend Mith the eplrtit of
- ¢ She FILZ mewo and obviously go into fur wmore detall,

+ 8,7 With repard to the manner in which the peentry {tself should be
v pevformed, we felt it unne.essary to spresfy that at Shiu time since L&
ot 48 ot particulsrly important from an cperations atapipoint, I'm sure -
.. the arev will do as well se the DRP, or vice versn, inclonins the pap
‘betveen computed guldance commnds and speceeraft attitude control, It
" seoms %0 -me that the decinion to which vay it should be performed.should
+be hmsed on the dhjeotives of the mission insteed, ., ' .. S

o
N]

o % e, oy,

PAUNMAALL, Jrap)

By 18 Narmgs Bonds Regedarly M i I’.J,r.;;'f'&'\,-trihﬁ:m V'hn
o

|
L] . . ’
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M emomna’um

:JB?j"5:

or m momu mn mma ‘mmtqm womm droup
- ; IR i “’l v ,‘.,Q.V._V'f‘ ‘\*‘" h V: . \ r_, 3
.1. 'lhu mm .ln ln. conrlmt!on or tehphdno eonvemu.ionu roqinebing:

: your participation in a conttming WOrRing. groap 80 Ainounn the Mide
_courae Phnnn of the<dumr landing miseton, Thie minslon’ phane Divluden -
_the » MCC, 101 am! XTI mnouvers. "The oversll compon L tlon of ithis
ludoournq Phnu luulon Aechnioues workxng ouup ln [ 1 rouowm EERE

m _ " Roneldt mmr. cmmn

- Ch mke Collin~
- OF . Ted oumery

. B m Balth -~ - -
. B clllrhe Rﬂekhr
m N M m"lk.

m - Bteve nloh.

P o,--uhoduud :nr m“dmnaember 12 AN, tn-
y mmm 3o, ‘Reom 30 7 8% 9100 w.me  Tts specifie puipose in o entahe
2 1ish targeting and mnitoring procedures for the LOT mmuver to be
. included in the dverall Apnllo Niesion mehniquu doeRmant, ' It is
.. desirable, I think, to kesp this working group as einll as poasible,

. however, it you frel-it danlnble to brlng nddimonu pucple from yvour
- ormnization, be my guan. : _

IS TN

-‘Addrmnmm L
-(anc athavhvd lint)'

By U, Navings Bond ; Regteiably wn the Pipwlt Ndvings Plan
) . R L ST T
b
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UNITED STATES COVERNMENT

Memorandum S (R ST
Whliia*. Agollo 5/#‘" PE{E‘ | ”m» g “"i'm DEC 151961
(1 M/Chtef, Apells Date Prinrity Coortitarton Cap—— QW M OFE
T A Ao, L
UBMICT: Urgent recommndation that O steering of the 8.IV3 be deleted . T

1. MBC and MBYC are currently opereting in scesrdance with Headquarter's
. Apollo Program Directive No. 7A, dateq Geptenber 1, 1966, vhich estad- :

~lished the requirement for the command module computer (CMC) to be capable -
of guiding the 8.IVB during the translunar insertion maneuver (MI), The
purpose of this memorandum {4 to recomsend that action he tuken to have
this requirement deleted and to tell vhy ve should do iso. In susmary,
this risommendation 19 based on o convietion that the effort required to
provide this capability is greatly out of proportion to the henefit to
be gained by providing it, Its deletion would be Just one more step in
the currenst effort to simplify and elemn up the overali Apollo progrum =
eliminating niceties in order to concentrate our linited resources on
those activities of greatest importance, E

. Y .
‘2. It 14 to be emphasized from the start that the ONC MY steering osn
only back up a failure of the Baturn lacneh Vehiole {nertial platform
oceurring after insertion into earth ordit and prior to initiation of TLI.
Reliadbliity.of this compoment of the I has been estimited to be ,996 at
time of i{nsertion intoc earth orbit. This ia .gencrally interpreted to mean
that in four cases out of a thousand a platform fuilure will oceur foreing
deletion of the second B.IVE burn, resulting in a peimary misnion failure
unless we provide this backup, The méasage here is that it is very une
likely we would ever use this capability even if 1t were provided. Anmd
perhaps of more importance, it is to be exphasined that crew safety is
in no vay involved. o !

3. It is generally agreed that this minute additional tapadility would be
nice to have - provided the cost i{n not excessive, This is not the 8rgue
ment nor im {t questioned hers and nov that sufficient tonfidence vould
. ba developed in the dackup system to peTmit ita use, The basic point to
- be made 18 that the MASA and its contractual support is now operating at
& fixed or decress!ng level of effort aad that the energy recuired to do
. this Job necessarily must be channcled from something ‘else more {mportant,
v Specifically, whnt are these various costa? It 19 the analysis and ’
E aellbemtioua.requma of MIT people to determine the exact formulation

| &e%b"mbwﬁ R
: o L M—EV it rd . .
NG

[

Bry TJ.S. Savings Bonds Rrgular{v o the Prq;mll Sm-ir?:gg‘ Plun

- — ' - 00000032



AR L G AT T M

e

et W e e 2D i g T

. . T

i
f
A Y
e
i

| Of the OC program. It ie the actusl programaing and testing of thet

program integrated into the total flight software package, It is the
Andlyris by MIT, MSIC snd ¥GC to verify that the entire assembly -
guidance and control system, propulsion syatem, structure, ete, « ia
Qymenically qualified for flight. It is the planning, enalysis and
development of mivsion rulss and procedures to carry out the real time
systems evaluation and make the switchover decision in earth ordit., It
is the development of erev procedures o initialixe and monitor the back-
up muidance mode during thv BRI mneuver. i 3t 18 the post-flight amlyrin
to ansver the question « how would it have worked if we hmd used it? It
is the coordination of all this, and more, and endless explainations of
hov it all works., It is tes tuousand meetings! ‘

