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I'm impreansd by the convorsatinnal, atmosr chatty tone of Tindall's
meaaagoea. They are ao uniiko many standard governmentese memoea, With
groat economy of words, Tindall manages to make his thoughts clear, vas:
to read, and memorable, He tal'-a to hin addreesves am {f it {# understood
that they are intellipent psople, {a often amusing aa well an informative,
le frequently ende & memo "at leant this {s the way I undaratand it" as
Lf ashing for correctiona Lf anyone lian any to ofler} he aluo aften comas

- right out and requests additional or differing information and opi.-fona
from hia colleaguea,

Some "Tindaliisma" I found int. resting or amusing, or thought you
might be interented in knowing abour:

67«FM1=3 (10 Jan,) Bubjectt "significant modificativne currently planned
{n the Apollo Spacecraflt Computer Programa,' End of memo mentfonx '"Black

Friday" review to be haeld at MIT tow days hence at which additfonal modi-

fications were to be dircursed, "1t should be lota of fun, 1'1l1 let you

kncw {f anything intereating happena,"

67-FM1e? (18 Jan,) 8Bubjectt "Why (wn {t everyone who tiken vadar wears a
white Hat?" " , , , it meems_mandatory to me that some vort of range and
: range rate measuring system /i{n the Apollo command module? be provided,
' . Of course, a complete redar would be even better . , , " "I'm mure there

are many who would argue that the optical system {s perfectly adequate,
and they can beck their arguments with all sortes of analymsen, Poraonally,
I don't believe any of that atuff, and I'm afrald waiting for the AS-256
experience will get uas into the position where {t i{s too late to fix up
the command module for these AAP missions. Let's vote,"

67-FM1-9 (23 Jan.,) Subject: '"latest on the AS-206 spacecraft computer
program,' paragraph # 5 about trouble with Engineering and Desalopment.

- Directoratee«"Ronpanne by that organization has bean completely unaccepte

/[ able," and T, Roea vg to any posaible reamon why ("rather informal manner

. in which thin data was requested'"), Solutiont Ffuture requosts to he
"wmothered in the unual stack of paperwork . . . " T, alao naya however,
that "In spite of conaiderable difficulty {n pulling this program :together
at MIT," ha rveally expects {t to "perform very well for um,,.., I don't knowv
why I'm sticking my neck out on a prediction tike that, Just 1{ving dangere
ounly, I guean,"

67«1M1210 (23 Jan,) Subjlacts "AS«304 npacecraft computer program and mtors
age statun, Almo a dash of A8-238," Meno about the MIT meeting which T,

had been anticipating with swome dread (wom 67-FM1-S5, above), Concensus was
that MIT had put together an excellent prementation of current atatue and

"a very reasonable propossl on which tn bawe our future work,'" '"This meete
ing had none of the fire and excitemont of laat May'a Black Friday, In fact,
this une Ln not worthy of that name," Memo i{ncludea 2 pager of eletions and
roquirementa for mpacecraflt computer program, End of Memot '"At least this
{u the way I think things stand, And now we'll start taking calls from the
aud {ence,” :
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67-FN;fif (28 Jan,) Subject: '"More about computer self check" "1f they
- avar -:fve & conteat to melect the plece of Apollo with the funniest hiatory,

I would like to enter "computar self check," T. talks Rbout tha trouble
with computer melf ch.ck tn AS8«204: "Appareontly {f the syatem were left as
it {s now, it has the potential of bombinyg out the syetem {~revocably, 1
assume, or at leamt hope, that if {t did that, it would 1ight ine 1ittle red
1ight." (Iro ceetwo dayn latar, the 204 fire occurred,)

67-FM1-12 (25 Jan,) Subject: "Why does the AAP command module need a sextant?"

"0f course, I haven't thought much about {t, but , , ,";in T's opinion, the

sextant is not needed- eliminating might be a considercdle saviug of weight
and make the apacecraft a "heck of a lot batter for punetal purpoee, earth
orbital miseiona," (Interesting that he should say he Lasn’v thought much
about i{t, and almoat certainly not troe, Right?)

67«FM1417 (31 Jan,) Subject: "AS.:06 Spacecraft Cdmputer Program Newaletter"

Report on another meeting at MIY; interesting paragraph on page 2 ahout MSC
being ""had" by "thome slick New York Yankees'sGrumman,

Lapse of 26 days in Tindallgrams: #67-M1-17, dated 31 Jnn.z #67-M1.18,

dated 27 Feb, None durlng aftermath of 204 fire?

~ et B e e

~————— - —~a

67-FM1-18 (27 Feb,) T. talks about need for new deaignation of boostera and
minnionn, to replana numbers, 'We will inform you of the new, more desuripe
tive program aavea as moon ag they have been selected," Re need for review
of what is tc be !n the erasable memory of the AS0258 program: '"That could
be a falrly axciting get toguther aince everyone wanta their program in eres-
able, I wondar Lf there {n a mesasye in that obaervation," Re AS«206 come
puter progsumt "The MIT people have worked very hard on this program and de-
setve a lot of credit, both for their maintenance of extremely high standards
and for their extra effort in trying to maintain a reasonable release sched,"

67-FM1-19 (2 Mar.) '"On Febtuary 17th we held a meeting in our continuing

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

yeto " '

67-M1-24, (24 Mar,) Subject: "In which {s described the Apollo spacecraft
comptiter programs currently being developad,"

67-M1-25, (27 Mar,) Subject: '"None." "“This action item was gien MIT by
FCD., We stopped it, , . . But {t needs to be done . , ., Will you get aome-
one to do it? @¢PB, 1 guoae,"

67-FM1-2¢ (28 Mar,) Subject: 'Progress Report « RTCC program deveiopment «
Review of AS-258(!) requirements," "My primary vbjective here {s to summer-
{re what we dfi and to document, for historical purposes, the rationate be-
hind wome of the decisnions made,'" (h-page memo, initialed at top by C.
Kraft with his 'conment: "FExcellente-Paas on!")
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67-M™1-32 (21 Apr,) B8ubject! '"Descent engine gimbal polarity error! "A

serioue minunderetanding between MIT and Urumman resulted {n a situation

witich wculd have been catastrophic to the AS<206 missfion £ st had not been
_ dlocovered." Tindell seems to be defending MIT.

67«FM1.3] es Apr) Bubject: "MIT's digltal computer facilltiem nce lttll
a problem,"

67-FM1-36 (4 May) Subject: '"Some things Ed Copps fa 51.1ed adout."

"Ed Copps [Mtf7 called the other day about some thing - =rat worry him,

I figur~ {f he's worried enough to call, {t'a probably wnrthwhils to dice
tate this note and send {t to you, . ,'" About automatic gimbal lock avoid-
ance capability having been removed from CAILMANU-«the mpacecraft computer
procesaor which provides automatir attitude maneuvers, '"This whole busi.
nens apparently mcaren tho hell out of Ed Copps, and I gueas {f I knew enough
I would be frightened tuvo," (34%: you will probably understand the techni.
caliticos of the problem; 1 just en'loved the way in which T, presented it,)

67-M1237 (4 May) Subjectt "Invitatinn to an AAP spacecraft computer proe
gram requirements shindig," (Tindall has a way of making it all sound like
such fun!)

67-MM1-840 (19 May) Subject: '"MIT can handle spacecraft computer program
development for both Apollo and AAP to their mutual ndvantnge" (3~ page
memoj many comments in praise of MIT,)

67.FMMeTa41 (23 May) Subject: 'Spacecraft computer program namea! Good,
brief srummary in .ghthearted Tindall tone., Starts out: 'I used to think
MIT was a little . ,d when it came to selecting names for the spacecraft coms
puter programs with all that weird preoccupation with the sun,' (SOLRUM S8,
BURST 116, SUNDISK, COLOSSUS-«'"Pretty good except, I miss the Sun''eeand
SUNDANCE, )

67<FM-T«43 (26 July) Subjectt "IM im launched with airl "I guess everye
bodv already knows this, but I just learned that they intend to launch all
IM'n with air rather than oxygen in the cabin , , , to reduce the poasibile
tty of fire., (Next memo, 67-iM-T-44, mentions the use of ' wnel coating "to
provide fire protection or at least to prevent its spread, ')

o7&ru.r-65 (27 Jul,) Subject: "Qpac;;}aft computer program flow chart
atatus.” "luat a4 note to you cate who aré interented in flow chartm , , ,"
Brief dercription of standavda to he followed in the development of flow
charta, 'Naturally, we {ntend to execute any programmer whono flow charts
contain a significant number of errors,"

67-FM-T=55 (3 Aug,) To: FX/Acting Chlef, Flight Support Div, From:
M/Deputy Chief, Subjectt "Deep werious trouble," "I realize 1t'm nono
of my buniness, and tt's Retting to ho leas al) the time, but you are golng
to be {n deep rorfoun trouble when the MIT contract negotiationa for Apollo
and AAP hit the fan I the next couple of months untema you have somebody
pretty sharp ready tn take over for tarrvy Fry., Incidentaliy, did you or
Pete Clements put tarry in for one of those awards they give outatanding
AMr Force officern asuigned to NASA? lle mure demorves {t."' (RS§: Sounda
Like high pralue--ty he ¥, anyhodv you're interested in?)

> 1
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67-FM-T-6] (18 Aug.) Re(iM-1: "I sure will be glad to aee that bird fly
before it drives ua all dyer the brink." ‘

. =
67eFM-T=72 (29 Aug.) Subjevt: "Inflighg loading of the xpacecraft computar
erhagble memory," A S-point memo whose last point, {n entirety, is "Did 1

Just hear the RTCC_camel_groan?" (Wonder what that means?) .1:3':
—— . (RS B
Voo py EHY -

" 67«FM=-T-73 (29 Aug.) Memo pointing out to addresseea that not even g 2.
month delay is neceasary between the launch of s/c 101 and s/c 103,  "This
note is to make sure you are aware of the situstion so you won't ge. caught
assuming a perifod of 3 months ie necessary between the two missions, I muet
say this had not been clear to me before."

el -0
£y

67-PA=T=-79A (11 Sept,) Subject: ‘''Dats Priority Coordination - a plea for

help." Handwritten note at bottom of first page "BL{ll T, A good review,

ple. let me know {f you need my help. G.H.QZ?"
_ Low o

67-MM-T=80 (11 Oct.) Apologetic note about necessity of uaing 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 "irrgeular updates on what's going on in the businese of
spacecraft computet progrsm development." Currently in proceses of determin.
ing an accurate program development sched. for programs and determining
problem areas, ‘I don't want to minimize the seriousnese of this situation,
We are {n deep, serfous yogurt]"

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

67-FM-T-106 (14 Nov,) Subject: "EMS software verification does-'t exist,"
" . . { nefther Gardiner.nor Chilton conceal their distseta for tha EMS
(Entry Monitoring Syntem),.  Both wish to nee it torn by tts roots from tiie
spacecraft and flung out the window. So you can imagine the attention their
people must give to {t." .

67-PA-T-113A (7 Dec.) lLetter inviting R.V. Sperry o¢ Bellcomm to 2¢ -Dec,
meoting at which Trajectory Control Data Priority flow charts (enclosed with
the letter) for a/c 101 retrofire and reentry are to be discusead. "1 hope
you get a chance to review {t and come cown for the pienic, Please bring
your own ants!'

67-AP-T=115A (15 Dec,) Subject: "Urgent recommendation that CMC [?omand
module computqg7 steering of the S-1VB be deleted,"

67-FM-T-124 (18 Dec,) Subject: '"Spacecraft 'omputof program newsletter,"
Sequel to memo of 23 May (67-FM-T-41), o

PR
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ote in to kl- you' of our ;ndnvéua,_m tinge 1 rY
= In-the morning. ve hope to discuss Rendesvous on. the "c%, -
mission starting ab 9100 aum.} and in the afterncon>nendesvous on
the D" ‘miseion atarting about 100 pem, v iy
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o '~It. t.urfm out provtdtm: .juut.iﬂcnunn !‘or nhminihr w rﬂndemrnup

T rndar dnta - during Ascent from the Jupar surface e an dirfionlt o
CHetting the dawn 14000 Tiis semorendum {n L0 1ot You know that
unloens some aharp cookie comen mlong vu.h aurﬂoinnh 1unurlcntlon wu
: nin’t gonne get EL ' DINRCETENR

?. 'mm-e have - \wm numroun nmrﬂnln am Mumlnldhr tn wMoh tsho
. royuirement for une of the LM rendervns, redar durinp powarnd Apcont
wan atated primarily an n datn sourey to evnlunte the performnce of
C 7 the AGE nnd the PNOCE both by the crev onboard the Apnedernft and on
—.the ground, In addition, intutllon rupported thin idea and no & rood .
i deal of work han proveeded tened oh the assumption thnt  the rendezvous
~ radnP datn would be nvnilable, However, due to a ndfios of clrcume -
" ntanees 68till beyon) my comprehension, the M u;\ncrcrnrt COMPULOT Pro=
. ArAM - taminnry « doon not provide the eapability fapr obtnining thin -
" datay . In faet, nn far an I ean tell It i dofieient in two renpretn,
' Firut, no automatin rdnr requinition capability (i prov.dm) duelnpy,
.+ ancont which would bé mndatory rince mdar 10ck cnn.only be acquired .
o aftor the big piteh mancuver at approximately 1ift dff pluns 10 uvconan.
~And, second, once 1t's locked on no provision has been mdo for retting:
- the . radar datn onto the telemetry downlink, mnumw chanpe poguests
are in the M1l to add theer enpabilitien, However, ft™in nnticipat.ml
~that the ncheduln impact will de nut.ntantial, ani nlnvo the eurrent: proe
. gram dellvery achedule (s Only mrginnlly aoccptabld, ‘mdificatione to -
1t have to be in the mandatory catepory, - In order to.esotabilinh thin @ -
JustiCiention we discussnd thin subjrct in detall dut‘inv the December ,
21 Aucent. Phoge Dnta Priority meetin2,  Mich to my fimzement, mndatory.
' Junstifiention dooe.not appear to exiat,  The rnt.lohnle for thir statos
~mont lr the. uub,;uct. or the ronovlnp mmmph. “Tha paint Lo o mad

2 dm bR \.111 nct b¢ a\mnnble either durmg poworod
‘aftes "1nsnrt.ion nto. lunnr orbit, - . :

by 118, 'S_‘.i_rwrp,t Bonds Regnlarly mm :i& I’mr
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‘ 2 n-,.prnponod ’.am. NMMVO\M adar dati wnn vnnvm.lu Lo p m’\_
the mc to mond tor: nneeHt and adyise the orew of the hceetrily to awlbeh .
- from the PNOCS to tho AGB. How thin would be done. tn thoroughly documented
"'elgewhere but banlcally 1t was fntended to determine the range rnte.of the:
LM with roapect to the command module utiliring: the PNOCH LM state Vector
and the ACB LM ntate voctor separately, amd then to compare thene valueo
© with that nctuslly meinured utilizing the prondesvour radar, ‘Thin informn
~ tion would be displaynd on annlop plots in. the control center, The anmo .
""'cnmpori.ron procers wotld slmultancously be earriod oul with the ranpe rat

a: tompited nnc meapured along the line of night botween the IM and on.-at
. MBFN tracklng statfon. In each cace, the rendez\mnr radar and the MOFN -

. provide an indcpendent dnts source upon which to evnlunte performince of

- _the PNGCS nm) the ACGB. 8tudles to date Indicnte that in mont canen of i

" ruldance nystem mlfunction, comparison amtnot omy the mm .tn ndoauaw

- ,to idontl!‘y the errnnt. ayntem,

h. 'l'hn mor.t sipnu'lmmt except.lon ir certnln ucocleromoter nan. ructor

: or bian cases perpendicular to the line of siphtbetween the LM and the:

i MBFN statlon. Thnt in, the MSFN comparison i alwvays capadble of determin

" “ing. unneceptable dloperrions in Flicht pth anely; but nomotimos in not

4'nblo to provide nn {ndepondont measuremont of tho velocity mapnitude - -

“particularly whon inserting thto lummr orbit from.a contrnlly located :

landing sltes  The result s, {0 throughout ancent both the AGS and t.ho
PNGCS nppenr to Lie operating properly bnsed on ali data avnilable but

 nt lnsertion the PNGES shuts down the AFS enpzine producim' conditlonn | o

. which the AGB inticaten to he subortital, It will be imponsible to deters’
. mine which puidance nystem in correct without rondezvoun mder data,

~ Aecordingly, it would be nocessnry to reinitinte thrunting immedintely
protinbly usinpg the RCB in order to provide rafe orhital aonditionn brsod -
on the AGB readout. Bubnsequently, MIFN tracking Nnd/or rendesvoun radar.
 Measurements obtalned as noon an possible will revenl whether 1t wan the'
‘A8 or the PNGCS which was in error., If it tmly wap the PNOCH at faull .
erenting an underburn at insertion Lhe propry action will have been tnkem
-On-the other hand, if the AGB wan in arror the i t.uut.fon will bei  the

. rendedvovn enteh up rate will have heen doorcnnod to n point where an

" extea revolution or 80 will probably be mconnnry probnbly a lot. of

L “;-Am/RCG fuel w11l haye been expended and, based ‘o the (pood) PNOCD and’.

“MBFN the nituation will have to bn sorted out and! handled on a continrnney
“bapine  Thie pnrticulnr net of eircumntancen ig: ehtrmvly uniikely. . h
actlon taken (n undeniruble but not eatastrophid, It would probably

R “vpatulre i of the commind module to manlst in thtt rendezvous but HCH

‘helng provided for that specific nituntion, = Rendbrvoun radnr data durihy
2 ancent and Smmadintely follew!ng innertion would hmm provetitad 16 from-
~happening but 1t donen fot apprar to be mndntor.y.‘ So unloms tM nmwsi
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. how underwny dinoroves the above rationale, gomeone clae: comes nlong, with
7 # ¢ood reason or if the luminary program delivery impnct turns out o be
: unn, 1 expect those requested chenpen will nbt be made in the first -
-version of Luminary, and maybe ncvers At thid time I don't expect any’
of thore things to turn out favorstly, Rirthermore, 1 we can't get this

data ve probnbly ourht to simplify the mcc :oronmma nnd mc dlnplnyn
be cowpat.lble. :

P R

B

-
: .

. 5, lellv, If we cnn't prove wve neel rondm.vo\m radar dntn for Ancent.,
e T C1t'n abmut certnln we won't be able to for Descent olbher, But we do have
) 7 to iave it on T/M while the LR tu on tie lumar surtaec for "launch elte"
po.f¥iuh determination anm Ascont tarpeting, Thin datn muct be nt w-
hivh upinte rate (10 to 30 semplen por minute) and preferably vit.hout.
impmvlnp" the spncecraft stnte v-eeorn in hu LM computar. ‘

Addreu seed: e
(Bee attached llst)
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UNITED STATES GOVERNMENT

®  Memorandum U S
°  : gee Mot Below - oare: DEC 18 1367~
R S T ~ BT-PR-Te17GA
. & FROM :  PA/Chief, Apolle Data Priority Coordiration i .
: SUBRRCT: 'ihird Trajectory Control Data Priortty Meeting for éucccmrt 10, -
s N , | P ¢
Reference memo 67-PA-T-110A dnted December %, 1967, The Trajectory |
Control Dmta Priority meeting which vas ccheduled for Decombor na, S
19G7, han been changed to Jenunry 19, 1908, at 9:00 a.m., Room 96,
Building 2 of MBC, o :
,f.‘; Tye
Hovard W, Tindall, Je, \
_ Addregseer: b
(See attached 1iat) :
| 3
- . _'\‘\\ i Y.
- \\ \'
N ' .
-
..'-".'r:" . * ; ‘ i \
By U1, Savings Bond Regrdiarly wn the Pt \'.tr:/ri('n I
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UNITED STATES GOVERNMENT Cmree L
' ' Kisslog Vicrauig & huslysis Divisos
Memorandum e |

b

- FC5/Chlef, Guidance Officer Bection !
| : 1 (TeMMeT=125

,_"'wm © MW/Deputy Chier

. SUMJECT: Do you vant a Program to calibrate the COAS?

l. Charlle, I amafreid I go0fed up when I sent the attached memo
out open.loop, Most 1ikely nothing is getting done, I am sending
this over to you in case you vould 1tke to get one of your prople
to initiate the standard FcD procedure to have something implcmented.

