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lnmorand um WAJA Munced Srececraft Conter

-0 5 See list attached " DATR! June 13, 1989
' 69-PA.T-034
 yROM- ¢ PA/Chief, Apolio Dats Priority Coordimtion

MnJRCY! Bome signifioant LUMINARY pr--ica chunges you should wnow about

I veslly bYlew it at the June 5 Apollo Jpacecraft Softvare Configuration
Control Board meeting, Although dozenc of rather minor changes were
approved, the one I was most concerned adbout wasn't even discussed and I
complately fcrgot it, This memo ic to Inform you that ve are nov des.
perately ‘rying to include m capability in the IM computer program frv &
lunar landing flight {n Novambar which subatuntially improves descent
abort tarpgeting snd procedures, Curreatly the £3 lescant abort programs
tArInt the apaar~vaft ¢0 inaeartlon condltions which 1a not entiredy
accurate. This {8 beraude the mnra rophinticatod equations required to
do the Job right were too complicsled te get in the program for the O
mission and we settled for ecme sprroximations that oaly do a pretty
. pood job, Unfortunately, {f we havs a descent abort this maxes [t
* necessary to trim the {ncertion conltitions based an rround tarpeting,
This ls the so«Calle! "Cvank” rAneuvey you've haaiv) so muoh about which
pither thn WS or commnd moduls muct oxecute chorctly after LM (nsertion
into orthitt, It 1 a mesny procadurs nnd the pruginm vhansze proposed will
- eliminata {ts need, R rthermers, for slorts Wte {n powvarad descent
{that is, after PDT + 10 mimr.rms 14 {5 ncesssary for tre LM to axocute
a phasing meneuver approximately onc-half rev after ineextion to set up
the proper rendezvous conditions, This, too, {s & mewssy ground targeted
procedure which will te eliminated (f thie prorsrsm change is implemented,

Althourh I wantad to toll you ahour. that, my mrin durpose 1a writing this
memn was to infarm yeu that 18 order o zrt this program nhange in wo have
to sscrifico some Gllv™ thinge and I thought you should hewe an opportunity
to complain If you wanted tw, Plrst of all, storege hae ammin become &
problam and po ve propose that, (T w.ossaary, MID should Qelete the two
~ Btable Orvit Reddezvoun tureeting progrem (P28 apd PIP) £rom the IM
. program, We havd never dlucovered an oparxtionsl use for these progrens
vt mybe thia deletion my bug somebody, {IncSdentelly; in order ta
) provide more room tor the drzen Oy fo Othar shenges slready opproved, tha
i extermmlly tarweted Lambors pre«thrust progmam (F35) has already deen

rrdar automstic acquisition provided by ¢he FQHCS during the Descent Adort

. programs (P70 and PT1), Dieabling thir capsdility (R29), mey be required
) to avold a computar cyele problem, Thet ia, obvicusly the cosputesr can
L only da so mich in a given pariod of time and {t is MIT's option that

sdding the proposed sophistication {n tho guidancd may cause us to exceed

H

Bey U.5, Sevings Bends Kegalarly en the Payroll Savings Plon

v deleted,] Tha other capebility which may have to be Aropped (s thm rendegynus



that limttation, This in turn forces us to give up another sask end we
have chosen the so-called Rendezvous Radar Desigmate Routine,

This fiml parsgrach is on enother snbjec:, btut I thought I would point
out that one of the more significant 2richil.t’'es added last Ttmrsday
was the capadility for the crewv to resiout raw rendezvous radar renge and
range® retu data on the DEXY during the opermtion of the Retdeokvous Mavigae.
tion program (P20). This capabllity had heen requested several times

: previcusly dut never made it in tc the Prormnm Gue to s¢heduling problems,

, It is a resl nice thing to have. :

——ae®
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Howard W. Tindall, Jr.
PAIHWT: s
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UNITED STATES GOVERNMENT

Memorandum NAEA Mnned Spacecratt Conter

: Bee 1ist attached ot e Sond DATS: June 11, 1969
. ‘ 69.PA-T-92A
: PA/Chie?, Apollo Data Priority Cooraimtion

SURJECT: csx Reacue luuion Twohnigues are eomplete and clean

e — -

On June 9 we had our final Missicn Techniques meeting on CEM Rescue. I

am pleased to report that this rtuff spoears to be i{n very good shape,
After much hard wvork by many Deople, the CSN rescue rendezvous plans

shake down to only two basic profiles, Each of theee hns <!nor modifica.. -
tiona to account for the number of revs required fr.r ren:, @ . an. "¢ ,
offect of various neparation rans®s on the rendesvoni., Swer v ok oo o
ihe point to be made is that even Lhisgh {41 iB Jor: !l le 4ot - 'great
variety of vearsionc fcr COM resci« derending on the {n.t-41 conditions

and status of the LM, the fact t'it <1e differznces hetween them are so
minor g!ves uc -.:surance that the lizited training and simulations we

are able to affor? sho:ld se-wve te caeck them out adequately and to

provide adequste assuareace ~¢ they will work 'f we need thems The G

and H CMP's chose Lo el witn them somevhat 1! “erently, but I think

their d!fferences sre clearly vithin the realm o crew preference,
Specifically. Mike Collins (G) his rejuested an being provided with
vhat he calls & "Cookbook” of pri~elures. It ciusists of about 18 different
twvo.page checklists, each designed for a spec'fic abort situation. In the
event of one of these aborte, it will cn.y be necessary for him to select
and uce the appropriate pages defining the operation of tte guidance anmd
gropulsion cyrtem in the usual checkl.st detail and giving specific iaput
targeting parameters and trackling schedules, They slso contain typical
relative motion plots and maneuver magnitude all referenced to GET., These
two-page contingency checklists will each be thoroughly reviewed by FCD,
FCSD, and MPAD peoble thls week to make sure they are accurate. Dick Gordon
(H) apparently prefers now to rely somewhat more on his memory and krowledge
of how the programs work and so forth and does not intend to carry these
contingency procedures with him. It i1s his feeling that the differences

are really minor enough that he should hsve no trouble in carry:ng out the
appropriate procedures,

My personal opinion 1s that either of these approaches are perfectly
acceptable and should work just fine, ‘

There was very little new ta discuss at this meeting, Probably the most
significant result was our detuiled specification of control center to CSM
targeting assistance required for the adort situstions., 8Specifically:

a. If the CSM must make the "twveak” smneuver (that s, if the IM
inserts into orbit unstaged), the ground will supply the GET of the bturn

Bay U.S. Sevings Bends Regnlovly on the Payroll Soving: Plom
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- UNITED STANTES GO ERNMENT
Memorandum WK Hooord Cceemft Center
TO  : See list attached - ;. DATR:  June 5, 1969
T 60-PA-T-B7A L
mom : PA/Chief, Apollo imta © "s-1'w Uoordimtlon

SUBJECT: FRN rangs*~g 1 ' anr or. . v..fun:wc“r.;sary

“Thae memo §5 to rersate our requ.rerments for PRN ranging while in

lunnr ordit. I am writing it 2ince *here is evidently some confusion
"‘M, Y about i,

.
At no time in lunar or*l% can FR be clac~ifled ae more than "decireble” o
never "mandatory,” or e "hiekly cinrireabla" as long a3 thinzs are going
reasorahiv well., ™ only time rancing could bacome a requirement is if

the entire tr ! -~ = e*srmins-ion cys%em blows up and it 1: necaesary
to refnitinlize - earatoh whoen knowliedge of the current state vector

{2z arzeutinlly -

. 1
sinee the rpoels |, forz arisin- recently d2al with FRY requirements
durin: powerad il ¥v-w that 1o, arcaer.ani 4eccent, I could like to
‘further state tRat lur'n- Sgece perledis PR ranclne i virtuslly of no
ure whatcoovier,  Ir Uact, %0 mecred Jlicat proceasor in the RICC will

w4 not oVl accopt that e of dnta. Acconlingly, If t-ere is any advantage
te b mlinat in oeonfliurivge the s pacenart to exclude FPRN jurirg thoce
perials In otvley o armanes ghe i T of ol r comminication quiroe
ments, 1 orcoormenl tten thta e oy .

. e—

y

Yayward W, Tiadril, Jr.
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See list attached DATE: June L, 1969
69-PA -T-8LA

PA/Chief, Apollo Dnta Pricrity Coordimation

G Rendezvous Ravigation OJT is proposed

CMP Mike Collins called the ot'er das to sk If there is any reacon
why he should not do active renie-vous navigmtion betwecen DOI and PDI
on the G mission, That iz, he would like t0 1un P20 incorporating
sextant and VHFF mnging data %0 urdate the LM state vector in the
CMC. His primery purpose ir % et rome oaathe=job trainlng (og7)
before he has to do !t for real Jurin; tne upcoming rendezvous. You
recall, this was in the F Flight Plan and I assume John Young did
it, although I'm not sure. I tcli him that I knew of no reason why
he tchouldn't and I have asked reveral other experts who agree, [
also suggested to Mike that he ccntact John porsonall.r to cet any
pertinent F misslion feedbncx.

Thic memo 1s to inform you that this activity willl be included in
the ¢ mission timeline unless cometody comes up %¥ith a valid

objection. Do you have one?
» T

Hownrd W. Tindall, Jr.
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MeInOTandum RASA Manned Bpacecraft Center

Bee 1ist attached DATE: May 29, 1969
69ePA<T=83A

PA/Chief, Apollo Deta Priority Coordimation

DFE low level propellant light

During our final review of the Dascent Mission Techniques on May 28,
GAEC presented a comprehensive revicw of the low level DPS propellant
light « 1ts operation andi accuracy. The mo=t cignificant plece of
informtion coming from this was that w: are assured of about 99
gseconds more DPS operation at the hover thruzt level after the light
comes on. An uncertainty of aboit four seecnds {s included in that
rumber thereby making it the "worct™” ca-e. Note that this is qulte
a bit smeller thnn numbers guoted !n the past,

We are proposing the following techniau=, The crew should coemit
to landing or else they should asbcrt on= minute ufter the low level
light comes on. That is, the descent is contimed in a normi manner
. for one minute after the lirht, at which time the crev mast decide
_that they can assuredly land or they rhould abort right thea., By
aborting right then they have approximately e!lc¢ht to ten seconds of
DPS eapability remaining at full thrunrt pricr to propsllant depletion.
Selection of one minute as the ro/no ¢o point came Aabout based on an
intuitive feeling that approximn‘ely ei;'at to ten ceconds of DPS
thrusting is a reasonable minimur: tc get the LM the hell out of there
coupled with the operationsl simrlicity ¢f xeeping track of a integer
minute during this busy and excitinys time, It should be emphasized
that time since the low level 1liyht shouli te ¢the primery cue and would
require no secondary cue prov!ied the light {5 not malfunctioning and
the crew noted the time it came on. 1In that event, of course, they
must use the backup system « ramely the more critical propellant tank
gauge indication of three percent rmmining as their cuteoff time for

meking the go/mo go decicsicn.

Howard W. Til‘l‘hll, Jro
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UNITED STATES GOVERNMENT

Mmm'a'ldum NABA Jannco Spacecraft Center

~

See 1iat attached DATE: May 28,.1969
- 5P =T<0a
FA/Chief, Apollo Data Priority Coordimation

Descent, Lunar Surfece, and Ascent Mission Technigues with the
: 4 crew

on wy amd "1 we reviewed Descent, L ur Burface, ant Ascent Mission
Techmquea with the R crew (Pete Conrad and co.).  This gt together
had two major objectives = vo tell the R erew how we think these things
should be done and conversely, for the first time to get & fllght crew
reaction to the techniques since n the me!,, they have been f'.med ap
too late to review thoroughly with the G crev. 1In genersl, I think

wve are in pretty good shape on this stuff slthough there are, of cr-use,
the inevitable open ltems and questions we never sCem able to rid vure
gelves of cempletely,

It wvas interecting to note that the H crev seems deslicug of ~itting

back some of the activities the G crew concidered worthwhile. 'There

are also obvious -hilosophicel differences in their attituae regarding

the use of the automstic systems vs., a more manual mode, Conrad seems
mich more inclined to stay with tne autommtic system longer than Armstrong
as wvell as insicting that they woerk. For exarple, he does not propose

to continue in the face ©f no landing radar data, vhereas Neil apparently
feecls he onn rubctitute visunl data for it, Some other interesting
examplea are: :

a. Pete would 1llke to drop out all the visual observations of the
lunar surface, both before and after PDI including the LFD altitude
cheacks. :

b, Pate would llke to sudstitute 8 landing redsr altitude check
prisr to FDI.

-

c. Pete wonts to do FDI face up, (Hallelujah baby!)

d. Pete also wants to drop the crew voice report of their estimte
of where they actually landed.

It might be worth reporting some sther interesting thinga resulting
from our discuseton:

a. We probably ought to add in some sort of AGS. drire check pre=Fil
aftar the PCRCS alignment check using the sun, :

?.

Bay UL.S. Savines Bonds Regularly on tbr Payroll Sevings Plew




b. There is still a controversy over when we chould switch to the
AGS. Some feel it should be done only 1f the PGRCS is degraded to n
point where it can't make a safe orbit} others feel we should switche
over as soon an {t is certain the AG" will 10 a significantly better
Job than the PONCS.

c. The decision has been firmly mnde thut the crew will not msnually
backup the automatic landing radar antenm pnsition switch.

de There ls still scme work to be done in establirhing procedures
in the event the GDA failure lirht comes on late in deecent. FEnrly

in descent, I think everynne agress the craw must await seconiary cues
before deactivating the GDA. There may be roms sdvantage to {mmedlately
turning it off if the 1llcht comes on late in descent in that it may be
possible to complete the landing using RCS attitude control only.

e, It wa3 suggested that some sort of VHPF rangling check could be
done while the LM is on the lunar rurface, perhaps during the laat overe
pnss prior to LM ascent or even during the ascent itself. We will have
to 100k into this to see if {t is practical and useful.,

Given the longer lunar stay of the H mi=sion, it is clear the guldance
system must be turngd off to conserve electrical power. This has obvious
implications on how the system should be uzed Jjust after lsniing and

Just before lift-off., We have also decided to throw ocut the simulated
countdown for lifteoff at the end of the first CSM rev, Ac a result of
these and other things, I have asked TRW to revise the Lunar Surface
Mission Techniques and we will review them with everyone when they get
done,

A ]

Gy,
Howard W, Tindall, Jv.
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Memorandum MoK s Spacecrat. conter

See 1llct attached DATE: My 16, 1969

E9PAST=31A
PA/Chlef, Apollo Ivitn Priorit: Coordination '

Attenrion vortny Descent lrorrmm Anoraly

Ceenee Krenre breourat th - ot tachad G m!--lon UMINARY Anomnly Report

to My attanc o, T v no Hien R b fappenct to Tind e amonpet

nll the more tnolonicioant Orere o O lre ccomed partieularly
aymwe Op concernet c oot {0, et I wmntel 1o brins it to your

nreontion,

T v ke MIT te b Ul R weriome nd ryeeiures sdefinltively
AnE 'O TIin: St pow tolormnt sie suooem (111 ree For delay in the

ot e crone,
A
oo W Tindall, Jr.
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UNITED STATES GOVERNMENT
Memorandum HASA Manned Spacecraft Center

fme 1ist nttaohed DATE! My 17, 1969
(9-PA-T-T8A
oM @ PA/Chief, Apollo Datn Priority Coordinntion

-

SUBJECT: Sore "ilmprovements” [n the Deseent preparntion procedurds

As we wade deeper and Jecper {nto Dessarnt Mission Techniques, one
thing coming into focus i3 that, of all IMU error sources, the
two thnt hurt the most arc accelerometer tins and y-axis tpif:n)
mirnlicnment at DI, Hnvine vecornized thir, we are now Teopdsing
som: apnclfle procedures ' minitdze them, Thir memo ‘¢ % tell you
all about it in rome len, thy, I'm afraid,

There 13 no better teoet ted for letermiring rocelerometer bias than a
epacecraft {n orbit, Any 0utput from an ncecelerometer i1s bias and
procedures have teen well »stabllisncd fur monitoring, selecting, and
uprinting *he nceeleromnter tias comrensa*lion terms in the LCC. On
fltints prior to G, the practlee Yas meen to eatadlish a threshold
brlow which tha dorpensation vuiuld L4 1a7t nlone and nbove which {t
would Le updatel from the M0, Mrny of us now foel, and I am proposing
that on the G mi-~sion, !* ~hould te atnaniari procedure prior to DOI
for the MCC to updnte accel:rometer tlas compensation terms in the
LGC routinelw, ropres-iles: 0f how good or bal the currenily stored
values are, The thres hol! Is zerao,

Fiteh mien)mment £ a 1i4tle LIt toucher, May I first just state
some fhcla to rulll oor?

a, The current c.on Teenniques provide only a coarse IMJ drift
cheek Vv comparison of the tookad IMU alipgnment at DOI - 24 hours to
tha umdocked AOT nl!yrment perfermed nt DOI « 4 hour, The docked aligne
rent Uren the CUM IMJ at 1*r 1fdrence and haa an eantioeted accuracy of
3,0 4n 411 nxen, ro JArift rates an lares ag 0.,5°%/hr could go undectected,
(fperttionily, the nccurucy of thia Arift entimte ia $ 25 /nr,) PDI
ocourn avout 1Y hours after the AOT alisnment, which means 4t {e possie
Fie for piveh rocalignments like %°L° to build up., That's sort of a
worst ex.e ¥ind of gumber, and to quote such & value will drive statis-
tienllyer nif neorle 01t of their rourds, dut it helps me make A point.

i, Mlerelle =it h ml:allerment ot FDI to support a successful
bt ne o0 ik the erder of 19 aaruming the landing rnder comes in early
zuorn W ronteniate for the !icperslons that have btuilt upe

e
:
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¢. Descon. aborte become hazardous {f the pitch mismlignment at
FLI exceads about 0,37°, (Thir number i{r beins more acnrurately detere
mined, hut I'1l bet 1t comen out within 7,00 of thnt guenn,) Thia is
ascuming the wornst abort rituntion, namrly slorting nt an altitude of
atout 13,000 feet brcause no lnniting radar <ata hnc been accepted, I
we nre willing to 40 beyont that noint w!th no lanling radar, the tole
crnble miealignment 1o amallor than thmte The roint {8 thint the IMJ
performnece requiremcnt to rurport de-oont atorts nppears to he the
more conatraining than to nupport dercend. 1t-elf and I think we all feel
that 1t ia {intolevable to continue dencent beyond the point m safes adort
cortld br excouted with the devraded PONCS,

-,‘.‘,_
AT

4. Slnce the AGC has to b allpred to the JGNCS prior to PRI, nnd
ritch misalligament {n the PGNCS has an ~qual offect on the AGS. They
nre not independent in tile reapect,

e, Glven hipgh ble rate toLomtrr, cTouni monitortne tochnigues
sy ndequate to detoct an unaceoepiatle IM) mirallqment within the
firat twe minutes of powrred drrcent, Thu-, the erev could be informed
snd instructed to abort safely.

K PN A o o e
: ey ¥ . 3 o

g

i B

£. To abort a luncr lendins mir:icn, °f it cculd have been saved
by improving procedures, is rather unacceptatle.

Peed on all that, we have tuo recomm:ndntions, either or both of
which should help the situntion eon:ideratly.

% The first ie a propuaal for a better docked PGNCS alipgnment suggested
by Eob White of MIT, which chould nllow us not only to detect a drifte
5 ing IMJ, but *to update its compensnticn ~uch that we may procved with
v nominal miscione Detalled procehires developmsent and performance
nnnlysin {p under way at thts time, It will 4emind come modif{eation
{n the ecrew timeline durine the LM nctivaricn and cheekont period a.
wrll An the implementation of a new RTCC and/or ACR computer projgram
. nnd MCC procedureps. The tachail jue regquirens two spacecraft attitude
: mneuvers while in the docked confifuration with the LM and CSM crew
“ simultanecurly Reying out CIU nnflea Yeforr anl after cach of these
nti.tude chnnger, All of thic mist be done after the LM IMJ has been
aont'nrly mlipned Aap In the ocurrent flipght plan. With this data, the
rlient controllers can aomput:~ the LM IMU orientation and torquing
angles required, Thie techninue in expnated to be as good ae an AOT
alignment, It doen not require knowing the relative orientation of
the two navigation bases nor reading the decking ring index!

The other proposal involves meking a drift check prior to PDI; it
requirer no MCC participation. Considerable effort was given to
including an MU alignment {n the timeline but mny of us have

¥




oonuluded the liphting onpditiuna mke (¢ vhuncay at best, The only
Plnco {t fitn in the 2im-line {n Prom IDI « 0 ta PDT « 15, This
poriod (s almoat perfoctly amntured around local high noon., Eithey
the osun or the moon ! {n the AOT fleld of view for almont this
entire time, making ui: of atarn almoot imposcinle, Exoopt the sunl
The nice thing About tha run I that 1t {c certainly viaible, Aleo
glnce the whole mircion profile {s koyrd to lightine regardlens to
Intding clte and montn of thi year, tiy run will alwnyn he locsted
In the anme plae with precpeet to the WMy MIT nan been apked to wri‘e
up a preclne gtéep by atep procedure for doine thin, Ensentiully {t
conaietn of the follow!iny:

After enterin:s *h Jdencont yrorram (PO2), the crew would accept
the option offered them to oo intn the nllrnment program (P52),  They
world rprelfy the eun as thelr £lret "ciar", The LAC har the golar
ephermin and Wikl cont ral tie cpaes s P nttitade 1o place the pun in
the eenter of the AOQT, (Do voup ¥ tont pasitlion rhoull prodsbly be
gred to mintmize attituie chanes unlerrs we o DI with windows up.)
The crew would readout the CT1 i)l anglee to which the LOC {s posie
tionlng the spaceerift; of particular interest in DBKY regisnter No, O e
the y-axis, The crew .ould then tave over attitude control and cause
the run to crors the AOT retfcal 1ins ‘n the plteh direction at which
time the actual epac eprat't CIU aflex woald be keynd out on the [CKY,
The differnnCe betwern this nctun! piech CUt angsle and the previously
noted predlcted value is 4 Jdireet indleatlon of drift since the AOT
nlignment one hour carlier, The mission rile would be: {f ind{cated
misalignment i~ less than £,0¢%, tne nominal miseion should be con-
tinu:d: If the indica*'=d rienlirnment evceeds that value, FDI must be
delnyad one rev, an AOT aliyumrnt would be performed two hours after
tha previoun one and the MOC would detarmine apd update the PONCS arife
compencat ion prior o LA,

The valne of the £yt resomenint!on Lo that {6 providas a chance to
detect nnd 11X a prodilem wlithout porturcing the neminnl micelion, The
value of the recont le thy! 1t nllows letecting and fixing a prodblem
tefore PUI 135 attempted, alithough ln *he worse case it forces delay
of PCI one rev, which I am sure we are roing to find i a highly
urklonlrahle thing te do, .

Twmt {n a million worireorelnir in wha,n wo atafkl On this matter todny,
We will eontinue our analy={:s anl procedurna dew_,opment based on thls,
Onhe unfortenate fact ir that {f we adopt these proronaln, they will

not have been tented on the F misnlon, but I think we wortld all he nalve
1€ wn thought we ar: not roinha to lenrn thinge on P that force us to

chnanpe the procedures anywny,
-dm'a‘.ﬂﬂ\lw

Howard N. Tindall, Jr.
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cea 1lipt ntwaohed DATE! Mhy Lo, 9
(«PATTTA
Ph/Chief, Apollo Datn Prirrity Creori.mation

supjRcT: Manunl Stecrin: tor LM Arvens

Over the yrure varlon eyt~ bove ntemcked tne protilem of If anl haw
the crew cnn rmanuslly cteer the LM btack ({n'c orhit from the lunar aure
fece, These ntudies wrre ctarted teficre GAEC wnrs even selected to
build the IM and (eme apatlyel= {- f4i11 golnn on tc defline the optimum
plteh attlitade profll ., wnicn =toily he wond In thic mois, On May 8,
1 invited peoprecentat fvees of the MOC fyoup: I ¥nevw had besn {nvolved
In tnle businens to v Hleasson o the jJurpoee of wvhiech van to pin
Aowh st what the craeg Lo ooy, e verm alro lntercated in detere
minln, U 2ameth n el coulr v done barween now and the G micoion,
In rummey, 1 think we oll acres ] siqeg

2, Yo shon Ll cersainly nec fcant on a manual operational tackup
wede for lunars as-~ent in *he e e that mahusl modes hackup 1ome
othimpr oritlsal miaa'orn ptyer 2uch e renlezvogs targeting, turn control,
ete. However, {1’z cotter thar nethine and we ought *0 he prapared to
1o ~otrthinge,

B, Without s rite cormnd oatel-oiz control system, it ic- extremely
aonttful they coulld achi v crh't aven 1€ the had tra ' ed thoroushly
in tue technlque, (Curre:'ly there e no tralning planned for the G
orew,)

0s  Thare are come thines w rheuld and will do before the O mitulion
to prepare for thi: contlngency, wince it 43 anp unfortunmte fuct thnt
there arc appaaently gquite a variety of two-failure combinations that
can put us into this seriour sftuntlon.
One of the firat {mpresalions you et when you etart looking inte manuai
arcent s that the procedurdr whieh should ne ueed Are ntrongly dependnnt
upon tha chamotnr of the aystem fallures, That is, thare nre many
4'ffarent combirationa of fallures, each of which should be handled in
A different wny. As a matter of facy, the miltipleeproceduresscts ides,
combined with the low.probablility-of-occurring idea has probsbly been
the major reason we haven't got this whole thing all worked out in
detail now, However, Jack Craven has finally convinced me the situation
i{s not that remote ana n worse cituation enn hardly be imngined, Purthera
mre, our discuert’on leadn mn to ballove thal these multitude of procedures

; -
L]
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don’t ranlly present an insurmountnble prohlsm thnt oan only be rosolved
In rwal time, I et the feeling that the "variation {n procedures” whiech
vrme adout from many of the component fmilures in primarily 8 reconfigume.
tich of tpacecrnft swltch nettings and *he crew procedures probably aren't
teo different than for the nominal aacent itaself. Of couree, in that

cnre the MCC murt be prepared to adviae the crew exnetlv how the spacecrnft
rhould be confieured to heat pupport ascent in one of thene degrnded modes,
It wan Intoreating to £ind that the method which mint be uned for the next
Level o1 elans of fatlures ensentlnlly boila down to the fullowing few
optionei ¢

8., Prior to lift-off, some sort of initlal azlmth reference must be
chocen such as u prominent lundmark or probatly the LM'c zhadow on the
lunar rsirface, Immedintely after lifteof, the crew would yaw the spaces
eraft to place the LID 1lino on the shadow pricr to initinting pitchover,
nfter which 1 lamimark to aim for could be relreted by the crew ln roal
tim:,

*. After mpnual "Ensine Start”, the crew would hold the vertical
rise pitch/roll attitude for 15 seconds. They would then pitch the
rpneee™ft in accordance with pre.selected four step pitch profile,
Ther» anglen nre eccentially known today both:

(1) In !nert'al coordinntes for use {f a rpacesraft inertial
rofer—nee cyntem is avallable and

(2) In a relatlve coordinate system - that is, the overhead
window marks which shonld be held on the lunar horizon,

c. Propellant depletion should protably be uszed ar the "Engine Off"
tochni-<ue und it Lo recommonded that the Interconnoect not be used for
attitudr aontrol tlinece AP propellant (s miroinnl to atart with and should
bue utilized exclusively for gotting into orbit. The "Engine Of{" commsnd
could possibly be 1scued monuslly using the DEDA output o AVX provided
the AFA nnl x-axis accelerometer are funciional but probably shouldn't be,

Thia procrdure, which ennentinlly tarcets the apncecraft to the nominal
inrertlion altfitude and flight path an,sle most likely will result in a
Inrre dioporeion {n velocity, which of courre would foul up the subsequent
rendezvout,e At least {t providen the greatest eunnce ot achieving orbit
at all and probably minimizes the dispersions to gilve us s reasonable vhack
» Ll raanqezvous, ; A

It {2 evident the two things thnt the crew faeds Lo do on this jab are
ah nhtitule refearance amt an rttitude control mode, I wan very !nterested
ta find that 1L we conctrain ournelves to talking about pure mmual ae




opposed to the various levels of de{mded automt!c ascent modes, ve
really came out with n very short llzt of eandiaates for these

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

a. If the CEB is broken, dut the AEA, ABA, FDAI, and needles are
available, they provido an ~xcellent atti‘ude reference, 1In fact,
- in this case, the crew should fly the ncedler as oppored to the four
step piteh profile nnted previoucly slnee they are driven by the actual
ascent guldance error signal., (Unfortunately, it probably means having
to f1y in Direct Attitude Control « henven rorbidﬁ

b. If only the LOC it broken, we c¢nn ure the IMU and GASTA driving
the FDAI to provide n pood inertisl attitude referrnce {f we can align
it somehov (caging, prolaily) and esn figure out how it is aligned.

¢. The overhead winiow has been especlally configured for use with
the horizon during ascent, which fortunately is sunlit throughout the
nominal ascent. (A zunlit horizon is not always available for descent
aborts or lift-off immediately nfter touchdown.) Spacecraft pitch is
controlled usinr the horizon wnd window mark:; egpacecraft yaw utilizes
the horizen tilt end roll (that iz, azimuth) mict ure rom- landmrk
ns noted previeunly,

" Those are all the choices we could think of for an attitude reference

* i1f automn*.lc control has been lost. Furthermore, we found there are
only thre:: menual attitude control modes, which I will list in order
of preference:

a. If a PCNCC accelerometer i3 broken, it is possible to ure the
LGC, IMY gyros, and hand controller to obtain a DAP rete command mode.

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

¢, The rotational hand controller (ACA) csn be uwed in either of
two Direct Attltude Cogtrol modes, hoth of which are probably unacceptable,
They are four jJet - 12 (hardovers snd twvo Jets - 2}"._

Follovwing 48 & list of things we are going to do: R

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

b. FCSD will check with the crew to determine if they want to add
these numbers into their checklist along 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. R LR




e. Clark Hackler ani Jack Crmmven are goling to develop & complete matrix
defining the preferred spncaeornft configurntion and capabllity remain'ng
for deprndation or Mailure of each component. Thiz should be done by the
rirst week in June. Incidentally, something along this line has apparently
been worked out by GAEC already.

d. I am going to sce 1f {t posaible for some experienced pilot, pref.
erably Pete Conrad, to run & few slmulations of szome of these manual
abort mnder, particularly to evaluate uring the overhend window attitude
reference with the three rate command and dircct attitude control modes
noted above, '

In mid June, we will cet up n Mission Technlguer meeting on this subject
with worldevids participation = particularly MIT, TRW, and GAEC « to see
where we stand at that time, Cons!dering the catactrophic nature of the
situation under dlescucrion here, it ceems 50m® effort is certainly justie
finble to ret preparvi, I would recommend that {t be an effort equivalent
to mrunl TLI steering. In other words, a blank check. Everyone st MSC
and particularly tre prime crew can spend full t!me on it, if they want
to. And, I curren‘ly plan to have a Misslon Techni-ues document prepered
specifically for :1t, toc - prior to G.

