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Jﬂemoraﬂdum MAJA Wanned Bpacesrnst Contey

Y ¢ Bee 1iat attaoheq - DATR: June 13, 196
' 69-PA-T.93 .
os- ;- PA/Chtief, apoiie Dats Priorisy Coordination

RSIROY! Bome slgnifioant LIMINARY pr-ave ohmnaes you whould ¥new aboyt

I really plew it at the June 5 Apolle Ipacecrasrt Boftwnre Configuration
Control Board meeting, Althoygt dozeng of rather minos Changes vers
8pproved, the ope I vas most coneerned aboyt vasn't eyven d1scussed ang I
complataely fergot |t This memo 4, to inform you that ve are nov des.
Peratsly Lrying to include x capability {n the 1M computer program foy o
lupar landtng £11gnt In Novembar Hion substintinlly improves despent
abort tarpoting and proondureg, Qurreatly the L¥ tescant dort programs
tarme the apagr~eare 45 ineeps ton Lenditions whien 4, WY ontirely

v
* Rood Jop, Unrortumtely, If we have o descent abort thig mkes ¢
' hecessary to trim the Intertion cortitions based bn rround targeting,

eliminata {14 need, A rtherme pa fup shorey late 15 povarad densepnt
that 15, aftap P o+ 1 mlmr.enj it In BCCNIBALY fop tg IM to axcoyte
8 phasing mneyver ALProXimately One=half pay aftar tsertion ta aet yp

acum.) The othep apmbillity which my have to he dropped 1 thm rendesvayg .-
radar sutomtie acquisition Frovided by «he Paum.during the Descent Abort

t0 avoid 5 momPULAE cyele problem, g 18, obvicusly tie computer on

44 50 mioh 1p o Piven periog op time ang (¢ 1, MIT's option that
8dding the proposed sophistication in the #uidance my cause ys o xXoeed

i
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ehat limitation. This in turn forces us to give up another task and we
have chosen the soscalled Rendezvous Fadar Desigmate Routine.

This Fiml parsgrazh 18 on enother snbject, tat I thought I would point
out that ope of the more slpnificent apzehil.t’es added last Thursday

was the capability for the crew to resiout raw repdervous radar range and
range ratu data on the DEXY during the operntion of tha Rendezvous Wavigh«
tion program (P20). This capability had Iven requested several times
previously but never made {t in te the prosymm due to s¢heduling probdlems.

Howard ¥W. Tindall, JT.
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UNITED STATES GOVERNMENT

Memorandum Tah ned Spacecraft Center

See 1ist attached s St ' DATE: June 11, 1969
' €5-PA-T-G2A

CEX Reacue Wisaion Teshnigues are complete and clean

On June § we had our final Missicn Techniques meating on CEM Rescue. I

am pleased to report that this rtuff spoears to be in very good shape.
After wich hard work by many beople, the CSM rescue rendezvous plans )
shake down to only two basic profiles, Fach of thege hae 2'nor modifica.. -
tions to account for the number of reve required for TeL iy G O RN LS
effect of VAarious peparation ranges on the rendeivoi. I T e
ihe peint to be made 1s that even thugh 14 18 Jeerl-le 4.7 - great
yariety of versione for COM resein derending on the in t-41 conaitions

and status of the LM, the fmet t't %he differ:nces between them are so
minor g!ves uc -.:surance that the limited training and similations we

are able to affor? choild se-w te caeck them cut adeguately and to

provide adequate acsur=ace Jnt they will werk ‘P w2 need them, The G

and § CMP's chose Lo Jeql witn them somevhat 17 *erently, but I think

their d!fferences are clearly vithin the realm of crev preference,
Specifienlly, Mike Collins {G) n1s reguested an belng provided with
what he calls s "Cookbook™ of pru~elures. It ciasists of about 18 different
twvo-page checklists, each designed for = specifie abort situation. In the
event of one of these aborts, it will cn.y be neceseary for him to select
and uce the appropriante pages Jdefining the operation of tte guldance and
gropulsaion syctem in the urual checklist detall and glving specific input
targeting parameters and tricking schedules, They slso contain typical
relative motion plots mnd maneuver magnitude all referenced to OET. These
two-page contingency ehecklists will each be thoroughly reviewed by FCD,
FCSD, and MPAD people this week to make sure they are accurate. Dick Gordon
(#) apparently prefers now to rely somevhat more on his memory and knowledge
of how the programs work and so forth and doss not intend to carry these
cont ingency procedures with him. It {s his feeling that the differsnces

are really minor encugh that he should have no trouble in carry.ng cut the
appropriate procedures. :

My perscnal opinion 1s that either of these approaches are perfectly
acceptable and should work Just fine,

There wag very little new ta discuss at this meeting. Probably the most
glgnificant result vas our detuiled specification of control center to CBM
targeting mssistance required for the abort situstions., BSpecifically:

a. If the CBM muet make the "tweak" meneuver (that {s, if the 1M
{nserts into orbit unstaged), the ground vill supply the GET of the bturn

Buy U.S. Savings Bends Regalarly om the Payril Swvings Plow
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UNITED STATES GOV ERNMENT

Memorandum ‘ MSA lvhnmd tpacecrafi Center

See list attached . 1i; DATRI  June 5, 1969
| £9«PA=T=87A

‘
"

SUBJECT: PRN raneirg 51 7 anr of .. unnecessary

g

“Thas memo 15 to rentate our requ.rements for PRN ranglng while in

lunar orbit. I am writing 1t 2ince *thore 1o evidently some confusion
abont 1t,

At no time in lumar orvls 2an FL be elac~iflcd ae more than "decirable” -
never “mandntory,” oy owen “ulekly cdorireblsa” as long a3 thinzs are going
reasgorahiv well, T oonly time rancing eould become 1 requirement is if

the entire txa! - *_ I~*erminelon sys*%em blows up and it 15 neceesary
to reinitiniiz © eapqteh whan knowviedge of the current state vectnr

1z arzentinlly -
. !

dines tihe rpesls Aors arisin- recaently A2al with FRN reqguirements

Sdurine powersd 1L Kuow that 10, aceer.ani dercent, I could like to

further cWnte tRat dur'nr fpere perledis PR rancloe i# virtuslly of no

ure whatcoove,  Ir rmcet, the poscped Sliscnt progessor in the RTCC will

»< not oven necopt that tope of Inta. Accormdingly, 1f there is any advantage

to b opalinad i oconfliuring the o paceonmart to execluds PRN lurirg thoce
reriols In ovley o oormanes the ni it of obhor comtinioation wguircs
mepto, I oreeokmenl tiey tnta b jop

o'“.-—--—_—“

y

Howard W, Tindmll. Jr.
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Memorandum RAEA Manned Spacecraft Center

See list attached DATE: June 4, 1969
69=PA -T-8LA

PA/Chief, Apolle Dnta Priority Coordimation
G Rendezvous Ravigntion QJT is proposed

CMP Mike Colline called the ot'er das to ask If there 'in any reason
why he ghould not do active renie-vous nmavipstlon between DOI and PDI
on the G mission. That iz, he would lilke to run P70 incorporating
sextant and VHF ranging data *to uprdate the LM stats yector In the
CMC. His primery purpose lr - vet rome omathe-job_training (OJT)
before he has to do [t for real lurin;- tne upcoming rendezvous. You
recall, this was in the F Flight Plan and I assume John Young did
it, although I'm not sure, 1 tcli him that I knew of no reason why
he chouldn't and I have asked ceveral other experts who agree. I
also suggested to Mike that he ccntact John persomllJ to et any
pertinent F misslon feedbnex,

Thic memo 1z to {inform you that this activity wlll be included in
the @ mission timellne unlers cometody comes up %ith & walid

oblection. Do you have cne?
T

Hownrd W, Tindﬂlli Jrv

E By U.S' 305#51 Bonds Regularly on the P&rdféfﬂf'l’ Flan
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UNITED STATES GOVERNMENT
Memorandum RASA Manned Bpacecraft Center

Bes 1ist attached DATE: May 29, 1969
€9<FA=T-83A

PA/Chief, Apollo Data Priority Coordimation
IFE low level propellant 1llght

During our final review of the Darcent Mienion Techniques on May 28,
GAEC presented a comprehensive revicw of the low level DPFS propellant
light = its operation and accuracy. The mont significant piece of
information coming from thls was that we are assured of sbout 98
seconds more DPS operation at the hover thrust level after the light
comes on. An uncertainty of about four seecnds is included in that
pumber thereby making 1t the "oorst” cnce, lote that this is quite
a bit smaller than numbers quoted in the past, '

We are proposing the following techniou=. The crew should commit
to landing or else they should abert on mimite ufter the low level
light comes on. That is, the descent Is centimied in a normi menner
for one minute after the lirht, at which time the craw must decide
_that they can assuredly land or they rhould abort right then, By
aborting right then they have approximately eicht to ten meconds of
DPS eapmbility remlning at full thrunt prior to propsllant depletion.
Selection of one minmite me the s0/no go point came about based on an
tntuitive feeling that approximtely eint to +en reconds of DPS
thrusting is a reaconable minimum to get the IM the hell out of there
coupled with the operntional slarlielty of reeping track of a integer
minute durlng this busy and excliting time, It thould be emphasized
that time since the low level light shouli te the primry cue and would
require no secondary cue provided the light Is not malfunetioning and
the crew noted the time it came On. In that event, of course, they
must use the backup system = ramely the more critical propellant tank
gauge indlcation of three percent remaining as theiyr cuteoff time for

maki the no decicicn.
ng go/no go c | <

Howﬂrd Hr Til‘ﬂlll, Jro
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Memorandum

Sse 1iat attached DATE: May 28,.1569

’ £9»PAT=820
PA/Chief, Apollo Data Priority Ceordimation

MASA Yannco Spacsopaft Center

Descent, Lunar Surface, and Ascent Miseion Technigues with the
H crevw

On Mey 20 acd 7L ve reviewved Descent, 14 ar Surface, and Ascent Mission
Techniques with the H crew (Pete Conrad and co.). . This get together
had two major ocbjectives « to tell the R erew how ve think these things
should be done and conversely, for the first time to get a fllght crew
reaction to the techniques since 'n the mef., they have been f'.med 1p
too late to review thoroughly with the G crev. In genersl, I think

we are in pretty good shape on thls stuff although there are, of cruse,
the inevitable open ltems and questions we never scem sble to rid il e
nelves of completely.

It was interecting to note that the H crev seems deshitus of ratting

back come of the amctivities the G crew considered worthwhile. There

are also obvious -hilosophical differences in their attituae regarding

the use of the sutometic systems ve. a more mamial mode. (omrad seems
mich more inelined to stay with the automatic system longer than Armatrong
ap well ms innipting that they work. For example, he does not propose

to continue in the face of no landing radar data, vhereas Nell apparently
ferls he onn rubstitute visual data for {t. Some other interesting
examples are: :

a. Pete would 1lke to drop ocut all the visual obeervations of the
lunar surface, both before and after PDI including the LPD altitude
checoks. ‘

t, Pete would llke to subst{tute a landing redar altitude check
prisr to FDI.

-

¢. Pete wante to do FDI face up. (Hallelujah baby!)

4. Pete also wants to drop the crev voice report of their estimate
of where they sctaally landed,

It might be worth reporting some ather Interesting things resulting
from our discuseton: ;

a. We probably ought to add in some sort of AGS ;'drire check pre-FoX
aftzr the POHCS alipnment check using the sun. : .

;‘::k,,_é_- = ¥

i
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b. There {s still a controversy over when we ehould switch to the
AGS. Some feel it should be done only {f the PGRCS is depraded to a
point where it can't make a mafe orbit; others feel we ahould awitche
over aa soon as 1t im certain the A" will do a significantly better
Job than the PGNCS,

c. The decision has been firmly mede thut the crew will not manually
backup the automatic landing radar antenm pnsition switch,

d, There ls still scme work to be done in establiehing procedures
In the event the CDA failure lirht comez on late in deecent, BEnrly
in descent, I think everynne agprees the crew must nwait secopiary cues
before deactivating the GDA. There may be poms sdvantage to {mmediataly
turning 1t off if the llcht comes on late In descent in that it may be
poesible to complete the landing using RCS attitude control only.

e, It was suggested that some sort of VHP ranglng check could be
done wvhile the LM is on the lunar rurface, pertaps during the last overa
pase prior to LM ascent or even during the ascent itself, We will have
to 100k into this to gee If 1t 1~ prectical and useful.

Glven the longer lunar stay of the H mi=zsion, It is clear the puldance
system mist be turned off to conserve electrical power., This has obvious
implications on how the system should be uzed Just after landing and
Juat before lift-off. We have also decided to throw out the simulated
countdown for lifteoff at the end of the first CSM rev, As m result of
thes® and other things, I have asked TRW to revise the Lunar Surface
Mission Techniquer and we will review them with everyone when thay get
done. :

*

“a
Howard W, Tindall, Jr.

FAHWT: I8
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UNITED STATES GOVERNMENT
Memordndum NASA Mnnned Spacseraft Center

TO ! See 1llct attached DATE: My 76, 1969
69PA-T=81A

FROM : PA/Chlef, Apollo Dwtn Pricritr Coordinatlon
SUBJECT: Atterntlon vorthy Decceont Frormm Anoraly

(e Kenzs brgannb £ o tached G m!-clon LIMINARY Anomaly Report
1o my attenlon, T oRave noe e Re b happened to £ind 1 amonpeet
A1l e more fnotonith orer, o ow: o lre ccomed particularly
awmwe or concerne.d o it I wmntel 1o brines [t to your

areantion.

T e

T otevvr ke MIT FE rroe-ures defintfively
i ot YInt 3t ko Lolerent s svotem 111 ot Tor delay In the

S RITARCHS CHES K72 LN
A
. Hommrd W. Tludall, Jv,
Enclo-us

- PAIIWT I
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UNITED STATES GOVERNMENT
Memorandum VASA mned Spececratt Center

™ ! 8See liat nttached DATE! May 15, 1969
7 £9nPAT=T8A
Yo% 1 PA/Chief, Apollo Datn Priority Coordinstion

—

SUBJECT: Sorx "improvements” (n the Deseent preparntion procedurds

An we wale deeper and Jecper into Densent Mlosesion Techniquea, one
thing coming into focus ia that, of all IMJ error sources, the
two thnt hurt the most are accelerometer tins and y-axis fpit:n)
mirnllenment at DI, Hnvine vecopnized thir, we are now TLOposing
nom: eprelfle procciure: ‘e rinimize them, Thir meme 1s to tell you
a1l about [t in some lencth, I'm afrald,

Thore is no better tost el for letermining rucelerometer bilas than a
epacecraft in orblit, Any output from an necelerometer is bias and
procedurns have heen well ecstablished for monitoring, seleeting, and
updnting the nceeleromnter thias comrensa*ion terms in the LGC. On
fltiehts prior to G, the rraetlee Lag meen to estadlish a threshold
brlow whicd, the aorpenration vould e 1ect nlone and nbove which it
would Le updnted from the 00, Many of u~ now foel, and I am proposing
thnt on the Q mirsion, !* -~hould e standard procedure prior to DOI
for the MCC to update azcel@rometer tins compensation terms in the
LGC routirely, repoi-iless of how good or btal the currentily stored
values afe.  The thre hol! 1s cero,

Fiteh micadlipnment L oa 1ittle LIt tousher, May I first jJust state
mome faola to aill on?

a, The cuprrent Min on Tectuiniquen provide only A coarse IMJ drift
cheok 1y comeari-on of the fceked IMU alipnment st DO - 2 hours to
the umlocked AQT nl'yrment gorfermed nt DOI « 2 hour. The docked aligne
rent y-es the COM IMY At 1t pefdrence and hans an eatimpted acouracy of
4,09 in 41l Axen, g0 JPLIPt Tatea an lare~ ag G,5%/nr could po undectected,
(Sperttionlly, the neeuricy of thin Arift entimte {s + ,20%/nr,) PDI
pcours atout 1Y hours after the AOT alipnment, which meana it ie possie
Fils fir 1lteh r-aliprments like 3°L9 to build up, That's sort of a
worct en.n vind of mumber, and to quote such & value will drive statis-
tlenllyer niet neorle 0t of thelir pourds, but it helps me meake a point.

i, MNlorebie titsh miaaliprment nt PDI to support a successful
Mty s ik the erder of 19 w-rumtng the landing radar comes in early
Tigrrn ¢ competiyats for the lircperslons that have bullt up.

e |
:
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e. Descon. aborts become naznrdous if the pitch mipallgnment at
T excends about 0,370, (™in mumber in belne moYe nenurately deters
mined, hut I'1l bet 1t aomen out wlthin 1,000 af thnt p:uenn.) This In
nnruming the woret avort rituntion, pamely shortine at an altitude of
atout 13,000 fret brcause no inmiing radar data hac been ncceptedt, If
we are willing to y0 heyoul that woint with no 1apling Tmdar, the tole
erable mienlipnment 19 amaller than that, T point {8 thnt the IMJ]
performnee requiremcnt to eupport de-oent atortr appears to be the
more conatyaining than to pupport dercent. {teelf and T think we all feel
thnt it is intoleiable toO continur dencent beyond the point m saf~ nbort
rotld br exceuted with the dearpnrded PRNHCT .

4. Slnoy the AGC hns to b allpned to the JGHCS prior to FLI, v
piteh migallgtment 1n the PGNCS has an 27ual offect on the AGD. They
are not independent in thle reaprct,

w, Given hipgh Lilg pate tolemetry, crouni monllorthy technlguen
ape ndequate £o detnet an upageeptalble IMU mirnlicnment wlithin the
ripet twe minutes of powrroed dereent. Thu-, the crew could be informed
4wnd lnotructed to abort safely.
¢ To abort s lunsr lapilns mirsicn, T it ecculd have been caved

.

by improving procedures, is rather unacceptable.

Paced on all that, we have two rrcomm-tiintlons, either or both of
whieh should help the situntion con:tderntly.

the first le o proposal for A petter docked PGHCS alignment suggested
by Bob White of MIT, which chould nllow us not only to Aetect 8 drifte
ing IMJ, but *oO update 1tn compensnticn such that we my proceed with
A nominnl minslone. Petallod progeluree deyeloprrnt and performance
nnnlysin ip upder way at this time, It will Ademnnd pome modifiention
In the erew timellne durine the LM nctivaticn and ehogkont period A,
well nr the implementation of n new RTCC and/or ACR computer proyram
and MCC procedures, The taghnt ue requiren two spacecrnf{t attitude
mneuvers while in the docked conflruration with the LM and CSM crew
eimiltanecurly Keying out CIU angles beforn anl after each of these
ntitude chanees, All of thic mipt he done after the LM IMJ has been
aonrnnly alipned ap {n the current [lipght plan, With this datn, the
r1!¢nt controllers ean aompute the LM IMU orirntation and torquine
angles required. Thie technique in expnated to be &A good re AN AOT
allgnment, It doen not require knowing the relntive orientation of
the two navigation bases noT peading the decking ring index!

The other proposal involves meking a drift check prior to PDI; it
requiree no MCC participation. Considerable effort was given to
ineluding an IMJ alignment in the timeline but mny of us have




oonaluded the liphting conditluns mke (¢ chuncey at beat, The enly
place 1t fltn in the tim-line tn from DI » 0 to PPI « 15, This
poriod is almoat perfretly esntersd around local high noon. Either
the pun or the moen ir In the AOT ficld of view Por almont this
entirve time, making uss of atara almoot imporgivle, Exanpt the sunl
The nice thing about the sun In thet 1t {c certainly vialble, Alse
glines the whole mirclon profile {n keyrt to lightineg topgardlers to
Intidlug elte and month of the yoar, the pun will alwayn be lncated
In the aame plae with pecpeot to the WM, MIT min been apkod to wri‘e
up A precine ptep by otop procedure for doing thin, Ernentiully it
conaistr of thn followling:

After entevins *h descent prorram (PO}, the crew would accept
the option offered them to en Into the nd)!pnment program (PS2).  They
world eprelfy the run az Shelr fleect "riar”,  The WK han the solar
ephermin and wikd contral tno spae s f bt bude to place Lhe pun in
the eentar of the ADT, ('.’":*' rour ¥otent pordblen rhoudd protshly be
dred to minimire attitu e ebanes unienr we do FUT with windows up.)
The crev would readout tre C71 imial angler Lo which the LOC 18 posle
tioniny the #pacectift; of particuler Interest in DEKY repinter No, O -
the yeaxis, The crew would then take over attitude control and cauyce
the run to erora the AQT vrtfconl line 'n the pltoh Aireetion at which
time the agtual opace aratf't CIU ansler wonld be kieyed out on the [GFY.
The differenge betwern this nctani plech CIY anele and the previcusly
noted predicted vnlue (s 4 diveet indlestlow of drift since the AOT
allgnment one hour ecarlier, The miscion Tule would be: {f indicated
nisalignment 1r less than 5,709, tne nominal miscion should be cone
tinucd: If the indicared rdonlipnment exceeds thet value, FDI must be
delnysi one rev, an AOT alisument would be performed two hours after
tha previoun ope and the MOC would detarmine apd update the PONCS dArife
compencnt ian prior o LOG,

The value off the £lpe.t resommenintlon lo that {6 provides a ohance to
deteet nnd t'lx a probilem wlithont forturoing the neminnl miesion. The
value of the eecont Lo tha' It nllowr !letecting nnd fixing a Trobvlem
vefore PUI is attempted, altnough Ln *he worse case it forces delay
of PLI one rey, which I am sure we are poing to find §s a highly
urkloalrnble thing te do, ] ,

Thit in a million worireorelonr in whe,in wo atard On this mtter today,
We will continue our nnnlysic and proee~durns dew_,opment btanad on thls,
One unfortenate fact {r that {f we adopt thege yroposaln, they will

not have been tented on the F mission, but I think we woruld all he naive
1f wr thought we ar- not polna to learn things on P that force us to
chanre the procedures anywny,

L]
Jamw
Howard N-‘ ﬁndnu, Jr.
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Minuwl Steerin: tor LM Arvent

Over the yeurr varlon g~ h-vo attacked tac protlem of If mnd hov
the crew onn manuslly steec the LM bvack in*c orhit from the lunar asur-
feoe, These atudies wepe ctarted btefore GAEC waa even seleacted %o
billd the IM and come analyels 1- roill poine on tc deflne the optimum
plten attltuds profll ., wnich o1t b uamd 4n thiz mods, On May B,
1 Invited peprerentat ver of the MEC proup: 1 rnew hnd been involved

tn tnle Maelnenss to 4 tlceus-"on « t purpose of which wan to pln
Apuwh Juct what the otasy o srcay. ae wern alro interested In detere
minles: UF 2emeth ry aoeful coulr i dene barween now and the G miclon,
In cumpney, 1 think we wll nopecl fiatd

n. HWe shemli certalnly fec o oeant of a manual operstiooal backup
Mot for luynee Aszcent In the e conce that mnusl modes backup qome
othirr rpftloal misa‘on ptooes <uel 4 rendezvous targeting, turn control,
ete, Howewer, 1t'sg cotter Sharn nething and we ought o he prapared to
10 sorrthinge,

b, Without 8 rite cormand attloodz control system, it 15 extremely
aoubtful they could achi. v ¢rh't ~ven if trel had tra ‘ed thoroughly
in tue technique, (Curr.:’ .y there {r no tralning planned for the G
opew, )

0, Thape are rome thines we eheuld and will do before the 0 mitwlon
to prepare for thiz contlnpency, wince It i2 an unfortunate fuet that
there arc appmaently quite a varifty of two-failure combinations that
can put us intc this gerlour situatlon.

One of *he Cirat {mpreasicns you pet when you start looking inte manual
arcent 1p that the procedures which zhould be ueed are atrongly dependnnt
upon tha eharnoter of the ayatem fnllurens, That ip, th=ra are many
d'PParent eombirstiona of fatlures, each of which should be hamiled in

n different way. As n matter of facy, the multiple-procedure-rctn ldea,
combined with the lowsprobabllity-of-cccurring idea has probably been

the major reason we haven't got this whole thing all worked out in

detnil now, However, Jack Craven has finally convinced me the situation

{n not that remota ana n worses slituation enn hardly be imngined, Furthera
more, cur discure'on lesdn mo to bellove tnal these multitude of procedures

i -
. H
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don’t renlly present an insurmountable problsm thnt oan only be resolved
in ral time, I pet the feeling that the "variatton in procedurss” whieh
erme nhout from mny of the somponent fallures ir primrily a reconfipura.
tlen of cpacecraft ewlteh pettings and the crew procedures probably aren't
too different than for the nominal ascent {tself., Of course, in that

cnre the MCC muct be prepared to adviae the crew exnetly how the apaceeraft
rhould e conflipursd to beat pupport apecent in o of thene degrnded meden,
It wan |ntoreating to find that the method which miat be uned for the next
lval or clann of failures ensentinlly bolls down to the fullowing few
optlonri .

a, Prior to lift-off, some sort of initial azimth reference must be
<hocen such as o prominent landmnrk or probstly the IM'c chadow on the
lupar rurfnee, Irmedintely after 1lifteofl, thr erew would yaw the spacgs
ernft to place the LID line on the rhadow pricr to inltinting pitchover,
nfter whloh 2 lamdmark to aim for could be releets] by the erew in real
time,

T. After manual “Enelne Start”, the crew would hold the vertieal
rize plteh/roll attltude for 15 secomis. They would then pitch the
spnoeerift in accordance with pre-selected four step pitch profile,
The~» anglen are ersentlally known today both:

(1) 1In !nertial ccordinites for use i{f a rpececraft incrtial
refer-nee pyntem in avallable and

{#) In a relatlve coordinate system - that iz, the overhead
window marks which shonld be held on the lunar horizon.

c. Propellant depletion should protably be usnd ar the "Engline Off"
tochnt-ue and it L1y recommonded that the Interconnect not be used for
att!ltude aontrol tince APY propellant (s maveinnl to atart with and should
bu utiltzed exelusively for gotting into orbit. The "Engine Off" command
could ponsibly be iscued monually using the DEDA output of ISVX provided
the AFA sand xe-axls accelerometer are funci.onal but probably shouldn't be,

Thia proerdure, which esnentially tarrets the spncecraft to the nomimal
Intertion altitude and £lipght path nnecle most likely will result in e
Inrpe dispornion In veleelity, vwhich of courre would foul up the subsequent
rendezvous, At least it providen the greatest eannce of achieving orbit
at all and probably minimizes the dispersiohs to glve us = reasonable whack
#l rINAezvous, ; -

It {n evident the two things that the erew paods to do on this Job sre
an nhtitwle refarence amt nn ehtltude control medo, I wvan very interested
ta finet that 1 we cenutraln oursrlves to Lslking about mire mmal an




opposed to the varicus levels of defnded automt!e ascent modes, we
really came out with n very short list of eandlaates for these

two things, Specifically for attitude reference, we have the following:

a, 1If the CES i= broken, but the AEA, ABA, FDAI, and needles nre
avallable, they provide an cxeellent nttitude refarence, 1In Tmet,
- in this case, the crew rhould fly the needlen an opposed to the four
etep pltch profile nnted previously ainee they are driven by the actual
ascent guldance error signal. (Lmrortumtely, it probably means having
to fly in Direet Attitude Control - henven rorbidlﬁ

b. If only the LGC is broken, we cnn ure the IMJS and GASTA driving
the FDAI to provide n pood inertiaml attitude referrnce if we can alipn
it somehov (caging, prolatly) and can fipure out how it is aligned,

¢, The overhead window has been especlally configured for use with
the horizon during ascent, which fortumately is sunlit throughout the
nominal ascent. (A sunlit horizom is not always available for descent
sborts or lift-off immedia‘ely nfter touchdown.) Spacecraft pitch is
contrclled using the horizon and window marks; epacecraft yav utillizes
the horizen tilt and roll (that ts, mzimuth) muct ure rom: landmark
ns noted previcunly.

Those are all the cholces we could think of for an attitude reference
" 1f automn*ic control has been lost. Furthermore, we found there are
only thre: manual attitude control modes, which I will list in order
of preference: :

A, If a PONCC accelerometer i3 broken, it 1s posslble to use the
LCC, IMJ gyros, and hand controller to obtain a DAP rate commend mode.

b, If the ASA and/or AEA 15 broken, it is possible to use the ATCA,
rate gyros, and hand controller to ohtain a rate command mode,

c. The rotational hand controller (ACA) can be uwed in either of
two Direct Attitude CQBtrol modes, bhoth of which are probably unacceptable,
They are four Jet « 17 (hnrdovers and two jets « 219,

Following is u 1iat of things we are going to do! S

a. MPAD/TRW will recommend the finel angles - inertial and horizon -
tc be used for carrying out the four step pitch prorile. :

b, PFCBD will check with the ¢rew to determine if they want to add
these numbers into thelr checklist aleng with the nominal attitude profile
check points they have already, or if they want to leave this for a real
time voice relay from the MCC. TR T




. @. Clark Hmckler and Jack Cmven are golng to develop & gomplete mtrix
defining the preferred sproecrnft conflgurntion and capabllity remaining
for deprndation or failure of esach component. This should be done by the
yirst week in June. Incidentally, something along this line has apparently
been worked out by GAEC already.

d., I am going to sce if it posaible for some experlenced pilot, pref.
erably Pete Conrad, %o run a few slmulations of some of thepe marual
abort moder, particularly to evaluste uring the overhend window attitude
reference with the three rate commnd and dircct attitude control modes
noted sbove, '

In mid June, we will set up a Misalon Technigues mesting on this subject
with worldewlds participnation = particularly MIT, TRW, and OAEC - to see
where we stond at thnt time, Considering the catactrophic nature of the
situation under dlccucrion here, 1t ceems some effort is certainly Justi.
flnble to pet prepared. I would recommend thai % be an effort equivalent
to marunl TLI steering. In other words, a blank check. Everyone at MSC
and partlcularly the prime crew can spend full t!me on it, if they want
to. And, I curren‘ly plan to have = Misslon Technirues document prepared
specifienlly for it, toc -« pricr to G.

%m&g ‘
Howard W. Tindall, Jr. _
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See list attached : DATE: May 12, 1989
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pa/Chief, Apcllo Data Priority Coordination .

Cis-lupar state vector updating procedure change

A lot of you von't care = but I want to m%e sure that those tha+
need to know, do. It deals with state vector updatas from the MC
to the CSM during els-lunar flight on the G mission.