2. Incidentally, some people have epparently been discuasing a
procedure for doing this whole thing onboard, It involves bore.
s'ghting the COAD on a known star end then calling the aligiment
routine which displays sextant shaft and trunion angles for that

otar. I gather it is not quite as straightforvard as that., Since
those values will bc outside the mechanical limits of the sextont,

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

Bovard W, findall, Jr.
~ Enclosure : L o
et 2
- m3/c. R. Hicke
"Ts P. Carter
M5/R. B, Brmill

MMiHWTindall, Jr.:p)

o
i
H

: B : Bry 118 Sarings Bonds ng”lar/?qq the Puymll ."aringx Plan

1
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UNITED SEATES GOVERNMENT NASA - gnned T vceciafl Centm
M Mision Flansing & Modyss Dwison
- Memorandum IR

. 1 See st brlow | © oam: NOV 14 1967
FM/Deputy Chief o | gl

FEE
[

Inflight nlignment of the COAS -

o

l. As you know, the commnd sodule computer PrograNee-CALABOUS-=eis
being developed to permit use of the crev's reticle (COAB) ss a bLackup
refecence source for aligning the IMJ amd for rendezvous navigation,
"This is to guard against eome failure of the sextant and telencope as
well as providing the capability to rake line<of-sight measurem:nts
from the couch position as aight de helpful in a one man rendezvous
situation, Since precise COAG alignment cannot be established prior
to lannch, a provision has been mde in the spacecraft program to
accept and utilize Its alignment as determined inflight and speeified
with reference to the sextant. Howeve®, it 18 neccssary that the
Fronnd supply so-called "equivalent sextant” shaft and trunion angles,
Thi note it to moke sure that an RICC and/or ACR computer pro:ram
~9psbility 1 provided or at least to mmkc sure you knos thrt it s
axpected to 40 that job.

s The inflight procedur= is as follows., Thc IMJ 1s aligned usuing
the gextant. The spacecraft is then maneuvered in attitude such tnat
the COAS in centered preciscely on a knovn star and the mark button ir
puched to get the platform ginbal angles on telemetry to ithe ground.,
With this informstion, the ground is able to determine the "cquiwvulent.
rextant” chaft and trunion angles. These arc the angles which the
rextant would have to assume to be centered on thnt star given that
spnceerft orientation, Of courne, it is imposnible for the sextant
to view the ctar with that spacecraft orientation since it would he

. located approximately on the spececrnft X-axis which is outeide the
f:i2.1d of view of the sextant, It is the "equivalent mextant." chaft
and trunifon anples which must be relayed by voice to the erew,

7. When thre crew Inter ppecifies t the computer that they are uring
the: CONG, 14 din]play: these parnmtera which, if not correct, mmat ¢
fnput. It then usen the optical obnervution olitained with the COAS
Just as if it wers a sextant mark obtoined with those uhnft ani trunfon
argles, It shculd b2 noted that although these angles have somrtimce

Buy 11.5. Savings Bonds Regularly on the Payrol! .:fa:ring.? Plan

T
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. been referred to as CNAS bias anples, they are rially not dlarcr ae
" that term is ordinarily used and should have values substantially
different than zero. At least that's the way I understand {t,

Lo ’bm . u’ Jr’

idiressean :
FC4/C. P. Parker .
. IMS/R. B¢ Ertall

. eey - o .-
- (See attached 1ist)
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‘ P
Bpncedraft computer program nevsleiter

o

1. This memornandum in to make sure you: are up to date on mpncceratt
computer programs, An you undoubtedly Rnow, an Apollo Hoftware
Configuration Control Board, chairsd by Chria Kraft, hns teen centaba
1ishnd, I am the MPAD representative and Stan Mann {8 the nlternat o,
,'mﬂm have been three meetings oo far In which we have dincunacd amd

t:iken actinon on quite a larpe aumdber of proponed Program Chane
Requests (PCR) for n11. of the mnned miwnion progfmnn.

2y SUNDICK « Sundick, the carth orbital commind module propram, han
bocn completely fintshed and has pone through Leval 5 testing, A tape
hat been delivered to Rnytheon which they could ure to mtnufncture the
actual flipht ropen, It to not our current intention, hovever, to
mke £lipht ropes from that Tape aince there are W numdber of olmmvpn _
that have Leen ldent!ifled ns necessary and nome time is avallable to
implement them, Following Lle a lirt of progsram chanpes that MIT hnn'
been directed to complete in time to sem amther “tape to Raytheon

on Fedbruatry l.

ne PCR f3 = Flirht Crevw people atated that attitude error Indiene
tion during the first 10 arconda of flight for uce as an abort cue In
mndn tory for crel safety, Currently, the launch program docr not
start outputting atlitude errer signmls untll 10 seconds after L1t
off at which time a comparison {s mede with bhoont polynominnile pree .
pnred preflight. Thias propram change will provide a sipnal to the _ . .
FDALI needles proportionnl to the difference bhetween present attitud., :
nnd thnt attitude which existed at receipt of the 1ift of{f aipnal vy
the computer, .

b. PCR #oh = e ortentntion of the CSM mnd’nzvoue mdar trancpondsr
hnn been modifled  on Spacecraft 103, This program change thlkes Into
nccount. {tn new alignment in determining preferred attitude of the rpnees
eraft during the rendegvous phase of the mlulon.

_ ¢, PCR #37 = An error vas found in *he rnnmntjon of the Lambort.
Puldnnee which éauned long durmtion burns such as TPI uning the RCE proe
pulnion nystem to be in eriors  Thin obvious deficlency 1e beinge '
cormeted,

Co
Do
Lo
o

,F
.

By 18, Nat mw Bondt Reewbarly on the P, nml/ Sarings Pan
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1e "SUNDANCE Jundnnee, the enrth orbieal LM profmmm, currently netnatidend
for anﬂvory on Mirch 1 had one PCR (#30) approved the othrr Wny, ‘M
Lime the DI mhowld opernte at 104 thrust (currently fiaed a¢, iv; recomin)
%111 be myved into, nrasadle Remory such thut {t can ho modif!od 1 Home
other value 1p found to be more sultadle, ‘Thin change is prrt of nn oo
undervay to peduce DF3 constraints both from the standpoint of puldnnee

Byatem nccuracy and buildup of helium tank preasure, Another ohanpe (IR
£39) vhich the crew 18 anxioun to hAve lmplemented deals with proaviding ai
automiic attityde o

ontrol of the sjucecrart during the latter phancn of _
rendezvoun such that the spacecraft Zaxis would be mintnined vithin

= ol Loreatyrht on the commnd module in eddition to the 300 "dend band"
currently implemented, o

he  LUMINARY o The chanpen to the 1My alipnment 'pl"m'.rnm for Luminnvy huyn
been approved and MIT ia implementing: these simplificetions tn the erew .

proceduren,

s
MIT e aluo been requested (ITA #4) Lo provide limited throttitng ar
the DP3 about the fixed hirh thmict throttle point during powired descent
to compensate for thrust diapersions and, thus, permit a wigpntfonnt, tfurl
snving, The impnet for this ehange has been determined to be naneceepiaiv,

for the firat relcanc of Luminnry and MIT has been dirceted to fmplement,
1t a8 nonn as poonible on some later version, C

©o  COLOBSUB « Schadule impact for the simplificslions to platrorm ald, v
ment procedures reynested by the crev for the commnd module (MR # 10
determined to be unacceptadble for the £irst roleane of Colonrur, Aceercs
Inply, In thie enne too, MIT hne been direeted to implement them ne s,
80 pourible « probably to be ineluded in the second relevane,

('« Ther» nre n omall number of' othrr piddling modifientliona that hnve _
been npproved whleh T am not rolng to mention hern, Alno, 1 am not pot.ge
by 1ltut thone which hnve been disapproved or delaydd and T evcommond il
if there nre fome propsram chanfes {n which you have opeelnl lntereat you
ret {n touch with proper peraonnel of the Flipght. Hoftware Bennen, e
ane mdviee poeo for ndditional informntion on thone I hnyw notod heye,
einee my undorntnnd ingy in often mthierr limited, Nt I did want b ke

you awnte of the more sipnifiennt {temn, |
M ’ - | \ ; \ f
N o.u«,CL\_ 'i A deh.,

-’
Howard W, mﬂdﬂ;l‘ Jr,

Adibtegraceeny 1
(tire nttnched 1int)
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UNITED NTATES GOVERNMENT

M emorandum

mlo/cmer. mnmuenx Prysics Rranch | ‘_';’m DEC 15“’- o
©6feMMeTeli SRR

NASAsManned Spacecralt Center
Missien Planning & MM Oiviakon

-

! m'muw Chief

SUBJECT:  Can MBPN rlgm out whon the 1N 1s on the mn'o lumoot L |

Rod Rose sprung onc on me the other day I would uke to ask you nbout.
Re says that the MSFN should have a pritty good capadility of detera
mining the IN's poaition on the lurar surfece given one day's worth of
observation - such as during the lunar landing mission. And that this
could he uned to aseint in targeting Aucent. I am a little nurprised
at that and would like for you to let me knov if it is really true,

If some sort of study should de initiated, pleass ocordinate 1t with .
AT80, et cetera, -

Bt

Roward W, Tindall, Jx.

eof : L _1 i ‘
™/J. P, Mayer I B ,
m3/\, + Ps Bryant / i

ME/F. V. Bennett ‘ AR I

NHWTindall, Jr.1p)

N
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1. Auoezaud vtth mmr 1apdmark trackiag vttb tho cormand module
‘optics, I have two commente end/or questions, Pirst, I talked over
our decision to delete thin activity with Chrie mre and he vas
relatively noncosaittal, Nowvever, vith regard to my comment that
-landmrks to the vest of the landing site would be in darknees, thus
invieible, he said he has 100ked at tde moon a couple of times
recently and said ¢t vith the naked eye, he ocould distinguish the
- gharacteriatics froa here on Mother Barth. The moon vas one«quarter
1lluainated by the aun end the rest by earth shine, not dissimilar
to a lunar landing situation, He vas convinced thu landmarks would
be visidle even in this Rind of darkmese, What do you think of that
when you teke into accoumt the sise emd chareoter Of the landmarke
e ml.d have eo use for navigetica purposes?

2. m second item is vith regard to the Lunar omw- photos on

+ the dack of the moon and those near the limd on the front side, Is
1t possidle that landmaris useful for mvigation may de located with
nrmmz acourwey rron these photogreyns for use on mavigation?

3. Anﬂ one othor thing that has deen bumng ™, ehnt ts, I realize
that landmarks near the limd are hard to locate i{n longitude but I
sbould think latitude acouracy would de ss good &8 anyvhere else
end, for orientation of the cxditsl piane, latitude is the thing wve

% B ._ . ‘
0 peeds I vonder if people took that imto account when ¢electi
T o Noward ¥, Pindall, Jr,
et o ' L
WJ. » Mayer -
nQ1/J. P. Bryant
THS/F. V. Bennett

N:Mndlu, afs 3”
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UNITED STATES OOVSRNMENT

H—

61-FA-T-121A
m/cruer, Apollc Data Priority Coordimtion | |

It 1s proposed that we Plan a tvo step 101 mmr. |

. 1.  For the past imral months there has desn consideradle discussion

regarding the question of whether we dhould perform the lunar orbit
!nneruon (101) maneuver as a single durn or 1f it should be made in
tvo steps, This 18 an ixportant matter to resolve since it has impact

on RICC progrea development, guidance systems targeting, crev monitore
ing proctdures, mission timeline, the mission plan, the flight plan,
and mission rules. Accordingly, the entire Decembder 12 meeting of the
Midcourse Phase Working GrouP of the Data Priority Coordination effort
wvas devoted to this sudbject. Detailed minutes are deing vrepared for
distritution dy Mr. Romrld Berry, the chairman of thut working group.
Eovever, the significance of the decisions reached were such that a
aore immediate, vider dissemination of them varrsnted writing this note,
3pecifically, it was concluded that wve should utilise a two step LOI
maneuver and that it should de performed utilising the External Delta V
‘guidance ande, The entire Justification for this mission plan modificee
tion is baned on the need to provide an adequate flight crew monitoring
procedure, although it 1s anticipated that further advantage may de
obtained by incorporating dispersion killing altitude and plana change
adjustments in the second LOI burn which will provide a saving of bdoth
propellant and a reduction of timeline lotlvity. o .
¢. \Constderable aralyses, thought and meumon have been devoted to
hov the 3,200 fps, 380 sec, LOI maneuver should de wonitored. That this
mansuver i{s performed dehind the moon snd in ita later stages has sericus
time critical, flight crev safety implications presents so=® special
prodlems, The most serious consideration is the need to assure in the ,
later otages of the LOI msneuver that the 8PS engine is not shut dovn too
late. For example, an overburn of approximately B4 seconmis would result
in lupar surface ifespact. To avoid thie with certainty the crew will de
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, imlicates a hacardous situation 1s {mminent. Twking into
account reasombdle dimpersiona in those monitoring systema and the duration
of overburn conecidered acceptadble, it has dezn determined that the proba-
bility the crew would manmually take over and shut dovn the engine defor:
a satisfactorily operating primary guidance system gets the chance is more
than 50%. This action, of course, creates a tvo stage 10I maneuver in
P
|

|

s

Buy .5, Savingt Bonds Regularly on the Payroll Sac:t'ngf Plan
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ltnalr, but v:tl-. a variable second stape -vnlmdo. And the mineton
plannor must provide for it in the lunar timeline. 0ince the probadility
of thia occurring is s0 great, it wvas fonoluded tho nominal miseion plan
should include a coatrolled, tvo step OI. .

3. OGiven this decision, it vas deterained that the first maneuver should
be intentiomally targeted to terminat early enough to insure that the
primry guidance system has every opportunity to perfora its function nnd
to insure that the second phase of LOI 1s of sufficient duration to give
good guidance eyotem parformance, A walue of sbout 15 secondn was selnrcted
since {t met Doth of thase criteria emd, therefore, it ia proposcd to tare.
gt the in{tial 10I manauver to provide s lunar orbit of 60 X 170 nautienl
miles. The socond maneuver would cecur approximately two revolutions later
and would have a duration of approximately 15 saconds.

4, Another matter of signiﬂcnnco wan 0180 resolved, Namely, it has been
determined that there {v very little to choose detveen use of Lambert
steering or External Delta V steering sodes with regard to delta V costs
and guidance acouracy, On the other hand, the use of External Delta V
does provide a real aAdwantage ror crev monitoring of spacecraft attitude
during the durn vhich 1s also very impartant, Whereas, Lambert steering
results in a continously varying attitude vitn & profile which cannot de
eastadblished preflight, Extermal Delta V provides a constant inertial
attitude, substantially simplifying the procedures, the troining and the
operation. Therefore, pending confirmation by some. 8imple, short studies
it 1s proposed that ve estadlish External Delta V ss the guidance mode and
concentrate all effort accordingly. Por example, RTCC programs associated
with Iamdert targeting the 1OI maneuver mmy de dah_tcd.

e i, e e - ot e 1 b, Mt ot . T S M 5 A T P

5. In summry then, given CB appreval (if that's hov this sort of thing
1s donel) I anticipate all future lumar mission wvork will dbe based on a tvo
stage LOI maneuver performed utilizing External Delta V wvith the second
maneuver bdeing in the order of 15 seconds duration.:

Hoverd W, Tindall, .n-.

Addresases: | ‘ : f I
(B e attached 1ist) b
‘ ‘ , |
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1. In a w0 hM Mr 28, neo-md eue "DAP lnitunuuon R
. procedures for Mission O de uhbuoud vhere either orev input requires . . -
- monts ars eliminated entirely, or restricted at moet to one inertia =

- update folloving the laryeet BPS ourn.” I am writing you this note to -

..te m mv tut me Im deen planmd is entirely comttbh I thlnk.

2. An of nov we do not phn to update the DAP tuttunut&on parepesters

at all during a nonimel mission, since we All agree that it is protedly
unnecessary operationally. There is some oconcern that doing so, hovanr,

would make scme of the burns more useful syetess tests and we are N
iaterveted in your Division's (acd )IT's) opinion on Shis. The point is . . -
obvicusly ve met establish gsoms ground rules gnverning conditions under
vhich wve would update these parameters, end mayde they should bdbe based

on mission odbjectives rather than operational performance requirements.

3. As you prodedly know, the RTACP, our auxiliary computer support
facility here in Building 30 which operutes during the mission, has
progrems vhich 41ll de used to contimually smintain A dest estimate of

- a1l the DAP initiallzation parameters and the capability exists to load
thea into the spacecruft computer ‘7im the universal uWplink., If we do
have to update them we will prodadly loed them txm tm pound, rather
than hln tln em kty f.hu in. l ‘

R R g o e

1'~7§.,ec: R IR
(Bn neucnod nn)

B,,, u,s S.wmgs Bom chnlarly on tln Pamll Sm'mg:l le

i :
i i
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,:54

o ‘m (maance nnd control Divuion hu buu eonumd vith t-.hc mmt
. ofunnocssgary initialization effort that may be required ox' the crew
 to operate the digital antopilots (DAP'S) for Block II missiona, MNIT

2 . has been directcd to provida onboard software programs-in both tho
. CMC and 14C to update weight and inertia functions during main (mgimr-:.
" burns, At this tine, the 1M programs (SUNDARCE and IAMINARY) contain
" this sclf-contained update capability, dut the first CSM munned pro- ;:
.- gram (SUNDISK) does not. MIT is incorporating the capability into
. ootoEsous u.ehough the routine has not been mhtou revmea by nsé.

" A study has boen conducted to $dentify the DAP !nmmzatim proco-
durcs for Mission C and the results given in tho encloscd memorandam’
The objéctive was to develop proccdures fur reducing the ¢rew mput
~ requiremcats for DAP initializativn (smmx Proeﬂm). S

" Both C8M TVC DAP end the CSM RCS MP were mm{-.xgaeoa to mmem
. acceptable inertia veriation bounds., The present TVC PAP hae suf‘i- :
cfont gain margin to perform setisfactorily for:any value of 8PS .-
- loading planned for Mission C. The RC8 DAP; howa\rcr does dcgrade
_ in propellant performance when the crrors mo:-eu lond exceed 20
-~ percent., Since Missicn C does not roquiro & CSM/IM docked opcration,
.. - and decause the SPO is significantly ott-locded' crov mput requium ‘
: c'-lentn are au;nifiunt:w decreased, _ o .

" The Ouidance and Contrel Diviston th e "ena- that m m

od—--u-d .

 tialisation procedures for Mission C be uts shed where sither

i
L ; )
N
¢ j
}
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‘Summary, except for the tadles of coures, and 1t locked 1tke a real -

@004 piete of work to me. I 4o have ope mmuan, though, ragurding
" the aonclusions listed on Puge hal, A'e we going 0 recommend that

- the arev does not borui;ht the ljlm.!lﬂ t.ovu'd the target during

tho m nneuvart SRR 1§
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. 1. A mnbcr ot 'R‘Jootory COntml Data Prtortt.y mhetinal havc beon )
' " held on the Descent phase of the lumr landing mission. A bastc - -
* queotion arose early (n these meetings regarding luhar ordit 1ur.d-' ,
" mark tracking with the cormmand module sextant and/or telescope. .
x"“" necessary to decide whether or not such observations are retmircd
~for uce in improving our knowledge of the apscecraf? orbdital elemente,
_ dtherwise determined uning MBFN BeFand. observations only, And, if so, .
at vhat time must they be ohtained and Thow would they he uncd? Acgorde: . . . -0
ingly, a special meeting of all parties xnown to bo interested in this I A
oubaeot vas held on Nownbor 30 in urder to. l!!lwlr;thelt Questiona,
P .
2. ‘This memorandum s zo report the results of thet mettmr, vhich I
may briefly summarize at the onset by saying it wnd the coneensur ao o
cf this time that performance of the MSFN orbit determmination capabile & ”
ity is expected to be adequate and landmark tracking for purpones of -
navigation does no*. appear to de required. Thorafore, in order to
. make the overall oporation itself and development: of the aystems to R
~ %7, be used e8 simple and unsophisticated as posaidle; ‘it is our recomsene . i
~ dation that we should not include thic activity in the mission at least
until it is proven to be necessary. That 1o, in esteblishing the mannur: = -
" ih which the various guidance systevs are 1ntt1nnzed, verified, mnia - 7
tored and used during the lumr landing mission,: u {» rcasonnlile Lo
 mssume that trecking of lunmas landmnrks will not. ba done, Rurthermore, '
.. development of tho crev timeline, RCS propellant budgets, miosinn: plnnu,
crev procedurss, RTCC programs, etc., may also omit this activity, It .
~ 1is very important, hovever, to emphasize that spacedraft opticol ohaera
- vationn of the landing site are nosential at various times in the Lunr: N
1anding mission in order to establish ite location with Nuwot to tlm
'_-g spaoocnrt orbital elements as dot.omtmd by mm. r §o

3. At our mattn;;, ‘Math Physics Branch pooph doloribad 1n femo amn o
" the current status of the MSFN lunar orbdit determination cepability. .
Aa you probably know, we have, mcently ‘obtained a considerahle amount of'’
. actusl tracking data on langley's Lunar Orbiter spacecraft which have .
ro\mhd thnt tho portom:wo or mm u not.quite & -,cood as pnvioun
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P!“‘fllph’ nmiynls had ihdicz:tuﬂ"ii vmm he Procesaing of ull xhio dnln
15" far from complete; put there apparently ia good femson to Lelieve. it
‘the only sipnificant error source susociated with MOFN in @ lack of pro.