M. A rough estimate of the total cost of theae things is given in the
attached table, I am not listing them here because I am afraid that
would divert your attention “rom the more important point, We have
1imited resources. The flight schedule 1s heavily upon us and there's
an avful lot left to do for the nominal missions, the more likely contine
gencies and the e{tuations involving crew safety. ‘This lov proberility
backup would demmnd attention of the same people wvho mist do those Jobs
apd ve simply can't afford their involvement on it because its priority
iz too lov in comparison. It's mot Just cont in terms o) manhours apd
dollars but is something much more valuable - & drein on our otrainting
resources, coE : ‘

' S, 'The impetus for this campeign to deﬁu’i CNC steering of the B.IVB

came from discussions vith some friends at JIT vho expressed their concern
regarding problems they still face in zetting the progrem put together and

- flight qualified, They did not uufgut that 18 e deleted, elthough they
I4

obriously concur with that tdea, is %o be emphasised that this program
is not currently pacing delivery of the O luner landing program [coLcasys )
ulthough there are some who expect it soen will, Nor is it ebuordirg an
wndue amount of computer sturage.) I have receatly polled a larpe number =
of other people and have found no chaxpion for ite retention, with one :
poasible exception. That 1s, doth aystems and trwjectory people of XD,
KPAD, GAC and ASFO and other interested parties; have all expressed a _
neutral position or, more often, concurrence that it should be deleted.
Some mimbers of the flight crew fur the second end third manned missions

-

. still feel 4t would bde nice to have, although Stis my understamding there -
- is no intentlon of using this capability in those missions. Mow ctould so

Wy
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5‘ : xn eoncluuon, I voum Junt ke to ou-rtu by uﬂng th-t the ;ot s
of providing this backitp can be done but the effort required is subsdantial,
particularly 1€ you veigh the fnet that the pmrticulsr talents tnvolved are
at a premium. The benefit to e gained (s 80 amall thet % carry this Job
- fwrther doer not appear $0 be Justified and {t in strongly recommended that
agriement be obtained at the oarliest date for dohttm of OMC guidance of
the s-m ﬂur:u nI, wfenbv borun ¢

Enclosures & s

et o i

(8ew uttnchea unt) | j\_ j 5

-3‘ ‘_L e Relieve sevanal i o -
.uwt umJGl ph.aawtﬂ\ & uuuuni'?.Lﬁ”‘- - &Qﬁ

¢\oss-d .-M 4‘\:\ gl “44* R IHM-L

'jqq‘ you s t*tqcna’ annmdnr' (for

- Koafth ngqmateame Am;’ Se
Pl Mwh—q A.cﬂ.u‘-n Tl

| Au.:':d «nJ- I~ Haia ‘---1 dran . "“"
il 2+ Hoad e o e
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DAY M“f“" L0

: Roneh. 1neouphu estisate of retliir‘ma eﬂ‘on rﬂmirod to provide
' m unhntw tn stur tho B-I'ﬂh

2 rmm romhuoa (oaor)
b)) Program Coding SER
#:7 o) tavel 3 wnd A Teeting . - 31/2 mnmonths
1t 4) lavel 5 Testing and Documentation - ','1 " manmonth
0. e) Coordination NIT/MSFR/HMEC ©7 3/% manmonth
7 2) Development of Similation Programs - 1 (\IT maintaine they are
 Simulation and Analyeis oo

emm.
Y 1 -nmnth

not going to do these jobs, |,
S L TP ddrected to do co, the
o M mgrau wtu a.up.)

MPAD (See attachment 2)
D) - CAD am/m nmue smmm
e} ocn, m, rcan, run

| 6-0' ~ mamsonths ‘
{14 ‘manmonths .
“(Mot estimated, not

lnugniﬁcnntg (acn mat
O.o"g.'f above) . -

s

3
i ,.«‘

" a) " Provide MIT with mth models of -mh,
S rigid dody pmpamnt utidization, .
b)) :apeciry NIT analybic runs to be made.

©) Review fesults of )!I‘l' vork for lcomey and
. perromnce

A

R (Not estimated, not
1nnign1rtunt.5
]

"

S o e - Attnohment 1
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1, . UNITED STATES GOVERNMENT 1
o Memorandum . -~ mr P o D

: WDOWW chicr, mmm Plaunins and T oA i

-, Analysis Divison . . CMie m. m.nm.hm '_.5

'f’_ms/cum. Apono ‘.l'njoctm Bupport Orfice DR B o

< b
e
1

Dolouon of Bpn.coerm steered Transiunar Injection ;ﬂqulrmnt R

A3 per your request, the following inforeation has beon collected to
~determine the impact on MPAD and contrector support ménpover of elimine
atinig the requirement for a taksover of the SIV.B guildsnce function

by the Apollo spacecraft computer. Theae #stimates hive been eatablished
quickly but should provide a representitive picture of the savings to

be realized. One word of 2sution -« eliminating this specific require-
ment mey ‘actually allow more sttention to be paid critical areas in the
onboard software development and checkout, howsver, whatever replaces

this logic in core will have to de given the same attention in verifli.
cation and chockout that vas expected to be shown the original prosram 19,

3
TRW Tasks ~ an |
" AT7 . Erpirical simulaticn of specific Apollo mission burn phases -«
- Approximately 3.3 manmonths of affort remains on this task,
Eliminating the TLI switchover requirement would require vedirec-
tion of this task with a potential savings of 2 manmonths.