ORYE

Howard W. T!ndall, Jr. :
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Memorandum TASA shnned Spacecratt Centes

See list attached DATE: May 12, 1999
69-PA-T-T5A

PA/Chief, Apollo Data Priority Coordination .

Cis-lunar state vector updati.ng procedure change

A lot of you won't care - but I want %0 make sure that those tha+
need to know, do. It deals with state vector updates from the MCC
to the CSM during cis-lunar flight on the G mission,

Cn the 0' mission, state vector updstes were alwmya tranemitted to

the LM slots in computer memory in order to avoid megsing up the
infamous W.matrix. B8ince essentially no onboard cis.lunar navigation
will be carried out on G, there is no need to protect the W-matrix

and the crew has express ' ) strong preference for preserving theilr
sacred state vectors onboard the spacecraft. With some justification,
they want the ground to update only into the CSM state vector slots,
after which they will make some checks to determine if they have been
received and’stored properly and are reasonable, They will then transcfer
them to the LM slots for safekeeping. In other words, the IM slots are
for the crew to use as they wish., The flight controllers have agreed to

do 1t this ways @“ —
]

Roverd W. Tindall, Jr.
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See list mttached DATR: My 8, 1969
v 69-PA.T<ThA
PA/Chief, Apollo Data Priority Coordiration

The IMb RR/LGC interface my be broken, but that's okay - sorta

Thig memo 15 to document the Data Prior'ty position regarding a recent
LML ayatems problem. To wit, {t is cons'derrd acceptable to proceed
vith the nominal F mirsnlon w!th a jueaticnble or known intesface
failure hetween the rendesvous radar (RR) and the LM spacecraft come
puter (LGC). It rhouli te erphasized that a praperly opersting rene
dezvous radar with crew rendout is still concidered mandatory for DOI.
Also, thic recommendation does not neceasarily apply to the G mission.

Juntification for this po-ltlon L= bured on *he unique character of

the F mircion and on the avallability of three adequate alternate

dnta scurces, The F mission rendezvous starts with precisely controlleq,
known initinl condltions since one spacecraft separates from the other
in orbit; furthermore, consumnbles - particularlv, propellant - are
nbundnant., The alternate 2data sources which can te used for rendezvous
nrviganticn and maneuver targeting in the event of an RR/LOC interface
fallure nre: '

a, The erew backup charts uring raw RN data ae displayed on the
tupe meter and/or DSKY

Error annlysiaz by FC3D has proven the crew backup char: solution
to the rendezveus protlem i~ competitive with the PORCS8, These charts
are utilized In the nominal crew procedures, The tupe meter is the
primary aource of input data, however, it lo also possible to otcain
rav RR datn hy usa of tha RR Self Tert mutine (ROL) with the RR test
swlteh sct to the "Off" ponition. Incidentnlly, the crew already uses
this routine pericdically to check and calibmate the tape meter, It
should be noted, however, that RO4 cannot be used pimulitaneocusly with
the reniezvous navigntion program (Pz0) nor if the RR/LOC interface 1s
totnlly troken rather than intermittently malfunctioning.

[

be The COM using rextant and/or VHF ranging data

Thir adlution !z aleo routinely avallable and competitive with
the PONCC. It should be noted, howevear, that the VHF ranging syatem
hns nover been flight tested and there {s certainly no great confidence
in the hirh intensity tracking light on the IM. It failed on D! However,
elther of these data sources Ir adequate for ruccessful operation of

& Buy U.S. Savings Bends Regalarly en the Payroll Savings Plan
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the cystem,
" e. The MBYN solution baned on pre-aepnmt!on tracking and PQNCS
navigntion through LM maneuvern

This aolutlon le mluv comparnble In mccvracy to the !’GNCB am,
In fact, {8 the renl foundntion upon which we are able to base our
cace for th's recommendntion. It assumes, of coursce, that the PGNCS
In opernting nominnlly - controlling and navimating through the
mneuvers, It should be noted that {f it ie known the {nterface has
falled and PONCS rendezvous radar navigation ennnot be carried out, it
ls posalble for the MCC to upinte state yectors to the LOC enadbling it
to obth!in ite Own tarpeting moreeorelres enutvalent to the MCC, Procedures
for doing this are well known to the fl:ght controllers,

d. It is important to empisnize that AGS rendezvous navigation
Anl maneuver targeting should not be ut!li-ed on the F mission due to
computer prorfam llmitotions which rerult in unaceeptable errors. The
AGS can be uzcd for mancuver executlon, of eourre,

If an RR/LGC interface failure occurs but 1s not detected by some other

meanc, it iz quite possible that the LGC 1M state vectore could be
Jdamaged by acceptance of dum RR data - that lc, crew editing is not
Infallible by n long shot. However, special reiviezvous solution vom-
pnricon and AGB atnte vector upiate procedures are not required since
current miselor technl ues weres developed especinlly toc prevent execution
of wrong maneuvers, Falilures of this type are the reason for the very
exlnstence of Misaion Technicues!! The specific situation under discussion
here i{s not unique except that preflight cconcern mgkes everyone slert for
thic specific problem. (I am assuming thaut the crew will be sdequately
bricfed, although, I am not sure when and by whom at this time,)

Thic paragraph ic to present the other c!de of the coin., Our only real
concern e the added vulnerability to falluresr of other nystems which

enn force svitehing the mizsion to a rendezvous abort sequence (such as

an AFS fallure at the lncertion meneuver), Crew backup charts are not
avallable for these high ellipse cases (except for a CDH chart for the

PDI abort situation). Miltiple failure cases leave us dependent upon the
CSM solution, item"b" above, plus the PGNCS solution noted in item "e"
above, which should be adeguate for a safe return vlthout KR dsta, although
probadbly dispersed and perhaps costly.

This recommendation has been coordinnted with authoritative reproaencativel
of FCD, FC3D, and MPAD, who all agree with f{t, No crev input has bveen
obtained, however, I would be amzed if they dc not also agree. Assuming
Stafford'svote, I assume this matter is cettled, The missfon rules do not .
‘epecifically address this interfsce problem ani requin no cmngo unless

{t ln desixadle to add thiu, . :

Howard W, mmu,_ar. .
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T0 : Bee list attached DATR: May T, 1969
69PAT-T3A

MmoOM

PA/Chint, Apnllo Datn Priority Coomdination
AUBJECT: Apollco Mission Techniques Documentat on Schedule

Here ls another Miaslon Techniques Documentatlun Bchedule, since the
Inat vne (¢ three montha ol and barely reflecta r‘nnl life Lny more,
The lunar Orbit Acti{vitlcs Document will elmost certainly have to be
upinted to reflect whatever we learn cn the F micnions A June 30

teirnne date for that uplate will be kirda lnte, of sourses, but that

{e a problem everyone has when the launch occurs seven weeks after

the lanct eplashdown, :
’ \; [ 1 ’__—_\_-——-—‘_—'——
Howard W. Tindsll, Jr.
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MI;OTON TRCHNIGITD DOCMMENTATTON SCHIINLE
ar of Mny 7, 1060

SURJECT FEB 5 EST ACTUAL

Saturn V/Apollo Launch - : -
Phace Aborts Mr 15 g‘:‘ 2:1. ig((g
. - s

’ .
F/G Earth Parking Orbit & TLI Feb 17 Fe:b 10, 19€9 ,

/ - e
£/G Tranclunar Midcourse & LOI* Feb 1T Feb 1969

A/
/g TET MOC & Entry# Feb 74 Feb 1969

T/G Contingenc Procedures# Mar 3 Mar 2k, 1969

F/G MCC-H/RTCC Dnta Selsction Mir 17 9, 1969
- R ]

! inar Orbit Activitles Draft -
Final Fcb 14 . -
F Upiate Mny 21 My 12 -
G Uriate - June -

- T, 1999
28, 1969

G Deraent T ' - : “ '
: 'Fln?;. 1 - o, 1968 -
erﬂ [N M’H‘ 31 M’tV vt Yew

i

& Lunar Surface Finnl - EOEB €, 1968
Update My 1o . :

-G Accent Final May &

G Decscent Aborts and Drf't -
Subtequent Rendezvoua Flnnl Mar °h
Updnte -

* Change pnpens vill roon be dletyibuted

 Enclorhrs [}
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l‘l 1.I.AlI)-hli‘.l{ lll S CONT NN LNG
Memoranduin NS Famed Bpmecerart rnter

Bccl! 1irt below - ~ DATE: My 6, 195
G9-PAT-TFA
PAJCHEf, Apollo Datn Intos'ty Coordinetlon

-osuppECcT: Cowe o oon T conn rootlon Procc ey

Atrochiat fe o M1 1o oe T hoohit o ehould rvemy Tt propones Lhat
Lhee P00 tnt o vhe e eer o sbton Lo I Lhe ppaceotn il compntora
Whe 1ot Ghoy oo der ot Y weons, Ok benelf i, of eouree, s the
pere bl ey of clfainatiy o tunch of 1IN alignnonts, B more
frportant, 16 b po tha eyiien rlichy,
Incld-nt11:, the thre ovall Lissel §n the F ard G Misnlon Rules
boyord shten 5 Fiid bLoas Wil te uptiwl e teleo too b, The
Patsy Bvtoptoy pocone o0 e g iy fufene®s (See ¥ Rudoa L.
11l 20220, G Raler el end fhe3,) I'mogure yot appicelnte my
e lbin s vower b nt bt thle deveveant mtter! Serleas)y, '
1k Lo ebphae! 0 Lhe st niflenmran of thlas on vy LM during deseent,
Ace~Yerenador Toas s ocns ef the oo rost andssirarle 1M IMT ereers
anl shoui be plririo o) er rac sa postibla, (The othor, of eourse,
1~ yomitye mlenlt ot ol 71 wd thyi'e s tOll[h 0.".’3.)

P ——

Hownrd ¥y T{ndull, Jr,
Enclozur:

Allpene oo s
FA/C, Co ETufe, Jr,
I(:;/i". ]"- }" Yerpt

G. 8. Jmr N

C. F. Chavle-.orih
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. | Combulity,, "t of Technotop
y - B achasetts o;n.{g‘v
By, : .
: . APOLLO IR W (o . .
AT - MEMORANDUM 0 30-69
To: . l y lji:i.ll‘lbullon ‘
. ' L4 . N ° 1]
T vom: A. Laati and U, l‘:.h......,,,. ) . " ’ “\) B
| | U
Date: 17 April 1969 : . .
/
. F-)
Subject: Reduction In Num

Bh g e Ay
NS Alfggneacnt During A;pho Misalons
References; 1. RAPSIC Menw ty,,,

. ba
2, Apollo-10 Filght 4+

' Miveh 12, 1969

Experience In Apollo 8% haa eatshi,y, that I o P
. ! (1Y thae 2. gt .

cont{nuon.atly durlng a misston ey, '¢ G7.N aysiem Is left In operate

mn

eyvo deif Cars amoits ¢t : ‘

rn realigmments and the gyro bhi,, AR TY TN ”::“ ) :‘:“;m (:;hrc ‘;; b:obhln?d
<aung ave gtable, cfe 1) A8 & ro-

sull, the number of _1'5?. t{c;tllgmn-»..'., b reduced if tho It co
tion 13 updated during tha miselon, vaues the gyro drift compendas

..

The following cuiterlon are Nmu”““'"""'-l. Al z-ec;llgr\vuxcnts used for drift l"neanurﬂl ‘
ment must use the REFSMMAT oy, ~ ) .

1. Two realignments to RII“sile, \ : ‘
BTN AU x :
lencit stx hours after TLL fi n,., .. « The second reallgnment to be at

) crage of thego two measurcments is morc'ﬁ
than 0. 36 mnru ditferent fuiy,, i, L '

' peeliaunch load for an o, that.NBD .
. cqnapens:ﬂton 8 updated ta i, Yredired value, The 0 y:i:y;";-tl is the
~ Dargeat gtandavd daviation ot y,, reanuvement:s fore M‘nnb 8 (et 1), {Two
meagurementa ore sutineatody, hea the ¢chances of ctom'l ervor .‘
) 2 Y ¢hn - X rrrors,

2. M lons Uentme W :
east 3 allgnment to Nt floap per day, I more tinn 8 hours have clap-
gcd aines the last aligurannl, o, . : ¢ clap

meru from the valie obtafu- g b shiould not differ by wore than 0. 72
‘ M above, 1f the changd 18 .73 -
: . _ Ay angd 18 greater than 0,72

. meeu considaration vt Lo . g
additionm dh.[ w VU T updating the compairration or pevtovatlag .
addivianal dulft menawtni w1y deaerttond tn 8 helow. (ihia eviterton’ -
Vi) ave hicair excaade, o rerEm AR D Aelow. . AP
- A ot have hicaiy e S0 (T .';,..-lio q1it a r"t.)ﬂd v@[t‘n h&,j oo londod ad
P » - ill.l R'JOVQ), ’ N ] . . » hda R s

v .
- . .
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Reafpments Lofore ooy majoer b {i. ey, before all burns ins
eluding ertey hut noet by fore BCEC ), Generadly o alfgnments
wilt he ta aonese proefery el orlentation, ool B0 pyee dedft mensuremeaenta
wﬂl pot he prosible, AN (S Lorgting ention 3 wsod .\ppl'ov}nmlu
gyro tuift mesfduectas pter e b oty

Gpeetal ol asent veonleeienta iy Lo grieedi(a) the wee with P22 avound
the moon in Apotlo 10, gy b fore 101 C s s oment (r) accuvate
alipnrent for v ndezeons boeciing e Arift eotupensation on the
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Bee 1ist attached DATR: May 6, 1969
6$=PASTTIA
PA/Chief, Apollo Data FPriority Coord{natior ‘

Ascent newsletter

This memo i: to repert several interesting things regarding lunar
escent, both nominal and after a jescent abdbort,

1. It turns ou* we demnn!t better performance of tha PONCE to
cupport sncont to orbit than we de deccont, Aceordingly, 1€ Lt to
neceasary to atort during descent due to degradation of the PGNCS,
it 1s automtically necessary tc sw!tzhover from the PGICS to the
AGS., Of course, this ascumes thu*t the AGE {s performing tetter
than the IGNCS.

2« Wo have recently had A vunning phllocophiosl sayrsument regse

. Ine accent switehover, Of course, nwltchover {n ftaslf is not cntae

atrophlc na 1y «n alort; if the system you awltch to i{a working okay,

the mlsclon continues tu:t as plannet, Thi: led me to push for eatebllahe
tng falrly tigsht svi‘chover limits since I felt that it was highly desirable
t0 assure ac near rominal rendezvouc characteristics as possible, That is,
why stick with a 1epr-mnd PGRC3 it the AGS 1s working bettei'? The only
Alandenntapge soems to be the hazard {nvolve, tn the uc?'-T-VtLLhover
{trell’; a1l the ruirchwn, ralays, anl io rorth have 16 work, In other
words, 1t comaz down tu & tradeof’f hetwenn the hazards involved in switcne
fng over vorsus the disperalons in the rendezvous s&i<uation which could

de avolded by =witching over,

More recently we have adopted a procedure for climinating dise.
peraions nt Inserticn followlng descent nborts by meking an adjustment.
maneuver tmmediately afser {nserilon. Thic sOe.called tweak burn is uned
rpeciflvally tu narure sntisfactovry rendezvous conditiuns, This proceduls
miy also te usal to compenrcty for depradation of the PGNCS during ascent

7and mnkes [t posslble to leave the PONCS {n control na long as it is still

capable of providin® a safe orbit, However, if the PGNCS degradation ls
sufficient to Juctify It (nay, wvorse than 3 sigma) the crew should be
ndviged of the altuntion during powercd flight such thst they will atand

Ly for a twunk hurn to bho executed immedintely after 1naertion using the

anme procedurus At for the deecent abtort, , .o

Having adopted thia technique, it anemed resnonable to set the ,
PGIC8 switchover limits fairly wide, The vulue choaen vas 6 sigm. The , A




_compromise here, of course, 1s the operntlom11 mnlslncla of a tweak burn ;
tradod off apminat the svitchover to AGL "hazard,”

3o Onc thing which oould give unm bad trouble Is a misalipgned RONCS
prior 4o ncent, particularly it we alipn *he AGE to it ne was planned,
The problem, of course, 1z that small misalienments can rosult in unsceept.
nble insertion condit!ons and, even thoueu ground moultoriwr would probably
detect the situantion during aacent, awltchover would do no g4 stnce the
AGCE would be equally misalipned, To avnid thi: situativn ent'rely, we
have concluded that the best courees of activn is to indep~naemly allien
the AGS while on the lunar surface rather than to sllun {t to the FONCH.
Thia makes the two cvatemr truly indepeniernt, which not only gives un u
eranracheck on the accuracy of the ali{vnmen* of each Lbut also permits a
uteful switchever If somehow a PGRCS mirallsn escapes our detection
trchniques. Incidentally, th!: al:c e€liminstes the problem of CDU tiane
siente in the AGE lunnr rurface allirnments, Accordingly, we are proposling
that the procedurer be changed to Alumy: utilize the AGE [ravity lunar
surface alipnment techdi-jue rather than alivnments to the MRCS. 1 expedt
*his will de d:ne on~r 2ome detnlls have been wvorked out.

hy 1¢ (2 IntrYecting to pote 119t the protlem Just discusred {r not
it aa pevere {n the event cf @ leacont atert, In that case, of courre,
*he AGS mus* have Yeen allered te the PGICS anl oo they beth wili suffer '
tho came mlealipoment at FUI., Wha' happens then i we have a descent
abart and try o s hieve orbit with both systema mirallgned? It turnn
Gut that thia jortisular «rrer lg partially compenrating « that [, the
tegtectory flrperaion dunine descoent {5 portially eliminnted by the
tratoctory dlzrersion durineg ascent tack i{ntr ortit, In addit!on, the
de 5 ent abort llmits w!ll he tight enourh that unsaccoptable dispersinns
st ot eocur prior ¢ dancent,  In ottier worde, we Teel we have a

Abwe IR

Howard W, Tindall, Jr.

FAIATindall, Jr.:i=
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PA/Chief, Apollo Deta Eriority Coord!nntion
SURJECT: Dencent Monituring Mission Techniques » n status rcport

I think we are bheginnina to cce the lipht at the end of he Descent
Monttor!ng Miselon Techn gues tunnel, At the April &L meecting on
that sublect we thorcughly ¢lrcuesed the {nterration of the onboard
technlques wlth the aetivit, gt th= MCC during poweread deccent and 1
feecl the resultnnt {8 ap 1enconntle and complete as poEslble, cone
alptent vith practlical operational conrtraintr,

One tning we have £irnlly Peen avle *0 ¢t yrpler contyol wae thir
aaulrmy idea that theere o ocom way for thr crew to comper™ the
output of the AGC and POHUCS orbenrd the ~jacecraft vith the obisctive
of makine atort anifor rwltchover dec!s'cn:', Otviously thare (s 0o
queel on that w mcaive system fallure will be obvious to them and
their course of nctlen w(11l te elear, Obvicus two, i5 the fact %hat
trn apew will b monirorite Yoth of thuear ayatema ar well an maAny
other data cources 'nrorrh0ar powverrnd deacent,  Bt, now known to
ewaryone, Lo the fact tant, there 15 no way for tha crew to compare
AGS and PGNCS, ruch tha' they are alle ¢ 3etect which system i: mnle
funetionins, if thar mnlfunctlon 18 of & slow drift A~yradation *ype,
5t leart net with tha arcurafire necessary tc¢ take any action, There.
fore, Just an In the cace of ascent, nat only {s the MCC prime Tor
earrying out the tark ot 2lov drlft molfMminetion monitoring, rut we
now recopnize that MCC (e the only place thiy can be done, Thot, my
friomis, 17 4 Pantart!c event o e denth of A myth we have ben
hounted hy for two ysnra, Don't yet the llea I'm happy with the situse
tion., %hot I am Pleased about {s that everyone now ugrees it 1s the
situntion, -

Thepn (s another thiny about. pavere:d refcent orev procedures that has
really buewed me, Mivie I'moan "Aunt " < rertainly some emATe

prople lnuch st thte woneern, it $ et fool that the ares) should not

be dld4lin, ulth the TOKY durine powars) descent unlesa it in ahrolutely
ecaential, Ther'll never h!'t the wrong hutton, of course, dut If they
. do, tre recults can ve rather lousy, Therefeore, 1 have bLeen carrying

on a campalcn aimed at finding some way to nvoid the necessity cf the
erev keying up the onecall dieplays, This campaign has NOt teen al.toe
gethey puccezsfils 1 yuens partly becau:e not everyone shares my concern,

By U.5. Savings Bondy l'ﬂﬂb:l the Poyril Savinge Plem




Although, 1 started out by saying the end 1s in sight, ve still have guite
a batch of unresolved issues which I would like to list here so that
everyone can continue to think about them.

a, There {s still a wide open question concerning vhat is considered
our real time minimum landing radar data requirement in order that descent
can be continued. There are mmny of us wvho feel that failure to obtain
a certsin amount of good landing radar data by some point in the powered
descent is sufficleat Justification to.abort - for example, landing
. radar alt{tude updating by 13,000 feet har heen ruggested ns a require-
"ment. The crew apparently feels thut thir constraint is not real and
that their observations - visual, I suppose . are an adeguate subctitute,
Just how ve are able to integrste in these real time crew ooservations
to overcome the landins radar deficiency has not been established yet
and I om not sure who, if anyone, is vorking on it,

b. Although, a month or =c arc, the decicion wat made that the
crew Ie to manually backup the automatic switchinge of the landing rndar
nntenna position during a nominrl dercent, there is gtill rubstantinl
concern that thls is not the right things to do. For example, the IM
cystems people point out that the switch the urew uses to ¢o this must
be cycled from "auto” through the old landing radar position to get
to the new landing radar position and a switch failure could override
a perfectly operating autoratic siy'nnl and <end the antenna scurrying
back to the position It Juet camr from.

-

c. I amatll]l not ccritent with the AGE altitude updnte techniquesn,
That is, how muny times and when durlng powered descent should thiz be
Jone? .

d. There is some point in powered :lescent after which it should
be porc!ble to contlnue the landing with an inoperntive gimbal drive
nctuntoy, Procedures for handling thir situation in real time remain

to be established. r

Homrd Y. ﬁndﬂll, th »

FAHWTIRdn1l, Jr.i e
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PA/Chief, Apollo Data Priority Coordinction

CSM rendezvous navigation works fine using Just VM renging

I mede an ennouncement during the T Opsratlone Review whizh wvar
abhclutely flat-out wrong. Thin memp [ W curpect that starément
and/or Just to mke sure you know yhat rapability really exists in
the CSM for rendesvous navigntlon.

Sometime long ago, I got the impressicr thrt arcept«ble rendezvous
navigation could not be done in the CSY u:!ng VHF manging data
alone. That is, I thourht that 1f sextact tracking were not also
available due to failure of the optics or the IM tracking 1light,
there was no point in processing the VI data. It turns out that
this is not true, In fact, under cer*aln circumatances, such as
vefore CSI on the F and O mirsions, ure ~¢ VI mMng’ng dats alone

{s snid to be better than using the comt .. - Sate gources. In fnet,
the only place there is some question et L :ving VI ranging alone
{s after TFI vhere some ~nalyses show {4 bresks down.

My apologzies to you, Mr. Charleswvorth.

TTeRg

Howaid =i Tiodell, Jr.
FA:RWTindall, Jr.:js '
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69-PA-T-6TA
PA/Chlef, Apollo Data Priority Coordination .

Descent Aborts and subscquent Rendezvous Micsion Techniques

On April 28, 1969 we revicwed the Dencent Abortr and subreguent
Rendezvous Misslon Technmiguer with the erew and the rest of the
wvorld. I think mcoe of this 15 quite complete ani agreeable to
everyone concerned, with one mpjlor exception. I was shocked and
achamed to find that I had badly misunder-teoed the citumt'on regarde
ing the CSM rescue techniques and, nlthough there were plenty of
ldean, th detalled technicurs were not at all firm at that Lime,

: Subnerquently, (April 30) a much smaller rroup of s bent that inte

- the pround ton, ‘Therefore, this memo i+ to decument my understanding

of the apreemen‘s we roeached nt hoth of thene rescione, I'm sorry

1‘ 1t's 80 long - 'ust a big sublect, I suess, .

9 1. Abort after separation if there 1: to> te no DOI

Duriri our mecting e !nadvertently rct !nto a lengthy dise
cusslon on coti:!%'one povernin, whether or not DOI should be attempted
on the firet or second opportunity. Tha*, of ccurse, is importsnt
tut was net our real purrocse o' thls meetirc, We d1d finally con.
cludie that In the evrn' no attempt le mpie at DOI, the LM should use
the brite foree, lmmedlnte return techni-jue for getting back to the
CiMs The po!nt !< the ceparation veloclty setting up the equal period
minfetall crblt { - amaull that automntic clentire in Ly no meang
certaln,  Aceordingeuy, when {1 (e Jecided to nbort, the crew should
tnke positive action to ertaplich a falrly rubntantiol closing rate.
‘ule present recommendation !s that they ~hould ret up a closing rete
which in feet n-r second is equal to eigiht times the currenl range
expressed in paut‘cal milea, Th!s is the same procedure that should
te ured for fouls:d up DOTI mancuvers, It 17 ueenble until abcut ten
minutes alter DOT.

Geme of thim erew precent. expeanesd a concern that the factor
"ot ht ' sepmn axcsnelve Under eertnln clreumntancen rrd tequestrd that
somw. >, ke sure {t le renlly the best value, T ,muess t'.:.c ls your
Job, Mr. fitsberry, If you ean find time betwe:n now and July to handle
ite T othint we ghould all reslize, how~ver, that simpliclty in procedures
iy prohtels usine the value that i optimum under all circumstancees.

Buy U.S. Savings Bonds Regwlarly on the Payroll Savings Plan



2. Adort if no ettempt is to de made to initiate powered descent

At one time it was considered {cpractical to go an extra revy

and gttempt PDI two houre late, primmrily due to fear of an unacceptable
- rendezvous/abort eituation., This has proven to be unfounded. The

sam® rendezvuus mhort proecedures work after an extra rey, althourh there
18 sn extinm cost of about TO fpe frr incertion frum descent abtorts. The
extr i{nsertion veloclity does meke APS propellant depletion more likely
for late aborts, but the RCS can be used to make up the difference.

Time required tn complets a CSM rescue can he incressed up to 12 hours
and at & cost cf BOO fps.e Thic {a ured to put the CEM in a dwell
orbit, 3ut, this is only necescary {f the LM expcriencee mny failares
and does not seem sufflcient Justificstion to scrut the landing attempt.
Eirht LGC descont atort coefficientn for PTO/FTLl ani one for the AGS
mist be updated in real time, (Incidentnlly, the current plan ir to
updute these in renl time on the nominal missfon to account for dis.
persions in the CSM orbit.) A platform alignment should be performea
by the IM prior to the second PDI attempt. The major open item is

for the Flight Dyuamics pecple to establish what Pad and command
mecsages must be sent to the spacecraft and when. (There i slso some
question of accuragy of the reviced descent tergeting.) The primary
concern deale with time avallsble to do this. Incidentally, there

eame techniques miy nlvo be useable for n DOI maneuver delsyel one rev, .