- elne Rnoviedpe of lunmr potentisl. The effect of this on MBFN.narbit delera
[ mination nccuracy shovs up ms an uncertainty in the ortentation™of the
- spececTut orbital plane, the uncertainty being almost entirely s rotation

~of the orbltal plane about the earth/moon line “tiuted %0 be in uw
amor of 3° in magnitude, , o ‘;. - o
h.. Auocintod With thig, work is un!emy in two nms. ’I'he lesh L by
_Math Fhyatce Rranch people, btoth bote and at JPT; attewpting to define - ‘j ‘
-with mor~.precis{en and confidence exsetly what the chavactertetica of the
. orblt determination uncertainty really ere. Resulta Bf. this should be - =
~ myailable vithin a eourle of monthr for use in planning what to do It A
-doesn't get any belter hefore we ro to the moon.: The other mior effort
" 4% halng carrted out by th Lanpley Resesreh Conter with sssistonce from -
. Boeing, These people are concentreting on iAproving<Our knowledge of tiw -
*lunar mviutioml potential which, {f suceansful; ‘chould sipnificntly.
© {improve MSFN accurscy, It ls antleiputed u-e muuiu wtn hc- a\munbm
1n tM !hreh-Aprtl-lhy time peﬂcd. _ Al _ _

T 'nm ducuaion vy fullowed by 8 trief deﬂnitioh ol tho mr""(f nm*‘-
- orbit determinatcn eapability, Speelﬂeam, nt prusent there- fn m wny
“ve ocan directly utilize obserwmtiom] data in deteraination of npuwerazb L
ephem*tdoo other than BaBand data obtained from the earth tracking: islten -
. Moreover, to add in the RICC the enpal:ility of procesding opticel obaerw-
“tions of lunar lmndmarks obtained ontoa@ the wscvcmft would have.s - . -
7 significant impact on the developoont nf NIUC prosrmand, Therefore, we - o
"~ . concluded we should tot recommend doin: so, Tt was ndted, hovever, thnt o
- both commnd module optical observetions and LM-on<the«lunarenurface . -
- rendesvous redar obscrvations can de processed to improve.the RTCC'n
knovledge of the relative position of the hnding/hsuﬂeh site buoed on
 the nnumptxon that the MSFN cphemeris s perfect, . ;o :

6. : 'mnrn van alce gome divcurslon aboit the onmrd moodun-o ond pm.

grame which, (.. genoral, soutried protty goods Tiere was one aipnificant
axception, hownver, dealing wlith the maner in which the spuoeeraft ay: v
‘z take \Into account the offsst of the dealred. Iandine 61%¢ loantion from i

tdentlflabls lnndmnrk asaoclated with tt, It lo probmn that a Colomwa

Program Chanpe Requnst will be inttintrd from the Deccent.. Phase Datr: -

. Prioerity Pune]. 20 mpm tli’b manzer in vhlc'; msc Job‘ ia earﬂed ouf

T. The . dtucunuona mytcd-ntm wore prlmrn.v to mke.*auw met'yom i
‘an um’nretnmﬂm of the wxpected capability of the uyntom: we apo d\";).’r,,
~withe Mlloving that we spent the rect of the hlae onlhov beot thoy

L m,bht Im uned ur.d :ln dot.etminlnp 1(‘ t,h-y wre acuaptnb L8, . ‘.me-ao’, alary
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brounm. Out. t.hnt . low o8 Accurate ondoard optlentl otmemuonm ot‘ the -
. hndum alte wers made fairly woon before initiation ef destent, the, . %
- “miesion éould be married out with o apparent cxtraitost of propelimnt., )
. 'thie ic because, like rendesvous, it is not neceveary % hawe an unders
-oundmg of the absolute, inertinl position and veloeity in snpace bLut -
"~ - only t0 have u Precis¢ Rrovledge of the target's nmm ponttion with
"renpect to the current estimeste of the Qphe-rtl.‘ i

8.. A much more diffir ‘t prodlen in {nvolved in mpnﬂnc for the Arcc:.
phase. Amin, it {s aluont certsainly necensary that oheermtions ai' or.
spacceraft with respect to the olhor must he made ahortly bvefore 1ift of:y
Furthermore, If 8 commnd module plane change ir required to (neure ttg -
“beins within the IM propulsion eapediltity, 1t will be necensary te miw
obgervatione of the 1M/command module relative ponitina pelor to turpetiy.
thet manruver. There 18 & choice of using efther thv zommnd medule optices]
device and/or the IM rondczvous radar for thia purpdse, Sluce opcanmt iy
_the LM radar will probadly conflict with other lumr ntay time aqliviifioe,
vhan thin timeline is oventumlly established, {t ia antictpated that tin
command module optical device will be prime ror thin purpored backed up
by the 1M radar. But only if ft ie impossidble o obtain the optical
obeervation for some reason. The RTUC has becnh Wmd to accept
both of these data cources for this pirpoee.

% 'l‘hero o one feature of the Ascent phase which remmins troublesom .
Arscent, uniike Drscent, demends that at the emd of the turn the M not
only be in the right plsce (in the CSM orbital plane) hut, in additlon,
must have i{ts velocity vector in the risht direction, nam:ly in or
parallel to the plane of ordit, Tarseting for this additionnl constmiing
my be difficult %W 4o unless MSFN performance fir dubetantinlly tmproed
end {t is hot entirely certeint that lddlng enns hndurk tnekinc, w!n

" help the aituacion vory luch. .

‘L

10, am.dins are conunulng 1n thie area to dQﬂl\“< -»xmt.ly what mw ST R

. problem Ls, However, pemding results of these amlydss. and those by
the peodhie nttempting to {mprove the luver potentifil'modni, there does
not seem to bo sufficient Justification %o make laMimark trreking o
requiremen’, ot this time, other than thoew of the 1hnding Mnuncn slte,
Wa- do not propose to delute the currently planned chpability saywhore,
and oan add thla ectivity Daek into the planning and: pronutmu\ dawlasp- s
ment, later on it it proves to be worthwhue‘ g R ‘ : :

A'm"e“t‘f‘m . B
(Sro nht&chad 1}Bt) o .

g o : BT

VP DR Frpurere v

——— o 00000029



" 3 g \W "f"“‘ ““(""
- mwww ‘,H.F"f\ ‘

" mrk~ DEC n w
_.d’r-rA-r-u m |

: mo'n ayntm lhatmertng minim mu‘h o wtitniw pvm-ml
‘procedures to be u ed by the Bpaceermet 301 cruv folldwing u OAN tone
trolled deorbit durn and nlso specifiing that an autometic montry
would definitely not e purformed. You forvarded that memo to me

" questioning whether our Data Priority Coordimtion grdup hd looked
o into this subject and, if no, if we were consistent. I have attaehed
‘ ,", R_eopy Of our recently eonmlot.ed Trajectory Oontvol logical flow chart:
0 fop you to ses, (Don't try to resd {tl) We expeot to review tivm
: uoriawuo on December PO,  After incorporeting reaconable vommenta,
v 'i " will Teviev thom in detatl with you, Chris and Deke, at your ecmwnlvncn.
7. 4 A far as I can tell, they are completely conetutent with the epistt of
‘ m rma BoNO nnd ebﬂmw 40 into fur wore amu. '4,

-1 .-2. \mn romnl to t.he mennes in which the peentry mur sould e
R pu'romd, ve folt it unnecessary ta eprelly thet at Shlu time alnce Lt
' i,, 48 not particularly important from ah vperetions stahipoint, I'm sure .
‘tha arev will 4o as vell se the DRP, ot vice versa, in eloniny the gap |
* petween computed muidance commnds and spaceeraft attitude control, It
T seema to u- ttat the decinon to which wuy 1t lhoum In porformed ehould

%

HNI 1N, .'i'.HW(ci Bonds qu:z/f.n‘,'r N ;’1’« o,r*" \.‘Il{/’l"b‘" Vfeni
v )
E

-
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. Memomna’um

*.‘-',afm'-.;;_-” b
;" b X " . t}“ F l

_,1. ‘mlu mno T ln, conrlmtion or tehphdnu eonvwmuoun rmulmtum"
your participation in a conttming wOrking. grofp 40 Atnousa the Mide
-course Phaow of the<lunnr landing misston. This minslon phane tieluden
v the I MOU, 10T ar! TEL mnouvers, 'he overall compor Ltlon of «wWhin
mdeourm muc lunnlon Technigues wnrkzn; mup 16 ae m:l.lown LR

!q lﬂ.dom_._o‘ !hno Miovien” \huhn!qun worklnn droup

,') (' .
; A

S

m : * Roneld !m'ry. CMh'-n
S0 CB b Mike. Golldme:
o O Ted mm.ory
_m "B Balth
' cJ.nm mmp
m “ m m"lh
- FO . Bteve Males
: ‘m mve Ihuxoh

“e. m ﬂﬂt mtinﬁn---uhoduud tnr m«rddg')‘baember 13; Ou’(, in
#

115 Budlding 30, Reom ot 9100 w.mi Yo wpecifie Putpose in to entab.
o Mah targeting and mnitorim procedures for the 10T mamuver to be
oy, dncluded in the dverll Apsllo Niesion Techniques déeumant, ' It is
.. desirahle, I think, to keep this working group as sinll ws poanible,
hovwever, it you feel-it dastnble to brlm: addim onua. puople from your
organization, be ny - sueib. . _

IS TN

o '-Addrt‘nnnmn
| (anc utem‘!md unt) '

S ."f'ﬁ}m Plen
N ol
L

00000031



AR 7Y L B

RIGRYY o rnee e
‘ dmeme Mo @

UNITED STATES COVERNMENT

Memorandum i *m o o
c L)
-m/hmpr, Agono ’/W = DA'I’!' DF C Ju m7

G’r-n-mm o
| IA/cm.ot. muo nm rmm.y eooumuon G‘v— ef® N orc .

i . "é.hb‘
m-mz m—muon that ac mmng of the s.xn h deleted . -

.',' j__ :

1. M3C and MBI'C are eurmntl,y operatiag in tecoMmct vith Hesdquarter's
. Apollo Program Directive No. JA, dated Septemder 1, 1966, vhich entabd. -
1ished the requirement for the command wodule computer (CMC) to be capable
of guiding the B-IVB during the trenslunar insertion maneuver (TRI). The
pwpose of thia memorandum i3 to recommmnd that action. be taken to have
this requirement deleted and to tell vhy ve should do so. In suumary,
this ruvcommendation is based on a conviction that the effort required to

‘provide this capadility is greatly out of proportion to the benefit to
be gained by providing it. Its deletion would de Just one more step in
the current effort to simplify and clean up the overali Apollo program =
eliminating niceties in order to concentrate our num Tesources on
those activities of greatest uporum _ ;,

‘. /Ie 14 to be emphasized fyom the nurt ‘that the e Mt steering oern
only back up a failure of the Saturn launch Vehicle i{nertial platform
occurring after insertion into earth ordit and prior to initiation of TLI.
Reliadility.of this component of the IU has been estimated to be ,996 at
time of insertion into earth ordit. This is gencrally interpreted to mean
that in four cases out of a thousand a platform fuiluré will occur foreing
deletion of ‘he second 8-«IVB durn, resulting in @ p=imary misnion failure
unless ve provide thie dackup. The massage here is that it is very une
likely we would ever use this capadility even 1f it were provided. Amd
perhaps of more impartance, 1t is to de mhniud thlt orew nrcty is

1n Do vay involved. = _ |

3. It is generany lgreed thnt this mincte uddttioml blmbiuty would be
nice to have - provided the cost {s not excessive, This ic not the srgu.
mont nor is it questioned here and nov that sufficient tonfidence could

-. be developed in the backup system to permi® ita use, The basic point to
. be made 18 that the MABA and its contractusl support in now operating at

a fixed or decresaing laevel of effort and that the eneriy recuired to do

. this Job necesearily must be channcled from something else more important.
" Bpecifically, vlmt are these varicus costa? It 1¢ the dnalysis and
-deltberutiona mqumd ot xrr pao:ne to doeon!ne the tuet romution

. : . ) | *: .

cc - ‘"k ﬂ,w"ﬂ o o ..;-_jjl; -
1...»‘. J‘f‘g‘u:a . rll

T

~ Bry PJ.S. Sm-fq;;f Bonds Regularly on. the I:'((imll Sm-i;:g; Plun
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~ of the O)C program, It is the actual progrumaing and testing of that
. analyeie dy MIT, IBIC snd JBC to verify that the entire assemdly -

_Q

i mny mle de mw AN

C
) e

1

t

l
S
P RO

i

i

b

$

progrum integrated into the total flight softwmre package. It is the
guidance and control systems, propulsion syatem, etructure, ete. - is

- Ayoemically qualified for flight, It is the plaaning, enalysis and

developmnt of mission rules and procsdures to carry out the real time
systess evaluation and make the svitchover decision in emrth ordit. It

is the development of erev procedures tn initialize and monitor the back-
up guidance mode during the Wl mmneuver. . It is the post-flight analyrin
to ansver the questioa « how wouly it have vorked if we tmd used it? It
is the coordimation of ell this, and wore, and endless cxphtmuom of
hov it all vorks, It is tan tbocund muuo! :

b, A rough ue!-to of the total cost of _‘theu things 1 ginn in the
attached tadle, I am pot listing them here decause I am afraid that

“would divert your atteantion Tyos the more important poinc. We have

limited resources. The flight schedule ia heavily upon us and there's
an avful lot left to do for the noninal missions, the more likely contin.
gencies and the situations fmvolving erev safety. ‘This low prodetility
backup wvould demand attention of the same people who mist do those Jjobs
and ve simply can’t afford their involvement on it because i{ts priority
is too low in comparison. It's pot just coet in terms o manhours and
dollars dut is something much aore vulu'bh -a lnin on our otraining
Tesoarces, .

5, 'Me impetus for this campeign to dcw M ohcring of the B-IVB “

cane from discussions vith some friends at MIT vho expressed their concern
regarding problems they still face in zetting the yrogrem put together and
f1ight qualified. They did not suggest that 1% de deleted, elthough they
obvicusly concur with that fdea. (It is %0 De emphasised that this program -
is not currently pacing delivery of the OC lupar landing progrem [msml
although there are some who expect it soea will, Nor is it adeordirg an
wdue amount of computar sturage.) I have receatly polied a lsrgv number -~
of other people and dave found no chaxpion for its retention, vith one
poasidble exception., That 1s, bdoth systems and trejectory people of FCD,
MPAD, GAC &nd ABFO and other interected parties; have all expressed a

-

. neutrel position or, sore often, concurrence that it should be deleted.

Some m/mders of the flight crew for the second and third manned missiona

. 8till feel it wonld de nice to have, although it is my understanding there

is no intention of using tnu capablnt.v m tbou uuwu. Row could so
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S 64 In condolusion, I would Just like to summrize by raying that the joi: '
- of providing Shis dackitp oan be done but the effort required is subsdantial,
particularly if you veigh the fmet that the particular talents involved are
at a premiun. The denefit to de gnined 1a 00 omall thet % carry this Job
- further doer not appear 80 de Justified and it ia strongly recommended that
agrrement de Obtained at the acarliest date for deletion of O guidance of
eunsqwlamnu;nz,paubnmnynnwnrc |

| mmouria *' ! | i
' : o . ' : Lo !

cot . _ 1
(8ew attached 1tst) ™

| o un uo‘“ phoacalls 4 umi ; lave. o

oty o Hiin  wwb sk Hara

Ry .“1 W MN—-‘
',n.\ oo wn il preqane i~ (for,
o mmeakams o omae?) e
’Puu.,«. “‘l“““"T ""“""‘"‘ T
A“““““"( M i~ Hoir L..g .-Ll-u; M

0‘,4410-' no Mot ue oan "“"-
),wlwé uﬁu-‘t ew. n, ‘ s |
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_ J_’-‘Pmm ronnhuon (UOP)
- Progrea Ming

-5_j'm-1 3end b mua. D

“lavel 5 Teating and Documentation -

| Coordtnation MITHETRHEC e
Development of Simlation Progrems
~Stmlation and Analyeis

| n) m (Bu .mcmne 2)
" b) - CAD sm/mca Me smmm
e) OOD, m, mn, ™

+

te
i

e

= '3-3/2 nm\onf.m

. (MIT mmintains they are

L (Mot estimated, not

:-:- ‘o ”‘.

L mtr;mneo

 Provide MIT with math models of m-u, benaimg,‘ “(Not ‘estimated, mot
: - rigid dody pmpemnt utilization, = - A 1nl13n1rlc|nt5
b)) Bpecify | NIT ammm runs to b made, ] " ”
¢) Review fesults of MIT work for aomcy l!!d i "

"1+ menmonth
"~ 8/% manmonth

Ty

not going to do these doﬁa.;,
'If directed to do oo, the .
w promu vtu enp.)

' umon_tha ‘
‘manmonths

neigniricant (ocn st
cbovo :

..,‘ R

" manmonths

T

Attechment 1
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F'H/Dtvutr muar, Missdon Plannins wa .,MJ..; TR
Annm:lu Diuuon _— . Ptld !o. 7,m1,p.69
'F.ma/cmr. Apono tnjoctm Bupport Orfice Sy

'Doituon of Bpncocrm steered Translunar Iwoctiou ‘uqni.runent. ‘_

|
A
q

_ a3 per your request, the following information has beon collected to

determine the impact on MPAD and contractor support ménpower of elimin-
atifig the requirement for a tskeover of the SIV.B guidsnce function .

by thq Apollo spacecraf't computer. These ustimates have been established
quickly dut should provide a representitive picture of the savings to

be realized. One word of 2aution -- elizinating this specific require-
ment may actually allow more attention to be paid critical aress in the
onboard software development and checkout, however, whatever replaces

this logic in core will have to be given the same atténtion in verifi.
cation and checkout that was expected to de shown the original program 15.

3
TRW Tasks - a

A-T7 . Empirical simulation of specific Apollo miuion tmrn phuea .-
' - Approximately 3.5 manmonths of effort remains on this task.
Eliminating the TLI switchover requirement would require redirec-
tion of this tuk with a potential savings ot 2 manmonths.,

‘Criteria for the TLI Guidance Switchover Dnciuon -

This task has Jjust recently been revised to cover tha dwolopment
of the limit lines and the sssociated 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 2u
manmonths of effort associated with this task could be saved.

Independent Onboard Flight Software Velidation <.

A deletion of the guidance switchover requirement from this task
would seve an estimated 5 manmonths of engineering effort with
approximately the same zavings in the progﬂmmr support area,

Apouo Ouidance Egquations and Ouidance stmlatibn Support --

Since the 6-Degree-or-!'recdom portion of the S8IV.B simulation

program could be eliminated with the deletion of the guidance

switchover roquiremont, & savings of 6 manmonths of engineering
~ and b manmonths of progrewning sffort could be realiged,

a
. A
¥

o

ﬂiucmnt 2
Buy !, .\‘ Saringy ﬂomlr Rm:/.m’y on the Payml! fumhg; Plan

i 5 .
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. In ad8ition to the TV studies Sust mantionad, . iy MAD estinates
L mantioned, the MAB esti -
e ;:Yi;a:;{“appronmml; 6 manmontha cf 1n-ha;u 'hnainu:in:. :;:o:t- :
e zt.hmiu be required to essist MIT in checking out and
- ':PBD/HI : eared LI, in assisting -
. parsmeters ( ) Plone ad 19?
| %hor aimn dranches '
- there 1s bound to be some, to
- Wum total of all of this discussion smcunts to. “tmam.“.
of coptnetor. Support effort end 6 marmonths _orﬁmwo.oﬂo::? ’

: ; ) : glé’g";.‘ "- ”d’a’

AL w T

e

ecce
- C. R, Muss
M. V. Jenkins
R. P. Parten
: Branch Chiefs

et g,

*®

&
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musmn LT mu '

uQO'lwontunth street, Mo W
‘Wanh! muon,, D" Lo 20036 -

Attachad 1n ® copy or nhe 'rra.)cct.ory Cohnm mh Phlnrlt_v
flov chartnive have prepared for Spatecruft 10 Rot{ufire
 and Reentry. Thio.ld the thing we are poing to llscuny ai.

the’ Dccen’ber B m-ef tug gg viiich M were QONTMUIMV‘ bty ™

l

Py
I hopn ym ('M. A chnnce to rwiw 1% and come down 1‘m~ t‘.hr'
picniu. . meana brinp your ova antsl

 Hownrd W, Timdall, Jr.
- Chief, -Apollo Data Prlortty
coordimt on '
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MANNI:D SPACTH lun cmuu
. 'mq“»h |.Eh‘ . ,m

;mtltutc of”‘mmw "
¢ Inltmmnut!oh nlmw : N
75 Cambridge Purkvey  ir
. Cambridge, | muuchunattt :
Attonttom R Rc man,

Denr m‘lph, . -
.Hero are abwml copieu or thc ‘I’ra.}ucto?y Ooutrol Thtn Prloru by

" #10% charts for the Gpacecrart 101 Retrériie ami Redntyy, 'muaq

are the letest veraion of the stuff we futend: to roview at' the

- December 70 meeting to which your peopie were. cordiuny 1nyi ted.

+ I 'have apoken to both Norm Sears ani Jim Neviro: about this and

- the: 1mritntton m went to mve noa.;. llopo you ﬂml them
m-ing. '

! erd v, Tindull; Jr.-
‘muef, kpona Daﬁu*h‘ority
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UNITED STATES GOVERNMENT . -‘ . .‘ WASA- Mot swmn Canter

Memorandum S e g § “““‘f" L
8“\:u“t hom o \\\ --“"‘f*?':'-’- A‘erEc 7 37

ST N Vil L 67-”!-15111 o

t ', mgnt veight n( tttitude contml 18 tou. -pom | ».~ |

SRR ’...- Peta Conrad "preaud concern the other dny .bout [ problen he
" anticipates in attitude coutrol of the LM, This has popped up on
a mumber of occasions p.eviously, but nothing mich gets donc adbout
it. 8pecifically, as Pete saye, the LN is too sporty when in a
light veight configuration. Minimum impulse i{s expected to produce
about C.3%/sec. attitude rates which {s seid to be about 4 times
2. I am writing this note Just to prompt some more thinking about
this prodblem which may become guite serious, I certainly don't _
know wvhat to do adbout it. Pete suggested that we shouly look into
differential thruster firing. F rst reaction to that suggestiun is
that it would use too mich RCS pmp'..’lag But 4f you consider how
~much vill be spent 1limit cycling st 0.3"/sec,, there is some reason
' to believe differential jet firing may be no worse. And, of course,
they may be adble to control the spacecraft which is highly desiradle,
if not mendatory. (Differential firimg, of sourse, 18 the business
“of firing Jete whose reactione oppose each other by controlling
 their difference to be the small, desired reaction in the right
direetion.’ S

DU 3. ‘Who has a bef.ter idea, or do you think the pr aent design 15
' okm | : . .