Criteria for the TLI Guidance Switchover Decision «« ‘
This task has jJust recently been revised to cover tha development
of the limit lines and the associated criteria for switchover
decision. : A deletion of the guidance switchover requirement
would require a reorientation of the task to cover only the
8IV.B update and possidble retargeting requirement, It is
estimated that approximately 12 manmonths of the total 24
manmonths of effort associated with this task could bde saved,

Independent Omboard Flight Software Validation s
A deletion of the guldance srltchover requirement from this task
~would save an estimated 5 manmonths of engineering effort with
approximately the same savings in the progrummr support area,

A-103 Apollo Ouidance Equatione and Guidance s:.mlatibn Bupport --
Since the 6.Degree-of-Freedom portion of the SIV.B simulation
. program could be eliminated with the deletion of the guidance
svitchover roquirement, & savings of & manmonths of engineering
and 4 manmonths of yrognmin; ar!'orb could bu ru.lized.

[ A el -
[ : :
[

!

;\ituehnrnt e
Bay U, S Sarings Bomlr qukl.crfy on the Payroll \‘m:hgs Plan
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-+ In addition to the W studies just mantioned,. the MAD estimates '
- savings of mammontha cf in-house ‘engineering effort
1 MIT in checking cut L
;11: assisting
N Supplying target
parameters ( test plan.  AMtbough no
- other MPAD Branches sct on their inehouse effortas,
- there 1s bound to be some, It 1a Just aifficult to estimate, The
fum total of all of this digcussion wmounts to adout 3% manmonths
OF contractor support effort end 6 sanmonths of inshouse effort,

glé’u"" f ”’WQE

B

*

W

J. P. Mayer

‘ c. Ri m" _
‘M. ¥, Jenkins

. R.. P, Parten G
- Branch Chiefs
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1100: Seventeenth Btreet,
'\hnhimw,, D.: Co-;7 20036
Msmation RV

. M.tached in 8 wopy of the 'l‘ra.}eetory Com'rm tht.u Pﬁtnrlt.v
;. flow chartn.we have prepared for Spncecraft 104 Ratfofive
" and Reentry. Thio.id the thing we are poing to isouny al.

r.he» Decenber :‘0 m-ef.h:g t vhich yuu vere cordla.\‘l,y;lnv tmi.“f{. '

lv-»

'. ; *
I hopa ym pﬁ. ehnnce to rwhw 1t end come down hw tnv
picnin. . Pleaaa brinp your mm anta)

Bovnﬂyl‘f. 'I‘indnl'l. v
- Chief, Apollo Data P!'lorit.y
COo:dimt on R

f
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.‘mtltute of”‘mmxoet E
Inltmuntlt!oh m-onwr T ;
T5 Camdridge hrw
. Gambridge, . mnuchunetts
Mtentiom TR R m;zm,

nur m‘lph,
‘nero are arml copien of thu mdoetoey wutmt ‘Dot Prlor- t:,y

" 210w chartn for the Bpacearart 101 Retrérii ¢ ami’ Re&nm. 'rhnm\_ K

are the letost veraign of the stuff we futend to’ oV ilev at: tie

- December 70 meeting to which vour propie were eordiall:f invl t.ed,.‘.' ,
» T have apoken to Loth Norm Sears and Jim Nevins mboit this and U

~ the: mﬂtntzon 'NX went to mve !!on.s. !lopo m t‘inﬂ tbem
nuoing. e : =

" Howard W. Tindall; 'Jr.‘
L"hief. Apona mﬁq*h‘ority
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UNITED STATES GOVERNMENT . NASA-Memed Spacecraft Canter

| Memorandum eI

DN

A % :
Gt

8""'\)’m“‘”:"':"' e "\, oam:DEC (A

|

Light veight IN attitude control is toi. sporty, S )
.+ L. Pete Conrad expressed concern the other day about & problem he
"+ antieipates in attitude control of the LM, This has poppred up on

a nuaber of occasions p.eviously, but nothing much gets done about
it. 8pecifically, as Pete says, the LM is too sporty when in a
light weight configuration. Minimum izpulse i{s expected to produce
about C.3%/sec, attitude rates which is said to be about b times
“too fast, . Cn

2. 1 am writing this note just to prompt some more thinking about
this prodblem which may become quite serious., I certainly don't _
-know what to do about it. Pete sugpested that we shoulu look into
differential thruster firing. Pirst reaction to that suggestion s
that 1t vould use too mich RCS props’lapgt. But {f you consider how
- much will be spent limit cycling st 0,.3°/sec., there is some reason

' to believe differential jJet firing may bde no worse, And, of course,
they may be sble to control the spacecraft which is highly deairadle,
if not mendatory. (Differential firing, of sourse, is the business
~of firing Jets whose reactions oppose each other by controlling
- their difference to be the asmall, desired reaction in the right
direction, ) Lo T

L 3'. "mo haa- a better idea, or db youu think the preuélift: design ish
. okayr” o S

v Howifa W. Tindall, Jr,

Ad'dresseess' " RN S - el ;

. (Bee attacted Mst) - 1 . . AR
:

.':'
Ny

: ¢ i
R

3
P
R
!
fed
13

| Br(y (}..S'}_‘_&:f’i}rg'.f onds R...;:;m'ar._’v m the P;qymll Sd;fi;gs Plan
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o UNITED STATES GOVERNMENT
> Memorandum

: ;"‘;'Bge" 148t below

pare:DEC 4 1987

i | - rroM “t: PA/Chief, Apollo Data Priority Coordination

?5 _wmf_:t: .Third Trajestory Control Data Priority Meeting for Bpacecraft 101
oo - : _ S '
5 1. At 9:00 a.m. on December 20, 1967, in Room 966, Building 2,

there will be & Trajectrry Control Data Priority meeting to

reviev the detailed logical flow charte 3. pared at MBC defining
B the retrofire and reentry phase of the 5/C 101 mission. Appro-
B priate comments shall be incorporated and thay will be reissued

i as configuration erntrolled documents epecifying the manner in
HE vhich the various guidance and control systems vill be verified,
¥ monitored and used during the flight, Coples of these . flow
g charts may be oblained arter December 6 from H. W. Tindell,
| *4 - Code M, Ext. 4676, _ IS
g . 2. You and/or your friends are cordislly invited, ' o
i S
B
gl -
I
B Addressees; L o Ly
. {See attached List) o N R
- . PA:HWTindall, Jr.:pj
SESEE
A ‘ S
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: See Lst below oancNOV 17 1857
L U : . féT-m-T-m?