Cn the C' mission, state vector updates were always tranemitted to

the LM slots in computer memory in order to avold meeeing up the
infamous W-matrix. Since essentially no onboard cis-lunar navigation
will be carried out on G, there is no peed to protect the W-matrix

and the crew has express ~ 2 sirong preference for preserving thelr
sacred state vectors onboard the spacecraft. With some Justification,
they want the ground to update only into the CSM state vector slote,
after which they will make some checks to determine if they have been
recelved and’ stored properly snd are reasonable, They will then transfer
them to the LM slots for gafekeeping., In other words, the IM slots are
for the crew to use as they wish. The fiight controllers have agreed to

do 1t this WAY. @H Pp——
L]

Roward W. Tindall, Jr.
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See liat attached DATS: My 8, 1969
y 60=PA«TeThA
FA/Chief, Apollo Datn Priority Coordiration

The IMs RR/LGC interface my be broken, but that's okay - sorts

Thit memo is to document the Data Prior!ty positlon regarding a recent
LMs nystcms problem, To wit, 1t is connidered necaptable to proceed
with the nominal F mirsion with a jquesticnable or known interface
fnilure between the rendesvous yadar (RR) and the LM spacecraft come

. It rhouli bte erphasized that a properly operating ren-
dezyous radar with crew rendout (s still con:idered mandatory for DOI.
Also, thic recommendation does not necesearily npply to the G mission.

Juntifiention for this posltlon i tured on the unique character of

the F mirclon and on the availability or three adequate altearnate

dnta scurces. The F mission rendezvous starts with precisely controlled,
known lnitinl condltions rince one spacecraft separates from the other
in orbit: furtherrore, consumables - particulsrly, propellant - ere
abundant, The nlternnte deta sources which can be used for rendezvous
navignticn and manenver turpeting in the event of an RR/LOC interface
fnilure nare: ’

a, The erew backup chavta uring raw R data as displayed on the
tupe meter and/or DEKY

Error annlysiz by FCS3D has proven the crew backup char: solution
te the rendezvoun protlem L= competitive with the PGHCS. These charta
are utilized In the nominal crew procedures, The tape meter is the
primary source of Input data, however, 1t 1o nlno possible to olcein
raw RR datn by use of the RR Self Tert soutine (RO4) with the RR teat
swlteh sot to the "Off" ponition., Incidentally, the crew already uses
this rout!ne pericdlcally to check snd calibrate the tape meter. It
should be noted, however, that RO4 cannot be used gimiltaneously with
the rendezvous navigntion program (P20} nor if the RR/LOC interface is
totally broken rather than intermittently malfunctioning.

b, The COM ueing rextant and/or VHF ranging data

™ie solution In aleo routinely avallable and competitive with
the PONCS. 1t should be noted, however, that the VHF ranging gysten
hns nover been Tlight tested and there is certainly no great confidence
1n the high (ntensity tracking light on the IM, It fai{led on D] However,
elther of thesce data sources ir adequate for ruccessful operation of
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the oystem.

-

" @&, The MEFN solution baned on pre-sepnrt;iion tracking and PONCS
nav!gntlon through LM maneuvers —

This aolutlon le nlco comparnble In accuracy to the PGNCS am,
In faet, la the renl foundation upon which we nre able to bane our
cnre for th!s recommendntlon. It assumes, of courpe, that the PGNCS
In opernting nomirnlly - controlling and navimating through the
mneuvers, It should be noted that Lf 1t ie known the {nterface has
falled ond PONCS rendezvous radar navigation ennnot be carried out, it
ls poraible for the MCC to upinte state yectors to the LOC emabling it
to obta!n 1te own tarpeting moreeor=lres equivalent to the mee,. Procedures
for doing this are well known to the f1:g7ht controllern,

d. It is important to empiarize that AGS rendezvous navigation
4ni maneuver targeting should not be utilized on the ¥ mission due to
computer program 1lmi tntlons which recult tn unneceptable errore, The
AGS can be uncd for manguver execution, Of eOirre,

1f an RR/LGC interface faillure oceurs but 1= not dateated by some other
means, it 1z quite roseible that the 1.GC 1M state vectors could be
Jdamaged by ncceptance of bum HR data - that lc, crew editing 1s pot
Infallible by n long shot. However, apecial remndezvous solution vom-
pnricon and AGE state vector upiate procedures are not required gince
current minelor technl-ues wers deyeloped especinlly to prevent execution
of wrony moneuvers, Fallures of thls type are the reason for the very
exlstence of Misalon Technicues!! The specific situation under discussion
here is not unique except that preflight concern makes everyone alevt for
this specific problem. (I am assuming thet the crew will be sdequately
pricfed, although, I am not sure vhen and by whom at this time,)

Th!c paragraph ls to present the other clde of the coin, Our only real
concern ie the added vulnerability to failures of other nystemes which

ann force nwitehing the mizsion to a rendezyvous abort seguence {such an

an AFS fallure at the insertlon maneuver). Crew backup charts ere not
avallable for these high elllpse cases (except for a CDH chart for the

PDI abort sltuation). Miltiple failure cases leave us dependent upon the
caMm solution, item"b" mbove, plus the FGNCS eolution noted in item "c”
nbove, which should be adequate for a safe return without KR data, although
probably dispersed and perhape costly. : .

This recommendation haa been coordinated with suthoritati{ve representatives
of FCD, FCSD, and MPAD, who all agree with it, No crev input has been
obtained, however, I would be amzed if they dc pot also agree, Assuming
Gtafford's vote, I assume this matter is pettled, The mission rules do not -
‘specifically addrese this 1nterface problem and require no change unless

1t in desirable o add thiu. T

=—‘LLA)MQ:—J\‘

Howard W. 'l‘inda‘l_.l,_ar. .
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PRoM @ PA/Chier, Apello Datn Priority Coord!natlon
supjecT:  Apolle Mission Techniques Documentation Schedule

Hore ls another MLrStlon Technlgues Documentatlun fichedule, since the
Innt one L+ three montha ol and barely refleeta r?al life uny more,
The lunsr Orbit Activitles Document will slmont ¢ertainly have to be
upiatel to refiect whatever we 1rarn cn the F mirnion, A June 30

relrane date for that uplate will be kirds late, of tourss, but that

i n problem everyone has when the launch occurs seven weeks after

L

the lact splashdown, /
>\
Howard W. Tindall, Jr.
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MIDSTION TFCHNT WIS DOCIRMENTATION SCWIIAILE
ap of Mny T, 1060

SUBJECT FEB 5 EST CURRENT FRT . ACTuAL

Saturn V/Apollo Launch - ; Oct. o7, 1968

-y

Phace Aborts Mar 1% - Mr 11, 1060

/G Earth Parking Orbit & TLI Feb 17 Feb 10, 1969 ,

£/6 Trenclunar Midcourse & LOI# Feh 17 1969

/G TET MCC & Entrys Feb 7L 1960

/G Contingency Procedures# Mar 3 2k, 196

F/G MCC-H/RTCC Dnta Selectlon _ 5, 1969

. Lunne Orbit Activities Draft - T, 1959
_ Fipal . - 28, 1ofg

¥ Upinte My 12 -

G Upiate June 3 -

G Deroent T Fiml - ' - Aurs 73, 16068
Ur'dfl'l',‘ M’\!‘ EN M'I_‘_f :"f-:- “aw

— L

& Lunar Surface Final - - h"o@; £, 1968
' Update Febh ok May 10 A -

-0 Accent, Finnl Mar 24 May 2

G Decsecent Aborts ang Draft - s Feb 3, 1069 - -
Subrequent Rendezwous Flonl Mar °h ; Lo Mar 27, 1969 -
Upd'!tc - - ’

* Change pnpes vIll coon be dletyibuted
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UNITED NTATES GOVERNMENT
Memorandum

Bea list attached

MAZA Mmmal Bpacecraft Center

May 6, 1969
691-PAeT-TlA
PA/Chief, Apollo Data Priority Coordinmtior ’

Ancent newgletter

© This memo i# to repert several interesting things regarding lunar
ascent, both nominal and after n deascent sabeort,

1. It turna ou* we demant bst'er performance of tha PONCT to
tupgport aagent to orblt then we do desceent,
necessary to atort during descens due to degradation of the PGNCS,
it is automatlecally necessary to switzhover from the PGHCS to the
0f cocurse, *his nscumes that the AGE f{e performing tetter
than the PFGHNCS.

Accordingly, if Lt Lo

We hnve rerently had A tunnine phllorophlon] arpument reonpde

. ing accent switechover,

-

Of course, mwltonover in L{teaelf is not cntae
strophle nn la wn alorty If the syetem you switch to 1a working okay,
the m!roion continues fucrt as planned,
Ing falirly tlsht switchover limlts alnes I felt that it was highly desirable
to asture as near nominal rendezvous charncteristics as posaidble,
why stick with a degraded PGNCS {f the AGS 1s working better? The only
Alendenntape sioms to be the hazard {nvolve, in the nat o
{trelf: a1l the ~witehes, relays, anl ;o rorth have Lo work,
words, It comez duwn to a tradectf between the hazards involved in switene
ing over voraue the disperaions in the renderzvous elsuation which could

be nvolded hy switiching over,

T™his led me to punh for eatebllshe

switehovor

More recently we have adopted a procedure for climinating dise
percions nt Inserticn followlng descent ahorts by meking on adjustment
maneuve-r {mmedintely af%sr {nasvilon,
epeelfivally to narure sntiefactory rendezvous conditiouns,
miy alro te ured to compencete for depradation of the PGNCS during ascent

“and makes 1t porsible to leave the PONCS in contrel ns long as it is atill
Howevor, if the PGNCS degrsdation ls

Thic moecnlled twenk burn ia used
Thie procedure

eapable of providing a safe orbdilt,
sufficient ta Jurtify It (nay, worse than 3 sigma) the erew should be
ndvised of the situntion during powered flight such that thay will atand
Ly for a twenk hurn to bo execited immedintely after insertion using the
aniw procedurvs ne for the dercent abort, - o
Having adopted this technique, {t nnemed reancnable to set the
PGRCE switchover limits fairly wide, The vulue choeen waz & sigm. The

Bwy U.S. Savings Bonds Regwlarly on the Payrel



_eompromise here, of courae, ia the operationnl mossiness of a tweak burn ;
“traded off agalnat the switchover to AQ! "hazawd,”

J¢ One thing which could give ur bad trouble 1e a misnlipned PONCS
prior Lo roent, particularly It we mllyn the AGH to 1t am wae planned,
The problem, of course, {2 that small misalienments can rosult in unsceept.
nble insertion conditions and, even thoucn ground moultoriinn would probably
detect the sfituntion during nacem, awltchover would do no ghod since the
AC would be equally mienlipned, T6 aveid thi: situation ent'rely, we
have concluded that the best couree of action {3 to Indepenaemly allipen
the AGG while on the lunar surface rather tian to slipn 4t to the PONCH.
Thle miker the two synatems truly independient, which not only gives un u
eronprecheek oh the accurncy of the alivnmen® of each but also permits a
useful switehever If semehow a PGNCS mienllyn escapes our detection
technlques. Tneidentelly, thl: alcc eliminates the problem of CDU tran-
siente In the AGE lumnr rurface slivnments. Accordingly, we are propoaling
that tie progeduren be changrd Lo alvmy: utilize the AGE ravity lunar
rurface nlijynment techd!i-que rather than alivnmenta to the PONCS. T expect
*h'r will e done on~e wome detalls have been woreed out,

e It [ Intepesting to pote taat the probtlem Just discusaed 1r not
Tiite ma peyere in o the avent of & lescent adtort., 1In that case, of couree,
the AGS mac* have Teen allered re the PGICS and oo they both wili suffer .
thee vame mleallpoment at FUI, What happena then i we have m dracent,
abort and try to nohieve orbit with both syrtema mieallgned? It turnn
Gut that thie partirular crrer lg partially compenrating « that Ie, the
tratnctory dlnperaton during descent is prrtially eliminated by the
tritectory Alzrarsion Jur*n.z ascent tack intr ortit, JIn addit!on, the
de s ent nport limits will be tight enourh that unpaceoptable d!rperslnm
shamld pet ceeur prior to dsacent, In otner worlds, we feel we have a

Ad e QI e

Howard W, Tindsll, Jr.

FAIMTinda1l, Jr.:as
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pescent Monitoring Misaion Teehniques o A statun report

I think we n7U¢ heginninz O gee the light nt the end of ihe Descent
Monltoring Mirelon Tochn' ues tunnle nt the April b mecting on
that aubject We thoreuyhly ¢ leouesed the {nterration of the onbeard
techntoues with the qetiylty at the MCC juring powered descent and 1
ferl the reaulinnt 18 ar ronsopntle Aand complete 8% poeslble, cone
alatent uith proctlieal operational conrtraintr.

One *tning vwe By flpadly thann anle to et unider control was thir
aqulrmy den that there 10 COME way for thr crew to cowpar? the
cutput of tne AG and POUCS onbenrd the ~ymoscraft vith the objsotive
of making ntort ani/or rwitchover Aec!sicn . Obviourly there s no
quesl’On that A maralve rystem fallure will be obvious to them and
thely couras of netlen will e eleaTs Obvicue teo, 18 the fact that
tre apew w111 B monttorine Yoth of thuese ayatema nr well an many
other Jdata ouvees Vrporho 1 powered drprent, fat, nov known te
coapvone, o the fact tunt there 15 no way for the orew %O COMpAN®
AGS and FGNCS ct1ch that they ore alle o detect whleh system s male
funetonines, 10 that ~lfunctlon 1e of & elow arift Anpadation “¥PE,
nt leart net whtl the atcuyanns necngsary G ealie any Action, Theres=
fore, Jus*t an in the care of ascent, pot only 1s the MCC prime for
enrryihe ottt ThC tnrk nt alov rirt molfinetiou monitoring, tut ve
now recopnlre that MO Le the only plnce thlp cA% be done, That, MY
reionds, [ pantart'e oyvont .—'m» Aenth of # myth we Rave Lxen
paunted hy for two yenTh, pon't pset the lles I'm huppy with the sltune
ticn, W%hat I am pleased about is that everyone now ngrees 1t 12 the
pltuntion.

Mhapn Lo anphier thipy nbout pavered deprcant orew procedures that has
panlly bipEnt M Myt 1'moan “Aunt Fren” e nortainly some rEATC
prople Thuich nt tile poern, it 1 et fonl that the ared ahould not
pe dlddliny ulth the TEKY durine prwared Amucent unlese it {n anrolutely
ecnentialy Mer'll never n't the wWrong matton, Of COUTSE, put Lf they
do, tre recults can re rather LoufY. Therefore, 1 have peen carrying
on & campaien aimcd at flnding some way to avold the necessity of the
eyew eying up the onscall dieplrys, Min campalgn had not been altos
gether succe=afuls I yuens partly brcause ROL AYRTYORE ghures My cOnceTrN.
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Although, 1 started out by saying the end is in sight, we still have quite
a batch of unresolved issues which I would like to list here 20 that
everyone can continue to think about them,

a, There {3 still a wide open question concerning vhat ie consldered
our real time minimum landing radar data requirement in order that descent
can be contimied. There are mony of us who feel that failure to obtain
a certsin amount of good landing radar data by some point in the powered
descent 1s sufficleat Justification to abort = for example, landing
. radar altitude updating by 13,000 feat har been rugpested ne a require.
“ment, The crew apparently feels that thir constraint i{s not real and

that their obscervations - visusl, I suppose - mre an adequate subctitute.
Just how we are able to integrate in these real time crew ooservations

to overcome the landins radar defliciency hai not been established yet
and I om not sure who, If anyone, ir wvorking on it.

b. Although, a month or =c apc, the deciczion war made that the
erow 1e to manually backup the automatic switehing of the landing radar
nntenna position during a nominal dercent, there 1s etill rubstantial
concern that thle 1s not the right thing to do. For example, the Id
systems people point out thet the switch the crew uses to do this muet
be cyeled from "auto” through the old landing radar position to get
to the new landing radar poeitlon and a switch failure could override
n perfestly operating automatic signnl and <end the antenna sourryling
back to the position IL Juct emme from,

-

e, 1 am 8t1ll not ecntent with the AQS altitude upinte techn!uern,
Thut 18, how many times and when durlng powered descent should this be
done?

d. There is some point in powered lescent after which it should
be posglble to contlnue the landing with an inoperative gimbal drive
netuntor. Procedures for handilng thir situation in resl time remain
to be establizhed.

Hownrd W. ﬁndﬂll’ Jr. -

FA:HWTininll, Jr.i e
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CSM rendezvous navigation vorks fine using Just VHF ranging

-

I mde an ennouncement during the T Opsratlons Review whinh war
z_a'ﬁ'ﬁélhtely £1at-out wrong. This memo I W currect tnhat statement
and/or just to mnke sure you know vhat napability really existy in
the CSM for rendegyous navigntion.

Sometime long ago, 1 got the impressicr thet arceptuble i';:ﬂezmu
navigation could not be done in the CSY u:ing VHF ranging data
alone. That is, I thourht that {£ sextaut trucking were not also
aynilable due to fallure. of the optics or the IM tyacking light,
there war no point in processing the VHF data. It turns cut that
this is not true, In fmct, undar certaln circumatances, such as
pefore CSI on the F and 0 mirsions, uee ~¢ Vi) rang!ng dats alone
{s sald to be better than using the comt . - Jata gources, In fmet,
the only place there is some question st L 11ing TH? ranging alone
45 after TFl where rome ~nalyses show it breaks down.

—

My spolozies to you, Mr. Charlesworth.

o e —— o —

N

Howatd wi. Ticdall, Jr.

PA:EWTindall, Jr.:ls
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Nescent Aborts and subscquent Rendezyous Mission Techniques

On Apr!l 28, 1960 we reviecwed the Dencent Abortr and subrequent
Rendezvous Mission Techniquer with the erew and the rest of the
wvorld. 1 think mec. of this is qulite complete ani agreesble to
everyone concerned, with one mpjor rxeeption. I was shocked and
achamed to £in? that T had badly misunderctoed the cituntion regard-
ing the CSM rescue techniques and, nlthough there were plenty of
ldenn, *he detailed technicurs were not at all firm at that time,
Subnequently, (April 30) a much amller yproup of un beat that into

- the pround ton, ‘Therefore, this memo 12 to deesument my understanding

of the apreemen's we roached a% both of thene resrionr, I'm sorry

, It's &0 long - 3t n big sublect, I guess,

a 1. Abort after separation If there is t5 bte no DOI

Durine cur mecting we lradyertently ret Into a lengthy dise
. cusslon on con:it ane povernin: whether or not DOL should be attempted
i on the firet or second opportunity. Tha%, of course, 1s important
tu* was not our raal purpoce of this meeting, We d1d finally cone
elide that In the eyrn' no attempt ie mnie at DOI, the LM should use
the britte fores, irmedlate return technlue for egetting heck to the
€M, The point != the separation veloclty setting up the equnl peariocd
mind=tnll crelt Lo - mmall that automatlo olesure Ln Ly no meane
' certaln, Acrordingiy, when {0 {e deelded to nbort, the orew should
: tnke positive actlon to ertablich a falrly substantinl elosing rate.
‘ YWie preasnt recommendation ls that they ~hould get up a closing rate
' which In feet nor second is eaual to elgut times the current range
expressed in naut ‘eal milea, Thirs {s the same procedure that should
be urad for fouled up DOT maneuvers, It in usenble until about ten

mimites after DOI.

feme of 1 erwew present exprenssd a enncern that the factor
Mat it ' memmp eyemaslye ynder certnin clreumntnncen rrd cegquested that
sume o, ke aure $t 16 renlly the beat yniues. I juess thig s your
Joh, Mr, Livcberry, If you ean find time between nov and July %o handle
ite T thin- we ghould all resllse, howsvor, that simpliclty in procedures
nay prohtid asing the value that Qi optimum under ell clreumstances.

s
L1



2. Abort if no attempt is to be made to {nitiste powered descent

At one time 1t was considered lupractical to go an extys rev
and gttempt PDI two houre late, primrily due to fear of an unacceptable
. pendezvous/abort eituation, Thip has proven to be unfounded, The
same rendezvuus mbort procedures work after an extra rev, althourh there
48 an extin coct of about 70 fpe for incertion frum depscent aborts. The
extra insertion veloclity does make APS propellant depletion more likely
for late aborts, but the RCS can be used to mke up the difference.

Time required to complet= a CSM reccue can be incressed up to 12 hours
and at & cost cf 800 fpe, it 1n ured to put the CEM in » dwell
orbit, 3ut, this 1o only neceeeary {f the LM expcr!encee mny fnilures
and does not peem sufficient Justificetion to serut the landine attempt.
Elpht LGC desernt atort coefficientr for PTO/FTL ani one for the AGS
mist be updeted in real time, (Incidentally, the currvnt plan ir to
updute these in rexl time on the nominal mission to account for diee
persions in the CSM orbit.) A platform alignment should be performes
by the LM prior to the second POI attempt, The major open item is

for the Flight Dynamics people to ectablish what Pad and command
mecsages must be sent to the spacecraft and when. {There 1= also some
question of accuragy of the revized descent tergeting.} The primary
coneesrn deals with time awvallable to do this. Incldentally, there

same technlques may nlro be useable for n DOl meneuver delayerl One TEV,

3 . PDI Abort

A PDI abort is only used If it le %nown thzt PDI will not be
attempted or possibly, 1if the DPS englne does not lgnite. Consideratble
thourht was given to using an onboard capabllity for targeting this
maneuver., Specifically, the technique was for the creav to initiate
the povered descent- prolrams follow ng the nominal timeline through
engine lgnition =mnd then ' tting either the Abort or Abort Stage
button to utilize che DFB or AFS Deorent Abort programs which autoe
matically target the abort maneuver, Tt was finally corcluded, howvever,
that this technique by itsell was not really mdequate because spacecraft
systems problems ccdld oceur st PDI time whieh would make it highly
desirable not to have to commit instantanecusly either to sboriing, mwer
to poing arouad another rev, That {a, it seemed almost mndatory to
provide an abort opportunity a short time after PDI to provide a little
time to think over the eltuation and decide vhat to do « gu around and
try PDI again, or to abort now, Since the deluyed abort opportunity
was considered a requirement for this purpose, the question bolled
down to whether the crew and everyone else should learn and be preparcd
to use the instantaneous FPDI abort technique g8 well., B8ince therc are
somes problems not yet worked ocut with it nnd lpeci'al' procedures are
baquived, we conoluded that it ves best 0 drop use of the onbosrd




teehnique am to provide n ground tarpeted abort opportunity at m

10 minutes, Thie abort would utilize the standard pre-thrust and thrust
programs (t P10 and PhO or pio) and PDI Abort Pad message voiced
to the crew before poI, Sime= this mnnenyer gasumes nominal conditions
cominy into FDI, the tarpeting for thir bu {s essentinlly known today.
Acconiingly, Bl Lineberry is to supply the Vg vnlues to YoSh to be
{neluded in the orew'n ehrcklint, fimlntions and experience may eventie
ally prove thnt thee Pu ) mesame need not be nent.

Ineidentally, {f DPE Lymition d-~¢ not opecur nt PP there s 0
need for the Crev to remove ullase stnee 1t 18 PO emall,

L, Avorts from Povernd Descent

1t hag beend ertatlished thet A trim mamuver (we've been ealling
it the *tyonk") L5 necerIary nfter WM tn ertion {nto orbit in orier to
compeneate for known aprore In the 1GC nlort target coefilclente and
mensured dispersions in the lnrertlion ccniitiona, Twenk tarpeting will
be carried out ty the MCC (rot onbeard) rased on the beet available data
cource for cutoff stnte vector - ordinarily the LM FGRCS - and will be
relayed to the crew withip 1 minutes afuer min engine cutoff, The
twenk burn 18 nominnlly horizonrtal tut sprcecrift attituds can to rube
stantlially 1ln error w'th nestloible rerultso.

1 th nk evarycne agreed Lo the necerrity of the Lweak burn but
there waf econallderable 4lspuselon on how the stelnsertion altuation
should be handled, We finally recopnized that the thing that moet con=
fured the losue wWnb the- DPS. For example, plume impingement precludes
mking lnrpe hurns while Joexed, merlng Jettison procedurcs necessary
unier cortnin QV elymimatanaes, Systeno prchlems might mke it mnda=
tory thnt the OIS not bo Jottironed, meaning that proreduters Were necded
for both canef - staped and unctaped and so forth. There appeared to be
minimnl problems acrocinted with the eftuation 1f the IM hnd to stege
the DIS in order Lo wohieve orbit. This 1ed us to the final resolution,
namely: :

s, 1f the LN achlnver orvit uelng the DFS and the V., i6 less
than b rpe, the GOM wlll mnke the tweak meneuver at DFB cu 7 plus 12
minutes,  This manouve? wi11 he under UNCD control using the BFC of RCB,
whichever Li enlled for, in thin eape, thn LM ean omrry the Dps an far
an docking with the CoM 1f that in cons idered desirable or 1t may he
Jettisoned at any convenlent time, provided the act of jettison 1o carried
out »ithout any perturbation to the trajectnry. If the DPS is carried along,
it may be used for rome of the rendezvous maneuvers.




b, If the LM insertion into orbit in on the AFB, the 1M mkes
the tweak burn ss soun ns ponsible, probably within two mimutea after U |
engine cutoff uning the RCS mnd the "wverepe Q" propram {FuT).

e, The aignificance of "Voo lecs than 30 fpa" mentioned above
is that 1f the DPS cutoff occurs with more than 30 fpa left to be
gained, the crevw is suppored to Abort Stape and finioh the mneuver
on the APS. This 1e a rule we have apreed to for a long time,

d, The LM doer not trim any AV mealduales after main engine
tutof! for any descent abort unless the MOC fnils 4o mdvise the crew
within 30 seconds after cutoff that the MCC tarreting will be avatilable,
Tre point here 4s that 1f the MCC has 1ot cormunieation, which {ncludes
even the hirhsblt rnte telemetry narded for tapesting, the course of
action is for the crew ww trim the reridanlrs ar woon An pontille, On
the other hand, it la advantapemss Loownlt 1 rhey nre going to make
the MOC taypeted tweak turn.  They rhoald dnow within 30 ~edonds after
cutoff which of thees altut'ona exiot,

- e, The voice mesrape from MCC zonclcts of only two paramoters -

TIo and A‘Jx.

£, Jutt ome in oo neminndl mirolen, ¢he MOC will alwnys updroiz the

IM rtate voetor tn the CHC bazed on LM telrmrtry data repardless of which

vehicle mrker the twenk burn, Howewey, {f the CBM Lir the active vehicle,

the LM orev munt updnte the CSM atate veetor In the LOC uring the target
AV progrmm, PTG, _

5. late Aborts from Powered Descent

Avortn during the fives 10 minuter of powersd dascent utilize
variabtie Inrertion velovity tarpeting In the LM gutdance computers -
toth FGHCS and ACE, The aubsequent rendezvous segquence is esrentially
the nam: ns n nominal rendszvous. As & result, standard CSM mirror
imnee tnrpeting ¢an be used Lo backup the IM snd no spetinl procedures
are required aslde from the tweak burn noted abcve. However, after
approximately ten minutes into povered deecant the variable insertion
tarpgeting would result in an apogee leas than 30 r.mi., vhich we consider
too low. Therefore, aborts after that time are targeted for s standard
low orbit « 9 by 30 n.,mi. and the rendezvous sltuntion beginas to degrade,
That is efther the terminal phase lighting condlitiones or the 2oalliptie
differential altitude becomers undesirable, 1t in recognized that for
nbarts occurring during an additional LO eeconda into descent the standard
rendezvous sequence can be contimied since we consider the resyltant
increase {n differential altitude up to 20 n.mi. acceptabls, After that :
point, something elre must de done, Thr mKnthlnn alew in as follown « - %
ln order to mintain nomitml lighting and OH, an axtra rev Ld required,
wo extra maneuvers sre raquired in the subsequent rendepvousn pequences
costing a total extra AV of as much as 80 fps, (Thie extrs AV cost




diminiahes to zero 88 the abort is daslay2d.) The firat extra maneuver,
enlled "Phasting,” oecurs about [0 mintes® after inaertion mnd iz tar-
soted hy MOC to ertablinh the nominal AH and TPL time, The Thasing
mapenyer o hortTontall (b A‘J 1.y Mir~t'en of abort time, Tt will

b tympcmitled Yoy voler o ine ke ~taplapi Exterpal V Pad formet. CSIg
1~ the O*her et SANGLYN S AT USRS 1 €@ artiy Phaninge, It le tar.
gttt enhoard gotee an e gt | T, FoMlowing theee hwo fxhrs
mppegvers, Fhe cpaosapnft o Pl o Cramaard CBI/CTH/TYT zoquence,
ALL of these PopestyeT: v, T otemiroe, e oo nrbowsrd,

The CSM performs ctantar! mirrer ‘mo% turectine At Umynl With one
nryeeptior. Sipes oo Frooire buprn oo Lt te e lynly retrograle, the
COM backup ot Fanslpe mo ¢ e Yisores toonrnt ~ fpn, 1T th' - occurs

Rt the CFM osey b ewvente D0 b e e D0 T “peaial POC Proe
pedupr 1 Top (0T Lo orerpe e Yes te Ty st TRusTne sdurtmente, i
('Ihv complete prowvedn et w0t therovghly by MPAD and
FCob. ) .
-
Piattc Tony »nt me b vor e cinee Incanr s, dobone point out i

.

Ehe heg thlec o Iy georlos = Lo e tack a clay o rraplve - 4B
to flmre Ont oelrs wny beowcpe STRR e et oo that: -

]

. The repdesws ctiranton ol beoeee 1rtely ~oerprable, -
portleul riy the Flehtine oet q ppate temes i tlme and ’

b. 'Thut at any polyl, ooy vpao sreah oconld take over'|the
actiye pole an tae ol Jon dlotaree e "y -
St
se  Phat the bechntane toorelattvely “imrls - ¢opeainlly not
londe! Witk spreink presedures thar S frem nominal,

The solutlen =atlsffern thoce things ver) well ruch ter the credlt of
Jarry Rell, Ei Lineberry, . Dovid Feed, Milt Contella, and protably
rorp DYOCTE, .

The ta-¥: to clean thle up ared

. 01'-'IAR'- Fin duwn the precise tim-l'ne, AV‘a nnd T O
Lightlng, renper, raters and anales - thut Ir tae reference trnjectory
for ¢ few key darcent aboris. :

b, MT = E~tallieh the rendezvour nmavieatlon tracking mchedule
and All that e wiih 1Y, L

# Fhnr'ng che1l actually ocour at o flxed OET correnponding to the
01 time for an atort acrurring ot 10 mi-mten Into powered deseent,
Thir GFT time will b Anoo pre =007 e, .