E S Hovard w._ﬁndail; Ir.
'-;"'.',,Addreasees- L R B TR AN
« (see attached list) N
,-.-, E . i i ..:
K o

B VRS
Loy
}

i
1

an U.Sf,‘_.'S'(z'_i'iﬁg.c‘ Sonds Repulariy o the Payroll Sa}.ri;;;g, Plan
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UNITED STATES GOVERNMENT

~ Menwrandum

SRR ‘“_,aee st belov | | . - ATE:S ngc 4 1957
W Ji - SRR - T 57-PA-'1\-110A
é “rmom :[m/cuw, Apollo Data Prierity Coordination .?.
%; 'Uilm : \'Ihn"dl wec-tory Control Data Priority Meeting for cheonrt 101
;? 1. At 9:00 a.m. on December 20, 1967, in Room 966, Building 2,
cr there vill be a Trejectrry Control Data Priority meeting to

reviev the detailed logical flow charts p. pared at' MBC defining
the retrofire and reentry phase of the 8/C 101 mimsion. Appro-
priate comments shall be incorporated and thay will be reissued
as configuration ccntrolled documents specifying the manner in
vhich the various guidance and control systems will be verified,
monitored and used during the flight. Copies of these. flow
charts may be oblained ar'ter December 6 from 8. \l. 'ﬂ.ndun,

C“’ m, &t. "6760 R

st

: J

2 You and/or your triendo are cordielly hwited.

et e o b i ot B N i i R ML T S T

Addressees: ' Y
, ,m:mmn, Jretpd g
¢

-
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. 67aM-T-209

) : PMASA.2'3nned Spacceratt Center
e e r . m .
. Memorandum e s Lo B
e lttviw | oAV 17 1557 |
mow

A Deputy Chief
i) | WBJECT: Spacecrsft cosputer program orbital integration

~ 1. This {0 Just another 1little golden Duggel ror‘ywr files,

2. The spacecraft computer prograzs, of course, have orbvital integration
routines to support operations aroud the earth and moon, as well an !n
betveen., The gravitation of the earts, @oon And Sun are treated differe
ently dependent on wvhich of these m=2:d>us You are vpereting tn. On a
numbdber of cccaoions the quention dar crisen 88 O where the boundariea
actually are governing this,

3. I have f'ound oust that MIT currently tae written the commnd module
program ag follows., +When operatling « *%in «bout 219 npautical aile: of
the moon'z or earth's surface the ort'tal intepration only takes in*o
account the sravitationnl potential of *4at tody including ita oblatencs
effects. Peoyond that altitude, amt up Lo a redial dietance of 42,500
mmutical miles from the earth ani 3¢ neytical miles from the moon, it
alds to thece the effect of the Other *wo bodien (without their otlatee
nees), DPeyond that dletance, the ohlaleness effects are Aropped.

4, 1In order £o snve ernsadle rvmTy 2 the LM computer, the LN program
s comewhat Jdifferent, N mattar %y nigh (U 1e flying, it taken into
account only that body aronnd wAteh % §s operat{y g Ineluding all {ts
oblataneasn effectsn, bul never takez !n*c account perturdations eaure
by the gravitational potential of the other bodigs. .

T i e e i i I R R et
A T B A CLW -

Addressaeny
(See attached list)
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S TROM G PWbemty chier . e

AN
SUBJRCT: 501/%02 atate vector update requirement . 2

During the 501 operation Spparently there vas no queation A8 t0 whather
_ atate vector ypdates Vould be sept, t I gather there may have heen
© ROMO questlion wy to how ‘ are. 'thls will probably Junt
Add O the confunion, e T aight redigtriinte the altachnaq
metns written lant h rtateq that the second update vanr
uPbdate ver only useful to assure “hat the
g ot leanst resnter if, for some Yeason, the second.
T<vould not be made. e o B

-

- \):golocures 2

FICINN Lot e : . *
i v v .' i R N
e e e T i e D e

Addressers:
FA/C. C. K\'Brt, Jro
FC/3. D. Hodge

G. &, Lunney

Ce Parker
FS/L. C. Dunseith
™/J. P

C. R, Huzs
FM?/M. D, Cassetti

‘ MMAWTindall, oy, pJ

1.

Buy 1.8 Sarings Bomede Regslavty on the I’f{vmff ;T}ff-}'ng.r Plan -_ S A
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DAL LT RN S (2%
LATERPTR ) .
A RT TR RITEPE, L)

o d AR NEATES GOVERNMENT
Memorandun

rn/nlroctor Ol‘- iy Dpeeationn /z

/

i r_uou' $ }‘M/chlet‘. Misaton (' nnnlng 64 Analyeis Diviaton

sajrers Bt.te Vector Upinte Celtorin $or HO-';OI

Beenuae of the dertnlan to ut ) Lee Lhe .‘- WYANal by i

pragseama for the A8-501 minnton, vio minalon wan dendyno v o 1 '
on the premian that the ntate vector umiaten worthd W mede s e
thia, the ositnation axinta that A Jorpnst Tane vehleloe Ll perng
comhtnm.ton willmn!. ruldanes ar peopulaion ovrorn a1y kit swbve 4o
bt Y panLlent milen frem the pranned Lavpote - T e Gt iy L
SAnacenracy of the apaceoralt navipat!sn rquationn ured sy 1he antesa,
comiter {hee abbached memo Ly Marlowe Craneld. l) AL her Frnctore ahlnty
all'entnd tho declatlon to bage tarieting nu no uptabed velitoie e Bl
inability Lo praitiet the time of tha secawl t.1Vil bura,

NTAD han hean davalaping trehnlquen and erttorin Lo Lo wned dortng the
eetoal minnton for maklmg a declalon on shretlosr or not, Lo netst Bhe s
datea, ‘The prograna hoing daveloped to make Lhig deelulon nen mannogep
and timce-consuming. I recommant, theceforce, that we torminn'o thin
eftevy ginco the only poasthililty af not necdlng updates o Lo nebandls
minnton would Hn & channa romdina‘.lon of syutem crrovrsg in uxnehly Ly
right combination to fall within the targmt. inmslring,

I0 thin dactalon tn acenpead, Lhoretoea, 1L meann that, 1L I moesintonsy
£0 vend umlaten darlmg Lo W00 wbotlon mad Lhnt, Lhe aumplote rpvoanael oMe
plax utilfued f'or updating maa? i Lhorowthly wrrlr!mt e Porr comnl 0L
tho pround ayntrm for t1ight aporationn, :

AMothep Atem €0 nato tn tha attachal memo 1A the Paveintlon LAt T
ereay s prontar than anneiticntion Lnln!m\ w\huvo mny restYh baowm by

arcapiable heating tost, )

ety 1, Mayer:

W e e et e 1 et e

s,

Faclonne

";' . vet
. 7 — \ (Ut‘,d attaehed 11"?‘.) \

\ -

Enelocapes 1
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'Jlm-rv 20. 1967
o 57.m.s |

suw net.or umu lituatton for As-soz. and As-soa

1. ‘Ihc AB-SOJ. and 502 uaniom have deen deltm«l to update the ntate veetor

-+ (position and velocity) in the Apollo Guidance (bmter (AGC) with n state

. vector from the Manned Spaceflight Tracking Network (MSFN) prior to the

- Saturn (S-IVD) ocut.of-ordit durn and again prior t) the second Kmmcecraft

Propulsion System (SP'%) burn., If these updstes are not transmitted from the

~ground the AGC will use poaition and velocity eatimated from onbonrd navie

-~ gation equations. Ppecaune of the insccurmeien of the navigation eguationa,
_even with perfect Inertial Measurement Unit (IMJ) performance, a perfect

vehicle will fly different trajectories dopeuung on vhich eombmauons oi‘

updates are tranmitted. ; _ M;

:‘ '! !

w LA ot Bt e et e

A b A2 B e R e

2. !‘he attached tadle flluetrates [the deviations of four: traJectory canes _
_with various combinations of updatde. Cnre # (no updates) has actusl reentry
conditiona close to Case #1 (both ter) but the AGC navigated state vector
~ {8 in error. Case #2 vaa propegatad through the reentry phase and the Command

-maun could not achieve the desiret landing point and the actusl impsct point
~ (IP) vas off:from nominal by 225 nemtical miles. At gplach the AGC's entimate
of the IP was in error by adout 120 rautical miles (u -mmr run frw MIT
resulted in 90 nautical miles for this error)s S

3. Caae #3 (first update only) ind{icated a large 1m~ovement over the no
! . update c¢nse and Case (cecond upddte only) drings condition back to the
. nominal (both updates) performance; hovever, in order to draw proper
conclusions from these four caces, the pert‘omnce of thene cases with M
_errors must be examined, Gy

k., The two uydote misslon (Case #1) vith the IMJ pesfoming at specification .
values has an entry flight-path angld crror of + .53° (3¢);, which produces m
- marginal first heat rate teat, Case W2 with disperaions has a pood probadility’
. that reentry vill not be achieved., (That in, the minimum altitude in greater
" than 490,000 feet,) Cane #3 will hnave about A thousand mile IP dispernion.
Cace #b will have entrv errors alight larger than c"o #1. :

N [
o> e "'\\ -

S ' - L Fnelorure 2

b

. A
o e e
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B second update is mandatory to insure a high- probability of SR
achieving the required 501 test objectived: The £irst update assures |

- that the vehicle can be recovered in cave the second update is not o
Tecelved as planned, In other vords, you sust send both updates,

“

S

LI

Enelosure .

eet
w. mnd.u. al'.-' )
Ce Re MUss .

"Ve Jox ins

F. Daldy

P, Parten _ .
- -J¢ Ps Brysnt B
. MPAD Branch Chiefs . -
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~ . UNITED STATES GOVERNMENT A

- Memorandum \++.

Ph/Chief, Apolio Data Pricrity Coordliation

.‘.a'*'pc_ahmhus__u‘b&xt:aﬁaecmﬁ 201 retrofive and rwentry yrocedures :
: 1. Wo have "nnonih held sLversl smll maectorf Oontrol Mwta Priority
. Working Group meetings dealing with Spacecraft 101 retrofire and reentry,
- The results are being documsuted to show how the wArious guidance and
navization dats sources will b cospered =0 one another end used during 7

_ the mission. During these discusaions a vouple Of dasic Asounptions have
been mde vhich I thought might be sdvimatle to disneminate,

2. HOC computer programming, procedures and mMission rules are belng etim
tablicshed dased on the assumption that {f it 1e MegauRary to fetrorire
arxt reenter without the GAN e!ther besmuse that system has falled or bee

' csure there ir insufficient time to bring it on line, the retrofire rkall -
- be performed 8CS suto mode ant the reentry ihall de Balliatic, (It s
Aa e t ot leasat two hours st forty m'mutos, ineludiog twa_ P s
T dggkm_g_g,_mimi.:ﬁ; reliolire prejaration.) Accordingly, the
retrofire time vill be computed Dared on the Fesjtry to be performd by
sither continuously rolling or by antilizing & 90 .bank angle and a time

to reverse Lit, : ' Lo ‘ f

34 Asgocistad and onnirtent with this basic assumption is the procedure
. thax.if m TNOCS fallure is detected at the horiron sligtment check per.
| formed at T, ... miius 5 minutes and voice commintuations are available

“with the gmurﬁ? a hallistic reentry will be utilired, 'The compntible

Cyetrofiré time vlill have been determined previous to this event and ree -
layed to the crew, the #1ip in time deing approximmtely 2 minutes, The .

- obvious ObJect! e of this procedure 1s to rYeduce Limiing point dlspera
~ sion resulting from & 1ifting reentry vithout jquidance, and it was felt o
that with s0lid sround assintance the delsy in retroafire could be accome

. Pished. Simtlated exercices will prove ov diuprove this, :

, L. It it aseumrd that the role of the EMS is golely arrociated with .
- monttoring and 1% w 1l not e used 1irectly in ‘ontrol of the rpacocrsft -
©nor in avalunting p rformince of othmr spacecrat eyrtemn, Thops hnid
been some quettion am to how fts roll reference would be inttinlly Wliphed
It ig currently proroced that the nomirml reentty bk onxle of 55° will -
be loaded into the EMS end that the spaceernft will ba oriented to that
~ bank nngle nt the ttme of 05 p's when the pllot inftializen the M He. N0 g
. will then roll to th: post-retrofire backup reentry bank angle ac dotere .
nined dy MCC and/or onbourd charts. S i st S
S Addpsepeoes: : RO A L P L :
il ol (Gee attavhed lint) R L
o Buey 12.S. Savings Bonds Rogeidivdy on the Pyrll Sittney Py
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' .-;Memorandum

ﬂ" e o \. :'P!"\lhl“ &;M
i Phas :

- R A

1. Tan mttq rure m mnution of tho l‘.ntry mtwrmg aynton (tm)

" serolls is soreved up and I am sorry to say that, oVeh though I auspoctad -

< 1% for quite s whiln, T have not gotten around % dolng much of anythinge * "'

An soon ae Nob Gardiner gots back from the Cape, Qlauda Oraves and I will S
80 talk to him, = I'm pretty sure that no one \mldu‘m okn gohamte the _: o
" 1inen for the scroll nor can anyone But MAA figure out if the manummcturer

~-put them in the right place on the serolls. I've attached an KAA lntter,-

. vhich I'a sure they must have writtes mu-chnk, uht pretty vell
-ahOvs what :l: mean, . :

H !
';e

a. Claude ornwo mxl his pooph con 4o some ehlclunc s onLv to the - R
‘extent of plotting different reentry trejectories as they would appear L AT
on the I8 nnd looking for possidle violations, mt this could certainly L
not be considered verification of the m, uhtch, ortuct, the
m.mnnmm. IR .59

K R -,(;v :
KR m- mta u aunMn n:.ort m h tl-u uh-tion. B4 wiu let you know

© . 4f T canmot ged things straightaned out. Rersonally, I think {t would

. be desimble to have GAC report X8 status to m*mﬁm Change. Control = - .

©. Board. Aue final Yemark, perhaps worth making, is that neither Oaniiner

,nor Chilton conceal theiy distaste fOr the DS, - BSth wish to see it torn :

by its roota mm-p«mmmmtmw. aowu_

lmagine the ltf.ﬂltion tbﬁr mh mt ﬂn o L

ce: B
ms/c. A. cmwe;
m:mmn, .rr.:m”"

K 3‘.
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yOu Xnov, ¢he ¢ M wdale Wﬂt PTOETARS«COL0BSUS snais .
" veing developed. to'permit use of the arev's reticle (O00AS) as @ daokup
- reference source for aligning the DU amd for rendecvous navigation.
"This 18 0 guard egainet some failure ot the ouune and teleacope as.
an as providing the cspadility to make lige<dfesight measurements
from the couch position as might de belpful in a one mn rendezvous
situation. Bince precise COAS aligneent caunot de estadlished prior -
to launch, & provision has been msde in the spacecyreft progream to
- accept and utilise its alignment as detrrained inflight amd cpeettiod
‘vith reference to the sextant. However; it is necessary that the . ;
ground supply 8So-called "equivelent sertant” sbaft and trunion ansle-.
This note is to make sure that en RICC and/or ACR computer progran .
cepadility 88 provided or at lemst to -h nn m knov that u u
upcoud to do tbat Job, + .

Thc 1nf11¢ht procedure iz as fullove. m DIJ i- angmd ueing
the sextant, The spacecraft is then maneuvered in attitude such that
. the COAS 1s centered precisely on a known star and the mark button 1:
. pashed to get the platform girbel angles on telemetry to the ground,
~ With this informstion, the ground is able to determine the “equivalent
sextant” shaft and trunion angles. These are the ingles which the
“‘sextant vould have to assum® to bLe centered On that star given thet -
mcomﬁ orientation. Of course, it is impossidle for the sextant
o view the star with that spaceocreft orientation since it wvould de-
» Joctted appraximately on the spececraft X-.axis vhich is cutside the .
© f£1e1d of view of the sextant. It is the “equivalent sextant" sheft
: and mmidn angln vhieh mot bo relayed by voiu b tho cTev,

‘3. When the crev later npeciﬂoa o the computer %hot they are uaing

the OOAS, 1t displays  these paxamters vhich, if not correct, must be

input, - It then uses the optical observation odvtained with tho COAS " -

Just' as 1f it vere & sextant eark obuined with those shaft end trunion  °
__lnshl - It should be noted that although these sngles have eometimas
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. '..Ou mmr J., 3.96'r, a tean of Iecuom were at NI to ducuu,
" among Oother things, use of the VHP ranging data in.the spacecraft com
puters Spociﬁum, ve revieved the vork MIT has done in this ares-
, since our "tiger tean"” meeting on Octoder 5. Btave Copps is the guy "
.. &t MIT respa.sidle for incorporeting this nev requirement into Chapur L
" of the GBOP. He has nesrly finished this dut has not revieved it in any’;
7 detail with the programaing Ml! Ne 414 mako & point of emphasising
© some unguom be has ndo IM&M mtm um note to zake sure you
" are svare, - , :

2 ‘The first matter d«h with gattxu the dlh :on.:tho dovnnnk. “The :
‘only channel for sending VP rangirg Gata o the ground {s thz-ough. the
_ spacecreft computer. However, Steve Coppe 18 setting up the program cuch
“that, uunlike the IM, there \nn be no specisl program in the computer
aoleiy for getting the ranging information from the VHP device and putt‘ng
it on the dovnlinhe It vill only get ou the dovmlink if the rendezvous .
" pavigation progrem is in operation. Doing it this.'vay is said to be the
. easiest and least curmplex dut means that VHP range data will not be trana
" mitte@ diredtly to the ground vhen "aversge g" is running (during the -
. £insl phase of the nndomo 'md durlu \m'ul) or wheh 1

"aocepubn:w test is used on all rendezvous u-vigntion data sourcesess

. sextant, telescope, reticle and VAP range. .As you recall, each individua

_,.obaemuon is proceseed and changes in the state véctors are computed.

~ I this change is in excesn of some test values (pﬂut in ernsable memory

. the crev is given the option of u:ntzng eus datai . e test vnlun [are:
the same ror:ln dnu sources, .

b. 'Btere aleo noted that there is m'm"mﬂm ‘vinge test governing
" the Computer's use of the data. This function is: ot to the erev to
. make: om that tm.«comxter does not mtve dats n the y
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Coomyre eritioal but rather to fdent!ly those things!

& 7 On- Novembar 2, ~:!.',P.J‘f'»’qi', a’ tm of !’Iight Yew;

with MIT to- diseuss the Limar landing descent: m‘n WEW
been vevicwing: Lheneé programs at M3¢ and T ‘me wident ::hnt nmxy _
of¥“the ‘d12plays and ‘aracciated computations whinh Ve had iisted. ns renutres
. -mente early in the year are not, That ie, upmi‘e#tly Ansufticient, tlmut ht
_owar: glven'at that timo.as to how the syrtem wouldinatually he used

cnobt ' intend to dnniat upon changen thet would: ’Imkevbho MIT tihedunlae Bitu'\twn

e ware confident. we mzal'

- not need Aand woum then leave it to MIT to deuldp;'srhettm to delete thom:.
fror the Iirsc cdision of the LUMINARY pivgram or bot. . There vau & strong
impression’ thut MIT wonléd probably muks most of:the possible deletions,. in
we ggRed them £ take ao much (it as necesshry tdireviev the :aituatio‘n’-dnd
tell tte what thoy intend to do, formelly, imwriting. . I perrorully fell- »hnt‘

tl_w I&Eﬂ*ll"g' wes vory wﬁh’while and abould re;au:ltli o muoh ‘!uott.ew promuw ,

3.0 One 61‘ the ttms we cpeh* t.hr most tim on‘}iﬁdi
aanorfiafed uitﬁ ‘the out-oi‘»plam L tuation radnt?.:

R, _r)h unramnmr de-..t-r’t nt Mnmhaj*
~a“-mim o.w{nnide th- corknit.
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" ‘chart initiation, It wac noted thut follow!ng Conrad's Tevicw wo my
- vecommeud deletion of the entire J.register display format dontalming - .. -0
" delts R'at MIT's option, Wc definitely don't vant to ohemge the definte’ -
j_-:-uou of de1tanmthat given above, . T

? - . _
4, ! In response’ to my queetion repariing the eou@uher‘l test to detemtne,
whether or not to use landing radar data, MIT stated that it was made on
the computed valur of altitude based onithe npacecraft navigation etarting
prior to DOJ. Conaidering the flat appouch trejectiory and the possinhility
of relatively larpe error ln comuted altitude due §¢ wncertninty in the .
luner radius and degrnded MGFN perfcrmance, it is pdididle that rardar data
moy be accepted much cariier or later than it shovld be. This ir Just a
remark about A cituation which perhsps deservea mma 1nvestigz\l.ton. It is
not a propoaal to change anything at thic time,. = t :
e It 1in undﬂrﬁtuod that the delta V ponitor px'omm in the LGC will only .
-. send an sngine off command in one of the P-N0 series thrust program. In -0 77 0
_the othzr thrust programee<-ascent, descent and nbort---it wil) only issue .° - .~
a program alarm since erroncous engine ort comnnds 1n these time criticnl_ :
miosion phases could he catastrophic. P ;; : S
&, The P-ﬂo Spneeeraft Computer Descent Propram provide'; the cupability
for redesignating the landing site location with the hund contrvller. DPeote
Conrad wns concerand that the stick f'ould be deflected accidentallyv crusling
. the\targeted Iﬂmdim site position to be ivved unintentionslly. In order
te avold having @ "hor stick” when it may not be needed at ail, it wasc .
decided L0 alightly modify P-€h, To be consistent. with standard PNGCS :
operntions, the P.Gh (display will be made a flnshing display, thue, requiring
the cprev to hit Procerd if he wnnlc te redenipnat. the landing site, It ls
only after th!s crew input that ntlck wotlon would be regavded as 2 lesitla’
mnte requeat for landing site relocation. Following the input of Procced
the dlsplay tops flaahing and the stick remains hot thereafter. Th J\crew
would only hi+ F eed 11‘ he vantu to redeeignate I3 of course. el e

%+ Another in.r on wh!ch wo apent a comtdvra‘ble amuht of tim doalt wi th
"Dolta V. Margine  MIT proposed to provide an on call display which wns the

" LGC's prediction of delta V remaining; at touchdown donverted into hover .