PtDeputy Chiet

Spaceeruft computer program orvital 1ntegntiou

1 This 1o just another 11ttle golden mugget for your files,

2. The spacecraft computer programs, of course, have orbital integration
routines to support operations nrourd the eapth and moon, as well an in
betumen, The yrevitation of the #arth, woon and sun are treated differa
ently dependent on which of there regiome you are operating th, On a
nupber of cccasions the quention bas rrisen a8 to vhere the boundariea
actuslly are governing this, _

J. I have found ou’t that MIT cureently e written the commud module
Program ae follows., +When operating wf*4in Jbout 219 nautiecal mile: of
the moon's or sarth'u surface the crbiml intepration only takes in‘o
Account the gravitatiunnl potentiai of kgt btody including {ta oblatencce
effects, Beyond that altitude, mmt up o # radial diatance of b2, <00
rautical miles from the earth amt 3,700 pautionl miles from the moon, tt
alds to there the effect of the other *#0 bodiea {without their oblatea
nese). Deyond that dletance, the ohtateness effects are Aropped,

4y In order to snve mrasable PeanTy In the LM computer, the LN progrm
fn comovhat diffarent, No metter v nigh Lt fe Plylng, 1t taxen into
accoun®. only that body mround wnien ¢ fs oreratly g Including all {ta
Oblutaness effects, bul never takes !nto s2count perturdations caure
by the gravitational potential of the otner bod 1 ‘

Addressceny
(See attached list)

N

~
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P/Demuty chier | | N B 3

- $01/502 dtate veotor update requiresent .

During the s01 Speration spparcntly thepe Vas no question as to whather
state vector updmtes vould be semt, Myt T gather there my have heen

- name question nw to how Important they ape, ‘This will protmbly Junt
Add £0 the confunien, but I thoupht 1 aight redistritnte the altachnd
mewns weltton lant Jahuary which rtateq that the second upiate war -
mandatory and that the firet update wvea only useful to assure shat the
épacecralt vould at least reenter {f, for some Yeanon, the second.
updat-vould not be made, _ e
. .

“\
Pnoloeures 2

L T T e L 7 A ANl

Y

Addressens:
FA/C. C. Kraft, Jr,
N/J'. Ds Hodge

3¢ 8. Lunney

C. Parker
FS/L. C. Dunseith
FM/J+ Ps Mayer

Ce Re Hure
M7/M. Dy Casnetty

‘ MMtMWTindall, Jr, tpd

R O RN N

]

By U1, Savings Bumds Regularty on 1hy Paymi) ;T}ff-;n“;_, Plan ' A
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Memorandum

e

. Do . = ;
Lk

2 . - L} N e - .‘.
. M //’ |‘o!‘p " yﬂ .
Fi/Chief, Misaton 'ianning end Analyeis Dlvialon ° e .
State Veetor Update Criterin for AS-L01 . Mé
. ‘- ’.'
Prenuco of the dectatan Lo wt D lse ths A= 0 Anatin mmhis - e : ‘
pro;geama for the AG-%01 minntion, too piralon wen donly e b 1 |
o1 the premise that the ntate vector updaien ol B medey b
this, the sitnation exinta that a periest Tanteh) yehiele rpnovern
combination willvmt puldanes ar pEOPULB I OPPORR A Bny Riodl wbre el
et %% panbical milen from the pianned Wnepot. Thig b e b Ty Lo . !
naceura nf the npm'.t.:‘rnrr. nevipatton mmm.lmm Rty oy The saskevers
commiler {neo attachoed memo Ly Morlowe Cn-mul.tl). S Amlhwer Pretor shiled
aclehtad the dectalon to bage tarpating o nd updabed vehitode e B
inability Lo prodlet the time ot tha secail H=LVI1 bura,
MIAD han heon dovalaping technlquen and ariterin Lo b med durtng the
patual miaaton for making a dectalon on whrtler o nnt, Lo et Pl iine ;
date,  ‘The pragrams boing daveloped to make Lita dealulon npn panpodse :
and Limceconsuming. X recommamt, thaveforc, that we teeminnt o thin _ : ?
rrters pinco the only poasibiitty of not needlng updates L Lot Aol
minnion would b a channg combinalon of syutem evrord in uxnchkiy Lhn
right eombination to fall within the targal bonnlelned,
IO thin declalon {n accoptsd, Lharelnee, 1, meann that, 1L 1 marsintory ' "
to rend updAtea durkmg Lo W03 mbudon med Lhat Lhe wmplnte preanst ¢oMe .
plex utilfuzed for updating mugt ne Lhoeenphly vertfled berore comel U ng
tho pround oyntem for {1ight opnrationn, '
Aaoathey ttem to nnto in the Attaenad mema 1A the povesAtLon LAt TN i s
copow s prentar than apectriontlon 3 sl vAbies way soaedh PRI T h
arcupiabln heatlog test,
Q £ oy %
el 11, Mayer
Facloanve
. Vel
\ (Lon atinchied Hﬂf.) ﬂ :
\ S .
N, -