. FCSD - Prepare the detniled erew procedures - particularly
CSM - and ldentify which sprelfic parts rhould be given highest simila- M
tlion pricrity if the crew can give any attention to them preflight.

d. OMAB = Compute the pepdesvnin mneuver binoes which must
be applird to one rpueeeraft solution for 2:c by the other for the
various abort modes,

6, Aborts After Touchdown

Current planning lnclute: twe "preferred” tima for aborts
after touchdown. “Preferysd” 1= mi~L aitns In thuet for the flrct
rtay/no-stay period, it ls preferatl: t. Atort Stnpe ag soon as its
meed 1e recognized ang then %o carry cu’ tue rewlesyous raguence

€

preclieely as deceribed above In 3sction ©.

Sines It 13 roncideved uniderlxibls t¢ remain in the insertion
orblt throurh perirco, 1t wis deeided *c oectallich o om'nimum Pharinge
burn ©f 19 fpr whlen w111 aluway> e excouten Yy the LM to ralse paricec,
This, of coures, Qhumneses the eeny noertay coelston time abong 2 ceconds
enrlier and the sfecond proforrad short time one minute earlier rince
1t reduces the eatchs.up rate in the porein. orble,

7. Here are ome oddz and =pds ¢f futere~t to omo:

ae ALl rendezyoas paviet'on, seth nomlaal and fellovine
atorts In both spaeearaft, will b oyaratei to undate the IM ctate
yeotor repardless of wh'eh yehiele 1r setive, This ia done bacause
the CSM state vector 1o known better inertielly ihay the IM,

b. Tt lg important to recognlre thnst after s descent ntort
there ie n very reod chance the LM will have n substantisl DFS and/or
APS enpab!lity remnining - particularly the latter, Some of there
rendervous mneuverns uan be very lorpe - up to 120 fps,  The MCC muat
be prepured to asgenr and aasint the crew In choosing which enginn
should be ured to nvo'4 all the many construinte the LM has regarding
plume impingement and AFS Tesatarta, Aleo, reparting PGNCS mini{mum
burn accuracy and ho.' to use the interconnect, ete.

- .
‘U-vwawg\:)\LMc\ Ej M
Howgrd W. Tndall, J;.

8. That's 1t!

PAIHWDIndall, Jr.:Js
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~ mom : PA/Chief, Apollo Data Priority Coordimation

SURJRCT: What's descent all about?
[

As a result of some ut;rring around within RASA on how the varicus

guldance and control systems are used during descent, George Cherry
of MIT tock it upon himself to write a complete description of the

eapabilities that exist and how they may be used, Without doubt,

this is the Tinest, briefest, most readable doscription I have ever

peen on thies subject and for that reason I am forwarding a cepy to

. ' you under this shining white piece of paper,

)
LY

Howard W, Tindall, Jr.

Enclosure
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Mazoadhusetty Institute of Technology
Instrumantation Laboratory
Cambridga., Massachusetts
AGH 15h-69

March 21, 1969

National Aeronautics and fpace Administration
¥anned Spacecraft Conter
lfouston, Texas 77058

Attention: Mr, W. R. Kelly
Project Offlcer (PP7)
Guidance and ¥avipation :
Apollo Spacscraflt Program Office

Mr. H. W, Tindall {F.)
Bldg. 30, Room 3068

Through:  NASA/RASPO at MIT/IL ' .

fubJnaty Lunar [anding Guidance and Control Modes

Gentlomen: -

Malcolm Johngston has pesned on to me the letters from MaJ. Oeneral John
D. Stevengon to Mr. Donald K. Slayton and Mr, fleorge M. low, the lettar from
Guorge low to Goneral Stavonson, and your inquiry concerning a description of
lunar landing guidance and control modes, their tedting at MIT, and our
vuralon of tholr misnion usnfulness.

The lettor from George low to General Stevenson is quite a good deaerip-
tion of the guldance and control modesavailable for lunar landing. I bolleve
T can add a little detail concerning moda descriptions and their usefulness,
howevor. I havo talked to some of the folks here and at MSC (principally
Neil Armatrong, Duza Adrin, Donald Chostham, Warren North, ete.) about the
mieslon usefulness of tha various guldance and control modee and, of course,
I am familiar with the testing we will perform on these modes, 80 here goes
our ansver to your ques.ions,

+ P63 Drogram £3, the Braking Thase Program Mode, slowa down_the IM and _guides
odt (0 hi-gate, Tho hl-gate targnt is arranged relative %o the initial landing
sita no that tRa puldance prorram's solution to the two=point boundary valued ,
problom botwean hisgate and lo-gate hips the IM up and allows the astronaut
to view the site. i T
—-—l"-'——-__——-"—" .

. . Enclosurm
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Tha artronaut can display the POITS total guldance error on the
¥OAL error needlas (ATTITUDY MON awitch in PONCS) by having Reyad in
V62 through the DEXY. He can \iren gteer oub the FGNCS P53 altitude errors. -
Ttk th+ ACS (GUID CONT in AGS and AGS MODE CONTROL fn ATT HOLD) manually
(AGA) or with the PGS manually (GUID COKT in FGHCS and IGNGS MODE CONTROL

in AIT IOLD) or automatically (}ICS MODE CONTROL ln AUTO).
N

Rote, then, that thers are th, eg attituwle control siumedes in P63
ﬁaj ﬁ;h’ and

AGS manual or PGNCS marual or PGUCS auto, Thia is true for

P65. So I will not repeat this for 5h and P65, One word of esution,
however, 1f “he astronaut hita the ROL (rate-of‘--lo.:‘:r-m) s+itch while he

is in PGHCS ATT HOLD, ihn G will lrreoosably tranafer him out of the auto

guliance program modns into the ROD promam rode, b,

Major program mote 063 1a not Juck uae ity it 1 aaentinl, 14 is
ugeful, of conrge, to by ab-le Ry ataer oub et aliance errord with
tna ANG ATT HOLD mode or the TOHCS ATT HOILD rule I grier Lo asaenn the
handling qualltics of ‘he AGS analog attopilot. o ~anict teat at MIT,
the ALS steering boraude we do rotl glmulate the ACS en cur hytrid 2imulator.

In major mode PR3, IBh, 55, or IES the soatrol of e throttle ghould
be automatie. Thos, tha agtronaut can agame tha qltitude control fun:tion
with the AUS or PGS ATT HOLD moien in “huesa ratsr roies vyt it ghould let
the LGC contrel the thprottln, Intesd, Hd Aengt rom s hag told me that thie
help from the LGC 18 voTy mich appreciated wnd that 4tw1ltaneons gontrol of

attitude (and horizontal velocity) ent hhrottle (egaent ratn) is a formidably
d1fficult crew task.

Progran G4, the Arproach of Vvisibllity Thase major ~c1a ahould result
in a 1M thraating attitude which pormita agtranasth 1 ~reof=gipght out the IM
winlow through the LED to the lanlilng altn,  Duriny roct of +his phade
(after the aphronnut na eegpotled ko the Mpching DUKY sequeat to AT the
SITE REDEBICHATION rouvine upt1l avent 720 arrondn bhelore Lhe and of the
phaze) tha astronaut onn w2 the ACA to roteaipnate tha Inncing aite. IE
i3 worth noting that ‘hat the PTICS FODE COUTROL avit~h must ve in AUTO for
the ACA to function as 1 Yanilng 3lte re-desalgnator. If this aviteh is in

ATT HOLD the ACA functlona a8 a rate command /att {tnde noid stick.

I think that the ATT 1OLD sub-mode in ¥4 ig vory ugeful for it permits '
\he natronaut to asasss the handling qualitica of thn 1M with the ecurrent
statan of the RCS jeta (falled or unfailed} ant tha lcwer tnertias ancont.ored
after the braking phage. In fact, after hig final uae of the ACA in conjunction
with thy LPD as a site re-dedinatlon device 1 would anticlpata thul he vould
ewltch from AUTO to ATT 'IOLD for pood anl sontrul the attitude of the gpacecraft -

panually while the 10C controls the throttls nutomatically with Féh and F%5, -
unti! he wants 1 di ffarent descent rate from the automntic one and oporates

the ROD switch to anlnmct 164,

Incldentally, a good 'chanr:u for tha crow to aigdgeas the handling
qualities of the IM is at \he junction between P63 and 6l when the
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automatle guldance system cormande about & (nominally) ten dogree thrust
attitude changa (V62 must heve beon entered to gee the total change at
vnee)s This mansuver, if done manually, gives the IM commander a chance
to mancuver the gpacneraft according to the FDAI error needles through

a falrly larpe rchange and [eol the response.

Program 65, the Autoratic Terminal landing Phase major mode, has the
guldance and control objentlves of nulling the horlzontal componenta of
veloolty, eatabiishing a deacent rate of about 3 ft/aec, and achieving
an e1ect orientation of the IM, To use this mode completely automatically
the agtronaut must leave bolh the MODE CONTROL switch and the throttle
control (TIR CONT gwitoh} In AUTO, DBut, of couram, he can fly the FGNCS
FDAT orror neodles manually while PG5 handles the throttle. Thls mode
seems very ugeful if the nntronaut doas not have good viaibility out the
winlow but ean balleva ths lanilng radar and trust the PONCS. Notlee that
there 18 no positional control ia P65, Tha spacecraft simply seitles down
Tfrom about 1579 fraet 147 al'ituds ab abouk 3 fb/sec while nuillng the horizontal i
vrloelty untll lunar cuntact la rmade.  The sutomatic throttle to control descent
rate to 3 ft/mec may bo particulary ugeful hers if the LGC estimate of descent S
rata 18 reasonably aseurate, The attitude control by the astronaut could be
bated on the PONCS tuldance arrors on the FDAL error naadles or by a combinae
tion of eight ball and out the window cues. Thus, PGS can be looked at as
a 66 (Witk only one tegcent rate, 3 ft/sec) and FDAL error needle cues as
to how to mll the Lovlzontal velocity components and get the spacecralt
prect.  Thig representg dcmewhat of an ovar-aimplification of tha dynamical
Alfforonues bolwnen P55 and 4 bacause P66 has one-half the guidance
sample and DOKY Alaplay periot {once per necond) that P69 has (once par two
gaconds), Futherrora, the control law tima constanta for nulling the
degaent veloclty ervor are quito different in tho two programs. The vertical
thrust meceleratleon commanied every two seconds in P65 18 A,y = - h)/10+ g
(t65) and the vertical azecleration commanded every one gecond in is
Agopt = (hg = B)/1.5 + g, (P6). It can be seen that P66 will eliminata the
demcent evrvor fagter than T65. Tho roasen for the longer time constant in 65
fg hat bto*h the throtile command and the atiitude commands are enarated frem
the nama equatlon in PG5, to wit 8., = (¥ 4 = ¥ meas)/10 - &, (P65).

Tha tarurt vector 1g cormanded along a e &nd the throttle is aet to
make the thrust aceeleration equal to the magnitude of a, .. A longer time
conatant la neeled to gtabilize the attitude commands vhtch are gencrated [rom
A, (Incilentally, beth tha number 10 in P65 and the number 1.5 in F66 are
cEaoallo quantities, Thesg values are our best present estimatea of what
thean quantities nhould be}. The longer time constant in 6% ghould be
accoptablo since the doscent rate at the beginning of P55 18 nominally 3 ft/see
(1o-pate) ard thero i very little deseent rate error to mill. Notico that
there will be a differonse in reaction of the two cont:s] laws to 1anding -
radar noise, IG6 will be more reactive. . ’

While montioning radnr noiss, I ought to remind you that P65, P66, and
P67 nll have the capabllity of outadishing new landing radar voloeity
woighting factors. We aro progently using 0,1, Wo ave dolng falrly oxtonsive
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testing of 6% in the completely mutomatic mode on our all-digital simulator.
We will do some testing in the ATT HOLD mode on our hybrid, - I hope that

the crew will evaluatno Lhe usefulnees and hanlting qualities of thid mddea,

T do belleve “hat they ought to give it strong conatderation because it

only has one strong compatltor, I66.

Program 55, the rate~of-iegcent terminal phase maJor mode, requires
manual attitude control but provides sutomatic controel of ieacent rate by
100 control of the throttle. The agtronaut can cormand changes in the descent
rate by 1 ft/sec incrementing oc decrmmenting inputs from the rate-of-descent
gwitch. (The 1 ft/sec ia actunlly a quantity in ernaable gtorage.) This
mode can by entsred from 163, Ih, or M5 by putting the MODE CONTROL awiteh
tn ACT 1OLD ant oparating Lhe POD gwitch In onn diraction at least onre,
This mode ls not dagizned for largn valorities, lowever, or long ranges
from the landing site and it 18 ~epucted that it will be entered from yeh
at about five-hundred fect altituis or later,

This appeara to bo the leading contenler for the touch-down program
and we have put & groat deal of enyineering and testing into this program,
For exampla in regard to enpineering Improvemants, Craig Schulenberg has
increanged the frequency of thn control logp to once per necond, reduced
tha computation log, improvel the Lhrottle norpenaation, and speeded up the
D3KY displays, I belleve thab the M pliot =adls oul tha lenennt rate
tie reads on the DSKY to the I rormanter, Thia dluplay w111l nmt have a
highar fequenty anl greater {reshneas, 46 veceives a great deal of
teatlng exphaals at MIT,

Program 67, tho completaly nuto=atic Yan ting moda docg not appear
to te very nasful as a lunar 1andtne touch=lowm rmole but it may have other
usos, Cred members have toll me that it {# really a formidable task to
1and with manual throttle and manual attitute control. The throttle
in particulsr appears to be 'ard to handle manuallv., We o not glve thia
landing mode much cmphasia at M'T except to ghow that it works. We do not
do man-in~the-lo0p typu landings to any extent with Fy7. I would not
anticipate that the crew wouid train on landing with 67\

1 do are ona poaaible usa of 167 during landing, however. If tho crew
wants to abort, Lhey might want to mwiteh to P67 first in order to eroct -
the vehicla'a attitude and throttle up the DI, He must throw the TIR
CONT switch to MAN in order to obtain P67, however, and thon throw the MOLR
CONTROL switch to ATT HQLD in order to obtaln manual control of the DAP,
This seems to gain 1ittie over just throttling up (the manusl throttle over-
ridex tha auto throttla whon it {8 at a highor value no matter where THR
CONT 14} ir 1€3, P64, and D€H with the MODE CONTROL switch in ATT IOLD,

Incidentally, tha only thing I might think of taking axcaption to in the
snclosure to Orotge [ow's Jetter la the mtatemont that thu "ASH provides a
rate cormand attitudo hold mode. ... Lhak will provide essantfally mqual handling
qualities to that of the equivalunt PONC3 moda.” T would 1like to point out
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that on the tasis of IM3 and MIT/IL tests we have engineerod with the Flight
Crew Support Division m ACA quadratie stick that pleases the crew yith
{ts handling qualitles m.d reduces the RCS Jet activity and DPS plume

impingement Jduring hover,
of rate command aystem,
diffavences botweon tha Lwo aystcaa,

inertia configuration of the DI8,

1 4o not bel leva the AGS autopllot has this kimd
There may be other dynamical and handling qualities

Ezionaive testing will te male on the DAP mamunl modes at the hover
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Memorandum B sarmed Spacecrart. Center

“ee st attuched DATE: April 15, 1969
69-PA-T-6hA

PA/Chief, Apollo Data Pri-~~ity Coc=dimtion

How the JEFN ani sextant data are wsed to taryet DOI and Descent

Ve had & meeting on ADril 9 which wms extremely interesting to me,
We discuused and settled on how the YEFT tracking and sextant land-
mark obgervations would be used in the MCC/RTCC 0 produce optimm
POI end Descent targeting for the [M. The M{; new factor that had
to be taken into sccmint somehov wmer the propagated state weetor
errors resul’ing from ocur immccurs‘s m=oisling of the lunar potential,
This has forced us to change our nlanm~! “echnizues somevhat from
thoee proposed before the C* miszion. %ozt of what we now plan to do
is Just ms the Math Physics Branch {¥P2) 0 MIRD proposed to us at
this meeting, 1 feel they should be ~orwnied for a pretty fair
plece of work.

I woul2 flirst like to deserite the mmrmer ir which MPB propoeed

that the RTCC ortit detormination :om-ieterry checks bhea made during
the flight. As you reeall, in a previozr m==o I noted that they

feel it 18 Test to use the oriemraticn of the orbital plane determined
Fre-l0I to vhich thay adl the in-plane ovhitial elements based on new

. MEFN tracking, Of cource, 1% Is necessary o continuously monitor and

M

confirm that the plane astablisted [n th1: way 185 right. They intend
to do this by perforring rincle-pass MEFS selutions after sach lunar

‘orbit and comparing the resulting inclinmation with that established

Pre-lL0I. It ir ex]=cted that the single-pass solutions will show a
manrlon variation aivsit the pre.LOY value= indieating i+ is safe to
continu® ualinz i%. If they detect m tias or trend in these singles
pass inciinations awy from the pre-LOI walte, they will have to update
it.

In sddition to the inclimmtion check prrformed comtimuously, they also
Plan some discrete consistency checks mde in revs 4, 7, and B. These
checks will be mmde Ly [rocessing MEFE trucking just as will be done
later for the DOT and Descent targeting., That is, they will determine
the a-bit based on rev 3 and 4 data and propagate 1t to rev 6. They
vill emke a “plane-frec” single.pags solution in rev § besed on rey

6 trrcking. Thev will compare the three rosition components in local
Trtical coordimtes (that fa, downtmok, nltitude, and crosstmmek) at
20 mimt> intervals throughout vov € and wil® plot the differences vs.
timn. These plots shonld show tre propagated error from the older

Bay U.S. Sawings Bonds Regularly o the Pl)nﬂw Plen



solution ag a function of time throughout rev £, They vill do the same
thing using r=vs & ani < data propagited to rev T and compared with a
cingle«pnes rev 7 noluftov:. They will Jo the srme thing with revs 5
atd 6 propagnted to rev J. Theas ponitiom {iff rence plots determined
for revs 6, 7, ant 8 will be ruparirtoncd upon euch othex to make sure
there is conaiotcncy on determiraticn of preyjamitel state vector errors.
This consistency, ineidentally, has been deroritrted on C! and we expect
to reconfirm it on the F mis-fon pricr %0 . If i* works as exfa> ted,

1t should be possible to determine tie proge =11 error in all three
components ar a function of tire on 2 atate woior propmputed 1hesd two
revs, The slgnificance of this, 0F tmurre, in that the DOI and descent
targeting 18 performed with a ntatn yeeter whlien la two revs old and

1€ we are atle to detoprmine the pmmm *lon error, btiee my be applied
to compensatn for Shem, That - o Jloivription of a tathor complicated
process, The lmportant thine for you o arler *anl 15 thnt » technigue
appears $0 te awilable for leteormining s comyencaing for propegation
srror in real Sime,

Tie manner in which wo invend to u s 1oetan- “rhine of the landing
=ite hag not changed rince before C*. Tha- -, ws Intend 40 determipe
the landlng slte posltion by appiylne =he =enciri =lative displace-
ment o all ihree scorporwnts « lntitude, lomslitne, and radius - to
the cuarrent MBFU solution at the Sime of tne coaxtart observations.
Thus, the targetins solves the relative probtlem cormensating for errors
in both MGFL state vectors and “ne yrefliont es=imte of the l.and,’.ng
site locatien. We have ~ctqatl] hed that the ekan = from the prefiight
vlue in each of theoe corjonents besed on the real time dats mizs

rot exces:dl the followine wiluer-:

a. Lati-zuae mun® not be chunged more than U ,H0 feat,
. Lonrlitwie mist no® chang:s mers than o,7)) feet,
‘€. Padius ruzt rot chanee 1pre than 5,00 teet,

These values are based ¢n our cvrrent 3 sipgme ectimatas of p-aflicht
map aecuracy RiSed with the MSFIT ordblt determinr tion accurncy. It is
felt that corrections largzer than these must ipiicate some sort of
fFross fallure Jdemanling either that the sextant tracking be redone by
delayim: DOI one rev or that thie sextant tracking be ignored snd the
Dnacent targetin: be Lased on the preflight mlues, Incidentslly,
the mission rule defining wvhich of theae cholces to Puriue ien
significant open Item which must de resolved,




MIwu]ﬂnketodeseribem themgudormsm compensated
for.

8 croumns;, vhich is essentislly 1atitede, will not be com=
ted for propagation errors at all, Since we aTe using the frozen
plane technique, by definition, no Mted ervor can occur.

. Frror in ppacecTatt altitude is compensa ted for by changing

the radius of the landing site by an amount equivalent to the propagated
state vector eTYOT in the sltitude direction. The empirical correction
is determined from the propagation state vector plois described above

vy resding out the error in altitude associated with & time in orbit
equivalent to touchiown time, The point is that the state vector 16 not
corrected, but rather compensation ts applied to the landing site

radius since this is a mch tleaner procedure. .

¢. Downrange error {s more-cr-less equivlent to landing site
longitude and presente special protlems. Consideration was given to
compensating AgunIAngZe propagation errors by changing lapding elte
{n a manner similar to the r=iius bit Just discussed.

for Descent, tut can yesult in & serious problem in

Specifically, dounTange error in the state vectors
during powered in a vay equivalent to a platform alignment
error in 1nert-'alospace. 000 feet downrange error 19
equivalent to 0.1 IMJ misalignment.
the propagated downrange error in the s
by the inertial guldance system wOU
and, in the event of a Descent abort,
for the wWrong ingertion ¢
which is {nitialized from the FCIMS wou
we don't expect the downrange error to exceed dbout 5,000 feet,
no assurance of this and conservatively feel that an altermte approach
for compensating downrange error is prefernble, The alternate approach
wa adopted i to change the tim? tag on the atate vectors such that the
downrange error at touchdown time {p zero. Changing s state vector time
tay is not a simple thing to do in the RTCC. It has pct yet been
"sutomted.” As 8 result, it ia necegsary for the Data Belect officer
to maruslly enter the entire state vector jnto the RTCC using his
writer like input device. This is & time consuming
iy rust be very cerefully checked.

gram for the lunar landing misd

pugFested 0 the Data Select people that they cons
{nput slnce it 18 wecoming part of th~ rominal operation.)
be emphaclized mpensation 1s applied to both the 1M
and CSM state vectors in @ ors » RTCC, 10C, and OVC. Ve
muy eventually establish a lower bound in this downrange compensation

o




below which it i considered acceptable to live vith the error. Yor
example, if the downrange error i{s less than 5,000 feet, ve may choose
to apply that smll correction to the landing site longltude and leave
the state vectors time tag alone since that is a much simpler thing to
do., BPut that's not the current technigue.

One significant open item I failed to mention in passing is that
there is still a controveray raging on whether a single<psss or twn-
pass MEFN orbit determination should be used for Descent targeting .
That 15, the sextant tracking is done om rev 11 amd the MEYR tracking
on that rev is certainly used. The cuestion iz, should rev 10 MEFW
tracking be incorporated in as well? The solution to this depends
on ironing cut inconsintencies between twn computer programs vhich
ar given conflicting results. The sruwer could como at any time,
Once the one-rey vs. the twoarev d<cislon 13 reached, of course, it
vill not only apply to orbit d~termination techniques for Descent
targeting tut will also be lacorporated in the MEFX propagation error
determination techniques described atove.

It is currently zianned that these G mistion operations will be
carried out cu the ¥ mission exmctly as if that flight were a Junar
1anding. Whic obvicusly means that to the meximm extent possible
these techniques will als¢ be used in the F mission simlations.

There is some question, however, if chapging the state vector time
tag to compensate for propagated downrange error 1s a reagomble thing
to do on the F mission. ' Accordingly, this mst be discussed with the
F missicn operations people before ve rwively assume they will do 1t.

Much of the preceding discusslon deals with the landing site location
to be used in the LGC during Descent. The landing site position {KB)
to be loaded in the commnd module computer should be the preflight
map values of the prime landing cite landmark and there is no reason
to go through this "mickey mouse™ of updating the CMC values from

the MCC before the IM lardr,

The time tags on the stata vectors transmitted to the spacecraft
computers on G are essentially the same as on the ¥ miseion, The LM
state vector sent to both the LGC and CMC will be time tagged at DOI
<10 winutes. Tie CSM state vector sent to both spacecraft will de
time tagged at PDI + 25 miiutes, which should be close to the initia.
‘tion of rendezvous mvigation in the case of & late Descent adort.

Except for the open items noted above, I think this pretty wll
establishes how we plan to do the targeting for DOI enmd Descent On

the lunar landing mission, at least until P mission results cdowm2 in,
L ]
WA
Howerd W, Tindall, Jr.

PA:HWTindall, Jr..Js
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Memorandum ik ped Spececrurs enter
' Bee 1ist attached bate: April 15, 1969
69-PA-T-63A

PA/Chief, Apollo Deta Priority Coordimtion
Some things about Descent

This memo 13 to liet a few odds and ends dribbling out of our latest
Descent Monitoring clambake,

1. We have identified a nev entry for the FDI pad message
voiced to the crew before DOI. Just prior to FDI the crev makes a
cernde astimte of their alti{*ude atove the lunar surface by measuring
the tipe it takes for a lumer lanimrk to move from one end t0 the
other of their LPD line on the IX windov. (I believe it normlly
takes about 20 seconds amt ther=fore two seconds is equivalent to
about a mile accurscy in 2ltitnie.) The nev pad entry is the time
at wvhich the altitude check lanimmrk should appeay at the lowver end
of the LFD line., It is currently proposed that the landmark to be
used will be the same One the crew perforems their one-the-job training
sextant tracking on LOI day. This has the additiomel benefit of
providing the MCC with data for determining its location with aome
precision before the altitude eheck.

2. During powered descent the crev monitors their various
data sources to ascertain vhether or not the DPS is producing an
acceptable thrust., If there is thrust degradation of a fairly smll
amount, they are suppoced o excreise established smlfunction procedures
in an attempt to improve DPS peryormap.e, If the degradation is more
severe, mllunction procedurss will not help and the crev should abort.
IM systems flight controllers vere-requested to establish the amount
of thrust degradation which the crew should tolerate before beginning
the mlfunction procedures and vhat asount they should use to decide
on ar immediate abort.

3. There hac been 3 great deal of discussion over the merit
of the erew obeearving the lumar landscape during the early part of
povered descent, There are some benefits the crew 18 supposed to
ottaln from this but it is important that it not be carri-q on 2o
that landing radar data ie lost as a result. Since 1t is possible to
start getting landing radar data as early ac tvo minutes after FOI, if
altitude is dispersed lov by one mile, it 1s proposed that the crew
yav the spacecrart from its face down attitnde no later than FDT + 2 -
nimtes, Taving sooner would *e fine, |
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M. The attitude the cres should hold after yaving to acquire
1anling radar is 62 off the principle axis in order to give symmetrical
1anding radar antenmm COVeETage. This, of course, provides greater
probability of acquicition and "data good.” (Incidentally, a possidle

- eapdidete for future spacecyaft cospuler Program change is to have the
agtommtic system also control to this attitude, compensating for the
landing redar antenna offset.)

5. It bas been said that the hi-gnin B-band pointing sncles
during the braking phase of povered descent are moTe Or less constant
once the spacecraft has been 'mwed for landing radar acquisition. I%
wvould be very useful for the erew to have these pointing angles in
their onboayd data for use in manmuml sequirition during thie period if
the S-band were to lose loek. Who fijures out wimt thepe angles are -

Rocky Duncan is that you! .

pJ

w de ﬁﬂiﬂng :ro

PA:HWTindall, Jr.:)s




QYA POR s T
WAY AT o
SRA PR T CPR) gt g

UNITED STATES GOVERNMENT

Memorandum RASA Memned Spacocm Pt Center

 PA/manager, Apollo Spacecraft Program paTR:  April 23, 1969
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PA/Chief, Apollo Datn Priority Cooriinntlon

¥ mizaion rule reyarding DPB gimte’ <ries fa!'luve indieatlion

This memo is t0 Peport how [t i= curr 2l planned %o handle an
_indica‘ed failure of the DFS clmiel iriw= actustor (GDA) on the
P mission.

On the ¥ mission there are o DIT sp meioore o D01 ant Phnsing.

The DO burm 15 aboit Tl fIs achlo=ui 3 o1 recondn dumtion st

10 prrcent thrust and adout 1€ reoentc <+ ' repaans,  Mha Phnsing
burn is atout 195 fps achizvad by 7¢ eamzmic 4+ 10 rergont anl
about 13 seconds at ull ~hrust, Th- .o -+‘op to Re 8 tewsred wme
what should the misslon rule te ecwrin- o g0 il 1fsut ocourring
on elther of there Lurn-T

From *he offsct 1t chould be mpic alomr ~bes =Avier from thae 100
during the maneuvers [ out @f the sipe~<Ton L to the comrunliention
lelay when the rprciornfs i opermting s *- moon, Anl of course,
the DOI turn is parforw:. .n baebk o* %~ =pon,

The il licht cordny ©1 2on Man wrv cns €© “irn SHifcE = L glirbal
is movineg when {* is no* rurge. 2@ *o Lo, T le al tr not moving
=hen {t le supposed to Lo, or th Iniiaetisr 1e:alf ir at fault,
Armarently by fer tne -reatens pmkﬂ“ Lity 1 %t the fallure indiens
tion iteelf is in error. Ars you rkncw, tver is no direct cockplt
rendout of DFC rimal ~n-ls -, .c"orq‘r 1t oonly vay the orew hua
of determinine that the 1i,%% !: in rrror iz ty wmliing for nome othar
cus such as exceseive atilicyie arror on Yo PDAT and hearing or seeing
the RCS Jets firine to muintafn netley e ’ a_:: tiey will when the IM
aétitud« ITOT 87 controllo? by vhe IPN I peslticning exeneds

If the licht comes on furin, the o mirsion, the miesion rule will
nlmost certalnly bn fo mumit Uiy aceond eus Y2 fore inking any action
besause eyen 4 runtey eimnl ennnot ereats o rroblen and vou unnece
soearily hnve Llown the mir.ion by *urnin~ off the GDA {f the light
1= wrone. It ls currsntly in*ondot to use thiz same rule on P,
#1thoust 1t is not £o clearly proper for F as Ge s;reifican.y, in the

Bwy US. Sarings Bends Regularsy on the Payroll Sarings Plan




event ve really do have a runaway girbal, it is almost certainly possible
to contime on with the nominal misszion rrovided the erew deactlvates

the GDA iemediately in alT cases. That is, by freezing th> DPS gimbal
position, it is possible to complete not only the DO barn, tut also

the entire Phasing burn uzing RCS for attitude control, Amlysis hasg
shown the RC3 propellant required is mot excessive and the Plume impingea-
ment conatraints are not exceeded, JFor example, if the CDA misnlipnment
were 110 throughout the entire Phmsing burn, only 15 seconds of RCS
would be required of the worst jet. Thir plves the crew more than 5

or 6 seconds to deactivate the GDA in the woret situation = ramely a
rumavay gimbal moving at 0,2° mee. If the ereav doas not demctivnte

the GDA as eocn as’ they et the light, tut rther awnite the second

cue, mistrim my be toe great to peralit use of the IPS for the Phasing
burn. This would force us ei%her to ure the APS for Phaceing or to
perfornm a FDI abort, which essentislly eliminetes the long rmnge
rendezvous navigation exerclse snd resultr in u nonenominal rendezvous
sequence. We don't think this {r the cace and are gettineg some computer
similations run to prove it. That i3, we expect theL even by mwalting
the second cue, the resultant mizalignment will be within RCS control
capability.