3. P Avbort

A PDI abort Is only used if it is ‘nown that FDI will not be
attempted or possibly, if the DFS engine does not ignite, Consideradble
thourht was given to using an onboard capabllity for targeting this
moneuver, Specifically, the technique was for the crew to initiate
the powered descent. prucrams follow ng the nominsl timeline through
engine [gnition and then .'“t:ng either the Abort or Abort Btage
button to utilize che DF8 or A}S Deanent Abort progrems which autoe.
matically target the abort mneuver, It was finally corcluded, however,
that thie technique by itself was not really adequate becsuse spocecrsft
systems probiems ccuiid occur at PDI time which would meke it highly
desirable not to have to commit instantaneocusly either %0 aboriing, wor
to going arouad another rev, That {z, it seemed almost mandatory to
provide an abort opportunity a short time after FDI to provide a little
time to think over the sltuation and decide what to do « gu around and
try FPDI again, or to abort now, B8ince the delsyed adort opportunity
was considered a requirement for this purpose, the gquestion boiled
dovn t0 vwhether the crev and everyone else should learn and be preparcd
to use the inetantaneous PDI abort technique as well, B8ince therc are
soms problems not yet worked out with it und specinl procedures are
taquired, ve concluded that it wes best tn drop use of the onbosrd




toechnique and to provide a ground targeted adbort oppertunity at FDI plus
10 minutes, This abort would utilize the standard pre.thrust and thrust
programs (that 1s, P30 ond Fb) or Pi?) and PDI Abort Pad message voiced
ta the crew beforv DOI. Sinee this mmnenver assumes sominal conditions
cominy into PDI, the tarreting for thir bu i{s essentinlly knovn today.
Accordingly, Eid Lineterry {s to supply the fiVe vnlues to FCSD to be
included {n the crew's checklire, Slmlations and exprerience mny ewntie
ally prove that the P resaspre pecd not de nent,

Incidentnlly, {f DFS limition d~ec not occur at FDI there {s no
need for the crew to remve ullare sinec {t is so emal),

L, Aborts from Powcred Deseent

It hag beon e-tatlishe] thy t a trim mrauver (ve've been calling
it the “tweak) Lls necercary nfter UM in ertion Into orbit in order to
compeneate for known ~rrors In the IGC alort target coefficlente and
measvred dispersions in the lnrfertion ccniitions, Tweak tarceting will
be carried out vy the MCC (not onboard) Yrazed on the beet availadle data
rource for cutoff stnte vector - ordinsrily the LM FORCS - and will be
relayed to the crew within 1 minutes after mmrin cngine cutoff. The
twenk burn is nominally torizontal tut spacecrift sttitud= can te cudbe
stantially In error »'th neslisible rrnules,

I think evaryone agreed te¢ the pecesrity of the tweok burn but
there was conclderable discuselon on how tne potiteincertion situation
should be handled, We finally recopnized that the thing that moet cone
fueerd the losue was the DPS,  For exampl-, plume impingement precludes
mking Inrpge burn- wh!ls Joucked, maving tlettison procedurcs necessary
unier certain LW clronmstanses, Syateme pretlems might make it mndae
tery that the DI not br jottlconed, meaning thet procedules were needed
for both carers « ctapged and unstaged and so forth., There appeared to be
minimnl problems accociated with tre sf{tuation 1f the IM hnd to stsge
the DFS in oriler tec nchieve orbit, This led us to the final resolution,
namely:

n, If the LM achlover orbit urlng the DPS and the V.o i8 loss
vt

than ) rpe, the COM will mve the twoak maneuver at DFB cu plus 12
minutes,  This manouver will be under UNC) conttol umsing tha BP0 or RCB,
whichever Lt onlled for. In thin case, tha LM can oarry the DES an far

arn docking with the COM If thnt in cons!dered desirable or {t may be
Jettisoned at any convenlent time, provided the act ¢f Jettison is carried
out vithout any perturbation to the trajectnry. If the DPS is cerried along,
it moy be used for come of the rendezvous maneuvers.




b If the LM insertinn into orhit in on the AFD, the 1M mkes _
the tweak burn ss scon as ponalble, probably within two minuted after e
engine cutof? uaing the RCS and the "averape Q" prorream (FuT).

c. The significance of "Vog less than 30 fpa” mentioned abvove
is that if the DPS cutoff occurs vﬁh more than 30 fpa left to de
gained, the crevw is suppored to Abort Stare and finish the mneuver
onh the AFB. This ie a rule we have agreed to for a long time,

d, The LM doer not trim any AV melduale aftar min enygine
cutoff for any descent abort unless the MCC fnils to advise the crew
within 30 seconds after cutoff that the MCC tarjeting will be avmilable,
Tre point here is that {f thr MCC has 1n-t commnieation, which {ncludea
even the hirheblt rate telemetry nacled for taresting, the course of
action ia for the crew t trim the rerilinir ar wonn aAn ponsitle, On
the other hand, {t In advontapron: ownlt I ehey ara going to mike
ths MCC taypeted twank Purn. They rhoald vhow within 30 cedonds after
cutoff which of thees altuat’'cna exlat,

e e. The voice messape from MCC r:ons-ir'ts cf only two parom-ters -
TiG and AvV,. -

f. cuzs sre in 4 neminal micslen, the MCC wi1ll alwnys upics- the ‘
LM state veootor tn the CMC bnsed on LM tel'metry datm regnrdless of which
vehicle mrker the twenk burn, However, {€ the CSM {r the active vehicle,
the LM erew munt updata the COM atate vector In the LOC uring the target
AV progrem, P76, _

S. late Aborts from Pnwered Descent

Avorte during the fivet 10 minutes of powsrnd deacent utilize
virtatle lnrertion velovity targeting In the LM gu'dance computers -
toth FGNCS and AGE, The subsequent rendezvous segquence is epsentially
the nam: ns a nominal rendezvous. As & result, standard CSM mirror
imnee torgeting can be used to backup the IM and nu special procedures
are requl'red aside from the tweak burn noted abcve., However, after
arproximately ten minutes into powered desuent the variable insertion
targeting would result in an apogee less than 30 r.mi., vhich we consider
too lowe TheTefore, aborts after that time are targeted for a standard
low orbit « 9 by 30 n.mi. and the rendezvous sltuation begina to degrade,
That {s e{ther the terminal phase lighting conditione or the ¢oelliptlie
differential altitude becomes undesirable, It in recognized that for
aborts occurring during an additional LO eeconds {nto descent the standard
rendezvous saquence can be contimued since we consider the resultant
increase {n differential altitude up to 20 n.mi. aaceptadble, After that -
point, somsthing e¢lse must de done, The exnt.hlm alse 12 as followa « - - 7o
in order to mmintain nomiidl lighting and QH, an axtrs fev Lo required, :
Two extss mneuvers are rnquired {n the subsequert rendezvous pegquence e
costing a total extra AV of as mich as 80 fps, (Thie extra AV cost .




diminishes to zert as the abort s aerlnyed.) The first extrn maneuver,
v enlled "Phasing,” occurs about. L0 minutes® afrer {insertion and iz tar-

geted hy MCC %0 ertahlich the nomlnal D4 ant TPI time, The Prasing
mmenver (o hortrental: (v~ QY ! oq fararien of abort time, It will

te tyapncmitied Y7 voler v ins *he ~taplard Exterpal AV Pnd formpt. COIg
15 the Other cvtrw SALcuyns ARt Leongrn 10 afeirn Phaninge, It {r tare
goted ppbonrd gotree MU T D T Pl low!iny thege Vw0 nxtyn
meneave s, fhe cpacoopaft e ke ael t - Ctanaarl COI/CTH/TEL secuence,
ALl of there PrnestyeT: e A0 comproe . Acomie e ) o boerd,

The COM pocforms ctorgur! mivrey [mo« tarent{ar an dsynl With one
exceptior, Since dro Fruciee turn ool 1o weeerelynly potrogrele, the
CM barkuyp ot Tancinr m. ¢ s Yia 4 4y o ree o~ frn. 17 th = orcurs

ant the (XM et e te D bee s e 0 L gee mpeeinl PP Pro.
cedups = Tor 0Ty Lo ocompen ot o e T b - e Prusine e lustmentsa,
(The complote provedic: - ipe © ips o oagms T 1 thorovehly by MFAD and
FCOD. N

That's lomye »nt me b corfolne, In amy e, 1ot me polne out )./’

the key thlec , O 30! Los o i ne tone tack a clay to YRaolve o 4B
to e on' o wny to acpe DT A R el e Pl e thats -

. The rendesvius itgnt on anile b somnletely cccaprable, -
partlealariy the tloheipe ap' ol v e tne time nnd '

b CThet at any polyl, «irnor cpaes cra)t coqld take over: the
active FPole an tie cibod fan A0eres gy d > ’

A o
e That the toohn!laqne po vela o)y simpls - erpeoinlly not
loaded Wwith rpocinl prescdures thae Hrcoy foom nominal,

The =olutlen ~at!:fien thoe thires very well ruch to the credit of
Jerry Rell, Ei Lineberry, M, Davii Feed, Milt Contella, and prohably
rom Cthrte, .

The ta-¥: te clean thic up ey
n. OMAR . Pin ‘fown the proc::e tim-l‘ne, AV'S and '1'1038
iightlang, ranpe:s, rates snd anales - thut {r tae reference trnjectory

for ¢ few key darcent ateorts.

e MT <« E~tallleh the rendezvour mavisattion tracking achednle
and all that jroes with tr,

# Pharine 2hall actually ocour at » flved JET correnponding to the
Ctl time for an atiort acrurring a* 10 af-mter Into powered descent.,
Thir GFT time will b An oo pre oG tae, .




c. PFCSD - Prepare the detniled ecrow procedures partlcularly
CSM - nd {dentify which sprelfic parts should be given highest similae
tion priority if the crew can give sny attention to them preflight.

d, OMAR « Compute the rerdesveor mnedver hinoes which must
be applirl to one rpucecraft solition for ¢ by the other for the
various sbort modes,

6. Aborts After Touchdown

Current, plannin- {nclute.: tuc “"pwoferred”™ tim-a for aborts
after touchdown. "Preferred” Lz mi-1 aitn. 'n thut for the flrct
stay/no-stay period, it le preferatls t. Atort Stae ag soon as its
med 1g recognized ang then Lo carry ou* L. reniezvous taguence
precleely as deecribed above In Sesetlorn ¢,

Since 1t 15 concidrved unmier-imitl: t¢ remain in the insertion
orbit throurh perir-oe, 14. wist deeided 0 erte1li-h 0 m'pnimun Pharinge
burn of 19 £ps which w111 alway- rn excemgten Yy the IM 10 pnlne periprec,
This, of ceures, chrumures the e4n, noetayy el ~lon time about 2 cecond:s:
earllier and the rsecond pr:-f‘crred atert tim- one minute earlier since
it reduces the catch-up rmte in the prri- orbit.

Te Here are come odd:z and onds ¢f futerect tn mos

2. A1l rendozvois pavioation, oeth nomiaal andd folloving
atorts In both epacecralt, will b ojcrnte i to update the IM ctate
veetor regardless of wh' r:' yehicle o setive, This {a done bacause
th-s» CSM state vector !:= kncwn tetter !inertially thany the IM,

b. It 1s imrortan* to recosznl e thot after a descent atort
there {c n very rcod chance the LM wi1l) have n substantial DPS and/or
AP eapnbllity remnining = particularly *the latter, Some of these
render.yous mansuvers ean he very lorye - up to 120 .fps, The MCC must
be prepared to assenrs and assint the crew {n chocsing which enginn
should bte ured to nve'4 all the many cor.stratinte the LM hag regarding
plume impingement and AFS restarta. Aleo, reparting PGNCS minimum
burn accuracy and ho.' to use the interconnect, ctc.

8. That's 1t!

~ \\(M c\

Howard W, Tindall, Jr.

PAHWTindall, Jr.:)s
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UNITED STATES GOVERNMENT

Memorandum

NASA Manned Bpacecreft Center

DATE! April 30, 1969
69<PA-T-66A

mom ; PA/Chief, Apollo Data Priority Coordimation

.'wljlc'r: What's descent all about?

As a result of some stirring around within RASA on how the various

guidance and control systems are used during descent, George Cherry

of MIT took it upon himself to write a complete description of the

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

this {s the fineat, briefest, moct readabdle dz2scription I have ever

seen on thie subJject and for that reason I am forwvarding a copy to

. you under this shining white piesce of paper.

Enclosure

—

PA:HWTindoll, Jr.:)s

Buy U.S. Savings Bends Regularly en the Payroll Savings Plon

4
LY

Howard W, Tindall, Jv.
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Magoadhugetty Institute of Technology
Instrumentation Laboratory
Cambridge., Massachusetts
AGH 15h-69

March 21, 1969

lNational Aeronautics and pace Administration
Manned Spacecraft Contor
Hfouaton, Texas 77058

Attention: Mr. W. R. Kelly
Project Officer (PP7)
Guidance and Navigation :
Apollo 8pacecraft Program Office

Mr. H. W. Tindall (£.)
Bldg. 30, Room 3068

Through:  NASA/RASPO at MIT/IL : .

Subjeats Lunar Iandiing Ouidance and Control Modes

Gentlcmen: -

Malcolm Johngton has pessed on to me the letters from Maj. Oeneral John
D. Stevenson to Mr. Donald K. Slayton and Mr. fieorge M. Iow, the lettear from
Goorgo low to Gonaral 8tavenson, and your inquiry concerning a description of
lunar landing guidanco and control modes, their testing at MIT, and our
vuraton of thoir mignion usnfulness.

The letter from George Low to General Stevenson 1s quite a good deserip-
tion of the guidance and control modes available for lunar landing. I believe
I can add a 1lfttlo dotall concerning mode descriptions and their usefulness,
however, I havo talked to some of tho folks here and at MSC (principally
Noll Armatrong, Buza Adrin, Donald Choetham, Warren North, ete.) about the
misalon usefulness of the vartous guldance and control modes and, of course,
I am familiar with the testing we will perform on these modes. 80 here goes
our ansver to your ques.ions. .

3 the Braking Thase Program Mode, slowa dovm the IM and_guides
it {0 hi-gate, The hi-gate targnt is arranged relative to the {nitial landing
sita nd that the guldance prorram’s solution to the two-point boundary valued
problem batweon hi=gato and lo-sate %ips the IM up and allows the astronaut
el e P e

to view the site.
A= e

. - Enolosure
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The artronsut can dlsplay the POITS total guldance error on the
POA? error needlas (ATTITUDS MON awitch In PONCS) by having keyed in
V6¢ through the DSKY., He cma thren steer out the EGNCS FS3 altitude errors
with tty AGS (GUID CONT in AGS and AG3 MODE CONTROL in ATT HOLD) manually
(ACA) or with the PCITS manually {GUID CONT in FGHCS and I3NGS MODE CONTROL
{n ALT IDLD) or automa“.ically (FIIC3 MODE CONTROL in AUTO).

N

Fote, then, that there are thiee attitule con'.rol submodes in P633
ACS manual or PGNCS marual or PGHCS auto, This is true for P63, I6h, and
P55. So I will not repeat this for Y4 and PE5. One word of caution,
howaver, if *he astrcnaut hitg the ROL (rate-of-ile.:ent) ssitch while he
is in IGHCS ATT HOLD, th~ IC will irre-o7ahly trarafer him out of the auto
guliance program mod~s into the ROD progiam mode, M6,

MaJor propram roty 67 ta not Jurt uas ity 4 1o sazential, 185 As
ugeful, of courge, tu b aile £y at.eer oyt o MU st lance errors with
tha ANS ATT HOID mode or the 10505 ATT HOLD rute 1+ orler to asgdeos the
handiing qualitirs of *he ACS ~nalog attopilot. We cannot test at MIT,
the ACS steering berauze we do nol. glrulate the ACS cn cur hytrid lmulator.

In major mode PR3, IHh, D65, or T¥S +re =on'rol of *n» throttle should
be automatiec, Thug, tha astroraut can aasdme the altitude control fun:tion
with the AUCS or INiI2S ATT HOID moina 1a ‘hass matsr roles hut 1o should let
the LCC control the throttle. Tnlead, HNoerl Arng ror s hags t0ld me that thias
help from the LGC i3 vary much aprpeeciated ind tha. a'wiltaneous contyol of
attitude (and horizont.al vnlocity) ent threttiae {’ngrent ratn) 18 a formidadbly
difficult crew task.

Progran G4, the Appreoach or Visibility Those maler mcde should result
in a IM thrasting attitude which pormita astronaut 1'-~eof=9ight out the IM
winlow through the LFD te the lantinig atte. Durine rmoct of this phase
(after the amronaut haa ragponded ha the "laching DIKY request to arm the
SITFE, REDEBICHATION roultne until alevit, 220 arcontn bnface the end of the
phase) the astronaut. oy e the ACA to rodeaipnate ‘ha lunuing alte. It
ta worth noting that (has the MICS MODE COHTROL awi‘~h rust ve in AUTO for
the ACA to function ag A Yandin: slte reedealgnator. If this svitch is in
ATT HOLD the ACA finctlona a8 a rate command/att{tude hold stick.

T think that tho ATT HIOLD guh-mode in I¥h Ig vory useful for it permits '
the nstronsut to asaens the handling nqualitica of thn 1M with the curront
atatun of tho RCS Jets (Malled or unfailed) nnd tha lcwer {nortias oncontered
after the braking phase, 1In fact, after his final uze of the ACA in conjunction
with thy LPD as a site re-desiynatlon device I would anticipate thul he wvouwld

uwwltch from AUTO to ATT "OfD for cood aml sonirul the attitude of tho spacecraft -

ramially while the IGC controls the throttle nutomatically with Msh and F6S,
unti) he wants a3 different dascent ratn from the automatic one and operates
the ROD switch to orlnct 166,

Incidentally, a good lchnnr:o for the oreow to a:nagesa the handling
qualities of the IM is at \he junction between P63 and "6l when the
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automatic guidance system commande about a (nominally) ten degree thrust
attitude change (V62 must, heve beon entered to see the total change at
once), This maneuver, if done manually, gives the IM commander a chance
to maneuver the ppacncraft according to the FDAI error needles through
a falrly large changs and fnol the response.

Progrnm 65, the Auteratis Terminal landing Phage major mode, has the
guldance and control objectives of nulling the horizontal components of
veloclty, ostablishing a desccent rate of about 3 ft/sec, and achieving
an erect orientation of the IM. To use this mode completely automatically
the aatronaut must loan both the MODE CONTROL switch and the throttle
control (TIR COMT switch) in AUTO, But, of courss, he can fly the PGNCS
FDAT orror neo-11ms manually while PG5 han les the throttle, This mode
acema very ue:ful if rthe antronaut doms not have good visibility out the
vinidlow but can belleva the laniing radar and trust the PONCS. Notice that
there 18 no positional control ia P65, Thao spacecraft simply settles down
from about 159 feet 147 altitule at abouk 3 ft/sec while nulling the horizontal
vrlocity until lunar -ontast !3 made, Tho automatic throttln to control deacent
rate to 3 ft/snc may bo partlculary useful here if the IGC estimate of descent
ra%y 1a reagonably aceurnte, The attitude control dy the astronaut could be
bai1ed on the IGLCS suldarce arrors on the FDAI error naedles or by a combinae
tion of eight ball ani out the window cues, Thus, PGS can be looked at as
a P56 (with only one egsent rate, 3 ft/sec) and FDAI error needle cues as
to how to mill the L.orlzont.al velocity components ani get the spacecraft
erect,  Thig ropresenta scmewhat of an over-simplification of the dynamical
Al ffovoncees belwann P55 and YA bacause P66 has one-half the guldance
Jample and DISKY Alaplay poriod (once per second) that P63 has (once par two
gaconds), Futherrora, the control law time conatants for nulling the
Joegzent veloclty errvor are quito different in tho two programs. The vertical
thrust acceleratlcn commanind every two seconds in P65 13 A .., = - h)/10 + g
(v65) and the ertical acceleration commanded every one gecond in is
Avopt = (M = B)/1.5 + g,(P56). It can be seen that P66 will eliminate the
dedeent evror fastor than TG5. The roasvn for the longer time constant in D65
18 that toth the throttle command and the attitude commands are genarated froma
the nama equation in F65, to wit Ay, = (L a4 = ¥ meas)/10 - ;,%Pﬁﬁ).

The taruct vector is cormmanded along A e and the throttle is set to
make the thrust aceeleration equal to the magnitude of a e* A longer time
constant 1s nceded to etabilize the attitude commands vﬁtch are gencrated from
ai.+ (Incidentally, both the number 10 in P65 and the number 1,5 in F66 are
cragal.}Jo quantities, Thesg values are owr best prosent estimates of wviat
theas quantities should be). The longer time constant in P65 should be
accoptadlo since the doscent rate at the beginning of P55 is nominally 3 ft/see
(1o-rate) ard thero is very little deseent rate error to null. Notice that
there will be a differonse in reaction of the two cont"l laws to landing
radar nolse. 66 will be more reactive. . ’

While montioning radar noian, I ought to remind you that 5, P66, and
P67 a1l have the capubility of ostabishing new landing radar veloecity
wvoiphting factors, We aro prosontly using O.1l. Wo are :olng falrly oxtonsive
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e g

it




P66

.]{-

testing of 765 in the complately mutomatic mode on our all.digital simulator.
Wé will do some testing in the ATT HOLD mode on our hybrid, -1 hope that

the crew will evaluata Lho usefitlness and hanlling qualitics of thid mdde,

I do believe that they ought to give it strong conaidaratjon because it

only has one st.rong compotitor, P66,

Program £6, the ratc-of-drscent terminal phase major mode, requires
manual attitule control but provides automatic control of descent rate by
IGC control of the throttle. The astronaut can comvnnd changes in the descent
rate by 1 tt/aec incrementing or recrementing inputs from the rate-of.dcscent
ewitch. (The 1 ft/soc 18 actually a quantity in crasable storage.) This
mode can by enterod from 163, Mh, or M5 bty putting the MODE CONTROL awitch
in ATT 10LD an4 oparating Lho POD gwltch in onn direction at locast on-e,
This mode 1s not desizned for larfn valo~ities, towcver, or loug ranzes
from the landing site and it is mcpocted that [t will be entered from y6hi
at about five-hundred feat altitule or later,

This appeara to be the leading -cntenler for the touch-down program
and we have put a great deal of enineerini and testing into this program.
For example in regard to engineerin,; Improveronts, Craig Schulenberg has
increased the frequency of the control loop to once per second, reduced
the computation log, improve!l tha Lhrottle ~orpensation, and speeded up the
DGKY displays. 1 belleve that tha I pilot 1l ls ou’ tha leacont rate
He reads on the DSXY to the IM »2rmaaxiee.  THI3 d1yplay will now have a
highar fe:quensy anl greater freshness. PA6 receives a great deal of
tenting exphasis at MIT.

Program 67, tho sompletaly automatic Yaniing mode Jdong not appear
to te very naserful as a lunar lanilny touch«lowm rols but {t mny have other
usca, Cres members have toll me that ft ¥ really a Cormidable task to
land with manual throttla and manual attitute controls The throttle
in partisulsr appears to be 'ard to handle manuallv. We do not glve this
landing moda much emphanlia at M'T except to ghow that it works. We do not
do man-in~the-loop typu landings to any extent with PA7. I would not
anticipate that the crew wouid train on landing with T67,

1 do are one pogalbln uwa of P67 during landing, however. If tho crew
vants to abort, Lhey might want 'o swlteh to PST first in order to erect -
the vehicle's attitude anl throttle up the DI'3, He must throw the TIR
CONT switch to MAN in order to obtain P67, howevar, and then throv the MOLR
CONTROL switch to ATT HOLD in order to obtaln manual control of the DAP,
This seems to galn little over Just throttling up (the manusl throttle over-
rides tha auto throttle whon it {8 at a highor value no matteor where THR
CONT la) ir. [€3, P6h, and P€Y with tha MODE CONTROL switch in ATT HOLD,

Ineidentally, tha onily thing I might think of taking axception to in the
nnclosure to Ororge Tow's lutior la tho atAtemant that tho "ACH provides a
rate cormand attitudo hold ewrfo.,,. that will provide essnntially aqual handling
qualities to that of the equivalen’. IGNC3 mode.” I would 1ike to point out
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that on the basis of IMO and MIT/IL tests we have engineercd with the Plight
Crew Support Division mn ACA quadratic stick that pleases the crew with
{ts handling yualities a.d reduces the RCS jJet activity and DPS plume

impingement during hover,
of rate coomand ayatem,
difforences botweon the twu aystens,

inertia configuration of the DS,

I do not bel leva the AGS autopilot has this kind
There may be other dynamical and handling qualities

Ez\lenaive testing will ta4 male on the DAP mamial modes at the hover
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UNITED STATES GOVERNMENT

M emor andum BASA Ihnned Spacecraft Cemter

coe st sttuched DATR: April 15, 1969
O-M-T-60A

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

SURJECT: How the JEFK and sextant data are weed to target DOI and Descent

We had a meeting on April 9 vhich wms oztremrly interesting to me,
We discuused and settled on how the MEFI tracking amd sextant land.
mrk observations would be used in the MCC/RTCC to produce optimunm
DO end Descent targeting for tne [M. The t{; nev factor that had
to be taken into account somrhov vns 2he rropagated gtate yector
errors resulsing from ocur inaccure‘e Oieling of the lumar potential.
Thie has furced us to change aur »lamr! ‘echniques somevhat from
thoee proposed before the C* miszien. Wzt of vhat we nov plan to do
is just as the Math Phyeics Branch {¥P2) o MIRD proposed to us at
this mreting, 1 feel they should be Tomwnieil for a pretty fair
pilece of vork.

I would fire: like tn desecrite th~ marmer ir vhich MPB proposed

that the RTCC ortit detormination :onsisteccy checks be mude during
the flight. As you recall, in a previons === I anted that they

feel it ig test to use the orlemtaticr Of the= ordbital plane determined
Pre-L0I to vhich th2y acdl the in-plad~ o-bital elements based on new

. MBFB trackine. Of course, it is omcwssary *0 contimicusly monitor and

o

coafi{rn that the plane nstatblisted in 2h¢- way 1s right., They intend
to 4o this by perforrirg rincle-pass MGPS solutions after each lumar

‘orbit and comparing the resulting incl'nation wvith that estadblished

pre-l0I. It is exy=cted that the single-pnss solutions will shov a
random wriation atvst the pre-lOl wmlue indicating 1 1s safe to
contimue uainz %, If they detect a tians or treni in these single.
pass inciinationn awny froe the pre-lOI velue, they will have to update
it.

In addition to the inclination check p:rformed contibuously, they also
Plan scme discrete consistency checks mde in reve 5, 7, and 8. These
chacks will bYe mmde Ly processing NEFY tracking just as will be donme
later for the DOI and Descent targeting. That 1s, they will determine
the a-bit based on rev 3 armd & data and propagmte it %0 rev 6. They
will mke a “planc-free” single-pass solutios in rev 6 besed on rev

6 trrcking. Thev vill campare the tiwe= position comporents in local
Trtical coordimmtes (that fa, drwmtm-k, »ltitude, and croestmck) at
20 mimte interwals throushout v € and wil: plot the differences vs.
tim. These plots should shov tre ;-oOpagated error from the older

Bey U.5. Sovings Bomds Regnilariy om the Pqnﬂw Pl



solution as a function of time throuzhout rev—£, They vill do the same
thing using ™vs 4 ani 5 data propapated to rev f and compared with a
oingle-pnss rev 7 solution, They will 4o the sriwe thifg with revs 5
and 6 propagnted tg rev . These ponition {iff:rence Fints determined
for revs 6, T, ant § will be superitzescd uvpon each othex to mmke sure
there (s consistency on determiraticn of preystedl state vector errors.
This consistency, {neidentally, 2435 been dororsitrted on C' and we expect
to reconfirm 1t on the F mis-lon pricr o G. If i* works as exrected,
it should be possible to dntermin: the: proge =11 error in all three
components af a function of time on 1 atate w oicr profaguted qheed two
revs, The significance of this, of tourns, 1o tant the DOI and descent
targeting {s performed vith a rntate veeter vhich o two revs old and

1f wo are atle to determire the prow.~tlien error, blrs my be applied
to compensatn for Shem. That - o l:ioripticn of a mther complicated
process., The important thline for you wo arder tand 1z tint » technique
appears to te avnllable for lnterminine s, comyencs* (g for propagation
srror in real ¢ipme,

T-e manner in which wo Intend to ure 1actane “mtine of the landing
=ite has not chansel ~ince berere C®, Tha* -, @+ Intend to determine
the landing s5i*e position by applyins e <€ =1 :=lntive 3isplace-
ment ia all ‘kree components « lntitntie, lgm, n‘. 7, and radius - to
the curxrent MBFU solution at the time of tre fex—*;:r,t otservations.
Thus, the tsrgetine solves the relat!ve protlem comrensating for errors
in both MBFL state vectorz and “he yrefli,nt esiimmte of thr lend'ng
site location. We have ~ctabli hed Shat the: Charm, e from the preflirht
“Mlus In eack of these corjonente tesed on the roqd time data miys

rot excee:l the followins w.jue::

a. latizuis mus* not be chunged more than U700 feet,
. Lomritwie mist no® chang: meres toab 9,7)) feet,
¢. PBndius ruz® rot chanse rore than b,(00 feet,

These valules are basel ch our evrrent 3 sicon ectimates of -aflicht
map accuracy RECed with the MSFW ord .t detemis tion sccurncy, It is
felt that corrections largzer than these smst ipiicate some sort of
rross fallure demsnling either that the szextant tracking bn redone by
delayinm: DOI one rev or that tlie sextant tracking be ignored and the
Dnscent targetin: be Lased on the preflight wlues, Incidentslly,
the mission rule defining vhich of these cholces to Farwe 15 a
significant open item which must de resolved.




Fow I would 11ke to descridbe how the promgated errors ere cospensated
for,

s. Crossrunge, vhich is essentially latitods, will not bde com-
petsated fOor Ixopagation errors at all. 8ince we are using the frosen
Plane technique, by definition, nO yromagated ar-or can occur,

b. ETOT in spacecraft altitude is compensated for by changing
the radius of the landing site by ap amount equivalent to the propagated
state vector error in the altitude direction. The empiricasl correction
is determined from the propegation state vector plois descrided adbove
by resding out the error in altitude sssocisted vwith e time in ordit
equivalent to touchdown time. The point {s ttmt the stats vector is not
corrected, but rather compensation is applied to the landing site
radius since this is a mich cleaner procedure, .

c. Dovnrange error is more-or-less equiwvalent to landing site
longitude and presents special problems, Consideration was given to
compensating dovrunnge profgation errors by chsnging landing site
location in a menner similar tc the redius bit Just discussed, That
vould vork fine for Descent, tut csn result in s seriocus probdlem in
Descent aborts. Specifically, dovmrange error {n the state vectors
during povered flight act in a vay emivalent to a platform slignreent
error in 1nert-‘a1°spgce. Specificslly, 10,000 feet dovnrange error is
eguivalent to 0.1" IM¥ mizaligrment. Therefore, if we were to leesve
the propagated downmnge errcr in the state vector, all povered flight
by the inertial guldance system woul? de carried ont with O. 1° error
and, in the event of a Descent abort, vould cause the system to aim
for the vrong insertion conditions by that amount, Of course, the AOB,
which is initislized from the FGIF'S would also have this error. Although
we don't expect the downrange error to exceed About 5,000 feet, we have
no asgsurance of this and conservatively feel that an altermate approach
for ccmpensating downrsnge error is prefersdble, The alternate approach
we adopted in to change the tiry tag on the state vectors such that the
dovnrange error at touchdown tiame is zero., Changing s state vector time
tag is not a simple thing to do in the RICC, It has Dot yet deen
"automted.” Aes a result, it is necessary for the Data Select Officer
to maruslly enter the entire state vector into the RICC using his typee
writer like input device. This is a time consusing process becsuse
it rust be very ccrefully checked. (It is recognized that the RICC
progmm for the lunar landing mission has deen frozen, tut it ves
pugrnsted to the Data Select people that they consider sutomting this
input slnce Lt is becoming part of th~ nominal aperation.) It s to
be emphacized thet this time tag compensation 1s applied to doth the LM
and CSM siate vectors in all three computers . RICC, LOC, and CMC, Ve
oy eventually establish a lower bound in this dovarmnge compensation

o




belov which it 1s considered acceptable to live vith the error. Por =
example, if the dovnrange erTOT is less than 5,000 feet, wve mmy choose

to apply that small correction to the landing site lomgitude and leeve

the state vectors time tag alone since that is a much simpler thing to

do. But that'a not the current techmique.

One significant open item I failed to mention in passing is that
there is still a controversy raging on vhether a single-pass or tw-
pass MBFN ordit determination shoula dbe used for Descent targetine ,
That is, the sextant tracking is done on rev 11 and the MBFN tracking
on that rev is certainly used. The cuestion is, should rev 10 MEFN
tracking be incorporated in as welll? The solntion to this depends
on ironing cut inconsistencies between twn comguter programs which
am™ gliven couflicting results. The ariwer could come at any time.
Once the one-rev vs. the two-rev d<cision is reached, of courge, it
vill not only apply to ordit drtermination technigues for Descent
targeting but will also be iacorporated in the MSFR propagation error
determination techniques descrided adove.

It is currently zianned that these C mission operations will be
carried out cx the F mission exmctly as if that flight were a lunsr
landing. 1mis obviously means thet to the mmximmm extent possible
these techniques will als¢ be used in the P mission simlations.,

There is some question, hovever, if charging the state vector time
tag to compensate for propsgated dovnrange error is a reasomsdle thing
to do on the P mission. * Accordingly, this mst be discussed vith the
¥ missicn operations people before ve meively assume they will do it,

Much of the preceding discussion deals with the landing site location

to be used in the LGC during Descent. The landing site position (RI8) T
to be loaded in the commnd module computer should be the preflight

map values of the prime landing cite lapdmmrk and there is no reason

to go through this "mickey mouse™ of updating the CMC values froa

the MCC Yefore the IM landr,

The time tags on the state vectors transmitted to the spacecraft
computers on G are essentially the same as on the P migesion., The IM
state vector sent to both the 1GC and OC vill be time tagged at DOI
=10 mnutes, Ti.e CGM state vector sent to both spacecraft will be
time tagged at PDI + 25 miiutes, vhich should de close to the initla.
tion of rendezvous mvigation in the case of a late Descent ddort.

Except for the op=n items noted above, I think this metty well - _
" establishes how we plan to do the targeting for DOI amd Descent On -

the lunar landing mission, at least until ¥ mission results dow2 in.
“ ~
Aoverd W. Tindall, Jr. '

PA:MWTindall, Jr..Js
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" Sew list attached DATE: ARl 15, 1969
65-PA-T-63A
PA/Chief, Apollo Data Priority Coordimmtion
S8ow» things about Descent

This pero is to 1list a fevw odde ani epds driddling out of our latest
Descent Monitoring clamdake,

1. We have identifiei a nev entry for the FDI pad message
voiced to the crew before DOI. Just prior to FDI the crev mmkes a
crude estimte of their alti’unde atovr= the lunar surface by measuring
the time it takes for s lurmer landmrk to move from one end to the
other of their LFD lire on the IX wviniou, (I believe it narmlly
takes about 20 seconds and therefore two seconds is equiwvalent to
about a mile accuracy in zltituie.) The pev pad entry is the time
at vhich the altitude check lamimrk should appear at the lover emd
of the LFD line, It is currectly Froposed that the landmark to be
used vill be the same One the crew performm their on-the-job tmining
sextant trackins on LOI day. This has the additiomal benefit of
yroviding the MCC vith data for determining its location vith some
precision before the altitude check.