“ time margin. Its prjmary use was to inform lhe crew of the fuel cout their .
have incurred by redesignating the Lunding sites  The discuszion browght out -
that this computation is really nut particularly nceurates lurthermora, 1t -
waz antieipated: that allowable landing slts 3°dem(crmt10ﬂ would probally: bc ;

- foverned by mission rules. However, thin lengthy dxpcussion: revealed thut
1t should be poasinle to, mke a fair},y nccumtc pm(’ilctiou or-hm.- nach fusl i
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~ 1u required from prescat time unti) tonchdown fncluding the witectd of 7 -
. landing sltc redesignations This dsplay conld b made Lo antomtically -
. appear after each LDP action. The crewv could cosgure this with the fuw)
7. - guage, which ie conaidered to be frirly accurate, glving him an fndtcation .
7 of whether or not he had sufficlent fucl to complete hie landing ae euryentiy”
- specified. It wns agrecd that this paremcter ahouldd be added into the Peth
_ program dicpley formmnt provided timre wae ro schediile igpact, exceesive
© storage requirement or any pregoam development troubles At firat incldent
Ot any of. these it wvould he dropred. 1t will Be diaplayed inh unite of .
"rovoert” fael 1 orlapr to be comprtidle wilh the i‘uei e amt will: t"kn S
the phco of Delta ¥ Margln previcualy wweuted. I _
- ‘ ’
-"30 At ote time it va: proposed thut vhen Liree oraw @etouted Lhere was po
relatlve veloeity of the apaceapntt with th moon'a purface, they would oyt
this fact to the compuber whivch woold semy Lo veloelty stale veotor, Thio
“war inclunded ln Ghapter 5 off the LLNINARY CGIOP Bt im0t In Chapter by TG wan
datormined that thie wae net a cemputer pmhmm m«tuhmmnt sml W1l Lo

dnloto-d i‘mm (‘!mptcr Y  -?-'~_1_', L
s \("\)\Mﬁ R
W.gA'_xl‘}..g?_dull, Jre e

Ad dressoent
(See nttachod L t.)
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Memorandum

ng of MG ypeople
“BONS - proviens were
Ahe progran which ant-h the Retronsuy |
mu system, »
u' anything,

to the cperation of the spaceersrt and g¢ vas theld' aumenon that ve
delete 1t rfrom: COIBEUS, LUMINANY anc SLNDANCE, . The consensus of MRC
pecple present was that this was & good tdes nnd 1ti:1s prodeble that .
~the Flight Bupport !minea vill »o direet Al

ulm to protect it. I
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fs the effeet of ummim u tb';w;
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P YEN sig 8Joverg called lﬁor reading Ny sees (G?Jﬂ-ﬂﬂ)i
impect ©f current MEFR purformnec on lunmap mﬂuo:# - He

1 nad not-included in By 1i0t of stutise the effect funat’

" uncertainty on the cprocoreft computer programe, | I guers tho reanon T.
L1eft it out vas that it was somevhat difrerent then those. smcu‘tcalu,
T suggested that vo Jo the analyses 1isted utiliving Yurrent MOFN pers
‘ formance repsrdleas of ita causs. Mrwever, 1t would probadly he useful
“to mmke sOme eatimato Of the uncertainty ia the lunay potentiml bund, on

s onr umc oxpoﬂoneo ond un ttm in som .Mu!.onu i

24" Tv0 studies thet T can think ef speeatically wre (a) ¢ ,
“of the effect of uncertainty in lumr potentinl on the onho-ird ecomputation:
. of the landing site poeition, particularly ite duunde fIom the conter. or

the moon, and (b) detotmination of the effect.of uncertainty in lunar

. potential on the capability of the LCC to integrate the equations of ROt
“from the time it ir initiallzed prior to DOX until hmnm;-..vn.h cnd with
‘out landing radsr update, I assume deth of these tapkd should be mmsigned

> t0 the Math Phyairs Branoh. Perhape you could reiuuﬂ‘thun u,,emmuon

: zm s0d sdd others thnt hunn't occurm to ®e. .
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®s Memorandum

hvcaw 9. r*«t!wr A Y
138 tn Hatemmin what in ovgid
AL the R bl o) ity
maemnt.muv 3 Pleyy pt Aujs
at"tvit -smmmnm.

_ oh 'bx Jtm ne *ﬂmu | ~7
Supind by En hydnge Hey Tesales thiny
‘me;h_f‘vmtt‘:l Itne of w%wsk §s Im
My potentinl; ;'Ahfit*tmumh thal wiribsns,
% ~?‘~%an&\r“‘m‘ My Rien ot Lo e
rRAte Yy ELPYE Akt oty transup . we el pogd
in arother dlynotions - Nomdy, whit 3 the, o ) :
OF uneertalrty we BYCAXPRELONCIER move with Lhe MUK 8
hmr npe\t-auom. ' Por oxample, 1L {1 not olens Ly -ﬂu\b thy
-aw;l enmttnl Lo eapmhily 3
L GO mrkit Lt
ant uefvmsmt E e
t “ wzriug xnm ,ﬁu Papt
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m_andlcr _wm Rvaluate the effect of the
are now expertencing in tha dctérminaiion of
% S tavgeting ant exveution of the Rencet
...amx*mf "M dutermine the imgnet of thad on!
the derleed londing potnt il ne. wu s
-‘r .11121*‘.\3 to result

‘ the ofrt ot a;ian £k
on. pxound tarpriting of the Jrsaaenvih
mrmntﬁr M‘ mst 1nrmm< LY um L% t.}m»

Care m;.bmwn“m ‘o, m-nnm‘ mtltneine ol the
‘pcwmd ﬂ'eht rmn«g e the lnmr Tersdiny uffgi

m cah: thmk N" w‘w m.!w* Lh!w

-and Mmm mmat additional rviniien, Adce, 1
WeOne ieh el mssum you wiYt euprect Lot

are uneoynely I8 i
e Y Tav) Sonrded s me
Leally hve n prr:»sim or mly I‘ue oY g~ !urn

anle pvRing 10 0ms Rierh Ynessubmnkly MEPN P
our to.bosubstantliy betlor Chan Y AR, mwaw)
‘when T wad *nﬂ‘mumkna mv Wt .
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m"

“mie nou- :-wm-m+utmma«uummam
- hov ve are actually faplementing the geverel parpose mthmu (targering)
. programa in the apacecroft computer:
~ 1 thought 4% would prodably be worthvhile %0 paes i!n vo:d since 50 sy -
different yruposala and tentative dectsions tmve Mu hdo mm. duﬂng
. and uneo the mor Nvtw for thoee m. S0 s

e mno are tso mthmat progrRss telng Md-d,
' targeting from s0me source extermal to the epacpareft eomtor. . ;
.. thase, P=30, 1 the External Delts ¥ progres which.oan be targetel either |
by crmv ingut via the DPKY or from tie ground Shrough' uplink command’
¢ prommm, Pe2T. The targeting consists of Cthe follovipy jaTemetera: timea'
. 0 of=ignition and three complements d‘ éelta V h a mx ho:-uoatul mee- :

- oraft centered coardimte systea.

3 'nre other pmm-, P91, my e hrgzm tru . mum. It h
. o provide the copadility of inpuiting tasbert targets ftwr a maneuver to be
" executed (tteered) in that apte, TMere 13 no eqnbtnh for the ecrev to
- imput targeting to this progrm vie the ICKY dmu: - Of course; 4t e
“posnidle for him to use w TAther svinerd procedure. of w :
‘12 he choocet %0 do 20¢ The terget paremeters muteor ttw-imuon, ;
‘&.pocition veetor consiuting of three guantities, in ‘ai sarth or soon

- contered inertisl ccordinate aystem, winl the durdtion of time which it h

- dettred fOr the apacecrasrt to conrumse getting to that position, . These sre
‘01l doudle preeision, octal quantitien. .Those fesponsidble for K00 progm
‘development pleaes take note, elnce at one time it hud been proposed that:
‘cone oore.or puudo-&umn Dnth V umum W used | for
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UNﬂ'lD STATES GOV BRNMENT

1.. : This awmmndmx ta toe wﬂrt the results ot I w brut mvcotlmtion
into the adequacy of tis LM ik dcent Prepalsion Syetem:(DF8) engine gimbal
Ccsution Lizhe, Brieflyy this ekt ccwse on if B diiference betmen the -
r"ukml drdve elgon® wnd the piniml owaporon 2ignal fYon the Y or & 0818
Looeplm malfupe tion logie Lk senrede Muls signal ia enntiled only 1L the
"ute'mvn‘ engine Lo oarmtls Orew the alets] cagtion Light s on, the crew
st datermnine I theve fa n dtopls: "si‘::rv or e trud plmbal f'ailie ‘
The taata yuactien favelved 1o &!\‘-' e < pne pradtiod) proesburss ean be
entadl] sbed attlteine only tho esintiar «;«ucwmﬂ apdteme Lo wnke thia
deeialon during a Lumar lar ting mu -'l..»"“". o~ 3t some gort ef medification.
T{n psceasary In either tin nimescrsft mictware OF togputer propruam. . The -
apecific change most Pesjuentiy eugderated is the adcliuon o:‘ gmbal angle
puutlon nxumtm-c on the cocknu Asnbpeard. I i

" In zunenry, t.tw MIC cobreneun ia 4wt rohnb’y cré‘v and gro\m’l p:‘oce- 0
dumx ean br davelopad amd cartalnly fwa?fictant Justifiention extasta
right row to estallish 4 mandatory revairewent for shy moil ficatlon to
- apacyeraft oyctems, “Work is ntow lolng iwhswi to dmlop theao pmcen
" dures in detall. _' . ,

3. The rmcf ot rhm o hm. £iXls tn rooe harkm;m\ _‘ard t}wm iu no
" need fcr you t.o mad an,v mrthvr excert tor your ovn : «,wnt.. e
h. The Predlom : ' . ‘ o
v some m. [ m«nr or mors, Flight Crew nnd F‘.I_.: the’ Cm:twwl peopl.a
v have hesn concerned that the ~nsine rin!w’!. ceution Light provided o single
. nue for & miselon whert situntion. It wae fele: thatithe erav should be
able O mameea ke gltintion and take sroper nction filopendently of MCC. -
o oowhore aetusd plubal ansle deficction eforation (e avHElAblE vla telee
L etV THis M«mnps.'(m van made el fo rach teosaard hm&nﬂf commnicne |
otion xallure as i reoronition of the TRet btat - the mm‘mn Lime lag

“hotween the ewvient ard revetpt of MOC adeice s datwen' 10 und 15 seconde,

AU leant one forial abttompr to improve thls odooard. eaqnbilny way made.

mr‘l,,r thik sent during 1 IMe? (mrmf 4) mevice at whilekilt wad Peonented

thut reme Mosna he poovided tor verifyieg dencant’ giminl drive oiwctmn’
ageembly (GOA) Palline | Xt wac noted thet the presint pmugn ceuld mssut
in micsion ebort with no attual eyetems Tatlure, ‘Ml Wiz turnsd down and -

G&L s 'aiv-n un qo“m xtw cf m,t.abl.:r! 1:;' som pmq«*dm; subatit.xw K

3N

R M TN ,9,,,,-“,.3*..4; Regularly on the Payroll Sd’hkl{ Plam

i: ’
| o
Iy
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1967, pﬂneﬂ\ky mh bho he]p of m'r. nr'r faoilitien wory to
avallsple for- o purpone and recently Ken Cox (G&C) hau taken atupa to
obt&m aunzsmma M: cnmn m.*livi.m 1heu‘ hybridrumlation rnotliby. ;
mau!hln Bolutioun conaidemd Vo W T o
MPAD nnd O&CD pmplﬁ

5 :

" 3n Gotober B3 ant %, FLIght Crev, riight Contror;
,rﬁﬂem the attuation, = In addition to defining:some. tehtative ways of -
= uping the. exiaung denign (discusned in some detail: hter) posoidble chnngea
o0 to spacecyaft syatemn: vers dlsousaed which ve ul.umeem oltm nated af not -
U presently Justifiables They lncluded the addition of new 1QC DSKY diuplnyc
. auch az Jet rate nuaber (an indicatiou of the extent of ROS jut activiiy) -

and/or the additicn. of direct resdont of gimbal position in the cockplt.
~ The latter would be provided throush wse of the exfoting gimbol anele . - -
. sensing potentiomoter oc by a complrtely roduncdant gystem. Thore was aleo .

& question of whether now cockpft tidieators would be needed or (f exmting
indicators aould be uwed uuish ar the crous pointer. which 1¢ already roqulred
for display of forvard and lateral veloeity in thio!phmse of the misslon or
the FMI needles vmch fre alao uced 0 dusplny nttimde arror and/or '

. athitude: ntes. o

by Apstlag,’

- - i e o A a'W' g * D
Gt Tt SR -

r _6.' 'I!*nmftw!\ Troeedures with Fxilstin: T : -
g antlcipated t.nt tht procelurcs ave dirfumht dr-pandlng On how
m- into: the Descent bmklne. phase of the misnion we havv gotten, . -

. - Fnriy 1n dozcenr. whon the nitaation ia mht&vely non-ﬂmo crn.leul,
- thcrc\ are two nchools of thought, Om: 1z, when the light comec oh, the crow-
would do nothing tmmediately. I the emgine gtmbuln AYe¢ truly runnive owuy
©thie turning momentat would Bventunlly cxverd the capability of the RCS to
. malntnin attitude ant the aproscrnl’t would begin to yotate. Glven this . -
T "second eue,” the crew would tmmediately awsteh to‘maninl thiottle contyel,
. dropping: thruet to 104 which s withir the enpability of the RCS to muintalin
~attitude, and would disadble the gimbal drive motords: AN abort would be
. necensary., If the glutnls are frozen or working: correctly (f'alae 1ipht.
~indieation) the mieslon phase would e contlnued, - The altornnte propogal -
i that the eriew would immediantely dewctivate the e,:mbul drive motors whon - %
T tthe Light comea on aRd awnlt advice flom the sround a#i:to the altuatlon,
Tt wnp IRLE that thla might permit coutinuing on Lo the- londing with wlthe
. frozon o min awvay.gireala tf sutficlmt RS Propellahit was availanle™to ...
T U provide all necessary attitude ang atecring control with no further movement
" of the NFU ongine almbale.  {Of conwse, this would ne@essitate a cupadil ty:
. on the ground of proedictlng adequacy of' the ROB propellant . throunh the, re
Cof the lamr eperatioye)  Jf the eronad dotermihen that:the Tullure wan ln
ST the warnbng @ivepitry Ao op podet o ene rimmla," ) #onld m\vlw rn- g
o ncetvat.i,ng tmm luwd eawly. '
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_oF.£0 abort dependent on the situstionuastime poumon

gxm uunmnt;,_mr remaining, ete. .This, syen rurawy g
DOt foree an abort provided jnue:a:ntunuu¢,1 xn*nMuim:mg
] mplete the mcm ‘16 ‘shouTd be moted that: the 100" .
an inebit. ind cating the nm ginbal failure ot Lh¥ hnm time Yhe gimbal
caution light s turned: on, But it is currently’ o '
signal and to continue sending steering commaxia %d the' DPS glmbul mtou‘
If the Jrew didables. the rimbal motorn, & slgmlm&a 80" ‘

hith! {wediately stops Sending commwnds b0 glnbad urive,
fact; I might ad well pene on somsthing we learm Lthou _._'tt.'
'partie\nnrlvmﬁinent t0 thia matter, nawely '
thrustig, prov R the crev s not disadled the',
au‘bopuotr *n tempty to keep the DFS tlyust
' even: uhen the mm mde he bmf

bagodion’ diachaubnn_ ve have Md, T would be wnn
coneluoion noted in pangmh . above G
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- Motday, £ Watiall Lh Ph.ﬂh'b g
_:m momngu of _ “She Xakney’ r’b.‘.tu,' s YL A :
8, orb'bt gm mtmct % Mcu ‘bmes 4w
L "h"um l l\

tm ma ‘bo 'be w smmn:.m d&'mﬁmt mw ‘nz on um mrmm, ,m
zn*amud,in uhd mw dumrﬁuugm %r '

Tosntitie commtw‘in trvug F9) ,nuelwﬂbhm Tt
feal thelr most f“mmw} lzm ol !lthblh?
the “Tunup potentini, -
Lentirely satisfect .y or oy tum c\k m‘"‘t\ At
oney,: ef*‘ox't. and otnm‘ tmuum, we u.q hm er w;‘ Ayt

of m*ertainty e a:r« e m..‘uﬂiug' rpr: "1.._ 7 tr i wm P VTV c_i
lunur operations. :Tor euuple, F L% ,._"' CA

sant onboard feneiug and. mmmtlon &(}q T : A

dedes Yy mwj;mh %:;a v?aaow:&qm ;

This can Temlly on dal dredn

ror tm.s ‘masor u;:i X m atting ,@y

o the :f-sm urhd. dew'ﬂw mt.,ion, eAPRHLL ATTL Sy
upr_raliom. Bom« pnmmf-cen ‘ot futerestiBra thbrf*a. &
TV tudget, resulteat dlipersicur-in the w'\uatﬁi .

' c’hp’t....:ito and diyrexied & ofermtial el

“opuantion, inerécsut dloperkios th #he

sha, R re, xemultant '-hiﬂw.
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ance ue are’ nov expariehcing in the detemntioh ‘Qf gpncesraft atate
veetors on: the targeting and exécution of the: Descent Grdit Insertion (rox)
‘waneuver.’ Then detexrmine. the. impact of thet on uncertainty in odtaining -
‘the desired landing point and as well as incredsa in propellant ucnge walche
= 13 1ike13 to result from nltitude diuporaio pmon.}ntered at inltmtion nr :

\
s
LR

L i Ge m Is‘mluntc tbe eﬁect of demdcd am fﬁéix‘ornn'nm we are now
- experienaing on: ground ‘targeting of the Tranwvarth Insertion {7TEI) mpeavers
. Probably the parameter of mort interest will be thé increase in delta V°

f 5 eoae m the midcourao cbmction unmmrt nlultma tron a diaperucd m.

')

‘ MPB and/or G?B - !ﬁralmbo the emct ot" &emdod mm pwformner
Cwe are now expersemcing on ground monitoring of tho deacent and ascent
povered flight phases of the lurar landing mission!for puiposes of cdﬂaing
the crew ot‘ gni-lunce ayaﬁem pcrromucn and need for avitchover.- L

h'. ‘i‘-Perhaps you can think of some other thingu ® 'cted vy thio n'!tu-at:ltm

and ‘ecould sugrest additional ctudics. Also, I may have indlcated the .

-~ wrong: warch and ansume you vill correct that. -As. far as completion dnte-~
“are concerned, I con't think this is real urgent, - ‘I However, perhaps sam

A Jpreliminary resu:l.\-.a could be made available mfﬂcient‘. to know 1f wo

“peally have a prohlem or nnt.: I'm not. 6o ture we do but there seems o be; '
*. panle .growing in aome qmrtors--o--ﬁ‘on‘tl.\, MSFR pérformtice .is turnmg -
.out to he substantially bettor t:han I ever axpeu /'@ couple Of years: ngo :
vmm T vas 'bed Mtbing :ta use. R S U

;"c: ; S
" (Bae, "t\:ched lis" )-f
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|y R R I L AL St Lot Vg,
v l&! 'le " ' RSN ! L‘a'?t'"-“x‘f ,‘15.-:.‘ A
o Al e LT Y "IN T art L
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BENE. T UNITED yraAres GOVERNMENT s " NASA: Manned Specectat c?m,-.- 2
®  Memorandum g e g § v,

i
»

s

Diviston i © pare: OCT 26 1967
T SO0 EH - ' 67-’“"1"97 '
S MmOMC ) TW/Depury Chier . e - A

rf i

-

. T T L
e 4

. . W, >

P R .