In the event of a real GDA fa!lnre during the DOI there nre come
things the MCC ean do once the LM appears frow behinl the moon. Care
mict be taken, however, to reke sure that thece testr do not result
in further misalignments of the DPS pimbal during the Phasiry burn,
Certainly the MCC can make an estimate of which direction the mistrim
appeare to de the larrest prior to the mneuver and could recormend
that the orposite RCS Jets te ured for ullape in order to reduce the
Probability of reaching the plume impingemsnt econstraint during the
Pmsing burn,

The migsion rule is currently written this way, with the arproval
of everyone I know vho ie interssted, The only perturbation I can
foresee would result from the anralysis noted ahove showing we might
lose the DPS for Phasing 1f the crew awaits the second cue. in that
cagse, a review might be vorthwhile,

e e ®
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r W, Tindan, P 5
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(See 11st attached)
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See liat attached pAaTR: April 15, 1969

69-PA-T-61A
PA/Chief, Apollo Data Priority Coordimation

Let?s drop ons of the lunar surface RR tee'r

During our revisw of iie G Murlon Lupar Surface Miseion Techniques
Document on April 1, w- cane to a conslu-lon which may interest you.
It deals with the nocl, or really lack of mredi, for the crew to do
some thines that are in tre current f1is7t rlan, EBpecifienlly, In
the crew IM timeline, we huve lneluled *wo poriods of LM rendeivous
radar tracking of the cormnnd moduls - tre firet is two hours after
landing and the secont is 4w hour:s »»frre L'fo-off, Neither of
these periods are really neeasd altnousa $homy be intereating to
try 1t once. On the oth:r hand, Lt loe= rerairs erev actlvity, uses
~lectrical pover, weaps ou*t the ralar, ot co ferth and mey even
rlace a ~orstralnt on corran! moiule at<itvde 3uring his sextant
traekins of the LM, It w»s our conclusion %rat at leagt one of these
periods of *mckine should be elirminated ani w2 are recormending that
1+ he the Pirst. The proason for lelesins tee firet le that it
interferes with the crsy countiows iemon-ira+icn (CDDT) for ascent,
vhien ir syrshronlzed wish tns £irnt CIM jasces= gver the IM. If

the crew were $0 perform rondezvesnt miar trecking, the CDDT would
have to he terminatel srout 1, minutes before "lifteoff.” By elimina-
ting the rendezvous raoar test, the OIT oin amd rhould be run unti}l
akou*r TIO rinus on-» mimmcs, '

Although we are not p~Josing %0 dolete 1t yot, 1t should be noted
that the CDDT Ltsalf i+ of mArczinal legortanse ami if it lpwrieres
with gther more important actiwity, 1%t coull al=o bte elimirmted, It
it not a precice countdown, anywsy, sincs otviovzly the crew must not
fire pyros, bring the APS batteries on line, pretsurize tanks, and so
rorth, unless they really intend to lift-off. This CDDT should cer-
tainly be eliminnted from lumar landing missions after the first.

As noted in a previous memo, the command module sextant traeking of
the IM is not mmndatory elther, although the flight controllers will
nae the data if they get {t to reinforce conflidence in their other
dntm pources. And, of course, the post<flizht pecple will undoubtedly
find it interesting. Here again, though, it my be worthwhile to con-
sider omitting one of the two sextant timcking periods. We are not

‘propoeing this yet either.
* ﬁ ‘ * ‘-—"-—-.-—.___,

Howard W. ﬁmhll, e
PAENTIndell, Jr.ijs
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UNITED STATES GOVERNMENT
Memorandum NASA Mnnned Spacecraft Center

See list stiached DATR: April 11, 1969
£O-PA =T=59A
PA/Chief, Apollo Dnta Friority Coordination

P Rerx.i_vous Miscion Teehnligquen Clesneup

Or April 5 we had what I expret Ie the lact of the ¥ Misrion Rendezyvous

- Pechnlques meetlnes, W recolved o rumter of open items which had not

been covered befor, or vwhict poppei up Juring simulations., This memo
ts to list them for the rocord. Sore are trivial, some are really
quit2 sisnificant,

1. Sinec the first plannei DFS maneuver 1: DOI, 1t wms agreed
that the gimbel any¢les ineluded In the LGC erasable memory load should
be right for that maneouver, These ymlves rhould nlso be included in
the crew check list (Stan Mran ple-ce respond).

7., The LM attituiec anl sttituie rare limits for the DPS burns
are 5 and 59/sec uncticed and for the AFS are 10° and 109/sec,

A, e nereed upon the followins ecures 07 sction reparding
Imperfect DOI nnouwer:,

1. Flrst or 11, only the x-txics reaidual shall be trimmed,
The ¥ nnd zet¥es rocliuals shall te 1ofs untrimmed since they do not
tother anythin: and trimmine wnstec RCS propellsnt and can result in
excesslve plume imcinscment,

. Underiurns « Unterturns less than 5 fpa willl be tiimmed
up to 7 reconis plus » RCO burn Jduration, which is a plume irpingement
constralint, (Note: “nn%'s only 2 frs of trimming and thus can leave
s small residusl which will force retarpeting the later burns) Under-
burnc inexcess of 5 £33 will not be trimmed and will result in a "PDI
atert.” (A FDI abor%, vou reanll, involves making a maneuver at sbout
PDI time ylelding CSI one-<half rev later. 1In other words, it eliminates
tiir v in the nordnal mizsion betwron phasing and insertion. The FDI
atort will b2 made with DPT if 1t ir concldered sn operating system,
othorvlee with the AFS,)

c. Qverturnc - Overburns less than 12 fps will te trimmed
with rdnue x RC3. Agmin, this limit is based on a RCS plume 1mpingement
constraint, It should never occur since this is about a b recond overe
burn which could huve heen mnually stopped before resching this value,

- .

Bay LﬁI.JEwiqgtEkud&4kquhmbrtulﬁflﬁpwvﬂ'ShwiI&;174n




Overburns greater than 12 fps result in lurar impact and therefore call
for a direct return of the M to the commnd module by the irmediate,
brute force technique discussed in previous memos.

d. I guess it joece without saying that any PONCS failure during
DOI also dictates 2 direct retura etors,

L, The following agreements were reached regarding the phasing
maneuver:;

a. It wan emphnzized that at leart LO fpo should be achieved
by the LM acomeho. 1f at all ponsitle,

b. VUnderbturng = Trim under lers &% » *ps with plus x
RCS up until the 7 second plume im .. .ent Lipif. "°° the underburn
is greater than 5 fps, but less tham J5 fps, s, f ! complete the
maneuver with RCS. If the underturn is in excefw .. 5 fps, ciage and
complate the burn with ~F5 using the AGE. N

¢, Overhurnn « Trim overburns lecs than 1z fps with minus x
RCS. For overturnc in excess of that, trim out I2 fps and standby for
gn update of the Insertion tarpeting.

5. Insertion

a, Underburnc « If the totnl veloe!ty gained ia leas than LS
fpr, tnke it out ucine minun x ROG. TRIF Iﬂ'mh En Daned on *he 30
necond minus x RCS plume {mplneement conatraint. In this event, the
¢aM doea the tnsertion burn three minutes later, If the underburn is
1e58 than 80 £ps, use the plus x RCS t& complete the maneuver. (This
1imit 13 based on the 55 seconi RCT plume impingement constraint.) For
the approximate 100 fps band of cutoff velocities in between these two
1imits, the IM chould do rothing immedintely and the commnd module will
hnve to renoue,

b, Overburns mist be 1removed somehow to avoid lumar impact,

6 t has been said ropeatedly before, and I say again here today,
that s¢ 1e no such thing ns a 200 n.mi. range limit on the VHF mnging
by the COM. That is merely aflctitious desiru vrlue which hns no bearing
on how the operntion shiould be conducted, VHF ranging ohould be use
to its full 327 n.ml, recycle limit provided the data is good. ThelR
AV limits, which the CMP should use to decide if it's good or not ave
currently set at 0,5 n.ml. and 3 fpe., (These values may be changed this
week following n rendezvous navigation meeting of the experts.)




-
It vas agreed that the CMP could do P20 rendezvous navigation, updating
the IM state vector In the CMC, between DOI and phasing, if this does not -
eonflict with other more urgent activity.

T. The TFI window has been established as being from mimus 8 mdmutes
to plus infinity. The nominal TPI location iz at the time the target
vehicle 13 23 minmutes<before sunrise. The significance of the window
i3 that if after CSI it 1s discovered that the TPL associated with the
elevation angle option hns slipped earlier than 8 minutes, the crew
wlll recycle the TPI program (P3L) uslng the time option with nominal
TPI mimis 8 minutes on the input time,

8., The CSM alwnyn uces the LM computed CDH time for imput to P33
ans long as the LM FCNCS is assumed to bte working okay.

9. It was agreed that all CSM mirror imsge targeting (that is,
for €SI, CDH, snd TFI) tholl use the came TIG as the IM. That is,
mirror imge targeting will not bte delayed one minute or three mimites
as hed previously been considered. This technique conciderably sim.
plifies procedures ani results in (minor) difficulty only if the IM
failure, which forces the CSM to become sctive, becomes apparent vhen
the IM attempts to make the mmheuver. Such 2 last instant fzilure on
an RC3 burn 1s considered very unlikely amnd does not result in too bed
a situation If the commnd moinle then executes the maneuver late,

One of the simplifieantions obvtiined by elimimnting TIG delays 18
the eliminction of 2ll bilases that neei to be applied to the CSM solue
tions for use in the IM with ore exeeption. It is necessary to subtrect
1 fps from the €SM C31 (P2Z) solution when the LM uses it for comparison
with thelr own solutions or for execution,

1C, Comparison limiw: werz ectablished for evaluating the acceptability

of tke wvarious remilezvous mouver solutiona, In 2ach case, it is most
denlrable to use the LGC L1f poasitle, Accordingly, it will be used if

it compares favornbly with either the CSM or the IM chart selution, If

it falls, the LM chart 1r ermpared with the CSM solution and is used if
screptable, If Both the LGC and chnrt solutions fail thelr test, it 1
recomvendel that the LM =xecu.e the mnneuver computed by the CSM since

a rendeivous rwdny faflurs (5 the mort likely cnuse of troubla, The
compar:son limits are © fpo, © fpe, and F Tpz for x, y, and z-axes,

v tespectively, In both loceal vertienl nnd In line-ofesight coordinates,

by Thit comparison tochniaque shall be used for the ODH snd TPI burns
Jor sure. It my also be possitle to ure it for CSI, provided analyees
batween now and the fillgsht chow that the COM will have an acceptable
performnte, Since it ig not certain that the (SM will shape up, we

3




have adopted the following weird technique which should be used for
CST unless the CSM is eventually certified to be okay. It is hased
on use of three possible solutions « the PGNCS, the LM ¢hart, and the
Tre-separation canned burns, It {2 also based on a desire to insure

too large a {SI burn, if anything, in order to avoid having TPI slip
early, wvhich is considered a serious dlspercion, as noted in paragraph

T above, The rule is that the LM crev should execute the latest of

these solutions, provided it i= no more than 2 fpe bigger than tho
next-to-largest solution! If the rendezvous radar has failed, it wipes
out both the PGNCS and chart solution, the LM crew uses the same copfmri-
son scheme, only in this event it 1s a comparison of only two sources -
the pre-separation canned turn againct the CSM CSI selution after it has
been biased 1 fps as noted in jarmgmph 9.

11l. There were at lesst two situations in which 1t seems desirmble
for the CSM and IM to share the btrmking turk-and it vae agreed that
they would do so if elther occurs. If the IM fails to stage tne DIS
or if the IM is not able to visually ecquire the CSM during braking,
lateral line-of-sight control by the IM is not practical and the CSM
shall do 1t. The IM will continue to be responsible for perforaing
the actual braking maneuver provided the rendezvous radar 1s working.

And that's how we spent Saturday. e

mﬁb\(\;&..k

oward W. Tindall, Jr. .
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yaoM : PA/Chief, Apoilo Data Priority Coordimation
sunjra?: Descent mon.toring st MCC

Wn haye reached n platenu in our work on Dercent Monitoring, perhaps
miking Lt vorthvhile to rend out this wmo, First of all, I don't
think thore {s any question that Descent i»s the thing that requires
most of our attention between nov and the G mission, at least in the
smpire of Migeion Techniques, There are still s lot of things to do
and so starting about a month agd wvc have been having one full day
meeting per week, which will probably continue for another month, I
think we haye pratty well eatablished what the MZC has to do and how
they do it during Descent. That's really the cubjeet of this memo,
Our jou is to work over the onboard technicies and integrate them
with the ground monitoring to mke sure everything is cormplete and
consistent.

After considersble discuesion, we have eststlished tnat the nd's
Job during Descent is to attempt to do the following things Enot
neceasarily in order of importance!)s

A, Detect DI malfunctionc amd excessive RCH plume impingement,

b, Prediet that ndsnunte prepellent mrgins are availatle to
permit landing.

¢. Detect impending PONCS Tallures.
4, Mke sure PONOO guldnnoe ip not diverzing.

'w, Mhke surn trajectory constrainte of some sort or other are
not baing viclated.

As far an ve cnn tell, all of the necessary telametry and tracking

-dnta programs hava been {dentified and sre being implemented in the

RTCC; wll hecegoary dlpplny formats have nlec bean provided {in the

MO, There are a couple of Ltems saeocinted with this vhigh I would
b 1ike to muntiont j

k- a. We are oh the verge of assuming that RCS Flume impingement is a
- honest«to-Cod constraint which must not be vieclated, Choke! The IM
gystems guys have s displny which processes telemetyy data ylelding the




cumlative plume impingement from each of the dovmard firing jets, 'They

- subtract this from the walue GAPC has established s the total allowved
duration apd display the results, That is, it is & display of permissible
time remmining. It {s propored that when this parameter reaches zero,
indicating ve have violated the plume impingement constraint, they vill
recommend that the crew "Abort smgg" out of therelll

b, Another interoating computation and diaplay that the OOM pecple
have provided themnelven 1s a prediction of DPS propellent margin at
touchdown. This 18 an napecially sophlaticated procespor which utilizes
a number of PGS guidance parameters obtained by telemetry to predict
the amount of DPS propellant required to fly the remainder of the descent
trajectory. They aubtract this propellent requirement from the meapured

pellant etill remining cbtained fron telrmetry dnta, to obtaln the
predicted mrein at touchdovn, This parmmeter {n plotted ¥s. horirontal
velocity on an analop dleplay, 1t Is preposed hnt {¢ the prediction
of propellant cropser "serg," .hc crew should be advized to "Avort.”

It has heen ntatad there 1s no question, when &ilr predictiun reaches
zero, that propellent depletion will occur brcore landing and 80 abort-
ing is the thing tr do. It is wo~ sufe ‘0 m-cume the converse = that
is, it does mot alwnys accurntely predict that pufficient propellant

i1s aynilable to complete the Descent, We're golng bo oheck this program

thorcughly to see 1f it really does that.

Impending PGNCS £aiiure will be detected from strip charts dis-
playing suldance rystem dlfferences, very much the same as during the

launch phase, That ls, Alfrerences between the AGS and PUNCS and differs
ences between MOFH and PGHNCS will be digplayed on the strip charts, Avort ’
1imit llnes will be provited upon which that action will be recommended.
Dther dirplays are gsed in conjunctlon with these strip charts % positively

ascertain that the PCNCS i the errant gystem,

c.

4. There was & somevhat gurprising outcome fyom tmur dlscussion of
tra jectory constraints, Unllke 1nunch, vwe vers Laslcally unable to £ind
any "hard’ descent e jectory constrmints with a possible axcsption of
the APS abort line {previcusly enllously referenced as the "Dead mn"
curve). That is, thare appears to be RO resson o could identify vhioh
wonld prevent the IM from flying all over the sky, if that ls what you
call it at the moon. As a result, it seems as® though we have two options e
elther provide no tra jectory avort 1limits OT altermtively sclect dispersion
1imits {(for example, 3 sigma, 6 sigm, or 9 sigm) beyond vhich wve will
arbitrarily not allow the trajectory to diverge from nominnl, This cufe
rently i» my personnl prefarence, mortly based on intuition and no data.

There is by 1O meanc & ganeral agresment on that yet.
And that's our platesu. S T
“d‘ N ™ L] A - 7
‘ALM-N\‘M.
Roward W, Tindall, J¥. \
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See 1list attached . DATR: april 8, 1969
69-PA~T-56A
PA/Cnief, Apollo Data Priority Coordimetion

Some things about Ascent from the woon

On April 3 we had an Ascent Mission Techniques meeting « the first
in » long time. This memo iz mos*ly to exprese some rather general
observations,

I guess we all recognize that Azcent is really different from most
other maneuvers in an Apollo lunar landing mission. It 1= one in
which fairly small dispersions in the guidance can create an uneafe
eituntion either by setting up an imminernt lunar impact or poor
conditions for carrying out the subsequent rendezvous, or by running
the APS cut of propellent. Accordingly, special efforts have been
spent {n trying to set up techniques for monitoring and detecting
dispersions of this type onboard the spacecraft so that the crew

can switch over from the PCNCS to the AGS in hopes of correcting the
degrnding situaticn, Of course, in a case of an obviovs failure

like the platform turned upside down, or something, the erew should
have no problem in knowing they should svitchover. However, I am
confident thnt they will not bte able to detect insidious, slow drirft
mnlfunctions of a magnitude, which could be catastrophic, in time to
save the mission. The technijues which have been proposed for this
are not sure-fire, even if executed to perfection, And, they are so
complex that I seriocusly doubt the crew, with thely limited training,
would ever learn to use them with enough confidence thet they would
awitchover from the PGNCS to the AGS even when it was necespasy, If
my assumptlons are correcy, then it seems we must Tecognize that the
fround is not only prime for detecting and advieing the crew of slow
drift malfunctions but, in fact, MCC 1is virtually the only source for
this. This in turns means that i{f the MOC loses hi.gein S-band telemetry
there will be no drift mplfunction monltoring carried out and we will
simply have to trust that the PGRCS 18 working, Off<hand, that does
not strike me as an unaccepta>ie situation since we only get in trouble
I communications are lost ARD the PGNCS fails insidiously.

Another thing we must face up to {s that we do not havye a mmual

backup for Ascent Guidance and Control., Unlike the rendezvoun, where
crew charts provide an excellent capabllity te¢ press on in epite of
suldance nystem failures, no such capatility exists for backing up .
Ascent, It is true th.t vechniques have been studied and proposed,

some of which might ponuitly work. However, the fact i{a that we do

.
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not have a workable technique in hand todny, and even if we did, it
certalnly could not be considered operaticml unless the crew vere
thoroughly trained in Its use. And, that they certainly will not be,
Here apgain, thir situation strikes me as no worse than "anfortunate.”

5o mich for general obeervations. Following mre a few specifte {tems
coming from our discussion:

a, ] would like to re-emphasize that like most other waneuvers [n
the Apollo mission, 1lift-off mist occur on time, We are not planning
for some sort of launch window., Accordingly, if in counting down to
Ascent TIQ the crew falls behind for nsome rearon, the lift.o”f shoull
be delay:d one COM rev and the trouble that caused the tardinesn should
te cleansd up. For exnmple - one test for determining whether 1t iz
possible to lift«off or not is the PCNCS slarwm coming oh at about TIG
<40 seconds, indlcating average g will not be turned on at the right
time and the PGNCS will not bte Yeady fur lifteoff.

b. In the event the PGNCS displays a AV Thrust Monitor Alsrm
after the APS engine actually comes on, the crew chould otick with
the PGNCS which should be holding attitude until they haws Aetermined
that th> PGNCS 1a not going to contrpl the spacecraft properly cuch
a3 yaving it to the proper launch azimmth ani piltching over as progr mmed.
When these varicus cues have all confirmed lack of FGNCS guidance, the
erev stould switchover to the AGS without sttempting to recycle the
PGNCS fipst. Of course, before switching over to the AGS they should
ascertnlin that it ie working better than the PCNCS. To do this we
recommend that the nomina]l dlsplay for initial ascent on the AGS DEDA
should be altitude rate (H), Following svitchover, recycle attempts
should be made to clear up the AV monitor slarm in an attempt to ot
the PONCS back on the air,

€. In order to provide redundaney for the "Engine On" signnl,
procedures call for mamally pushing the "Engine Start” switeh, It
is to be emphasized, however, that this should be done only after tne
erev determiner that the LOC "Engine On" commnd has caueed the engine
to start. We do not want to lift-off if the I'GNCS is not issulns commandc,
Of course, in order to get an sutomatic guidance engine cutoff s+ in:er.
tion, this merual Engine Start signal must be removed., The procedure
ealls for doing this when the velocity remaining to be galned is about
200 fpa (1.e., about 10 esconds to go), Immediately preceding cetting
the "Ingine Arm" to "off" the interconnect ahould be closed. If remov.
inz the "Engine Arm" does turn off the engine, the crew should use the
same nwitch to turn it back on. Of course, they will then have to step
the cngine again vhen the velocity displayed by the PGNCS reaches nominsl,

- = . . : -2




4. We have no procedure for monitoring and backing up the PUNUS
"Papine OfF" cormand like those used for TLI, 10T, DO, end TEI. Due
to RCS attitude control a~tivity during Ascent, the burn time can vary
an much ng 20 seconda from nominal, which makes that a useless parnmeter
for this purpoce. The AGS and the rendezvour radar range rate are
potantinl enndiduien, tut [t was firally decided that pather than
nlopt somn complrx voting loeia Invelving thome sy:tems, the hegt
tonhnlque wan to slmply utilize the greund monitoring to determine
whilah py=tem chould ha unsd to control the Asgent Quidance and 1o ure
whichoyer pyetem ip puiding an the role cue for APE cutoff. That is,
ar lons an we are riding the PONCS, let It do the Job amd back it up
minually only Lf it Indicates the rpaceeraft has exceeded the denlred
- yeloclty, If n switchover to AGB has occurred, then use the AGB nn
e pole roures, It reome to U that, rince thls maneuver {a always
In =isht of the grount, n procedure like tnis ip scceptadle, Of coursse,

1t dependa on not lorine telemntry,
:V :!
ward W, Timnll’ Jr.

FASHRTInIalL, Jr.t):
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AGS alignments in lunmar ordit and operations on the lunar surfece

On ApTil 2 we fimally got around o establishing how t0 opurate the
ACES on the lunar landing mission. The twvo basic subjects for dise
cussion were how to handle CTU transient problems when aligning the
AGS to the PONCS in lunar orbtit snd hov to vperate the AGS in total
while on the lunar surfuce,

I am certainly no authority on CIUf transients and only attempt

the following brief description so that the rest of the memo will
mke some sense to you. If you are interested in vhat CIU trenslentsa
really are, I recommend that you find sn authority on them, There
are lots of 'em -~ and as meny versions, As you know, the AGS usen

the PGNCS as the primary reference in its alignments., As I under-
stand 1t, CIU transients have eomething bad to do with the electronies
in the PGNCS which are used to geperate the data transmitted to the
AGCS which the AGS utes {n its alignments, Unless certain precautions
are taken, CDU transienta can occur and are not ordinarily obvious

to the erew, I gather that they can result in errors in the AGS
alignments of up to 1} degrees or so. During mich of the operation
event the largest misslignment errors would not particularly concern
us, On other occasions, such as during descent, they would essentially
disable the ACS as a useful guidance and control systen,

I vwill go through each of the AQE aligmments:

IM Activation before Undackin:g_

The command module should be used to orient the spacecraft

to a so-called AGE calibration mttitude whieh is essentinlly Just
displacing all three spacecraft axes at least 114 degrees avay from
zero or miltiples of LS degrees from the IMJ principle axeas This
action, 1t 1s said, will permit the AGE alignment and calibration
to be carried out free of CDU transients,

b.

Pre-DOI after Undocking

The AGS is allgned to the PGNCS after its AOT alignment in

preparation of DOI. Eince AGS alignment errors do not create a problem

e Ll
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tut are more of an annoyance in the AGE monitoring of the DOI turn, no
precautions will be taken to avoid CDU transicente,

8. Pre-PLI

Thin allynment in preparation for isrernt {s mont oritical,
The AGH muxt be wlipned accurntely and, in order to minimiee drife, {t
mist be allpneel to the PGNCE very late befor~ FUI, The choices here
ware Lo add npecisl erew procedures into an already crowded timsline
to avald CDU traneiento vo, taking no preeaution= apainct their occure
rine, but teing prepared to redo the alirrm~nt i the MCC detecto n
CIVU trunrient allpnment errvor hae oecurred, Eithrr of thepe two
appronchas were conalderad ageceptable atvl are almost & tosp-up., It
wan finnlly leeidel to nvold *ha spreinl prrcadurss and t0 take n
ehatine on the tearaient, If the MCC determiner tint o CIU trmnalent
tnr pecurred, the crew will be Informed within ?. secontn and they murt
then rezero the CIU's and repeat the alipgnment, This procedures is felt
to be rimpler for the crew and, in particqlar, it aveids attitude
mnoyvers whioch ape part of the C'IIJ tran=isnt nvo!iquée procedure,

d. Torteln=ertion Allynmentn

Aftrr inoertion into orbit the AGS choald then be aligned to
the PGNCS. Again in this none-critical peried it war decided to take
1 chance on 2 CDU transient occurrine, particularly sines this nlier.
men, in gareied out within alght of thea aarth an! tha MCC inx in a
jutition to adviere the arew if a realipnmnt 18 nr2sgnary,

Attroted Lo thin memo Lin a detailed requential llot of AGD optione on
the lnnar surface at esach atep of which it iz asaumed the PONCE i
=111] operntlonal. In other words, 1t 15 th~ nominal sequence, If
th~ PGNCS becomes bhroken on the lunsr surface, dilferent and more
axtennive operationa will be required, vhich we have yet to definna,
In the deavelopment of the nttached cequencer, noms {tamn of interest
sy aclion {tema popped out whioh I would 1like to ndd hera,

a. Whenever RL3 s updated in the PONTO, it should be standard
procedure to update the AGS lunmar launch site riifue {(Addrese 231),
Thins up:ate will be based on a voice relay from the mc of the wulue
.o b= Input via the AQS IEDA dy the arew,

e WItH regnrd to CDU transients during AN nli{gmmence on the
Clupar rurface, Lt was deaided that we would rely on the MCC to
monitor end sdvine the erev if a CIU trahsient has ocourrrd., That
t4, the crew would Jollow no special procedure to determine if-one had




L3

ocourred except in the case of no communication,

¢, Ouidance and Control Divisicn and TAW were requested to sdvise
vhat timetag should be sssoclated with the CSM state vector voiced to
the crev for input into the ACE in the event the PONCS has failed,

4, MPAD was nakad to dateraine {f Lt {9 neoeptable to input atate
vo0tora into the AQD 1% mimites or more prior to FDI. The guention here
ronily is whather or not the AQD numericsl intogration oaures unnoeaptable
state vectnr errors for deccent adborts if the ntate vectors are loaded
too early. IEarly losding, of course, 1s desiradle to reduce crev
activity Just bdefore FDI.

All of this AOS Jarz wil)l be alind to the Lumay Surface Miarion Techninues
Document, T think 1t's tha lact ehunk, We will rayv.ew tha whole nubject
of lunar aurface notivity next <eek and then oan forget 1t - I hope.

-]

L]
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Hovard ¥, Tiniall, Jr.

Enclosyre
PA:HWTIindnll, Jr.:'s
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HI8 Determination

" On April 2 we had a Mission Technigues meeting to discuss how we

should handle the determination of the IM's position on the lumar
surface (RIS). Specifically, we vere concerned with how to detera
mine ite values and, after improved values are determined, vhen they
should be loaded into the spacecraft computer., One obvious conclu-
sion, 1f anything can be called obvious coming from this discussion,
is that we have many excellent daia mources for detormining RIS, each
of which 18 estimated to be of a quality mich better than we need to
support the operation.

"RIS" 1s actually the LM position wvector on the lumer surface consist-
ing of three components. It iz moon on fixed - that is, rotates with
the moon - and is sirmply the latitude, longitude, and radial distance
of the LM from the moon's center.

Prior to landing it 1s necessary to establish the values of RIS to he -
used in Descent sargeting. ¥For the first lumar landing, where the F
mission will have thoroughly surveyed the landing site, the consensus
is that we should use the RIS determined on the P mission and only use
in<flight mission G measurements as a system check similar to the
horizon check made before retrofire, For landings at sites which have
not deen surveyed previously, the RLS must be determined in real time
based on the MEFN/sextant tracking done pre-DOI, The Math Physics
Branch (MPB) of MPAD proposes that this be handled in the followling
way and I think everyone finslly agreed i1t was logical, at lesst pend-
ing results of the F mission:

a. The CSM/LM state vectors will be a so.called single psss MBFN
solution based solely on data obtained during the sextant tracking
pass., Orientation of the orbital plane of thies solution will ve con-
strained by the pre-1OI plane plus confirmed maneuvers. (In fact, MPB
proposed that we ure this technique throughout lunar orbit from LOI
through TEI. Data Select and MPB people have the task of estahlishing
the technigue for monitoring rev by rev single pass solutions with the
orbital plane unconstrained to confirm that the pre.-L0I walue falls
within the scatter of these determinations and of establishing the
limits beyond which they would abandon the pre-lOI plane orientation.}

Buy U.S. Savings Bonds Regelavly on tbe Payrol] Sovings Plun




b. Having established the CCM state vector as described in "a,”
the sextant tracking data is given full weight in the determination
of RIE. That is, the londing site location will be based entirely
on the sextant data determination of its position relative to the CSM
state vector. But I would like to iterate that thie RIS determination
is only used as a system check for » surveyed site such as plumed on
the pominal mission.