2. Durins povered descent the crev sonitors their warious
data sources to ascertain vhether or not the DPS is producing an
acceplabdle thrust. If there {s thrust degradation of a fairly smll
amount, they are suppoced to excreise established emlfunction procedures
in an attempt to irprove DPS pemi'ormmr.e, If the degradation is more
severe, mmlfunction provedures vill not help and the crev should atort,
1M systems flight controllers were requested to establish the ampunt
of thrust degradation vhich the crev should tolerate before beginning
the mmlfunction procedures and vhat amunt they should use to decide
on ar igmediate adort.

3. There hac been s great desl of discussion over the merit
of the erew observing the lumar landscape during the esrly part of
povered descent, There are some benefits the crev is eupposed to
ottain from this but it is icportant that it not de carrieu on =0 long
that landing radar data is lost as a result., Since 1t is possidle to
start getting landing radar cdata as early ac tvo minutes after PDI, if
altitude 18 dispersed lov by ove mile, it ig proposed thmt the crev
yav the spacectaft froe its Mace down attitnde no later than FDI + 2
nmimtes, Taving sooner would Me fipe,

se 0
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M. The attitode the crer should hold after yaving to acquire
laciing radar is 6% off the principle axis in order to give symmetrical
laxiing radar entenma coverage. This, of course, provides grester
Frotability of acquicition and "data good.” (Incidentally, a possidle

_ - caplidete for future spacecraft cosputer hrocres change is to have the
agtommtic system also control to this attitude, compensating for the
landing redar antemma offset.)

S It has been said that the hi-gmip B-barmd pointing sncles
during the bvraking phase of poscred descent are mpTe Or less constant
onte the ipacecraft has been maved for laoding rader acquisition. It
vould be very useful for the erew to have these pointing angles in
their ondoard data for us~ in mmml sequir!tion during thie period if
the 8-%and vere to lose locks Who fisures out vhet these angle. are <

Rocky Dancan is that you? .

y

Yowmrd ¥. Tindall, Jr.

PABENTindall, Jr.:Js
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Memorandum KASA M nned Spacecrrt Center

PA/Manager, Apollo Spacecrmft Program DATR: April 23, 1969
E9-PA-T-6CA
PA/Chief, Apollo Datn Priority Cooriinntlen

¥ mission rule regarding DPB pimie? “‘riee Miluve !ndlestlon

This memo 1s tO report how it is cur:=::1: jplanned %0 handle an
indica*cd fajlure Of the DOPS simie. iriy~ actuutor (GDA) on the

" P miesion.

On the P mission there are w0 DIV =2 ~:uvor- o DOL1 Aanl Phasine,
The DOI durm is adout T1 fIs echis=i* - 1° -~aconds dumtion at

10 pereent thrust and adout 1 ~seonss -+ ' nmewsant, ™n Phasing
burn is atout 195 fps achli v B [F eaniair a4 10 reveent and
atout 19 seconds at M1l ~hrics, Th: s -tlon t0 M aeusre ! e
what should the misslon rile ta er~rin- a 00 fail 1!:4% occurring
on either ot these turnc?

From *he offsit it should be mRric s vy ~te= 2dvie: from the 1OC
durins the mppeuvers {- out oOf th~ :i-~-13r 0 to the comrunicnation
ielay whin the rpraccem{® Ll opermtins =i ¢~ moon. Ani of course,
the DOI turn {a perforw:.. .n hick o %'~ =von,

The f1ll 2icht cordha €7 o6 mean ary €n® €7 ar-" SHIN-E =« Lwr wlmbal
{s movine when !+ is po* ~urpe. @i *0 W, S "imial Lo not moving
w“hen it i eypposed to te, or - Inilntisr lerelf {e at foult.
Apmarently hy far tns -Teates® probadb’lit, 1o ¢hat the fllure lndicne
tion iteelf {s in error. A= you rnc«+, ‘v.or 5 no direct cockpit
reajout of DFT rimtal an~lr=, ie~ori’ne-l:, ¢ & onlv vay the erew hus
of determinin, that thae ii,*% 1o in crror i 1y -miting for rome other
cue such as excegelys att +u’e @arror on L« PD.I and hearine or seeing
the RCS Jets £irime to meintain nttl-uie, a: Yiey will when the LM
a&titude oFTOT a* Con‘rolls?! by *ne LPE . lzr2l poeitiCrnins exceeds

1,

If the lichs coms on furin, the G mircion, 4> mission rule will
alrost certalnly bn ‘o Tt the 2ccond cus: Y« fore inking any action
betause eyen A untny simial caunot oretts 4 rrohlen ani you unnece
ecenrily hove blown the miesuion by furnins off the (MDA {f the light

1= wvrons., It ls curren®ly in%~nd-i to ucse thi: snme rule on P,
althoush it 18 not £2 clearly prover for F as G. Spreifically, in the

-
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event we really do have a rumaway gimbal, it is almost certainly possible
to contime on vwith the norinal miszion rrovided the crev deactlvates

the GDA immediately in alIl cases. Thst is, by freezing th> DP3 gimbal
position, it 1s possible to cosmplete not only the DOI burn, tut alse

the entire Phasins burn uczing RCS for attitude control. Amalysis has
shovn the RC3 propellant required isr not excessive and the plume impinge-
ment constraints are not exceeded., Por example, if the GDA misalignment
vere 110 throughout the entire Phasine burn, only 1° seconds of RCS
would be required of the worst jet., Thi= pives the crev more than §

or 6 seconds to deactivate the GDR {n the voret situation - namely a
runavey gimbal moving av 0.2° mee, If the crev does not deactivnte

the GDA as soon as’ they got the lisht, tut rmther a'wnite the second

cue, miatrim mny be too great to perait use of the DPS for the Phasing
burn. This would force us ei%her 2o ure th= APS for Phasing or to
perforn a FDI abort, wvhich essentially eliminstes the long m™nge
rendezvous navigation exercise and resulte in 4 non.nominal reniezvous
sequence. We don't think this is the cmce and are getting some computer
simlations run to prove {t. That is, we expect thr. even by awaiting
the second cue, the resultant mf:zsligmment will be within RCS control
capability.

In the event of a real GDA fa!lure durinc the DOI there are come
things the MCC can do once the I appears from behind the moon., Care
mct be taken, however, to meke sure that thece testc do not re:sult
in further misalignments of the DPS gimbal during the Phasing: burn,
Certainly the MCC can mke an estimmte of vhich direction the mistrim
appeare to be the larrest prior to the mmneuver and could recormend
that the opposite RCS Jjets Ye uced for ullape in order to reduce th~
rrobtability of reaching the plume impingement constraint durins: the
Ptnsing durne

The mission rule is currently written this wvay, with the a-provel
of everyone I knov vho is inter=sted. The only perturintion I can
foresee wvould resgult from the anmalysis notel adove showing ve might
lose the DPS for Phasing i1f the crev awaits the secont cue. in that
cage, a reviev might be vorthwhile,

fo SR g

Lsa N
rd W, Tindall, Jr.

cc?
(See 1ist attached)

PA:BiTindall, Jr.:J}s
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Memorandum WSA Momed Spacecratt Center

See 1list attached DATE: April 15, 1969

€9-PA-T-61A
PA/Chief, Apollo Data Priority Coordimation

1etfs drop one of the lunar surface AR tee'r

During our revisw of ti G !turlon lLupar Surface Miseion Techniques
Document on April 1., w- c~ir t0 n conzlu-lon vhich mpy interest you,
It deals with the nacl, or rrally lack 0f n-ed, for the erev to do
some thinecs that are {n the current £1li::t rlane Bpecifically, in
the crew IM tim:line, we huye ilncluled two porfodes of LM rendeczvous
radar trmcking of the cormund moduls « **e Ciret is two hours after
landing and the second ic w0 hour: de»f~r» Y P<off, leither of
these periols are really neeard altnocsa 1% vy be intereating to
try it once. On the oth-r hiind, it doe= rerzirs erew activity, uses
~lectrical power, wears ou%t the rlar, 23t 20 ferth sni my even
vlace a ~coretmlnt on corrnn! moiule attiswdes 3uringe his sextant
trackins of the LM, It v=s our conclueicn %rs¢ st lenst one of these
periods of *mckine shoulid te olirminateli ani we are recormending that
1t be the Pirsc. The ionson for iele<ins te first i that it
interferes with the cr-w coustiows :emon-ira*ion (CDDT) for ascent,
which ir synshronl:zel wish tha firat CIY jastoe;» over the IM. If

the cTew were to perform rondezvei- imlar trecking, the CDDT would
have to be terminatet srout 1) mirutas before "1ift-0ff.” By elimina.
ting the renlezvous rar test, the COIT 21n end should be run until
akous TIG rinus on» minnss, '

Although we are not p~pocing 20 d2lete Lt y=t, 1% should b= noted
that the CDDT itcealf {~ o mAarcinel iryortarse ani {f 1t lniirieres
with other more important activity, 1% coili 2l=0 bte elininated. It
it not a precice Jountdown, amyvey, since otriovely the crev must not
fire pyros, bring the APS batteries on line, pretsurize tanks, end so
rorth, unless they really intend to lift-off. This CDDT should cer-
tainly be eliminnted from lumr landing miesions after the first.

As noted in a previous memo, the commnd module sextant tracking of
the IM {8 not mandatory either, although the flight controllers will
use the data if they get it to reinforce confidence in their other
dnta sourcea, And, of course, the post-flizht pecple will undoubtedly
find it interesting. Here again., though, it my be worthwhile to cone
sider omitting one of the tvo sextant tracking periods. Ve are not

yrorosing this yet either,
= ﬁ , . s

Boward W. ﬂnhn, ar.
PA:EWDIndell, Jr.ije

Bus U.S. Sovings Bonds Regolerly on tbe Payril Sovings Plon




APOLLO OATA PRIORITY COORDINATION
) ' MEETING SCHEOULE

AS OF April U, 1969

H1=PA-T=€0A

April Mh
SUBJECTOF MEETING {1t i<y hirheler o o9):
3 Te:-cent Monitorin;-®

3 Atort and Rercu« %

G %ilz andg Frriseve

SPECIAL MEETINGS

L I

) Meetinks in Room TH, Bullding A

#¢  eeting In FRoom 3CAT, Building 0
5 Meeting b ginz at 9:00 s.m. _ see Meeting in Ppe ‘4_.78,’1.\111411!13 )
’
g Meceting bogins st 2:00 p.n. /o’.M

HBovard W. Tinhll, Jr.
BSC Ferm 1709 (Res Bop 00,
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See list st.ached DATR: April 11, 1969
69-PA <T=59A
PA/Chief, Apollo Dnta PFriority Coordination

P Rerms.._vous Mlssion Technigquer Cleansur

Or APril 5 we hnd whait I expret i the lnet of the P Misrion Rendezvous

- Technlques meetlngs, W~ recOlved a4 mumter of open items which had nrot

been covered befor:, or whic:: poppsi up luring simlations, This memo
1s to 1list them for the record. Sore are trivial, some are really
quits sicnifican‘.,

1. Since the first plannei DPS manecuver 1s DOI, it was agreed
that the gimbsl aniles includie2i in tho L5C erasable memory load should
be richt for thaot maneuver, Theze *mlivce £h0uld nlso be included in
the crew check list (Stan Mpna rle-ze respond).

?. The LM attituiec anl attituie e limits for the DPS burms
are 5° and 5%/scc unsticed and for ‘e AFS are 10° and 109/sec.

. We girrest upon the followins courney of setion regarding
imperfect DOI rnin-uver:.

v. First ot 11, only the xe:xic residuasl chall be trimmed,
The y #nd zeaxes rocliualas ehall e 1oft untrimmed since they do not
tother anythin.: and trirming: wastec RCS rrorellant and can result in
excessive plume im.in~ment,

. Underburn: - Unilertarns lesa then 5 £ps will be tiirmed
up to 7 recomnis plus ¥ RCY burn .Juration, which is a plume irpingement
constrmint, (lote: ¢ma%'s only 2 frs of trimming end thus can leave
a smell residual which =11l force retargeting the later burns) Under-
burn- inexcess of © £ps will not be trimmed and will result in a "FDI
otort.” (A FDI avor*, vou recnll, involves making a maneuver at about
PDI time ylelding CSI one-half rev later. In other words, it eliminatea
tiiz rev in the noridnal mission between phasing and insertion. The PDI
atort will W made with DPE {f 1t ir ccncidered sn operating system,
othervlpe with the AFS.)

c. Overturnc - Overturns less than 12 fps will te trimmed
with wdnus x RC3. A.min, this limit is based on a RCS plume impingement
constrint, It shoull never occur since this is about a 4 recond overa
burn which could huve teen menually stopped before reaching this wvalue,

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

de I guess it joes without saying ttat any PONCS failure durirg
DOI aleo dictates a direct retura stort,

4, 'The followins’ agreements were reached regarding the phasing
maneuver:

a, It wap emphanizad that at leart LO fpo should be achieved
by the LM someho~ if at all possitle,

b. VUnderburns - Trim under lers i # “ps with plus x

RCS up until the 7 second plume 1m . «nt Upif, “™* <he underburn

1s greater than 5 fpr, but less than J5 fps, s ¥ ! complete the
maneuver with RCS. If the underturn is in excee . ; fps, clage and
complete the dburn with AP0 using the AGS. N

¢. Overburnn « Trim overburns lecs than 12 fps with minus x
RCS. For overturnz in excress of that, trim out ¢ fps and standby for
an update of the Insertion tarpetir,.

5. Insertion

a, Underburre « If the tntnl veloe!ty pained is less than LS
fpr, take {t out uclny minun x RO.  TRIr Ilmh Eu taned on *he 30
necond m!nus x RCO plume {mplnsrement constraint, In this event, the
CSM does the insertlon turrn thuee minutes later. If the underburn is
aess than 80 fpo, ure the plus x RCS t6 complete the maneuver. (This
limit 13 based on the ©5 seconi RCS plume impingement constraint.) For
the approximate 100 fps btand of cutoff velocities in between these two
limite, the L& rhould do rothing immadintely and the commnd module will
have to rencur,

b. Overburns mict be 1removed somehow %o avoid lupar impact,

6 t has been sald ropeatedly tefore, and I say again here todsy,
that se ig no nuch thing ns a 200 n.mi, range limit on the VHF ranging
by the CSM. That ic merely aflctitious desirns vnlue which hns 1o bearing
on how the operation ahioulsdt be conducted, VHF ranging ohould be use
to its full 327 n.mi. recycle limit provided the data is good. The QAR
AV 1limits, which the CMP should use to decide if it's good or not are
currently set at 0.5 n.mi. and 3 fps. (These values may be changed this -
week follovwing a rendezvous mavigation meeting of the experts.)




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

T. The TPI window has been established as being from mimis 8 mizutes
to plus infinity, The nominal TPI location iz at the time the target
vehicle is 23 mdnutes-before sunrise. The significance of the window
is that if after CSI it is discovered that the TPI associated with the
elevntion aogle option hns slipped ecarlier than 8 minutes, the crev
will recycle the TPI prosrom (P34) uslng the time option with nominal
TPI mimus 6 minutes on the input time,

" 8+ The CSM alwnys uces the LM computed CDH time for imput to P33
a5 long as the LM PGNCS is assumed to te vorking Okny.

9. It was agreed that all CSM mirror imece targeting (that is,
for CSI, CDH, and TPI) thall use tho came TIG as the LM, That is,
mirror image targeting will not te delayed one mimute or three mimutes
as hed previously been considered. Thic techinique considerably sime
plifies procedures ani results in (minor) difficulty only if the LM
faflure, which forces the CSM to tecome sctive, hecomes apperent when
the IM attempts to make the mrneuver. Such =2 last instant failure on
an RCS burn is considered very unlikely anid doez not result in too bad
a situation if the commnd moinle then executes the maneuver late,

One of the simplifications ortained by eliminsting TIG delays is
the eliminztion of all bilases that. neei to be applied to the CSM solu-
tions for use in the IM with ore exeo:ption. It 18 necessary to subtrsct
1 fps from the CSM CSI (P2Z) solution when the LM uses it for comparison
with their own solution: or for execution.

1C. Comparison limit: wer~ established for evaluating the acceptability

of tke warious renilezvour muouver solutiona., In 2ach case, it is most
dezsirable to une the LOC If poasitle. Accordingly, it will be used if

it compares favortly with =ither the CSM or the IM chart solution, If

it falls, the LM chart lr compared with the CSM solution and is used if
Ac2eptable, If doth the LGC and chort colutions fail their test, it is
recortended that the LM sx=cu-.e the mareuver corputed by the CSM since

a rendazvons Mdnr faf{lurc (s the mort likely cause of troudble. The
compar’son limits are © fpz, ¢ n, and f Tpz for x, y, and ze-axes,

", respectively, In btoth local verticnl nnd {n line-ofesight coordinates.

by This comparison technique shall be used for the CDH und TPI burms
vor sure. It my also be possitle to ure it for CSI, provided analyses
brtween bow and the f1llpht chow that the CSM will have an scceptable
performance., Since it i# not certain that the CSM will shape up, we

1
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tave adopted the following weird technique which should be used for
CSI unless the CSM is eventually ecertified to be okay. It is hased
on use of three possible solutions - the FGNCS, the IM chart, and the
pre-separation canned tuarns, It i3 also based on a desire to insure

too large a CSI burn, if amything, in order to avoid having TPI slip
early, vhich is considered a serious dizperzion, as noted in paregraph

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

these solutions, proviced it is no more then 2 fpa bigger than tho
next-to-largest solution! If the rendezvous radsr has failed, it wipes
out both the FGNCS and chart solution, the LM crewv uses the same comparie-
son scheme, only in this ew:nt it 1s a corgmrison of only ¢wvo sources -
the pre-separation ¢anned turn againct the CSM CSI sclution after it has
been biased 1 fps as noted in jamg™ph 9.

11. There wvere at lesst two situstions in which {t seems desirmbdle
for .the CSM and IM to share the traking taek aild it was agreed that
they would do so if elther occurs. If the LM fails to stage tne DES
or 1f the IM is not able to visually scquire the CSM during braking,
lateral line-of-sight control by the IM is not pmactical and <he CSM
shall do it. The IM will contimue to be responsidble for perforaing
the actual braking maneuver provided the rendezvous mmadar is working,

And that'!s how we spent Saturday,

PA:HWTindall, Jr.:Js
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T0 ! 8e0 list attached * DATE! April 10, 1969
69-PA«Ta88A

Mo : PA/Chlef, Apollo Data Priority Coordimation
sumjRar: Descent mon.toring st MOC

Wa have reached n plateau in our work on Dercent Monitoring, perhaps
mxing it vorthwvhile to rend ocut this memo, First of all, I don't
think there {s any question that Descent is the thing that requires
most of our attention detween nov and the G mission, at least in the
erpire of Mission Tochniques, There are still a lot of things to do
and s0 starting about a month afF® wvc have been having one full day
meeting per week, which will probably continue for another month, I
think we haye pratty well catadlished what the MCC has to do and hov
they do it during Descent. That's rually the gudjJect of this memo,
Our Jov ia to work over the onboard techni~ies snd integrate them
with the greuni monitoring to mmke sure everything is complete and
conslstent,

After considerable discuesion, we have estatlished tnat the nd's
Job during Deecent is to attempt to do the following things m
neceasarily in order of Lmportance!):

A, Datect DI mlfunctionc and excessive RCS Plume irpingoment,

b. Predict that ndimqunte propellent margins are availadle to
permit landing.

¢. De%ect impending PCNCS Tailuryes,
4, Make fure PONGS puldnnoe in not diverging.

W, Mike sure trajectory constraints of some sort or other are
not being violated,

As far as ve cnn tell, all of the necessary telemetry snd trscking
-data programe hava deen icdentified and are btming implemented in the
RTOC) a1l necesonry Aiepiny fosmates have also bean provided in the
M0, fThere nre a aoupla of Ltems assooiated with this whioch I would
1ike to muntiont

a. We are on the verge of assuming that RCS plume impingement is a
honest-to-Cod constraint which must not be violated, Choke! The 1M
systems guys have a displny which processes telemetry data ylelding the
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cumilative plume impingement from each of the dovoverd firing Jets. They
subtract this 302 the walue GAEC has estadlished ss the total slloved
duration and display the results, That is, 1t is a display of permissidle
time remmining, It is proposed that vhen thiz paremeter reaches zero
indicating wve have violated the plume impingcoment constraint, they vih
recommend that the crev "Abort Stage” out of therell!

b. Another interenating computation and diaplay that the JOM people
have previded theammelvern ls a prediction of DPFS propellent meigin at
touchdovp. This 18 nn nspccially soghluticated processor which utilizes
a numdber of POMS guidance parameters obtained by telemetry to predict
the arount of DPS propellant required to fly the remainder of the descent
trajectory. They subtract this propellent requirement fyom the messured
propellant still remiining obtained fron talrmetry dsta, to obtain the
prediceted margin nt touchdown, This pirmmcter {a plotted vs., harizontal
velocity on an annlop display, 1t is preposed Lhnt Lf the prediction
of propellant cronser "zero," .hc crev should ba advised to "Avort."

It has been statad there is no question, when %!!ir predictiun reaches
zero, that propellent deplestion w.ll occur doore lending and so aborte
ing 1s the thing tn do. It (s 10" sufe %0 azsume the converse - that
is, it Qoes not always accurately predict that surficient propellant

is availadle to cemplcte the Descent. We're poing Lo cheek this program
thoroughly ¢tq see {f it really does that.

¢. Ilepending PGWCS fallure will be detected from strip charts dise
Playing ruldnnce system dlfferences, very much the same as during the
launch phase, That is, differences between the AGS snd PONCS and differe
ences between MOFH and PCRCS will be displayed on the strip charts, Abdort
limit lines will be Trovidied upon which that action will de recommended,
Other dirplays are used in conjunction with these strip charts o positively
ascertain that the PGNCS i- the errant gystem.

d. There wvas a somevhat surrrising outcome from our discussion of
trajectory conegtraints, Unlike lnunch, we were lmaically upable to find
any "hard” descent trajectory constnmtc with a possidble exception of
the APS abort line (previocualy eallously referenced as the "Dead Man"
curve), That 38, therc appears to be no resson wo could identify which
wonld prevent the LM from flying all over the sky, if that 1s wvhat you
call {t at the mon. As a result, it seems as though we have two optionse
either previde no trajectory abort linits or altermatively sclect dispersion
limits (for example, 3 sigms, 6 sigm, or 9 sigmm) deyond vhich we vill
arbitrarily not allow the trajectory to diverge from nominal., This cure
rently is my pernonnl prefarence, mostly baeed on intuition snd no data,
There 1s Yy ho meanc 8 gohwral agroement on that yn. :

And that's our platesu.

Hovard W. Tindall, Jr,
PA:BWTindall, Jr.:Js
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Some things about Ascent from the moon

On April 3 we had an Ascent Mission Techniques meeting - the first
in a long time. This mefid is mOstly to express sonme rather general
observations.

I guess wve all recognize that Ascent is really different from most
other mnneuvers in an Arollo lunar landing mission. It is one in
which fairly small dispersions in the guidance can creste an unsafe
cituntion either by setting up an imminert lunsr impact or poor
conditions for carrying out the subsequent rendezvous, or by running
the APS out of propellent. Accordingly, special efforts have been
srent in trying to set up techniques for monitoring and detecting
dispersions of this type onboard the spacecraft so that the crew

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

like the platform turned upside down, or something, the crew should
have no problem in knowing they should switchover, However, I am
confident that they will not be able to detect insidious, slow drift
mlfunctions 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 perfectfon. And, they are so
complex that I seriously doubt the crew, with their limited training,
would ever learn to use them wi{th enough confidence that they would
awvitchover from the FGNCS to the AGS even wvhen it was necessa;y, If
my acsumptlons are correcy, then it geems we must recognize that the
sround {s not only prime for detecting and advising the crew of slow
drirt malfunctions but, in fact, MCC i{s virtually the only source for
thts. This in turns means that if the MCC loses hi«gain Seband telemetry
there w.1ll be no drift mmlfunction monitoring carried out and we will
simply have to trust that the PGRCS is working., Off-hand, that does
not strike me as an unacceptacie situation since we only get in troubdble
If commnications are lost ARD the PGNCS fails insidiocusly.

Another thing we must face up to is that we 4o not have a2 manual
backup for Ascent Guidance and Control. Unlike the rendezvous, where
crew charts provide an excellent capebility to press on in epite of
eguldance nystem failures, no such capstility exists for backing up -
Ascent, It is true th.t technigues have been studied and proposed,
some of which might poru:itly work. However, the fact ia that we do

o
#
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not have a workable technique in hand todny, and even if we did, 1t
certainly could not be considered operational unless the crew were
thoroughly trained in 1ts use. And, that they certainly will not be,
Here again, thir situstion strikes me as no wvorse than "unfortumate.”

So much rbr general observations. Follow!ns sre a few specific {tems
coming frum our discussion:

a. I would like to resemphasize that like most Other mmneuvers [n
the Apocllo mission, lift-off must occur on time, We are not planning
for some sort of lsunch window., Accordingly, {f in counting down to
Ascent TIG the crew falls behind for rome resson, the lift.off chould
be delay:d one CTM rev and the trouble that eaused the tardinesnr should
te cleaned up, For exnmple - one test for determining whether it i:
possible to lift-off or not is the PCNCS alarwm coming on at about TIG
40 seccnds, indicating average g will not be turned on at the »Ight
time and the PGNCTS will not be ready fer lift-off.

b. In the event the PGNCS displays a AV Th.rust Monitor Alerm
after the APS engine actually comes On, the crew chould stick with
the PGNCS which should be holding attitude until they haw 2etermined
that th» PCNCS 13 not going to control the spacecraft properly cuch
as yaving it to the proper launch aziruth ani pitching over as progr-mmed.
When these various cues have all confirmed lack of PGRCS puidsnce, the
crev stould svi‘chover to the AGS without sttempting to recycle the
PGNCS first. Of course, before switching over to the AGS they should
asCertrln that it 1s working better than the PCNCS. To de this we
recormrnd that the nominal dieplay for initial ascent on the AGSG DEDA
should be altitude rate (H). Following switchover, recycle attempt.s
should be made to clear up the Av monitor sln™m in sn attempt to et
the RONCS back on the air,

¢. In order to provide redundancy for the "Engine On" signnl,
procedures call for mmnually pushing the "Engine Start” switch, It
i3 to bde erphasized, however, that this should be done only after tne
crev determiner that the LOC "Engine On" commind has csused the cngine
to start. We do not want to lift-off if the I'CNCS is not iesulng commendc,
Of course, in order to get an autommtic guidance engine cutoff s+ in:er-
tion, this mamal Engine Start signal must be removed. The procedure
calls for doing this when the veloeity remaining to be gained 15 about
200 fys (1.e., about 10 seconds to go). Immediately preceding setting
the "Ingine Arm" 2o "off" the Interconnect should be closed. If rerov-
ing the "Engine Arm" doea turn off the engine, the crew should uae the
same nwitch to turn it back on. Of course, they will then have to stop
the cngine again vhen the velocity dieplayed by the PGNCS reaches nominsal.

- - . =




d. We have no procedure for monitoring and backing up the AUNS
"Engine OFfF" cormand like those used for TLI, 101, DOI, and TEI. Due
to RCS attitude control artivity during Ascent, the dburn time can vary
an much ag 20 geconds from pominnrl, wvhich makes that a useless pammeter
for this purpocze. The AGS and the rendezvous radar vange rate are
votantial candidnten, tut It was firally decided that pather than
siiop* romn complax voting loeic fnvelving thone sy:tems, tho best.
teshnl win wap to simply utilize the ground monitoring to detcrmine
wvhieh py-tem chould ha uned to control the Asgnnt OQuidance snd 1o ure
vhichnver gyrtem 1¢ Fuidine an the role cue for AFE cutoff. That {s,
ar lone an we are riding the FGNCS, let it do the Job and back 1t up
manually only (f it Indicates the rpaccernf't has exceeded the denired
- ¥nloclty, 1f n switchover to AGB has occurred, then ure tho AGB nn
the role nouree, It rreme %0 B that, rince this maneuver in alwayr:

n ={rht of the ,;Tounl, a procedure like tnis ir scceptable., Of course,
1%, de:penda on not, Lo:-ing telem:try,

ward W, 'rma..n_, Ir.

TAIWTIniadll, Jr.t1)e
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ACS alignments in lunar ordit and operstions on the lunar surface

On April 2 ve fimmlly got around to estadlishing how to operate the
AGS on the lunar landing mission. The two basic sudbjects for dis-
cussion were hov to handle CDU trunsient problems when aligning the
AGS to the PGRCS in lumar ortit and bov to voperate the AGS in total
wvhile on the lumar surface,

I am certainly no authority on CIU transients and only attempt

the following brief description so that the rest of the memo will
mke sOome sense o you. If you are interested in what CDU transients
really are, I recommend that you find an authority on them. There
are lots of ‘em - and as mmny versions. As you knov, the AGS usen
the PGRCS as the primary reference in i{ts alignoents. As I under-
stand it, COU trmnsients have something bed to do with the electronics
in the PCNCS which sre used to generate the data trensmitted to the
AGE which the AGS uses in its alignments, Unless certain precautions
are taken, CDU transients can occur and are not ordinarily obvious

to the crev, I gather that they can result in errors in the AGS
alignments of up to 1} degress or so. During mich of the operation
even the largest misslignment errors would not particularly concern

us.

On other occasions, such as during descent, they would essentially

disable the AGS as a useful guidance and control cystem,

I will go threugh each of the AQE alignments:

IM Activation defore Undﬁckh!i

The command module should be used to orient the spacecraft

to a s0-called AGE calitration attitude which is essentirlly Just
dieplacing all three spacecraft axes at least 11} degrees away from
zero Oor multiples of LS5 degrees from the IMJ principle axes. This
action, it is said, will permit the AGS alignment and calibration
to be carried out free of CIU transients.