.é, A ‘r," Y . 'j'? ¥
T EAY

. R I
' o,

i wmai: - Core rope 'hlhtm«mumm
i oo . ‘ L IR el S

, : VR S
- AS you kmow, Juck Villiane s attenpting to trace down ang verify tho
- VAlldity of the logic whigh 1ed %0 the deaision to Mmolunively wtidine
COre rope aimulatars for 411 spnoecrasy couputer progran verifieation,
Ve may never really reach o stisfactory conelunlon
thia investimmtton, 1t Mght be apprepriate to have a document on
. the ordor of thet attathed atgned by thy Appropriate representativeg of

the GAC Division and NIT, who szeuld be responsible for certifyina that
the PAC is really o

» Jerhaps representatives of other organitations
Such as Raytheon ent AC Xieotremics lm'lubi‘-bt included,

. . oh

"~ Enelosure
.  eot ' | :
L N ,A/C0 c. lbn!‘t. Jr. .
' M/ao P. Mann ‘
' 85/3. B Willtam | -

- PUINTndalY, Jr.apy J ‘

Buy U8, Savings Bomdy Regulrly om the Payroll iS‘«m’»gr Pl
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" MEMORANTUN OF memm' _ i
l‘- : TEl !

g Wy e

The undersigned ropresentatives of the Guidance and Control Biviaton
' Of NBC and the Massachusests Institute

of Techaology 2oncur in cept fyliny
that sole

e Of & Program Analyser Console (PAC), otherwime known as n
core rope’similntor, and Apollo spmcecruft o

tape for iaput to thear devices 1u ndequate

verification and validntion of spacectust oo
Wae at all of the ‘actual

l@ul,ejr Progane astemtled on
and suffieiunt for £1int

aputer programa in 1'ey of nny
CoT® Iope memory modules to be unod in £1irht,

'
i

Readiness Revi ow,

This memorandum ‘a for Purposes of tha Fight

- o
: EIPR X, ﬁwm. - fobert I ' Gardlner
. Imetrumentation Laboratory . " - Chief, Quldance and Control
~ Massachusetto Institute of . . . Diviston _ L
- Techmology. R ' MBC, RASA : o

i
Date
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. . . . . Fe M pr by
EPVERL, PR M B o R '
Poun (6 @PM) wiet 0

UNITED STATES QGUVERNMENT um-"ma Spacecrah Conder

 Memorandum " P b mﬂ

Pnh/s:;nequun '.\.O:L ABIO Minulon lnutnnr ‘  oar: 0CT 24 1957
s t h’{.m-ﬁ‘-m\ :

_ FW/Deputy Chief o
susjecT:  Immediate reatart of ‘tt_u' 3PS engine undox'm control
1. Th!s mmo {5 in response %0 your queation as to whother there
vas anything in the spacecreft compulter that would prevent attempte
ing to restart the SPS engine imvdintely if {t shut down prematurely
for some rearon. I pnesed thie queation on to the Quldance and Pere

‘formmnce Branch (MPAD), The follo'eing mumpm are Quoted almost
vervatim from Rick Nobles' reuporee,

i
1

2. During an BFS burnm, 1f the deita V mnitor program of the CMC
detects that the accumlated veloclty falls below 0.4 meters per
second for at leagt two computer cyclee (1.e., 2 to 4 seconds), it
does the following!

a) termirates the Encine On c;mnd ;

b) mintaine V, computations : _

¢) displays 59-59 on the DBKY {R1) '
d) turns off the TVC DAP -

\‘ e) turns on the RCS DAP C S L e
KLl . . £) recycles to time.of-ignition ainus 5 qeeonds ('mrqs) in the
S thrust program, and starts counting dosm b

g) asks for Englne On enable vhmh 13 gwin with an "enter"

h) commande the 8P3 on at T!‘I-O (md no loonerl) B N
S EEINS ) ! : . B

1) switches from RCS DAP to TVC DAP Sl e

o L .
At this point the deltn V monitor chacke accelwrution smin and if R
the thruat ie ol it will po right on throuh the programi if the S
thrust in otil] too low to pass the O.6w metors per maeond tert lt

recycles again as previously described,

’-‘..

"‘,ﬂ:

l
H
i
|
L,
|f
L.
]
|
[

- .

®tv e

Buy U.S, Savings Bonds Reguiurly on the Payrell Savings Plan
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“3u 0 The profrom netually cycles teck Lo TFIe5 in exactly the sam pro-
' itram uded Tor a noninel 8FS burn. Acvordingly, manunl ullage must be
‘pravided 11 It 10 needed and the engime cannot ve o ‘earlier than
y stated adove, ‘This all means that the engine will e orr for a ntntm
r o!‘ '{ to 9 ueconda tn t':h suldance control node. ‘=j.3z . .

“.
. Howard W, ‘X‘indnu, .n. ) l
c(‘. . 1 : . r ~ ‘
CF,P. Kx‘amﬂ' . m’./R. 2 l\l!‘teh '
¢¥:2/¢ Cv Thoman P G Se Wbl .
PG M. Lew L nG/R. K Brmil
. K. S. Kleinknecht /s, P, Mann
~ Pb/A. Cohen . R. 0. Nobles
~ I'M/0. B, Maynard . : M/Branch Chiefs
FA/C..C. Kraft, Jr, . _ L
8. A. Bjoberg - . S
C, C. Critzons . I ' < L l
: R. G. Rore - . S
¥C/J. D. Hodge - . P
' Be 0. Kranz ._ . B A
De He Owens S
De B. Pendley : T
FC2/J. W, Ronch ' o S
FC3/A. Do Aldrvich - R
FC5/Cs Bs Purker _ : R
Js 8. Lleveliyn ' .o Sl
G+ 8. lunney , o S b
. Ce Be Charleavorth . S
Py C..Chaffnr _— ‘ : ST L : -
J. Co Bontiekr : - 5 , e
H. Ds Reed = o S
P‘L/J- B, Nammnck ) ;
F3/L. C. Dunanith B
Fse/ie Co Stokes : ' :
) FM{IQ'U P. _P&!)’*‘r
C. Re Huss
v M. Vo Jenkins : S T R
™13/ P, Bryant ; Pl L
‘Jo Re Curley S L
E. DI Murrah . . ; i Ny Ao

M HWDIndali, Jraip)
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UNITED STATES GOVRRNMENT o

 Memorandum = v
‘_'rA/namm- of Flight Opereticns , N nikm' 0CT 20 1967 | o
_- /Deputy Chht. | |

Nbre about IM redar rendesvous data processing 3

; i

1. Thie note is {n ansver to some uestions you soribbled on the dotton

of my LM redar observations mean (67-FN=-T81). You asked {f there is ary

smoothing process on the IM rudar dita prior %0 its imput to the space.

craft computer, My understanding is that there ie not. That is, vhen

the comuter vante it, it rcods the renge/renge rate register and the

angle CIU's. In principle, this is the same as it was for Qemini, wasn't
p there 15 a check to coafirm thet there is trecker lockeon,

the so-celled "data good” signsl froa redar to computer,

2. Internal editing is consideradly sore oowncltod. Mret of al}, a
(ude lobe) check is mnde to see that the rsdar angles msasured are vithin
3 of those expected by the computer tmsed on the Jurrent state vector.

I either of the angles fall outeide this 3° check, all of the data is re.
Jedted, however, the crewv is informed of ‘the eituation and is given the
opportunity to override and force acceptance of tho data. Rejection or
acceptance of the data involves all four pleces of informtione~-mange,
range rate, and the tvo angles---sim:ltanecusly, that is, you cannot se.
lectively use components of the total obeervetion individually,

3. The next data check within the ccmputer ie based on the change in the
state vectors resulting from the jwrocessing of these Observations. Thie
processing is done on each imdividual aomponent of the obumuon-nm,
range rate and each of the tvo angles---and in eech caae a test is made to
see 1if the change in either position or velocity is greater than some Pre-
set limit, If it exceeda this limit, the computer stops and presents the
crev the option of overriding the computer and forsing acceptance of the
nevw solution. HRe munt make this decision based on reather limited informa.
tion and, of course,.will have nowhere near the skill of our highly spe.
cialized RTCC Data Select peopie with their magnificent computation and
d{splay capadbility. As the amount of madar data processed grove with time,
the veight given nev data ie decreased substantially and I would de sure
prised if much data is rejected by this editing unless the rudar goes ape.

b. Ao In o many other areus, it ie surprising to dficmr how limited the

analysis and Justification is for the apecific progrea formulation we have.
Howvever, when you consider the large number of different navigation pro-
cesses in work I suppore we should not de surprised, | An avful lot of the -

Buy U.S. Savings Bewds Regularly on the Payroll Snfag; Plan
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effort litely has ®ecn cpent on estimitirg quality and deteminims how to - %
use sextant and reticle data for rendexvous navigation, how to uuse VIF '
“data, hov to use telescope data for earth lesndmark tracking«-both arsund
the earth and moone-and, of course, there is continuing MSFN ordit detere
mination business., BEnch of these is s msjor efrort and ve have very fev
- people capadle of doing this work. ' .

€. Of course, something else that incresses the complexity of the IM
rendesvous radar processing tremendouslye-eand, unfortunately, in a very
unregsolved way right nowe-is the busainese of the rendesvous radar angle
bilases which nppmrently are an oxtremly complicated function of the
orientation of the radar antenna off oresight., Attempte have heen made
to model the biases in the apaceeraft computer program and cetimate them

in real time, along with determining ttate vectors, These nodela are
almost cortninly in error and actunl mdar performnce dsta 18 very limited
and of poor quality. My [nclinstion cver the past yedr and a hslf hae deen
to eliminate this part of the prucessing which forces us to do a 9X9 solu.-
tion as opposed to a 6X6. I'm afraid it may screw up the whole business,
Unfortunately, I have not beett 8ble tu prove this is 8 safe thing to do eo

far, especially from a standpoint of delta ¥V costs., st
r . -
Homrd W. Tindall, Jr. I
Encloaure N '
i
[

(See attached list)
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1. I 1urned aonething tho -other day about hov the IM conputer
‘uses rendezvous yedar data that is differenc than I thought, It
had been my understanding, and I think most other pedple‘s too,
that rendezvous radap ddserwntions vere odtained and processed

by the ccamputer every €0 seconls. In fuet, there nas been some
concern that perhaps that is not freguent enouxh Well, it turne . -
out that the time betveen sbrervations is probadly more like 1}

m nutes. What actually kappens is the couputer obtains un obdeere
vation from the radar and puocesses it (1.e,, redetermines the
spacecraft state vector). This processihg takes about 15 mseconds.
Once processing is completed, mn internal timer ie set in the
computer to obtain the uext obsomtion one minute from that time,
In some caces, it vaites even longer {f come other Mgher priority

: | task is underwmy, ‘ .,_
: 2

2. In addition to reducing the amount of redar data used during
a mission, processing in this way prevents the crew from using
the computer obtained radar observations in thoir dbackup compue
tations as conveniently as they did on Gemini, On Gemini, you
recall, obdbservationsg were obtained and stored in computer memory
exactly once per minute which alloved the crew t0 read them out
at their convenience and de sure that they were oObtained at .
precicely 60 second intervals « a couvenient delto t to use in

" thelr 'buc)mp comutation. o

"" . . . Y

S e 3

R

3. This memo ia Juwt to pass on this diacovory to you. It ia
net our current intention to change this program, although I
suppore it would have been nice I wa eould, -

L

| - Gvard V. npq\s;1,' Jr.
Addreesema: IR
(See actacned liot)

.
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' " Attentiont M. Ma Waoelte . 7
© . TROM : Chtef, Ayollo Data Priority Coordimation

' BUAYECT: Descent phase %0 be afiSed % your Apodlo Mission Techniques
o Documant - : !E‘ Bt koo 4

-

_ . K - .
“TRW recently conpleted the attashed ehapdr %o be added into the
appropriste vacancy in the Apolls Niasion Techniques dosument X
seat you recentlys As vas he Sase for the other mission phanen,
thia acotion on Descent wvas done espentially vithout participn-
tion by other than TRW perascnnel. Accordingly, I expeat it will
_be modified substantielly Before it becomss s vorking, configure-
tion controlled documens, . - oo .

I an sending 1t %o you Deceuss P thought you might £ind it intercote
ing in the meantime. - R Y

. A ‘ l

+ ¥
¥ -
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N ~OCY 19 1987

“ SUATECT:

TRW recently completed the at%aghed hapapr to b0 added into the
APpropriate vacancy in the Apodls Meston Tvohatques document I _
0ent You recently, As was the oo for the other misston Phases,
this seqtion on Descent wag dome essentidlly without pParticira.
tion by other than TRV personnal, Agscardingly,:I expect it vill
be modified sudbstantially Yefory 1t @ Wrking, oonfigure.
tion contrelled document, FA S [

o
[} pe

1 am sending it to You . decausze E thought m n:lgiht 2104 it interess.

_ ing:nthomntm.. ?j_ -

y-

4

-
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St houcmnﬁt nmmo 0!' m{
Lo .mummmumw S R
TS Candridge Farkwey - -;.,:- i;
Oundridge, Massachusetts. 023G . i
‘Attention: R, Ragan L

mou. 3 _chie:t‘ Apollo Dnn mmtw Miuuon
SUATECT: Descemt phase to be ot ® your Apom Miaaton mmms

‘ Mmt

;'- :

e BE

- TR nmtly couplotod the atiachad edapter to be added into the
‘appropriate vacancy in the Apaldo Mission Technigues dooument I
sent you recently. As vas the 0nee for She other miesion phanes,
this section on Descent vas 40oe eseentially vithout participae
tion by othor than TRW pereonnsd. Accordingly, I expect it will
be modified sudstantially um 34 m e mk!u, onfigura«
tion controlled docm!. ' :

t.*

I am sending 1t to you decause x mt";:pu uidt:ﬂnd 1t intereat.
- ing in the -unw- g i' CoEL T
RN 1
o b - 1 *
'. o ¥
. Enclosure . %
| § M
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w7 1o TRV yedently ocompleted the attached chapter % de added into the
! - . eppropriate vacaney in the Apolls Miseion Techntques document I sent
~You recently. As vas the case for the other algsion phanas, this
section on Descent was done essentially vithout participation by other
', .- than TRW personnel. Accordingly, X axpeet 4t will be modified sube
stantially defore it becomss g working, oonfiguretion oontrolled docus

ment,

. | al “ :
' 2, I an sending 1% to you decayse I Ghowght you might f£ind it interest.
. ing in the muu. o Hotaw SRR
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*

|
R

i oiraye

e i1
: ,'n,-.\

B
o

3.

.

;.
=]
¥

e

Toward ¥y Tindall, Jv, .; :
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.

prse Buy US. Savings Bonds R’!“’dr}y on the Paymlf .;‘Qari»g: Plan

00000077



 UNITED srarxioovxxmm TS T maghe daoned Spes ! 11
. ; -—..mm‘mdp“&

 Memorandum Eon

a "'u/nuocw o:_mm cynsum ; - OGT 19 NY

i ¢

- > development of K-stard ' - raly o They &8«
peclally addressed the definition, sehaduling, checxing and agtual
mamufacsure of the K«start tapes required for guldance system teatling
at AC (for acceptance), North Aerisap hod Grwmn, Bxphasis vas on
these X.s*art tapes since it 1p'Uw o xidunce & Ooaerol Diviston
1e responsidle fox, . - *j'ﬁ;g,ﬂﬁvn.y
2. I should shlnx he, and you ha- !bl‘ toat: ut«r ‘might be interestud
in the rame sudject for the m taper xised % mtmu- computer
Mmemory 10 the miteion 18061fs Nere the prine reaponsidbil’ty 1o “ithin
FOD. In addition to the. eonsidersiions "above, suel @ BY oTing
should include n«m roc -unc cnangsd ¥ Hohin the Jast fuw dnys

prior to Jaunch . [ AT O e —
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m/chut. Apouo ma mmt.v eooramuon

rirst uotwg of the Daacont mse lnuion bcuntquu Vorking Omwp

- 3

_ 1. 'nus memo is to rmzuelt your pnrticxmtton- m the detailed develop-
 ‘ment of the Apollo Mission Techniques for the Descent phase of the .
‘dunar landing mission. We are setting wp & lllll wrking group of tha -
ronovxng cogposition to do thiz fobt i .

~ MPAD Floy?! Bennett, cmﬁmn
Flight Crvw Pete Cotad =~ i
FCSD - Paul Krewer . '
" FCD - Pril Shaffer - i
FSD Tom Gibeon S
[T Myron » N anm»
TRW Bob Ktad~ |1
ASPO Bl Mnaat) - |

2. The first meeting will be held on October 31, 196?, in my office
(Ruilding 30, Room 3068) &t 9:00 a.m. The purpose of this meeting will
be t0 review and propose modifications as necessary to the attached
document prepared bv TRW. It ¢s anticipated that after several such
neetings e oversll oyerationnl logic will have deea estadblished and
documented in sufficient detail and accuracy to permit wider 4istribue

tion and :omwent. Right now, though, 1t seems desiradle to keep the 4~

size of this working group as smll as possible, Mowever, if you want'’
to bring additional pcsp;e froa your organiut&on, feel free to do soO.:

“Bowrd V. Tndall, .rr.‘

. t
Enclosure : : e ,_" %3“
Addressees: ‘
CB/P. Conred
CFoL /P, Kramer

' EG/M. Kayton
Do E, Smith

’ FC/P. Shaffer
- C. Parker
FM6/F. Bennett
PMI/M. Cassetti
' FS5/T. Givson
FA/G. M. lov {Info)
m™W/B. Kida

I
ot
-
I

PAIMTIndall, Jr..g . L
Buy U.S. Savings Bonds chulm’y on :be P ymll Savings Pla
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UNTTED STATES GOVERMMENT
Memorandum T

11::'. helow - | o | . o ﬂl.T 18 &7
sl i e ' .-‘ : . er.a.wl
= m/cm.t, mno Data mmw conmmuen

mst mt;ng of the Ascent Phase Kission mma Working Group

l. This memo is in confirmtion of cur telephnge couversation requeste
ing your participation in a contimuing varking group to discuss the

- Ascent phase of the lunar landing mission. The overall composition of
this Ascent FPhase Miseion Technigues Varxing Groud is as followve:

KD . _ Charlie Farker, chimn

Might Crevw Pete Coared :

FCSD Fanl Kremssr

MPAD Marlove Cassettt

™RW Dick Bmulrean
_ ASFO 31l Timdel}
B ‘ " 2., The first meeting is scheduled for Priday, October 27, 1967, 1in my
: o ) office (Building 30, Roam 3063) at 9:00 a.m. It's purpose is to go

\o through the operstional flow diagrams and associated amalyses covered

in the Ascent section of the THW Apollo Mission Twehniques document I
sent you in Septezder, and start the cyclic ndiﬁution yrocess needed
to get it "right.” : :

POy Lo <.

3. It is desirudle, I think, to keep this voxtina group as small as

y possidle, however, if you feel it desirsdle to dring sdditional people
5 froa your organisation, be my guest. Ultimately, oance this document

" bas deen thoroughly revarked and sudstantial agreement has deen odtained
among the vorking group mssders on its content, it will be repudlished

for final review with much wider participation. |
CB/P. Conrad

C:%aﬁw. Tindall, Jr.
CF24/P. Kramer

7C/C. Parker - R
PM7/M. Casaettl o L L
>" PA/G. Lov (Info) N\ SRR
IRW/D. Boudresu S v

m:mmn, Jre:pd |

Addreacsees:

! Buy US. Savings Bonds Reguiarly on the Payroll Savings Plen

B Rlasan oo _
b4
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-1; I’ guess I 'vouid ‘haw mliw.'. thil" it I‘hnd thought about it, but
it vas a surprise to me (and others) to learn that the Descent Propul- L
. sion System-(DFS) engine in the LM 1s not aligned through the cg pricis
‘to ignition. I suppose I had acsumed that 1t would be handled the saus - -
. .- way as the SPB engino on the cmnd nodalt, but &t 18 not for several ot
. reasons. .o e i . . L
'8, For one thing, 1t :I.l ‘possible for the cg to mve substantially be.- -
- tween one maneuver and the next since propellant transfer from one tank
to another‘'ia not inhibited or controlled. Therefore, cg location 1is
really not knovn prior to ignition. In addition, actua). engine align-
ment 1s not imown prior to ignition since there 1a no measurc.:nt and
feedback of gimbal position. As I uncerstand it, the way the P8 {s
aligned prior to the mmncuver is as followa. 'me angiuu 18 waved to
ites maximum possidle deflection wvith the drive motors running uguinet
the stops until it has surely gotten there. It is then driven back
* the length of time neceseary tc align it with the spmcewaait X-axis
~ based on an assumed engine drive rate, Of course,: it is almost certaiu
“that” thrust vector alignment obtained in this manner will not pass .
through the cg and will result in attitude disturbance torques. How- _ /)
ever, since the DFS is started at only 10% thrust, it is well within o
the capability of the RCS Jets to hold attitude un{:il th« DPS han been et
realigned by the DAP through the cg,

3. . Another thing I have learned a'tout the DPS ia thav mar.eavers whiei
are shorter than 10 seconds never Lave closed. 1oop steering cthe » thar,
,attitude hold coutrol. (This 1s equivalent to the 7 or 8 smcond @75
bux;n duration without steering.) Cf course, there’ is no minimum im-
pulse DPS programmed in the LGC ou' thare 1s rothing in the swpaceoruls
computer program to prever:. calli:g Tor an extreme]y short burr. dow.
ever, the shortest that could e 3!. meved is in the order oI 2 secerd. .
durstion at 10% tharust., This Zuration would occur ‘even if a shorter
burn, say 3 second dura‘ ‘on, weie rnques’ted. _ : - :

Addressens: S : ST

[ 1 Elad

(See attached list) " ST
Bux {1 5. Savings Bonds Reguiavly on the Payrell .S'a;}r:,« ot
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) !t te my underatanding that ot prenem. dlmtnl nutupllotn L
(DAP) nre availadble for both the LM and cowmnd module, On the other
hand, decign improvemsnts will probadly be-necdasnry on a fairly rone '
‘tinucus Larnis. All modifications in the DAP'aiwill be mude amd checked

- out in nome program-other than the cwrrent £light proaram assembly used . b
. by the rest of the prograa developmeut persounnel. Modified DAP's will ;
only be added to this vorking esecembly when they ere running properdy,

1) Mich more  coordination and communication detween the varioua.
groups involved in software development ia esssential. It is Martin's
. _ intention to establieh standing cammittees with periocdic mretings for
# ' this purpose, These meetings will alea be und for consideration and
o ecoordination of pmpond changen, ,

&

L J) Apparently, in the past dowlomnt o!‘ mgmm test plane has
' been carried ocut. by a emall group without much aseiztance, advice or
i coordinatior. with other interested partiea. Wider participation in
. *hic effort doth at MIT and MSC {¢ planhed. |
k) MIT han finally decided to utilire discrepancy reporting like
o ‘we have requested for well over a year and vhich hes recently proven.
: to be of great value to them in the latter stages of the SUNDISK

"B development. They .intend to ntllm this from the beginning on the
: . remalning prograine.