After landing we have five good data sources for dotermining various
components of RIS. (MPB har the task of ertabliching their relative
accuracy.) We have decided to put off figuring out how we »ill actually
use them in real time until arter the P mission aince it is anticipated
that it vill impect our cholce trsmndoucly. Thc various data sources
are as follows:

a. The crew obrermtions smde during descent and after landing
referenced to onbourd mepa - This is simply a mmtier of the crew
informing the ground of where they think they landed in terms of
longltude and latitude based on their v'sual observations. In addition
to relaying latitude and longitude, they should also expre.s an opinion
of how certain they are about where they are,

b. The vositicn 13 determined by use of star observationc =nd the
pravity vector data ob*alned during the first IMJ alignments on the
lunar surface, Thic Jdata will “= procezsed both onboard the space-
craft and at Micsion Control Center. .t is also only capable of
determining lat{tude and longitude - not radius,

¢. The Lear powered flight procesior which uses MEFN doprler

datn during deseent 1o expected to have outetanding accuracy in deter-
ming the change in LM ponition from FDI to touchdown, provided wa do
not cnceunter sustained pe-lods of data dropout. The problem in
determining 1M position on the lunar surface with this data, of course,
depends on the accuracy of our knowledge of the LM positlion at PDI to
which we will add the position change measured by lear. According fo
" MPB it is possible o obiain a very accurate estimmte of LM position at
"FDI using a MEFN short arc solution witi the orbital plane constrained
as discussed previously. (They emphasized, however, that the short
are solution is only accurate in the determination of position - not
velocity - and would only be obtained during poct-landing processing
of tracking data obteined on the IM between ACS and PDI.) KIS then

is found by determining the 1M position at PDI usimg the short arc
suvlution and manually adding to it the change in latitude, longitude,
and altitude as meacured by the Lear Proccssor during powcred descent,
Note that this yields all three components of RLS.




L L

d. PGICS telemetry data mmy be used in a simiiar mamner to the
Lear Processor. That is, by taking the PGNCS eatimmte of position at
PII and =t landing we are able to determine its measurement of change
in latitude and longitude during descent, They may also be added to
the mhort are solution described above to get RIB. It is to be
emphasized, however, thut PGNCS scceptarnce of landing radar destroys
the capability of determining the change in altitude as measured by
the PGHACS.

- @, We can do the same thing with the AQE state vectors as
deseribed for the PGRCS, Amain, since altitude updates are currently
planned during deascent, only latltude and lorgitude can be obtained.

The question now 1< which af the .e rources do we usel

a. Por FIE radius our preferred ;ourer 1g the pre.flight
determi—ed value 1T we land at » surveyed site, If not a surveyed
gite, we would either use the radias determined by the MSFN/sextant
observation obtained pre-D01 or from the Lear Processor plus short
arc solutions. These two scurces are currently estimmted to be

roughly equivalent.

b. For latitude and longitude all of the sources noted above
(1.e., crew/map, A0T/g, Lear, PGACS, =nd AGS) are sll considered
corpetitive and their priority mmst await F experience. It shonld
be noted that Lear, PONCS, an? AGE are not completely independent
in that they are all initialized from the same source.

Flight Dynamics, Data Select, and MPB people were given the tack

of establishing the precise technique for ottaining the lLear, PGNCS,
and AGB solutions for RIE latitude and longitude. This ,s not some-
thing that falls automtically out cf the RICC but will require a
considerable amount of menipulation of mmny different state vectors
gtored in it and a bunch of mmal (simple) computations.

You will note that all of the above data sources are availatle within

an hour after landing and, as far as we are concerned, shouid provide
all of the data ever needed to cwrry out the operatlon, However, we
have currently planned to ottalr rendezvous radar and sextant trmcking
of each spacecTsft by the other, both tve hours after touchdown and

two hours before 1lift-off. Based on our discussions at this time, the
consensus is that this tracking 1s by no means mandatory. In particular,
if rendervous radar tracking by the LM becomes even slightly problematic,
it can easily be dropped. For example, if it conflicte with other crew
activity, uses too mch LM power, presents thermml problems, or wears
out the rendezvous radar we can eliminate it from the timeline, Of
course, if in real time our other data sources get moodled up in some




vay, it would have to be sdded bmck in at that time, In fact, I should
emphasize that we are not proposing that it bde dropped trom the timeline,
but rather that it could be dropped if pecessary = s0 cun the sextant
tracking for that mmtter, although no reasom for dropuing it occurred
to us. . .

-
In sumsmry, wve have many excellent data sources for RIS detexmimation.
How we will use them will be estiblished after the ¥ mission., Rendezvous .
radar tracking by the 1M on the lunar surface iz no longer a requirement.
And, n couple of nev MEFR facts are that a short are solution yieldz o
good position vector and it iz proposed that the pre-l01 determin~d
orbital plane plus confirmed maneuvers be uced throughout the lumr

orbit activity,
Hounrd W. nmﬂll, J!'. \ '

PA:Mindall, Jr.:)s
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Memorandum e maamad Pracoccafs Gester

7O : See list attached . pATS: Apeil 1, 1969
6PRT52A

PA/Chief, Apollo Data Priority Coordimmtion

PCNCS operations vhile on the lummyr surfuce

——
—

p During our Mrch 27 Lunar Surfaece Misslon Technigues meting I
think ve finmally settled how we think the FGNCS shon1ld be operated.
How many times have I sald that bDefore? This mewd is to0 broadcast

a few nev items that might de of general interest, )

=

MIT has recently mde a signifiean change in the FONCS luner surface
aligmment program (PST). They hav= sided s nev alterpative governing
she orientation to which the IMI can be sl.gned, Epecifically, before
this change there vere only twe altermtives = a “preferred” align-
ment associated with lift-off time corputed by the LOC snd an align-
nent to a REFSMMAT uplinked from the Pi:-iom Control Center. The
new altermtive prevides the capability ©f an sligmment to the stored - -
REFSMMAT - that is, the same FEFSMMAT to vhich the IMD vas aligned S
the 1last time. This program change sigrificantly simplifies crev
procedures and since it will be used several times during the lumar

stay you should be awvare of it.

we have finally converged on the sequ-nce of P57 options to be used
on the lunar surface. They are described in considerable detail in

the attachment. Briefly the sequence 1s:

a. A gravity sligmment (Option 1) to deteraine the direction of
the gravity vector.

b. An AOT star alignment (Option 2) to establish an inertial
reference which can be used with the gravity vector to deterxine the .
1LM'3 position on the lumar surface. This alignment will also provide -
a drift check on the IMJ since the pre-DUI AOT star aligmment, A .

c. A gravity and star aligment (Option 3} in preparation for -
11rt-of f at the end of two hours stay, Iif that is necessary, and to : Lo
initialize the system for a sustaiped IMU drift check. : -

d. Two Option 3's in the nomimml ascent coantdovm, The first,
vhich completes the drift check, also sets up the systes for the - S
rendezvous radar tmacking of the commnd module two hours before the EA
11ft-off. The second supports the Ascent itpelf. N

o
& | bUJ.WMWu*PMMHa



m™his sequence not only provides all of the data needed to support the

actunl opera:ion dbut also exercises all of the options which mmkes the
enginesrs happy. The COnsersus was that ve have trimmed this activity
just about to a minimum and it should be fairly eary to include in the
crev timeline. .

¥1light Dymamice” fllght controllers were requas®e] to select the stars
to be used for the lunmar rurface alisnment on the nominal G aission
ex roun as possible,

It io our utderséant’ng and rocommendstion thatl the IMJ will remin
povered up throughout the lumr stay. %We rzho:li emphusire that it
{s nlro necerzary that the LOC remin poserel up us in order to min-
*n'n £yro compenratlion in the IMJ &: well a7 to rrovide the downlink
inta cortimously to tn~ Mis-lon Con*rol Cor'er, Apparently there
wm- some nncertainty abou’ this.

After consilernble dli-cucsion 1t was desided *ha* our best course of
setion 13 to update both the LM positirm on the lunar surface (rLe)
an! cormmn:i module state vector in the LOC Fur'ng the first two hours
on the lupar -urface to suprort an aseent al the? time, 1f it Is
rresceary, The BLE will be brcoed on b= AOT al‘rnmnt and grevlity
yentor date Az well ms crew otrervation: during the landing and porhape
on date (mthere? rrior to 20T. (The exact mrrner in whick the Miscion
control Cen‘er will dc this Job is *h=s subfect of a mreting next week.)
The COM rtate veotor will be the ert TN estimnte at the time of the
update, Thi- 1= cuch an ohvious cholrn you =irt wonder how we wanted
our Yime, The enly toint we Were concrrned with wme mking aure that

the- KLY an! COM yontore were compatidle enogh to mupport ascent yuldance
we the enl of @ L.0 honr zény, We fasl that thir techiique will probahly

Trovide thet, st ve my wnt o rooon:lier after ohtaining ¥ miscion
vxperience,

In ndtition v “he Datn “aleet M- ineon noted above abou® hov tO ertnblish

Ft, we «re w1l a ceheduline o mrating ~pecifically to dliscuna the AQG
oremtion on the lupar surface poxt, weak, After inocorpormiting the

e ouqltr 0f e meetinge (nto the M ~pton Tweonniques Document for
LGtn P Surtice Opepntlon, we will review and fimilly publish thet docu.
ment A tourle of v %7 lat-r. Hopefully, at that time this migesion
pnre snccld te falrly vell clored out. .

HrsodiNidaih,
Howard W, Tindall, Jr. ¥V~

fnelocure ,

TraHeTIndall, Jr.its S
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Post Touchdown
s, Optionl to REFSMMAT to obtain the g vegtor

Do pot torque the M - speenﬂeam, the crew should pecytle
(v2ZEY out of the program at the yOEN93 torquing angle display
», Optlon 7% to REFSMMAT - 0 obtain D drifs since pre-101 align-
aent. Olven the £ rector of Optien 1 this supplies all date
required for 14 position deternipation on the lunar surface
both onboard nnd at the Missinn control CenteT.
ec. Update LS and CSM state vector in the LOC pased on best
sources of data avallable - BO sttenpt 18 pmde to TRk thase
woonsistent.”

Touchdoun plus 11 nr to prepare for RR track or 4. . t=0ff ufter
fipst CSK Tev.

Option 3® 0 1anding site - using urdated 1ift-off time from
the Mizsion Control Center.

During lunar stay (about 1o hours Suration) monitor 0 angles
contipuously st the Mission Control Center.

Lifteoft - 2} hours

Option 3* to REFSMMAT to obtaln drift and to align for KR tracking.
Update (SM state vector in IGC. Optiomal update of KiB.

Ligteoff - b5 mimtes

Option 3%® to 1anding site Jor Ascent.

#{a) I1 attempt at Option o fails because ctars are not visivie,
, veplace vith Option 3 usine gun or earth if possible.

(v} If attempis at option 3 fail (even with sun or earth) replace
with Option 1°8. : '

Note: Unsel REFSMMAT flag before §6 above if using option 1
to elimiomte drifrt effect over iong lupay stay.

.,
et
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Memorandum

LTI

Bee list ntrached DATR:. Merea 12, 1599
69-PA-TAEA
PA/Cnief, Apcilc Data Priority Coordira®iom

Sim . fleat’or tc the zre-FOI adert rrocedure

AT v Peault oA peon oL Serpnt L or= of My previous notes, Tormy
Gitcon ard Goouge Churry look~t -3 wvoat 1t would take to provide
automatie PONCS areting for LM tores at initintion of povered
decrent (F2I). Do found the capmi 3lty already exists {n the
LUMINARY progman. pfow's tnnt for govest!

The situaticn I am Sisoudssir- 2 ~i:n e need for atort 1z reqco rnizel
after DOI and before P01 on 4 Torar Lsndirg nivsion, The ldenl proce-
durc, of cource, iz for o= [M % =mr7 % mmneuvel st arout PDI tine
which will get up 3 nomdnal resi-z—u: eTuence with C3I rev Later,
Thi: 1z exactly vnat tae DPS ami At 2lort progranms (P70 and PT1) dc
autcrntically, But it vaa thoush® *o..~ programs could only be ured L
powrted descent wvas achially startel 3z we certainiy éldn't want to
atart pow:red descernt - a retrogriie meneursr when the abort maneuver
rus e pesigrwde.  That wouldl meXe 4 pecessary to execute a largs
1ttituie chnrie while Shrusting. It @urns out tha the crev mey obtain
auntorntic tnrrevting for an abort =a: >uver by proceeding into the dencent
progre=n (P53) tfuct as if Intenifns =5 land, except that ne rust tmneuvsr
the spneecraft manually into the pos.gr=de avort direction pricr to FD1
time, He nctually starts the DPFS burm 2 P62 but since P63 does net
gtart descent suldance until the engine is throttled up, {t will ruto.
mtionlly maintalin tne abore attltuda the crev has egtadlished. After
~chieving ¢npine swblility at aboit TIG plus five seconds, the crev

ear press the Atort tutton which will autoemticnlly call up the DFS Abors
program (PT0) %o corpute the abort mneuver targete, {mmediately throttle
up to full thrust, and control the burn.

Thic certalnly seems like a stmaisvtformrd procedurs, compistely ovfie
sisternt with standard descent procedures, and sborts {mmediately afier
FOI. I think we should establiish this as our Irimary abort technigque
for thi: mission period.
Great work, Tom and George. Keep that up and I predict you'll go placer,
- ° : T - - .
Howsrd W, H“u’ 3 N

PAIHWTInIALL, J7.:ls

Bey U.S. sovings Bowds Regularly m the Paymil Sovings Plen

FASA Manped Spscecraft Center
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_fmoM @ Ia/Chlef, Apollo Dmta Priority Cooriimeticn

Ut s ANTES GOUVERNMENT
v Memorandum

TO ! Se list sttached

69-PA-T-bhA

SUBJECT. iness is havine plenty of hytreen
Happine

Ae I understand it, thers ha~ peen a “esire or requirerunt to have the
wrakiltty Of surviving a cr,jo-tonk filure st any tiem in the lnnar
1jut. After C', it wac declle: *- gevp the IMJ powered up through-
S .. all lupnar missions even tho.or 1% mipht be at the cost of having the
However, iecoriire “C 4 recent anaiyois by MPAD's Guidance
awt Per~crmance Zonch (R. €. welle, w. Scott, and D. A,
two charicteristies are pot ircoppatitle,
spem what T have hesrd In the pazt, 1 tnought you might find it interesting,

L. KU CTYOB.

00 .

According to wadle, Sco%t, and N:lroe, It is rossille to operate with the
rlatform power=ad up and even i one lank #ails ap late as TEI, there is
. c+.11 ezoush hydrocen left in %a- ctaer <ark to provide a four day return-
poversi.down statz. (Hyivogen 1s the most criticnl consume-
aklz,) The pow:red<down state g2ill proviles for commnications; essentially
it con-istx of Just takiry “he ~ullsnce system and one fuel cell off the
iine and turrl

ro-carth in a

PA:HWTindall,

ng off non-e-sential epipment.

PR

Howirl k. Tindail, Jr, |

T S

TASA Manned Spececraft Center

DATE: ppareh 1h, 1969

Nelson), these
Sinee thlz 1is quite different
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UNITED STATES GOVERNMENT

Memorandum

i Sew 11st attached "' pate: March T, 1969

MABA Manned Spnoecrart

s

1 69-PR.T-hoA

pﬂfénzer, Arollo Data Priority Coordimstion Lo

SUBJICT: G Lunar 3urtace stuff is still lncomplete

B

Ont Februnry 27 we haliia Micsion Techniques meetiag which I thught was

#olng o
prior to

simply cdlt the "final™ version of the Lumr Bvrface Document
ite release, To my chaarin we discovered that there are at

leaat t10 areas requiring mich more thought and apalysis., We will

rrobetl:

meet apnin to resolve thete during the last week of March. The

releace of the Miszslon Techniques Document vill have to be delayed
sccordingly.

- ——

Before delving into taese mayob itews, there are a couple of other

things 1

would like to mention. The first ey s2em trivial, It deals

viih terminology - specifically, use or “he expression "go/no go" regn

inz the d2cision whetner to

reds:"
arices =]

Aceeriirgly, WA Hre suggesting that the terminology for this particuler
e changed from "so0/no go” to "stay/no stay” or something like

daniclior

s.ay or short immediately after landing on
the luner surface, Every time we tslk about this acitivity we have to
vhich we mean by "go” and "no rc.” That is - confus’on inevitably
nce "go” means to “stay” ani "no go™ means to "abort” or "gc,"

Csnter .

rd-

7 that. Just ecll me "Aunt Frmm.”

Lnst nurmer GAEC honored us with their Presence at one of our meetings

nnd to (alebmte the ocossion we give them an action item. We asked t

oW to rnke the tilte-over declslon and to establish the attitude and rate
limits for aborting. We haven't heard from them zince, on that or anything
<lee cxcert RCE plume impingement. Don't worry, we ctill have four months

te fipur= out how to o it,

I would 1lke to emphazize th.t we do not wnnt to trim rentd
tha CSM rl-he echange manouver, Tt {s recognized that they mny be rather
t SPS undaeked burn, but we would mther take
ting the accent targeting than hy spending CSM

laprre g

them Intd> ~ccount by adius
RCS prorcllant.

Another thing we realized about the

o0 1t le the firs

cxtnbiliahed the att{tud: the CSM should mintain during IM ssrent nor

whether 1t wne necedmary for the MCC-I to compute the ageociated IMJ simbal

anglen,

Bay U 5. Savings Bonds Regalurly on the Paymoll Savings Plan

"ls following

CSM wyme that we hyd not definitively

.

tem




Our bfggest problem in tiis mission phase dealas with platform alignments.
Specifically, we are still not sure vhat sequence of alignment options
should be used, although, I think everyone agrees we should use a gravity

. alignment for the actual ascent. The basic problem seemn to stem froma
lack of understanding er just how th: 1M Lubar Surface Progrsm (P57) \'
actually works and, in each case, what tho torquing angles reqlly indicete.™
Of course, the thing we are primrily interested in accompliching is to
evaluate the performence -~ that 1:, the Jdrift of the IMJ - ir. order to

g decide 1f it 1o working, if we shoull align the AGE to the PCRCS, If we
should update the IMJ compensation paramecters, if we should 1ift-off on ~,
the PGRCS or the AGS, ete. Pricr to our meeting at the enl of March, TRW _
will write out in detail hov thev thirk the system suctually works along vi h
a degerirtion of how we should ure {t, Caidance and Centrol Division my
do the rame. Then, we will all pet topether with MET to tee il ve can get .
vhis thing atraighten cut and clear=d up.

Finally, our other big problem has %0 do0 wvith hew we should handle the v, ¢
LM location on the moon (RIS) and the COM state vector, particularly o
during the first two hours on the lunar surfice in preparation for the
countdown demonstraticn and, if mecessary, mscent at the end of the first ..
CSM revolution. The point is we %ill have all the data needed to determine -
the IM'= location but we e not wan* to change it ir the varfous computera
- (16C, CMC, RTCC) unless we can meintsain a consistant C3M state vector, too,
. And, it is not at all clesr how we can do =11 that, This sulject becomea
/ another major item on the agends of the "ides of March" meeting.

/

{

r — -
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\ HO\MI‘G w- T:-mau, Jr. é\“

| FA:HWTindall, Jr.:j}s
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UNITED STATES GOVERNMENT

Mmm andum A Marmed Spaceeraft Center

‘See list attached | DATE: pebruary 28, 1960
69-PA-T-h0A
PA/Chief, Apollo Data Priority Cvordination '

There vill be no VHF ranging data collected while tracking the IM on
the lunar surface

It has been suggested that, in addition to optice und rendezvous radar
‘tracking one spacecraft of the other wvhile the IM is on the lunar

gurface, we should also utilize VHF ranging. This data would certainly

be useful for post-flight amalysis if mot in real time. I have attempted
to resolve the situation with regard to obtaining this data and have come
to the conclusion that it 1is too late to get 1t, as unfortunste as tha® way
be. The basic problem is in the formulation of the RTCC program. And, the

progran changes required appear to be too large for obtaining data vhich at
best mist be labeled "desirstle.”

Through the years our plans for CSM sracking of the IM wvhile on the lunar
surface have all been based on just using the sextant, Obviously, we
intended to use the Lunar Orbital Navigation progrsm (P22}, which not

only provides sutomstic optics tracking but also complies the desired
optical data, time tags, spacecraft attitude apd landmark I.D. in a special
downlist package for transmission to the MCC-H. The RTCC programs have been
formilated to accept this data In that format and process it in real time,

First indications are that the spacecraft Rendezvous Kavipgation program
{P2¢) weuld serve the crew as well as P22 for tracking the 1M on the lunar
surface with regard to autometic optics, and would have the additional
advantage of including VHF ranging data on the downlist. Unfortunately,
though, the P20 downlist format is gubstantially different than the P22
downlist and would require rather extensive changes in the RTCC program,

Por example, the sextant data is not stored in a batch of five obeervations
as in P22 but would have to be stripped ocut one at a time as the observa-
+ions are obtained. . This could easily cause us to mise some pointe. But
more important, the RTCC would have to be coded to store them for proceesing.
Finmlly, it is to be noted that P20 only collects a VHF data point once per
minute - almost rot worth the effort! Implicit in the above 1s that VHF
telemetry via the CMC is the only source; raw VHF does not ccme down directly.

In summry, we are atandoning efforts to get VAP for the § flight, It mmy
be worthwhile to put in a PCR to a2dd VHF sampling to the P22 program and
{ts downlist at a reasonable data rate, Jim McFPherson - would you tske the
action on this, if it seems remsomable to you? ‘

Hovard W. Tindall, Jr.
PALEWTinlall, Jr.:)s =

Bey UL, Savings Bonds Regulorly ou the Payrl Soviugs Fiam
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UNITED STATES GOVERNMENT

Memorandum

T™/Technical Assistant, Mission Planning DATR! Pebruary 28, 1969
and Amalysis Division 6970 T-390

PA/Chief, Apollo Data Priority Coordimation
Some MPA\D work needed for the G mission

Daring “he Pebruary 26th Duts Belect Mission Technlques meeting, Math
Physics Branch (MPB) picked up three sction items for the O mission, of
vhich you should be aware,

1. Prior to DOI sextant data iz ured to determine the relative
location of the landing site witn respect to the CSM orbital elements,
Based on this data the landing site coordinates will be chang:d to
facilitote descent tergeting. However, it is clear that ther: is a
1limit tryond which we will be unwilling to change the landing site
coordipntes from those established pre-mission tecause such a big change
would anpear to indicate something ia fouled up. Accordingly, ve have
requestad the MPB to determine the magnitude of the various error sources
wvhich would contribute to this real time change in order that the flight
controllers can intelligently assess the situatic= in rea] time. In
addition to this they are also to recommend a lover bourd . that is, a
"uho ceres” limit wherein the change is 30 trivial it should be ignored,

2. On the first pass after touchdown and on the last pass prior to
IM 1ift-off, the two spacecraft observe each other with opticy end
‘pendegvous radar, As presently configured, the RICC processes the IM
and (CSM data independently. However, there are apparently techaiques
for combining the solutions to get the best totsl solution, [he MFB
wvan requested to analyse and document the techniques which should be
used in the processing of this data in real time, Incidentally, it is
to be noted that on both of these occasions this process should be aimed
at changing the orientation of the CSM orbital piane ex oppos:d to moving
the IM position. That 1», we will use our bdest estimmte of tne landing
site (RIS) as the fixed reference in establishing this relative situation

- in preparation for ascent targetirg and the CSM plane change.

‘ & nu;.smmw,nmrMWr:-

3. MB vas also requested to re-examine the quality of the various
state vectors vhich could be used for targeting LOI, - especially in the
out-of-plane direction. As I recall, wvhen we were giguring the battle of

the two-stage 10T, the consensus was that our knovledge of the lumar orbital

plane based on the approach trajectory plus GNCS nmavigation through w:l
vas superior to the single pass MSFN solution after I0I3. As a result ve
vere recommending as a standard procedure that L0I» should always be tare

geted as a completely in-plane mneuver basically because no new out-of-plane

WMSA Munned Spacecraft Center




- 1pformmsion vas amilsble pricr to LUIp baszed on vhich we eculd do this
- tarpeting, Obviously this must sssume smmll CaX dispersionr in the

> N execution of LOT,. The question is = 1s that still the right way to go?
- I necidentally dlscovered that the flight contrellers were figuring on

using the post LOI, data to do out-of-plane tarpeting on LO0I,.

Dmve, 1f task assicnments are nee’ed, will you make sure they are pu"pnre&t

1 maapect this work is already covered.

ces
M‘Tn P. Mayer

. F¥°/F. Y. Bennett

 FM:/J. €. McPherson ’
E. K. Schierger

™W-/E, €. Linebterry

mB}R. ?q Parten
- & Re G.‘lrle'y

Fo/C. De Clarlesworth

. RS!P- Cs Shaffer

- TRM/R. J. Boudresu

" MIT/M. W. Johnston, 1L 7-279

- PA:INTirviall, Jr.:Js

DT

Howard W. Tindall, Jr.
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UNITED STATES GO\ ERNMENT

Memorandum RS Momned Spacecratt Center

10 i See list sttmched " patm: FPetraary 27, 1969
. 69-PA-T<3TA

" smose ; TA/Chief, Apollo Data Pricrity Coordimation

) suspeer: Some more trivia for the P alzsios

Trhiz memo {8 to poinr ou* & cople of oversights in our F Mission
Tecrhiques,

1. With repari *6 docked TV turns we chould reeester that the
LUMITAKY program urad on F iz %~ rame ag the SURDANCE program %n Te
usez on D, which dus to scelirs p-oclems or pomething barely recogmizes
*hat the DPS {s running whenm I i at only 10 percent thruet in zhe
ocked configurntion. Accormiinsly, it is necessary for the crev to
mtusily advarce *ne thiottle %o LD percent thrust for avhile prior to
golrsy 0 full thrust ie order #.r the PGICS to trim the DFS thrust
vector throuch the CG. (Jo%e: ILYTRATY 1A for C has been fixed so
“hat oglital trirming will be deme at 10 percen’. and the stopover at

. L7 rerrant *: no- required.)}

Ze Muring *he planning of tae cpecial ¥ mission landmerk tracking
avercise !ust rric: *o TEl we “orgo+ to include the COMC state vector
urin*irs from the MCC.Q arce 1ar rev, This Is =0 obviously recessary
et 1% woull certsinly have “een caucsht during the earliest simulations,
Hoveser, we mich* a~ well start ‘neloding 4t in P mission documentation
niw *n ne done m* ahout the zame tive as *Lid pericdie P52 piIatform

reallimmente,
W

Howard ¥. Tindall, Jr. R

——

PAsHNTIrdall, Jroi’s

Bay U.S. Savings Bond:s Regalarly on the Payrill Savings Plon
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UNITED STATES GOVERNMENT
Memorandum TSR enoed Cpacecrart Conter

: See lizt s tached DATE: hbmry 26. 1969
GO-PA-T-30A
PA/Chief, Apollo Data Priority tvordimtion

Peview of the Launch Phase Abort Mission ‘reehﬁ:quel Document
Tor Missions ¥ and G

l. Feferepces:

MEC Tntermal Note No. S<PAIT=0ZF, "Apolls Missgion Teehnigues Saturn
V/Apollo Launch Phase Aborts, Techmlques Jercriptions,” dated October
22, 1967,

2. A reviev of the subject documen: is schetuled for March 6, 1969,

at 9 a.m. 1n Bullding 4, Room 373. The purpor. of thir revies 1a to
discues launch phase abort technigues whiech heve changed significantly
since the publication of the referenced tecimigues document, which had
besn writien specifically for C" and D, The followinz list defines the
mJor revizions: *

2. Modification to the COI mmpeuver and erpanded capability,
b. Use of a launch vehicle performmnce envelope for an short cue,
¢, Use of the exit heating limit as an adbort limit,

d. Incorporation of the steerable LV memml capadility to the abort:
technimes,

«

3. It 1s hoped that all groups associated vith this ares be represented
to axpedite thir review. Draft coples will be awmilsble at the meetiny.

’Iz . <i .
Hovard V. Tindall, Jr. - '

i EMexlersorn: s

x“ L,

-1
. 1 .
EUR R

" Bay U.S. Savings Bonds Reguiarly on the Payrell Sovings Ples
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UNITED STATES GOVERNMENT

Memorandum  mak T Spacerrar center

See list attached : DATRE: February 26, 1959
69-PA-T=35A
PA/Cnief, Apollo Dats Priority Coordimation

?/6 Mirror Imge Targeting shall use a three.mimute delay

As you Xnow, e have establisbed as a riandard procedurs during Apollo
rendezvous having CSM backup 1M mneuvers in ordi . to retain the

nomiral relative motion during this eritieal mission phase. On the D
mizsion these "mirror immge” C°N maneurvers arw targeted vith a TIG
delayed nne mimute afrer the L) TIC. One mimute was chosen based on

our estimate that it weuld be adeguate for *he crev 1o determine

whether or not the command modales should go active and to take the
proper steps subsequent to thmt decision, John Young - the F mission
CMP - was concerned that by us!ns a oo=-minute delay he ls forced to

turn on his SIS trim gimbal metors for each of the mirror immge maneuvers
vhether he has 10 executs *he brom or not, £ince there iz po sipnificant
disadvantage in making the delay larger, we are changineg it to three
mimutes for the ¥ and G misciors in order to avoid having to turn on
those motors unnecessarily. Berceforth, all P/G smalyszes, simlations,
procedures, and technigues will be tmzed on that value,

PR
Fowvard W, T!ndall, Jr.

FA:WTindall, Jr.:js

Bep U.S. Savings Bonds Regaiorly on the Payool Sovings Pice



- T TR POICT allenment apmine o the ONM Iw ‘hould bte wlthip bolter than /j
derres srennt Sle 7 and zeevey ana 1 dectwe nroutdd the xeaxti, I we
#dd %o thir the maximm gyt drift ve are willing to tolernte (J... .
degren ey bour) for the ¢ hours hetween #liFrmentn, we oan obtnlr the
lareen’ toleratle pyro torguin-: angles beyond vhic: we ray the TN '
Yroven, Tt ceem- tc me ther thar b degreen phoeuld be thel imlc, “nwver.
ninee we bave ne el experiopse with IM IMJ all,rarnto of nity w03 thic
mamar Mt Mu tempeded by venl time Judsment and thur begomer mor of r

guidaline vwnlue than o 1lini:,

Kovarﬂ W, Tirdall, Jr.