Pre.DOI after Undocking

The AGS is aligned to the PGNCS after its AOT alignment. in

preparation of DOI. Bince AGE alignment errors do no* create a problem

e Ll
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tut are more of an annoyance in the AGS monitoring of the DOI burn, no
precautions will be taken to avoid CDU tmneicnte,

Q. PTP-PDI

Thia alipnment {n preparation for lercennt {s most oritical,
T™he AGH muxt he wlipned accurntely and, in onder to minimize drife, {t
mint be allened to the PONCE very late befor~ FUI, The choicee here
wore Lo add npacisl crew procedures into an already crovded timeline
to avold CDU trneients vo. taking no precautions agpminct their occure
rine, but teing preparad to redo the alirnm~n* {f the MCC detecte a
CIV trunrient alipnment arror hne occurred, Either Of thene two
appronches were consaldered aaceptable and are almoat a tosseup. It
wan €innlly declded to aveld *he aprcinl preadures and to take n
ghatire on the traraient, 1€ the MCC detarmines tint, a CDU tmnaient
hnr oerurred, the arew will he {nformed within 3. neconidn and they murt
then rezero the CIU's and repeat the alignment, This procedure is felt
to be rcimpler for the crewv and, in particular, it aveids attitude
mneuvers which are part of the COU tmnsient nvo) 3quce procedure,

de FPort=ln-ertion Allrnmentn

Aftrr insertion into orblit the AGH shoald then he aligned to
the PGNCS. Agnin in this none-critical period it war decided to take
n chanca on 2 COU transient occurring, particularly sines this nlirne
men. tn eartied out within slght of thea marth ant Ltha MCC is in a
fuirition to advise the urew {f a realipnm:.nt {a nr2agpary,

Attactied Lo thin memo in a datalled requential liat of AGD options on
the lurar surface at each step of which it is asaumed the FGONCS in
«t{11 opemtional. 1In other words, it is th~ nominal sequence, 1If
the PGNCS becomes hroken on the lunar surface, different and more
axtennive opertions will be rrquired, which we have yet to definna,
In the developmrnt Of the nttached pequencer, rome {tamn of interest
1l aclion {tema pappend out whioh I would lik- %0 add hera,

4. Whanever RIS ia updated in the PON, 1t should be standard
procedure to update the AGS lumar launch site raifus (Addrees 231).
Thiec up:ate will be dased on a voice relay from the mc of the wlue
Lo s Input via the ACS DEDA by the crew,

te With Pesmrd to CDU transients during AN nlipamance On the
~lupar rurface, It was decided that we wvould rely on the MCC to
mon{tor and advise the crev if a CIU transient has ocourrmmd, That
fa, the erev would Jollov 1o special procedure to determine if-one had

!
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ogocurred except in the cese of no communication.

¢. OQuidance 2nd Control Division sand TFAW vere requested to advise
vhat timetag should de sseoclated vith the CSM state vector voiced to
the crev for input into the AGE in the event %he PONCS has failed.

4, MPAD was ankad to dntersine if 1t {a mecep?adle to input atate
veoeora $nto tha AQH 1% mimites or more priof o FDI, The gention here
ronlly is vhather or not the AGD numerical Intesgration ocauses uniceapladle
state vectnr errors for descent aborts if the nstate vectors are loaded
too early. Early loading, of course, is desirsdle to reduce crew
activity Jjust defore PDI.

All of this ADS Jarz will be niind to the Lunar Surface Marion Techniques

Documrnt, 1 think Lt's the lact ehunk, We will rev.ew the whole audject
of luna? aurface notivity next mek ani then osn forswt it - I hove,

Holard W, um.sn, Jr. (

Enelonaura
PA:HWTindnll, Jr,:'s
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I8 Deterwination

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 deter-
mine ite values and, after improved values are determined, vhen they
should dbe loaded into the spacecT=ft computer, One obvious couclu-
sion, 1f anything can be called obvious comlng from this discussion,
is that we have many excellent data sources for detormining RIS, each
of which is estimated to be of a cuality mich better than we need to
supprort the operation.

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

Prior to landing it is necessary to establish the values of RIS to he
used in Descent sargeting. For the first lunar landing, where the F
mission will have thoroughly surveyed the landing site, the consensus
is that we chould use the RIS determined on the F mission and only use
in.flight mission G measurements as s system check similer to the
horizon check mmde before retrofire. For landings at sitea which have
not been surveyed previously, the RIS must be determined in real timea
based on the MEPN/sextant tracking done pre-DOI. The Math Physics
Branch (MFB) of MPAD proposes that this be handled in the following
wvay and I think everyone finally agreed it was logical, at least pend-
ing results of the F mission:

a. The CSM/LM state vectors will be a so-called single pass MEFN
solution based solely on data obtained during the sexthnt tracking
pass. Orientation of the ordital plane of this solution will be cone
strained by the pre-LOI plane plus confirmed mmneuvers. (In fact, MPB
proposed that ve ure this technique throughout lumar ordit from LOI
through TEI. Data Select and MPB people have the task of estahlishing
the technique for monitoring rev by rev single pass solutions with the
orbital plane unconstrained to confirm that the pre-I10I value falls
within the scatter of these determinations and of establishing the
limits deyond vhich they would abandon the pre-LOI plane orientation.)
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b. Baving established the CCM state vector as deserided in "a,”
the sextant trmcking date 18 given full wveight in the determination
of RIR. That is, the londing site location will be based entirely
on the sextant data determimntion of its position relative to the CSM
state vector. But I would like to iterate that thies RIS determination
is only used as a system check for n surveyed site such a8 plumned on
the nominal mission.

After landing we have five good data sources for doteruining various
components of RIS, (MPB hne the task of ertabliching their relative
accurscy.) We have decided to put off figuring out hov we +ill actually
use them in real time until after the P mission aince it is anticipated
that it wvill impact our cholce ¢tremniourly. Thc various deta sources
are as follows:

a. The crev obsermtions made during descent and after landing
referenced to onbonrd maps - This is simply a matter of the crew
informing the ground of where they think they landed in terms of
longitude snd latitude based on thelr visual observations. In addition
to relaying latitude and longitude, they should also expre.s an opinion
of how certain they are adout where they are,

b. The vositicn 15 determined by use Oof star observations and the
fravity vector data otlained during the first TMJ alignments on the
lunar surfMmce. This data will ‘< procezsed both onvoard the space«
craft and at Micsion Control Center. .t is also only capsbdble of
determini{ng latitude and longitude - not radius,

¢. The Lear powered flight proces.or which uses MEFN doprler
data during desesnt s expected to have outsatanding accuracy in deter-
ming the eharge in LM ponition from PDI to touchdown, provided ve do
not enccunter sustained pe-iods of datas dropout. The prodblem in
determining IM position on the lunar surfece with this data, of course,
depends on the accuracy of our knowledge of the IM position at PDI to
wvhich we will add the position change measured by Lear. According o
MPB 1t 1s possible 0 obtain a very accurate estimmte of LM position at

"PDX using a MEPN short arc solution witii the orbital plane constrained

as discussed previ/ously. (They emphasized, howvever, that the short
arc solution is only accurste in the detsrmination of position - not
veloci’y - and would only de obtained during port-landing processing
of tracking data Obteined on the LM detucen ACS and PDI.) RIS then
is found by determining the IM position at PDUI using the short arc
svlution and msmally adding to it the change in latitude, lopgitude,
and altitude as m*asured by the Lear Proccssor during powered descent,
Rote that this ylelds all three components of RIS,




d. PGICS telepetry data may be used in a similar maoner to the
Lear Processor. That is, by taking the PGECS estimmte of position at
PIT anmd at landing we are abie to determine its measurement of change
in latitude and longitude during descent, They may also be added to
the short arc solution described adove to get RIS. It i= to be
emphasized, however, thut FONCS scceptarnce of landing radar destroyu
the capability of determining the change in altitude as measured by
the PGECS.

- e We can do the same thimg vith the AQB state vectors as
descridbed for the PGRCS, Amain, since altitude updates are currently
plann~d during descent, only lat!tude and longitude can be obtained.

The question now i< which nf the e soOurces do ve use?

a, Yor RIS radius cur preferred :;oure: {8 the pre-flight
determi~ed vmlue 1T ve land at a curveyed site. If not a surveyed
site, we would either use the radias Cetermined by the MSFN/sextant
observation obtained pre-.DOl or from the Lear Processor plus short
arc solutions. These tvo scurces are currently estimted to de

roughly equivalent.

b. Por latitude and longitude all of the scurtes noted atove
(1.e., crev/mp, AOT/g, Lear, FGRLS, end AGES) are sll considered
competitive and their priority must awvalt F experience. It should
be noted that Lear, FGRCS, amd AGS are not completely independent
in that they are all initialized from the same source.

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

of estadlishing the precise technique for ottaining the lear, PGRCS,
and AG8B solutions for RIE latitude and longitude. This ;s not some-
thing that falls automtically out cf the RICC but will require a
considerable ambunt of menipulation of mmny different state vectors
stored in it and a bunch of memual (simple) computations.

You will note that all of the adove data scurces are availatle within

an hour after landing and, as far as we are concerned, shouid provide
all of the data ever needed to csrry out the operation. However, we
have currently planned to ottair rendezvous raday and sextant tracking
of each spacecraft dy the other, both tvo hours sfter touchdown and

twvo bours before 1lift-off. Based on our discussions at this time, the
consensus is that this tracking is dy no mrans mandatory. In particular,
if rendezvous radar tracking by the LM becowes even slightly prodlematic,
it can easily be drupped, For example. if it conflicts with other crew
activity, uses too mch LM pover, presents therml problems, or vears
out the rendezvous radar ve can eliminate it from the timeline. OF
course, if in real time our other deta sources get poodled up in some




vay, it wvould have to be added back in at that time, In fact, I should
espasize that we are not proposing that it be dropped rrom the timeline,
tut rather that it could be dropped if necessary - so un the sextant
tracking for that mmtter, zlthough no reasom for dropping it occurred
to us. .

P
In summry, ve have mmny excellent data sources for RIS dete:minmation.
How we will use them will be estublished after the ¥ mission. Rendezvous .
radar tracking by the 1M on the lunar surface iz no longer a requiremsnt.
And, n couple of newv MEJR facts are thet a short are solution yleldsz a
go0Ad position vector and it s proposed that the pre-l0I determin~d
orbital plane plus confirmed maneuvers de uced throughout the lupar

Qum_.mvvs%

Bownrd W, Tihdllll Jl‘.

PA:HWTindall, Jr.:3s
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Memorandum A . Saemerart. Ocates

See 1ist attached . DATE: Apill, 1969
GO<-PA-T-52A
PA/Chief, Apollo Deta Priority Coordimmtion '

PCNCS operaions vhile on the lummr swrface

———
-

During our March 27 Lunar Surface Misslon Techniques meeting I
think ve finally settled hov wve think the PGECS =honld de Operated.
Aov many times have I said that before?! This meED is tO droesdcast
a few pev iteme that might de of geoerel interest, )
MIT has recently mnde a signifiean® chenge in the FOBCS lunar surface
aligment program (PST). They har= sided s nev elterpative governing
the orientation to which the IMD caa be sl.gned. Bpecificam, defore
this change there vere only tvo altermtives - a “preferred” slign-
ment associated with lift-off time coryuted bty the LOC and an sligne
nent to a REFSMMAT uplinked from the K :-iom Control Center. The

nev altermative prevides the capability Of an alignment to the stored == - -
; . REFSINT - that 1s, the same REPSNURT to vhich the IMJ vas aligned
the last time. This program chenge sigrificantly simplifies crev

procedures and since it will be used several times during the lunar

stay you should be avare of it.

we have finally converged on the sequence of P57 options to de used
on the lunar eurf2ce. They are described in consideradble detall in .
the attachment, Briefly the sequence 1is:

a. A gmvity slignment (Option 1) to determine the directionm of
the gravity vector.

be 2n AOT star alignmezt (Option 2) to establish an icertial
reference vhich can de used vith the gravity vector to deteruxine the -
14’3 position on the lunar surface. This aligment will also provide '
a drift check on the IMJ since the pre-DOI AOT star aligmment, .

c. A gravity apd star alignment (Option 3) in preparation for oo
lift.off at the end of tvo bwurs stay, If that is necessary, and to SR
initialize the system for a sustaired DU drift cheeck. o

d. Tvo Option 3's in the nominal ascent crumtdove. The first,
vhich completes the drift check, also sets up the system for the ~ IS
rendezvouns radar tmcking of the commnd mddnle tw0 hours defore the
1ift.off. The leeond.supporu the Asceat itself,

i
i
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This sequence not only provides all of the dats oereded tOo support the
actunl opera:ion b%ut also exesrcises all of the options which sm¥es the
engineers happy. The consersus was that ve have trimmed this activity
Just adout to a minimmm and 1t should be fairly easy to include in the
crev timeline,

Flight Dymamice' fllght controllers wvere raquas®ed to select the stars
to be uned for the lumAr surface ali;rment on the nominal G ajesion
es roun as possible,

It is our urlerctani’ng and r:commendetion that the IMJ will remin
prvered uvp throughout the lunsr stay. We 2ho:li emphrsi®e that it
15 alro neces:zary thit the (0C remnin poesret up as in order to mine
‘n!n ryro comrencation in the IMJ «: well as to rroviie the downlink
inta contimuously to th~ Mir-lon Con*rol Cer‘er, Apparently there
W~ some nncertainty adbout this.

After considemble dl-cursinn 1t va: Jdecziled *hat our test cource of
vctlon la to uprdate doth the LM positicn on th» lunar surface (RIE)

an.}! corman: Mtule state vector i{n the LAC 3ur‘ne the f{rst two hours

on the lumir -urface to supro.? an sscen’ 2t <het time, 1f 1t 1=
r-eocrary. The FLE will be BDmced on 2= AOT al‘fnoent and grvity
veostor datn ac well as creuv otrertmtion: dur!rs the landing and porhape
on st~ ¢nthere? rrior to D0I. (The ex=ct mrnper in whick the Miscion
Control Cen'er w!11 dc thir job is *h~ cublect of a mreting next week,)
The COM rtats vec’nP “i1l te the ters YETY estimnte 9% the time of the
uptite, Thi- i~ cucrh an ohvious cholre you =urt wonder hov we wnated
onyr time, The orly folint e were concorned vich wme mking aqure thet

the: KL an! rUM ventory were compatilile spogh to nupport arcent puldance
a* the ont of v L.0 henr 24ny. We fasl that thir techfiique will prodably
Trovide th.', ‘u* we My wint to roecorf.-ller after otitaining P miscfon
experience,

In nddition *5 *he Data Zelceet Yurineos noted above abou® how to ertablich
Plit, we o wl A coabedulinge o watin,: ~peeificlly 0 dircura the AGT
oremeion or tho landr surface next weak, After incorpomting thm

rewltr 0f ture meating- (nte the MleplonTronniques Docusnt for

Lurnr Surfice Qpepat lon, we will review and £imlly publish thst docu.
ment 1 tourle 0 Yo k7 lat-rs Hopefilly, at that time this migeion

phnre shecll te falriy well clored ou’.

Howard W, ﬂnlsll, dr, i

Frelocure v

TriHe ™ ndall, Jr.its i




L

k.

Se

€

T.
8.

e AWV LA Wig
s, Option 1 to REFCMMAT to obtain the g vector

Do pot torque the IMU - specifieslly, the crew should recycle
(V3TEY out of the program at the VOEM93 torquing angle display

b. Option 2% ¢ REFSMMAT - to obtain DO 4drift ¢ince pre.l0l slign-
gent, Olven the g vector of Option 1 this supplies all date
required for 1M position determivation on the luner surface
both ondoard and at the Missinn Cottrod Center,

€. Update RIB and CSX state vector in the L/ besed on best
sources of Gata availatle - no sttempt is mmde to mmke these
“consistent.”

Touchdown plus 11 hr to prepare for KRR track or L..t-orf sfter
first CSK rev,

Option 3* t0 landing si‘e - usiag urated 1ift-off time from
the Mission Control Center.

During lunar stay {adout 13 btours curatio:.) monitor CDU angles
contimpously st the Mission Conirol Center,

Lift-off - 24 hours

Option 3# to REPFSMMAT tc odtain arift and to align for KR tracking.
Updste CSM state vector in LGC. Optioml update of RIB.

Lift<off - AS minutes

Opticn 3® to landing site ‘or Ascent.

»{-) I3 attempt at opuon 2 fails becwuse ¢tars are not visibdle,
veplace vith Option 3 asine sun or earth u‘ possidle.

(v} If attempts at Option 3 Tuil (even with m or urtb) replace
w{th Optioe 1°'s. .

Fote: Unset REFSMRT flag before $6 atove if ming Option 1
to elininmte drift effect over long luber stay.

5.
"



APOLLO DATA PRIORITY COORDINATION
MEETING SCHEDULE

March 27, 1969
69-PA-T-50A

SUBJECT OF MEETING 2] 31 Lfi7
G Ascent Monitoring ®

seent Monitoring ®
G Lunayr Surface-RIS Determingati
;} Lutay Surface tigns
G Lursr Surface Revi.w

SPECIAL MEETINGS

# G Accent in Room 378, Building 4

. G Descent in Room 378, Building 4 on 3/4/69
E Heeting beglns at 3:00 a.a. G Descent in Room 261, Building & on 3/9/69

: Meeting begins at 1:00 p.m. r-\\;v‘q——

Boward W. Tindall, Jr.
08C Fore 1289 (Ree Sep €5)
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Memorandum

Bee list nttached DATR: Marca 12, 1559
€9-PA-T-LEA
PA/Cnief, Apoilo Date Priority Coord.ratiom

Simm . .flsat’or to the pre-FO adert rrocedure

AT o Peault O A oL LS ol L L ore of @y Previoul notes, Tomny
Git-on ard G":O‘.‘gc Ci.rri/s 100Kk~ ~:i vat 1t would take to pruvide
autcratic PUNCS war.eting for LM or<s at {nitiation of povered
deccent (B71). Do found tae comal ity already exi:ts {n the
LUMISARY prosram, fov's inat for oovet!

T™he situat.cn I sm Slnoussir- J- v :n <we eed for atort 1z reco.nizel
after DOI amd befere PUI on 4 ozmar .'."'”: nissiopn., The iieal rreoce-
durc, of course, iz for = LM %c -nr7.e meneuvels at aa.:. ™I tize
which will se up a nominal ren:-z-—u: .etuence with C51I - :rev later.
Thi: iz eyactly what toe DPS amti Az =-crt progrsms (P70 and PT1) dc
auwratically, but it wvaa thoush® +s-:= programs could only be yred (£
porTod descent wvas actiwlly startei ani we certsiniy didn't want to
3tart pow:rer descent - a retrogmaie meneuser vhen the abort rmneurer
i e pocigTade., Thit would meke 1t rnecessary to execute s largs
ateitule chrie while thrusting. I< @oms out that the crev mpy otuain
autorBtic tnr-eting for an stort = >uver by proceeding into the dencent
progrez (P53) izt as if Inten:iln; <o land, except that he rust mmnews-r
the spncecrft manually into the pes.grede atort direction prior to FOl
time, He actually starts tae OPS durm 1n P62 but since P63 does ne*
start descent yuldance untll the eng’ne is throttled up, (¢t will su*o.
oationlly maintain the abore attltude the crev has eslablished., After

. ~chieving cnrine siability at abeait TIG plus five seconds, the crew

car press the Atort ‘utton which will auoemtically call up the DFS abors
prowran (PTQ) % cormpute the sbort mreuver urgcts, immedistely throttle
up to full thrust, and control the turn,

Thic certainly seems like a stmisttforwmrd procedure, compistely cvfie
sisternt with staniard deszent procedures, and sborts {mwdiately afier
FOI. I think we sho.ld establish this as our primry atort techmique
for thi: mission period.
Great work, Tom and George. Keep that up and I predict you'll go plater,
. . AR
. e
Roward W, Tindsll, Jv.

PAIHWTLnIALl, Jr.:le

Bay U.S. Sovings Bonds Regularly s the Payroil Saovings Plon
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lwe mora ndum FASA Menned Spacecraft Censer

Se-. list attached DATE: Merch 14, 1969

€9-PA-T-bhA
M /Chlef, Apollo Dnta Pricrity Coord‘mmtirm

Huppiness is having plenty of hydre.sen

Az I understand {t, thers na~ peen 2 “esire or requirepunt to have the
~rukility Of eurviving a cr,0-ta ik M™ilure st any tiem in the lnnar

_ - dur. After C'. 1t wac det!te.: *- kevp the IMJ povered up through-

‘e« 911 lunar missions even tho.or 1% might be at the cost of having the

L. EaP cTyos. However, 1ecorilirz 0 o recent anaiysis by MPAD's Guidance
axi Perfcrrance Ronch (R, C. welle, W. Scott, end D. A. Nelson), these

two charicteristics are not ir:cepnsitls., Since thisz is quite different
Srex what T have hesrd Iin the past, 1 tr.ought you might find it interesting,
rlw.

According to wWadle, Sco%%, an? ¥:L-orc, I% Is possiltle to operate with the
tlatform povered up and ev:n if one tank fails as late as TE], there is
c%i11 enoush hydrocen left in %2~ c.ier <apk ¢t provide a four dsy retirne
*0-earth in a power=i.down stat>. (Hyirogen 1s the most critical consum-
anle.)] The pows:red«iown state =211l provides for ccmmnicrtiops; essentially
it eon-i5%2 Of Just tnking *the il lence system and One fuel cell off the
iine an! turring off non-e-sentlqal eruipeent.

LS

How:rd . Tindall, Jr, .

L S
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Memorandum M Memed Spucecratt Ounser

: Sew 11st attached " pare: Merch T, 1969
A ‘ L 69=PR.TA2A
.~ yeow : PA/Chisf, ATOllo Data Priority Cooriimation - .

4

UBJECT: G Luner Surtace stuff is still ucomplete

On Pebrunry 27 we haliia Micsion Techniques mcetiag which I thwght was
going tr simply cdit the "final” version of the Lumr Burface Document
prior to {te release, TO my chagrin we discovered that there are at
least t10 areas requiring much more thought and analysis. We will
Trobatl: meet agmnin to resolve thete during the last week of March. The
releace Of the Mission Techniques Mbcurment vill have to be delayed
sccoriinsly.
Before delving into taese malor itexc, there are a couple of other
things 1 would like to mention. The first mey ssem trivial., It deals
vith terminology - specifically, use oY “he expression "go/no go" regard-
in: the decision whetner to siay or ator® immediately after landing on
the lunar surface. Every time we tslk atout this acitivity we= have to
. redexne which we mean by "go” and "mo rc.” That 1s - confus‘on inevitably
arices since "po" means to “"stay” ani "ro po” means_to "abort’ or "go."
Acnoriirngly, we are sugresting thar the terminology for this particular
danfelor te chanced from ":0/mo go” %o _"stay/mo stay" or sometbing like
- that. Just ccll me "Aunt Prom.”

lnst surmer GAEC honored us with their presence at one of our meetings
R nnd to calrbmte the occasion we give them an action item. We asked tiem
gl oW to rake the tilt-over decicion anld to establish the attitude end rate
o imits for sborting. We haven't heard from them since, on that or anything
i cire cxcept RCS plume impinzerent. Don't worry, we etill have four months )
.y/ te firurm out how to 4o it, : :

I wouli l!ke to emphazine thil we do not mnt to trim renidu-ls following
tha C3M Tlrne change mh-uver, It 1s recognized that they any be rather
larre s oo it ie the flrst SPS undacked burn, btut we would rnther take
them [ntd ~ccount by adlusting the ascent targeting thai by spending CSM
RCS prorellant.

Another thing we rcalized nbout the CSM wms that we hud not dcefinitively .
extnbllahed the att{tud: the CSM should mnintain during IM sscent nor
whether Lt wne necedmaTy for the MCC-H to compute the agsoclated IM) f;imbal
anglen, - .

",‘,

Bay U 5. Savings Bonds Regnlarly on the Payroll Savings Plam




Our biggest prodlem in tids mission phase deals with platform alignments,
Specifically, we are still not sure vhat seguence of aligmment options
should be used, although, I think everyone agrees we should use a gravity
. alignmrnt for the acmal ascent. The basic problem seema to stem froma |
lack of understandihg er just how $h: 1% Lubur Surface Progrsa (Po7) \
actually works and, in each case, what tho torquing angles reilly indieete.™
Of course, the thing ve are primrily interested in accompliching is to
evaluatc the performmnce - that 1:, the Jdrift of the IMJ - 1ir order to
3 decide if 1t 1s working, if we shouli align the AGB to the PCKCS, 1f we °
T should update the IMJ compensation parameters, i€ we should lift-off on -
the FGRTS or the AGS, etc. Pricr to our meeting at the ecnd of March, TRW _
will vrite out in detail how trev thitk the system wctually works along si h
a descrirtion of how we should ure {t, Cijdsnce and Centrol Division may
do the namc. Then, ws will all ret torether with MIT %o cee if we can get .
this thing straighten out and cl-er=d up.

Finally, our other big problem hss to 30 with how ve should kandle the .~ ; -
LM location on the moon (RLS) and the CGM state vector, particularly
during the first two hours on the lunar sirfuoce in preparation for the
countdown demonstration and, If necessary, ascent at the end of the first = -
CSM revolution. The point is we will have all the data needed to detormine
the IM'z location but we 1o mot want to change it ir the var‘ous computera
- (LGC, °MC, RICC) unless we can meintain a consistant COM state vector, too.
And, it is not at all clear how we can do all ttmt. This sulject becowmes
/ another major item on the agendas of the "ides of March” meeting.

| laoa LN

Hownrd W. T.ndall, Jr.

At

\  PA:HWTindall, Jr.:js
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- Memorandum MEN Mumed Spaoecratt Centar
<10 2 8ee Lot attached | DATE: penruary 28, 1969
69-PA-T-30A

veos : PA/Chief, Apollo Data Priority Coordination

T There will be no VHF ranging data collected while tractring the IN on
the lurar surface

~" It has been suggested that, in addition to optice and rendezvous radar
tracking one spacecraft of the other vhile the IM is on the lunar
surface, we should also uttilize VHP ranging. This data would certainly

be useful for post-flight amalysis 1f not in real time. I have attempted
to resolve the situation with regard to obdtaining this data and have come
to the conclusion that it is too late to get it, as unfortunste as tha* wey
be. The basic problem is in the farmulsation of the RITC program. And, the
program changes required appesar to be too large for obdtaining data which at
best mist be labeled "desiratle.”

Through the years our plans for CSM tracking of the IM vwhile on the lunar
surface have all been based om just using the sextant, Obviously, we
intended to use the Lunar Orbital Bavigmtion program (P22), which not
only provides autommtic optics tracking btut also complies the desired
optical data, time tags, spacecraft attitude and landmerk I.D, in a special
downlist package for transmission to the MCC-H. The RICC programs have been
formilated to accept this data in that format and process it in real time,

First indications are that the spacecraft Rendezvous Ravigation program
(PC) wculd serve the crewv as well as P22 for tracking the IM on the luner
surface with regard to automatic optics, and would have the additional
advantage of including VAP ranging data on the downlist, Unfortunately,
though, the P20 dovnlist formmt is substantially different than the P2?
downlist and would require rather extensive changes in the RTCC progrsm,

For example, the sextant data is not stored in a batch of five observations
as in P22 but would have to be stripped out one at a time as the ovserva-
tions are obtained. . This could easily cause us to mise some points. But
oore important, the RTCC would have to be coded to store them for processing.
Fimally, it is to be noted that P20 only collects a VHF data point once per
mimite - almost rot worth the effort! Implicit in the above 1s that VHP
telemetry via the CMC is the only source; raw VHP does not come down directly.

In summry, we are abandoning efforts to get VAP for the G flight. It mmy
be vorshwvhile to put in a PCR to add VAF sampling to the P22 program and
: its downlist at a reasonable data rate, Jim McPhersom s would you take the
action on thig, 1f it seems reasonadle to you?

Hmrd We mmﬂn, Jr.
PA:AWTinleall, Jr.:js P
MU.S.SWMW,O&PQ@W(I-
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meaﬂdum m Manred Bpacecreft Center

TN/Technicel Assistant, Mission Planning DATR! Pedruary 28, 1969

and Analyeis Division 69-F1. T390
PA/Chief, Apollo Data Priority Coordinstion

Some MP\D work needed for the 3 mission

Daring “he February 26th Data Select Mission Technlques meeting, Math
Physics Branch (MFB) picked up three sction items for the G mission, of
vhich you should be awvare,

1. Prior to DOI sextant data 1s used to determine the relative
loca*ion 0f the landing site witn respect to the CSM orbvital elements,
Based on this data the landing site coordinates will de changa:d to
facilitste descent tergeting. However, it is clear that ther: is a
limit tryond which we will de umvilling to change the landing site
coordinntes from those established pre-mission tecsuse such s big changs
wvould avpear to indicate something is fouled up. Accordingly, ve have
requested the MFB to determine the mgnitude of the various error sources
vhich would contribute to this real time change in order that the flight
controllers can intelligently assess the situatic~: in real time. In
addition to this they are also to recommend a lover dound . that s, a
"who cares” limit wherein the change i1s so trivial it should de ignored,

2. On the first pass after touchdown and on the last pass prior to
IM lift-off, the two spacecraft observe each other vith optics and
‘rendegvous radar, As presently configured, the RICC processes the IM
and CSM data independently. BHovever, there are apperently technigues
for coebining the solutions to get the best totsl solution, [(he MPB
wvan requerted to analyse and document the techniques which should de
used in the processing of this data in real time., Incidentally, it is
to dbe noted that on both of these occasions this process should be aimed
at changing the orientation of the CSM orbital piane es Oppos:d to moving
the IM position. That 1s, we will use our dest estimate 6f tne landing
site (RI5S) as the fixed reference in establishing this relative situstion

 in preparation for ascent targetirg and the CEM plane change.

3. MB vas also requested to re-examine the quality of the various
state vectors which could be used for targeting LOI especiilly in the
outeof-plane direction. As I recall, when we were %ignring the dattle of

the two-stage LOI, the consensus was that our knowledge of the lunar orbital

Plsne based on the approsch trasjectory plus GRCS navigation through 10T
wvas superior to the single pass MEFN solution after 10I3. As a result ie
vere recommending as 8 standard procedure that LOT lbould alwys be tar-
geted as a completely in-plane meneuver basically ge

Buy U.S. Sovings Bonds Regeiarly ou rbe Payroll Sovings Plom

CaUse NO nev out-0f.plane



{oformeinn ves available pricr tn IUI; dased on vhieh w eould do this
targeting. Obviously this mist assumr smmll QAKX dispersionr in the
execution of LOI,. The Question is - is that still the right wa, to go?
I accidentally d}ueo-vnd that the flight controllers were figuring on
using the post LOI, data to do cut-0f-plane tarpeting on 10T,5.

Mave, {f task assicnwen’s are nee’ed, will you make esure they are M!‘!J?

I sispect this vork is already covered.
M
TD; t

Bowvard W. Tindall, J». '

ce:
FW/J. P. Mayer
. FW/F. V. Beanett
. FM:/J. C. McPherson .
E. R. Sehiescey
FW./E, C. Lineterry
. nazi/gr. ?g Parten
- 4+ R. Corley
FC/C. f.. Clarleswvorth
FCS,PO C- SPnffcr
- TRW/P, J. Boudresu
MIT/M. W. Johnston, IL T-2T9

- M:INPindall, Jre:ls
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UNITED STATES G0N ERNMENT

Memorandum R Mhoned Spececrars Genter

t0 i See list mttached o DATE: Pebmary 27, 1969
 69-PA-T-37A

-

 smom : PA/Chisf, Apollo Data Pricrity Coordimation

- suspecT:  Some more irivia for the P mission

Thic memo {8 o 1O!n" ou* & co.ple 0f oversights in our 7 Mission
. Tect.nique: 8.