— \ \
.v \, 1) Associated with the discrepancy mportmg, MIT vill maintaln
; an upeto-iate operational constraint 1ist. Obviously, one why in
vhich diserepancics mny be elimirated is dy estadlishing work around
procedurcs or operational constrainta on program ucege,

m) Steps are being taken to mskw sure that &a probleme are found
- and corrected in one major progrum thee? same flaws are corrected i{n
the other progrean (e.g., SBUNDARCE and COLOSBUS).

n) Slow response in the exchange of data, particularly spacecrart
characteriastics, has delayed MIT previously. Steps are being takenh at

hoth MIT and MSC to provide faster responae. When necessary, in lien
of ancwers from MSC, MIT propoaca to utate their sssumptionn and proceed
ahoad with program developmnt to avoid delays o!‘ this type,

. [ 2e A8 you onn are, nothing partirularly nh\rtlim here but I heliaw .
AR everyone would agron those are all pood things to do, that ir, they.

- EE rhould improve the quality of the program itself and should certeinly

result {n petting the Job dune facter. MIT has recently raorranized

theiv prrronnel somewhat, hopefully in a wey thlt vtll lllov tham to

lmplemcne theas idena effectivaly. ‘ o ‘
vard W, . .indnn, .rr. : o

. " Addrennnae: 3

(Sec attached ]iat) o _
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S W allnlnnhlon of thenb rcndeavoua nnvxant\on modﬁﬂ subrtantinlly _
Unimplifien the spncocraft computer progrumse-A8 vell ws crev proces
" dures and trwining, I suspects-and dots nct tPPO'f t“ vlgntficantly
' reduec oto:-Il,onbourd ea;nbtl!*y e
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FW/Deputy Chief

SUBJRCT:  s5pacecraft computer progran status

1. <ﬁere's another of my irregular updates on what's going on
.\ In the businezs O apacecraft computer program dev«lop'mmt‘t)
"2, SUNDISK, the earth orbital command module progrem, ia
esasentially complete and, for all precticel purpotes, could
be sent to Raytheon for rope marufacture whenever anyone wants
to give the word. Frem all I have been able to determine, the
quality of this program le¢ very good snd, perhaps, to balance
gowe of the criticism of MIT, they should be commended for
this. It provides the capadbility of doing all the things we
specified over a year ago with mumerous improvements added in
along the way. (I am certain, however, changes will be made
in it before flight for the same sort of reaasone we have re.
made SUNRURST ropes twice,)

-

3. It is now evident that the lunar landing programs =
COLOSSUS and LUMINARY - will not be completed for quite a
long timeee.certainly not for IM-3 and command module 103 ase
we had planned. This has forced us into the position of
having to use SUNDISK on Command Module 103 and has made {t
neceasary to develop an interim earth orbital program (SUN-
DANCE) for use on IM-3 and LM-h,

L, At this time we are in the process of determining an
accurate program glevelopment schedule for these three programs .
at MIT ag well as trying to identify the major prodlcm areas By
{n order to attack them on at lcust two fronts, namely, implee :
ment improvements in the way the work s done pnd change the
MIT organization to be compatihle with them, {I don't want to
~ minimize the sgriousness of this situation. WeNare in deep, .
rerious yogurt! j : '

5« One accomplishment of signiricance I would like to report

1s that we have recognized one wny of substantinlly improving

program clelivery by making sure MIT has a precise, approved

npecification of the spacecraft computer programs reguired by :
MSC right now. Our recent SUNDANCE and COLOSSUS GSOP revicw -
and arsocluted technica. direction to MIT accompliched thie to

By U.S. Savings Bnds Regularly o the Payroll Savings Plan
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large degree.  Hovever, tnere wie onc hrgefam hcking deﬂni. :
tion and MSC approval, namely the .change in the structure of the .:-
rendezvous programs which Flight Crev felt to ba mandatory to . -
subetantially improve their operational procedurss. In ordex'-.to_-_
7 complete this program definition phase aa quickly as pnssible, a .
.-team of NSC and MIT pecple spent the week of Outobder 2 at NIT formue'
.. - iating and documenting all unresolved itvems in GSOP Chapter h formnt.
> T think this vas accomplished very well in terma of both quality und
“speed resulting in a rough dreft of the GSOP with MSC approvul upon R
- " which MIT say prepare the fiml mop und ocwnuy ‘begin promm T '
- deum and coding i-duteh. REBCRERNS BT

6y 'mun, all three programe, sxmms, wummr und COLOSSUB are :

~ now, in effect, covered by approved GSOP's ant nre under eonx‘igura-

- tion control. That is, any changes muat bo Mnd&ed through the . 0
‘standard change control procedures, SRR SRR
T+ Unfortunately, it is highly prubadble that u similar exercice
vill eventually be nccessary involving the Descent and poesidly -
the Ascent portions of LIPMAIRARY prbgrea once experience is obtained '

- in their operation on the simula®crs at MIT and MSC. Mandatory L

. changes to eimplify crew procedures are likely to arise and the

. lmportance of crev evaluation of these processors at the earliest
- time can not be over emphasized, What ever can be done b’ the S
" Flight Crev Operations Directorate to provide a meaningful evaluse: = =

. tion facility and to utilisze it for this purpon should be done for - __";_;.
mrybody'c 'benerit. .

o Addmnscev L o
- ::-‘v('nt atuehed lut)':. R
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NEEZY R B rwr-e—w \

_ UNITED STATES GOVERNMENT R -,-..;jé.;_.',,'_., - m
\-]xMemarandum o meascem ““"‘f",_

uue' :u..t mm s Coare: GG U
i s 67&-&41

m’mputy cm-r

_wu'r:f_;About mqueneynfmnmamniou
e _ 1. I learned aowthmp w othey da,y about hou the X co-.wutor
v - urnes mrdeavous” mdar data that Lo different than I tnowphte 4t
had been xy urderstanding, and [ thiak most Other pceople's too,
‘that reniczvous radar observations were obtained and proceseed
by the computer ¢very (0 seconts. In faot, there has Lean som
concern that perhaps that i3 not frequent encushs Well, it turns
- S  out that the time betveen otservetions {8 prodably more 1like 1}
R - minutes, What actually happens is the computer obtalns an odsere
i ' vation from the radar and processes it (l.e., redetermines the
epacecrnft state vector). Thia yreessing takes about 1% seconds,
Once processing L' completed, a2 ‘rniernal timer is set in the ?
. SR N cotputer to obtain the next cbunrvaticn one minite fyom that time, -
" : . In some cnces, it vaite even lorger if some or.her higher priority
: . . : talk ls undervay. %\
R K’ " In addition to reducing the amount of ndar data used during
EER , a mdsa.on, proceéseing in this vay prevents the crew from using
g "~ the computer odbtainud radar observations in their backup cosgue
S ' tations as conveniently as they did on Gemini. On Cemin!, you
L - recall, observation: vere obtained and stored in computer arOry
‘ - exaetly once ver minute vhich allowed the crev to read them out
at their convenience and be sure that they vere obtained at
" precisely 60 second intervals < a canvenient deltl t to use in
, their backup computation, i
3. ™is memo 15 Just to pass on thig dueoverv‘ 0 you. It is
not our current intention to chnnee this program, although I
' auppooe it would hava been nice if ve could. | 3

i\ddresnﬂt'a?
(Soe attached ltst)

‘[(2 ’#; 'c;fzz;, ﬁ‘iuuafzé%z,pﬂvm;a}?»«,
’I: . o ge0r ants /4 f‘?f(élf.frwﬂ Py
Z e P W / d/ @ Mo’ ev,ffagmfkff

M / w_t_f .S;lce.;/; / fl‘ “" ,»,, ,

Bev U .S . Sevings Bondr Regularly on the PM!! Covemp: P!y / //’
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M AeManred Spacealt Center
lnh ‘Fma & Aolis Division

Memorandum

8« n-t mov BATR: OCT n 196‘

Sz-u-s-

: _It't mx for Byaccmrt 103

oo,

- Y ? - . .
-1. m: mmistomkenbmmwxynunmam wm of the o
horridle decision ve had to make, Jamely that ve mm.st use the
SUNDISK spacecraft computer progre for Cowmmnd Module 103 as
well as 101. Of course, I am Dringing this to your apecial
_attention since it has obvicus influence on how tm Apolle
Operations Handbook u developed by NAA.

- 2. It 13 our earnest desire that CYALEEUS de m«v for the
Spacecraft 10k flight and YIT has Yeen go directed, dut I
should point out at this time we ave no f£irm Program develope
mnt plan from MIT yet showing bov they will accomplish this
consistent with current spacecraft dolxnry ad mght dates.

3. I can't teumbovooml

- ' | ) nd-u, Je.

Addressees:

CF/J. Bilodeau

) M. B. Dement ) P

PG/C. R. Haines . R
Je P. Loftus K : e e

m:mmmn; Jrepd

LT

B.} U.S. Savings Bondr Regularly on the Payroll S;oing: Plan
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. :‘.{iﬂ___;__f;f‘- Memomndum

See 1131: ‘bclov

':u

.’t‘_

m/cue_t,' Apollo Data Priority mmub&“ff] |

mu Prmrity coordmtlon - & plea fOr hclp."ﬁ. '
- 1 Over the past mr consideradle thought bn been given to how
o to conrdinate mission planning and procedures development involv!ng
7 ‘use 01" the various guidance and control systems for the lunar land-
. ing mission. .Initially, a four man pancl (Cohen, Jenkins, Smith and
. Xrumer) vorked for a month or 20 and assemdbled a pretty good preline
- inary set of logic flow chsrts descriding spacecraft and ground acti~
vity starting in the nominal m:seion with the 1N on the lunar surface
and ending with rendezvous, This work, you recall, ended with a rece _
cmmendation to implement the or®it rate dall in the spacecraft and tne .
penel was disbanded. Su.seguently, a task vas assigned TKW-Houston to .
carry on this work for the entire lunar landing mission, first under
the direction of Dr. Shea and then Dick Carley. In my new assignment
as Chief, Apollo Data Pricrity Coordination, I have inherited this ime
posiag task. This memxrariuc {s to request your assistance in two
respects. The first is to solicit your opinion on a proposed approach -
to the overall coordination prodlem. The second is to request your
review of the format and tectanical content of the attached Apollo
~Mission Techniques Document prepared by TRW, which, if proper, I vould
expect will become a prime component of wvhatever we do.

2. It has been proposed that *he technhiques to be used on Apollo - .
missions should dbe thoroughly documented and maintained under configur- -
ation control. Amnng other things the intent is to make sure everyone
vorking on Apollo whoc has interest in this dbusiness would know exactly
vhat the officially approved scheme is for all phases of the mission K -
© under both nominal and degraded cond!tions in order that they can oL
ineure compatibility of the work they are doing. Of course, a process ';
would have to be estadlishew for modifying these schemes as discrepancies
or undesirable characteristics are uncovered. That is, some sort of
change control is needed here as it s in so many other areas. Consie
deradble work has progressed under Dick Carley's guidance to get this
method of operation urdervay. For example, he fostered the attached .
TRW working paper which covers two Of the rajor mission phases--Ascent ,
-nd Rendezvous. It is their attempt at devuloping logic flov diagram, ..

'Bu.c. T e 7»—( ,u‘“";

A e S hmanr fpon

b
[

peesd moy K& L, 2 57

Buy U.S. Savings Bonds Regularly on the Poyroll Savings Plan
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\ describing the norml GAC functions, 1denutyzng decision points in the - .
nission, and establishing the provedures for monitoring the GAC systems -

. Tequired to asaess systems perferimnce and govern subsequent action.
. A8 far as I can determine, this document refiects the work of a few TRW .
E '-p:oplo witu oom n.nted mpf. mmt-ny obuma tron iudivtduah

A 3. It 1. Mdeut tht xn order to hon c t‘nm mm ucrnng document
- cloge coardination amd cooperation of all NSC elements and our contrnct.-_
. ors 1s required. What I would like to do, afier allowing eufficient
tiae for those of you interested in this vork to review the attached ==
. material, is to have a meetin: to discuss the mamner in which we will =~
- carTy out the coordination of this activity. Assuming documentation
of the type attached is a necessary part of this activity, as I believe
1t provadbly 1s, we will also review the format and technical conient of ,
at least one of the mission phases documented here. Our primary purpose -
-7 would be to make sure it does the' Job it needs to do in the best way.
\. Right nov I think 1t would be reasocabie to aim for a meeting on the
"Ascent phase in late September for that dual purpose.

.
4. Baced on the results of that meeting, I would propose to initiate .
a series of meetings early in the @Gevelopment of the documentation such B
SR as this for the rest of the mission phases during which the opinions and -
E\. inputs of everyone concerned smy de discussed and included from the
) beginning instead of after the vork is carried as far as in the attached, . -
_ The other mission phases are currently broken out as follows: (4) Bartk . -
. Launch - beginning early in the countdown and ending after LI, () Tral- .
'- ectory Maneuvers including MCC, LOI, TEI, (c) Lunar Descent, amd (d) Rew 38
entry. As you can see this all s;plies directly to the lunar landing . .. .
mission, but obviously it will also have conoidenble beﬁring on bov Co
fly the earuer development flights. ‘ _

I'1l be in touch vith you again,

- Mcloaure_
. Addreasees: S
(See attacued list)

00000095



ST roms B B - ' SRR -
- ¥ uilk @ . . .
oht Foue (4 GMR) Wi .-0h

UNITED STATES GOVERNMENT MASA. Manned SracecraR Center
Memorandum

2\ p6/Chiet, Rendesvous Analysis Eranch

Missos Fianning & Aaalysis Devision

oars: SEP 11 1367
- 67-M-7-T8 '

™W/Deputy Chief
* Mission ruvle for TPI - ground or onvoard

Thigs 15 just a reminder of an action item you picked up at our
August 31 panel meeting. As you recall, it 1s necessary that

ve esta-lish the magnitude of the difference bvetwveen the ground
computed and onboard camputec TPI saneuver wvhich is used Yty the
crev to decide whlch solution e=ould be used. I suppose it will

be based on the same sort of thirg we used for Gemini, TFlease

let me know what work 1is required to figure this out and how

long you expect to take doing ft. Also, could MAC be of assistance,
I wonder?

ces
CF/P- KXramer
FA/C. C¢ mft’ JYO
FC5/C. Parker
™/J. P. Mayer

C. R. Huss

M. V. Jenki: *
F3/J. P. Bryant
FML/R. P. Parter
FW Erench Chiefs

M:EWTindall, JY.:P)

Caegug, Somic Rogmlariy om the Puiroll Savings Pio
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SUBJECT:

oy
e
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' 2. On top of this, the conseqienees of fallure are prou-hly mich rore

AFTERA, +naw N0 W
MAY o 1 Tww
Rea rovn it cru) 3 .100

UNITED SFATES GOV LA NMLNT Kl s
A/ Bissigrs b oty @ Raddyd B
Memorandum .

o R ~
 Fs/Chief, Mathemitical Physics kiunch ; vate: SLP 7 1567
: 6(=FN-T<TT

FM/Deputy Chief

How do wc get and use LM reniczvous radar observations?

1. Therc 1s a lot of concern st the present time roacnrding the manner
in vhich the 1M rondezvous radar data is to Be processed onboan! the
spneceralt. I feel that you rivvuld devote as mueh atlention o thiz o
you possidly can sinece it {nflucnccs doth the formlation of the space-
craft corputer program and, o a large cxtent, erew procodures, Of
course, there are the usual prodlicerns asnoclated with eny systenm which
mist €dit and veigh data automtieallys, ALl sorts of situition.: ray te
imagined in which such a syaten would fatl, of couvrec, and £o our firct
irpulse 18 to romshow get 2k ren 4nto the loop. When you eonsidor how
this 1s done in the RICC witk = great bnttery of epecinlists and i-ulti-
Ple dleplays epecifienlly desimn=d for this purpore snd cormpare that
with the spacceraft’s relativeixuatreined pilot with almssi nothirg

to lood et to assiet his Qacisien, the scituatlon appearz qulte critieal,

serious. MNyron Kayton showed =e soze test data of 1aiar biacis versus

radar gimbal angle deflection fro= doresight. It looked corcihiag like
this: ' ' mo————

8

Rias b

RAD g
0 - f
N T |
S0 . 20, 30 ho

Gindal anglc,der;'cos

Ry U Sevcngs Bonds Dol Ay o the Payendl Sovivzi IV on
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30 .'Aceoxding tQ se'veral ot the astmmuts
.ascent stage;. particularly with empty tanka, is" extremelymsenaitive.'

. '(Something like 5 times more reaction to a minimumimgulse-thruster

‘. firing than the Gemini spacecraft.) And unless ueiare vwilling to expend:
" tremendous amounts of our RCS fuel, it is probatle: that relatively large’
. attitude excursions must te pemitted during the collection of rendezvous
* radar data. .This consideration coupled with a go-called bias radar -

' . characteristics 11lustrated adove sug&eats to me that the error on tne'

. data wil) most likely appear as random' .noise. If 8o, perhaps the proper
. «ny of handlirg that would be to taxe far more observations than one rer.
“sirute end include only a constant ‘sias term in thé radar model detere
"’-‘..ned proflight.: This would permit us to drop the yeal timc. "improve- -
meat” of the radar bias terms in the onbomxd orbit determination proccss
making it mach less sophisticated-..and more 1ike1y to work!

h, X suggest you get together with Kayton, 1 T you have not already, and
“lay out a program of analyses to de carried out in parallel, complimentary
-to and independent of the MIT work. This work should be designed to - -

- ultimately select the best methematical formulation of the onboard computer

- programs, the data. rate, the computer program controls required by the ..

. erew, and the procedures. they must follow with regard to spacecralt: at*itude .
- control during procurement of observations,- and mamal data editins and
diophy rcquiremcnta, ii‘ any arc required. - \ _ ‘

Eo 5, " Aa ununl this mnt all be done as quickly as poanible ninec m‘oe,ram
-+ development and procedures are moving ahead. - On the other hand, I am .
. sure flight experience and analysis are going to forcc modifications 4n.
:~this program bYefore we go to the moon and: you should not sacrifiﬂc“;
fqua'!.ity for. speed. o T RS TS ST
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Memorandum

I & you pay . have hoara., ve hndz the Pirst’

_;mu Friority Fure) meetinge lsst Thuramy, ‘

~intant wad Lo go: tbr:m.h the four nn:;or emciu on;

101 mj seson’involvirg the Gu; : eRA’

- 1ng but ‘tire A1 60t porsit dscussion of morc:than the EBS mencuvers

" and rendewveus,. As b Mb.tlt I have set up & TolYowup eoting on
,"mursday, Septembex 1k, in Roon 660, Patlding fat 9100 nan to

"Tinish that,  Tne tvo:mission exereisos I.expe '

“bime on avei (s ) retrofire ond reentry and: (b).earth landmork: tracks’
““ing ond navigation, " In additioen, i the guidanee: syrtems per!‘m*mme
3 duta 1s availablc as raquentoﬁ lnst tim, we will also go over that

'9".': I hopcz your organismtton can partieipntzo in ,thin ‘dinouanion, ,whi«..
I look upon tis being i‘or information uohnnge moxe: _thnn for dacinkm!
these varioug t‘ungs arc to be done and hov the

utilized.

\ ) AT
Addrcosom' S ‘
(Sce attqched list)
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B ataint AN AFERRELLHE N B 4wt S
BPTIONAL OIS O, - . : B
SAY 1Y ROITION : '
€34 PrMA (o3 CoM) r-1n8

UKITED ST-\TE.; GO\ ERNMEN’I‘ HASA Mooned Spvveansi Consy
i il \ vionheii ll\

M . o - Misyion Plai:tung & A‘ca}}&s Dw;aum"' ,
6 198?