Aldresnees:
FC/F. ¥. Kxwnz
FC4/R. L, Carltor
FC5/W. E. Fenner

[af 84
PAIIG. M- LO'-’
‘ . © PD/A. Cohen
PDOT/R. K. Kohre
CF:k /M. C. Contella
EGZ/C. T. Hnckler
Ce F. t™mgron
FA/C. Co Xraft, Jr.
FC/J. G. Renick
F'Ch/J'. B. Craven
FM/J. P. Mayxr
Cs Re Huzs
Do' He Ownn
FM15/R. P. Parten .
. ™2/C. A. Craves ‘ g
“FML/P. 7. Pixley i S
ST FMS/H. E. Ermull T
% -: - FHG/K- A. mnﬂ
Re W, Becker
FM7/R. 0. Roblesn _
FM/Branch Chiefs C _ SRR
TRW/R. J. Boudresu ot
Ce M, Jamrs .
MIT/IL/M. W. Johnetun, T-279

PA:fMwTindall, Jrijs BN
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UNTLED SUATES Gony ERNMENT

Memorandum N e fmeromtt b

Tee lizr attaehed - DATE! Felruary “h, 19
60-PA To30A

FA/Chler, ipelo imts, Priority Coordirm: ton
J0ws things abou' MOFY ort!t determination

s osCurle of interer-in. - ps ST L of our mty felectlon Mise {0,

+eRrinumg meetipn, of FPelrmiury 1.,

There Y1 besrn concers that e Imrc cyene unap nldeourse correct lan L)
“2T Peln. rcheduled too lete et 1T, Tou reenll thes {r 1. - I0I -
Dohours, Moty Phirries Branch mrars.i - A the M'FN 1 =1omm Fer! en
Trellesion uncertalinty as tom “Itr ef 0T tarpeting (at LOI - - hotrn) 1s
i.% n,m,, AT G, fs exer. e es ¥ithin LZ fhr, I* wwa ala: report.g
‘hat 1 v ymp unneeceraa e, v e bt oY X2 the uncertainey iy rerigee rrea.
dict on = estentially consters Pyra DT - £ hours through Lo - hours:
“he lsloma wvaluye Loty hoam, ™ Slimtfleance of thlis, of courre, =
thAT our current Rlieourse cormons en 10.': mRkes 14 Probable ¢ig+ MCCL
will ros ke reguired and, ‘her=lare, -+ -neagla Y rosgibie to rertorm LOT
"Arecinc me mok pp - ORIt heSiea 10T without any adl] zionnl error 1f

A § OFrraticnmlly bectpmni, . ic oo,

I vol reonll, on rhe Tt mirslor we ctqred At MFN ranglne while the

CERCECTALL M In limer bl WRT UNneterrary unlese orrit determ nation
rretlienms eropred Ny which ther neywr A1, This come proredure aoplies
nothe Fominzior -k ope slgnifican: eyeeptioner oréer to pfuve ys
“he prentect ohares of sclving our e rrens luner orbit determine' "on ary
lufer cvmvitational rrotlems, we werl- like to obtein ag much MOTH rangdny:
Ar pesritle Auripge *he landmerk trmesin, exereise ‘o he carried o on TET
dny.  ilcheush mot mndatory, we would ilke to assi;m it a riori:y hish
MTOUSA Thnt Y would e obthined syen at B0omE cOst of volce comunieat lons
arnd’or oree thinrs that might conflles wvith it, In other words, 1t g

ot erisigl,

l
N

Howmrd W, Tipdall, Jr,
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UNITED STATES GOVERNMENT

Memorandum HSA Hanmed Spacecratt Contar

TO  : See list attached paTE: Mebruary 2b, 1969 _
9-PA-T=31A ‘

yaoss : PA/Chlef, Apollo Data Priority Coordination

suspRCT: Let's have po unscheduled water dumps on the F uission
7.-‘_—‘--—__,.,.—w- - = - - e N .
During e recent Data Selection Miesion Techniques meting ve were
Informed that the CSM has some sort of autommtic water dusp system.
It wvas even rumored thal it might be ematled om the P mission while
the crew is sleeping during cis-lumr flight. This memo is to inform
everyune that an unacheduled water dusp can reslly screw.up METN orbit
determination. Kccordingly, if ve have @ vote, this automatic capability,

T gNould be inhibited and water dumpe should only be per.

forme® as scheduled by MCC-H.

' ™
ﬂw {

m We T‘lﬂhu, :ra

PA:HWTindall, Jr.:)s
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UNITED STATES GOVERNMENT
KASA Manned Spacecraft Center

Mmorandum. Mission Planning & Amalysis Division

: Ses list below DATE: February 20, 1960
69<-MM-T-30

(2]

FW/Deputy Chief

" susjacT: Regults of the Fedbruary 18 Apollo Spac~craft Software Configuration
Control Board (ASUCCB) meeting

Thin 15 just a shoTt note to Infarm you of the most elgnlficant actiors
- ’ taken at the subject meeting.

1. PCR 268 for both LUMINARY 1A and COLOCSUS CA wme mpproved. As
a recuit, these programs which will be uced om the © miseion will be
modified to epeed up Progrnms Pk amt F35 ar recoemanded by Ed Lineberry,
2 pob Regelbrugge, etc. Speciflieally, this change 0 the TFI and MCC tare
3 geting programa ls to use a Kepler preifetion rather than the prec:zion
1 mmerical integration since 1t 13 so ruch faster with no appreciatle
Amcresce In mceurcy. 1° 1s esimated tha* abeut 30 seconde 15 saved
each time *hese programs are cnlled ur. Clnce che command module runs
through P thres timec between CDH and TFI, th!=s represents 1 raving of
atoit four minutes in thnt extremely crowded timeline. MIT intend: to
{mplement this suen that ltrormnllr or-rates in the farst mode but they
are rrovidins 1 crev option to override that lorpic and use the old pre-
cis‘on integration if it is deemed meceszary. [Incidentally, no change
s being made to the Gtatle Ort . reniezvous ProFram (P38).}

2. FCR ZT3 to ! the jerk lim!te uced on thr descent abort programs
into eranlble mrmcry wis disapproved, However, wve were given the action
{rem cf determin’ng the vnluss which we feel are best to be put in fixed
memory. These ruet be relnyrd to MIT on or before February 21,

%, IR o7h for LUMIMARY 1A and CULOSSI™ 2A to modify the lunar potentlal
wna disapproved based on GeorTee Cherry's eriirnte ‘mt the Impact would be i
substantial., MIT wag acked *o ctart a parmlle) «fri -t in developing the
formlation for the expanied lunar potential model for th2ir -~rograms but
not to plan to implement It for the G missiom. ™is otviously means we
wi{11l have to develop workaround procetures for DOI and descent targeting
to-ve used in the MCC-H/RTCC. :

L, PCR 722 LUMIKARY 1A to ndd renlezvous radar bias to the W-matrix
topnt/output disrlay was approved. Ax you recall, the crew was alrendy
wiven a convenient way to readout aml update the rosition and velocitly
termn Of the W-mntrix tut hnd to go throuch a specinl procedire for load-
tne the retriezvous rdur term. This change merely odded that parsmeter
to the stamdard diaplay., Therr wms cc' siderable discussion reparaing units

-
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of theve terms, MIT waz given the optliun of changing them for crew
convenlence at no impret if they could do it to both COLOSSUS and LUMIMARY.
It ghould be emphasized this fg Just a nicety.

5. Several changes have been approved to the Descent programs of
LUMIRARY 1A. Probably the most rignificent deala with providing the crew
with the capability of taking over manusl control of spacecraft attitude
k and then returning to automatic ccatrol while in the terminal descent
i programa. If you mre interested in this sort of thing I suggest yocu
contact the experts to learn preclsely vha® is being dome, As I under-
stand it, if the crew does take over attituie eontrol, it is important
that they maintain the computer recommended attitude ms dizplayed in the
FDAI error-needles, otherwise the ihro-tle control by the LGC will get
screved up. Also, there {z somr concern that i1 the ecrew does not respon.
fast endugh they ray create an unstable si*uation.

Finally, I would like to conferz & mictake I have been mnking, vhich T

an going to try to aveid in the future, Namely, in the interest of
expediency, I have been rlgnin; MPAD's PCR'z vhich are not written up
mnecurately or completely enough. TFrom nov om 1 am .oi{ng to be looking
tor much more detail apecifiorlly descriding the change and the advantages
to he accrued.

¢ | —

Howard W, Tinisll, Jr.

Addreesees:
FM/J. P. Mayer

C. R. Husse

De He Owen

R. H. Brown
™. /R. P. Parten
FM2/C. A Craven
Ff5/Re E. Ermll

H. DO RCk
5/R. R. Regelbrugge

K. A. Young

R. Ws Becker
FMT/S. P. Mann

R 0. Roblesn
m Cs Be Parker
TRW/Houston/R. J. Boudresu
MIT/IL/M. W. Johnston
¥R/Downey/B. C. Johmson, ABL6
FW/Branch Chiefs

® FM:HWTinae1l, Jr.:Je : |
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UNITED STATES GOVERNMENT

- Memorandum

T0 + Ses list attached

oM : PA/Chief, Apollo Data Priority Coordimation
WMECT: Mission D Mamuever Monitoring Document

Included In the D mission are some special propulsion and guidance
system tests, They consist of unique maneuvers which are not discussed
in either the Rendezvous or Entry Mission Techniques Documents. They
required developmen.t of specinl miszion techniques which are documented

in the nttached book,.

v o~
(B

Howmrd W. ﬁm!u, Jr.

Erclosur=

PA:HWTIndall. Jr.:js
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UNITED STATES GOVERNMENT
Memorandum

See lint attached DATR: Pebruary 20, 1969
' 69-PA-T-284

NASA Mamned Spacecraft Center

FA/Chief, Apollo Dmtn Priority Coordinstion

ad

Dezcent Abort Misrion Tvchninues

Qn Pubtuary 13 we vent over our Deccent Abort Mission Techniques
with the world. 1In ronernl they vere accepted ma {a., That fen't

to say we didn't have some lengthy 4i-cursions reculting in some
improvemants and/or changer but we di:n't meke any eudbstantinl changpes
to the baale pground rules, philosophy, or overall procedures. 1 would
like to list here some of the th'ner we decided ag well an some open
i1tems requiring work,

1. Althouch we didn't =pend sny srpreciable time discuseing this,
it probatly would be worthwhile te look into fixing the spacecraft
computer program (LUMIMARY) such that we eculd use the DPS and AFS
Descent Avort Program: (P70 and P71) tefore PIT (TIG). In other words,
prior to FDI the crev snd/or MCC-H mry dectde PDT fe "mo go.” SCince
the dercent abort programs have the capabllity of targeting and guid-
ing an {denl maneuver to set up the ztandard rendezvous cequence it
my be quits an advantape if ve are able to call upon those Trograms

without actunlly havin, attempted FDI e the program is currently
.constmin-g,

—

s

<. It was amreed that i1f the steeralls S-band antenna lock-on is

loct during a descent abort, the crew will pot attempt to reacquire with
that antenny but rather will switch tc the ormis az soon as 1% i cone
venient for them to do so. Of cuurse, this will only supply the ground
with low=bit rmte data but reacquisition with the steerable is coniidered
L0 be almosct impossible, particularly in an emergency situation like this.
(landing Analysls Branch was given the actlon i*em of determining if the
initilal dercent avtort attitude meneuver for any period in a nominal descent
would cauce the S-band steerable to loose lock.)

3. It was concluded that there 1e 2 significant sdwmntage to having
the AGE Mode Control switch nominally set to Attitude Bold during dececent
in order to permit the crewv to complet= a landing using the AGS {f they
have a PORCS problem late in descent nnd consider {t safer to land than
to mbort. Of course, this means that an extra switeh setting must be made

8 if It is necessary tg abort on the AGS. Specifically the ACS abort sequence
would be: ‘

n., Set Coidnnee Control to ACS

Y. Make a manual maneuver to anproximtely the abort attitude

Pet 1.3, Sovines Bowds Rerwiaovls on the Payroll Savine: Plon




¢. Set Mode Control:AGS to Autn (This 1a the "extra”)

d. Pusk Abort or Abort Stage

L. e hnd A lengthy discusston sbout vhether or not the DES should be
run 'o propcllagt depletfon. The Prorulsion people (vho are never in
attendance 1n any meeting desling with how their synteme are going to be
used) have stated that running the DPC to propellant depletion should not
be done unlecs crew enfety ic {nvolved. There are obviously times in the
descent aborts ¢ which crew safesy 1o deereased 1ff we turn off the bre
1Ny Tooner than Je haw- to. Accoriingly, in order to avold som* curt of
compliented logic Lu oulde the er-e In A«terminirg when they con or cannot
run to propellant 1.pletion, we 411 nreed that the DPD will orlinarily
be run to propellant depletion 1 st myg lance ryastem doer not it (¢ off
first, The crew teok NTOPEr Dote *hat there 1§ some harzard incurred in
doinys *hat and plan to mually tuticwn the DIT when the propellant gauge
resds 1 or ¥ pereent remninine proy.ted “hey are clearly in wne region that
st Indown the (1T fr not culne e Increase the prorabl!lity of hitting
the meon AR it - clear am AEY *nem w11 be required to achieve orbit,
Imlicit, or euurre, Lo thet rhey i et oo busy in treating the cause
of th mbor% tha: ‘lLiey fall to mon *cr apd take thiz action.

Te In ae event t+ - Druel ey to uge the APS to achieye orbit,
it wac corcluded th:it tne cpew w17 me- attempt tc provide ullage prior to
puching the Abort S+ta.~c Mattcn. Althearn this 1s not accepted practice for
an In-ortit mancuve., W coull se« no reason why it should not be perfectly
aafe to Jdo this foile .ae a DPS Surn of any megnitude with completely full
AFS propellant tany -,

#« Py far our longert dlscusc on leal* with row ‘o handle the aZtpnt!
at Inzertion following an sbhort Juring *he first 100 reconds of povered
deccent,  Speelfically, we are faced with the problem of how to jetticon
the Div ~omvenlently and safely and at the ~ame time trim the AV resiquals
tn orzer to mnt on the desired rendezvoie trajectory. The results of thig
ALicu. alen wers 2o meaper that 1 wi11 not Yerort them here. Particularly
ince Tubcerien® Lo the Beeting severnl new propocals have Yeen made that
1PEeAT telter than anything wa con:idered, What I'm caying i3 that our
lizeu: =icn wvas fruitful to the exvent that It got a lot of pecrle thinking
bt taie Aroblom bus we probably n-=d *o get trgether again o dizeuss all
the ™ ul*ant fieas and choos= our cource, 1 will se% up m get together Juct
for *uat mirnose,

!:I—_—""
.
Hownri 4. Tindall, Jr.

TRINTIndaLL, Jr.:is
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UNITED STATES GOVERNMENT

Memorandum MEA Jrmed Byecesratt Center

! See list attached DATR: Pedruary 19, 196
€9-PA-T-2TA

L]

PA/Chief, Apollo Data Priority Coordimation

¢ All about F AFS burn to depletion and landmark tracking

On February 14 we had a Misslon Technlques meeting to pin down F
lunar orbital operstions between the ena of renlezvous and TEI.

Aszide from a rest perfod, this consists of two exercises - the APS
burn to propellant depletion and landmark tracking with the optics.

I think w~ have a good understauding of how to do both of these
things, We are recommending the addition of an extra rev in lunar
orbit in order to complete them and to obtain one pass of strip
photography on the cunlit part of the moon prior to TEI. This will
make the time between wakeur snd TEI approximately 12 hours which does
not seem unacceptatle, and does net irerense total misgion time,

1. AFS Purn to Depletion

Althouga ve went into considerable detail in planning this exercise
I will only list here several of the most significant items. The
detalled procedures, of course, will be documented elsewhere.

a. As you know, the APS turn to depletion 1s initiated at approxi-
mately zero degrees longitude in a horizontal, posi-grade direction. It
occurs about 14 rev after docking.

b. After docking, the commmnd module will be used for controlling
attitude of the docked configurmtion. As soon as convenient after
docking, the command module will reorient to near the burn attitude based
on girbal angles computed pre-flight and included in the flight plan.

c. The only data requir~d from M2C-H is as follows:
(1) A P27 command load to the LM PGNCS of 1M state vectors,
{(2) vYoice PAD m;sage to the LM for PGNCS and AGE targeting.

This will be the standard P30 PAD with a mmber of parameters omitted,
which are only applicable £0 a manned bum,. '

(3) Volce to the CSM of the gimbal angles for the burn
attitude. Eaving obtained these, the CMP is able to orient the CSM/IM
accurately in burh attitude based on real time data and the LM crew is
able to orient the gteerable S-band antenna to achieve maximum signal

Bey U.S. Savings Bonds Regularly on the Payroll Savings Plon




strength with MSFR.

d. Just prior to 108, about 3/4 rev before TIG, the LM crew will
update the state vectors in the AGE and will align it to the PONCS,
They will already have run through the B8PS pre-thrust. promn (930) and
will leave the PGNCS 1in Program POO.

o

e. The CSM will Jettison the IM 2 rev before TIG and will null the
relative velocity, They will then execute s 2 fps separation burn in s
radially upward direction which will piace the command module above and
behind the LM at the time of the burn, .

2. landmark Tracking

Before €' we thought we knew hgw the opties tracking and MSFN orbit
determination capabillty should te used for a lunar lending fiight.
Unfortunately we are worse off now since C' hss proved we really don't
know. At this tlme - with incomrplete roct-flight analysis, we have a
dilemmn, The npties dnta reems to Indicete that spacecraft altitude
was not changling while in lunsr orb!ti on the other hand, the MSFN
drta clearly shovs a contirmucus change in altitude which was more or
less what was expected based on Lunar Orbiter data, These two eystems
dlsagree with each other and yet both appear to be operating right.

It may be possible eventually to flgure ocut what is happening dby

further annly=is of the C' dnta tut unfortunntely we are at a point

when we muat pin down the F misston fligh* plan, So what we were

trying to do at this time, bared on what we know now wes to develop

an exerelse which we feel 4111 glive uz the greatest opprortunity to

resolve our diffieculties in time to cupport the G mission descent tar-
geting accurately and dependently, Simply ctated, we need as mach data

as we can obtaln. FEssentially, we are asking for a repeat of the ('

lupnr lapdrork exerclre with some miner modifieation., Since the thing

we are moat concerned about in trends (i.e., the change in altitude) «

it nemmrd that tracking on four nueccenalve rave 1 the minimum that would
provide any kind of confidence In the rerilts, T think sveryone in attendatce
agreed with that., Secondly, although MPAD was asking for cbservation on four
landmarks on each of these revs, we 2ll agreed that three are probadly
adequate and so our propcsal is to do landmark tracking on three sites on
.'each of four succesasive revs. .

To be a little more specific, we are currently recormending:

#, One of these be the some peeudo-landing site landmrk wa used on
C'. It ir called B,

bs The first backsilie landmark as the spacecrart enfera daylight
(CPy) =hould probably be chosen by the CMP in real time at about 20 degre!a
paceed the terminator, the same as Lovell did,




¢. The third landeark (P>} cun probably be moved closer to the sube
solar point than on C'. ¥~ aoe recommending a landmsrk about 25 degrees
prior to local high noon.

Of course, ve are specifying that all obeervations be made with the sextant
and that they be spaced as far apart as possible » in the order to 25

- seconds. 1t appears that it should be pocsible to use lunar orbit rate

" torquing during the landmark tracking period if that is easiest for the
cnw.

It is possible to include the exercise as described here in the current
F mission timeline without affecting the rest period or the TEI burn
currently scheduled at about 127:50. However, this would preclude
obtaining strip photography desired on one pass over the entire sunlit
lunar surface. In order to imclude tha* it will be necessary to delay
TEI one re- to about 129:5C. This will increase its magnitude by about
100 fye ™. does nct change Pacific landing time, Of course, it is
possidle to rc.ain the earlier orginml TEI as an optional meneuver time
in the event of crew exhaustion to te utilized based on a real time judg-
ment, 1if necessary. 1t appearzd sdvantageous to us to put the strip
rhotography after the move strvnoous landeark exercise gince it is less
demmnding on the crev, interferes lese with TEI preperation and is of
lower priority. The ASPO missicn engineer, Bob Ward, will submit a
Traject:ry Change Request for this extra rev and everyone else I think
wvill begin now to include it in their plamning and documentation on the
agssumptiocn that it will be spproved,

Except for odds and erds, thils pretty well finishes off the mmin line

F Mimsion Pechniques work.

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js
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UNITED STATES GOVERNMENT
' NASA Manned Spacecruft Center
Memorandum Rinste Pisries & Aalits Bivisiom

- See list telo- DATR: pebruary 19, 1969
69-P-T-27
"M/Deputy Chief

'Apono spacecTaft CORpUter PIOgGram newsletter

Christopher C. Kraft had a Joint Program Development Plan meeting at
MIT on Pebruary 12. I would just like to pass on to you a couple of
things that were interesting to me.

1. TFred Martin stated that there are 90 separate changes being
mde to the COLOBSUS 1A program in develofIng COLOSSUE 2. Altogether
this involves a ¢hange of ebout 2,000 to 2,500 lines of code of wvhich
ntou. ANO are the CSI/CDH addition and about 600 involve improvement to
the TVC DAP. COLOESUS 2 was relensed for rope mamufacture on FPebrusry 1l.
This releaze {s culled Comanche Revisice bk,

2. COLOGSUS 24 will use Comenche Mi ms itvs starting base line for
the progrim whieh they plan for use in the G aission. Candidate progranm
changes ruggested by MIT to be included in COLOGSUS 2A are as follows:

8, Nev ephemeris and stars
b, VB2 time input
C. Backup Mark Button

d., Provide countdown to .05 g in P61

’ e. Better definition of local vertical near sphere of influence
vhere current formilation tends to break down,

f. Add PIC and Orvit Rate modes into DAP via ie::!;e'l:nclecl verb.
g« Integrated stick during launch

he. ¥35 light test (1)

i. Lumer potential

J P6h G maximm display

k. P3M/35 speed up
1. Asteer




3. GCeorge Cherry alsn Suggested a 1ist of candidates of LMIRARY
changes for post.q Rission, They included:

8. Changes to the remdezyoys braking phase to provide ais.
Play of raw rendezvous radar data and line-of -stnt rates as well as
Providing some automtie 11m-of-cight attitude contro}

b. Bome rendesvous ravigation improvemsnts {ncluding updating
Wemmtrix through mneuvers,

Cs. AR improvement to the alignment programe tc make it more
convenient for the crew to align the 1x IMJ to the Csn I,

d. BExplicte descent abort variable i{nsertion tu_-gating.

In genernl, Spacecraft computer pProgram development certainly peems to
be under contro} with very 1itt1e frantie activity foreseen, Probably
the programs requiring the most ettention now are associated w'th powersa
descent to the 2oon. In fact, M. Frt hed o7 five an {nform) briefing
lacting about two hours in vhich they Prerented their opinion of how the
deccent targeting should be done., I gmther it i= in close ag.eement with
things Flavd Bennett's People have bempn Fecoemending,

Howard w, Tindall, Jr.

Addreggeng:
™/J. P. *.’Er
C. R. Russ

S/R, E. Breu1l
H. D. Beck
™R, % RegeTbrmgge
K. A. Young
™7/3. P. Mamm
R. C. hbhﬂ
¥C5/C. B. Parker
; nch 31&-
TRW, hl.to Rn . m
MIT/IL/M. W. Jotmston
NR/Downey /8. C. Johneon, ABAS

PM:IWTindall, Jr, s
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Sec list attached DATR: February 11, 190
COuPRT-TLA
PA/Chief, Apollo Data Priority Coordimtion

F/G Rendezvous Mission Technlques - mostly P

- ——
As part of F/53 Torture Week, we cpent Thursday, Snnusry 30 on he
rendezynuaz. Overall, I would say thi- miscicn punse {c in rretty
FOGG fhnte: with only a few unrercived lts-an this* we know about risht
now. I would 1lke to tatulate here a runeh of aide and ends we ayTeed
to At thin peeting - no well an oy memoTy cosvs: me, IL'3 nootly trivis
ard 1P ] wery you I wouldn't waste my LI resdlng anymore except maybe

~

p&r&mpn ey

1. On ti: D mizolon the CMP ic propared to =nke s zp-falled "Horle
zon*nl Adfuc-” maneuver 1f it iz declded %0 stay in the minli-tootball
i1 order toc in-ure = closing tralectery. The F =ns § erews toth lelt
+5'v e an unhesessary corplexity and fo ther wI11 not make ruch =
m.neuvsr or Lo prepared to meke one on inese mirrlonc,

Je Everrore worries apcout overtur.inge tae O8I muhwuver. Walt
unt!ll they ilscover 1t Just takes an oxtr 1o Ppr on DOT to cuuse A
1urnr imrac<. The LM picks up that =uch AV ir sbout three seconc.
whap operatins 1t mbout Lo rereent and o it i unlikely ve will be
atle to estatllish » mamual backup protecting agninst overburn wilicn
wrnll proviie 2 aafe orkir, On tne other hans, scme sort of rorltoriny
1z perquired an: 3ok Nobles (MPAD) warn glven the actlon of rumabliching.
tne 1lmits Tor tne erew to chut down the DFG manunlly when teth tne AGS
A th: Purn Time have been exceeded by these amounts,

e 1M aboris dur to a fouled up DOI maneuver are attracting o lot
of mtteatlon. For the past year, everyone agreed that the bert technique
i3 %o ma¥=> n brute foree bturn right back to the CSM immedimts 1y. This
probably works pretty well if it's done within five to eight minutes of
MI. After that . ; doesn't and the crev feels more time than that <1l
re required for thém to ascertsin an abort is necessary and then to
axecute it, Ed Lineberry 'ms given the mction item of performing a
mrnmetric study to establish the best technique for abtorts up to atout
15 mimtes afte= DOI with the meximm possible overburn based cn our
brerup cut-of procedures., Whatever 1t turns out to be we sre tenta-
*:yely prorocin: £6 ute the DPS at LO percent thrust, controlled mamially
w.th the AGEC mintaining attitude hold. The crev would shut down atout

Bay U.S. Savings Bonds Regularly on the Payroll Savings Plan



1% ro 1% pz chort and finlsk off the burn wi<h & 2«t RCS while sipultane-
oucly Jettisoning the DPS, Milr Contella venmured tne opinlon that DOI
abor-a nr: polnr to turn into the F enuivalent of 5's TFI, ~ Endless dis-
cuztion nnd a meas lo the end! I believe it already,

L, W¥e drclind to eTenta n new PAD messame which the P oan uce for
loviine hiz Targest AV program (P79) for the proni computed mprcuvers -
D0I, Frwzing und Insertion, 1t conalcts of Purrose, TIC, and QV's. In
aiilticn we declded to add burnm time (BT} to the LN P30 PAD.

e It was determined thme 14 2211 not Y posiole for the P oorew
*5 use tneir dezcen* progranm (P-‘fﬂ) for ta: lindln, mdaP test as tioey
rad plunned because MCC-H will not be prepmred to rupport §t with oo
necessary input da‘a. Don't get excited, Thir 1s no great loss.

f. We pinned down the complete renterwous tric-ling schea.les for
toth spacecra’t and estadliched the following W-smtriz waluss. Thne
iIni<ial values shall de 10,000 feet, 10 fps, and 1€ miidirmiians, The
values for reinitialization shall be 2,000 fwet, © fps, and 5 millie
rdianc,. (For the unique F rendezvous tracking rperiod between the
Pracing and Incertion burns, the W-mmatrix shall = Initinlized us.rrp
2,360 faet, 2 f7s, and 5 milliradians.} MIT was asked vhy the PGRCS
comruter program (LUMINARY) does not rrovide a simple way fo* initializing
the a-matrix value for radar blas as it does the position and velocity
values. Perhaps a I'CR shoull be submitted for that.

Te We hnd a lengthy discuseion on rendervour mnyization dur .np the
rhasing revolution. It wac soon reccgnized that, since the "M has no
tape recopder, Lt ir only possible to evaluate itn performmnre if w
allow the rendezvouz navigation to update the state yector, However,
tae f1'che controllers were concerned that {f the repdezvous navigation
in bteclk of the moon fouled up the LM state vector trey could have
problems targeting the Insertion Burn which occurs snortly afisr ACC,

On the other hand, i+ is possible that the remderymus navigaticn could
be useful in detecting disperalons in the Phasing mmnpeuver. Accordingly,
we reached the followitig agreements: o

n, Rendezvour navigation by the command module will be used only
to update the LM state vector.

b. Rendezvous ravigation in the IM will be used to update the LM
stnte vector until shortly before LOS, After that, the IM crew will
rwitch the LGC to update the (K state vector.

c. While thc LM is in beck ¢f the moon the flight dynamics people
will determine If the IM onboerd state wector 1s acceptadble ror executing




*ne jnsertilen turm. I It is, it wlll be left wloce; in fact, MCC-U will
transmlt It %0 the CSY after Inrersion. If It is mot acr--eptable, the LM
erew w'll be advired at AOS to terminate thelr mavi,mtion program {PrC)
imd!nteb and the update progrnm (PC7) will Te called 5o that the ground
my ceni a good LM state vector for the Insertion maneuver, It is unlikely
that they will have to do this tut If they do 1t must be recopnized that

v will not get “he rendezvouc rmdar trmcking datn at the mxisum rMang-:
wvhich we are = [nterested in,

. ds As a ataniard proredure the pround @111 Alwmys urdate the
Co¥ state veetwc® In both spacceeraft computerr arter lnserticrn,

3. Femlecvois reiar therml 1*u iy st e pertormed, I ourrose, ans
we ot llzned the following proflier Uor that urpore Uioied here in
ord.'-r of our rxe"erem-

R, Jehezvou radnr contl nnm.*.y er~™mtin: from dur.ny tae minie

feo*uall to cocmrletion of the reniezve. .
k. Zame a: "” except turnd e fro= OGT until Just after
Tha. 17

e Sz Az "7 exeept turned off Furins *e platforu allimmnt

wr.l: in the presing ortic,

T AR and RBCE feel tne rendezvous roisr oopmo* support amy of tne e
rrofilez » we wo.ld Tather fight than -wltenl

G. After m LIt*le merry-ro-round we a,ree? on what the (OM shoula
40 for TFL tari- “'ne. He starss i rineineg the 7l uaine the slevaticn
arsie optien In order te obtaly o TPI rolut.on Jor comparison wiin tar LM
PANCS. He thern meyelos using the time optich with a TIO ope nfrute later
tharn the LH's in crier to bacwup the LM TFI mancuver,

1

1. Poth nre F ani G crews and Just about everyone el-e o o tuck It
cu* w0 *the end -eemed to want to keep the IM aciiv= for 7Pl ¢vn i tne
rer.ezve:s reaar had failed, You recall the D rdaricn rule smya *he {8OM
shenldt 20 agsive for *hat failure, T guess that =L: e ¢tk righ® Lhin-
o 1o tinee o many pecple thought co and I was Just t0o ¢ropt tu unders i,

11, MIT wns asiked the following brief guestions:

‘1e sotr the COMC automntieally inhidit VHF ranging d<tn beyond
trer rmeyele mnge of 327 milest

t. How does the crev regwst the mlf-perfod«bntwect. « C01-
anr:= C1 option in the rendezvous pavigation proyram (Pil).