1. With repmri *0 doched 7¥5 burns we chould rememter that the
LUMITARY program ured on P £z ‘>~ reme as the SUBDANCE program to te
usea on D, wvhleh due tC zemlirs D uclems Or something barely recognizes
*hnt the DPS {s running when 1~ {= at only 10 percent thruet in the
.ocked corfigum<ion. Accuriinsly, it 1s pecessary for the crev to
mrusily advance the thagttle %o L3 pepreent thrust for evhile prior to
goirs 20 fll thrust ir order Z-.r <%e PGS to trim the DFS thrust
vecror thrcuch the CG. (Jb%e: ILYTRAZY 1A for S has beer fixed so
that giitel trimming w111 be deze a* 10 percen’. and the stopover st

. L:; rerssnt *: no" required.}

2. Dur'ngs *he planaing o7 ¢2e cpeelal F alssion landrerk tracking
axercize !us% pric. ‘o T=I we -orso< to inciude the CC state vector
urintins fyom the MCL.J arce 3-r rev, This is 80 obviously necessary
emc 1% wonuld cerssinly have “een cauzht during the esrliest similations,
doveser, we mich® ar vell siart ineluding 2t in P mission documentation
now *n ne done a‘ ahou® *n» same tive as *L2 periodie PS2 pIntform

realimmente,
O“'\f—

Powrd ¥. Tindall, Jr. .

—

PA:MWTirdall, Jre:fs

.
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UNITED STATES GOVERNMENT
Memorandum WS Memned Cpacecraft Conter

: Eea lizt sitached DATS: Pedrunry 26. 1969
- 69<PA.T-I6A
PA/Chief, Apollo Data Priority (vordimation

Peview Oof the launch Phase Adbort Mission Techniques Document
for Kissions ¥ and G

1. CFeferences:

MEC Intermal Note lNo. S<-PA-UTa( 7, "Apollp Migzsion Teehniques Saturn
V/Apollo lsunch Phase Aborts, Techalques Jescriptions,” dated October
2z, 1967,

Z. A review of the subject documen” Is sce2ulad for Msrch 6, 1969,

at 9 a.m. in Bullding 4, Room 379. The purpoe. Of thic revies is to
discuss launch phase abor: technigues which heve changed significantly
gince the pudblication of the referenced tectirigues document, which had
been writ:zen specificelly for C® ant D. The followinz list defines the
mjor revisions: b

a. Mpdification to tne COY mereaver and erpmnded capability,
P. Use of a launch vehicle performmnce envelope for an abort cue,
c. Use of the exit heating limit as an adort limit.

d. Incorporation Of the steerudle LV maml Capabdility to the sbort
technimes,

3. It 1s hoped that all groups associated with this area dbe represen‘ed
to eaxpedite thir review, Draft copies will be ammilable at the meeting.

Howvard W. Tindall, Jr. - '

i EMexderson i

"

B
|

A .
|
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UNITED STATES GOVERNMENT

Memorandum  mah st Spmcceart Conter

78 : See list attached ' DATR: February 26, 1969
69-PA-T-35A

*"e

PA/Cnief, Apollo Data Priocrity Coordimation
. susgmcy: 7/0 Mirror Imge Targeting shall use a threw.mimite delay

As you Xov, vt have estadlished ae a elandard procedure during Apollo
readegvous having CSM backup 1IN mansuvers in 6xd: ' to retain the

noxiral relstive motion Guring thie eritieal mission phase. On the D
mission these "mirror image” CCN manrurers are targeted vith a TIG
delayed nne minute afrer the 1IN TIG. Ope minute vas chosen based on

our estimate that it weuld be sdeqgmate for °he crev to determine

whether or 10t the commmnd mxinle should go sctive and to take the
proper steps subsequent to that decis!on, John Young - the F mission
CMP - vas concerned that by usin: a od*-mirnte delay be ls forced to
tura on his SP5 trim gimbal motory for each of the mirror immge mapeuvers
whether he has to execute the turm or not. Since there is no significant
diradvantage in making the delay larger, we are changine it to three
minutes for the F and G miscicrs in order to avoid having to turn on
those motors unnecessarily. Berceforth, all P/G amalyzes, sirulations,
procedures, and tectmigues will te taszed on that value,

PR
Sovard V. nmu, Jr.

U PA:HWTindall, Jr.:}s
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i T T IO mllenment aimins - thee OFM IMD should bte withib belter tian N
deTee socnl e 5 and zemvey ana 1 decree aroutd the Xeanl, If we
i : 2dd %0 thir the maximm eyr.. 4Arift ve are willing to tolerats (ia., 1.
degren ter bour) for the 7 hours hetween aliermentn, ve can obinir the
larcen’, toleratle fyro torguin-: anglas beyond vtic: we ray the IM ir
Yroren, It ceem~ t0 me ther tuar b degrees rhorild be thri 1limi:. YHowever,
ginre we bayve ne oAl oxper’opoe with LM IMJ all,rantc of any ot thi-
nuMiar Mt YW tempered Ly venl time ludsseat and thum hecomoe mor: of r

gulialine vilue than a linmic,
Qup-)m.ﬁu)\(-ué

Rovard W. Tinds.l. Jr.

Adirezsees:
FC/F. F. Fxenz
FC4/R. L. Carltor
FC5/W. E. Penner

ce:
PA/GO Mo LOV
: . ~ PD/A. Cohen
PD7/R. K. Xnhrs
CF’-"‘/MO Ce Contells
ECZ/C. T. Hackler
C. F. ¥mczon
FA/C. Co Xrnft, Jr.
FC/J. G. Renick
PCL/J. B. Craven
FM/J. P. Mayer
C. R. Rucse
l’q He Ow=n
n-n-SlR- P. Mmarten .
™/C. A. Graves _ .
“FM4/P. 7. Pixley o
FMS/H. EB. Ermull
M/Ko As Young
Re W. Becker
m/Ro o. Nobleo
¥M/Branch Chiefs
TRW/R. J. Boudreau
c: H. qus
MIT/IL/R. ¥. Johnetun, T-2T9

M:Hwrindall, Jrizjs o '
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UNIFLED SUATES Gon ERNMENT

Memorandum N W Smeromtt benma

Jee lisr attmehed - DATR! Felruary 4, X9
69<PA T-3:A

Fi/Chler, Apeilo imts, Priority Coordt’mm:{on
S0uer thinps aboy! MF orpte determinat ton

noeuTle of interes-in: v pw STt of our o mty Beleet!lon Misr i,

(-chrlcusg meotin, of Felmiyry 1.,
There Lil bear concern tias » o Tgre ‘Tnciumar mideoivse correct lon My, )
“2ct beln. rcheduled too 1nte vetore 1. You reenll the® {t |« a- 10T
Dohours, Moty Phreler Braneh Trartel c ot the MFY 1 zlemm pert wo
rreliziian uncertalney e toa TITe of 0T earpeting (at oI . - ho:ra) ie
1. n,m,, wauming IXC, i execitei -p ¥IChIn .Z fhe, I+ wan ala: repert.q
“rat {f le yep ulreceraary ta perfoam T, the uncertainty iy rerigee yvree
diction '« estent inlly coniter- e 0T . £ hours throueh 101 - herars s
“he 1l soma value cevg L AWM. TR SLimtfleance f this, of courre, "o
thAt our current Rideryree cormees on 10.47: makes 24 Probadla +in- MCC
will ro be regiired and, ‘herelape, *- -hey1d e rosetbic to Pertorm 101
‘Arse-irs me meh A8 © hours betire 10T witeout any adlj ionnl erroy if

't 1z ore rmaticnally e -tpmny, o e -, :

If voi reenll, on rte TP nlrnlyr we o scqrea “hat MFN rangines while the

CFAcectmrlt e n lipaw orhit yee Udre-ter ey uynleen orkit desterm nation
rrghlem- eroprad ur, which they never A7, Thiz i:ame P1orad re asrlies
™ the F miszior s% ope slgnifican- “rCentionec IR order to ;fen ue
“he prea‘ecs charce of SClving our o rreg: lunar orupit determinn' ‘on ard
luner ovmvitariopael Trotlems, we woul. 1{pe to obtrln as mich » T ranginy:
77 poscicle duringe she landmrk tymewrin ¢ on TET
Iny. ilheuch not mAndatory, e . *1:y hisrh
“rOusn thnc [+ weuld ome cost of vo:ce corruniecaticns
ard’or ot e th it. 1In other words, ¢t {s

not trisial,
AN

Roward w, Tindall, Jr.

-

{
.
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UNITED STATES GOVERNMENT

M emor andum RASA Mapned Spacecrert Center

TO  :See list attached oATs: Pedruary b, 1969
69-TA.T=31A '
3 o : PA/Chief, Apollo Data Priority Coordination

SUBPICT: Let's bave DO unscheduled water dum on the F mission

—_— -~ .- .

During a recent Data Selection Mission Techniques meeting wve vere

informed that the CSM has some sort of sutommtic water dump system.

It wvas even rumored that {t might be epadled on the P mission vhils

the crev is gleeping during cis-lunsr flight. This me®d is to inform

everyuvne that an unscheduled water durp can rmally screw up MEFN orbit

determination. Accordingly, if ve have a vo'e, this automstic capability,
, ¥hould be inhibited and water &umps should only de per-

forme? as lcheduled by MCC-H.

i |
- | < =

Bowmrd W. HMnn, Jr.

PA:MWTindall, Jr.:Js
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UNITED STATES GOVERNMENT
KAGA Manned Spacecreft Center

meandum ‘ Mission Planning & Analysis Division

: See 1list below DATE: Februsry 20, 1960
' : 69-F¥-T-30

(2]

FW/Deputy Chief

" WEACT: Results of the February 18 Apollo Spec~craft Softwwre Configuration
s Control Board (ASSCCB) meeting

Thir 18 Just a short note to infarm you of the mort significant actiors
= _ taken at the supject meeting.

1. PCA 268 for both LUMIRARY 1A nni COLACSUS CA wae approved. As
a re-ult, these progmms vhich will e uged on the G miseslon will de
moiifiel to speed up Progmms Pih anxt F35 as recoemnded by Bl Lineberry,
ROL Reg=lbrupge, etc. Specifically, tnis ctanse to the TFI and MCC tore
guting programe 18 to use a Kepler prelifction mather than the prec:zion
mmerical intrermation since it i3 so rmuch faster vith no appreciatle
decrearse in ac~urmcy. I1* is es'imm*el tha* abcut A0 seconds is saved
each time these progrims arc cnlled ur. Since che commmnd module runc
through P34 three tim.r between CDH ard TPI, th!s represents 1 saving of
atoit feur minutes in tivit extremely crowded timeline, MIT intends to
impledent this suen trhat Lt normnlly or-rates in the fast mode but they
are rrovidins ¢ crev option to override that logic and use the old pre-
cis:on integration if {t is deemed necescury. [Incidentally, no change
s being madc to the Statle Ort . reniezvou: prosram (P38). ]

2. JFCR ZT3 to 11 the Jerk lim!te uced on tho descent abort programs
into erazible crmci-y wvas dlrapproved, However, we were given the action
irem ¢f deterrining the values which we feel are best to be put in fixed
memory. These rucst he relnyrd to MIT on or tefore Febdruary 21,

. PR 274 for LUMINARY 1A and CULOESL™ 2A to modify the lunsr potential
wna Jdigarproved tmsed on Georpe Cherry's er.irpte ‘it the {mpact would be
substantial. MIT was n~kea *0 ctart a parmlla) «ff0 -t in developing the
formulation for the expanled lunar potentisl model for- th2ir -rograms dut
not tn plan to implemrnt it for the G mission. This obviocusly means we
vill have to develop workaround proc<tiures for DOI and deecent targeting
to-ve used in the MCC-H/RTCC.

L. PCR 722 LIMIRARY 1A to ndd reniezvous radar bias to the W-mmtrix
tarr/outpat disrlay was approcved. Ax you recall, the crew was alrendy
gtven a convenient vay to readout anl update the position and velocity
terme Of the W-mntrix tut h~d to go throuch a specinl procedure for load.
{ng the renlezvous radur term. This change merely nsdded that rarsmeter
to the stamdard di2play., Therr wms oc- :idernble discussion ressrming un!ts




of these terms., MIT wns given the optiun of changing them for crew
convenlence at no impact if they could @0 it to both COLOSBSUS and LUMINARY.
It should be emphasized this je just a nicety.

5. Several changes have been apprnved to the Descent progrmms of
LUMIRARY 1A. Probably the mpst rignificent deals with providing the crew
with the capadility of taking over menual control of spececraft attitude
and then returning to automatic ccntrol while in the terminal descent
programa. If you mre interested in this sort of thing I suggest you
contact the experts to learn precisely vha* is being domm, As I under-
stand it, 1f the crew does take over attiftuie eontrol, it is mportant
that they mmintain the computer recommended attitude as displayed in the
FDAI error.needles, otherwise the thro tle ceontrol by the LGC will get
acreved up. Also, there [z some cobcern that 11 the crew does not respon.!
fast endugh they ray create an unstable si*uation.

Finally, I would like to confess a miztake I have been mnking, which T

an @oing to try to avoid in the future, Wamely, in the intervet of
expediency, I have bheen eignin; MPAD's PCR'2 vhich are not written up
accurately or completely enough. From now on I am .oing to be looking
~r much more detail srecificrlly descridbing the change and the advantages

to he accrued.

Hl‘)‘lﬂ!ﬂ Hc T':ﬂiﬁn, JI‘.

Addregsees:
W\T' Pe M‘lyl'r
C. Ro Hus!
D. H. Owen
R. H. Brovn
F™ML2/R. P. Parten
M/C. A+ Craves
E. Brmll
D. Beck
Regelbrugge
Young
Becker
Mann
Robdles
Parker
TRW/Rouston/R. J. Boudresu
MIT/IL/M. W. Johnston
KR/Dowvney/B. C. Johnson, ABLG
FW/ Brwnch Chiefs

FH:fWTindell, Jr.:J3s
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UNITED STATES GOVERNMENT

70 : See list attached DATE: Pedruary 23, 1969
69-PA-T-29A

vRoM : PA/Chief, Apollo Data Priority Coordimation
SUSJECT: Miseion D Mamuever Monitoring Document

Included in the D mirnion ere some special propulsion and guidance
system tests, They consist of unique maneyvers vhich ere not discussed
in either the Rendezvous or Entry Misszion Techniques Dbcuments. They

required developmr;t of special mizsion techmiques vhich are documented

. < — )
(B v

Boward W. Tindall, Jr.

in the nttached book.

Erclosur= .

PA:HWTindall, Jr.:js
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UNITED STATES GOVERNMENT

Memorandum NASA Marmed Bpscecrart Center

See list attached DATR: Pebruary 20, 1969
69-PA-T-28A

3

vmom : PA/Chief, Apollo Data Priority Coardimation

Descent Abort Misrlon Tvchniques

Qo Pubruary 13 we went over our Deccwnt Abort Mission Techn)ques
vlth the world. In pgoneral they vere accepted ms {e. That len't

to say w= didn't huve some lengthy i!f: cursiono reculting in some
isprovemonts ancd/or chnnker tut we di:n't meke any substantinl changes
to the basic ground rules, philocophy, or overall procedures. I would
1ike to list here some of the th!ner we decided ag well an some oPen
{tens requiring work.

1. Althouch we didn't spend any »rpreciadle time discussing this,
it protatly would be wvorthwhile tc look into fixing the spacecraft
computer program (LUMIMARY) such that we cculd une the DPS and AFS
Descent Atort Program: (PTO and PT1) tefore PIX (uc) In other words,
prior to FDI the crew and/or MCC-H mry decids PDT is "no go.” Since
the dercent abort programs have the capadllity of targeting and gu!de
ine an ldeal mneuver to set up the ztandard rendezvous cequcnce it
My be quite nn advnntase if we are able to call upon those rrograms
wvithout actunlly havin, attempted FDI n- the program is currently
_constrined. '

Z. It was amreed that if the steeratls S.band antenna lock-on is
loct during a descent abort, the crew will not attempt to rescquire with
that antennw but rather will switch tc the ommis a3 soon as it is cone
venient for them to do so. Of course, this will only supply the ground
wi*h lovedit mte data but reacquisition with the steerabdble is coniidered
L0 be almoct {mpossible, particularly in an emergeney situation like this.
(Ianding Analysls Branch was given the act!on item of determining if the
initial descent avort attitude meneuver for any period in a nominal descent
«ould cause the S-band steerable to loose lock.)

3. It was concluded that there ie n significant advantage to having
the AGS Mode Control switch nominally set to Attitude Bold during deccent
in order to permit the crev to complet= a landing using the ACS if they
. tave a FORCS problem late in descent and consider it safer to land than
R - to abort. Of course, this means that an extra switch setting must be made
E 1f 1t is necessary tg abort on the AGS. Specifically the AGS abort sequence

- would be: -

A. Set nidnnee Control to AGS

b. Make a manual maneuver to apvproximately the adort attitude

Pey 11.5. Sevinrs Bowds Revwioviy on the Paywoll Saviwes Plen




¢. Set Mode Control:AGS to Aud~ (Thie 1a the "extra™)

d. Pusk Abort or Adort Stage

L., ‘s> hnl a lengthy discussion about vhether or nmot the DPS should bde
run to pror<llapt depletion. The Propulsion pecple (vho are never in
attendance in any meeting desling w!th hov their sysateme are going to dbe
used) have stated that running th- DPT ¢to propellant depletion should not
be done unlecs crev nnfety ic invi:lved., There are otviously times in the
descent aborts a* which crew safe-y {- d:creased i we turn off the DPC
40y sooner than we have to. Acconiingly, in orier to avold som sour: of
complicnted loric Lo suile the er-wv in determinirg whel they cun or cannot
run to prorellant .pl-tion, we all symed that the DFD will ordinarily
be run to propellant deplation I *hee millance ryntem doer not :mit {t off
rirst. The crew tcok nrmoper note *h-* there is some hazard incurrvd {n
doinys *that and plan to mamaally tasicen *he DIT when the propellant gmuce
reads 1 or & pereent remuinire prev.ied *hey are clearly {n tune region that
sttt inisdown the CTT Ir not vulns *c Incremse the provadility of hitting
the meon AN it i clear an AFY *.wa o111 be roquired to achieve ortit.
Im;licit, or cource, i~ the* -hey 3~ mct co busy in treating the cause
of th- aborh: thsa ‘hiey fall te smcni*cr anl take this action.

e In e cvent Lt 1 pecelcs-y to use the APS to achieve ordit,
it wnc corcluled that the crew w.ll nc: attempt tc provide ullage rrior tc
puching the Adort Sta.v BPutton. 3S°1°hcum this 1g not accepted practice for
an Ineort.t maneuve. . v coull se ro meason why it should not be perfectly
anfe to Jdo this folld .ag a DI durn o7 any megnitude with completely full
APS propelltn® t.nx-,

¢, Dy far cur longer* discus- 'on leals w?th row o0 handle the g:tustion
at lncerzicn followings an abort Juring *he first 300 reconds of powered
deccent, Spaeeifically, we are faced with the protlem of how to jetticon
the Di* -~omveniently and safely ard 2t the -am- time trim the OV resiausls
in orzer to ,mt on the desired renpdazvo.us trajectory. The recults of this
dlzcu. alen werst 20 wager that I «111 not reyort them herw., Particularly
“ince qubcerient to the mreting several new proposals have Seen smade that
aprear tetter than anything ve concidered, Whmt I'm cayins is that our
lizeu: ~licn wme fraitful to the ex"en’ that 1t got a lot of peorle thinking
byt tale arotl-m Su° we probteadbly n—=d %0 get tregether again to diecuse all
the ™ ul°ant !leas and choose our cource, I will se® up a get together Juc’

for “"iat UrTOse,
.
‘v’

Hownri W. Tindall, Jr.

TAMTindall, Jr.:ls
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' UNITED STATES GOVERNMENT

Memorandum MER Marred Bpeoscrert Cemtar

See list attached DATR: Pebruary 19, 196
69-PAT-2TA

Pa/Chief, Apollo Data Priority Coordiration
All about F AFS burn to depletion and landmmrk tracking

On February 1k we had a Mission Technlques meeting to pin down P
lunar orbital operations between the ena of rendezvous and TEI.

Aside from a rest period, this consists of two exercises - thea AFS
burn to propellant depletion and landmark tracking with the optics,

I think v have a good understa.ding of how to do both of these
thinge., We are recommernding the addition of an extra rev in lunsr
orbit in order to complete them and to obtain one pass of strip
photography on the sunlit part of the moon prior to TEI. This will
make the time between wakeur snd TEl approximately 12 bours which does
not seem unacceptable, and does nct ircrease total mission time,

1. AFS Burn to Depletion

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

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

b. After docking, the ~ommand module will be used for controlling
attitudc of the docked configumtion. As soon as convenient after
docking, the commnnd module will reorient to nesr the burn attitude based
on giebal angles computed pre-flight and included in the flight plan.

¢, The only data required from MCC-H is as follows:
(1) A P27 commnd load to the LM PGRCS of LM state vectors.
(2) vVoice PAD me;sage to the LM for PCNCS and AGE targeting.

This vill be the standard P30 PAD with a mumber of parameters omitted,
vhich are only applicable to a manned burn,

(3) Volce to the CSM of the gimbal angles for the burn
attitude. Raving obtained these, the CMP is able to orient the CSM/IM
accuralely in burn attitude based on real time data and the LM crev is
able to orient the steerudle S-band antenna to achieve maximum gignal
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strength with MEFR.

d. Just prior to L0S, about 3/4 rev defore TIO, the 1M crew will
update the state vectors in the AGS and vill align it to the PQNCS,
They will already have run through the 8PS pre-thrust. pmmn (P30) and
will leave the PGNCS in l’rogram POO.

C

e. The C3M vill jJettison the IM { rev before TIG and will mull the
relative velocity. They will then execute a 2 fps separation durn in a
radially upwvard direction which vill piace the command module above and
dehind the IM at the time of the burn. .

2. landmerk Tracking

Before C' we thought we knew hqw the opties tracking and MSFN orbit
determination capabillty should be used for a lumar landing flight.
Unfortunately we are worrce off now since C' has proved we really don't
know. At this time - with incomrlete roct-flight analysis, we have a
dilemm. The nrptics dnta ceems to lndicete that spacecraft altitude
vag not changing while in luner orb’'t: on the other hand, the MSFN
data clearly shovs a coatiruciz chinge in altltude which was more or
less what was expected based on Lunar Orbiter data, These two systems
dlsagree with each other and yet both appear to be operating right,

It mny be possible eventually to flgure out what is heappening by

further annlysi{s of the C' dnta tut unfortunately we are at a point

vhen ve must pin down the F misstion £light plan. So what we were

trying to do at this time, baced on what we know now was to develop

an exerclse which we feel will give u=z the greatest opportunity to

resolve our dirficulties in time to support the G mission descent tar-
geting accurmtely and dependently, Simply ctated, we need as mich data

as we can obtailn. Fssentinlly, we are asking for a repeat of the C'

lunar landrurk exercire with some minor modification. Since the thing

we ars moot concerned about in trends (i.e., the change in altitude) «

{t nermnd thnt trnekine on four auccenalve ravs is the minimum that would
provide any kind of confidence In the reciults, I think everyone in attendance
agreed with that, Secondly, although MPAD was asking for observation on four
landmarks on each of these revs, we 21l agreed that three are probably
adequate and so our proposal is to do landmark tracking on three sites on
'each of four successive revs, .

To be a little morc speclific, we are currently recormending:

e, One of thcse be the same pseudo-landing site landmark we used on
C'. It ir called Bl.

b, The first backsile landmark as the spacecrart enters daylight
(CPy) should probadly be chosen by the CMP in real time at about 20 degrm
paseed the terminator, the same as [ovell did,




. The third lanimrk (CP?) cun probebly be moved closer to the gube
solar point than on C'. V¥~ g cecowmending a landmark about 25 degrees
prior to local high noor.

Of course, we are specifying that all obeervations be made with the sextant
and that they be spaced as far apart as possidle « in the order to 25

- seconds. It appears that it should be possible to use lunar orbit rate
torquing durirg the landmark trcking pericd if that is easiest for the
crew,

It ia possidble to include the exercise as descrided here in the current
F mission timeline without affecting the rest period or the TEI burn
currently scheduled at about 127:50. Hovever, this would preclude
obtaining strip photography desired on one pass Oover the entire sunlit
lunar surface, In order to include t*a* 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 1is
possible to rc.ain the earlier orginal TEI as an optional meneuver time
in the event of crew erhaustion to te utilized based on a real time Judg-
ment, 1f necessary. It appearzd advantageous to us to put the strip
photography after the more strvnuous landmark exercise sgince it is less
demmnding on the crev, {nterferes lese with TEI preperation and is of
lower priority. The ASPO mission engineer, Bob Ward, will submit a
Trajectsry Change Request for this extra rev and everyone else I think
vill begin uow to include it in their plamming and documentation on the
assumption that it will be spproved.

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

F Mission Techniques work.

Howvard W. Tindall, .n-.

PA:HWTindell, Jr,:je
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See list telo DATE: Pebruary 19, 195
69-M-T-27
/Deputy Chief

Christopher C. Kraft had a Joint Progrus Developwsnt Plan meeting at
MIT on February 12. I would Just like to pass on to You a couple of
things thsat wvere intéeresting eo,-.

1. Fred Martin stated that there are 90 semmrate changes being
mede to the COLBSUS 1A program in develdFing COLOESUS 2. Altogether
thi= involves a change of adcut 2,000 to 2,500 lines of code of which
atous. ROO are the CSI/CDE addaition and about 600 imvolve improvement to
the TVC DAP. COLOESUS 2 wvas releamsed fur rope mamfacture on Pedruary 1ll.
This relesse {s called Comanche Revisicn bh,

2. COLESTE 2A will use Commnche M ms its starting bese line for
the progmm vhich they plan for use in the G aission. Candidste program
changes suggested by MIT to ve included in COLAGSUS 2A sare as follows:

A, Nev ephemeris and stars
b. V02 time input
C. Backup Mark Button

d. Provide countdowvn to .05 g in P61

Better definition of local vertical pear sphere of influence
vhere cumnt formlation tends fo bremk down.

f. Add PIC and Orbit Rate modes into DAP via Ecxwl)ded verd.
g« Integrated stick during launch

h. V35 light test (?)

i. Lumer potential

J« P6h G aaximm display

k. P34/35 speed up
1. Asteer

- .
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3. Gearge Cherry also suggested a list of camiidates Of LIMIMARY
changes far post-G mission, They included:

a. Changes to the repdezvous bruking phase o provide dis.
play of rav rendezvous radar data and 1line-of-sight rates as well as
providing eom= automatic line-af-sight attitode control,

b. Some rendervous navigation improves:nta {ncluding updating
W-mtrix through mnoeuvers.

c. An izprovement to the aligpment progresa to make 1t wmore
convenient for the crev to align the 1M DMI % the CSN IMJ.

d. Explicit descent adord variadle insertion targeting.

In general, spacecraft computer program development certainly seems to

be under control with very little frantic activity foreseen. Frobdebdly

the programe requiring the most attention now are sssocfated w'th powvered
descent to the moon. In fact, Mr. Fmft had ICT give an informl briefing
lacsting adout two hours in wvhich they presented their opinion of how the
descent targeting should be done. I gather it is in close ap.eement with
things Floyd Bennett's people ave been recoomending.

p—

[

Rowvard ¥. Tindall, Jr.

Addressees:
™/J. P. Mayer

C. Re mBS

D. He Owven

R. H. Brovn
™2/R. P. Parten
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K. A. Young
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R. G. lbblea
705/C. B. Parker
T™/Branch Chiefs
TRW/fouston/R, J. Boudresu
MIT/IL/N. W. Johmston
KR/Downey/B. C. Johnsom, ABAS
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F/G Rendezvous Missiorn Techniques - mostly P

.- —
As p:rt of ¥/3 Torture Week, we cpent Thursday, Jamuiry 30 on the
rendezmac. Ove:rsll I would say thi- miscica punse ic in Tretty
FO0G SRaTe: with only a few unre-oived Itcan tas* we know about rirsht
nov. I would llke to tabulate nhere a Tuach cf 2ide snd end: we ayTeed
to at thin reeting e n: well A ny 2emETY coscve: me, It's 100ty trivia
and 1P T wers you I wouldn't waste my $:96 ruailrng anylore except maybe
paragrspn 2.

1. On tn: D mizslon the CMP is pr.pared to =u¥e s zo«Called "Horie
ron*nl Adfuc~"” rmneuver If {¢ ic declied *0 stay Iin the mini-tfootball
if erder tc in-ure « closcing tralectory. The F ana § crews toih feit
+1.%v le an unnecessary coublexity and £6 <herr i1l not make ruch =
m.neuvsy or ke rrepared to meke one on lnese mipslon:,

Je  Dwerione worries aoout overruriirn. taie OI muneuver. Wallt
ursll they AL -"ovr" it Just taker an oxtre: 1@ <ps on DOI to cutise a
lurar {mrac<, he LM ricks up that m=uch AV irn astout threc :seconc.
«hen operating e ~bout 4C rereent and o it 1c unlixely ve will be
atle to estatllsh n mamual tackup protrcting sgninst overburn whicn
wenll proviie 2 snfe ordir., On tne othrer hpn:, scrme sort of ronitorins”
iz required an: 312k lobles (MPAD) war ¢lven the actlon oOf rxrmabliching .
tne 1imit- for tMe crew to chut down the DPD mamunlly when teth tne ASS
Al the Burn Time have been exceeded by these amounts,

%. IM oboric due to a fouled up DOI mneuver are attract ng n lot
of atteat.on. For the past year, everyone agreed that the ber-t technique
{3 %o r¥o 8 btrute force burn right back to the CSM {mmediate ly. This
rrotatly work: rretty well if it's done vithin five %0 eight minutes of
20I. After that ;| ; doesn't and the crev feels more time thsn thet «J1l
re renuired for them to ascertain an adort 1s necessary and then to
axecute {t, =d Lineberry 'ms given the action item of performing a
sarnmetric study to establish the best techniqde for adorts up to atout
15 mi.mites sfter DOI with the meximm possidble overdburn based cn our
baevupr cut-of” procedures. Whatever it turns out to be we ere tenta-
+ively prorocing; to ute the DPS at 4O percent tarust, controlled maually
w.th the AGE mmintsining attitude hold., The crew would shut down atout
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1. o 1% 2pz chert and finfsh off the bu=n si<h L et RCS while simultanea
oiz1ly Jet.tisoning the DPFSe Milt Contella ventured tne opinlon that DOI
adbores srv: goin to turn into the F equivalent of D'a TFI, - Endleas dis-
cuczlon npd m meas An-the end! I believe it already.

L, We declind to crente a nev PAD massage which the . esm ure fMor
lo+i ni- hiz Targ»t AV program (P77)) for the gro:ni computal m -..wra -
DOI, Frnzcing und Insertion, It coniicts of Puryo:r, TIG, and
aii'ticn we declded to add burn time (BPT) to the LN P30 PAD.

fe It was <eteruined thme 1+ #211 not Yt po-siile for the P orew
*c use tneir dezcen profram (PF3) for ta- lindin, wmdar test as toey
rad plunried because MCC«H will not be preparad to ruyport 1t with tue
necesssry input daa. Don't get excited. This is no great loss.

. We pinned down the complete rentezyous trac-ing schea.les for
toth spacecra’lt and estadliched the followine W-mmirix values. Tre
nizial values shall be 10,000 feet, 10 fps, ani 15 millireiians, The
values for reinitialization shall be 2,000 fret, 2 fps, and 5 millie
™mdiane. (For the unique F rendezvous tracking per.od betvesn the
Pra-ins and Inrertion dburns, the W-mmtrix shall = initinlized us:.rr
2,560 feet, 2 fps, and 5 milliradians.) XIT vas asked vhy the PGNCS
comruter progrem (LUMINMARY) does not provide a siedpie way fo° initinlizing
the s.matrix value for radar blas as it does the pozition and velocity
values. Pernaps a I'CR shoull de submitted for that.