Enelesops 1
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'. sutm nctor mu utuatton for As-.'m. -nd A8-302 :

f -1- Th' AB-SOI and 502 lunoionl have heen dengned o updato the ntate vector . - 7
. {position and velocity) in the Apollo Guidance Computer (AGC) with a state '
vector from the Manned Spuceflight Tracking Metwork (MSFN) prior to the
- Saturn (S<IVB) out-of-orbit durn and again prior ¢ the second Spacecraft
Propulsion System (SP'%) burn, If these updstes sre not tranamitted from the
~ground the AGC wil) use posjtion and velocity estimmted from onboard navie
gution equationa. DBecaune of the inaccurneier of the navigation equations,
_even with perfect Inertial Measurement Unit (IMJ) performmnce, a perfect
vehicle will fly different trajectories dependl.ng on which eomblnations ur
" updates are tmnmitted. o ¥ ,;1, ‘

i !_. B

el R B e it i

R el N2 R e R N b

2. '™he attached table illustrates [the deviations of four tra.}ectory cares

.~ with various comblnations of updatde., Onmre #° (no updates) hme mctusl reentry

~ conditions clone to Case #1 (both ter) tut the AGC navigated atate vector

-~ {8 in error. Case #2 was propegatod through the reentry phase and the Command
Module could not achieve the desirert landing point and the actual impact point

(IP) vas off from nominal by 225 neutical miles. At eplach the AGC's eatimate -

- of the IP wvas in error by about 120 nautical miles (n ntnﬂar run from MIT
~ Tesulted in 90 nsutical miles for this error)s . il

- - 3, Case #3 (first update only) indicated n large imovement over the no .
:. update emse and Case (cecond upddte only) brings condition back to the

. nominal (both updutes) performance; however, in order to drav proper
conclusions from theae four caces, the porfomnce of ‘these tases with TMJ
_errors mat be examined. S

with the IMJ paafoming at specification -
error of + ,53° {3¢), which produces a .

- marginal first heat rate teat., Cnse W2 with diaparslons has a good prohvability
. that reentry vill not be achieved, (''hat in, the minimum altitude in preater
" than hao,ooo feet,) Cane #3 will havé about a thousand mile 3P diapernion.
Cage Fb will have entry arrors al:lgh!. hrmr than c-u #1.

by The two update misslon (Cae #1)
~wmlues has an entry flight.path angl

ST R S . Enelonure £

b

. A
oo
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“ 5+ The second update is mardatory to insure e high probability of < ¢
| “an‘ the required 501 test objectives. The first update acsures
-~ that"the vehicle can be recovered in case the second update 48 not .
Tecelved a8 planned. In other words, you sust send both updatos., .

: .
* ’ , . . ;

¥

oot | 7
I"‘"O W, Tlﬂdau’ a‘..‘
Cs Re Russ s
M.V Ja(iﬂ‘
J+ M Daldy
Re P, Parten
. -Jo P. W‘m
. MPAD Branch Chiefs .

. M:Mzm \:‘ _7 -
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FROM PA/Chief, Apollo Data Pricrity Ooordiiatios

AGT-HA-!L;Q751 . ,-‘:. ég)

!t’ljltﬂ souanwuouumtspw 101 retrofive auﬂmntry procedures

14 Wo heve recontly held s.veral small Trajactory Control Mata Priority
. Working Group meetings dealing with Spececraft 101 retrofire and reentry,
- The results are being documented to show how the warious muidance and
- navigation dats sources vill he compered <o one another and ured during % ,
the minsion. During these discussions a vouple Of dasie msoumptions have
been mde vhich I thought might be edvistle to disaeminats, 2
&« MOC computer programming, procedures and mMirsion rulen are being ene
tablished based on the assumption that 1f $¢ 4s recassary to retrolire
art reenter without the GAN efther decsuse that ryaten has fatled or be. .
cause ther: i insufficilent time to bring it on line, the retrofire rhall
. be performed 8CS auto mode and the reentyy ahall de Balliatie, (1t 1a \\
A8E e t ot least two houre wmt forty mimutes, 8 eludiog two. e s )
¢ of dggkne,mmmiﬁﬁﬁﬂ;gﬁﬂﬁe _prejaration.} Accordingly, the N
retrofire time will b2 computed bared on tm‘ﬁaﬁ‘u‘y to be performrd by
either continuously rolling or by utilizing 4 90° bank angle and a time ? :

to Meverse ito_ - 3 )
3., Associstad and  onaistent vith this hasie assumption is the procedurs
that. if w PNOCE fai’uze 1s detected at the horivon elignment check pera. Y
| formed at T, . miius § minutes and voice commnivations are avatlable - b
“with the munﬁ? a balliatic reentry will be utilired, The compntible
S retrofiré tims will have bdeen determined previcus to this event and re.
layed to the crew, the #1ip in time being epproximmtely 2 minutes, The
- . obvicus object! ce of this procedure i1s to yeduce Wnding point dleperas

sion reculting from & lifting reentry without Juidance, and 1t was felt
that with 20lid sround assistance the delsy in retrafire eould be accoms
. plished, Simlated exercizes will prove o diuprove this,

T e s g g

L, It ic ancumed that the role of the EME ia 4olely arrocinted with N

 monttoring and 1t w 11 not be uced Airectly in control of the rpacceraft ™ Y :

.o nor in evalunting o rformance of othmp fracecra."t syrtemr, ‘Shere hnd , e
 been sorer quottion as to how its roll relerence would be Snitinlly Llimmd.g _ §\
It ia currently proposed that the nominel recntiy bauk sme of 589 w111 N
be Joaded into the EMS and that the spacecrnsrt will be oriarted to that L\