€. Are thece options in chared erasible memory or is it porzibl::
to load them pree-launch on the E-merory K-Start tape,

d. How should the crew hrnnile the aign of the out-of-plane velocity
display trom R36 1f: (1) the CMP requests the LN option for relay to the
1M or {2) 1f he uses R36 to tarpet his own plane change mancuvern,

N

Howvard We Tindall, Jr.

well, I wvarped you!

»

If cilWTimta 11, Jretls
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ready to eat

"J'Jl(-'l’i /G Mission Techniques = except for the lunar ortlt phnse - nru‘)

Som- of "re aeelclons ani open Ltews tont enme out of our F/ ‘6 Mlsrlon
Toennigues Tmetines in Inte Juiw vy are ilotel dn thls memo. Breleally,
I weuld say %kt nll mlcsion phace:s azlte from *ne lunar orblt retivity
nye very well urlerstood at th's t!me « primarily =as a result of tie c!
mire or = and should be formally documented within the next couple of
weedsls

1. Fligkt Contrcl Divielum 1s soin: to extapliszh the detslled
rrocodurs s for mnring ond actlivstin trose 1M nyotens requl:»d to
ertabl?sh eorzmunlention: in the unliesly event CTM eomrunicnilon s
I¢:*. They ruc* lnelude the techniques for orlentating the "M rtecruble
artenns toward “he eorth if the omnls are Ipadecuate, It ir alro neccois
sary tc plve some thoucht to whehR the crew shoult initiate taece Froesdures,
Thnt I8, wha* rhould e done with the (TM compunleation systms tirst after
the total fallure seems to have oecurrd.

e Az A ctandard procedury, MCC-H will upiste CSM state veoctors on
a more-or=lesc periodic basis = ray every 10 nours or so when it is
ritunlly convenient to the crew and ground, unless they have changed &0
l1ittle ar to maxke !t ureless, Whnenever the atate vectors are updated,
1% will be 1o toth the 1M ard COM comru’er memory alots, CBM fir:t

s = e
‘e l‘u':F.‘ru' ey
il

n.  The “nvunch REFIMMATE w211 be retained until the IMU allgnment
alfter mcl time whether the mancuver (@ made o not,

be The: rame PTC GEFOMMAT will be use:i translunar eni trmncearin
during the periedc from the Dpoet<MUCy 10 pre-MCCy, nnd from 7XI pluz "wo
or thrme hourr *o EI « 5 hours,

c. The lunar orbit REFSMMAT to be used l'or tht paricd between
the PIC time- ucfined in ™" shall be such that the IM in lundine attitude,
over the lanaing aiie after DOT would have O, O, 0 on the F2AI, Thi- .
REFTMAT will Yw comuted Hy the MUCWH prior to :m for use in the COM.
Accowiin- to my neotes, the RIFOMVAT wilil Ye updated or DOI day to come
ferunte for prealetlon uncertainties, I can't remegber why. (On tne

i
3R
! r |

Bn Us. .!'.wnp' Bends Regularly on the P.gyull .S‘oinp Plan



FOT miehtines of stars Ln order to determine plntform orientntion (i~

Lomicolon, €7 cuarne, the REFTMMAT 1o the LM will be upiateu zevernl timen
sutomnt Tenliv while on tee lunar curfac by the LGC to earrerpond Lo tne
ICeRt ulioam nt, Qurrently we rl-a to undate the OGN mom or leri to the
nseent ASTMMAT but we will net attempt to maintain it preolsely tho samc
a8 the m.)

L. The only burn monitoring 1Im!t It ir necescary o chanee from
tho~c use1 on C' ir the one uced fur owertuim protection on 10l,. The
extrn muss of the IM maker tnls mneouver rubntantinily lonper {n duretion,
80 thet limlit b been made corm-remdle larper, Seeelfien’ly, it will te
1N recon:z rather than € ceconic,

Ze Matn Fhycirs Branch was o saeoted fo detormine 12 In order o
minta’n a pood MOFN orhit determination eapbillsy, 1t i wally necess
cary for ‘he crevw Lo rever.e Toe ori-nintlon of the glacecrut't xeaxi:
vy three hours during perlods o wntins, It seemn na though the et
effrot of the venting lz almpct ew-~t17 in the leqst zensitive I rection
*nen using the PTC attitude curremtiy rropored and %% would certainly
be nice tn avoid unnecessary spreseri®™t mpouvers: perhaps vven unneccossary
n-avening of the grew.

e In omier to {Rure that tre om. peyer experience: UMC Prommam n
rine ercry, MOC=H will mare n resl 2Im zeiection of entry rins - to nve;d
PEY prise o tarpeting TRI. his sronla not be g diffienlt tnin: e ao
while [n iuner crbit tut ecannct te dore pre.mdssion to sult -.11 launchk
opportunities,

Ve Tu oerew i Yooklng for a recomreniation ni to whetior [ . ent
rogult to rerfermed ucing one or two RCO rings,  Cloude Craves @ snid
to T~ woreine on this.

e ceoRed JPS turns 1n lunar ork'e

9. It war esiabllirned that, 1€ A deexed DPS burn i o be w od
for TEX, It rhould be enrried out with one burn only as oppoce.l to two
AL LA neen sugrested.

“» In thlcs event the LM plnifore will be allenel ucin, aoc ot

e
Given *he necuriey o pulse torgquinr, it will be jornivie to reorient tae
IME oy v mancuver without additionnl AOT sightin-a.

re The CM Will ure tne Avernee G Progrm (f67) for mintaining
State veetor: LU we mnrke n aocked DFT turn,

de It was e2timuted thnt the IM could te mde requy for ruch g
burh enally within 1' hours.




v WD e acwed to det.orwlve i the DIT simond TPEIvgaLl WOuld
“ory in tre agcked confijurntion at 10 pereent thrust In vy LUMITARY
TG, TR

A Tt i eviient tha® comrlete docked O cheow LIt muot te
rrepared for the F and § erwur bty ITO0.

ee e e wno cremewhnt ovRserned with the teehnigue MEAD b
Vet f Mol e TOLWLT miruto c O 'a atort mnruver, you reeall,
Copne teee opes PR L taren o oo odvea in the event of o premotiicy
e magen clatnc f8Te T wmea st thad VEPAD nnc develomea prveoans
e A‘I renLlreel oumine S 3 Te Lol wi1% be exectted exagtiy 7 ominules
e S NTm of OIT crutaonae Tonee the apnecerais eloexw: e Al v g
to LOI TI6, i+ ersw feel . 1% ol b eazler for then oo :
werms rehe-luied te oceur 1o mimies from oI THG. The ycint oo
wer- GOReY VLA freit IR the cwent ©F arn emerpency they tnr rot note
s @ef LEuLid.n oF oTe o™ 1lrelr to make n fplittaxe [n dsterminin”
wnen LO eyZoute Sao bert miae-.or . Flicht Analsoie French, Mo, Lo
iconins Int reworrlas; these orars: wmecd on TIG mther than SECO.

- e

17, ~inece trere i cone-m ower rremturs shutdown on e’t tne 10T
o~ “FI moneuver, “he erew il 12 1t were no%t lorlenl to proteet amMinnt
it, mart._cularly in the anstetle tutterfly resion, by use of the Thrurt
tip-ct On switon. For exnmle, during LOL they supcerst turrn.ne tnat
v *eh On from TIC + 1 minute %o TI6 + & mimutes apt on the TEI mumeuver
they would cwitch It On from TIG *+ 17 seconds to TIGC + © minuter, Flipa:
Con*rol and other ,my. are ~oing to think atout that! T think the T lert
foar 1r what wonld happen 1€ *he erew nerlected to switeh it of” n v,

e sty 51l I can remrmeber. Mortly trivia, you see vhich rrobnbly o
tetter thon anything the staru: of F/¢ Micrion Technliques for the e mi--

(A,

Aowarl w, Tinili,

PA:EdTininll, Jr.:lc




T aene

AR, we

\ \th AYR \Hn.\ N CERNMEN,

M emammlum WA i 5

Sev 1l3t atsehed

Spaceera i \x-nh v

DATR:  Welruary 6, 1069
. 69-PA-T-194

Pa/Chatef, Apolio Data Friority Coordiinmtion

Apcllo Misrion Techniques Docum:ntntion Sehedule

Attached I my cuerc nr 1o when we will distribute some more Mission

fetiniquers Joeutents.  Excert £or tre O urigue ctuff, w»e'll probatly

protly close 10 this . ohedule sipse {tig meimerily juet updating

boorn n Little LIt. Tt Aluc - yes you an {iea of what we plan *o

40 = [I' that'a 9 helr,
"d—q.h,.ceu) lw%

Hm&rj wc ﬁm&ll. LT

COte

add

L

FASITAT !1-‘, Jr o-."‘

" Bey urmp ""“,’."ﬂ""” ou rhy ?mm: m-




LT YIA LON DOHADULE

U Teeruary 5, 10

SUBJECT SN LT - CURRIII: EB. ACTUAL
Saturn V/Apolle Launct. - ' - Oct 22, 19w
Phage Aborts Updnte (12 r cecoary) ¥r 15 -
D Aetrofire ani Reentrr Lo e - Dee 16, 1964
2 Ienderyon Toined LI - Dec 20, 194
3adn - Pet 1k -
F/G Zarth Iarkin: O & 0+ - Per 17 -
F/3 Tranclunar Micour o & (Go* - Fedh 17 -
P/G TEL MOC % tntry® - - Feb 2k -
F/C Continrency Procedirer# - Mer 3 -
" P/3 MOC=H/RTCC Da'e felection® - Yar 1T -
?/C tunar Operntions Dret Jnn 13 - Jan 27, 1969
Finnln# Feo 17 Feb 14 -
Upeint o - ¥ar 3 -
naniell
6 Jercent Piunl - - Aug 23, 1968
Uininte - Mar 31 - J
—
G Lunur Surface Fiml - ; - Oct 6, 1068 -
Undate - | Peb 2L - B
-
© & Aacent - . ar oh -
G Jeccent Abcrts e ) AV ﬁ - Yeb 3, 1969
: rizal Mar 13 - Mar Oh -
o- ~
*Lhece are ecseatinlly vrantes o7 tno C' wcuments

AP XMELLAINE (o Tiow TOB PONT MmR2IVOUs 1o nre-TED and rendervous rescue
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PA/Chief, Apolic Data Priority Coordimation
7/G e¢is-lunar midcourse correctlion miseion techuiques

This memp 13 to document the cis-lumer siicourse correction anission
techniques we agreed to Jamary 77 and Z8 at the P and G Miesion
Techniques meetings. The tranzlummr saneuvers are basged on the follow-
ing assumptions and guidelinest :

a. We are not concerned mbout gmttirg subztantially further off
the free return trajsctory thsn om C' - primmr ly becnuse we nave the
DFs bﬂcmﬂc

b. We are espec’ally anxiocus to conrterve 3CC propellsnt, whiel
led to the procedures of allowing the midcourse corrections to grow
to SPS size if possinle.

©. In order to mmintaln best con-rol over the situatior we
decidel to use MUC; 7at IO - 22 hours) =5 the prime MCC, leaving
MCC), essentially for fine trimming If necessary.

d. The minimum 53PS burn iz 1.5 reconds wvhich is »quival:nt to
approximtely 3 fps.

Baszed on All that, wr establiched the frllowins:

a. MCCy (=t TLI + T hours) ani MCC; (at TI + 2b hour:)

The need for these mn~uvers will be bizad on how big MOCy
would oe if ve did mot mmke them. Specifieally, }¥UCy and/or MCCo will
not be executed as long as MCC3 i less thar about 29 fps without them.
Furthermore, we will not make 2hem unlese we can use the SPT (that {s,
they mast be bigger than 3 fps) and we will not irim residuals.

b. ch(atlm-ﬂhonrs}

Thie is the prime maneuver to achieve the desired trajectory
auround the moon. It will be mnde if the predicted MCCh is creater than
asbout 3 {ps in order to avoid using SPS for MCCj. Residuale will be
trimmed to vithin C.5 fps on this maneuver, vhich will most likely de
made with the SFS.




e. MCy (at LOI - 5 hours)

By takine advantage of the sisnificant flexibility provided with
two-stage LOI meneuver in targetirg tne 1LOI maneuvers, we are often able
to avold mnking an MCC,. That s, the 101 targeting can be cone (o achieve
a £0 mils circular orhit In apite of substantinl approach tm jectory
Alspercions. Tnir 1r done by rotatlon of the mmjor axis of - he initial
£ x 177 nem. lunar crolt, Howswer, = establiched that the apsidal rota-
tion should be limited to less than %, Aefrecs, I it is necregsary to use
the OFF for MCCy, “he residual will be trimmed to within 1 f s.

Midcourze correcticn techn!Tiec on syan-rarth lep phase of tie fiipht were
comrwhnt simpler. We are resainlirg the ¢' te~rhnique of util.zlng transearth
midcourse correction:s only frr movrl ler contrnl., We have concluded that

1t ir desirable to avold mpkineg the 1n-t midcourse correction {i.e.,

at i = 3 hours) if a* all per=i¥l-. a~cordingly, we oroned up the entry
int: rface (EI) flipn® path ancle Limit- m littie more than on ¢'. Specl-
flenlly, we will not cxecure MCC 17 0t flicht path angle 111 dbetween

602 and b6 daprecs (500 tegrees IS or="nal). In order to m.nimice the
probat 1lity of that riicourze copreet cn, we et the threchold for MCC
(#chaduled at FI = 17 hours) 1% .° ¢ whilch {r close to th ICFN target-
irg resuraey at thet time, The 27770 se-preqrth midcourse cvrrection (r-l:c5
at TE1 *+ 1% hours) w 1l not be exscu-ei unless 1t 13 grester than 1 fps.

The most cipnificant charse frow g, ¢ cource, Is Yrcught a out hy the
DIT backnp which rafrly permits ie-intinn cpom the free roturn trajectory.
Thic mrkes the loele mich clTrler ~ipse we lentt haye to con !ler moving
the mateyver- earlisr to s®ay ' tnin 3G returr-=to-earth capnbility.

-,
Howard W. Tindall, Jr.

PA:IWTH relnll, Jr.:js
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Memorandum  ASA senned Spmoeemrt Conter

TO : See liszt attached DATR: Pebruary 6, 1969 N
69-PA-T-1TA

rmom : PA/Chief, Apollo Dmta Priority Coordimtiom

SUBpRCT: MCC-H Ascent Monitoring

This 13 a note primerily to myself to remind w2 of impressions obtained
during the MOC-H Azcent Mpailtoring meeting of Jamuary 24, 1069. Although
it appeared that the prime progrem for processing MBIN data was t0 be the
"lLear,” I feel quite strongly that the old, direct doppler-measurement
technlque should be retained for in.plane menitoring. The only situation
it eannot support is ascent from the contral landing site vith a bad z-axis
acrelerometer. It seems %o me, at leset for now, th - the Lear-Processor
ghould only be used prime for out-of-rlame « the gitustion the old techni-ue
can do nothing for. Accoriing to Strve Bales, their plans for RICC program
and MCC-H Alsplay implementation ar~ in complete accord with this idea. Jt
ic only necessary tc make the declision to do it this way on the G mission.

. Ero-her thing I am partic:larly concerned about i{s an apparent willingness

to 2llow the trajectory to become badly dispersed before svitchowr from
n failing PGHCS amd thus to =ccept what could be a very poor rendezvous
situa*ion compounied by m fmiled PCACS to do the rendezvous. In order to
avoid this, two things mst be cone,

a. First, we must determire how seriocus it is to switchover to the
‘ AGS ms soon as it is recognized that the PGNCS is not vorking as well
| ms *he AGS. This you Twe t¥ hot a question Gf pre-flight expected per-
~—TSrmne=Cf N2 two systems but rather actual, observed performnce in
real time=, The only reservation agalinst swit-hover, it seems 0o me, 1s
the hazard incurred by the actual operstion ¢f svitchover {tself.

b. Secondly, there appears to de a need to estallich daisplay setion
liner or techniques involving displays other than the predicted insertion
display. This 1= necessary since the predicted perigee vs. wedge angle
display do mot rrveal a problem until long after it occurs. 1t seems to
me it should te possidle to establish sowe technique which wenuld result in
taking actlon much sooner. One consideration which must be amalzed Sefore
adopting this -technique, however, is to determine *he effect of delaying
the switrchover action since, If the ACS 1s capable of returning th~ spaces
crmft to a near nominal tmjectory at little AV eost, thers (s no point

in taking the action early. fJ .

. Boward W, Tindall, Jr.

By U.S. Sevings Bends Reguiarly on the Paywll Savings Plen
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dee Lirt attooten DAIR:  Jecunr,
: FaPAST-1kA
PA/Chief, ,p0T10 Mta Iriorit: Croriimticn

Teoestare LOT look:s joord =Pty OF

it ke In other fleli: of «nbaver, it flvayr roemr joesitlc to
use nethal £1ipht recgles o e bow rampet you wirre e fore th
*Lichte 1 smwritineg thi- meve to crow shout how O proved we “done
rirht” in plennine a two-stew LOI,

Az you recall we oricinelyy conc!io= | maru-1ly baokinye up the GG
during LT to wve!i an ev~rdurm. s v Woth turn durmtion 2NC o BT
AV counter. However, e v oot doum o decafled rlinning on how
e do thle, we coneluded bt s w4 fthiufriclen. conflione= In the
V counter to wnit for {6 ¢ ~lors out tinee the con vauenee:s of an
cverburn v eatactrophle,  Marche raore, nlthongh 't sgounts -~ mple,
monitorin: three Jdats -onrees cimitaneously amd taking proper action
s this eritionl time turned ont e b =weeny. As a recnlt, the finsl
C* zrocedur W to buckmn the CNCD ty wrmunlly chuttine down the S

O T]

ol exened ! rhe LOTy =stirmmted *urm furqa- ‘on by more than oli» seconds.

iz viue wnoconcistent with the 0 x 17+, e, Initiel lunar orbis,
T we tad bernuoing 4 ontectape LOT our ule wuild hawe hed to e for
St erew to siul lown merrally Jut abont nt rhe nomimal tum, Jumtion
{0 delay) tn orice tc wveld ap un. fe rerleyutiion in the event of «
Biph thrurt en-re, :

o L3I w netwally experionces) o uen et iog 4.9 receris ir evevre
o that expectanl,  Therefore, plvvn o ofcote e 14T on C° the erow would
wave 2ot down t DTS mmonlly cven thowgh bhe CAN wes orrenting properly
TRl taen fhoy aouls bave bl to make A Mmoo tum of nhwait flye recondn |

Sartion to findsh it offe {In nd3ifhom to that, we world e been
usabie o ubllize the Flexitility of the Swuetuth L0l tinceting to come

procate for the ‘mlectory dicp-rolon follov. - the lust *ranclunar mide

course correction anl we would fave ebded 0 with a ok mile altitude on
the Tack of the roon rather then a &0 eiretlar orbit.)

Incidentn1ls, our other presfif, -nt conclusis =, that is, lick or cone
ridenee in *tve AV counter was alio proven correct on th's £1 rht by
several in«f1i,ht nnoonlier includins an ermitie sccelerometer!

Werva't we smart? ‘ <
MMM b

Hﬂ'-ul‘d We Tlﬂ-’i" ll’ Jx‘-
‘s .
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vl T theek, we finnlly arrived at g oavither siaple
Tasest L e erew mint qmete the ehance In the aecelerorwter biqs

SO e o s e the Sheek.s The AGE Is coneldered failoo 1F e
T memuie b b el more than JOb £pe€s 1% In nl. e cone
ot b b (ke olute) pyro Arift in any comporent cxcond .
<% - vneurs A you xnow, the AGS calibration procedure upintes
Cowconemtion Sor bota of there automitlieally. Thero had poen
Sreonecearn that i a Zarge ennnpe goourred from the pre=tilyhl vilinnen
Pttt Twoan Indlentlor bhat She calibration rather then i m.frme
. e Sl and, taeresore, something ahould be done in on
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Memorandum

: See 1list attached DATR: vanuary

SURJECT:

£GaFA=T=11A
PA/Chief, Apollo Data Priority Coordination

D Rendezvous Mission Techniques Meeting = Jamuary 20, 1969

This memc is to document the "results” of the gruelling sesnion we had
on the D Rendezvous Miesion Teehnlquen on Monday, January 20, This
npeclal meeting of FOD, FCOD, MIT people, and the prime and backup
erews was ealled to try to reach mpreement on = number of items not
covered previously or uncover=d in recent slrmulations,

1. In order to provide an nrcoptable return trajectory in the
mintefootbnll, the CSM muct make n "horizental adjust” mancuver
approximtely at the nominal time of the IM Phaeing Burn, Accordingly,
«4e OSM shall be prepared to exscute it 4f, for some reanon, the M
f11ls to do the Phasing Purn. This provides an abort opportunity one.
half revolution later from the mini-football if the real time situation
dlctates 1t. Nominally the CMP targets thlis maneuver for himself using
A chart. [A lLineberry was asked to look into what nssistance the MCC=-H
might provide,

o, There shall be no "horizontal adjust” maneuver tarpeting done

';-Lther nt MICeH or on-toarl for trimminy the big football trajectory.

31, As usual, A great deal of time was spent on that damned TPI,
rootbnll rendezvous. An expected, the analysis shows thant MCC-H support
‘or thls avort in no poor that it muat te conaldered "lnst dlteh" only.
(For exnmple = the estimted AV ~rror ie 15 fps and TPI time error is
three minuter « hoth thres aigm,) Completely unexpected, however, wns
tne eoncluslor that we should not intentionnlly delay abortr from the
football to the second opportunity as we had rrevicusly recommended.

This conclusion resulted from the realizatlon that the sltuation must be
degraaing with time - particularly the lighting at braking and the AV
cocts « urless some sort of irim maneuvers were made, And, of course,
trim meneuvers will foul up the MBFN which nogates one of the prime rensons
fur going an extra revolution. Following ie a detailed description of how
we now think TFIg ehould be handled, It applies to the second opportunity
too, if we somehow get into that situation, ;

s, Both spacecraft shall use the "time option” of the TFI
tarpeting program (P34) rather than the "elevnilon angle option," The
time uced shall be the ground rompited nominal TPI, time which is accurate,

Buy U.S. Savings Bonds Regalarly on the Payroll Savings Plan
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{2} 10C comparison with the RR/ehart solution (of
course the RR can affect both of thege),

(b} A pilot cvaluntion of *he RR and assoclnted equlpe
m'nto '

(c) The CSM V493 va LM RR comparicon,
(d) A coarse comparison with Lhe MCC-H rolution,

by Here'sn tome more TPI, stuff. That Iars pavmpraph waa too long
foo fnelude 1t Lhoveg

o a. The '."‘PIo will contime to uce ¢ = 131_‘-0 and nominal E =
r

P
fald) o

bse  The outeofsplan~ DP3 Jettisen techntque rrevicusly npreed
te will b ritained,

.-« Here's some other olir and ends:
- M. The RR element of the initiml Wemitpix shall be ,005 radiang,
. NBeinttlallirations shall uae 001 radianz. (HI‘I‘ rays initial use of ,0C5
radlant provides rubstantial improvement; MPAD says it doenn't either help
oF hurt; the crew procelure. alrendy inelude it; therefore, leave {t in,)
(Pivlay to mke sure 007 padfan: in on the prealannch eraiihle load tape,)

Pe It ©nd Yeen prorored tha: a spcelal ~pacesraft attitude
mneuver rould {mprov: the PGHCS estimate of RR bins, It ie not econsidered
worthwhile to ndd this into the D mlacion now, Maybe F, probably not,

¢s MFAD has reviced theip recommended binz wnlues ypged in the
Frrdesvous meneuver Snrgetinge as follows:

(1) AT time 1n P2 - uoe 3 minutes
{r) ACDH time in F33 = use 1 minute 45 peconda

(3) The rndinl upvard bias of 6.7 fpa ndded to the CSM
CLH maneuver to compensate for the leminute delay should be increaged
to h.9 rpﬂo

4. Following are the "spproved™ rendezvoun mansuver solution
comparicon limits - PCNCS vs., MOC-H:

Ax Ay a: A
el 2 fps 2 fpo - .
coH 5 e P -




The rule In thnt {f nny componrnt of the PGNCD molutlon dlonprecn wlith
Lhe MCC-Il molutlon by more than the:e Limltn, the IM nhould upe the
entirs MCC=H rolutlion,

£, The last item, and 1t turned ou' Lo be n pi; one which we never
were able tu recolve very well, deqls v!th COH., Ae you reeall, the MCC-H
computea 2 CDH mancuver and relnys {t o tio orew, It ir used for theoe
thinert LM POGNCD nolution comparleon, IM oxeoutlon T PONCS compnrlron
1L, and COM mlrrvor [mpee tarpctine, Oure problem ¢omer about. lnee the
LM TGNCS computen the time of DU (In tre COI o P37 proswam) which mont,
Ukely will not colgelde wich ti optirim tim- polution for CDH comprited
' MCC-H, Unless we want o -end tvo OPH o ome tonges « which we 1o not -
Y MCC=H s foreed to uce the {neneorwiesim) LM CDH time. Thi- to
Voeergary Lo permlt oa desoent roluton eempardcon and to make eure e
MOCsI tarsted, COM mirroraimee moe wver Qoo nol oeenr bofore the M
O oattempt, GF course Gooree foow Yied bt 1o how non«optimum we are wilttne
oo el of wnloe Lo e ke s lon n pre e b

Ae LM pacser thele eomprites CLH time via TAN or CRO tu MCC-H.

b. MCC=H computos Chif AV':‘ for that time: to achleve goelliptle
bite (1 1n PGNCS eomputa-.lon:),

. MCCHl nlvo compiter sme-cpialle, more optimum CDH v ullowing
CHH time te wary,

G MOCLH make s s na oo In I0NCS OO time,

(*) 1f ek w MOCSY soner CDM AP pad for oneloard compar ! non,

O T S T B e R iaY I pad Tor the T Lo oveante,

e onstoal comparlon e e 4y

ey

La et pel Phymire out the wefne o0 or teria for CDH time urcd in o,

Tere gere nonumber of orther thin ool cnn ] whoeredin we conaloded Lo
cotionoprevlows cleelrions ant aereeron o whloh T won't et here,  ALL
Oor PRI sl ahybhine CLoe approfrinte whicy comen feom our Janney
Pobepet e MU ten ohntquer vorlaed oo mecbing will he o paflested in
Preoapeomlnc ey Rlon e the D Leerbare e Hizzlon Techniquag dooument,
Weodun't have ary plans now to o ower Lo otatf nenln wmr that unlrge
S tial problemn mrlce pecudrin o ctenn o,

“’d»)a.wu]\lt; swh

Howard W, Timiall, Jr.

wneloer e
Lirt of Attendoer

EARIMTEIR[41L, Jr.itr
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Memorandum

See list attached DATE! Jamuary 21, 1969

69=FA«T=10A
PA/Chief, Apollo Data Prjority Coordimation

F and § mierion cis<lunar and abort plan

On .anuary 8 a gang of us FOD types got together to develop a proposal
on how we should use the LM for cis-lunar and lunar orbit abdborti. In
other words, how should the C' technigues be modified due to having the
1M DPS svailable to bsekup or use in place of the SPS, A great deal
of work has been done and documented by Csrl Huss, the Flight Amalysis
Branch of MPAD, and the Apollo Abort Working Group and the resulte
belntedly reported here are heavily dependent on that work.

First of all I'd just like to state a few facts and assumptions upon
whiah the Abort Plan given in the attachment are based.

a. Except {n the case of a%orts from lunar orbit, the 8PS will
elways be the primary abort propulsion system, That is, the maneuver
will be made with the SPS, bringzing mlong the 1M, wvhen possible, so
that the DPS can be used ag 2 btackup if the SPS falls,

b, Since the SPS does not have enough propellant for TEI with the
IM attached, ve must reverse the order for leaving the moon if we want
a TEI propulsion system backup., And, I guess we do,

¢. There 1a a pericd during translunar coast - from TLI until
about LOL = 20 houra that the fastest return to earth can be mmde
diyectly using a mximum 9P3 bturn efter jettisoning the IM. After
that period there is no advantage to direct returns and we don't ever
suggest making one,

d., There appears to be no period wherein it {s faster to maks a
direct return using the DPS than it is to perform a post.pericynthion
mneuver folloving a 60 mile flyhy.

e, It is alvays preferable to perlorm & lunar flyby than a direct
return using the SPS unlesa we truly have a time critical sityetion,
in which case we would only consider use of the maxirum available AV
solurtion which, of course, includes jettisoning the IM.