'.Ihis‘ -13".”.' . to mke sure an get the vord in ¢aae 11 influencea

. your work In.soms wiy, As I undarstand it, Mr, Inv hng A'vooted that
. IM~2 be configured for unmanncd Tlight onl.)'- t\‘li*iun“b*"cﬁ“"&'ﬁs*bzd':Mf:mhda
- that the first manned IM will be the IM-3 spaceavare: If it's found -
unnecessary to fly a second unmanned veld.: ve, .,M .;irvil‘ be revorked
to be flowvn mich later, perhaps on mn ARR .niasrn ,-=?:‘oﬂ- thing we must
~determine ic whether ancther set of RURST roper’Biolil i be mnnuf‘ac,tured
for the IM-2 spacecraft at this time, and 4t any mdi:ication., should

| be made in them. 2

Homrd W, 'J.'i.ndall, J‘r._.

.Addream.cw '
FS/LO C. Dunqeith v
: -rss/ar. C. 8tokes
- Ty F. Gibson, Jr.
-'Re. 0. Nobles o
’ : - Lo Ao h’y
7 FM/3. P. Mayexr
. Ce.Re Huos
S0 Me Ve Jenkdng o
m3/.7~.i- P. Bryant -
%7 Fe Re Gurley..
GQ Il' Hunt i
_.FM!IH/R. P.. Parten
= FM3/B. ‘Diteber
,:m;/R. E. Froull
L RIS P dann
* Fi/Branch Chlefs -
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o ..)/h/J,,.,g all?
APTIEMAL FOAM b % ‘ . .
.+ Gaa oA (o wo) wrone

, 8 been almost e m umlzkuas out A ‘pote on
_and unee 4t keeps coming up X ‘thought 1% migh mt"

lhneuveru
B . AR

 - Horisontal
i ,,mm (vmm:.) “odb u/rpc

These muzbers describe the change in altitude (in ‘muttul nleu) s
a result of making a horizontal or redisl mnguver (in feet per aecond)f,;,
The change in altitude, of coyrse, occurs 180" of orbitel travel after
a horisontal maneuver, and 90" after a radial maneuver, Incidentally, -
it is no coincidence that tln values for the radial maneuver are exacts
iy & those for the horisontal. This is a true, mathemat{cally defined:

- relationship. I point that out dbecsuse it might be easier to Junt '
‘Temember valuer for horhonhl mneuvers m ‘the uetor of h
the others. L e

2. Aside from uusion yhming conudcnuom auuh n :.‘out}mll S
rendezvous, ete,, the radial maneuver moi.ttviwmu of interest from
another standpoint. Specifically, nov that ve have guldadce systems
with rather poor pointing accurscy under certain conditions we are
. 1ikely to pick up an umanted velocity increment in an up or down
direction, which change the orbit - perhaps dangerously, -certainly-:
" undesiradly, These coeffioients will allow you to utmto tmwffe t
of these dispersions on the maaet.ory.

R f
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tu.hu;ctntf uottu on m. Goorn-m
about uncoupling Sp«cnﬁ 101 and Spacesresft 103 Arﬂuntw,

o & Saturn S whi
mnu no yud ‘readiness scheduls implications: : The LN«2 wili ve
available at the Cape ¢arly and, epparently, Epacecrest 103 1
*trailing 101 by about 6ne month. He feels that, although the
aseolute schedules themsalves may de mushy, the. uhtivn lchodule /
botv«w m cna 103 will: mhbl.v bo .tauinod.

2. 'nn poznt of nn this is that there s no obviouo mson ror .
*deh:r of 3 months, or even 2 moaths, between the launch dates of
- thoee two spacecraft, In faet, he vodld 11ke 40 lee ua retair the
capadilily of flying one month apart. Amnntly, erev treining
“wild not preclude this and I guess there is.some. gort. of axerdise
-going ‘on in JOD to see i we can handle it, (This note is:to nm.
- Sure you are-awvare of the situaticn s0 you volNt get caught - - -
. essuming & period of 3 months 1s necessary be ‘
4 mst say thu had no%. 'been cleu- to s borore
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- UNITED STATBS GOVERNMI‘.NT

. on August 25 ve had a ntthe mtin of Fiight Contro
Softvare people to discuss adding a program-iin;the RICC to reload the
spacecTaft computer srsssble mssory in flight. This might be necessary
% to 40 when the LM computer is povered up for the first time in each
. omnned nigbt or in the évent of a fl‘lh otart. Mcur.rins in either _ho ‘

oo nisht cuntrol Diviuon hae pmidod tm-clpubinty or ehecking,‘ :
-..j,the meoory of the spacecraft compute agalhst atored values to inform
.. the flight controllers if eny of the critical eresadle parameters are in
. error. This is pretty much a samual operation Using a 1218 computer in:
»Building 12, or some place 1like that, imvolving hand tarrying the dats
- from one phc’e to another and mamually scanning an oneline printout.:.
. response time of between 30 and b5 mimutes has deen quoted ﬁvn tho
nquect to uuuate thc check until mipt of thc dau. o :

e 3'. Huvmg dotemined that reloading the mubh !.a nquircd, f.he nub
. 'sequent task becomes quite formidable at present, It is necessary for
. the-computer controllers to type out' the uplink command massage word
.. "' by word which takes quite & bit of time and has ‘high risk f deing in
-error. We concluded that an autcamtic RICC program to do this - Jod
- could bo added fairly easily vhich vould speed up the process a gredat < ::
" deal while providing high confidence that the message vould be formulated .
' correctly.. (It should be emphasized that neithér the checking PoOr upe::
- dating of the mesory, €ven uung cn meo-tic mc mgnm, u e fast
_ mnponse procedure.) : . : o

By ALY together on],y . mu pnx-t of m-'eous;hm of erasable memory
{.ia involved in this process - certainly less thin 200 vords and probably
no more than about 100, Charley Parker (FCD). intends to identify the
actunl parameters in the near future and include this liet in a request
for development of the new computer pwogrsa to ‘the FED, - He will alsc
epecify that 1t must be possible to modify thesé critical parameters:
- stored in the RICC program since many of them change as the flight
- progresses (1.e.; sctelerometer Disses, spacesrift inertiss and weighti
- ;- Binoe. the 8/ 101 mm a« ‘not even need a em\m ,
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Memomndum

,_‘mu mulun 1s Just a m m 2 mﬂo’&' ccuoﬁ u-':
~dumuun|uu:nn4wuuutu-vun1mnr1nﬂuu(lurnnum o
Aungust 1T.. I think it s very {ixpamrwant that you feally get on
vith anslyzsing the performance Of the rendegvous mavigation in the
IX using the radar. Two items you sboulld epecifically address are -
the manner ia vhick. the redar disees are handled apd the frequency
-at vhich the computer should request odservations from the radar,
Regarding the forwer, I em very much concerned that there might
be situations in which this sophisticated redar dias estimtioa
sosehow fouls up the entire mavigtion Jrocees. With regard to
the frequency of the odeervaticns, I expect v vill ask MIT to
change the rate froa one per misutes to one #very six to ten
seconds, or something like that, on Angnst 28 & 29, Of course,
that is jJust a guess and we vill all De interested in getting
your final opinion after you look the business over.
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UNITED m\m'_eovnm_
Memorandum

-'m. mndnis tonquut memmmuw tbe
business of how the use of landing redayr Odeervations in the
tpacecraft computer during descent inflnences the onbouﬂ '

“ deteraination of the fimal landing point. WNopefully, the
landing point is essentially fized price to processing of the
landing radar data dut that mmy not de Che 6gee, It might
reelly foul it up Quite a dit., Our prodlmm, of Course, is to
select the dest LN position for use in sudaequent real time
rendezvous aission plaming,
change required.

ees
’NIJ. P,

C. R. Buss
 Me Vo
MR/R. Po Mn
’5"?. 'o Olm
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UNITED STATES GOVERNMENT

Memorandum

. Ky

1. Bob, 1t looks like I've hed my head up &nd locked for the
last year or so along with a fev of my cronies over here,
because ve sure did misunderstand the division of responsidie R
lities. And I am sorry about that becsuse Ionmoure {¢ mst .

have contributed substantielly to cur Frotlem, - AP _
2. Inany case, the division of revponsidlity you lay out in .. .
your Aumist. 22 memo to me, B023-145.67T39, looks Just fine

and we vill take tmmediate start worki

ocusly, the support you
badly needeq,
have all had
3. Thanks for straightening us out!

[

“PD/A. Coher, . -,
- MJ-; P. )Iyer
CU Gt R Buse
T H} Vi Jenkine -
ME Js Py Bryant
- PML/R. P Parten .’
- PM/Branch Chiefs . ..

T T ST ST S A S 00000107



SIA Mab 11 CM =B

, UNITED STATES GOVBRN\IENT
-Memorandum -

¥M/Deputy: Ghilef;: Mission Pl.\nning and
Anfiiynig Division::

Reference ia mde to usc menornndum 67-;1(.'5.52 spac.mﬁ, ccn;mter
‘prosram atatus - particu.lu-w amdm;, datod ‘\W 1, 1957. e

‘I 'me ref«renced memorandum rwieu the status ot tho Sundilk computer
program, and includes comuents that could be misleading ti those =~

“addressees who do not have the dcvelophmm bmzkammd oi' the digi-

tnl autopilot (DAP)

; It is the understanding of the Gui. !ance and Control Division that the
'. ‘management responsibilities for the DAP’ develo;ment, programmg, veri
rication, and spacecrai‘t integration are as fo]lovl:

e

R Develo;ment. (im.luding requirementa dei‘inii;ion_ and design
- verirication) - SVstema Analylis Branch (3CD) .

b."i-’ usﬂware prog\ nming (inc..uding documtation) . Flight
Szftware Branch (FSD) .

T . Software Veritiution (including docmonthtion) . Flighf;
Soi‘tum‘e Branch (¥SD) , 7

d~ Spacecrai‘t integration - GCD Prodect‘ Ofrihes

: In addif'ion, the Systcm Analysis ﬂranch has the responsibilicy tw
" provide tectnical suppcrt to FSD for items (b) and (c). Exemples are:
© (1) review and initiation of DAP test plans;, (2). ‘anolysis of DAP test
_regults, and (3) initistion of independen® DAP. urlt‘ication (dosim :
md uaftvau) by uthor aupport contracton.

n‘ u,yos;ibly {naicated in the reference, thit;divilicm oi‘ rospcmsi-
.bility 18 not presently:in effect, there is a miswnderstording, and .-

MPAL, FSD, and CCD mut initiute action to clnrii‘y rtho responsibili ise
. n ehe DAP Hre‘c .

T — 00000108



uppwdxinhtew cne year ago. and are docwnted 1n tho 207/°08 BSOP. =

Fonouing the night schedule namrne ’ cho ‘decision vu
mnde to modim the IM DAP to reduce (1) camputer memory nquircment.c,

* (2) computer execution time (particularly in povered descent), and (3):

control system sensitivity to knowledge of envirammental concitions, .-

.. It should be noted that a significant numder of potential design agn-
. ‘ciencies have been established by the detailed IM-1l:verification
- . gtudies,; and approprnte nodincat.ims hlvc bm muuded into the
limplified IM DAP. : ‘

Ve DAP pox'rcmnance has been aaeritieed to. acccpt a i‘irat

stmcturnl bending mode frequency of 0.8 cpi, Thia vas ‘considercd. &
compromige in order to'acdomodate the significant uncertainties fn the
modal data. - However, with the preasmmt low perf zmance control g° .ns,
the CM dccked configuration is conuidered unacceptable from a
“display-and mcnitoring viewpoint, MIT has been directed to investi- -
gate aiternatives to- correct this ectablizhed design deticiency, end
is active],y putauing this objective at this time. - :

| a Dr. Kemneth Cox attended the Ju.b 19. 1967, Boﬂ.vare "
‘Development meeting at Cambridge, and stimilated a detailed. diacuuion !
on general DAP development status. As a result, the management of MIT |
agreed to review the mangower requirements in the area of DAP develop-
ment, and to initiate action to rumedy the reccgnized DAP doc\menta-
tion dericiencies. : : by

: Sincc “the mnagement of the night softvare programing taxk (whi...h 13
"~ a major portion of the preuent MIT contract) has been delugated to™ -
. FODy.this responsibility should include the total product. It is our.
,mderstanc‘ing that this applies to the DAP's as well as all other softs 3
"_ware programs. Configuration control of the DAP programs should be
" exercieed in tho came manner as in the case for other . spacecralt come
. puter prograns. - A single point management contact (Howa.rd W, Tindn.u,
o Jr.) preaemn exiats, a.nd sucmam ccmp].atlon'-of‘ the. totul DAP i
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i desbims Lo dopendent upon close
: ;mt_mt_.a.pt ip@AD,_ FSD, and GCD,

PR
" PAfCs H. Bolender .
' P62/Ds C. Cheatham - .
~“F8/lynwood Dunseith = ... N,
Mo Ao F&get ' v -

- .PAJ/K. 8. Kleinknecht o |

- PA/Gi M. Low -
m/.r. P. Mayer .

EGZ3 .KJCox 'dbb 8-2 -67.
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: .UNITED STATI-S. GOVERNMENT
Memorandum

m/nopuw Chtcf
wpp.cr“.rf“ Oood.tel aff!eting the mc gleaned !m tho SOR MOP uoting

S I am vr.lt!ng this memorendum to you in mr poouton . mcc .
" yoogram coordinator for MPAD. During the lumar landing GSOP -
Cresiew of pugest 16 and 17, I noted a mumber of items discunsed o
whick hid somm bearing on the RTCC program, I would sure appre.
ciate it 1f you would 1ook them over and see if the RICC i{s able R
iy dy Lhe Jobs we assumed thet it's being set up to do andfor 4s | - . -
R ) Sedtant with the spacecraft cosputer promm : L Lot e

1, 'men in a routine which MIT proposed. for the CMC oalled
- lunar landmark selecction (R-3%) vhich we intend to delete taced on '
. the assumption that the ground can perform this function better ~ '
" and casler. What it does ia to recammend the best five landmarks '
stored in the CMC to be used in lunar navigation. They are presented
' to the crev in order of priority vith the landing site as number 1,
-1 assume the RTCC is alrudy premred t0 lup:pl,v this information 1n
- the proper format, ‘v

2. 1t vas decided that cuordinates of earth lnndmrk used
for navigation would be in coordinates of half latitude (
- and half longitude ( /o ) in order to obtain the necessary
-~ precision. These values are given to three de¢imal places, If 1t
" "is intended to supply coordimates of landmarks from the groumd, ;\_ o
© obvloual.y they should be consistent with tmt uniqun system, . .0

3. While in lunur orbvit all altitude, aposee height, perigee _

... height, ete. » DBKY diuplays will be referenced to s spherical moon with

,‘f\ radius equel to the current estimte of the landi.g site radius. (The .

\ only exception to thi: is the processing of landmarke which are ref-

Y. w . erenced to a prr-eatablished zocon model.) The point hero is that 1f

. sextant.mwagurements are made onboard the CSM the entimate of the U
w«.l.Snding site radius vill probably chang! aud 1t vill ‘e dul.rable to -

“” mke the nmc consiltent. _ SRS s RS

T

-
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e The lunar orbit inseruen (D)I) prethmst pmgmm, P-3
ancther good cancdidate for deletion. In fact, based on our recen‘
discussions 1t is probable we may not even want to targec for a:
_circular orbit, dut rather cut off the engine somevhat early in order.‘
.~ to make the powersd flight monitoring sefer. -In any case, if we . - 4
- ~"delete this program it will be necessary that the RICC targetihg be
mde consistent with the standard lasbert prethrust program, and it ;,
‘mRYy also be desirable to change tae RTCC pmgma to target for non- T
~ circular orbit. R

- 5. Anot.her deletion cendidate 15 the lumr orbit plane charge
and circularization pretarust prozmam, P-33. I assume it should be
'no problem to depend on RICC targeting for this mnenver, in ract,

i

I think we always assused the ground was prime. | ' .

/ -'""./

novardw. Tindal), Jr

CC‘ L
. F¢/P. C.. smrrer
" F8/L.:C. Dunseith
~_F85/C. Parker -
"7 Je-Ce Stokes -
FM/J. P. Mayer -
- - C«s. Re . Huss

© T M. Vs Jenkins
. P™a3/J. P. Bryant
. FMl4/R. P. Parten *
m/nunch Chiefs

m Mndall J’!‘. .pj

!

00000112



ﬂl(u-!:)-!-nu - . ’
UNITED STATES GOVERNMENT © SA.Manned Spacecralt Cgvﬁm
.o Planning & Analysis Divi
_. Memorandum R et
.TO i \PN5/Chief, Reentry Studies Section\\\“  pare: AUG 28 1952
o \T .. ’ . 6T-FM-T-6T -

FROM : FN/Deputy Chief

| SUBJECT: Is display of max g in P-61 any good?

During our lunar landing GSOP reviev esomeone commented that the
display of max g in P61 is of no use at all, It was said to
be grossly in error for earth orbit reentry and of no value in
determining appropriate action during entry froa lunmar return
or following an abort wvhen it is more accurate. It wvas noted
that it would probadbly de desirable to replace that parumster
with some other display and L/D currently loaded in the CNC

wvas proposed as a candidate. As I recall, mo & ‘gtlon was taken
at that meeting, dbut if you want to change this" think it would
be a good idea for you to recommend sammthing as soon as

possidble,
Q - '

' r. | . - m “o Mll, Jro ' .
NS . '

a ce:

{ FM/J. P. Mayer

C. R. Russ

L M. V. Jenkins

. PQ3/J. P. Bryant

PML/R. P, Parten .
& Fi/Branch Chiefs

& r35/T. F. Givson .

PM:EWTindall, Jr.:pj : R

¥

. : ' Buy U.S. Savings Bonds Reguiarly on the Payroll Savings Plan

Ll
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UNITED STATES GOVERNMENT
M emorandum

' m/czuer, Guidance & Performance Brench | paTx:

AUG 28 1367
“67-3(-'1'-66
FM/Deputy Chief ' |

P:ehhnch DAP initislizstion

During our review of tie lusar landirg G8OP's, the question of
prelaunch DAP initiel! :ation was drought up. As far as I can
see, there is no use ! r the DAP un=il after TLI, isn't that
right? For example, tie contingeney ordit insertion mancuver
does not use the DAP nor does CSM guidance of the B-IVB.

Accordingly, I shoul.i think any initializatisr: ghould he

associated with the first midcourse maneuver while on the way

to the moon. Isn't that right? _ .
/vl

/—-\ Hovard W. Tindell, Jr.
.
ce:
™/J. P, Mayer
C. R, Russ
M. V. Jenkine
™3/J. P. Bryant
PML/R. P. Parten
F85/T. F. Gibson

FM:HWTindall, Jr.:pJ

Buy U.S. Savings Bonds Regularly o3 the Payroll Savings Plan
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UNITED STATES GOVERNMENT o -
Memorandum e S -

FWS/Floyd Dennett’ ﬁ " oats: AUG 28 1967
: : . g 6T-IN-1-65 -
~ P¥/Deputy Chief : - '

Delete DO thrust program, P-81

This is a reminder of the action itea you picked up at the lunar
landing GSOP reviev Angust 17. It wvas our desire, you recall, %o
delte the DOI prethrust/thrust yrogram, P-61. It seemed at that
tim» that {t should be possidble to make this small mmpeuver using
the external A V targeting froa the ground, particularly if a
descent engine thrust of 30 or 4LOY could bde used. You detter
assume it will be deleted unless ve hear advice to the contrery

from you. _
%4% r B
Joward W, md, Jr. .
ce: .
™/J. P. Mayer
C. R. Rues
N. V. Jemn’

™Q3/J. P. Bryant

PQ4/R. P. Parten . | .
FSS/T. P. Gibson ) .
PN/Branch Chiefs g -

MM:HWTindall, Jr.:pJ

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan
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- o
some’ eou:doutzm. was given to ot amking any

- e
mmmm since without changs the mxisn uiss distance
.vas only 15 nu and that was

wc Pelt that if clungiu

schedule impact and vere directed to do 80..
-only chnngu tt-t vas ne '
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fpeople gave, an informl triefing on Apolld:

“the lunar landing mission starting with the. W w«:tim
(TLI) maneuver, :One thing that impressed mb W' the large mumbaxy
‘of situations in which dependenca is given to uiing. the: Descent.:

" Propalsion. Sy!tem (DPS) to maneuver the combined IN/commnd moduls
“configuration, At that time, X remarked that some difficulty might
. be experfenced in aligning the Ii platform.  This mndu.n 48, to

_pass on. mt T hnvo lumd about that uneo then ;- :

“In the’ nontml. lunar hu!im mssion, “the t3 plAtforn would ve
- conrse alighed while the two spacecraft m still docked together:
by using a knovledge of the command module platform aligmment and-
‘the relative orientation of tie me-&cnfg savigation bases, This .
should de good to within something 1ike 2 in all axes,. The space.
"eraft would then be separated and the IX would earry out a fine:: ..~
* aligmment using its own optics, Obviously, this procedure cannot
‘be used in an adort since it involves separation. As I underwtand
‘1%,.1¢ 1s possible to utilize some position of the I AOT in. the
docked. ‘configuration to see stars for alignmetit, dut this i Mt'
done since the LM RCS' mmnt costs would wt:y:mo :

“the spacemrt does not go Into anrlmen; ‘ ' s
_proposed abort procedures often require. that the DPS 'burn be made
-.within 2 hours of the abort action wvhich :uti quiu e tight Gona- o

00000117



B Addrin, I,
cr oaom
Ceo' He Woodling .
e P.Mr (2)
C¥22/C0. Co Thomes
C¥3L/Te B Jones:
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\ ‘ /L. :-'c.':. ‘Dansesth
P83,

. Kleinkneca