W
. bank angle n% the time of 05 g's when the Pllot inftializen the BM). Mo \- _ii\".-'“
. will then rell o the posteretrofire backup Peentry bank angle aec dobtere . &
nined dy NCC and/or onboard charts, N L e e R &
R . ) .‘. o ck‘h&)h:ff}‘J \Aﬂtlg'4‘,}\\. u ¢ %j 
o vard We Diadall, g, - o T
i A Addrerpens: _ R TR R
. oy (3ee attaohed 11_ﬁt)' R Ty
e Biey U.S. Savings Bomeds Regeilivdy on the Payeadl Savin-o Pioy,
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~BB softwre verificetion dowen's exisd &

. LK .' 1 B
,
S

= 2

i

. de T am pretty sure the verificetion of the Intry Meaitoring Synten {3MB) o .

7 ocrolls is soreved up ond I am norry to say that, ovehithough I suspectad - .

w7 osy 1% for quite a while, T have not gotten around % dolng mich of wnything, - = -

" . As soon aa Bob Gardiner gots back from the Cape, Olauda Graves and I will . P

©. RO talk to him.  I'm pretty sure that no one benides: MAA oan gonemte the e
“7 - ines for the sovell nor 2an anyons But NAA figure out if the manufacturer

put them in the right place on the serolls. I've attached an NAA inttor, S

.- vhieh I'm sure they must have written tonguesinechesk, that pretty well

- -ohows what I mean, S R R DU S

; %
(RN

2, Claude Oraves and hin poople ¢sn do some checking bus only to the
‘extent of plotting Aifforent reentry trejectories as they would appear
on the M8 and looking for possidle viclations, Bub this could certainly
not de considered verification of the “ 3 whioh, in effoet, the
DB saxll lines are,. T L T 8 o SR - o

"

~ 3« Thia note is Sustto alert you to the situation, . X will let you know
© - 1f T canmot got things straightened out. MNersonally, I think {t wvould o
3 be desirdle to have G&C report N status to your Software Change Control . @ -
. Board, Aue final remsrk, perhaps vorth making, is that neither Ganiiner
.. nor Chiltom conceal thelr distaste for the D@, < Noth wish to sce 1t torn '
by its roota from the spacecruft and flung out the window, .80 you.
iragive the uttention their pecple must give to i€ ' s

i;; o

S

.

Ceer Uy

mgmmn, Jrapd.

Nerivew W b Repvlierls vy the Poavmill S 42

R 1N 5I‘P‘§{i‘i
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Memorandum.

"4, A8 you Xnov, the command module couputer Progriise :
- being developed o' permit use of the crev's reticls (00AS) ae & dackup
- peference source for aligning the DM emM for rendesvous mavigation. . -
. "nis &8 to guard ageinet some failure of the sextant and telescope as
* . well as providing the capadility to make lineeofesight measurements
" from the couch porition as might de helpful in & ohe man rendezvous - . . =
situation. Bince precise COAS alignaent camnot de established prior . . e
to launch, & provision has been mde in the spacecreft progrem to .
accept and utilize its wlignment ss detcrained inflight and specified .
with reference to the sextant. Nowever, it is necessary that the .. &
ground supply soecalled “equivelent sextant” sbaft and trunion angles. *
This note is to make sure that an NICC and/or ACR computer program . .
capability 1s provided or at lemst to make sure you knov that it 1s .~ -
expacted to do that Job. « - ' R S

rER

2. The inflight.procedure is as follows. The I is aligned using — -
" the sextant. The spacecraft is then maneuvered in attitude such that
. the COAS is centered precisely on a known star and. the mark button is .
. pashed to get the platform girdal angles oo telometry to the ground,
With this informetion, the grount is able to deternine the “equivalent -
.. sextant” shaft and trunion angles. These are the angles vwhich the .- -
. mextant vould Bave to assums to be centered on thet star given that .-
. - spacecraft orientation, Of course, it is impossidle for the sextant
" %o view the star vith that spacecruft orientation since it would be- ' ..
'+ located approximately on the spacecreft X-axis which is outside the
“ £101d of view of the sextant, It is the “equivalent sextant” sheft
‘and trunion sngles vhich mast be relayed by volce to the crevw,

3. When the crew later specifies to the computer that they are using -
the COAS, it displays these paxamters vhich, if not correct, must be .
" input. - It then uses the optical observation obtained with the COAS ~ -
© - Just as 4 1t were a sextant mark cbtained with those shaft and trunion -~
.. angles, It should be noted that although these angles have sometimes -

 Bay US. Sevings Bowds Regularly on the Payroll Savings Plen
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By T T e L e O

1. Ou mmr 1., 196‘r, & tean of ll!c pooph were &t MIT to discuss,’
“'j_mnc other things, use of the VHF ranging data in:the spacecraft come
puter,. Specifically, we revieved the work MIT has done in this ares-
.., since bur "tiger team” meeting on Cetober S, Bteve Copps is the guy
.. &% MIT respo.sidle for incorporeting this nev requirement into Chapter N g

' of the GSOP. He has nearly fintehed this dut has not revieved it in any .
- detsild with the programming peop Be 414 make & point of emphasising -
- m assuEptions lu has ndo nna&u mtm this note to nko; sure you
2. ‘mo rlrst uttu' d«h with pttlng the dlh',on,‘thc dovnlink. e .
only channel for sending VHPF runging Gata to° the ground is thiough the
. spacecraft computer. However, Steve Copps is setting up the program auch
‘that, unlike the IM; there \nn be no special program in the computer ;
' aolciy for getting the ranging informtion from the VHF devite and :putt*ng
.1t on the downlinh, It will only get on the downlink if the rundezvoum .
o0 navigation progrem 1s in operation. Doing it this, vy 1s sald to be the
| easiest and least complex bdut means that VHP rnngc data will not be trana
<7 mitted diredtly to the ground when "averege g" is running (during the
.. Tina) phase of the renﬂetma m dnrinc 'burni) oFr wheh in the platform
nugnnnt mm. -y