£.° The fastest return twajectory includmg:n luner flyby 1s with
a pericynthion altitude of G, n.ms If we maneuver tc provide a higher

Buy U.5. Savings Bends Regularly en the Payrell Savings Plan




altitude, the trip time in mont likely poing to increase. This acdounts
for the use of 60 n.m, 4in the tim critionl flyby modes, Of course, the
procedurs munt include making tl ' ntandard repularly soheduled translunay
midecourse correctionn to nehivve F0O n.m,

€+ Althouph the renl time altuation (particularly spacecraft qone
figuration hag an overvhelming kraring on what ehould be done), it saemn
like a good idea to place the rpacecraft on a trajectory targeted to the
prime CLA as soon us practlieml, even though that caures an increase in
trip time, and perhaps a pecont mneuver after yericynthion to npeed [t
up. -

h. Although we alwnys 1lict the SPS maheuvers ar the prime mode and
only utillize the DPS nr a backup to the SF5, it 1s recognized that the
crew and ground muot t= trained and prepared to curry out a1 docked DPS
burn, Aecordingly, numerour ndditlomml optionn are avnilable to be
agreed to elther preeflirht or in real time wharein the DPS ir uned
instend of or “n addition to the CPS, For example, the desire to make
a IPS system tect may ‘uctity {t,; use in m nom-critical time situntion
or the upe of both the DPS and SPS my provide a aipnificnnt ndvantage
given cortaln rpnocernf't system failures to rrovide preatest crew safety,

Finally - we briefly discunzed how to handle partial 10I1 Burne. First
of all we are recormendirg the same procedures me €' in the event of
Juidance or control problems durlng LOI1 = namely SC5 MIVC rate command
takeover and burn completion, This is propored for all the same reragonsa
ne for C' = basicnlly it results in a better situation. For SPS failures
prohlbiting completion of LOIy, Flight Analysin Branch recommends ground
targeted aborts using the DPS as preferable to the C' type "15 mimute
abort” SPS burn using on<bonrd chart targeting. This is probably the
best thing to do nand I'm sure we'll talk about it a lot more bafore it
finally lo rerolved, One thine to he amphasizad though in that, aince

ve have the DFD backup we don't have to be in ruch a hurry to take action
after SPS troubles srhow up ns we were on C!,

All of this will ‘be thoroupghly reviewed at a slam-bang Mission Teehniques
meetin . scheduled for Jamiary 29,

-

L1

W,
oward W, Tindﬂll, Jr.

Enclosure
PMHVTiMaIl, Jr. i je




CIS-LURAR ARORT PLAN

Categories depend on when the need for the abort is recognized as
follows:

CATZGORY 1
From TLI until abort LOI - 70 hours {The mctual time will be approximtely

at the equi-return time - direct return uring the 8PS vs flyby. This
tradeoff will be binsed as dercribed in Note I.)

A. Time Critical

1, 5PS direct return wlthout the LM, to any CLA (AV lese than
about 8,000 fpa). (See Note II)

2. DPS mancuver at perieynthion + © hours to any CIA folleowing a
60 mile flyby. (1500 fpe AV max.)
B. Non-time Critieal

1. ¢PS (or RCS) turn at convenient time before LOI - 5 hours, to
flyby pericynthion tetween 60 ani 1509 n.m., t the prime CLA.

=, DPS {or RC3) burn at convenient time tefore LOI ~ 5 hours, to
flyby pericynthion tetween & and 15CO n.m., to the primc CLA.

CATEGORY II

LOI - 20 hours until the lant translunar coast midcourse correction at

A.- Time Critlcal

1. ©FS burn at pericynthion+ 2 hours to any CIA following a 60 n.m.
lyby.

~., DPS burm at perisynthion + © hours to any CLA following a 60 n.m.
flyby.

. NonaTime Critteal

1. -SPS or RCS turn at convenient time before LOI - 5 hours, to
f1yby pericynthion betwsen 60 nnd 1500 n.m. to the prime CIA,

&+ DPS or RCE burn 5t crnvenlent time before 10I - % hours, to
flyhwy perieynthion 'etwcen A0 and 1500 n.m. to the prim: CIS,

Fnclosure




1.

2-

1.

2.

NOTE I

NOTE II

NOTE III

o Ay AL i RREREN N

CATECORY I1I

After 1O - 5 hours = or when propulsion system fallures are recognized
too late to do Catepory II.

A. Time Critical

8PS burn at pericynthion + 2 hours to nny ClA following a
50 n.m. Tlyby,

DPS burn at pericynthion + U hours to any CLA following a
€0 n.m. flyby,

B, NonaTlme Critleal

8PS or RCS nt enrlirct practical tlme before MCC 6 (nbout TEI
+ 15 hours avoiding cphere of influcre ) to the prime CLA os
fast as practicul. (See Notes I and III)

DPS or RCS at earliect practical time tefore MCC 5 (about TEI
+ 15 hours avoliding sphere of influence) to the prime CIA as
faot as practical. {Sec Notes 1 an? III)

: There 17 nn important real time Jjulsment factor influencing
the non-critical abort techniques trading off reduced return
time ves. large maneuvers which may modify the priorities.

t The IM is Jettisoned only in the cnse of Category I, time
eritical, SPS direct return aborts.

Normel return velocitles shall be limited to less than
36,323 fps. Time critical aborts rust provide entry velocities

of less than 37,500 fpn.
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F and G MIGOION TECHNIQUES MEETING
Puilding 4; Room 379 Jamary 27 - 30, 1969

AGENLCA
]

Tne Tirst three days will be devoted to everything - nominal and
continrency - excert the lunar orkit qctivities, The discus+ion will
be rore or less In the neguence 1list:d below, Of course, Items 1
throuch 8 will be based on the Misaicn Twchalques prepared for C' and
the sctunl vxpericnes mined durime the flight. In fact, wv shall use
C' documentaticn with chiance pnpen, wnere availnble, to h:lp ruide the
dlreusrion. We will proceed sg fart as we can with no partleular posd
set for eason riny ~ except to finlsh Itemn ) through 8 drring the first
thyen days,  Hopefully we'll be able to put most of this part in the
freezer aftey thin barh cinee we rtart from auch a pool founantion in
C'. “Lunur Orblt Operarion ™ (Item o) will e the nole aublect of
January 30 oand we'll bo lueky e fin'th it,  Furtherrors, it would be
truly ralve tu think we won't have to vet together amin on “inat
complex requencs of opernticnt. Unisue § operations {Descent, Descent
Aborts, Lumar Jurfece, and Aceen ) wIll be worked lrter In reparate
meetinen,

1. ZEnrth Qehilt
e P —
¢, GNOT, ant D00 monitorins and performance evaluation

e TII

broyaration for TLT and turn monltoring - Maneuver "Preparation”
hepe and undoy Intor Dreme Includes puch things ant
10 Mrecting (When o 2ent and based on what?)

te Jtate vecter updatins

c. REFOMPTS

. Ind tuta formate

., Furn attitvie ehn pn

. Trnctune e Connt

1. Midcourse correetion -~cheduling and targeting

n

I'e Cls=lurmr novimmtion v
.« Apor! Rlock Dnts )



101} and 2
iy —
Preparation for 10I and burn monitoring

TEL

a. Dunar Orblt Block Deta
t. Preparation for TEL uslng SFS or DPS
¢. Burn monitoring

Tran~anrth Conct

n. Midcourse correctlien reheduling

b. Cis-lunar navigntion and on-roard returnsto-earth
targeting

CM/SM feparmmtinn and Fntry

n. FEntry initialization
b. Entry monitorine and tackup procedures

Aborts und/or Continpency Teehni ties

a., TLI portial turn aborte
b. Cir«lunar abort moler
e. [0OI partial burn aborts

Lunnr Orhit Operation

n. Pre-DOI LM activation and checkout

*. Lumr landmark tracking

¢. Preparation for DOI and dburn moni toring
d, F miscion phasing end insertion burns

1) preparation
2; burn monitoring
k]

Pl

CSM backup procedures
Rendezvous (IM and CSM)

Syst-m preparation and performance evluation
) Tavigation
} Muneuver targeting comparisons
) Burn execution and monitoring

c,
c
2
-
th
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UNITED STATES GOVERNMENT
Memorandum

See list attached ' DATR! Jamuary 15, 1969
69-PA T8
PA/Chief, Apollo Data Priority Coordination

¥ and @ Lunar Orbital cperations - mostly pre-DOI IM activation stuff

On January 10 we had an ¥ and G Mission Techniques meeting dealing
mostly vith lunar Orbital opemmtions, which I would like to record
with this thing.

In our continuing effort to figure out the best way to minimize the
DOI day timeline, I think we have finally converged on the best
banic procedure for petting the LM checked put, As usual ve went
over the three most popular ways proposed - namelyt

&, All at one time on DOT day

b. Two work pericds - one prior to LOI and one on DOI day

e. Two work periods - one on DOI day and one after w12

We finally selected the last of these, basically by the process of

elimination. Trylng to do everything on DOI day not only lengthens
that day by at least one hour but it elso sets up a situation which
is completely intolerant of even the most minor trouble as the crew
goes through the process of menning, powering up, and checking out

the IM. And, 1t should be emph-sized that although it may be poe=-

sitle in renl time to slip DOI a revolution, 4t will be by no means
& simple procedure to get all squared awmy agnin in preparation for
the mont complex operation we have ever attempted in fiight, What

I am trying to say 1s that we want to avoid perturbing the ti~_.line
around DOI at almost any cost and, splitting up the LM prepmration

into two periods helps to do this,

Having neccepted the two period technigue, the question remmins =
where to put the first period? Although the pre.ld’ period of
chackout waa attractive for a number of reasons, it seemed to us
quentionable in terms on what it might do to the spaceeraft thermal
situation and more seriously to what might happen to the LM stesrable
Se=band antenna 1f it were unstowed prior to the big 8PS I0I maneuvers,
Except. for the fact that this time period provides continuous MSFN
coverage, all other advantagea are also obtainable 1f we achedule

thin nctivity after 10I,., The thing we like about putting a two or
thres hour checkout perfod afier LOIE‘ nnd before the crew reat perind

+

By U.S. Savings Bonds Reguiavly o the Payroll Savings Plon
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is that it provides an opportunity for the c-ew to ret the IM squared
Away - that is, things stowed and other housekeeping chores done before
DOI day. It also provides an opportunity to add an adiltionn) mctivity
vhich might be discovered during the U miss!ion or as % result of con-
timied detailed planning of the ¥ and ¢ Elssions without perturbing the
complicated pre-DOI timeline, (It slso provides a place to atick in
some F unique DT0's.) Of course, thin checkoys pericd 1o mch more
tolerant of problems than DOI day. Por examrle, it can be extended
although at the cost of some crew rest. Apd, perhaps more important,
will provide more time for the MCC-H to evnlunte and digest the checkout
data. Charlie Duke {5 Folng to hend 2 tiger tenm mostly composed of
FCD and FCSD people to develop a detailrd timeline for IM preparation
including all those systems tegto consldered ersentinl and no more than
that, They will integrate thece into the total timeline whioh inecludes
the crew suiting and eating ard nll of the other LM netimtion activity
as well ac the CSM landmark trackine which now concirte of only one
tracking time period.

We will review the results of their work a1t 1 liter Miscion Techniques

meeting 80 that everyone in tue world can critielze 1+ and finnlly
bIEB it.

In addition to that one big {tem there were n pot full of littie
things we discussed and resolved nc follow-:

a. There i3 a minor difference of opinion tetween tne F and G
¢rev as to whether the landmark tracking should te done in the piteh
or roll mode. John Young, who favored the pltch mode, s tolng to
try out the other technique in an attempt to recolve tnis,

b. Moot of us have Pretty well apreed that dacked AOT IMJ alipn.
ments are expensive to do and are not necessary., Accordingly, we now
yropoce to use the same procedure as D for decked IM alignments refearenced
t0 the CSM platform using the known relative orientation of the CSM and
IM mavigation bases. This does mean that an accurnte IM IMU gyro drift
check can not be made mlthough we expect it will be cood eaough for a
€0/n0 go of the mystem. Just how Food 1t {a will depend on how stable
the relative orientation of the pavipation bares {s over a two hour
Period. We must get this information from ASPO nra 200N ag possible,

<+ Prior to and during DOI we want the IM radar turned on to check
it out and ir necessary to verify PGNCS porformance of the DOI burn,
After that the rendezvous radar may be turned off since there Appears to
be no strong requirement for ito ure until after the phasing burn on the

F miesion or until about five mimtes before powered descent on the g
nission, ‘




d. In lieu of rome other positive proposal we stated that the Dps

would be separated from the ascent stuge 1C minutes prior to the insertion
maneuver by executing a 2 fps horizontal retrograde RCS burn, ACS control

will probabtly be used for that,

e. 1t has been stated that there le very little difference in the
accuracy of the results obtained using the sextant rather than the scan-
ning telescope for landmirk tracking therefore until C' 1t wns proponed
to ure the telcscope becnune nequinition and trmeking wae exprcted to be
ennler, Howeyer, rhe C' crew Informe ur that {t le sctunlly easier to
track a given lunnr feonture urine the nextnnt onee it ie acquired and
ne that i what will bo done en the ¥ and G flischte,

£, Cipee thore meems to be time avallatle following LOI for the CMP
to et some practlice landmark trackine, It will be Included in the time-
1ine. Of course, the actual lani'ne cite will be In dnrkneas then =sp
nome other feature located to the east =i e ured [netead, It is our
tntention to seleet a landmark which will ba at a 3 depree sun elevation
anple on a nominnl mission since this sxrerience woeuld plve us a little
more confidence of trackines at 4 low sun elovition anrle. This benefit
1s not impor*ant cnouxh, however, to make any real time change in the
landimark to be used like we were prepared to do on C'.

¥l W Tindﬂll, Jr.

Fnelosur.
L=t ot Atrertoer

FASWTInin1l, Jr.ils
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UNITED STATES COVERNMENT
Memorandum

TO : Gee li-% attech.d DATE: J.n.m 1b, w9
Uml el wln

yRoM : PA/Chlef, Apollo Data Pricrity Coorilrstion
sUBjeCT: D Fendezvecus Minslon Techninues
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UNITED STATES COVERNMENT
Memorandum

Seu list below DATR! Junuury b, lyoy

69-PA=T<5A
FROM : PA/Chlef, Apollo Data Priority Coord!mation

SUBJRCT: Procedures for IM aborts immediately aftor landing are torridiu!

..

Clarke Hacklur «f Guluaance Lni Control Jivialon uncoverdd o PRI
alarming sltuat.on which we've diseuzsed o listie A% our Duscr.ne
Abort Mission DT chniques rwetings. }e btr efly status vh- ot Len
quivte nicely in the attached memo, wilien I thought should bo Losou ot
) tC your attentliun,

The four switen settings involving trre: .witches whioe Clarte aofers
to are:

8. The ENG STOP switca is set st zrote contact,

b The EN; ARM cwiten 1s placed trom the DES to OFF pos.Licn,

ce The EN; STOP switch is reset,

d. The ARORT STACE switch Is set (ater rlsing o plas=ic overluy),

A

doward W, Tindall, Jr.

—

2nclosure

Addressees:
PA/G. M, low
C. H. Folundar '
FA/C. G Kruft
N/Eo Fe Krnnz
CB/N. A Amtront;

FA:HWTindall, Jgr.:)s

£
e

B / ’ A
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BJRCT:  Crew operati.nal ;rcrelure

]
P
4]
(a3
) e~
e
'
¢
f.

oo
i
@
r
il

+
1 -
by (L]
& o
9]
v 8
[ Y4
c*
30
-1 ¢3N]

or

ET:SCE A..d-’ 2t
STOP awiteh aw o0 o aet

R
fr
"!
'3
Ry
!

’I

hr
o
¢
3

switnes ghao

Suic iwnar o uoorice abori,

,

= T - ok T :
Do TLrther LlUlln 30 Whal

s

o

Hoo gl abt ~0 o,

i los gt

Hi-—-ﬁ
.
isd

L § h’

TR A L

C:l !“ -~
L Al

148 ..'f'

CF/nder, P = - wiull0 DATE!
Pu/ntes, S;otemi ansomering

Conural Z.v.s.on

Cover Lol (‘Lgkp -Q'c‘ L e 3 Lfl’c.k
‘twéw-‘ \m\)“"-

B3/Deputy Chiel, oiilance agi

(-\.& d

From an operat.unsl viewrosins, we Dol
i roduled
shwotada B orevoom o nas
duesent srdine WA M even
- ADCRET OTAE swatvhe -
ExJIUE SRIP awiwen saruuluey b

Guxlance un Junsral .,.v-.;‘.:,...

rute o A‘-n(‘ Ve -.“L..' S S

,,,;

CL—* "'"M« L"&

J O
LS L
- » i R
] . -
e s s
Y - a .
R
WL E NGy Tty LW
alid
[P View.
1
LV ‘e
o g s .

(ST ST

AL PR S
SLULE N el
DRI+ T AR PR A
L e ar oy !

rnsw [ -
C‘J Lt

q ‘ti‘ “'C.ﬂ ff\’a— a*lvr'a Rt D.);

e 0 |3

AR IR




TO .

FROM

TR L. e NG

L L A
il FRs e PR eret

UNITED STATES GOVERNMENT
Memorandum B

See list attache. DATE: Jumuuasy 1k, 190
EUmZA T wlA
PA/Chief, Apollo Dats Prioriuy Coordinaticn

sunpecT: P and G cls«luns.’ miicourz: eorrect’on scheduling
J

-

ropose 0 do 5G. One associmted liom Jorun American 13 po.n. Lu caecp
t.

This oo I %0 Lz LUne e ryene 1oomawre that we uare Inosde .
Y . - P

<ne final midecow s €OITelLIONS ;--c. 2 LT amd Entey 100 ool ot
on C’

I

.0, chnll b skl oot

feam o ldpousre oors CLlun Lot livv e
-
A

The final trancl onar mlino.r .o COm
I0I = 5 hours gl o' tnu' proviior &
- V

-
-

ness and confide .o Lp cvtoonuer P trmzalns for QD L il 0U \
recall on C' 4ol muaruver Wil u‘. LCI - < lmoorder TO ESOVLGYe . nC. \
crew rest per.oa uffer thate Tolo I ot reculred on .o Foana d :.‘.sc-io;:sz
at this time. F o, e )

The basic erizer.n for celastins I = L L£uls
mideourse o correciion wic TO MLké I+ mT iate Al po-s.ole

Pro'n'..r.t e AYCLUE LT WBFY timerin, for entry Ind tialiontione O o =
C! miseion it weo onntl izt 2lfion ol TWO A0LrS 15 udevudas.e, s Aanie G et

+ioral hour wouli te adventay,eouu. Since thore appears 1o re .o Lliw

advnattace 0 movins thlr mueuver one nour earlier Lo T2 .t rety we
bt e tea———.

out s WIE. regrnod to tie effect of Lils cn tie RCS guadse T L34
slim pobuinil‘.w that thls scheduic ray preaént a therzal prou.cli -

I would 1like to :rmhasize thst the intormeliste €l nelunnr  nmiic
correction streuule 15 not based on traleaiory consliermticon Y7
w111 be selectec to fit moot convoni 1“‘1,- in the crew wo.i/rer-
Just as it waz aone on ', Accordinily, tne sel Hluling O wnfoc malich-
vers mist 1salt develorment or the Tilrnt plan after wnlies teil w L1 e
ehuffled in at the meut convenlent tinmes,.

PA:HWTindull, Jr.:)e
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UNITED STATES GOVERNMENT

Memorandum

See Lint attached

DATKE: Juiminry i, 1t

? tH-TAT=

TA/Chief, Apollo Data Priority Coordimatlion

Oparnticns required for communicatlon loss on P amd C

are gure hetter than on C'

1 think we have pretty well established how to hundle a comminication

loss situntion on the P axxd § missionr.

In effect, we have delincd

which Block data runt be nent and what ontomyl eir-lunar navivation
needs to be carrled out. In hoth camer, of courss, !t ic possible
to cut back substantially from the C* techniues. Thiz {8 becauns
we feel it is reasonable to mssume that the LM provides n "perfect”

backup for the (SM communications.

FLOCK DATA

we establisked a pround rule that It 12 only necescary to senmd Block
data for atort situations whoen either the 1M is not uvailsble or if
sufficient time to use the LM {s mot available. Following is a tntle
of all the Block data trausmissions ,lanned for F and G riving the

time of transmission for the avort orrortunity which 1t veuld be uced forg:

Time o Trinemlusnion

uring earth orbit
101 - 15

Fre LOIL
Pre 101

o
<

Post 101
pra I¥ Jettison

After LM Jettiron

Time of Abort Maneuver

TLI + o0 minutes, (GM only,
direct return

PC + 2 for fart retura followinr
fiyby

T
'1'_'-‘.‘1 8 D assuning yrorfact 11011

TFI, Update and 'I'EI.j acsun! ne
no 101,
r4

For TEI after sieep
TEL ¢ Yeyc from Jotticon

C' rev by rev technique except
durirng sleep ’

Buy U.S. Savingr Bonds Regularly on the Payroll Savings Plan
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In additlon, remember the erew has the enpability of neliys the CGNCG

(P3T) to compute thelr own returteto.carth mncuwes In the cvwent of «
comeuniention lors. In erier to ~implify the crew's procodurs, we

intend to trenemit n omnll amount of adiitional Informtlon for uee w

Tivat pucen ln the aperntion of P37, Speclfically MOCell will perleile

enlly send the erew values of the landine avea (CIA), the mneuver mo ni-
tude (Av), ant the burn {gnition Lipe (TIG) for poasible future nbovt time:,

CIS-JUNAR FAVIGATION

<‘1_\s you recenll on €Y, the oanboart capability for clpeluntr hayigation

aing P23} wna thorouchly excrels i arl proven to be an execllont oy toem,
Furthermore, it appearns that Jim Lovell wma able to o his Job Just
ahont 28 well In the beeinning a7 he waz datar In' the miscion, Indie
cnting that Inflirht trmintne 1 mot particulnrly necosoaryy Paoed
on this exprrience, only two batchas of Pri star/enrth horifon mvie
ration cirhtinga ohall bte achelnlr . en ti~ entire P and ¢ T1teitte, In
order Lo ret the most. from thogse two pericde, one should ke scheduled
vefore TLI + % hours and the other after .. + 1% hourc, if it Ie cone
venlent to 10 ro, The advmntare of eakine ‘oo flvet bateh that early
In that It w!ll prrm!lt the MCC-Rl tr roke an mcenmte determinat'lon of
the actual horlzon altitude the OMP {: uning in order to uplate the
CMC in real time Just as we did on *. To do this it is necrarary

, thnt the obrserwations e mude fn nlti‘ude logsz than 90,000 n.m, and

: . preferably lower tinn 35,000, whick 10 the wlilTude Al TLL & = hourt,
I weuld 1ike to point out that the herlzen Jim Lovell used so suce: oo
fully wis cort et n nebulous one of his choire atd was not well defined
making it unreliable to ure the "O' horiron altitude for the F and ¢
mitelons.  Allbourh noi disastorous, 4 vood knowledpe of the horlvon
sibatnantinlly improves navigation prior to ontry which 1o when It s
most lmportant in the event of commin'cution losn, Whrtever that 1.

Reropnize that impllelt in thier plan of reheluling only two tLatehe.
of' obrervticns early In the trmnslunnr coact 1z that there oan te
no independent onbouard confiimation of the MSFN narigation which wan
considered s0 lmportant te insure tht! we mirs the moon on C',

B

Math Fhysic: BFrneéh of MPAD has heen requested to dovelop a F©°5 tracke
i schedule to b uped Lfor trancear$h navimition in the event of ne
commn'evtion. Thiv cchedule will be fneluded in the Fiight Plan
1adeled "lo=a of communication contingeney.” .

T R TT

z As you recqll, the primry purpose of onboant navipgation -duvisge trans.
: earth const wns for comdltioning the Werntrix., We have aerlectsdd n
procodure for F oand G whilzh enker {6 poraible to elimimmie thal vpemya
tion, OSpecifienlly, we have coneluded tnnt n eronsovar polnd. cxfntyn

it

i
'
P o

P




nt 30 hours before entry, whicvh han the follow!ing chavacterictiog, 1F
commnlication e been loct prior to Lhat time, the onloanl syotem Qo
capnble of providing accoptadle mvipntion, mneuver tarpyding o
entry fnitinlization ctarting from scimteh with no apeclal Wemibrlx
conditioning. {The flight path anele error at entry should be no
preater than 0.5Cunder the worse conlitions,} In addition, 1t has been
chown that the MBFN will ba sufficicntly accurate at El - 30 hourc

that in the event of suhsequent commnleation loss thore 1r no need

to perform onhoard navigation but rather the crew mmy safely return

to »~arth using the data supplied for that purpoce at EI « 30 bty the
MCC-H. 1In other words, the same rrocedure used on C*' at KI - 15 will
be onrried out on F and G at FI - 3¢, Nimely, spacecraft stante vectors
will be updated and the orew will be proviied with midcoursan mncuwr
targeting aml entry pnd dnta neaded te complete the mispicn without
furth~r communication,

In summary, FPand 0 operations asrorimtrd with commnieation loss v
bteing considemnbly simplified frem thoce used on C', Utillzation of
LM cemmnications makes 1t possible to merkly reduce the rumbor of
abort Block data pad messapen: the onbeari and MEFN mevigmtlon pers
formance experienced on C' permits us to reduce onbonrd mvigmtion
to a total of only tww batches of star/horizon ohserwmtions. No
sprcial procedires are required for W-emtrix initialization. I'd
cnll that a piant step In the right direction!

o IoNowdous

':iO‘H’IT‘d “. Tlnd'lll, Jl‘o

FA:WTindnll, Jresic
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See list nttached DATE: Jamiary 1lu, 1%
6)-FA-T-"A
PA/Chief, Apollo Data Priority Coorilraticn

aem: decirion. rerariine lun.r landwark trckines on the
F 2md G musslions

W had oan Ad Hoo Mio-lop fecnlvis rotIngs on Janayy 9 to talx
over lunnr lammarsy wrmoaiir. IR yart oy, we vanted to dlooues
what we *.0uahs Lol taoen Loacne Lorem e g!' mlacion and wanw wo
wAnt to Jda on the Funi G mirsion', Toio memo {r to outline all
tnat triefly. Tha specll'e Thipsr wr wele trying to declde wore?

a, Whathor.apeeial tert - ol ~ny rorn should te inclu:isdl on
the ¥ micsion whica niyht pomit wo % oroaden the ageenAtle TUL
elevatien anrls comatraints arsoniavad with the lunar laniin- =ni

%. mo ieclle If ortleal oererw=ions {SCT or SXT) of tre
lariine clo0 are regninsad on DOL Ay “or deceant targesing enit 1T
co how mony, wash rhoild the be take nnd now should thoy b uzeil

Jack Scnrdtt hus probed exte i2ively into the lunding sun elevation
angle constrints preplem bo*h rafore anl after C' ard probr‘ly has

a better unierctandins of this overall siturtion than anyone elce I
know. Ho har intensaly detrlefed all of the C? crewrmmn on this
crpecific sutirct and ir confilent that the visibility will e accepts
able for landine if the sun ~levatien arrle i no.less than atdut 2
_or L Jagyecs, The urper conrtims nt ne feele le dy gxeess of ¢ dnsreer
Tard the actual limit (11l probably be baced on heatin con:tisravions T
or the cpaceermft or the crew during EVA rather than visicilh :
iercceen® ( e'1l find ou! what that limls iz). In other words, It look"
Like wo fnve n rufficiently wid~ btand of acceptable sun elxvtion omler
that thl- Imposes no real constrint on G 1aunch opportuniticr! Purtinre
more, tnore appears to be no reacon to provide apecial tests on F
decigned to btroadenci these limite or rcive us greater confidence in
thom. COne interestins point e emphicices, “ough, iz that we chould
avoid laniine with 2 ~lide path witnin about £ degrees of the cun elevn-
tion ancle since thero e o definite degrndation in vir 1pility aleng
thet line whiea wo:ld impair the crew's eapnbility of evaluating tie
1nndins cite, M™ic moanc thot we chonld avold run elevyniion ansles
wetween atout M ant L aecrees - 1 little ben i of unacceptanl~ 1lirht-
ing cordltions JI“zn oo omuch larioer ncneﬂtaolp limite, He fecls thnt
this band may e qveidel in the frw instnaces we enfounter I oLy d:laye
{n- launch somewhat Or b adilim au extrn revolution or two n lununy

Buy U.S. Sarings Bonds Regularly on the Payroll Savings Plan




orblt. It Is ninc evident that by the u:e of the hybrid flight plan
we cnn extend the tynnclunar couct tim: with the came eifcet.

in-summary, 1t appears that the mun elevutlon anrle constrmint o G
mission launch opportunities = not sinificant at tiis time and
there is no need to provide spreial testi on F to conflrm this -
opinion.

The question of optieal trme- fre el “he cani'ne site i3 not o clesrly
nnjeratool, lowaver, Cae e et e e Tnme 1T weiL U e on SeriotT
mistake ot thl. Lire foom b UL o omor to tneluze optleal e

witions of tas nn:ine B T e L gty Ot T LiCTs
Pk, tasex on VUoevue with a2 oere. lom . ted ing traew 1 b
tandmerk on teelr Dirvat [SYOI% A TR S to b no reaon el

te ellpnnte Ui Jlret cpte @l Lonanl tmeEanT, whiton we oo
provionrly fpeloeled primmsil o tor cnet e=ltor reininge. Ancoria’t T v,

weooatend e live B T NI RN a i 14 B taryorbin g oot foar
previonsly v toed S T v PUER IR ot Doebnleues mertinen ot ropt
fiye tho firat ol the two by tyoper e o T e dedaotel or oven
0 LOD =a, 17T et PTTETEE TR R SR S O e tun Lemel'no,  Dlten
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orblt, Tt I: ~tre evident tist ¥y feo oo of the hybrt: L nt plan

H
o

¥ 1
wet onn extem: Lhe trmnclunmry coast wine with Bhe oume erfeet,

In oumeery, fhoappenys Bhet b coan eTevarion ancle econstimin: on G
mission Loninech opportunfticn [o not ci-n'fiennt at this time o
there 1n o need to provide cpecial tert. or P to vouflrm thic
opinlon.
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Memorandum

FL/Chief, landing and Recovery Division DATE. January T, 10«
€3-FA-T-1A
PA/Chief, Apollo Data Friority Coordiraticn

let's move the recovery fores a little

Jerrv, I've don~ a lot of fokin: wie . T epcerraft altting .
1lremft enrrier, but the more [ ~nind atour ft e less I v ol i?
1r a loke. Them are reports Luat o C Ivime ecmnand oandulc ey
lown richt over the alrerft eapvior i rifrel an 1te cluter ¢
Inmd 5,500 yarda mwvmy. This peslly o' =lecs me oAl bedny Wwo clo v,
In other worde, I reallize the protaYili=sv or the spaccernlt b0 uins
the aireraft carrier io very low 1% *: = §i. at alutely no - ivansaa
In havine the snip within flve o= *er = 1.1 of t : anim polnt « with
she porrihl. exeeptlon of th PAD o=~ uilir s - e pood commercinld
™We It certalinly does not fprove oo &ocovery creratlions ot all,
Ani, the ronceguence Of the spacwers €t LIt ings trna earrier i wruly
aatactraphlc,

In summary, 1 seriously vweormmend olomatins tne socovery rove s at
lenst five or ten miluec from the hare-2 polnt

S e ——-——% e

"‘l‘l'.."l .'o i LAY —1 JI‘-
¢t
PA/G. M. Low
FA/C. Co EriTe, J—.

FASHWTIn 11, Jr.:r
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