7. We had a lengthy discussinn on rendervous mvization dur:.ng the
raas!ni revelution. It was roon reccgnized that, since the ‘M hag no
tape reenrder, it Iir only possidle to evaluate its performsnce if wo
allow the rendezvouc navigation to update the state vector, Hovever,
the 1 ¢h* controllers vere concerned that {f the rendezvous navigation
‘{n taclk of the moon fouled up the IM ztate vector trey could have
problems targeting the Insertion Burm which occurs cnortly after ACG.

On the~ other hani, it is possible that the rendervemus nmavigaticn could
be 1seful in detectimz aispersions in the Phasing Enpeuver. Accorlingly,
wve reached the following agreements: .

a, Rendezvour navigation dy the commnd module \dil be uszed only
to update the LN state vector.

b, Rendezvous navigation in the IM will be used to update the 1M
cente vector until shortly dbefore 10S. After that, the IM crev vwill
rvitch the 1GC to update the CSM state vector,

c. While thc LM is in beck of the mpon the flight dymmmics people
will determine If the LM onboard state vectos” 15 acceptabdle for executing




srea inze™ien turme IZ It lg, 1t wI1ll be left wlocze; in rfact, MOC-if will
tr’m,uit it %0 the CSM after Inr.:-sjon. If it 1= nov acreptable, the LM
crew w'll de ad7ired at AOS to terminate treir mavi,ation progras (PrG)
irmedintely and the update prosmmm (P27) will he called so that the ground
my ceni a good IM state vector for the Inszertion maneuver, It is unlikely
that they will have to do this tut If they do 1t must be recognized that

) .xu not set the rendezvouc mdar tracking datn at the maxi{dum rane-:

ich we are ¢ [nterested in,

. de A a staniard procedure the pround ¢'11 mlwmyn urdate the
Ct¥ sta~e vecwcr {n both spacoerift computerr alter lnecrtict.

3. TFemiszvous reiar therml 2tuiy must he pertroed, I suproce, an:
we wotwhllsned tie Tollowing prefiiletr or that rpore listed here in
orirr of our rrelerence:

a. Jendezvous mdnr contlnuously eprrmtiac from duriny tae ninie
fcotinll to comrletion 0f the reniezve ..

b. Jam: as "a" except turni off fro= 0T until Just after
I‘ha-’;nr"o

C. Sam az "r" except ‘urned off Firisns e platforu allmmant
wr . le in the pro:sing orvit.

IT 7AEC and BC: feel tn=s rendezvous rmiar comob* <upport amy OF tne e
rrofiler « we wo.id rather fight thaa -wizen!

S. After n lit*le merry-ro-round we a,Teel of wBAt the M shoula
10 for TFI tari--'ne. He rtar<s o’ raaning *h» 2L usine the elevnticn
arile optien In omler teo Obtali, ¢+ TP zolu® icn Jor ccummarison «w'in ‘ar LM
PIuCl. He sher meynlez using the time opticn witn a TIGC ope natmulte lato-
than the LM's n crier to backup the LX TPI mancuver.

L. Pnth sr T ani G crews and Just 2bout everyone elre he - Suck It
¢u* %0 *the end -eenmed to want to keep the IX aciiv= for 7Fl ¢v.n i zne
renezvo:s rraar had failed, You recall the D risrich Fule «mys *he OOV
sheuld 20 acsive {or ‘hat failure, I guess that 7.t we b ;m- Lhin-:
60 16 ~ince o many pecple thought co and I was ‘ust tOO ¢#TU:)% U Underi tntie

11. MIT vt acgiked the following brief guestions:

e o0%r the CMC automntically inhidit VHF mnging d-tn beyond
L:e- meycle moge of 327 miles?

t. How docs the crev reguest the mlf-pericd.bwotwect « COIe
alv.= CJH ortior in the rendezvous pavigation provram (P3c).




c. Ar: thece options in -hared eresible memory or is it ponzibl:
to load them prvelaunch on the E-mecory K-Start tape,

d. How should the crev indl: the sign of the outeof-plane velocity
display trom R36 i1f: (1) the CMP requests the LN option for relay to the
LM or {2) if he uses R36 to target hiz own plane change mahcuverf.

N

Hovard W. Tindall, Jr.

well, I varped you!

L )

i’ T vill, Jr. :Ja
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ready to est

m.pcl’l F/G Misslon Twenn!ques: - except for the lunar ortit phnee e an.J

Somr of *re- weclsion: and open l'ewns ¢hnt came out of our F/C Mscion
echnigues mmetline: in lute Jaru vy are Ll.ted in thils memo. Iecleally,
I weild oay <h-t nll rlrsion phace: aziie from “ne lunar orbit nestlvity
#re very well urierstood at th's t!=me o primnrily as a result of tie C'
mirslorn - and should be formmlly dacurmented within the pext couple of
weevs,

1. Fliene Contrcl Divisium 1s .olmw: to c-taplish the detniled
frocedures for mannire nd aetiv.iin- trore 104 ~vitems regulied to
ectablish ecrruniention: in the unlixely event CT communicailon g
l6.te They rau:.* Include the technique:z for orientating ¢the ‘M stecrsble
ansenne roward che errth if the omnls 1w Irndeciate, It i alco neccie
sary tc pLve somc thoucht to when the crew choultl initlate irene procadurvs,
That Is, whnt should te done with the COX comunication syst-ms first after
the total fa.lure seefs to have ocecurr—d.

¢« As a stnndard procedurr, MCC-H will upiate CSM state voctors on
s more-or-lesc periodic basis - cey every 10 nours or so when it is
ratunlly convenlent to the crew nna ground, unless they have changed s0
littie ac to mnke !t uncless, Whenever the stite vectors arc updated,
1t will be (g toth the LM ard CTM compu'cr memoTy slots, CSM fir:t.

1e  RINFUMMATL
———————

ne The “auinch RFEFSMMATT w.1l be retained until the IMU ulig‘.nmnt'
after mcl time whether the maneuver 1 FBde 0.0 not.

e The samc PTC HEITMMAT will e use:i trmslunar arsi tran-earts
during the pericde from the post-t-l.‘cl 10 pre<MCC; and Nyom I plus “woO
or thr=e hour: *0 EI « 5 hours,

c. The lunar ordit REFGMMAT to de used I'or the paricd twetween
the PIC timr- ucfined in ™" shall be such thet the L i1 Lddirne attitude,
over the lanaing site after DOI would have O, O, 0 on the F2AI. Thi-
REFIMAT will be commted by the MCCeH prior to CC, for use 15 she COM.
Accowlin: ‘o ry nrtes, the RITUMVYAT w.lil Ve updated orn O0I day to come
peaunte for predletioB uncertainties, I can't remeader why. (On tne

v S T T A R
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o olon, 6F coarne, the REFCBZAT In the LM will be upinteu zevernl time:
sutomnt enliyv whlle on tare lunar curfc: by the LGC to corrvspond to the
ascent nilnm N, Qurrently we rl-n to urdate the C3N mom™ or lera to the
nscrnt. AFTUMMAT but we will not atre~mpt o mmintaln {t precisely tho capw
as the IM,)

L, The only burn monitoring limit !t {r necescnry to chuine frvm
tho~c¢ use1 cn C' i~ the one u.ed fue overtu:m rrotection on 18]y. The
extrn mise Of the IM maXer thi: maneivwr cubstantinlly lonrer in duretion,

0 that U'mit h: teen made corre rowil? larpers Jovelfilently, it will T
1N recon:: rther than € ceconir.

e Muth Phyclces Bmanch wnr- 1 ojaes el to detorvine {2 I orver ‘o
minta’n a pood MFN orh!t determinaticn eaprbillty, 1t 1o ally necesas
cary for ‘he crew Lo rever.e - or.-nintlion of the spacecrurt xeeuxis
eversy thcee hours during perfoss of wneiins, It aeems ns thouph the et
effect O0f the venting iz almoct e ~*ly in the leqst sengitive Jirection
wher urine the I'TC attitude curree* iy rropo-ed ani L+ would certainly
be nice tn avoid unnecessary spreec™ift mupouver:; perhapPs cven UNNECCRSNTY
n.akening @ the Crew.

fiu In orier to infurme that tre ern. pever oxperience s UMC Prommm o0
quring evcry, MCCaH w.1ll mra7re a rewl 2Im zeiwection Of entry s 10 nvoid
MY ny.or ot tarcetingeg TR, TRIC zeosla not be o difficult tain: e qo
while In lunnr crbit tut csnnct te 2ore pre-mission to suit -1l laanch
oprortunities,

Ve T ere. 1- Yooking for a rvcomcrniation as to whelacse © e entyy
soCuli te jorfermed wting one or two (G rinyce Cloude Cravers @ ool
to t~ wor< a:s on thic.

Je cook-d PO tarns In lunmar ortl*

a. It war establlizned that, 1T A decked DPE bturn 1 2o be u.ca
frr 3%, 1t shoula be carricl out with one burn only as oppoiv.i to two
AL 03 bren supcested.

_ s In thiz event the LM plnifore will be 21limmel ucin: doc: i
107 =irhtines of stars (o order to determime plntform ortentation (i*il.
Given *the aceyrvicy O pulse torgu'rnr, 1t will be jocnivie to reorient taw
IMI Tor tue morcuver wi thout additiomnl AQT sightinicis.

me The GM will ure - Avernee G Progmm (7L7) fer miintaining
state yeetors [ we mnke n docked DIT turn.

de It W e:tim.m} thnt the 1M could te mde !'(-'IuJ ifor ruch a
burn enally witnin 1' seurs.



ve M0 L4 acved to det rmine 1 the DIN sclmoel tritmi:ic weuld
wory in the aoccked coenfliurntion at 1€ percent thruct in thh URGNARY
T, Tl

e It s evident that comrlete doeked OPS checv 1.t st te
rrepared for the F and 3 ervwr bty (00,

e e ory o wns cerewhst cvrivrnicd with the technigue MEAD has
vl s Por tre T0TelT mIRGT 0P, o atort menruer, you reeall
Crn bLme oo Lo tarees for s macavea in the evnt of o pruemotice

Toveaenn e IBIe e e soorts that MPAD nns develornea prveoas
LA

N

A" b "1h b I LUBLL % 13 rewe® will bu o excctted exactiy 17 misuten
"~1~ o tTm of It chutionne Tlne tne apaceernt clocw' 1 nl PASC A
to 101 "'I(‘.. e oV feels [t atll te easlier for them [
wery: rehednied te oceur 1 ~isu-es from LOI TNG. The ;c'n: i:
wvers: coner il crit dn the cwene o" 2 ewrrpency they =2 not
S 0 LtuLion or ore o™ lisel- 20 make o mlatake ln ditermd
when O eMIcule i 1iort m.ae.T-Se rlirnt Analso G Fronel, MoAT,
icczin.s intw Tueworria:: these srar-: mmeed on TiG m™ther tharn SZCO0.

17« lnce shnere - cone-™m ower remture chutdown on e’t:-r tne 10T
o~ Tl m-nuver, the oerew st (2 1t were no%t lorical to proteet amainst
i%, tart.culariy In the unstatle tuiterfly rejsion, by use o the Thnrurt
Tire:ct On switcr., For emmrle, uring LOI they gur.cert tUIT.ing trat
swi*ch On from TIC + 1 minute %0 TIG + & ninutes and on the TEI Rmeuver
they would :wli®ch It On from TIS * 17 seconds to TIG + 7 minuter. Flipa:
Con*rol nard other ym1y: are roing o thinr ateut that! I thalnk the - Lers
fear It what would happen I{f the cerev nerlected to switeh it of T in tire,

"™ *'s a1l I can remrodber. Mor iy trivia, you .ec wvhlich probtnbly -roos
\wt-nr thon anything the statu: of F/G Ricrion Techniques for therc mi-: .o

@»;'7

Ho“” y. T--i it

PA:HATInIN1l, Jr.:':




e
e e eom,
By LN T »

VOSEBEs DEATEN et M ERNMENS
M emorandum M St simevemr entor

Sec. 1 at atached mm: Werruary 6, 169
 69<PA-T-19A

Pa/Chlef, Apollo Data Priority Coorulnation

Apollo Miscion Techniques Documcnintion Schedule

Attacned Ir By cuecs ar L0 When we will distribute some more Mission

Teenniques Jogumentc. Exeert £ir tre § urigue ctuff, w2'll probtally

cota prutly cliose to  chis [ chedvle = ipse it's priwerily Juet updating

3" toors o acttie pit, Ib ailso lves yori an {les of wvhat we plan to

"LL»XL-&») lw&%

Hovmrd W. Tindall, or

40 = II' cratte 5 helr.,

Frelorure

FANI M 1, Jrasle

G
'[z' B

l-ylfl‘ WMWJ)&&PMMI ﬁ-l
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no o Teerunry 5, 100

SURJECT SN T CCURRN: Esi. ACTUAL

Saturn V/Apollo Launct. - - - Oct 20, 1
Poage Abvorts Updrte (if r reccary) ¥er 15 -

D Retrofire ani Reentr: Tee 1 - Dec 16, 196

D Jendervioan Toined LY - Dec 00, 1940
s, - F':!b l“ -

7/ Farth Iarkins O : & UL - Per 17 -

F/S Tranclunar Miorrour o % (Ga - Pedb 17 -

P/C TELI MCC & Entry® - - Feb 2h -

F/C Continrency Procedirer® - Mer 3 .

" P/G MIC-H/RTCC Dmte Celection® - Wor 17 -

?/C Lunar Opemntions v=r Jnn 13 - Jan 27T, 1969
Finnlws Feo 17 Fob 1h -
Updnr o - . ¥ar 31 -

G Jcocent Finnl - - Aug 23, 1968
Uniate - Mar 31 -

G Lumr Susfoe Sl - - Oct 6, 1968 -
Undate - | Peb 2k - -

" % Ascent -  Mar oh -

G Jeccent Aberts Ipmtt [} AV ; - PFed 3, 1969

Firal Har 3 - Mar b -

._

* Lhete ape eone1tin1hy nrentes ¢ 4o €' ocuments
4O MILLAIBE (o TLOw UTOM POST Iem2ivoud 10 nre-TEI and rendezrvous rescue

! Erelosure
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UNITED STATES GOVERNMENT

Memorandum WSA Hanned Ssacecrat Center

Cee 1list attached DATR: Fedruary 6, 1969

69-PA -T-164
PA/Chief, Apolioc Dsta Priority Coordimation

?/G e¢is-lonar midcourse correctlon mission techuiques

This e is t0o document the cis-lummr miicourse correction amission
techniques we agreed to Jamuary 2T and ZR at the P and G Miesion
Technijues meetings. The translnmar meteuvers are bdased on the follow-
ing assumptions and guidelinest

a. We are not concerned sdou’ g-tting sudbstantially further off
the free return trajectory than om C* - primar. ly btecnuse we nave the
DFS hcmpn

b. We are espec’ally anxious to con-erve ;G propellsnt, whiel.
led to the procedure; of alloving the mii~ours~ corrections to grov
to SF5 size 1f poselnsle.

c. In order to maintalin best con°ro. over the situatior we
decidel to use MCC; ‘at LOT - 22 hours) a5 the prime MCC, leaving
MCC), essentially fOr fine trimming 1f necessary.

d. The miniemum 3PS durn is N.5 reconis wvh:ch 1s >quival:nt to
approx'mtely 3 fps.

Based on all that, w: establirhed the frllowin:«:

a. MCy (2t TLI + T hours) an? MC; (at T.I + 2k hour:)

The need for these mn~uvers will be bised on how blgz MCC
wvould oe if ve did mot mmke them. Specifically, }TC; and/or MCCo will
not bde executed as 1onz as MCCy 1z less thar about 25 fps without them.
Furthermmre, ve will not make them unless we can use the EFT (that {s,
they st be bigger than 3 fps) and ve will not :rim residuals.

®. KT, (st LOI - 22 hours)

Thie is the prime mnruver to achieve the desired trajectory
uround the moon. It vwill bde mmde if the predicted MCCY is sreater than
about 3 fpe in order to avoid using SFS for MCy. Residuale will de
trismed to vithin 0.5 fps on this maneuver, wvhich will mpst likely de
mde with the SPS. '




¢. My (at LOI - 5 hours)

By taking advantage of the sismificant flexibility provided with
two-stage LOI mrneuver i{n targetirg thw LOI mmneuvers, we are- often abdle
to avol't mking an MCC),. That {s, the LOI targeting can be Cone to achieve
a A mile circular orhit in =plte of suretantial approach tm jectory
disprerzionz, Tnir I done by roration of the mmjor axis of " he initiel
i x 17) n.m. lunar crrit, Rowewr, \= establiched that the apsidal rota-
tion should be limit¢d to lecs ther % degrecs. If it 15 necessary to use
the SPT for MCC,, *he residual will be trimmed to within 1 f s.

Midcourrse correc*icn techniTies on *wen-rarth les phase of ti.e fiight were
comrwhat simpler. We are re*ainlzrs ¢h~ C' te~hnique of util. zing trensearth
midcourse correctlon:s only frr corrilcr control. We have concluded that

1t ir decirable to avolirdl mrking *he la-¢ m'dcourse correction (i.e.,

a* i = 2 hours) 1f a* all pes='®1.. A~cordinply, we op~ned up the entry
inti rfoce: (EI) flish® path anscle Limi¢- a 1little more than on C'. Specl-
fleally, we will not oxecurs MC~ 17 *tn flight path angle 1 1lls between

e anii F.F dapren: (—'.‘ im-r’.-vr".'f are"nal). In order to m,nimirec the
protnt L1l%y of that r!iccurse corr~ct ' cn, we et the threrchold for }MCC,
(schadul~d at FI = 17 hours) 3% .¥ ¢¢ -hich {r close to th. MFN tnrget-
irg tocurey at that time, The €T~ :renreqrth mldcourse correction (H?Cs
at TEI + 1% houre) w.1l not te exocu-ei unless 1t is greater than 1 fps.

The mo: ¢ cifmificans charye from C', ¢ cource, {s drcught a’ out by the
DIT backup which rafely permits o<+ pnfvom the ree returm trjectory,
Thic »sp k~: the lo¢'c much 2l7rler ~inse wo leaft Rave to con ‘ler moving
the pArcuver- tarl!~r to s®ay w' *iin ACT returr-toeearth capmbllity.

A,
Howvard W. Tinta1ll, Jr.

FA:IWTInviall, Jr.:js
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XASA Manned Spacecraft Center

See lizt attached DATR: PFedruary 6, 1969
69-PA-T-1TA
PA/Chief, Apollo Dmta Pricrity Coordimtion

MCC-RH Ascent Monitoring

This {5 a note primarily to myself % remind mo of impressions obtained
during the MCC-H Ascent Mpaitoring meeting of Juwuary 28, 1069, Although
it appeared that the prime progres for processing MBFR data was to be the
"lear,” I feel quite stromgly that the old, direct doppler-measurement
techuique should be retaimed for in.Plase menitoring. The only situation
it cannot support is asceat from t®e centrul landing site with a bad ze-axis
accelerometer. It seems %o me, 9t leart for mow, th: - the lLear-Processor
thouli only be used prime for out-of-rlane « the sifustion the 0ld technique
can 10 nothing for. Accuriing to&;-ﬂi; their plans for RICC program
and MCC-R display imrlementatioe ar- in complete accord witna this idea, It
1< only necessary *c mmke the decisicn to do it this wvay on the G mission.

kroher thing I am partic:larly comermed about is an apparent willingness
to 2llow the trajectory %c becore badly dispersed before sv’tchovrr from
a faillrs PGICS ani thus te =sccept wint could be a very poor rendezvous
situstion compounied by a failed PGS to do the rendezvous. In order to
avoid this, two things must be cobe.

a. First, we mist determire hov serious it is to swvitchover to the
AGS as soon 8s it {s recognired that the PGECS is not vorking as well
as *he AGS. This jOo1 ¥ew 1¥Hict a question of pre-flight expected per-

" tha tvo gystems but rather actual, observed performmnce in
resl time. The only reservation against swit-hover, it seems to me, 1s
the hazarl incurred bv the actual oOperation ¢f switchover itself.

b. Secondly, there appears to be a need to estallich aisplay <etion
line- or techniques involving displays other than the prelicted insertion
display. This lc necessary since the predicted perigee vs. vedge angle
display do not reveal a prodlem until long after it occurs. It seems to
me it shomld te possidle to estadlish some technique which would result {n
taking action mich sooner. One consideration wvhich must be amlzed “efore
adopting this ‘technique, however, is to determine the effect of delaying
the switrchover action since, If the ACB 1s capable of returning th» space.
cMft to & hear pominal trajectory st little AV eo0st, ther= (s no point

in taking the action early. /J .

Boward ¥, Tindall, Jr.

By U.S. Sovings Beuds Regniarly sm the Paynell Saviugs Plen
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FAa™intall, Jr.1lc
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dew Lirt nttooted DAIR:  FecAmr, 7,
vaePAT-1kA
PA/Cnief, ipollo mta Iriorii; Crorilmticn

Teoestape LOT look: poord sftey C*

it like {n other flall of «mbcaver, 1t nleayr teeme joesit)e Lo
use notaal fipght recylts %0 jAT: Low FRAIYL YOU Ve )2 fOXv the
“lights I sm wrlting thi:- arve tQ crow sbhitit how C' proved we “done
rirh:” in plannin: a twoestn.w 10T,

A2 you recall we oricinely tonc! o~ | maru-lly backing up the G
durine I te aveli an ev-rnem a: in Yoth turn duamtion AND o BT
AV counter. Hovever, chem v rod dodn t de‘atled pl wning on how
e to hle, s cctoluded thaw & =0t fneufrficlere. conrfltone= tn the
V countor ro wnlt tor [t *¢ ~lorz out tinee the convgusiees of an
cverhurn are wtncrrophle. Far e rmore, althongh 't sound: ~'=ple,
monltorin: thrve et conres: climgitaneadusly and tarklng proper action
<% thix eritien]l time turnd Ot ¢ N weny, As a resmule, the £insd
C' zrocedury Wt to bncwmn the G by wpnually chuttine dowvn the SR

T EL!

Tt oexeewdsl e mrl ssxtirptel *arm uty 'on by WOTe tiwn 1y ceconds.

Tnis ¥iue w1 concistent with the 2 x U0 v,w. initisl lunar ordit.
2f we had bewnl uling A onnettape LOT our fule wuilit have had to e for
*he crew to raul jown mernally uc ¢t aleet nt the nominal tum, Jdumtion
(o delay) tn orior tc 4veld ap un 2fe t-rleyntiion in the event of a
Aigh thrurt eny-ne,

or ¢ 121) we nctunlly eqwrwn«-ml o trn (dhmting 4.9 cecomis in evxeers
o' that expectal, Therefore, p v @ oncertr e INT ong €' e erew vould
aave ot down P, UIT mmally ewen thingh the CAN wns oj~mting properly
'n‘ tan ey souls have hal to ke A mocdmi bum of hwnit Tive recondn

artton to finkch Lt offe {In adiitlon to that, wo would Wive been
u.-:ab‘.n to utllize e Flexitility of the wueiurn 101 tinceting to com-

pencate for the ‘mlectory dlicp-rejon rolww. . the lept *ranclunsar mide-

course correction and we would have etyied (0 with a ok mile altituie on
the teck Oof the roon Mither thrn a 60 c‘ﬂ-o ar orbit.)

Incidentnlls, Our ath-r rreefliyhs conduclr,n. that is, lick o' cone
ridence in *tee AV rounter wvas also Froven ccrrect on th!'a £1.pht by
several in«fli;ht anoomlier including an ermitice acccleiometer!

weren't we seRrt?
‘u (-«M gl

Rr'-m'd wWe Tindnll, Jr.
PAWT L1, Jreias :' ,__gw-—“"-"'“-

o
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cor, by oearion ar 4o now to hardlie tae Ad yro
et v el ok, we £innlly arrived at a ratner siaple
. B eroew mict mote the chance In the accelerome:ter bias

— e .
0 er the ghech. e A3 18 conelderad fall o 1 tye

g ol it i ehnneed more than 0l rp02; it In nl.0 cone
NTRETEN T S AT (r v olute) pyro drift in any comporent «xcomd

© Aol .". JSou rnow, the AGH calibration procedure unintes
“edntion Do btota of there sutomtleally., There hnd teen
c.oearn thot 10 a Jarg: eannpe oceurrad from the prectlly bt vilinen

v an Ind'estlor that $he calibhratlion rather tian Lo inoim-
froilt and, taerudore, somethinge should de done in o
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UNITED STATES GOVERNMENT

Memorandum

: See list attached DATR: January

sumjecT:

£9=PA <T<11A
PA/Chief, Apollo Data Priority Coordination

D Rendezvous Mission Techniques Meetirg - Jamunry 20, 1969

This meme is to document the "results” of the gruelling sesepion we had
on the D Rendezvous Mirsion Twchnlquen on Monday, Jnnuary 20. This
np2cinl meeting of FOD, FCOD, MIT peorle, and the prime and backup
crews wae called to try to reach ayreocment on 2 number of items not
coverel previously or uncovercd in recent sirulations,

1. In order to proviie an ncc~ptable return tmjectory in the
minlefootbll, the CSM mict mnke a "horizoental adJust” mancuver
nprroximately at the nominal time of the IM Phasing Burn. Accordingly,
a1 CEM shnll be prepared to exeeute it ¢f, for some reanoOn, the LM
falls to do the Phasing Purn. This provides an abort opportunity onee
half revolution later from the mini-football if the real time situation
dlctates 1t. Nominally the CMP targets this maneuver for himself using
a chart. E4 IL.neberry was asked to look i{nto what nesistance the MCC-H
misht provide,

2, There shall be no "horizontal adjuat” maneuver targetinp dons

';-Lthe‘!’ at MCC-H or on-tonrl for trimmins the big football trajectory.

3. As umal, a great deal of time was spent on that damned TPI
footlvill rendezvous., As expected, the analysis shows that MCC-H support
tor this adort 15 no poor thut it muat te conaidered "lnst ditch' only,
(For example - the estimnted AV arror ie 15 fps and TPI time error io
three minutos « hoth threes aigm,) Completely unexpected, however, wnas
the concluslor that we should mot intentionnlly delay aborts from the
football to the second opportunity as we had previocusly recommended.

This conclusion resulted from the realization that the situation must be
degroaing with time - particularly the lighting at braking and the AV
cocts - urless some sort of trim maneuvers were made, And, of course,
trim mnneuvers will foul up the MBFN which n.:gntes one of thc prime rensons
for poing an extra revolution. Following ie a detalled description of how
we now think TPIy should be handled., It applies to the second opportunity
too, if we somehow get into that situation.

*

n, BRoth spacecraft shall use the "time option” of the TPI
targeting program !Eaﬁ! TMther Lhan the elevatlon anyle option." The

time uced shall be the ground rompited nominal TPl time which is accurate,

By U.S, J‘ni'ny Bends Regularly on the Payroll Savings Plan
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(n) 15C comparison with the RR/chart solution (of
course the RR can affect both of these},

(b) A pilot ecvaluntion of “he RR and Associated egulp-
mnt,. '

(c) The CSM V33 vs LM RR comparicon,
(d) A coarse comparison with the MCC-H rolution.

%, Herer’n come more TPI_ stuff, That lar% paragrabh wan too long
o
‘¢ fnclude it therey

a., The 'I‘}»"Io will contime tc uze ¢t = 13&.‘*0 nnd nominal E =

r'a'.-‘:l .
b, The out<of-plan~ DPS Jettison *<chnique previously nrreed
te will be ritained,

r

£+ Here's come othwr ollr and ende:
. n., The RR element of the initis) W.mutrix shall be ,005 radians,
. E-inltlalizations shall use OCL radians. (MIT says initlal use of ,005
radtang providen rubstantial improvement; MPAD says it doesn't elither help
cr hurt: the crew procedurn. alrendy include {ti therefore, leave it in,)
(Plvlay tn mkn fare ,00% va:iifan: {n on the pre<lannch era:ihle lond tnpe.)

b, It Lind teen prorored the: a apcelal -pacecraft attitude
rynieuver eould improve the PGHCS eatimate of RR bins, It i not concidered
worthwhile to ndd this into the D mlscion now. Maybe F, probably not.

c. MFAD has reviced their recommended hias wnlues uced in the
rerdesvous mPheuver “nrgetinge as follows:

(1) ATIT time tn P30 - une 2 minutes
(<) AcoH time 1n F33 = ure 1 minute 45 meconda

(3) The radinl upward bias of 6.7 fps added to the CSM
CLH mnneuver to compensate for the l-minute delav should be incrcaaed
to h.Q fps.

d., Following are the "approved" rendezvoun mansuver solution
comparicon limits « PGNCS vs. MCC-H:

Ax Ay a: At
(023 ¢ 2 fps 2 f'ps - -

J— S~ o P - am .




Thr: rule {n thnt {f any component of the PONCD nolution disnpgrera wlth
Lhe MCC=il nolution by more than thesr limidn, the 1M ahould une the
~nt.lra MCCeH rolution,

6, The last 1item, and 1t turned out Lo be n nir one which we never
were able tu resolve very well) deals vith COH. Ae you reeall, the MCC-H
computes 2 CDH mancuver and relnys {t to ti«w erew, It is uned for these
thinrr: LM PONCO nolution comprairlescn, IM «vecut.ion 1€ PANCD comprrlron
"lla, ant COM mlvvor [mape targstine,s e problem comer about. oines the
1M PCNCS computer the time of ¢t (In tr- €I « P37 promam) which mont
likely will not colgelde with the optiimm tim- rolution for CDH compritcd
ot MCCeH., Unless we want to svnd tvo UPH Fad mrrnyres « which we -lo .rl'..‘.t'. -
“- MCC-H Iz forced to woe the (nebeopwirzim) LM CPH t!me. Thi: 1o
IoresgIry o permit o descent colut on cempeiizon and to moke ewrse the
HCCaH tnroted, COM mirroreinege mreover deer not ocenr tofore the 1M
Sl attempt, GF ettt e Fooa Tl b 1o how toneoptimum e are willlinge

om L) of wntoe Lo b e tne s Liou T ns P by

1« LM pncaer thelr compritrd CLH time vi TAN or CRO tu MCC-H.

b. MCC=H computern CDY Av'- ror tiat time to nchlrve corlliptic
evi:its (1 1n PONCS corputa-lon:),

a, MCCall nleo coryriter nmoscptalle, more optimam CPH by 1 1llowing:
UK time tc wary,

de MOCAR muker o ceCno oo En IONCS CDIT time,

(1) 1f ckav @ MO et CDH AP pad for onstoard coumpar!non,

( JoT et e Mecel ot ONT ode pad Tor the T8 to axeonte,
!_" Pl

L Ot ol comrsaelon L T A T

P mot pel Pl out the ec/ne n ocriteria for CDH time uccd In o,

e gt g aumber O orhnr thin o ons ol whopedn we conelnded Lo
o prevlous deelrions ant arpaersre o wh el Iowontt et here,  ALL
ot thc al anythine Lo approfrrinte wnich coman £rom our Juriwy
b et ayens Moo ten Senttquer vorloevi oo meo g will he o peflosbed In
e upeomle ey alon te the sridesvcn s Misnlon Techalgquer doeument,
Wedun's have nty plans now to g0 orer talr staft apmln aftbr thet unlegs
S4eoial prodlerms nrlce resulrin o attention,

#MM\L s\

Hownrd W, Tiniall, Jr.
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Memorandum

8ee list attached DATE! Japuary 21, 1969

69=PAT=10A
PA/Chief, Apollo Data Priority Coordination

P and O miseion 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 adborts. In
other words, howv should the C' techniques be modified due to having the
1M DPS available to bsckup Or use in place of the 8PS, A great deeal
of work has been done and documented by Csrl Huss, the Flight Analysis
Branch of MPAD, end the Apollo Abort Working Group and the reaults
belatedly reported here are heavily dependent on that work.