,_'30"

‘ ac’cepubuiw test is used On all mdamn mvigation data sourceswes
,sextent, telescope, reticle and VHF range. .As you mecall, each intividual
obnemtion is processed and changes in the state; WQtoro are computed,
I this change s 4in excesn of some test values (mut in ernsable nemory,
the erav 1is given the option of n:ntlu that data . The test valuu re

ho am ror and:u sources, . -

.k'. ‘Bteve also noted that there n o VI paximm range test governing -
the computar's use of the data.’ This function is loft 46 the erev to
make sure that the-computer does not ecelve:date’ in. the Second Tange
interval, that is, deyond approxintoly hoo,mht"ﬂneo A€ w1l de;:
'b'g&obdut that ,munt Buppos : , :
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lttellpt : to dialp .A,r the

Pinelly;"
ruaat dbce!vations ‘separately as 4o digit- 1nxo.¢r¢ 1u the same .DBKY
‘register sepatuted By s-3ero ¢r a dlank, - If+
‘with the. above design asswxptions, he betten:
im&hhlr ‘_u‘ﬁ_.ou s wpplying Juattncatioh for uotna in some other
A8 of ‘nov, m wsm #0148 that. thede: umtuaa are ueumbh'

1‘55‘
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7:0n-Novembar 2, 1967, a team of Flight Crew;; ¢ FOD people met.- -
suith MIT to diseuss the liner landing descent erHmYy - We have  ricently
‘deen vevieWing. thone programs ut ¥3Q snd 1t hie bedome evident that miny
~oT ofvthe d12plays and ‘atzocinted corpuiations whinh!Ve had listed ns renutre
.. - ments early in the year are not.  Thas 4e, app 1y insufticient thought

Cownn glventat’ that timo: as. to how the Ay Lol wouldinntually be used; SMeodid
. nol intend to funiant upon changen thel would make the, MIT tohedula situatton
ooomare erlelond tut rather Lo identily thoue thinga|le ware - conf ldent we “would
. pOt heed and would then leave it +o MIP to declide Whethsy to delete thim

from the Pirac cdision of the LUMINARY Piogran or o . The to
impression: thit MIT vonld prodably owks moot . of. 711
e geRed them tc take 46 much Sioe as becesonry Y4 review the situation’ind .
tell ttw what they intend to do, formally, inwriting, . I perrorally fell-ihat
the meeting was vory sorthwhile aesd should reault in s much ‘better propram "
1O 'ingconniderally ‘less MIT &frort. td- compled i e el
2.7 Cevernl items ware af . 19 fen ¥ Ehcught mn;uc'-.»be,,z;f“.r
recording for my own records and Porhaps yous. iniorma on. . -The remainde:
of: this memo will be devoted to thum, .| - : LR

"_i‘.— .

x

One’of thette\msw 5pei§ﬁ- the most time ‘on ‘Had)
agnoctoted vith the outeof-plans = tuation sxistin

Posale hod hoen: mnde to display quantitien to the
: shich vould cnable him.to plet the epprodiod
urathe” lunad durPace, taking into aceeunt thi dx

tie t on, Thure. woe considernble rkepticlom duyisy:
visiay monitoring of the: lupar nuriace na it

veliteid b o deternining porformance of the By

hew really yeoful function,  The e tugtio
do. pans dver Hn unfami ling desert: st Mh
nEagodtm or - Tnside: the- voekpity’

- whole budlvess ith PCID people: ami

natiof’ ve.proponed st MIT wan . olory, 1

A IR X

P A "

sfreeiton
posttivy
Paf3y prin




AT AN TN e T e e

. - chart inltiution. n vae noted that rollowng co;md's rcvivw wo my
- yecomnend deletion of the entire jeregister display format contalning -
L delta R at MIT's option, We definitely don't vant t-.a change th« defini. -
T tion of delta R rrom that glven above. ST *»a T :

‘ll . .
B, In response to ny queation reparding the cou;puher'a test to detemine
_ uhether or not to use landiug radar data, MIT stated that Lt was made on
- the computed valur of altitude based onithe npacecraft navigation starting
prior to o fonaidering the flnt appoach maachory and the pousibility
of relatively larre error lo comjuted atititude due t€ uncertainty in the .
‘Juner radius and degrnded MSFN perfcrmnce, it is pdbdible that radar data
may be accepted much cariier or later thmn it should be. This is Juct &
remark about a oituntion vwhich perhags deservens. soms. 1nvestigatlon. It is
not a propoaal to change anything at thic time.. - }*‘ B
5. It ie understood shat the delts ¥ monitor promm in the L(GC wlll only
- send an sngine off command in one of the Psh0 periss thrust program. In -

_the othar thrust programse-<-ascent, descent and abort---it will only issue

‘a program alarm nince erronsous engine off conmnnds iAn these time critienl  *
miasion phases could he catastrophic. I :-‘,.- ‘ S

&, The P-61t Spacecraft Computer Descent Pro;u‘am prdvideq the on pab!li by

for redesignating the landing site location with thd hand controller. Pete
Conrad wng concernnd that the stick w'ould be deflected accldentally cousing
the ‘targeted landing site position to be ‘moved unintentionslly. In order

te avold having a "hot stick” when 1t may not be needed at ail, 1t wac .
decided Lo alightiy moedify P-€h, To he consistent with standard PNGCS
opcrutions, the P-Gh display will be made a flnshing display, thus, requiring
the crew to hit Proceed {f he wanlo to redealgnat the landing nite, It is
only after this crew input that otlck motlon would he regarded as a lestitie
mate requeat for landing site relocation. Following the input of Procerd
the dlsplay tops ﬂashing and the stick remains hot thereafter, Thg,&crew -
would only hit F.aceed if he wants to redeaignate, of course. Ll e

R Another if»..a on whlch wo spent a comidt-rable ammfht of timo. d@alt Wi th _
"holta V. Morgine"  MIT proposed to provide an on call displayvwhich wns the
 160's predickion of delta V remaining at touchdown donverted into hover .
. time margine Its primary uce was to inform lhe crew of the fuel cost they '_
. hnve incurred by redesignating the lunding rite,  The discussion brought out .
J- that this computation is really not particularly unecurates Iurthermore, It
Cwng untlcipated that allowable landing slte 1édesipriation would probably be
.. rovorned by misslon mles, However, thin lengthy dipcusslon Yevealed thut’
o1t zhould be possiile tprmke-ajf'airly Bccumto'pmﬁlction oi‘ how n.uc'h f‘u_
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7 1u requlred from prescat time unt1) ¢ mehdown fncluding the affectd of "L
- landing slte redesignation. T™is dteplay could bamade to automitically e 8
appear after each LOP setion, The orev could compare this wvith the fuv) =~ - L
io - Auage, which le considered to be fairly accurate, glving tim an indteation -
1 of whether or ot he had suffioient fucl to complete hie Inmdtng ne eurrentty”
¢ speeifled. . It was aprerd that this PAaramctor ahoild be added tnto Lie Peil
Program dicplay formnt provided tiore wae po scheditle fapnct, excocsive
- atorage requirement o» any progaem developeent troubles At firat inctdent
OF any Of. theae [t vould be dropred. 1t will be dlaplayed in unite of .
A "reroert™ fuel In ordor to be compertible with the fuel guope and will teke
the vlace of Delts ¥ Margla provioualy mguested, ; - - e

. ‘ . _ B
As At one time 1% wa. Proroead that when the ovaw fletouted there was po
rolative veloeily of the Apacecrart with the moon's purfmer, they would fpat
thie fact to the computer which wnild sem Lhe velaelty stale veotor, Thin
Swntoineluded In Ghaptor 5 of the LLMINARY GOY batipot In Chapter by T owmn o
determined that thie wae net n computer progyam roquirenent and will be. KR
deleted from Chapter %, ST .

P Howay W.';l"ll'..i_.p_dnu, gre BN

. 1

Addressoent ‘ , . o
(Sec attached Lict) : R o ,;:$;;
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Memorandum

ng of MSC yeople
“BONe problens: were Deing encountered v
_ ™ progrem vhich assists the mstronsut in thén!na on the primery -
 guseAnCe system. Although these prodlems ave. relatively minor, 1t was
the-opinion of MIT that this. prograa contridutes little, i1f ammn;
%0 the Speration of the spacecreft and 1t vas thelr' mmntton that Ve
 delote 1t from COIOBBUS, LUMINARY anc: SUNDANCE, . he consenaus of MRC
people precent was tma Shit vas & good tdes and it is proveble that
the Flight Support bDivisies vwill »o direct MI? uniuds somone comes
- along to protect it, 1 umuu uau nots pﬂ-r}u.r to gtﬂ m thnt
omaunuy--ar you: uh %, : :
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pat 1 the ‘effees of umm:m' in tu"':um-
oomm m wfomnut

su Bjmu called after mdzm "y N (6?-11!-‘&98 ‘regarding the
Cdmpact of currvent MEFN performmnce on luner operati % W wendered vhy-
~1 had not included in my 1ist of studies the effect of Jumat potential
-uncertainty on the sprcocreft computer programs, ' I giens the-veanon I
left 1t out vas that 1¢ wvas somevhat different then those. - Bwairimlh,
'Y supggested that v do the anslyses 1fisted utilieing durrent MIFN pere

- formance reasrdleac of its cauns, Hrwever, 1t would protably be uceful.
to tnke somw eatimnte of the uncertainty In the lupay: potentinl ‘buod{ on.
: -our mm experience and use that in some .mumm tudies;

2. “Ivo studies’ thet. T can mnh of Mnﬂuxw nro; ") t.m_deummt.iau 2
T of the efrect of uncertainty in luner potential on the onbodxd computation’
_of the landing site porition, particularly tte ainunde from the centar ot‘
_the moon, and (b) detommination of the effect of uncerteinty in lunap: ~ -
“potential on the capability of the LOC to integrate ‘the equations of mtion
_from the timo 41t in initiallzed prier to DOT until landingeeswith cnd withe
“out landing radar update, I sssume beth of these tapkd should be mnsigned
: t0- the Math Phyelcs Branth. = Perhape you could niuu then tc,,,:mm or' :

?_tm and wdd othera thnt hnnn't occurred to me.
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o« RAR andler _wm - Mlnate the effest’of ‘
Wiare  now expertencing in the dctérmination ofF fipe
victars on Ve thirpeting ant exseution of the Resoet
saasireres Then d@tmn{ne L imgnct of talk oniy
tie den -hmﬂm; potnt e nn- wu et hwrs_._

N ATE Py bxperuminﬁ on, mmur' mibLinrine of The
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. r ?m
.rmd roulit: geest nmm lumx mm:ns. Mm, _lj
“wrOng WOrh el anfume you wiYL roreest Lot
are sonceyaedy DOontt thibk thiw o rtal utpenl,
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