First of sll I'd Just like to state s few facts and assumptions upon
which the Abort Plan given in the attachment are based.

a. BExcept in the case of acorts from lunar orbit, the SPS will
always be the primary abort propulsion system., That ia, the maneuver
will be made with the SPS, brinzing along the LM, when poesible, so
that the DPS can be used as s tackup {1 the SPS fails,

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

¢, There is & pericd during translunar coast - from TLI until
about 101 « 20 houra that the fastest return to earth can be mmde
directly using a maximm SFS turn after jettisoning the IM. After
that period there is no advantage to direct returns and wve don't ever
suggest mking one.

d. There appears to be no period wherein it is faster to make a
direct return using the DPS than it is to perform a postepericynthion
mneuver folloving a 60 mile flyby.

e, It is always preferable to periorm a lunar flyby than a direct
return using the SPS unlesa we truly hsve a time critical situation,
in vhich case we would only consider use of the maxiemm availabdle AV
solution which, of course, includes jettisoning the IM.

£. The fastest return traJectory mcludingi luner flyoy is wvith
a pericynthion altitude of 5. n.m. If we maneuver to provide a h{gher

Bey U.5. Savings Bonds Rogularly on the Payroll Savings Plan




altitude, the trip tim: in mont likely poing to incrempe. This accounts
for the use of 60 n.m, in the timr critionl flydby moden, Of courne, the
procedura must include makinpg ti * ntandard repulnrly socheduled translunar
midoourse correcotionn to nchievns £ n.m,

€. Althouph the renl time altuation (particularly spacecraft cone
figuration has an overwhelmine trariny on vhat ehould be done), it seems
like a good idea to pluce the rpacecraft on a trajectory targeted to the
prime CIA as soon us practieul, even though that causes an increase in
trip time, and perhaps n secont mneuver after pericynthion to npeed it
up. :

h. Althourh we always list the SPS maneuvers ac the prime mode and
only utilize the DPS nr a backup to the: SIS, {t it recocnized that the
crev and ground must te trained and prepared to carry out 1 docked DPS
burn, Aecordingly, numerour adiitlonal optionn are avnilable to de
agreed to elther preeflisht or in renl time wherein the DPS ir usned
instead of or “n addition to the CPS, For example, the desire to Make
a DPS system tert may 'uctity {t,; use in a nona-critical time situation
or the use of both the DPS and SPS mny provide a aifnificant advantage
glven certain epnecrernft syatem fallures to provide preatest crew safety,

Finally - we briefly discusced hov to handle partial LOI] Burns. First
of all wc are recormmending the same procedures ae C' in the event of
Juidance or control problems during LOI1 = namely SCC MIVC rate ccmmnd
takeover and burn completion. This is proponed for all the same reasons
as for C' - basicnlly {t results in a better situation. For SP3 failures
prohibiting comrletion of LOIy, Flight Analycis Branch recommends ground
targeted aborts using the DPS as preferable to the C' typ= "15 minute
abort” SPS burn usins on.board chart targeting. This is probadbly the
best thing to do nnd I'm sure wa'll talk about it a lot more bafore it
finally 1o rerolved, One thine to he amphasized thoursh in that, mince
we have the DPFD backup we don't have to be in nuch a hurry to take action
after SPS triubles show up as we were on C',

All of this will 'be thoroughly reviewed at a slam-beng Mission Techniques
meetin - scheduled for Jnnuary 29,

\

W
oward W, Tindﬂll, Jr.

Enclosure
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CI3-LUTAR ARPORT PLAN
Categories deperd on when the need for the abort is recognized as
follows:
CAT=GORY I
From TLI until abort. LOI = 20 hours {The actual time will be approximtely
at the equi-return timo - direct return uring the SFS vs flyby, This
tradeoff will te binsed as dercribed in Rote I,)
As Time Critical

1., OPS direct return wlthout the LM, to any CIA (AV lese than
about 8,000 fps). (See Note II)

2. DPS mancuver at pericynthion + © roures to any CIA following a
60 mile flyby. (1500 fps AV mox.)

B, Nonetime Critical

1. ©€PS (or RCS) turn at convenient time before LOI - 5 hours, to
flyby pericynthion tetween 60 ani 1209 n.m., t= the prime ClA.

. DPFS (or RCS) burn at convenient ti{me tefore LOI - 5 hours, to
flyby pericynthion tvetween & and 15CO n.m., to the primec ClA.

ChTEGORY II

101 « 20 hours until the lnnt translunar coast midcourse correction at
10T - S houre, :

A.” :I‘irue Critical

1.‘ SPS burn nt pericynthion + 2 hours to any CLA following a 60 n.m.
flyby.

n. DFS burn at perisynthion + 7 hours to any CIA following a 60 n.m.
Tlyby.

F. lon-Time Critical

1. SPS or RCS burn a% convenient time before LOI - 5 hours, to
flyby pericynthion between 60 and 1500 n.m. to the prime CIA.

. DPS or RCS burn -it. crnvenlent tim before IOI « 5 hours, to
flywy pericynthicn !~twcen A) and 1500 n.m. to the prim: CId8,

Fnclosure




1.

2.

CATEGORY III

After I0I = § hours - or when prupulsion sy=tem fallures are recognized
too late to do Category II.

- A. Time Critical

SPS burn a* pericynthion ¢+ 2 hours to nny ClA mliowing [}
60 NeM. flyb‘V-
DPS burn at pericynthion + I hours to any CILA tollowing a
60 n.m. flyby.

Be Non<Time Critical

1.

2.

NOTE I

NOTE II

NOTE III

S P

SPS or RCS a* curlirct practical tirme befere MCC 6 (abOut TEI
+ 15 hours avoiding cphere of influcre-) to the prime ClA as
fast as prmcticul. (Gec Ne<es I and III)

DPS or RCS at earliect practical time tefore MCC S (about TEI
+ 15 hours avolding sphere of influence) to the prime CIA as
fast as practical. (Sec Notes 1 amn? III)

s+ There I an important real time Jjulsment factor influencing
the non-critical abort techninues tradiny off reduced return
time vs. larce maneuvers which may moiify the priorities.

The IM 1s Jettisoned only in the cnse of Category I, time
critical, SPS direct return aborts.

Normal return velocities shall be limited to less than
36,323 fps. Time critical aborts rust provide entry velocities
of less than 37,500 fps.
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F and G MISSION TECHNIQUES MEETING
Puildins b; Room 378 Jamary 27 - 30, 1969

AGENLA
Snes

Tne rirst three days will he devoted to everything - nominal -and
continrency - except the lunar orkit activities. The discusiion will
te more or less in th: sneyuence list:d belows Of course, Items 1
throuch 8 will be based on the Misaicn Tvchniques prepared for C' and
tre actnunl vxpericence: mincd durlne the fllght. In fact, we shall use
C' Jocumerntaticn with chanse pryres, wnere avallable, to h:lp gulde the
dAlreussior.. We will procesd sac a:-t as we van with no purticular gosl
ret for escn riny « 2xcept to flnlsh Itemn 1 through 8 drring the first
three dayn, Hopefully wr'll be able to put most of this part in the
freeser af'ter this barh olnee we rtart from auch a ool foumiation in
C'. “Lunur Orblt Operation " (Item o) will be the nole nubject of
January 30 and we'll be lueky ¢ fin'~h {t, PFurtherrore, {t would be
truly ralve tu think we won't have te et together amin on whinat
complex ~oguenc of oper-ticns. Unimie G operations (DescentT, Descent
o Aborts, Lurar Surfece. and Arcen-) %wIll be worked lrter in sceparate
meatinen,

1. Enreth Qrblt
IJ, OGNS, ant ICO rmonitorine and perflormance evwaluation

e TLI

broparation fer 701 and turn monltoring - Maneuver "Preparation'
nere and undor Leator reme- includeg such things ane

1, ‘Mrectine (When 2ont ani based on what?)
e Jtabe veector urdatine

c., REFOMBRTS

d, Ind uete formate

e Furn attitvie eholrs

3 Tmn-iun. Connt

a. Midcourrs~ correction scheduling and targeting

mn

I'w Clselun«er nsvi,mtion
.« Apvort Block Dits




LOI} apd 2

Preparation for 1OI and dburn conitoring
TEI

a. lunar Orbit Block Data
t. Preparation for TEI using SPS or DPS
c. Burn monitoring

Tran-enrth Conpt

a. Midcourse correctlion rcheiuling

be Cis<lunar navigation and on-toard returf.to-earth
targeting

SM Cepamtion and Entry

n. Entry Initialization
b. Entry monitorines ani btackup procedures

Aborts .nd/or Continpency Techni mrs

a, TLI partial burn adorse
b. Cirfelunnr adbort moles
c. LOI partial burnm adborts

Lunnr Orbit Operntion

n, Pre.DOI IM activation and checkout

t. Lunar landmark trmcking

c. Preparation for DOI and burn monitoring
d, F mission phasing end insertion dburns

1) preparation
2 ; burn monitorinc
]

o

CSM backup procedures
Rendezvous (IM and CSM)

1) Syst.m prepamtion and performance evaluation
¢) Tavigation

2) Muineuver targeting comparisons

4) Burn execution and monitoring




APOLLO DATA PRIORITY COORDINATION
MEETING SCHEDULE

AS OF

Jamuary 20, 1969

59=FA-T-OA

JAMNTY Pebruary

SUBJECT OF MEETING
/G Earth Ordit, TLY, Trens-
lummr, LOI, TEXI, Trons-

19

afuledolz Bs Dol vlirbs

earth, Entry, Aborts

/c Bendewvous
F Lurar Surface (pot FYA!)

Descent Avorts

SPECIAL MEETINGS

5 Meet N8 togins at 9:00 a.3.

g Meet ing begin. ut 1:00 p.=.

93¢ Fece 1203 (Res Ses 80)

rf”"‘?

Howard W. TABn, Jr.
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UNITED STATES GOVERNMENT
Memorandum

70 : See list attached " DATE! Jamary 15, 1969
69-PA-T-8A

Pa/Chief, Apollo Data Priority Coordination

F and C Lunar Orbital operations - mostly pre-DOI LM actiwation stuff

On January 10 we had an F snd G Mission Techniques meeting dealing
mostly with Lunar Orbital opermtions, wvhich I would like to record
with this thing.

In ocur continuing effort to figure out the best way to minimize the
DOI day timeline, I think we have finally converged on the best
bansic procedurs for getting the LM checked out. As usual we went
over the three most popular wvays proposed « namely!

a. All at one time on DOI day
b. Two work periods - one prior to LOI and one on DOI day

¢. Two work periods - one on DOI day and one after w12
We finally selected the last of these, basically by the process of
eliminntion. Trying to do everything on DOI day not only lengthens

that day by at least one hour but it also 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, it should be emph-sized -that although it may be pose

~" 8ible in renl time to slip DOI a revolution, it will be by no means
" a simple procedure to get all squared awvay aemin in preparmtion for
the mont complex operation we have ever attcmpted in flight, What

I am trying to say is that we want to avoid perturbing the ti~.line
around DOI at almost any cost and, splitting up the IM preparation

intoc two periods helps to do this.

Having nccepted the two period technique, the question remains «
where to put the first period? Although the pre<l0” period of
checkout waa attractive for a numder of reasons, it seemed to us
quentionable in terms on what it might do to the spacecraf't thermml
situation and more seriously to what might happen to the 1M steerable
Seband antenna if it were unstowed prior to the big 8PS LOI maneuvers,
Except. for the fact that this time period provides contimuous MSIN
coverage, all other advantages are also obtainadble if we schedule
thin nctivity after LOI,., The thing we like about putting s two or

. three hour checkout perfod afier wI? and before the crevw reat period

Buy U.S. Savings Bomds Regalorly ou tbe Payroll Savings Plon
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is that it provides sn opportunity for the c-ew to get the LM squared
awvay - that 1s, things stowed and other housekeeping chores done before
DOI day. It also provides an opportunity to add an additiomnl activity
vhich might be discovered during the D) missicn or as a result of con-
tinued detailed planning of the P and G missions vithout perturbing the
complicated pre-DOI timeline, (It slso provides a place to atick in
some P unique DT0's.) Of course, thin checkou' pericd 1o much move
tolerant of problems than DOI dny. PFor exangle, it can be extended
although at the cost of some crev rest, And, perhaps more {rmportant,
will provide more time for the MCC-H to mvalun'e and difest the checkout
data, Charlie Duke is8 ¢o0ing to hend 2 tirer tenm mo:stly composed of
FCD and FCSD people to develop A detailrd timeline for LM prepsration
including all those sy:stems testc concldered ersential and no more than
that. They will integrate these into the total timeline which includes
the crew suiting and eating and all of the other LM nctimtion activity
as well as the CSM lanimnrk trackine which now eoncirtc of only one
tracking time period.

We will review the results of their work 1t a liter Mission Techniques
meeting so that everyone in tne world can eriticize It and finally
bless 1t.

In addition to that one dig {tem there were a pot full of little
things we discussed and resolved as followr:

a. There is a minor difference of opininn tetween the F and G
crev as to whether the landmark trackins should te done in the pitch
or roll mode., John Young, who favored the pitch mode, {s foing to
try out the other technique in an attempt to recolve this.

b. Moot of us have pretty well awrreed that dockei AOT IMU align-
ments are expensive to do and are not necessary. Accordingly, we now

propoce to use the same procedure as D for dccked LM alignments referenced

to the CSM platform using the known relative orientation of the CSM and
IM navigation bases. This does mean that an accurate IM IMJ gyro 1rift
check can not be made although we expect it will be sood ciuougit for a
g0/no Fo of the system. Just how good it in will depend on how atable
the relative orientation of the navipation baras is over a two hour
period. We must get this information from ASFO as soon as possibile,

S, Prior to and during DOI we want the IM radar turned on to check
it cat and if necessary to verify PGNCS pcrformance of the DOI durn,
After that the rendezvous radar mey be turned off since there appears to
de no strong requirement for itsc ure until after the phasing burn on the
F mission or until adbout five mimites before powvernd descent on the G
mission. ‘




d. In lieu of some other positive propocal we stated that the DPS

would be separated from the ascent stuge 10 minutes prior to the insertion
maneuver by executing a 2 fps horizontal retrograde RCS burn, AGS control

will probably be used for that,

e, It has been stated that there {e very little difference {n the
accurscy of the resultsc obtained usins the sextant mather thsn the scana
ning telescope for andmirk trcking therefore until C' it wns proposed
to use the teloscope becnuse acquinition and trmeking wae expscted to be
ennler, However, rthe C! crev lnforme ur that {t ls sctually easier to
track a given lunar fenture ueringe the sextant onee It i1e acquired and
#0 that 15 what will be donc on the ¥ and G flichte,

. Cince there seems to be time awmllable 0llowing LOI for the CMP
to ¢+t zom practlice landimark trackine, i1t will be Included in the time-
line. Of cource, the actual lun?'n- rite w!ll bte In darkness then ro
some other featute locatred to the eaat =us’ Y ured inctead, It 1= our
intention to select a landmark which vill be 2t g * defree sun elevation
atyle on a nomlnnl mission aslnce this ovrerience weould give uz a little
more confidence of trackins at 2 low sun eleymtion anrle. This benefit
i{s not impor*ant enourh, however, to mmke any real time change in the
landmark to be used like we were prrepsred to do on Cf.

WJ
¥l W, Tindall, Jr,

fnelosurae
Lt~* of Atrrrdorr
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Seo liat below PATR! Junuuary L, W0OY
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69~FPA=T=tA
oM : PA/Chief, Apollo Data Priority Coordlnaticn

SUBJRCT: Procedures for IM aborts immediately aftoer landing ure terridlul

—- -

Clarke Hackler o2 Guluunce wnl Cortrol Ol'rlslon uhlcoverud u 1w,
alarming situat.on winich we've disecuzned . listie a% our Dusc..ut
Abort Missior T8 chniques tuetings. He T efly status th: 1roblen

. quite nicely in tre attachod memo, wiien I thought shouid bo lLic. ot
p o %0 your attentlin,

The four switen settings lnvolvirg srre .witeches whiecn Clorie oul'ets
to ara:

a. The ENG STOP switcn {5 3=t 9t zrote contact.

b. The ENJ ARM cwiten {5 placed iron the DES to OUF pou.iicih,

es The ENJ STOP switch is reset,

d. The ALORTY STAGE switch s set (ater ralaing a plas=ic overluy),

s

doward W Tindill, Jr.

—
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Memorandum | ,

O :See list attache. DATE: Jumuusy 1b, 199 -
EraPA=TlA . .

Fmom : PA/Chalef, Apollo Dats Prioriuy Coordlnaticn
stmjrer: F and G els<luna: mileourcr correct’on ueheduling

Thic DLTO 15 20 sz UM et 3mCre L. nwwlne that we ar oAl o, oL
o £inal midcou s correltlons Ttolosw L arsd Enteyy dl00 »laios tn
onC'.

-~ . The final trnr...*...'xr mLiz0 o cOrs 2% .0 chall b oohe i
10I « 5 hours gl v tant proviios opviran ddeowsse cors Lio. LT LIV -

ness and confide e in cvthlioauent MUFW Crmocadns for IOT ot il Teu \
recall on C' <nl. muacurer wie 9% UJI - S LR omier 10 poUviae L el \
crew rest DPer.od ufter thate Till II SOL reguired On .0 P Uia o Lo5El ‘.r.fr
at this lime, Cfa, sem )
The tasic cricer.n for relectins I - A LurE &5 2 iarcty toarae ot

. midcourse ¢ carrecilon wic tO ke L- a: ity Al w:féf__.."‘;rr T

PrOovit ng at&'.uu B tmmering for !.-.'.".';,' initialicaticne Cn o
C' miscion 4t wes Uoatl miot 2lt:0u -1 Two a0urs 25 idedus ., al aaniae U b
tioral hour woulit te advenita,cous. 3Since thore apd. m" wO TC L0 lie “1
a‘iv’.ltu.:h_,e t0 movins thls mueuver ore 26 earlieor Lo G I oa T re st owe
~Dropose 0 do 5c. One associated Liom Loyt American 1s ,0.n o CheCK
out 23 WIT™ Yernad O the efffest ol Liiis cn the RCS quicde Tho . .5 4
clim poa.,icil‘.*‘ that tals scheduic oy present a therzal prouiod. e

I would like to :mmhasize thst the intermeliase clnluncr i icousus
corTection schecule is not taced on t=ccior: coralieratiern Yl mutuer
w11l be selectec to £it moot conv::r.;‘e:::lj in the erew *-c..-'.;,’rm,- ¢ orole
Just as it wa:z aone on C', Accoriinsly, tneo schriulin, O Lrneac aliciie
vers mst adalt develorment o the Til-nt plan after wnicn 4eir w2l bo .
shuffled in at the oout convenlent times,

| s N ﬂ%

PA:HwTirdull, J:.:J8
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Memorandum

See Yist attached DAFK: Jniminry Hh, 1tus)
TIR  RRTY '
TA/Chief, Apollo Data Priority Cooniination

Opermticnn rryuired for communicauti{on loea on F aml C
are gure better than on C'

1 think we have pretty well estabdlished how to hundle » cormuntention
loss situntion on the F and G missionr. In effect, we have delined
which Block data runt be nent ant wvhat ohtoarl clr-lunar mviration
necda to be carried out. 1In bOoth camer, of coures, 't ic possibhle
to cut rack substantially from the C* technipues. Thiz Is becaunn
e feel it is reasonadble to acssume that the LM provides n "perfect”
baCkup for the CSM comrunications.

FLOCK_DATA

wo establiskhod a pround rule that ft = only necescary to send Rlock

data for atort situations when either the IM is not uvailedble or if
sufficient time to use the LM is mot available. Following 1c a tntle

of all the Block data tmusmissions ,lanned for F and G riving the

time of transmission for the abort orrortunity which it iculd be vced for:

Tim ot Tmnromlasion Time of Abort Manecuver

during earth orbit TLI + O minutes, ('CM only,
direct eturn

10 -~ 15 PC + 2 for fact retura following
flyby

T

Fre wIl '1'_'-‘...1 & D assuming ywrt'ect..wll

Pre LOI,_ 1F1, Urdate and 'I'III.j acsum! ne
ro 101,

< ; . "
Post LOI For TEI afte~ eleep
~ Pre IM Jettison TEL  revs from jottison
After LM Jetticon C' rev by rvv tachnigue excupt

durirg sleep

Buy U.S. Savings Bends Regularly on the Payroll Savings Plan
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In addltion, remmber the erew has the eepability o nnliy the CGNCG

(P3T) to compute thelr own returtn-to-enrth mocuwes 'n the ovent of «
comeniention lor. In orier Lo cimplify the cvw': procedur, we

intemt to trenemit n ol amount of adilitioml nformitlon Cor uve =

firat puecn In the opemtion of P37, Speelfically MCCell will jericile

cnlly femi the ervw values of the lareiine avea (CIA), the mmeuwer mynia
tude (AV). and the turn tgnition tire: (TIG) for posslble future nbtort tim::,

CIS-JURAR RAVIGATION

<§s you recnll on C', the onboari enpability for cfseluntr havipatlon
1ing P2} waa thorouchly oxcerrl-od arl proven to e nn exerllent sy tem,
Furthermoivs, it appears that Jim luvell wan able to o his Jeb Just
abont 28 well in the beglnning st he waz Jatap In' the miscion, Imiie
cnting that Inflirht tminine [ not particularly mecessaryy Based
on this exp-rience, only two batohas of Pri star/earth horibon mvie
mmtion cirhtinea chall te ncheldnle e ti~» entire F ard C TMitvite, In
orider to ret the most. from thesoe two pericde, on2 should Pe scheduled
vofore TLI + 5 hours aixd the other after . 4 14 hours, if {t 1= cone
venlent to 10 o The advartare of eakir ‘ne flvet Yotch that carly
15 that 1t will perm!t the MCC-R te roke an accumts: determinat!lon of
the actual horizon altitude the CMP {: using {n order to updante the
CMC in real time Just as we did on ¢'. To do thig 1t is neceacary
] that the obserwations te mide in nlti{‘ude loce than 50,000 n.m, nd
. proferably lower tian 35,000, which 1o the ALLITOIC AL TLL * © hotie,
I weald 1ike: to point out that the herlzen Jim Lovell uced o nuce: cia
Milly whs cort ot n nebulou: one of his ciwnlece ntld was nat well de€ined
making it unreliable to ure the "C'™ hori~on altitude for the F and G
micclons,. Althkourh not disasterons, 4 socd knowledge of the horivon
sibsnntinlly improves navigmtion prior e ontry whlch Jev when It =
most important in the event of commin’cation losr, Whntever that lu,

Reeopnize that fmpllelt fn thie plan of reheluling only two bLaltchey
of’ obrerviticns early In the trmanclunnr coart i that there oan be
no independent onbourd confizmmtrion of the MSFR mavigation which was
conzidered so Important te Insure thnt we mirs the moon on C°,

LR T T I N T

Mth Payeics Frmnch of MFAD has heen requested to develop a Foi tracke
fnr schedule to b uned Lor trancear$h naviimition in the event of ne
eommn i ctione Thiz sthedule will be fnelwded in ‘the Flight Plan
1abeled "lozz of communication contiqyency,.”

3 A: you recall, the primary murpose of onboand navigation ‘ucisng tranac.
= earth con:nt was for coml!tioning the Wenrnirix. We have selectrd n
é o proerdury: Cor F oand G «hizh makers 16 poraible to elimitnte thnat agsrmia

tion, Spceifitenlly, we hnve concluded tnntl n etonsovar polnl exinhy

i
'
e P

b
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nt 30 hours befor. entyry, which e the following chavncterictien, ¢
comunication e deen lo:t prior t: Lhnt tims, the onluanl syatim i
capnble of providing acceptable mnvipnt.ion, mneuver tarpebinge, osl
entry fnitlalization ctarting from scimteh with no apecial Wemitrlx
conditioning. (The flirht path anrle error at entry chould ix no
prenter than 0.5Cunder the worse contitions,) In addition, it has been
chown that the MBFN will be sufficicntly accurnte at E1 « 30 hourcs
thar in the avent of suhsequent comuinication lose thore ir no need

to perform onboard navigation but mther the crev my safely return

to earth using the dnta supplied for that purpose at EI « 30 bty the
MCC~H. 1In other wordn, the samr rrocedure used on C' at KI < 1% will
b earried out on F and G at EI - 3, MNimely, spacecraft state vectors
will be upinted and the crev will be proviied with midcourss mneuver
targeting ant entry rnd dnta neaded te complete the missicn without,
furthrr commnication,

In summry, Fand Q operntions ssroriatrd w1th conmnication loss ame
teing considerably simplified frvm thuce used on CY, Utillzatien of
IM ccomunications makes it possitle to markly reduce the rmmlor of
abort Block data pad messaper.t the onbeari ant! MSFN maovimmticon per-
formnce experienced on C' permits us to retuce Onboard miviymtion
to a total of only twu batches of star/horizon obserwations. No
sprcial prucedures are required for W-mmtrix initialization. 1'd
cnll that a giant step in the right direction!

Are N dao

Hownrt W, Tindall, Jr,

FA:AWTindnll, Jre.sin
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UNITED STATES GOVERNMENT

Memorandum

See list nttached DATE:! Jamuary ly, 199

€)-FA-T-"A
PA/Chief, Apollo Data Priority Coori'ratich

Som: decirion:. rerariin: lun-r lanimnrk trmeckin: om the
P and G mlission

Wee hadi an Ad Hoeo Mic-len oo-nlocios = o*ine on January ¢ to walk
over lunnr lnrimary vrmerine, 1IN pavtioular, we vanted to dlsoues
what we S ouht bad o Lacnel frew toe Y miscion and waas we
want to doon the Funi G misston-e Toi: memd i to outline all
that triefly. Tha cpec!f'n “hinr v wele trylng to deelde verde:

a, Whathor.speelal test - of «ry cer cnould Te inclu:ed on
the F micsion whica niynt ol o 4 wroaden the Aceertaris ~ur
eleyviticn ampls consiraints arsonlavsi wi*h the lunar landin,- ani

. To itecile !'f ortleadl ovrerr:=on- (SCT or SXT) of tre
lariine 240 are regmisd on DOI Ly "or descent targetin. ent !

¢0 how meny, waon choulld tne: te take snd now should they b» uze il

Jack Scumitt hus probad extencively lnto the lunding sun elewvation
angle conitminte prevlem both tefore and after C' and proeontly has
a tetter unierstandin, of thit overmll siturtion than anyone elire I
know. Mo hac intensely detriefed all of the C' crewmmn on thin

srecific suliect and ic confi lenit tha* the viaivility will te nccept-
qbla for landinic it the sun ~levation angle ig o less than atQut 2|
or L dacyeos. The uprer conrtimint ne faele i: wc 55 of °C lerrcer

t] i Tion

or. ti rpaceermft or the crew during EVA rather than vis ;uy 1 S
teseen® (we'll find ou' what that limit 1s). In other words, it look
like we aave o rufficiently wlde b-nd of acceptable sun elvmtieon enilos
that th!- !mposes no real eon:traint on G launch opportuniticr! Purtiere
morc, tnore appears to be no reason to provide speclal tests on F
decigned to hroadencl these limits or give us greater confidence in
them.  Cne intorestlns point he emphasices, though, is that we chould
avoid lantine with a1 ~lide path witihin sbout £ degrees of the sun eleva-
tion ani-le cince thero ie a definite degmdation in visilvility aleng
thot line whlea wo:ld impalr thoe crew's capntility of ewaluatirc tie
Inndine cite, Thif moans thet we choulil avold run elevniion ansles
vetween atout Lh and 1+ aesrces - 4 1litele bend of unacceptanle lirhte
ng corviitionc w1IBIR Yhe muen laicer acceptable limits. He fecls +hat
this tan? may e svoited In “he frw !n-%-nees we endounter it bty iclaye
nes launen romewhat Or br adilne an extrn revolution or two In lunay

Buy U.S. Sarvings Bonds Regularly o3 the Payroll Savings Plan




orblt. It lc niro evident that by the u:e of the hybrid flight Flan
ve can exten the tyanslunar coust tLime virh the came effcet.

In. summriy, [t appear:n that th. mun elevatlon ancle constmint on G
mission launch opportunities [s not «1nificant at this time and
there is no need to provide special test: on F %0 conflrm this -
opinion.

The question of optlenl trae fpe 07 e oandine alve i3 hot ro clemrly
oo e eotime 2tosomlt Deoa sertatT
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ort:lt, It I: ~tro o evident ttat Yy oo G~ o the Qyworla rLlont pla
wer €N extenn ithe trwc-lunar cooact v with L onme 2rffect,

In cummary, 14 oappenys: Bteit b oan oYyt i ancle eonctrain: oa C
mission lvinech opportunftian [+ nor «i.n fiennt at thd: tim - ni
there Is po need te provide p..cinl tert. or F %W confirm thic

opinion.
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Memorandum

FL/Chief, landirg and Recovery Division DATE. January T, l0ees
¢9-FA-T=-1A

PA/Chief, Apollo Data Friority Coordiraticn
Let's move the recovery forcw a little

Jerry, I've dcon- a lot of forin: to.t v cpicecraft alttine o
alremaft enrrier, but the more I '..::Lx-,-; aont 1t Dae lees Iozhologe

1r 2 Joke., Them are reports traf teo C iylme ccmand aniuls ~op
dosn ri-ht over tie aireraft earyvioa v (20l an ftn elttes '
Innd 5, % yards amys Thic meally c0=ris meoA. bednge %o clo v,

In other words, I reallze the prottilics o the spaceecaft il uins
tne aireraft carrier ic very low 1+:* +¢ .= {.  ak dlutely no - Lt
in havinge the asnlp within five o= *er —il.: of t @ alm polnt = with
‘e porrihle excoption of the FRAD o~ wulir- i0- e o0d commercind
T™We It certalnly doer not L proves *c.- = covery crerntions at 211,
Ani, the conceqguence Of the spacoermfs LIt ins tn2 ecarrier i wreuly
eata-trophlc.

Iin summary, I sorjously mecemernd -losacins tne socovery rovc at
lenst five or ’r‘n miles from the naimo-t pOInt

U e ———— - -
- % T

"“fl'-."l .ﬁ-c i LA —1 Jr-
ce
PrR/G. M. Low
FA/C. C. Frf~, J~.

FAHWDIni 11, Jr.:, -
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